REFERENCES



References

Abd-El-Haleem, D., Beshay, U., Abdelhamid, A. O., Moawad, H., Zaki, S., 2003. Effects of
mixed nitrogen sources on biodegradation of phenol by immobilized Acinetobacter sp.
strain W-17. Afr. J. Biotechnol. 2 (1), 8-12.

Agarry, S. E., Aremu, M. O., 2012. Batch equilibrium and kinetic studies of simultaneous
adsorption and biodegradation of phenol by pineapple peels immobilized Pseudomonas
aeruginosa NCIB 950. Biotechnol. J. Int. 26-48.

AghaBeiki, S., Rad, A. S., Shokrolahzadeh, A., 2016. Performance and modeling of a moving
bed biofilm process: nickel and chromium heavy metal removal from industrial
wastewater. RSC Adv. 6 (114), 113737-113744.

Agu, I. V., Ibiene, A. A., Okpokwasili, G. C., 2017. Effect of micronutrients and
macronutrients on the biodegradation of phenol in biological treatment of refinery
effluent. Microbiol. Res. J. Int. 1-12.

Ahmadi, M., Jaafarzadeh, N., Rahmat, Z. G., Babaei, A. A., Alavi, N., Baboli, Z., Niri, M.
V., 2017. Kinetic studies on the removal of phenol by MBBR from saline wastewater. J.
Environ. Health Sci. Eng. 15 (1), 1-7.

Ahmed, S., Rasul, M. G., Martens, W. N., Brown, R., Hashib, M. A., 2010. Heterogeneous
photocatalytic degradation of phenols in wastewater: a review on current status and

developments. Desalination. 261 (1-2), 3-18.

Alattabi, A. W., Harris, C. B., Alkhaddar, R. M., Hashim, K. S., Ortoneda-Pedrola, M.,
Phipps, D., 2017. Improving sludge settleability by introducing an innovative, two-stage
settling sequencing batch reactor. J. Water Process Eng. 20, 207-216.

Ali, S., Fernandez-Lafuente, R., Cowan, D. A., 1998. Meta-pathway degradation of phenolics

by thermophilic Bacilli. Enzyme Microb. Technol. 23 (7-8), 462-468.

105



Al-Khalid, T., EI-Naas, M. H., 2012. Aerobic biodegradation of phenols: a comprehensive

review. Crit. Rev. Environ. Sci. Technol. 42 (16), 1631-1690.

Al-Zuhair, S., EI-Naas, M. H., 2012. Phenol biodegradation by Ralstonia pickettii extracted

from petroleum refinery oil sludge. Chem. Eng. Commun. 199 (9), 1194-1204.

Angelucci, D. M., Stazi, V., Daugulis, A. J., Tomei, M. C., 2017. Treatment of synthetic
tannery wastewater in a continuous two-phase partitioning bioreactor: Biodegradation of
the organic fraction and chromium separation. J. Clean. Prod. 152, 321-329.

Anku, W. W., Mamo, M. A., Govender, P. P., 2017. Phenolic compounds in water: sources,
reactivity, toxicity and treatment methods. Phenolic compounds-natural sources,

importance and applications, 419-443.

Arutchelvan, V., Kanakasabai, V., Elangovan, R., Nagarajan, S., Muralikrishnan, V., 2006.
Kinetics of high strength phenol degradation using Bacillus brevis. J. Hazard. Mater. 129
(1-3), 216-222.

Assadi, A., Alimoradzadeh, R., Movahedyan, H., Amin, M. M., 2021. Intensified 4-
chlorophenol biodegradation in an aerobic sequencing batch reactor: Microbial and
Kinetic properties evaluation. Environ. Technol. Innov. 21, 101243.

Azizi, E., Abbasi, F., Baghapour, M. A., Shirdareh, M. R., Shooshtarian, M. R., 2021. 4-
chlorophenol removal by air lift packed bed bioreactor and its modeling by kinetics and
numerical model (artificial neural network). Sci. Rep. 11 (1), 1-10.

Backman, A., Jansson, J. K., 2004. Degradation of 4-chlorophenol at low temperature and
during extreme temperature fluctuations by Arthrobacter chlorophenolicus A6. Microb.
Ecol. 48 (2), 246-253,

Balamurugan, P., Preetha, B., 2014. Statistical evaluation of biodegradation of O-Cresol

using Aspergillus fumigates. Int. J. Chem. Tech. Res. 6 (12), 4934-4939.

106



Banerjee, A., Ghoshal, A. K., 2016. Biodegradation of phenol by calcium-alginate
immobilized@@ Bacillus cereus in a packed bed reactor and determination of the mass
transfer correlation. J. Environ. Chem. Eng. 4 (2), 1523-15209.

Banerjee, A., Ghoshal, A. K., 2017. Biodegradation of an actual petroleum wastewater in a
packed bed reactor by an immobilized biomass of Bacillus cereus. J. Environ. Chem.
Eng. 5 (2), 1696-1702.

Barwal, A., Chaudhary, R., 2015. Optimization of operational parameters in moving bed
biofilm reactor with low-cost polystyrene biocarrier by the response surface
method. Water Qual. Res. J. 52 (1), 26-41.

Basak, B., Jeon, B. H., Kurade, M. B., Saratale, G. D., Bhunia, B., Chatterjee, P. K., Dey, A,
2019. Biodegradation of high concentration phenol using sugarcane bagasse immobilized
Candida tropicalis PHB5 in a packed-bed column reactor. Ecotoxicol. Environ. Saf. 180,

317-325.

Basha, K. M., Rajendran, A., Thangavelu, V., 2010. Recent advances in the biodegradation of
phenol: a review. Asian J. Exp. Bio.l Sci. 1 (2), 219-234.

Bazrafshan, E. D. R. I. S., Amirian, P. A. R. I. A., Mahvi, A. H., Ansari-Moghaddam, A. L. I.
R. E. Z. A, 2016. Application of adsorption process for phenolic compounds removal

from aqueous environments: a systematic review. Glob. Nest J. 18 (1), 146-63.

Bera, S., Roy, A. S., Mohanty, K., 2017. Biodegradation of phenol by a native mixed
bacterial culture isolated from crude oil contaminated site. Int. Biodeterior.
Biodegradation. 121, 107-113.

Bharti, V., Vikrant, K., Goswami, M., Tiwari, H., Sonwani, R. K., Lee, J., Tsang, D.C.W.,
Kim, K.H., Saeed, M., Kumar, S., Rai, B.N., Giri, B.S., Singh, R. S., 20109.
Biodegradation of methylene blue dye in a batch and continuous mode using biochar as

packing media. Environ. Res. 171, 356-364.

107



Brink, A., Sheridan, C. M., Harding, K. G., 2017. A kinetic study of a mesophilic aerobic
moving bed biofilm reactor (MBBR) treating paper and pulp mill effluents: The impact
of phenols on biodegradation rates. J. Water Process Eng. 19, 35-41.

Burgess, J. E., Quarmby, J., Stephenson, T., 1999. Role of micronutrients in activated sludge-
based biotreatment of industrial effluents. Biotechnol. Adv. 17 (1), 49-70.

Castro-Mufioz, R., Yafez-Fernandez, J.,Fila, V., 2016. Phenolic compounds recovered from
agro-food by-products using membrane technologies: An overview. Food Chem. 213,

753-762.

Chaillan, F., Le Fleche, A., Bury, E., Phantavong, Y. H., Grimont, P., Saliot, A., Oudot, J.,
2004. Identification and biodegradation potential of tropical aerobic hydrocarbon-
degrading microorganisms. Res. Microbiol. 155 (7), 587-595.

Das, B., Selvaraj, G., Patra, S., 2019. An environmentally sustainable process for remediation
of phenol polluted wastewater and simultaneous clean energy generation as by-

product. Int. J. Environ. Sci. Technol.16 (1), 147-170.

Dey, A., Sarkar, P., Das, A., 2019. Studies on Biodegradation of 4-Chlorophenol and 4-
Nitrophenol by Isolated Pure Cultures. Eur. J. Sustain. Dev. 8 (4), 281-281.
Diya’uddeen, B. H., Daud, W. M. A. W., Aziz, A. A., 2011. Treatment technologies for

petroleum refinery effluents: A review. Process Saf. Environ. Prot. 89 (2), 95-105.

Dizge, N., Tansel, B., 2010. External mass transfer analysis for simultaneous removal of
carbohydrate and protein by immobilized activated sludge culture in a packed bed batch
bioreactor. J. Hazard. Mater. 184 (1-3), 671-677.

Duan, W., Meng, F., Cui, H., Lin, Y., Wang, G., Wu, J., 2018. Ecotoxicity of phenol and

cresols to aquatic organisms: a review. Ecotoxicol. Environ. Saf. 157, 441-456.

108



El-Naas, M. H., Al-Muhtaseb, S. A., Makhlouf, S., 2009. Biodegradation of phenol by
Pseudomonas putida immobilized in polyvinyl alcohol (PVA) gel. J. Hazard. Mater. 164
(2-3), 720-725.

El-Naas, M. H., Al-Zuhair, S., Makhlouf, S., 2010. Continuous biodegradation of phenol in a
spouted bed bioreactor (SBBR). Chem. Eng. J. 160 (2), 565-570.

Erhan, E., Yer, E., Akay, G., Keskinler, B., Keskinler, D., 2004. Phenol degradation in a
fixed-bed bioreactor using micro-cellular polymer-immobilized Pseudomonas
syringae. J. Chem. Technol. Biotechnol. 79 (2), 195-206.

Esmaeilirad, N., Borghei, S. M., Vosoughi, M., 2015. Kinetics of ethylene glycol
biodegradation in a sequencing moving bed biofilm reactor. J. Civ. Eng. Environ. Sci. 1
(1), 02-07.

Farag, A. M., Fawzy, A., EI-Naggar, M. Y., Ghanem, K. M., 2021. Biodegradation and
enhancement of 2, 4-dichlorophenol by marine halophilic Bacillus subtilis AAK. Egypt.
J. Aquat. Res. 47 (2), 117-123.

Farah, M. A., Ateeq, B., Ali, M. N., Sabir, R.,, Ahmad, W., 2004. Studies on lethal
concentrations and  toxicity stress of some  xenobiotics on  aquatic

organisms. Chemosphere. 55 (2), 257-265.

Faridnasr, M., Ghanbari, B., Sassani, A., 2016. Optimization of the moving-bed biofilm
sequencing batch reactor (MBSBR) to control aeration time by kinetic computational
modeling: simulated sugar-industry wastewater treatment. Bioresour. Technol. 208, 149-
160.

Fang, H. H. P., Liang, D. W., Zhang, T., Liu, Y., 2006. Anaerobic treatment of phenol in

wastewater under thermophilic condition. Water Res. 40 (3), 427-434.

109



Federation, W. E., & APH Association., 2005. Standard methods for the examination of
water and wastewater. American Public Health Association (APHA): Washington, DC,
USA.

Fouda, A., Khalil, A. M. A., EI-Sheikh, H. H., Abdel-Rhaman, E. M., Hashem, A. H., 2015.
Biodegradation and detoxification of bisphenol-A by filamentous fungi screened from
nature. J. Adv. Biol. Biotechnol. 123-132.

Geed, S. R., Kureel, M. K., Giri, B. S., Singh, R. S., Rai, B. N., 2017. Performance evaluation
of Malathion biodegradation in batch and continuous packed bed bioreactor

(PBBR). Bioresour. Technol. 227, 56-65.

Geed, S. R., Kureel, M. K., Prasad, S., Singh, R. S., Rai, B. N., 2018. Novel study on
biodegradation of malathion and investigation of mass transfer correlation using alginate
beads immobilized Bacillus sp. S4 in bioreactor. J. Environ. Chem. Eng. 6 (2), 3444-
3450.

Golbaz, S., Jafari, A. J., Rafiee, M., Kalantary, R. R., 2014. Separate and simultaneous
removal of phenol, chromium, and cyanide from aqueous solution by

coagulation/precipitation: Mechanisms and theory. Chem. Eng. J. 253, 251-257.

Gongcalves, M. R., Costa, J. C., Marques, I. P., Alves, M. M., 2012. Strategies for lipids and
phenolics degradation in the anaerobic treatment of olive mill wastewater. Water Res. 46
(6), 1684-1692.

Gong, Y., Ding, P., Xu, M. J., Zhang, C. M., Xing, K., Qin, S., 2021. Biodegradation of
phenol by a halotolerant versatile yeast Candida tropicalis SDP-1 in wastewater and soil
under high salinity conditions. J. Environ. Manage. 289, 112525.

Gonzalez, G., Herrera, M. G., Garcia, M. T., Pena, M. M., 2001. Biodegradation of phenol in
a continuous process: comparative study of stirred tank and fluidized-bed

bioreactors. Bioresour. Technol. 76 (3), 245-251.

110



Han, Y., Zhang, Q., Wu, L., 2020. Influence on the adsorption of phenol on single-walled
carbon nanotubes caused by NaCl and an electrostatic field in saline. Desalination. 477,

114270.

Hassard, F., Biddle, J., Cartmell, E., Jefferson, B., Tyrrel, S., Stephenson, T., 2015. Rotating
biological contactors for wastewater treatment—a review. Process Saf. Environ. Prot. 94,
285-306.

He, X. P, Liu, J., Liu, H. J., Wang, S. S., Xu, W. H., Huang, Z. C., 2013. Effect of
conventional carbon sources on phenol degradation by Bacillus sp. CDQ. In Adv. Mat.
Res. 726, 301-304.

Ho, K. L., Lin, B., Chen, Y. Y., Lee, D. J.,, 2009. Biodegradation of phenol using

Corynebacterium sp. DJ1 aerobic granules. Bioresour. Technol. 100 (21), 5051-5055.

Hussain, A., Dubey, S. K., Kumar, V., 2015. Kinetic study for aerobic treatment of phenolic
wastewater. Water Resour. Ind. 11, 81-90.

Israni, S. H., Koli, S. S., Patwardhan, A. W., Melo, J. S., D'souza, S. F., 2002. Phenol
degradation in rotating biological contactors. J. Chem. Technol. Biotechnol. 77 (9),
1050-1057.

Jeswani, H., Mukherji, S., 2012. Degradation of phenolics, nitrogen-heterocyclics and
polynuclear aromatic hydrocarbons in a rotating biological contactor. Bioresour.
Technol. 111, 12-20.

Jiang, L., Ruan, Q., Li, R., Li, T., 2013. Biodegradation of phenol by using free and
immobilized cells of Acinetobacter sp. BS8Y. J. Basic Microbiol. 53 (3), 224-230.

Jiang, Y., Wen, J.,, Lan, L., Hu, Z., 2007. Biodegradation of phenol and 4-chlorophenol by the
yeast Candida tropicalis. Biodegradation. 18 (6), 719-729.

Khleifat, K. M., 2007. Biodegradation of phenol by Actinobacillus sp.: Mathematical

interpretation and effect of some growth conditions. Bioremediat. J. 11 (3), 103-112.

111



Kim, J. H., Oh, K. K., Lee, S. T., Kim, S. W., Hong, S. I., 2002. Biodegradation of phenol
and chlorophenols with defined mixed culture in shake-flasks and a packed bed
reactor. Process Biochem. 37 (12), 1367-1373.

Kumar, A., Kumar, S., Kumar, S., 2005. Biodegradation kinetics of phenol and catechol
using Pseudomonas putida MTCC 1194. Biochem. Eng. J. 22 (2), 151-159.

Kamal, N., Galvez, R., Buelna, G., Dubé, R., 2017. Phenolic Compounds Removal in
Woodwaste Leachate by a Trickling Biofilter. Phenolic Compounds: Natural Sources,
Importance and Applications, Intech. 373.

Kumar, T. P., Rahul, M. A., Chandrajit, B., 2011. Biofiltration of volatile organic compounds
(VOCs): An overview. Res. J. Chem. Sci. 2231, 606X.

Khondabia, V. G., Fazlalia, A., Arjomandzadeganb, M., 2019. Biological treatment of phenol
from petroleum refinery wastewater using mixed indigenous cultures in a rotating
biological contactor: experimental and statistical studies. Desalination Water Treat. 1, 9.

Kureel, M. K., Geed, S. R., Rai, B. N., Singh, R. S., 2018. Novel investigation of the
performance of continuous packed bed bioreactor (CPBBR) by isolated Bacillus sp. M4
and proteomic study. Bioresour. Technol. 266, 335-342.

Lakshmi, M. C., Sridevi, V., 2015. A review on biodegradation of phenol from industrial
effluents. J. Ind. Pollut. Control. 25 (1), 1-15.

Li, H. Q., Han, H. J., Du, M. A., Wang, W., 2011. Removal of phenols, thiocyanate and
ammonium from coal gasification wastewater using moving bed biofilm
reactor. Bioresour. Technol. 102 (7), 4667-4673.

Liu, Z., Xie, W., Li, D., Peng, Y., Li, Z,, Liu, S., 2016. Biodegradation of phenol by bacteria
strain Acinetobacter calcoaceticus PA isolated from phenolic wastewater. Int. J. Environ.

Res. Public Health. 13 (3), 300.

112



Loh, K. C., Liu, J., 2001. External loop inversed fluidized bed airlift bioreactor (EIFBAB) for
treating high strength phenolic wastewater. Chem. Eng. Sci. 56 (21-22), 6171-6176.

Loh, K. C., Tan, C. P., 2000. Effect of additional carbon sources on biodegradation of
phenol. Bull. Environ. Contam. Toxicol. 64 (6), 756-763.

M., 2006. Biodegradation of phenol by Ewingella americana: Effect of carbon starvation and

some growth conditions. Process Biochem. 41 (9), 2010-2016.

Mallick, S. K., Chakraborty, S., 2019. Bioremediation of wastewater from automobile service
station in anoxic-aerobic sequential reactors and microbial analysis. Chem. Eng. J. 361,

982-9809.

Martinkova, L., Kotik, M., Markov4, E., Homolka, L., 2016. Biodegradation of phenolic
compounds by Basidiomycota and its phenol oxidases: a review. Chemosphere. 149,

373-382.

Michatowicz, J., Duda, W., 2007. Phenols--Sources and Toxicity. Pol. J. Environ. Stud. 16

3).

Mohammadi, F., Bina, B., Amin, M. M., Pourzamani, H. R., Yavari, Z., Shams, M. R., 2018.
Evaluation of the effects of AlkylPhenolic compounds on kinetic parameters in a moving
bed biofilm reactor. Can. J. Chem. Eng. 96 (8), 1762-17609.

Mohammadi, S., Kargari, A., Sanaeepur, H., Abbassian, K., Najafi, A., Mofarrah, E., 2015.
Phenol removal from industrial wastewaters: a short review. Desalination Water

Treat. 53 (8), 2215-2234.

Mohanty, S. S., Jena, H. M., 2017. Biodegradation of phenol by free and immobilized cells of

a novel Pseudomonas sp. NBM11. Braz. J. Chem. Eng. 34, 75-84.

113



Nayak, P. S., Singh, B. K., 2007. Removal of phenol from aqueous solutions by sorption on

low cost clay. Desalination. 207 (1-3), 71-79.

Nakhli, S. A. A., Ahmadizadeh, K., Fereshtehnejad, M., Rostami, M. H., Safari, M., Borghei,
S. M., 2014. Biological removal of phenol from saline wastewater using a moving bed
biofilm reactor containing acclimated mixed consortia. SpringerPlus. 3 (1), 1-10.

Nie, H., Nie, M., Yang, Y., Zhao, J., Zhang, X., Guo, Y., Wan, Y., Zi, J, 2016.
Characterization of phenol metabolization by P. stutzeri N2. Polycycl. Aromat.
Compd. 36 (5), 587-600.

Nguyen, T. D. C., Dao, T. P, Tran, H. T., Nguyen, D. B., Ahn, D. H., 2013. Synthesis of
organoclays and their application for the adsorption of phenolic compounds from

aqueous solution. J. Ind. Eng. Chem. 19 (2), 640-644.

Oberoi, A. S., Philip, L., 2017. Performance evaluation of attached biofilm reactors for the
treatment of wastewater contaminated with aromatic hydrocarbons and phenolic
compounds. J. Environ. Chem. Eng. 5 (4), 3852-3864.

Ogando, F. I. B., de Aguiar, C. L., Viotto, J. V. N., Heredia, F. J., Hernanz, D., 2019.
Removal of phenolic, turbidity and color in sugarcane juice by electrocoagulation as a

sulfur-free process. Int. Food Res. J. 122, 643-652.

Oudot, J., Merlin, F. X., Pinvidic, P., 1998. Weathering rates of oil components in a
bioremediation experiment in estuarine sediments. Mar. Environ. Res. 45 (2), 113-125.

Paisio, C. E., Oller, A. L. W., lbafiez, S. G., Talano, M. A., Gonzélez, P. S., Medina, M. |,
Agostini, E., 2012. Bioremediation as a useful biotechnological strategy for the treatment
of phenolics: Advances, challenges and future prospects. Environ. Sci. Pollut. Res. 19,

3430-3439.

114



Paisio, C. E., Quevedo, M. R., Talano, M. A., Gonzalez, P. S., Agostini, E., 2014.
Application of two bacterial strains for wastewater bioremediation and assessment of

phenolics biodegradation. Environ. Technol. 35 (14), 1802-1810.

Panigrahy, N., Barik, M., Sahoo, N. K., 2020. Kinetics of phenol biodegradation by an
indigenous Pseudomonas citronellolis NS1 Isolated from coke oven wastewater. J.

Hazard. Toxic. Radioact. Waste. 24 (3), 04020019.

Park, J. S., Brown, M. T., Han, T., 2012. Phenol toxicity to the aquatic macrophyte Lemna

paucicostata. Aquat. Toxicol. 106, 182-188.

Patel, B. P., Kumar, A., 2016. Biodegradation of 4-chlorophenol in an airlift inner loop
bioreactor with mixed consortium: effect of HRT, loading rate and biogenic substrate. 3
Biotech. 6 (2), 1-9.

Pattanaik, P., Panigrahi, N., Mishra, J., Sahoo, N. K., Dash, B. P., Rath, D., 2018. Evaluation
of MCM-41 nanoparticles for removal of phenol contents from coke-oven wastewater. J.

Hazard. Toxic. Radioact. Waste. 22 (2), 04018001.

Poi, G., Aburto-Medina, A., Mok, P. C., Ball, A. S., Shahsavari, E., 2017. Bioremediation of
phenol-contaminated industrial wastewater using a bacterial consortium—from
laboratory to field. Water Air Soil Pollut. 228 (3), 89.

Pradeep, N. V., Anupama, S., Navya, K., Shalini, H. N., Idris, M., Hampannavar, U. S., 2015.
Biological removal of phenol from wastewaters: a mini review. Appl. Water Sci. 5 (2),
105-112.

Priyadharshini, S. D., & Bakthavatsalam, A. K., 2016. Optimization of phenol degradation by
the microalga Chlorella pyrenoidosa using Plackett—Burman design and response surface

methodology. Bioresour. Technol. 207, 150-156.

115



Rahmat, Z. G., Jafarzadeh, N., Babaei, A., Alavi, N., Ahmadi, M., 2016. Phenol removal by
moving bed biofilm reactor (MBBR) from saline wastewater. Asian J. Microbiol.
Biotechnol. Environ. Sci. 18, 833-840.

Rajani, V., Reshma, J.K., 2016. Factors affecting phenol degradation potential of microbes- a
review. World J. Pharm Sci. 5 (11), 691e706.

Ramirez, E. E. P., Asuncion, M. D. L. L., Rivalcoba, V. S., Hernandez, A. L. M., Santos, C.
V., 2017. Removal of phenolic compounds from water by adsorption and photocatalysis.

Intech.

Ramos, C., Suarez-Ojeda, M. E., Carrera, J., 2016. Long-term performance and stability of a
continuous granular airlift reactor treating a high-strength wastewater containing a
mixture of aromatic compounds. J. Hazard. Mater. 303, 154-161.

Raza, W., Lee, J., Raza, N., Luo, Y., Kim, K. H., & Yang, J., 2019. Removal of phenolic
compounds from industrial waste water based on membrane-based technologies. J. Ind.

Eng. Chem. 71, 1-18.

Rezaee, A., Jorfi, S., Cheshmeh Soltani, R. D., 2011. Comparison of the efficiency of
moving-and fixed-bed bioreactors for treatment of high-strength synthetic
wastewater. Chem. Biochem. Eng. Q. 25 (4), 445-452.

Rubilar, O., Diez, M. C., Gianfreda, L., 2008. Transformation of chlorinated phenolic
compounds by white rot fungi. Crit. Rev. Environ. Sci. Technol. 38 (4), 227-268.

Sa, C. S. A, Boaventura, R. A. R., 2001. Biodegradation of phenol by Pseudomonas putida
DSM 548 in a trickling bed reactor. Biochem. Eng. J. 9 (3), 211-2109.

Sahinkaya, E., Dilek, F. B., 2006. Effect of biogenic substrate concentration on 4-
chlorophenol degradation Kinetics in sequencing batch reactors with instantaneous

feed. J. Hazard. Mater. 137 (1), 282-287.

116



Sahoo, N. K., Pakshirajan, K., Ghosh, P. K., Ghosh, A., 2011. Biodegradation of 4-
chlorophenol by Arthrobacter chlorophenolicus A6: effect of culture conditions and
degradation kinetics. Biodegradation. 22 (2), 275-286.

Sahoo, N. K., Panigrahy, N., 2018. Biodegradation and kinetic study of 4-chlorophenol in
bioreactor packed with stabilized bacteria entrapped in calcium alginate beads
system. Environ. Process. 5 (2), 287-302.

Sahariah, B. P., Chakraborty, S., 2011. Kinetic analysis of phenol, thiocyanate and ammonia-
nitrogen removals in an anaerobic—anoxic—aerobic moving bed bioreactor system. J.
Hazard. Mater. 190 (1-3), 260-267.

Sandhibigraha, S., Chakraborty, S., Bandyopadhyay, T., Bhunia, B., 2020. A kinetic study of
4-chlorophenol biodegradation by the novel isolated Bacillus subtilis in batch shake

flask. Environ. Eng. Res. 25(1), 62-70.

Saraireh, R., Asasfeh, B., Saraireh, M., Shiyyab, K., Shawawreh, R., 2020. Biodegradation of
Phenol: Mini Review. J. Basic Appl. Res. Biomed. 6 (2), 53-61.

Sarti, A., Vieira, L. G. T., Foresti, E., Zaiat, M., 2001. Influence of the liquid-phase mass
transfer on the performance of a packed-bed bioreactor for wastewater
treatment. Bioresour. Technol. 78 (3), 231-238.

Schummer, C., Groff, C., Al Chami, J., Jaber, F., Millet, M., 2009. Analysis of phenols and
nitrophenols in rainwater collected simultaneously on an urban and rural site in east of

France. Sci. Total Environ. 407 (21), 5637-5643.

Schweigert, N., Zehnder, A. J., Eggen, R. I., 2001. Chemical properties of catechols and their
molecular modes of toxic action in cells, from microorganisms to mammals:

minireview. Environ. Microbiol. 3 (2), 81-91.

117



Seth, R., Singh, P., Mohan, M., Singh, R., Aswal, R. S., 2013. Monitoring of phenolic
compounds and surfactants in water of Ganga Canal, Haridwar (India). Appl. Water

Sci. 3 (4), 717-720.

Sharma, N., Gupta, V. C., 2012. Batch biodegradation of phenol of paper and pulp effluent

by Aspergillus niger. Int. J. Chem. Eng. 3 (3), 182.

Shebany, Y. M., El-Dawy, E. G., Gherbawy, Y. A., 2018. Potential of Different Fungi
Species in Biodegradation Field of Phenolic Compounds. Annu. Res. Rev. Biol. 1-9.
Sheeja, R. Y., Murugesan, T., 2002. Mass transfer studies on the biodegradation of phenols in
up-flow packed bed reactors. J. Hazard. Mater. 89 (2-3), 287-301.

Singh, P., Jain, R., Srivastava, N., Borthakur, A., Pal, D. B., Singh, R., Madhav, S.,
Srivastava, P., Tiwary, D., Mishra, P. K., 2017. Current and emerging trends in
bioremediation of petrochemical waste: a review. Crit. Rev. Environ. Sci. Technol. 47

(3), 155-201.

Singh, R. K., Kumar, S., Kumar, S., Kumar, A., 2008. Biodegradation kinetic studies for the
removal of p-cresol from wastewater using Gliomastix indicus MTCC 3869. Biochem.
Eng. J. 40 (2), 293-303.

Singh, T., Bhatiya, A. K., Mishra, P. K., Srivastava, N., 2020. An effective approach for the
degradation of phenolic waste: phenols and cresols. In Abatement of Environmental

Pollutants. 203-243.

Sonkar, M., Kumar, M., Dutt, D., Kumar, V., 2019. Treatment of pulp and paper mill effluent
by a novel bacterium Bacillus sp. IITRDVM-5 through a sequential batch
process. Biocatal. Agric. Biotechnol. 20, 101232.

Sonwani, R. K., Giri, B. S., Das, T., Singh, R. S., Rai, B. N., 2019. Biodegradation of

fluorene by neoteric LDPE immobilized Pseudomonas pseudoalcaligenes NRSS3 in a

118



packed bed bioreactor and analysis of external mass transfer correlation. Process

Biochem. 77, 106-112.

Sonwani, R. K., Swain, G., Giri, B. S., Singh, R. S., Rai, B. N., 2020. Biodegradation of
Congo red dye in a moving bed biofilm reactor: Performance evaluation and kinetic
modeling. Bioresour. Technol. 302, 122811.

Sridevi, V., Lakshmi, M. V. V. C., Manasa, M., Sravani, M., 2012. Metabolic pathways for
the biodegradation of phenol. Int. J. Eng. Sci. Adv. Technol. 2 (3), 695-705.

Srivastava, V. C., Swamy, M. M., Mall, I. D., Prasad, B., Mishra, I. M., 2006. Adsorptive
removal of phenol by bagasse fly ash and activated carbon: equilibrium, kinetics and

thermodynamics. Colloids Surf, A Physicochem. Eng. Asp. 272 (1-2), 89-104.

S S, S. M., Vijayan, D. S., Anand, M., Ajona, M., Jarin, T., 2021. Biodegradation of P-nitro
phenol using a novel bacterium Achromobacter denitrifacians isolated from industrial
effluent water. Water Sci. Technol.

Subramaniam, K., Ahmad, S. A., Shaharuddin, N. A., 2020. Mini review on phenol
biodegradation in Antarctica using native microorganisms. Asia Pac. J. Mol. Biol.
Biotechnol. 28, 77-89.

Tarighian, A., Hill, G., Headley, J., Pedras, S., 2003. Enhancement of 4-chlorophenol
biodegradation using glucose. Clean Technol. Environ. Policy. 5 (1), 61-65.

Tay, S. T. L., 2006. Removal of phenol from wastewater by microbial granules. Waste
Manage. Series. 6 (4), 191-212.

Tay, S. T. L., Moy, B. Y. P., Maszenan, A. M., Tay, J. H., 2005. Comparing activated sludge
and aerobic granules as microbial inocula for phenol biodegradation. Appl. Microbiol.

Biotechnol. 67 (5), 708-713.

119



Tepe, O., Dursun, A. Y., 2008. Combined effects of external mass transfer and
biodegradation rates on removal of phenol by immobilized Ralstonia eutropha in a
packed bed reactor. J. Hazard. Mater. 151 (1), 9-16.

Tisma, M., Zeli¢, B. R. U. N. O., Vasi¢-Racki, ., 2010. White-rot fungi in phenols, dyes and
other xenobiotics treatment-—a brief review. Croat. J. Food Sci. Technol. 2 (2.), 34-47.
Umamaheswari, J., Saranya, D., Abinandan, S., Megharaj, M., Subashchandrabose, S. R.,
Shanthakumar, S., 2020. Phycoremediation: an integrated and eco-friendly approach for
wastewater treatment and value-added product potential. In Bioremediat. of Ind. Waste

Environ. Saf. 305-331.

Victor-Ortega, M. D., Martins, R. C., Gando-Ferreira, L. M., Quinta-Ferreira, R. M., 2017.
Recovery of phenolic compounds from wastewaters through micellar enhanced

ultrafiltration. Colloids Surf, A Physicochem. Eng. Asp. 531, 18-24.

Vieira, W. T., de Farias, M. B., Spaolonzi, M. P., da Silva, M. G. C., Vieira, M. G. A., 2020.
Removal of endocrine disruptors in waters by adsorption, membrane filtration and

biodegradation. A review. Environ. Chem. Lett. 18 (4), 1113-1143.

Vyas, T. K., Dave, B. P., 2010. Effect of addition of nitrogen, phosphorus and potassium
fertilizers on biodegradation of crude oil by marine bacteria. Indian J. Mar. Sci. 39 (1),
143-150.

Yang, C. F., Lee, C. M., 2008. Enrichment, isolation, and characterization of 4-chlorophenol-

degrading bacterium Rhizobium sp. 4-CP-20. Biodegradation. 19 (3), 329-336.

Wang, G., Liu, Y., Wu, M., Zong, W., Yi, X., Zhan, J., Liu, L., Zhou, H., 2019. Coupling the
phenolic oxidation capacities of a bacterial consortium and in situ-generated manganese

oxides in a moving bed biofilm reactor (MBBR). Water Res. 166, 115047.

120



Wolski, E. A., Barrera, V., Castellari, C., Gonzalez, J. F., 2012. Biodegradation of phenol in
static cultures by Penicillium chrysogenum ERKZ: catalytic abilities and residual
phytotoxicity. Rev. Argent. Microbiol. 44 (2), 113-121.

Yadav, M., Srivastva, N., Singh, R. S., Upadhyay, S. N., Dubey, S. K., 2014. Biodegradation
of chlorpyrifos by Pseudomonas sp. in a continuous packed bed bioreactor. Bioresour.
Technol. 165, 265-269.

Ye, H., Chen, L., Kou, Y., How, Z. T., Chelme-Ayala, P., Wang, Q., An, Z., Guo, S., Chen,
C., EI-Din, M. G., 2021. Influences of coagulation pretreatment on the characteristics of

crude oil electric desalting wastewaters. Chemosphere. 264, 128531.

Yusoff, N., Ong, S. A, Ho, L. N., Wong, Y. S,, Saad, F. N. M., Khalik, W., Lee, S. L., 2016.
Evaluation of biodegradation process: comparative study between suspended and hybrid
microorganism growth system in sequencing batch reactor (SBR) for removal of
phenol. Biochem. Eng. J. 115, 14-22.

Zhang, K., Wang, Q., Zhou, Y., Gao, J., Li, C., Jiang, X., 2020. A low-cost crosslinked
polystyrene derived from environmental wastes for adsorption of phenolic compounds

from aqueous solution. J. Mol. Liqg. 314, 113641.

Zhao, T., Gao, Y., Yu, T., Zhang, Y., Zhang, Z., Zhang, L., Zhang, L., 2021. Biodegradation
of phenol by a highly tolerant strain Rhodococcus ruber C1: Biochemical
characterization and comparative genome analysis. Ecotoxicol. Environ. Saf. 208,
111709.

Zou, S., Zhang, B., Yan, N., Zhang, C., Xu, H., Zhang, Y., Rittmann, B. E., 2018.
Competition for molecular oxygen and electron donor between phenol and quinoline
during their simultaneous biodegradation. Process Biochem. 70, 136-143.

Zheng, M., Zhu, H., Han, Y., Xu, C., Zhang, Z., Han, H., 2019. Comparative investigation on

carbon-based moving bed biofilm reactor (MBBR) for synchronous removal of phenols

121



and ammonia in treating coal pyrolysis wastewater at pilot-scale. Bioresour.

Technol. 288, 121590.

122



APPENDIX



Appendix

Appendix
Sequence of Bacillus flexus GS1 IIT(BHU) (MK850444.1).

CCATGTCTTCCTGAGAGTGAGCTTGCCTCTCAGCGCGTGGGGATCTCCCCTCTAT
AGTGTTAGCGGCGCACGGGTGAGTAACATCTGCCCTACCTGCCTGTAAGACTGG
GATAACTCCGGGAAACCGGAGCTAATACCGGATAACATTTTTTCTTGCATAAGAG
AAAATTGAAAGATGGTTTCGGCTATCACTTACAGATGGGCCCGCGGTGCATTAGC
TAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGG
GTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCATACGGGAGGCAGCA
GTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTG
ATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACAAGAG
TAACTGCTTGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCC
AGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAA
AGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTG
GAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAAAGCGGAATTCC
ACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCG
GCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGA
TTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTT
TCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGT
CGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA
TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGA
CAACTCTAGAGATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCAT
GGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTTGATCTTAGTTGCCAGCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGA
CAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGG
GCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTCAA
GCCAATCCCATAAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACAT
GAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
GGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACCTGACGAAGTG
ATCTGGGGCTACGGTGGTGATCCAGCCGCCTAAGGTGACACAGGCC

Sequence of Bacillus cereus GS2 IIT(BHU) (MN966874.1).

GTAGGGGCATTCACCAGGAGTGAGACTGGCTCAGAGTGCGTGGGGAGCATCCTT
TTAGAATGTTAGCGGCGCACGGGTGAGTAACACCTGCCTAACCTGCCCATAAGA
CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCAT
GGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCA
TTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTG
AGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTAATACGGGAG
GCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCG
TGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTG
CTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATT
GGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCT
CAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGT
GGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGG
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CGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGT
TAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGG
GAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGA
CATCTTCTGACAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGT
GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTG
CCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTAT
GACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCG
AGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCG
CCTACATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATA
CGTTCCCGGGCCTTGTACACCCCGCCCGCCCCACCCCGAGAGTTTGTAACACCCG
AAGTCGGTGGGGTAACCTTTTGGAGCCACCGCCTATAGGAGGTCCCCCCCC
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Fig. A.1. Plot between 1/kp vs. 1/G" for n=0.1, 0.33, 0.34, 0.35, 0.36, 0.37, 0.38, 0.39, 0.4,

0.5,0.6,0.7, 0.8, 0.9, 1.0 (R? >0.94).
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Fig. A.2. The plots for the actual vs. predicted for the removal of (a) phenol, (b) COD, (c)

ammonia in moving bed biofilm reactor.

Table A.1. Profile of intermediates identified using GC-MS during biodegradation of phenol.

Compound name  Molecular formula  Retention m/z of fragment ions
time (min)
Phenol CeHsOH 7.80 166, 151, 121, 95, 91, 77, 75, 65, 43
Catechol CesHa(OH)2 17.89 254, 243, 239, 220, 147, 133, 112,
102, 91, 73, 59, 45
2-hydroxy CeHs04 22.48 286, 271, 257, 227, 204, 187, 169,
muconic 157, 147, 133, 111, 95, 73, 55, 45, 28

semialdehyde
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