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Abstract:Since times immemorial, there has been an
intricate ecological balance and one of the biggest
problems of modern world is environmental pollution,
which threatens this very balance that supports life on
Earth. Industrial waste often includes carcinogenic
substances like phenols, synthetic dyes that are nondegradable and toxic. Degradation or consequent
separation of these before they are let off to water
resources therefore, forms the backbone of industrial
waste water treatment. Phenols are extremely toxic to
humans, plants and other animals. Different methods
like physical, chemical and biological are used for the
removal of phenol depending upon the feasibility and
requirement.
Keywords:Phenol, Wastewater, Pervaporation, Extraction,
Biological methods, Adsorption, Photodecomposition,
Filtration.

Phenols and phenolic compounds are abundantly found in
many industrial effluents.
Table 2: Various industries and its associated phenols.
(W.Duda et al (2007) [1])

Industries

Type of Phenols

Phenol, Chloro phenol,
Alkyl phenols, Catechol,
Chloro catechol, Nitro
phenol.
Phenol, Chloro phenol,
Alkyl phenols.
Catechol, Chloro cetachol,
Chloro phenol, Methyl
phenol, Buthyl hydroxyl
toluene, Buthyl
hydroxyanisole.
Aminophenol, Cetachol,
Chlorocetachol, Amino
phenols, Buthyl hydroxyl
toluene, Buthyl
hydroxyanisole

Textile

Wood processing
Pharmaceutical

I.INTRODUCTION
Properties of Phenols: Molecular weight 94.11g/mol;
Boiling point 182.0⁰C; Melting point 43.0⁰C; Vapour
pressure 0.3513mm Hg at 25⁰C; Solubility in water
8.3g/100ml; Viscosity 3.437mPa; pH 6; pKa 9.99.Phenol
removal is a pre-requisite, as it has many harmful effects on
plants, animals and humans.

Rubber

.

Table 1: Harmful Effects of Phenols. (P K Chonnkar et al
(2000) [2])
HUMAN AND
ANIMALS
Short term effects:
Respiratory infection,
Head-aches,
burning
eyes, skin rashes.
Chronic effects (high
exposure):
Weakness, Muscle pain,
anorexia, weight loss,
fatigue.

AGRICULTURE

Long term effects (low
exposure):
Respiratory
cancer,
heart
disease,
weakening
of
the
immune system

Effect
on
ground
water:
Groundwater
near
hazardous sites are
contaminated by phenol
which seeps in through
the soil.

Petrochemical

Phenol,Methyl phenol.

Cosmetics

Chlorocetachols, Methyl
phenol, Buthyl hydroxyl
toluene, Buthyl
hydroxyanisole.
Phenol, Nitrophenols,
Methyl phenols.

Effects on soil:
Porosity
of
soil
decreases, Flocculation
Effects on plants:
Reduced amount of
germination of seeds

Coal-tar
production

A wide variety of methods are employed for removal of
phenol like, Pervaporation, Membrane Bioreactors,
Enzymatic Degradation, Polymerisation of phenols. Most of
these methods belong to physical, chemical and biological
methods.
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II.VARIOUS METHODS FOR PHENOL REMOVAL OR
DEGRADATION

2.1

Physical Methods:

2.1.1 Liquid-Liquid Extraction: Process in which
components of a solution are separated based on their
relative solubilities. It is a very simple method for removal
of phenols using solvents. J.L. Paivab et al (2007) [8]
worked on the batch removal of phenol by liquid-liquid
extraction from methyl isobutyl ketone (14.4%) as solvent,
in a bench-scale mixed vessel. Parameters that influence
phenol removal like temperature, concentration of NaOH in
the extracting aqueous phase and rotational speed were
analysed. The temperature range was 10 ⁰C to 40 ⁰C, along
with NaOH concentration between 5.5 and 6.5% and the
range of rotational speed was between 400 to 800 rpm. The
removal efficiency was noted to be 94.0-97.6%. Phenol
removal using different solvents are given in Table 3.
2.1.2 Three Phase Liquid System: Three phase liquid
system is composed of organic extractant, high molecular
polymer and salt. Pinhua Yu et al (2009) [9] investigated
separation of P-Nitro phenol and O-Nitro phenol by using a
three phase extraction system. About 85% of O- Nitro
phenol and 90% of P- Nitro phenol was recovered using this
method at pH 4.
2.1.3 Pervaporation: Pervaporation is a separation process
wherein the compounds are separated from the solution by
partial vaporisation through a non-porous or porous
membrane. The two steps involved in this process are
permeation and evaporation. The membrane used acts as a
selective barrier that allows the desired component of the
liquid feed to pass through it by vaporisation. W. Kujawski
et al (2004) [4] worked on Pervaporation and adsorption for
phenol removal. Various membranes like PEBA,
PERVAP1060 and PERVAP1070 were used. All the
membranes were found to be selective for phenols. PEBA
membrane showed the highest selectivity for phenol
removal but, they are not commercially available,
PERVAP1060 and PERVAP1070 membranes are
commonly used.

Fig 1: The Schematic Representation of Laboratory Scale of
Pervaporation Setup (A.M.Hidalgo et al (2009) [5]).

2.1.5 Nano filtration: Nano-filtration is a membranefiltration process. Membrane pore size ranges from 1-10
nanometers. Nanofiltration can be used either for water
softening or for removal of disinfectants from water. A.
Bódalo et al (2009) [5]
used different nano filtration
membranes like, NF-97, NF-99, DSS-HR98PP for the
reduction of phenol concentration under different
experimental conditions. DSS-HR98PP membrane showed
the highest efficiency.
2.1.6 Adsorption: It is a surface phenomenon. A film of
adsorbate is formed on the surface of the adsorbent. Surface
energy is the consequence of the adsorption process.
Adsorption process can be classified as physisorption ( van
der waals forces) and chemisorption (covalent bonding)
depending on the forces between adsorbate and
adsorbent.Adsorption is generally described through
isotherms where the amount of adsorbate formed on
adsorbent is the function of pressure(if gas) or
concentration(if liquid), at constant temperature. Various
isotherm models are present till date such as Henry
adsorption constant, Freundlich constant, Langmuir, BET
theory, adsorption enthalpy and so on.Adsorption is one of
the most probed techniques for removal of Phenol from
industrial waste water. The research in this particular field
has been very vast. Different agricultural, microbial,
chemical and synthetic sources are listed in Table 5 and
synthetic sorbents in Table 4. They have been tested for
their adsorption capacities of organic pollutants, including
phenols. Due to diverse sources, adsorption can be
performed in fluidised bed reactor, fixed bed reactor, trickle
bed reactors and many more. Owing to its versatility and
ease of operation, it is one of the most commonly used waste
water treatment methods for removal of phenols and
phenolic compounds.
2.1.7 Cloud Point Extraction Method: It is an advanced
physical method for phenol extraction from waste water.
Most of the non-ionic surfactants form micelles in aqueous
solutions and they get separated into two phases, when
heated above a particular temperature, known as the cloud
point temperature. A micelle is an aggregate of molecules
formed within a liquid colloid. The hydrophilic part of the
micelle is subjected towards the surrounding solvent and the
hydrophobic part towards the micelle centre. This method is
largely dependent on the non-ionic surfactant used for
phenol separation and consequent degradation. Usually the
extraction efficiency increases with increase in
concentration of surfactants.Raiti J. et al (2014) [18]
investigated the two phase extraction of phenolic
compounds from pre-treated olive mill waste water using
aqueous. Micellar formation. Triton X-114 was used as the
surfactant, and in this case, the phenol recovery higher than
60% was achieved. Different variables like surfactant
concentration, pH and equilibration temperature were
tested.Studies done by Dr. Sirshendu De (2013) [21], when
two non-ionic surfactants TX-114 and TX-100 were
employed for removal of a 100 ppm dye, it was observed
that for surfactant concentration of 0.25 (M) more than 95%
of dye was removed. Therefore, the dye extraction was
almost 95% for TX-100 and 100% for TX-114.
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2.2

Chemical Methods

Among the many enzymes, polyphenol oxidases and
peroxidases are widely used.

2.2.1 Three Phase Electrode System: The three phase
electrode system is an advanced method to remove phenol
from waste water.Ya Xiong et al (2003) [10] worked on the
performance of three-phase three-dimensional electrode
reactor for the reduction of COD in wastewater-containing
phenol and it was compared with granulated activated
carbon (GAC) adsorption bed and 3d electrode system.
COD removed was 1350ppm at 200th batch run, with
airflow of 5 l min‾1, cell voltage of 30V for 30 min and
1000ppm, 610ppm from three phase three dimensional
electrode, GAC and 3D electrode system respectively.
Hence, three phase three dimensional electrode system was
found to be much efficient for the removal of COD in
phenol containing waste water.
2.2.2 Electrocoagulation: In this method, phenol is
removed by electrocoagulation in which the sacrificed
anodes form active coagulant that is then used to remove
pollutant by precipitation and flotation in situ.
Electrochemical cells containing an electrode arrangement
in contact with polluted water are employed during
electrocoagulation. Ashtoukhy et al (2013) [14] worked on
removal of phenolic compounds by electrocoagulation from
petrochemical waste water using a fixed bed reactor. The
conclusion was that with increase in current density from 1.2
to 9.82 mA/cm2, there was a significant increase in the
percentage removal of phenol from 40% to 88%. Several
parameters like the effect of NaCl, temperature, pH and
initial phenol concentration were tested for optimum
conditions to facilitate phenol removal. At high current
densities, pH 7 and time duration of 2 hours, 97% phenol
removal was attained.
2.2.3 Photodecomposition:
Iliz et al (1999) [16] worked on photodecomposition of
phenol irradiated with near UV radiation in the presence of
aqueous TiO2 suspensions. This heterogeneous degradation
of phenol followed zero-order kinetics and up to 70%
conversion was seen. In the presence of Silver ions, the
results indicated the phenol can get degraded via direct
electron transfer. Raquel Cruz et al (2011) [17] investigated
the photo catalytic degradation of phenolic compounds from
the effluent of dye industry. In the presence of aqueous
TiO2, up to 99% phenol was removed after 4 hours at pH 5.
Under the same conditions the percentage removal of other
phenolic compounds was 92% for 2 Chloro phenol and 83%
for 2,4dimethyl phenol.
2.3

Biological Methods:

According to Nagai and Suzuki (2001) [57], polyphenol
oxidase is a copper-containing enzyme and the classification
of PPO is as follows:
Tyrosinase: Tyrosinase, also called catecholase, contains a
binuclear copper containing active site that facilitates the
degradation reaction of the phenols. It catalyzes the
hydroxylation of mono-phenols to o-bi phenols, which is
then degraded to form o-quinone by dehydrogenation
reaction. The use of the Tyrosinase enzyme can be coupled
with various other techniques like integration into a
biosensor, adsorption or immobilization techniques for
better results
Laccases: Laccases are the enzymes that catalyze the
degradation reaction by reduction of oxygen to water along
with oxygenation of a phenolic molecule. They are also
called large blue copper proteins or blue copper oxidases.
They contain four neighboring copper atoms at different
binding sites, where two are involved in electron capture and
transfer, and two other with the binding of oxygen. On
oxidation, the phenols are converted to o-bi phenols which
may undergo further enzymatic degradation or may undergo
polymerization reaction leading to formation of melanin-like
dark brown accumulated product.
Ulfat Jan et al (2000) [11] worked on Detoxification of
Phenols and Aromatic Amines from waste water by Using
Polyphenol Oxidases.
Sources of polyphenol oxidase: Gooseberry, quince leaves,
tea leaves, banana fruit/ peel, potato etc.
Jadhav et al (2011) [21] isolated and characterized the
polyphenol oxidase (PPO) enzyme from banana peel. The
PPO enzyme was used to treat industrial waste water
containing phenol. The enzyme activity, optimum pH,
optimum temperature, phenol degradation and phytotoxicity
studies were conducted. Complete degradation of phenols
was seen in 24 hours for smaller concentration of phenols,
and 72 hours for higher phenol concentrations. The optimum
temperature and pH for maximum enzyme activity was seen
to be 35֯C and 7 respectively.
Peroxidases,are found in various plants and microbes.
Sources of peroxidase: Raddish, cabbage, tobacco etc. The
different types of peroxidase enzymes are manganese
peroxidase, lignin peroxidase, horse raddish peroxidase, etc.
2.3.2 Microbial Degradation:

Biodegradation of phenols is the process of breakdown of
the phenol into a simpler/non-toxic compound by the action
of microbes or enzymes. The two main types of biological
degradation of phenols are enzymatic degradation and
microbial degradation.
2.3.1 Enzymatic Degradation: The enzymes, obtained
from various sources are popularly being used for
wastewater treatment.

Paula M. van Schie et al (2000) [13] describe the use of
micro-organisms in biodegradation of Phenol. The
degradation of phenol by this method is more useful due to
its ease of manipulation of strains and scaling up of the
process. The phenol is converted to catechol by
oxygenation, which is further broken down and the
compounds enter the TCA\other metabolic cycle in order to
produce carbon dioxide, water or other inorganic simple
compounds. The degradation can be either aerobic and
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anaerobic conditions. Aerobic Degradation: In aerobic
degradation, the phenol is oxidized to catechol by the
microbial enzyme phenol hydrolase in the presence of
NADH2. Depending on the enzymes in the organism used, it
is degraded into either cis muconic acid or 2hydroxymuconic semi-aldehyde, which may enter the Krebs
cycle and get degraded to carbon-dioxide and water. The
various organisms involved in aerobic degradation are
Acinetobacter calcoaceticus, several organisms from
Pseudomonas species, a thermophilic Bacillus species,
Streptomyces setonii, and two eukaryotic microorganisms:
the yeasts Trichosporon cutaneum and Candida tropicalis.

Fig 2: Schematic Representation of Aerobic Degradation of
Phenol. Paul M. Van Schie et al (2000) [13]
Anaerobic Degradation: The degradation of phenols may
occur in the absence of oxygen. Anaerobic degradation
usually occurs in the methanogenic, nitrate reducing,
sulphate reducing or iron reducing conditions. The
mechanism however, varies from one organism to another.
In a nitrogen reducing bacteria called Thauera aromatic , the
phenol ring is carboxylated at its para-position to 4hydroxybenzoate which is further degraded.The organisms
involved in anaerobic degradation are Thauera aromatica
strain K172, Geobacter metallireducens (iron- reducing
conditions), the sulfate reducing organism Desulfobacterium
phenolicum ,Desulfotomaculumsp. strain Groll (in presence
of bi-carbonate) and Desulfovibrio species.S.E Agarry et al
(2008) [20] worked on strains of Pseudomonas fluorescence
at different concentrations of phenol. A comparative study
of the performance of Pseudomonas fluorescence and other
micro-organisms was carried out. Complete degradation of
phenol was seen by the action of the bacteria. The increase
in the concentration of phenols led to an increase in
degradation time from 84-354 hours.
III.

CONCLUSION

There has been extensive research in the field of phenol
removal from industrial waste water corresponding to
finding a suitable method with higher phenol removal
efficiency, ease of operation, feasibility and easy scale up to
the industrial level. Several physical, chemical and
biological methods have paved way for newer innovative
techniques that could be employed in the waste water
treatment. Based on ease of operation, scalability, economic
feasibility and variety of other factors like phenol recovery,

downstream processing, conditions to be maintained, it can
be concluded that Biological method for phenol
detoxification is most preferred.
Table 3: Phenol Removal Using Different Solvents
Solvents used
Amide and
compounds.

%Removal
92%

Reference
Tiantian Jiao et al
2015

Imidazole and its
homolog
compounds
Mixed
solvents:
20% TBP, 20% noctanol and 60%
cyclohexane
Green based liquid
organic
solvent:
palm oil
Methyl-ter-butyl
ether (MTBE)
1-decanol

90%

Tiantian Jiao et al
2015

99.3%

Jingjing Shao et al
2016

83%

Norasikin Othman et al
2016

98%

Methyl iso-butyl
ketone
Kerosene

94-97%

Wojciech Kujawskia et
al2003
M.J. González-Muñoz
et al2002
M.S.A. et al 2006

95%

Ruey-Shin Juang et al
2008

Aliquat-336

75-96%

N N RAO et al
2009

its

98%

Table 4: Removal of Phenol Using Different Synthetic
Sorbents
Sorbents Used
Cyclodextrin

%Removal
98-99%

Beads of chitosansodium alignate
Glass beads

68%

Siliceous
BEA
zeolite
Amberlite XAD-4

85%

Amino functional
mesoporous silica
SBA-15(NH2–
SBA-15)
Surfactantmodified bentonite
and kaolinite
Polymerized saw
dust and saw dust
carbon
Water Hyacinth ash

98-99%

Fly ash

77%

70%

Reference
Hirohito Yamasaki et al
2006
Siva Kumar Nadavalaa et
al2008
J.L. Gómez et al
2006
Mohamed Khalid et al
2004
Wojciech Kujawskia et
al2003
M. Anbia et al2011

90-99%

Uday F. Alkaram et al
2009

95-98%

D N Jadhav et al
2003

91-99%

M. T. Uddin et al2007

99%

Berta N. Estevinho et al
2006
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Table 5: Phenol Removal by Adsorption Using Different Plant Sources
Adsorbant

pH

Time

Temperature

Adsorbant dose

Reference

Date pit activated
carbon

7

24 h

250C

4g/L

El-Nass et al., 2010

Mango peel

7

6h

30oC

0.25g/L

Gupta et al.,
2013

Chestnut shells

2.5

8 days

50oC

-

Vazquez et al.,
2009

Pineapple peel

7

48 h

25oC

-

Agarry et al., 2012

Rice husk

5

5h

25oC

1g

Kermani et al.,
2006

Lantana camara

7.5 &8.5

6h & 7h

25oC

0.75 & 1g/L

Girish et al.,
2014

Pumpkin waste

6

2h

30oC

0.2g

Ekpete et al.,
2010

Wheat husk

7

5h

25oC

9g/L

Pranita Joshi et al.,
2014

Activated tea waste

2.4

5h

25oC

1.5g

Ahmaruzzaman et
al., 2010

Potato peel

1-2

1h

55oC

-

Joodi et al.,
2014

7.5-8

20 min

55oC

1-4g/L

Akl et al.,
2014

Olive mill waste

-

30 min

-

1g/L

Abdelkreem et al.,
2013

Physiochemical
activated coconut
shell

-

-

30+/-1oC

0.2g/L

Mohd. Din et al.,
2008

>7

3h

28oC

10-30g/L

Achak et al.,
2008

-

50 min

-

-

Kulkarni et al.,
2012

Sugarcane bagasse

Banana peel

Tamarind bean
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Table 6: Phenol Removal or Degradation By Microbes or Enzymes
Source
Pleurotus
spp.

Description about the source
Kingdom: Fungi
Phylum : Basidiomycota
Class: Agaricomycetes
Order: Agaricales
Family: Pleurotaceae
Genus: Pleurotus

Degradation or phenol removal
Pleurotus spp. a species of
mushroom, was used to obtain
laccase enzyme to degrade phenolic
compounds. About 69-76%
degradation was seen. Lowest
phenol concentration was obtained
in 12-15 days.

References
A. Tsioulpas et al
[26]

Banana

Kingdom: Plantae
Division: Magnoliophyta
Class: Liliopsida
Order: Zingiberales
Family: Musaceae
Genus: Musa
Species: M. acuminata , M.
balbisiana

Polyphenol Oxidase obtained from
partially purified banana peel
degraded 1 g/L gallic acid (100%)
in 24 h. It also decolorized 40 mg/L
Blue 2RNL dye (89%) in about 24
h.

Jadhav et al [24]

Potato

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Solanales
Family: Solanaceae
Genus: Solanum
Species: Solanum tuberosum

Polyphenol oxidase isolated from
potato peel was used to remove up
to 53 % of phenolic compound
from Olive Mill Waste water.
The optimal conditions were pH 4,
time 3.57 h, and PEG concentration
of 900mg L−1 .

Florin Daniel
Demian et al [29]

Turnip

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Brassicales
Family: Brassicaceae
Genus: Brassica
Species: B. rapa

Immobilized turnip peroxidases
were used for removal of phenol.
PEG enhances the TP stability,
reduces the reaction time and
increases phenol removal more than
90%.

F. Quintanilla et
al [31]

Bitter gourd

Kingdom: Plantae
Phylum: Spermatophyta
Class: Dicotyledonae
Order: Violales
Family: Cucurbitaceae
Genus: Momordica
Species: Momordica charantia

Immobilized bitter gourd
peroxidase was used and it showed
maximum removal of phenol at pH
5.0-6.0 and at 40⁰C in the presence
of H2O2.

Suhail Akhtar et
al [32]

Onion solid
waste

Kingdom: Plantae
Division: Magnoliophyta
Class: Liliopsida
Order: Asparagales
Family: Alliaceae
Genus: Allium
Species: A. cepa
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Capparales
Family: Brasiccaceae
Genus: Brassica
Species: Brassica juncea
Kingdom: Fungi
Division: Basidiomycota
Class: Agaricomycetes
Order: Agaricales
Family: Agaricomycetes
Genus: Agaricus
Species: Agaricus bisporus

Peroxidase- catalyzed polyphenol
removal was observed in the olive
mill waste water, at low pH and
intermediate H2O2 values. 50-95.5
removal was seen under pH 2.76
and H2O2 value of 3.56mM.

Nada Barakat et al
[33]

Active live roots of brassica juncea
that had constant activity of phenol
oxidase 0.3U g-1 and increased
activity of inherent peroxidase in
the presence of H2O2 effectively
degraded phenol up to 97% within
72hrs.
Laccase enzyme obtained from the
crude extract of A. Bisporus
oxidized all the phenolic
compounds effectively within 24h
at optimum pH of around 6-7 and
temperature of 10- 30˚C at 200U/ml
of enzyme concentration.

Sudhir Singh et al
[38]

Brassica
juncea hairy
roots

Mushroom
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[13] Paula M. van Schie & Lily Y. Young “Biodegradation
of Phenol: Mechanisms and Applications”, Bioremediation
Journal (2000).
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