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ABSTRACT

Phenol is one of the organic pollutants in industrial waste water which causes significant environmental
problems. Various methods such as chlorination, flocculation, adsorption etc. have been used for the
degradation of phenol. But biological methods have proved to be the most effective and economical approach
for the removal of phenol and phenol related compounds. Numerous studies on biodegradation of phenol using
different types of microorganisms and bioreactors have been reported. Various kinetic models and the effect of
various parameters such as initial phenol concentration, temperature, pH, etc. on biodegradation have been

also studied.
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l. INTRODUCTION

Organic pollutants comprise a potential
group of chemicals which may lead to hazardous
effects on the environment. Phenol is such an
organic, aromatic compound that occurs naturally
in the environment, but is more commonly
produced artificially from industrial activities such
as petroleum processing, plastic manufacturing,
resin production, pesticide production, steel
manufacturing etc. The waste water generated from
these  industrial  activities  contains  high
concentration of phenolic compounds which
eventually may reach down to streams,rivers, lakes
and soil, which represent a serious ecological
problem.Phenol is a listed priority pollutant by the
U.S Environmental protection Agency(EPA,1979)
and is considered to be a toxic compound by the
Agency for Toxic Substances and Disease
Registry(ATSDR,2003). Death among adults has
been reported with ingestion of phenol ranging
from 1 to 32g[1]. Phenol can cause body disorders
like allergic dermatitis, skin irritation, cancer and
genetic disorders like mutation. It cause taste and
odour problem in drinking water [2]. The
increasing presence of phenols represent a
significant environmental toxicity hazard, therefore
the development of methods for the removal of
phenols from industrial waste-water has generated
significant interest.Conventional processes have
been mostly physicochemical processes, but since
they cause secondary problems in the effluents,
biological treatments are preferred for large scale
removal of this type of pollutants [3]. Currently
biological methods have been widely used as a low
cost alternative and offered the possibility of
complete mineralization of organic compounds[4].
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Il. THEORETICAL ASPECTS

2.1 Structure and properties of phenol

The structure of phenol is that of a
hydroxyl group (-OH) bonded to a phenyl
ring.Phenol, also known as carbolic acid, is a toxic
white crystalline solid with a sweet tarry odour. It
is commonly referred to as a hospital smell. Its
chemical formula is CsHsOH. The word phenol is
also used to refer to any compound that contains a
six-membered aromatic ring, bonded directly to a
hydroxyl group(-OH). In effect, phenols are a class
of organic compounds of which phenol is the
simplest member. Its chemical name is

hydroxybenzene.
OH

Figl: structure of phenol

2.2 Toxicity of phenol

Acute exposure of phenol causes central
nervous system disorders. It leads to collapse and
coma. It can also result in myocardial depression.
Renal damage and salivation may be induced by
continuous exposure to phenol. It is also suspected
that phenol may cause paralysis,cancer and
genetofibre striation.Phenol is an antiseptic agent
and is used in surgery, which indicates that they are
also toxic to many microorganisms[5].
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2.3 Industrial production of phenol

Phenol can be made from the partial
oxidation of benzene, by the reduction of benzoic
acid by the cumene process, or by the Raschig-
Hooker process. It can also be found as a product
of coal oxidation.

2.4 Uses of phenol

Phenol has antiseptic properties. It is also the
active ingredient in some oral analgesics such as
chloraseptic spray. It is used in the production of
drugs, herbicides and synthetic resins.
2.5 Technologies for phenol degradation

The probable technologies for the
treatment of waste water containing phenol and
thiocyanate include chlorination, ozonation,
adsorption, flocculation and biological treatment.
The physicochemical methods have the inherent
draw backs due to the tendency of formation of
secondary toxic materials such as
cyanates,chlorinated  phenols,hydrocarbons  etc.
Moreover these techniques have been found to be
very expensive due to large consumption of
chemicals.

Important  biological methods  like
activated  sludge,trickling  filter,  oxidation
ponds,lagoons etc have been employed for the
treatment of phenolic waste water with various
efficiencies depending upon the operating process
variables like temperature,pH,dissolved oxygen
and nutrients containing nitrogen, phosphorous and
minerals[6].

1. BIODEGRADATION OF PHENOL
3.1 Microorganisms and enzymes involved in
phenol biodegradation

Degradation of phenol occurs as a result
of the activity of a large number of microorganisms
including bacteria, fungi and actinomycetes.
Bacterial species include Bacillus sp, Pseudomonas
sp, Acinetobacter sp, Achromobacter sp etc. Fungi
share a significant part in the recycling of aromatic
compounds in the biosphere and several studies
have shown that diverse fungi are capable of
phenols mineralization[7].Fusarium sp,
Streptomyces sp, Phanerocheate
chrysogenum,Corious versicolor, Ralstonia sp etc.
proved to be efficient fungal groups in phenol
biodegradation[5]. V.Arutchelvan et al(2006)
studied the biodegradation of phenol using the pure
culture of Bacillus brevis. The bacterial strain was
isolated  from  phenol-formaldehyde  resin
manufacturing industrial waste water.Harrison et
al(2004) studied the biodegradation of phenol,o-
cresol,m-cresol and p-cresol by indigenous soil
fungi in soil contaminated with cresoate. Seven
non-basidiomycetic fungi were isolated. Maria
Kopytko et al (2008) studied the biodegradation of
potential of phenol in industrial waste water from

an oil field. E.S.Shumkova et al(2009) studied the
phenol degradation by Rhodococcus opacus 1G
strain. This strain was isolated from petroleum
contaminated soils. Dajun et al (2018) studied the
biodegradation of phenol by Pleurotus laccase in
the direct current electric field.Guruswamy
Annadurai et al(2002) investigated  the
biodegradation potential of phenol using mixed
liquors of Pseudomonas putida ATCC 31800 and
activated sludge.

There are reports on many
microorganisms capable of degrading phenol
through the action of variety of enzymes. These
enzymes may include oxygenases, hydroxylases,
peroxidases, tyrosinases and oxidases. Oxygenases
include monoxygenases and dioxygenases[5].

3.2 Mechanisms of phenol biodegradation

In microbial degradation of phenol under
aerobic conditions, the degradation is initiated by
oxygenation in which the aromatic ring is initially
monohydroxylated by a monoxygenase called
phenol hydroxylase, at a position ortho to the pre-
existing hydroxyl group to form catechol. This is
the main intermediate resulting from metabolism of
phenol by different microbial strains. Depending up
on the type of strain, the catechol then undergoes a
ring cleavage which can occur either at the ortho
position thus initiating the orthopathway that leads
to the formation of succinyl Co A and acetyl CoA
at the meta position, thus initiating the meta
pathway that leads to the formation of pyruvate and
acetaldehyde [1]. Anaerobically the aromatic ring
is not oxidized, but reduced. The key intermediate
in this pathway is cyclohexanone[14].

Table 1: Microorganisms Involved in the
Biodegradation of Phenolic Compounds
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3.3 Effect of various factors on biodegradation

of phenol
There are various factors which affect the
biodegradation of phenolic

compounds.V.Arutchelvan et al (2006) studied the
effect of initial phenol concentration, temperature,
pH, inoculum size, addition of co-substrate were
studied. Biodegradation of phenol was maximum at
pH 8.0, 5%v/v of inoculum size and without any
co-substrate.  Mailin ~ Mission &  Firdausi
Razali(2007) investigated the performance of two
types of inert supports namely bioceramic and
sponge to immobilize a locally isolated phenol
degrader Pseudomonas sp in a packed column in
repeated batch culture. Complete phenol removal
was obtained between 250-1000ppm.
3.4 Bioreactors used in phenol biodegradation

G.Venkat Reddy et al(2006) carried out
mass transfer studies on biodegradation of phenolic
waste water in draft tube fluidized bed reactor.The
mass transfer coefficient for transport of phenol
from the bulk phase to the solid particle has been
measured experimentally. The mass transfer
coefficient for phenol was varied between 0.06 and
0.24x10° m/s. PichiahSaravanan et al(2008) carried
out a comparative study on the performance of
batch stirred tank bioreactor and internal air lift
bioreactor in degrading phenol using Pseudomonas
spp.BSTR took a maximum of 8 days to degrade
phenol  completely with maximum initial
concentration of 400 mgl™; whereas ILALR took
only 47 h to degrade phenol with a maximum
initial concentration of 66 mgl-1.1.Alemzadeh et al
(2002) carried out phenol biodegradation by
rotating biological contactor. The impact of major
process and operating variables such as input
hydraulic  loading,input COD loading and
temperature of waste water on the total removal
efficiency of the system were examined.
3.5 Kinetics of phenol biodegradation

A variety of kinetic substrate utilization
and inhibition models have been used to describe

the dynamics of microbial growth on phenol. Of
these various models, the Monod and Andrew
(Haldane) equations has been extensively used to
describe phenol biodegradation. The Monod and
Haldane equations are based on the specific growth
rate, but may also be related to the specific
substrate consumption rate[1].S.E.Agarry et al
(2007) estimated kinetic parameters under substrate
limitation using mixed culture containing
Pseudomonas fluorescence and Pseudomonas
aeruginisa isolated from an oil polluted area in
Niger-Delta regions of Nigeria. It fit best for
Teisser kinetic inhibition model. M.Rigo and R.M.
Alegra(2004) determined the kinetic parameters of
phenol biodegradation in a batch reactor. Candida
tropicalis was found to be capable of growth on a
medium with 1g/l phenol. Haldane equation was
found to be fit to the experimental data. V.
Vijayagopal and T.Viruthagiri(2005) aimed to
determine the kinetics of phenol biodegradation by
measuring the biomass growth rate and phenol
concentration as a function of time in a batch
reactor. Kinetic constants were determined using
Haldane equation.

i akiles =z Vel

Table 3: Biodegradation of phenol

V. CONCLUSION

Biodegradation of phenolic compounds by
microorganisms is an efficient, economically
feasible and environmental friendly technology. A
variety of microorganisms have proventheir ability
to degrade phenol and phenol related compounds.
Several models have been proposed to study the
kinetics of phenol biodegradation. The Monod and
Haldane model are the most commonly used
kinetic models.
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