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ABSTRACT 
Phenols are present in effluents of a number of industries such as coal conversion, resins, plastic, 
petroleum refining, textiles, dyes and organic chemicals. It is toxic to aquatic creatures, has a 
high Biological Oxygen Demand (BOD) and at high concentrations depletes the oxygen in 
water. Conventional processes for removal of phenols from waste water include extraction, 
adsorption on suitable adsorbents, steam distillation, bacterial and chemical oxidation, 
electrochemical techniques, etc. All these process have drawbacks of incomplete removal of 
phenols, low efficiency and problems of disposal of spent solution. Hence an alternative based 
on enzymes has been investigated. Enzymes are highly selective, can effectively treat even dilute 
waste, remove phenol almost completely and require low retention time compared to 
conventional processes. This review summarizes the current research based on removal of 
phenol from waste streams by enzyme of class oxidoreductases such as peroxidase, 
polyphenoloxidase (tyrosinase) and laccase. The future challenges such as disposal of reaction 
products and byproducts, maintaining enzyme activity in the waste water for a longer duration 
and cost reduction of enzyme needed by effective downstream processes are presented. 
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INTRODUCTION 
Phenol is one of the common water pollutants 
found in effluents of a number of industries 
and even its low level can lead to formation 
of substituted compounds1. Domestic, 
industrial and natural activities can lead to 
liquid wastes containing phenols. Discharge 
of phenols may cause serious repercussions 
when water from receiving bodies is 
employed in industrial or domestic 
applications. In the receiving bodies 
themselves, both flora and fauna are 
adversely affected. Phenolic wastes impart a 
carbolic odor to river water and is toxic to 
fish2. Chlorophenols if present display a 
pronounced undesirable effect in potable 
water at concentrations as low as 0.1 mg/L. 
The  Environmental  protection  agency  has  

outlined discharge limitations for a number of 
process industries. The best practical control 
technology available sets a limit of 0.1 mg/L 
in waste water. The limit of phenol acceptable 
in drinking water is 0.002 mg/L. Cresols, 
phenols and xylols are strong skin irritants 
and consumption of water containing these 
leads to severe pain, vomiting and capillary 
damage. Toxic effects are felt in the brain, 
lungs, kidneys, liver, pancreas and spleen.  
The World Health  Organization  (WHO)  has  
given maximum   permissible   limit   of  0.2 
mg/L for chlorophenols (2 chlorophenol, 2,4 
dichlorophenol, 2,4.6 trichlorophenol).The 
current Occupational Safety and Health 
Administration (OSHA) Permissible 
Exposure Limit (PEL) for phenol is 5 ppm 
(19 milligrams per cubic meter) as an 8-hour 
Time-Weighted Average (TWA) 
concentration.  * Author for correspondence 
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Conventional processes for removal of phenols 
from waste water include extraction, 
adsorption, ion exchange, steam distillation, 
bacterial and chemical oxidation, 
electrochemical techniques etc. All these 
process have drawbacks of high cost, 
incomplete removal of phenols, low efficiency 
and problems of disposal of spent solution.1-3  
Hence an alternative method by the use of 
enzyme (peroxidase from radish) has been 
investigated. The use of peroxidase has been 
proposed by many researchers for removal of 
phenol, aromatic amines and decolourization 
of dyes as a potential alternative because of 
three reasons.1-6 Enzymes are highly selective 
and can effectively treat even dilute wastes. 
Secondly they are less likely to be inhibited by 
substances which may be toxic to living 
organisms and their costs could eventually be 
less than that of other methods if commercially 
available enzymes are produced in bulk 
quantities. Enzymes operate over a broad 
concentration range and require low retention 
times with respect to other methods.7  

DISCUSSION 
Work carried out using peroxidase and 
polyphenoloxidase 
Klibanov1-6 was the first to propose the use of 
peroxidase for phenol and aromatic amine 
removal.  Ever since Klibanov’s work, there 
has been an increasing interest in using 
enzymes for bioremediation. Most of the work 
has been to target the specific water pollutant 
such as phenol, amine, hydrocarbon, 
polychlorinated biphenyl or for decolorizing 
dye. Klibanov3-5 and his group have also 
worked on biotransformation of phenols to 
phenol based polymers that has good 
conductivity and high melting point as 
compared to phenol formaldehyde resins. The 
authors found that peroxidase vigorously 
polymerizes a number of phenols in mixtures 
of water with water miscible solvents such as 
dioxane, acetone, dimethylformamide and 
methyl formate with solvent content upto 95%. 
They prepared poly(p-phenylphenol) and 
poly(p-cresol) by the action of peroxidase on 
phenol in 85% dioxane. The other group of 

Nicell7-17 and coworkers have extensively 
worked on peroxidase based removal of phenol 
from waste water. These authors focus mostly 
on the optimization of different process 
parameters, development of different 
theoretical models, check its agreement with 
experimental results and they also proposed 
the mechanism of phenol degradation. Further 
these authors also studied the dephenoloization 
in different reactors and concluded that single 
and multiple CSTRs were superior to batch 
and semibatch reactors because of high 
enzyme turnover number.9 
Reaction mechanism  
The mechansism of action of enzyme catalysis 
on phenol is as follows9,11,13 
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The native enzyme E is oxidized by peroxide 
(H2O2) to an active intermediate form Ei. Ei 
accepts AH2 into its active site and carries out 
its oxidation. A free radical (•AH) is released 
into solution leaving the enzyme in Eii state. Eii 

oxidizes a second aromatic molecule AH2 
releasing another free radical and returning the 
enzyme to native state, thereby completing the 
cycle. 
Work carried out using immobilized 
enzyme 

The focus of other researcher’s18-23 has been to 
increase the shelf life of enzyme and to retain 
its activity for longer time by immobilizing on 
different supports. Immobilization facilitates 
the efficient recovery and reuse of costly 
enzymes, high sensitivity to several denaturing 
agents and the types of immobilization 
includes support binding, entrapment and cross 
linking.24,25 Cascone18 and their group studied 
the phenol removal by immobilizing soybean 
seed coat peroxidase on glutaraldehyde  and 
found 50% removal of phenol from a model 
phenol solution. Gupta23 and group 
immobilized peroxidase by bioaffinity layering  
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on concanavalin A bound to sephadex beads, 
found that it retains 80% of the activity and the 
enzyme could be used 5 times. Duran26 and 
group have written a exhasutive review on 
applications of laccase and tyrosinase 
immobilized on different supports such as 
bioremediation, waste water treatment, 
synthetic and analytical purposes. Some of the 
work done includes immobilization of Laccase 
(Lac) from Neurospora crassa on CNBr-
activated sepharose 4B by covalent 
attachment, Rhizoctonia practicola Lac on 
Celite, Polyporus versicolor Lac was 
immobilized in by entrapment and adsorption 
on several carriers such as gelatin, 
polyurethane, sepharose 4B, C.versicolor and 
tyrosinase Lac copolymers entrapped in 
calcium alginate beads or activated carbon, 
Pyricularia oryzae Lac by covalent 
immobilized on different supports. Tyrosine 
was immobilized by adsorption and 
crosslinking with Glutal on Deae cellulose, 
immobilization on glass via diazo linkage and 
HNO2, entrapment with polyacrylamide gels, 
immobilization on Diamin WK-20 by 
adsorption and crosslinking with 1-ethyl-3 
carbodiimide.  Other methods were entrapment 
and covalent immobilization. Demarch et a.l27 
have pointed out that oxidoreductases  are 
valuable for detoxification of textile effluents, 
water containing phenols, drugs and hormones, 
while hydrolases are valuable in bioconversion 
to value added products such as sugars.  
Work carried out using adsorption 
Activated carbon is the most widely used 
technique for removal of organics from waste 
water but it has the disadvantage thatit has 
regeneration costand generation of carbon 
fines.28 Hence reserachers have explored for 
new cost effective and alternative adsorbents 
and have found coal fly ash, sludge, biomass, 
bagasse, zeolites, coal reject, residual coal 
treted with H3PO4 , dried activated sludgered 
mud, CTAB. Of the synthetic resins HiSiv 
1000 and IRA-420 are excellent for phenol 
removal.28 Biosorbents such as sea weeds or 
wastes from industrial operations such as from 

fermentation and activated sludge processing 
wastes have shown good phenol removal 
capacity. Biosorbents are for convenience 
divided into activated sludge, fungi and plants.  

CONCLUSION 
There are many technologies available for the 
removal of phenol from waste water but none 
are applicable at all situations. In case of 
adsorption other than activated carbon, many 
researchers throughout the world have 
explored for low cost adsorbents and many 
have found to be good for phenol removal.28 
When phenol concentration is low in waste 
water stream, abatement techniques that can be 
performed without the addition of other 
reactants nor of much energy supply is needed 
should be preferred choices.26 As far as 
enzymes of the oxidoreductase class (PO,PPO 
and La) are concerned these enzymes are 
effective for phenol removal but the presence 
of other conatimnants significantly decreases 
the enzyme activity or permanently denatures 
the enzyme and thus there is a need to add 
continuously the fresh enzyme at regular time 
intervals. From an economical point of view 
this is not a good practice. Though this 
problem can be overcome by immobilization 
of enzyme wherein the enzyme activity lasts 
long, still the process is not cost effective. A 
downstream process usually combines a 
primary purification step (such as ammonium 
sulphate precipitation or extraction technique ) 
along with secondary or final purification step 
(any of the chromatography) to yield an highly 
active enzyme (say if purity is 99%). But again 
it has not proven to be cost effective as enzyme 
produces by the downstream are very 
expensive. Also there are many reaction 
byproducts produced whose disposal again 
becomes problem. This problem to some 
extent can be overcome by biotransformation 
to useful products but always in waste water 
treatment in large scale wherin along with 
phenol there are many other impurities it is 
always not feasible. Hence though enzyme 
based phenol removal looks attractive but its  
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implimentation to a real waste water system in 
large scale still remains a challenge. 
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