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Phenol biodegradation There is a general perception that the phenols being toxic are not amenable to
Packed bed reactor biological degradation. Continuous biodegradation of phenol in synthetic wastewater
Immobilized Nocardia is carried out in a packed bed bioreactor using immobilized Nocardia
Biological fixed-films hydrocarbonoxydans. Glass beads were used as the carrier particles for cell
Steady state immobilization. The effect of influent phenol concentration on packed bed bioreactor

for phenol biodegradation during start up and at steady state were studied. Almost
99.6% degradation of 200 ppm phenol could be achieved. Percentage degradation
of phenol decreased with the increase in influent concentration. The combined
effect of higher phenol concentration and volumetric phenol loading might have
resulted in lower degradation. Only 58.4% degradation of 1000 ppm phenol could
be achieved with the packed bed bioreactor containing 6400 glass beads. Toxic
effects of phenol were found to play a role at 1000 ppm influent concentration.
With increase in dilution rate, the percentage degradation was decreased.

INTRODUCTION

The accumulation of organic carbon in many freshwater |ocations and the effluents from industrial
plantsjoining the rivers and seas has great concern. It isbecoming increasingly important to inves-
tigate how to degrade many troublesome contaminantsand their biological oxidation inwaste. The
application of microbial system in the industrial end-of-pipe abatement plantsis seen as cost effec-
tive method of removing poll utantsfrom the environment by a process now known asbiodegradation.

The origin of phenal in the environment is both anthropogenic aswell asxenobiotic. Anthropo-
genic sources are from forest fires, natural run-offsfrom urban areas where asphalt isused as bind-
ing material and natural decay of lignocellulosic materials. X enobiotic sourcesare industrial wastes
from chemical manufacturing processes such as petrochemicals (Murugesan & Sheeja 2002), phar-
maceutical industry, wood processing industry, pesticide manufacturing plants, coal gasification,
polymeric resin production, oil refining industries, gasand coke industries, fibre glass units, plastic
industry, paintsand varnish industry, and textile industry which makes use of organic dyes. Phenol
affectsaquatic life causing ecological imbalance. Itisletha to fish even at relatively low concentra-
tion of 5-25 mg/L . Phenol imparts objectionabl e taste to municipal drinking water at far lower con-
centrations (< 0.01 ppm). When phenol-contai ning water i schlorinated toxic pol ychl orinated phenol s
can also result (Alemzadeh et al. 2000).

Different methods of treatment are availablefor reduction of phenol content in wastewater. The
probabl e technol ogies are chl orination, ozonisation, adsorption, solvent extraction, membrane proc-
ess, coagulation and flocculation. But these conventional physical and chemica methodshaveledto
secondary effluent problems. Biological treatment isespecially attractive because it has the potential
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toamost completely degrade phenol while producing innocuousend products. Inaddition, it hasthe
advantage of reduced capital and operating cost because of operation at ambient conditions. Thus,
biological method of treatment hasturned out to be afavourabl e alternative for phenol degradation.
However, phenoal is toxic (Scragg 2006) to most types of microorganisms at sufficiently high con-
centrations and can be a growth rate inhibitory to even those species, which have the metabolic
capability of using it as a substrate for growth. So, for achieving satisfactory performance, phenol
concentration needs to be maintained below toxic limits and acclimatization of organism to the
wastewater environment isrequired.

Biological fixed films are commonly used in wastewater treatment as they provide several ad-
vantages over freely suspended cell systems. These include high biomass concentration, increased
resistance to toxic shock loadings and higher volumetric throughputs due to independence of cell
gowthraefromreactor dilutionrae(Tziotzioset al. 2005).

Nocardia hydrocarbonoxydansNCIM sp. 2386 has been chosen for the present study for phenol
biodegradation. Biodegradation was conducted in a packed bed bioreactor (Murugesan & Shegja
2005). Required number of glass beads on which Nocardia hydrocarbonoxydans is immobilized
were placed. Immobilized Nocardia hydrocarbonoxydans over glass beads were placed in packed
bed reactor. Experimentswere conducted to analyse the performance of packed bed bioreactor for
the biodegradation of phenol.

MATERIALS AND METHODS

The column was cleaned thoroughly with water and kept for drying. After drying, required number
the immobilized glass beads were filled inside the column and phenol solution wasfilled up to the
sampling port. Compressed air was sent from the bottom of the column for aeration at aconstant rate
to ensure oxygen concentration in the reactor liquid is more than 5 mg/L. Synthetic wastewater
containing phenol and nutrient medium was sent with a constant flow rate using peristaltic pump
through the inlet at the bottom of the column. The effluent was collected from the outlet port for
different time intervals and analysed for the phenol concentration and free cell concentration until
the system reached steady state. Steady state conditionswere assumed when phenol concentrationin
the effluent reaches a constant value. Then the steady state biomass dry weight and bio-film thick-
nesswere determined.

To study the effect of influent concentration of phenol, continuous biodegradation of synthetic
wastewater using 200 ppm, 300 ppm, 500 ppm, 800 ppm and 1000 ppm phenol was carried out in
packed bed reactor with adilution rate 0.0038547/hr and carrier loading of 6400 immobilized glass
beads. Then continuoudy effluent phenol concentration and free cell concentration measured till the
steady state was attai ned.

RESULTS AND DISCUSSION

Effect of influent concentration on effluent phenol during start up: Fig. 1 representsthe results
of time course variation of effluent phenol concentration from the bioreactor packed with 6400 glass
beads immobilized with the cells and at the dilution rate of 0.0038547/hr (flow rate of 400mL/hr)
with 200, 300, 500, 800 and 1000 ppm influent phenol concentration. The effluent concentrations
were measured at constant time periods (4 hr) at the outlet port of the reactor (port at 8 cm from the
bottom) during start-up till the steady state was achieved. The results showed that the effluent con-
centration of phenoal initially dropped and attained steady state. It is observed from the start up
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Fig. 1: Effect of influent concentration on
effluent phenol concentration during start up and
steady state.

Fig. 2: Effect of influent concentration on effluent
phenol concentration and percentage degradation at

steady state.

Fig. 3: Effect of influent concentration on effluent
phenol concentration and percentage degradation
at steady state.

Fig: 4 Effect of influent concentration on effluent
phenol concentration and percentage degradation at
steady state.
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Fig. 5: Effect of influent concentration on free cell
concentration during start up and steady state.

Fig. 6: Effect of influent concentration on free cell con-
centration during steady state.

Fig. 7: Effect of influent concentration on steady state
biomass dry weight.

Fig. 8: Effect of influent concentration on steady state
bio-film thickness.
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resultsthat the rate of degradation has decreased with the increase in influent phenol concentration.

Effect of influent concentration on effluent phenol concentration and per centage degr adation
at steady state: Fig. 2 showsthat asthe influent concentration isincreased, the effluent concentra-
tion at steady state hasalso increased. Phenol effluent concentration for 200 ppm influent concentra-
tionisonly 0.813 ppm. But for 1000 ppm influent phenol concentration, it isabout 416 ppm. Fig. 4
representsthe effect of influent concentration on steady state percentage degradation at the dilution
rate of 0.0038547/hr with 6400 immoabilized carrier particles. It is observed that the percentage
degradation is reduced with increase in influent phenol concentration at the same dilution rate of
0.0038547/hr. When influent phenol concentration is 200 ppm percentage degradation is almost
99.6 %. For 1000 ppm it isdecreased to 58.4 %. At low concentration of 200 ppm, the organismscan
take up the available phenol almost completely.

Effect of influent concentration on free cell concentration during start up and steady state:
Fig. 5 givesthe effect of influent concentration on free cell concentration during the start up and at
steady state at the dilution rate of 0.0038547/hr and with 6400 glass beads. Thefree cell concentra-
tion in the effluent during start up continuoudly changes due to continuous variation of growth rate
and shear rate in the column. Detachment isnot only afunction of turbulence inthereactor, but itis
afunction of amount of attached biomass, bio-film thicknessand biomass growth rate. Steady state
isreached when the growth rate isbalanced by the death and shear rate. Steady state free cell concen-
tration hasincreased with increase in phenol concentration of up to 500 ppm. Asitisseen from Fig.
6 and Fig. 7, the bio-film thickness and attached biomass dry weight hasincreased with increasein
phenol concentration up to 800 ppm. Detachment isafunction of bio-film thicknessand theamount
of attached biomass. So, as the phenol concentration isincreased up to 500 ppm, the free cell con-
centration has increased. With further increase in influent phenol concentration to 800 ppm and
1000 ppm, the toxic effect of phenol may be playing arole, and hence, the free cell concentration
decreasesat higher influent phenol concentration.

Effect of influent concentr ation on steady state bio-film thickness: Fig. 8 showsthe resultsof the
variation of steady state bio-film thickness with the different influent phenol concentrations. The
steady state bio-film thickness hasincreased up to 800 ppm concentration and then it isdecreased as
the concentration isincreased to 1000 ppm. This may be due to the toxic effects of phenol on the
microorganismsat higher concentrations.

Effect of influent concentration on timetaken toreach the steady state: Fig. 3 showsthe effect
of influent phenol concentration on the time taken to reach the steady state. With the influent con-
centration of 200 ppm, the steady state was achieved in 32 hrs. But for the influent concentrations at
and above 300 ppm, the steady states were achieved within around 68 to 72 hrs. Initial biomass
present in the reactor itself may be sufficiently high to degrade 200 ppm phenol easily. So steady
state hasreached very fast. But when the influent concentration ishigh, the organisms cannot easily
take up the higher phenol loading, and hence, more timeistaken to reach the steady state.

Effect of influent concentration on the steady state biomass dry weight: Fig. 7 represents the
effect of influent concentration on steady state biomass dry weight. It is observed that the steady
state biomass dry weight has increased with increase in phenol concentration of up to 800 ppm. But
with increase in phenol concentration to 1000 ppm, the steady state biomass dry weight has de-
creased. The effect is similar to the effect on bio-film thickness, reason being the toxic effect of
phenal at high concentrations.
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CONCLUSION

Continuous biodegradation of phenol was carried out in a packed bed reactor using immobilized
cells of Nocardia hydrocarbonoxydans on glass beads. The effect of influent phenol concentration
on phenol degradation by the performance of the bioreactor during start-up and steady state were
studied. Almost 99.6 % degradation of 200 ppm phenol was achieved. The percentage degradation
of phenol was found to be decreased with increase in influent concentration. The toxic effect of
phenol was found to play arole at 1000 ppm influent concentration.
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