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Abstract

Phenol is a toxic compound and need to be treatfmtddischarged. Phenol polymerization has been
studied using free and immobilized Horse RadishoRdase (HRP). During the study period the
ambient room temperature was between ZG3Phenol concentration of 100-500 mg/L was fed to
both free and immobilized HRP. Free enzyme studiese carried out in Erlenmayer flasks.
Immobilized HRP Enzyme Bed Reactor was fabricated ésed for polymerization of phenol. Free
HRP polymerized 84% of phenol when fed with 100 Imghere as Immobilized HRP polymerized
62% with the same phenol concentration. Free enzsinogved a better polymerization effect than
immobilized enzyme. This might be attributed to &wailability of more active sites in free enzyme
when compared to immobilized enzymes. Reductiophienol polymerization could be noticed with
the increase in phenol concentration.

Keywords: Phenol, phenol polymerizing enzymes, horse radisiojidase, enzyme immobilization,
bioremediation.

1. Introduction

Widespread contamination of water by phenol has beeognized as an issue of growing importance in
recent years (ldrish and Saed, 2002). Phenols aifides are toxic contaminants in the wastewater of
different industries such as plastics, resins,|stegyes and organic chemicals (Naghébial., 2003).
Current methods applied to remove phenolic mateffi@dm wastewater include microbial degradation,
adsorption on activated carbon, chemical oxidatinoineration, solvent extraction, etc. Howeveesh
methods have certain disadvantages, such as lavieaffy, high cost or generation of some produics t
are even more toxic than the original phenols (Hejd Saboora, 2009). Biological processes areirgain
more importance over physicochemical process, akdical systems are more effective and the end
products formed are non toxic (Pradeepl., 2011).

Enzymes are biological catalysts that increaseatesof chemical reactions taking place withinriyicells.
The acceleration achieved by enzymatic catalysidten tremendous (Bailey and Ollis, 1986). The ofe
enzyme based techniques to remove organic compdinods aqueous solution was first proposed by
Klibanov and colleagues and has been continuouspraved since then. The use of enzymatic proteins
may represent a good alternative for overcomingtdisdvantages related to the use of microorganism
(Raoet al., 2010).

Peroxidases have been isolated from many speciptanfs, animals, and micro-organisms. Horseradish
peroxidase (HRP) has received particular attertiecause of its catalytic ability under a wide range
conditions of temperature, pH, and contaminant eotrations and because its catalytic function is
well-understood Ghioureliotis and Nicell, 1999). Authors have reported the use of purified hadish
peroxidase (HRP) to remove 30 different phenolsamothatics amines (Cooper and Nicell, 1996; Wilberg
et al., 2000). Phenol conversion is activated byOklthe enzyme catalyses the oxidation of aromatic
compounds, forming free radicals which undergo spmous polymerisation (Wilber al., 2002). The
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resulting high molecular weight compounds are Isslsible in water and can be removed by gravity
sedimentation and/or filtration (Zou and Taylor943.

Enzymatic removal of phenolic compounds has besgasiigated by many researchers and it has been
shown that peroxidases are able to react with agupbenolic compounds, however; these processkes suf
from enzyme inactivation. Therefore more importahae been given to immobilization of peroxidases fo
the purpose of phenol removal (Iran and Siamak9Rdeor the treatment of large volumes of wasteevst
reactors containing immobilized enzymes are delsrabcause of the high cost of enzymes.

Most reactions catalyzed by HRP can be expressedhéyfollowing equation, in which AHand
AH- represent a reducing substrate and its radicalyatprespectively. Typical reducing substratefuithe
aromatic phenols, phenolic acids, indoles, amimessallfonates (Veitch, 2004).

H,O+2AH,  HRP 2H,0+2AH-  ---- (1)

Enzyme immobilization techniques usually provide, dddition to the desired reuse of the enzyme,
unexcelled advantages such as product separatibocainuous operation (Loncetral., 2011).

In the present study HRP was used for phenol pdiigatgon. Studies were carried out using free HR® a
an Immobilized HRP Enzyme Bed Reactor was fabritated used.

2. Materials and Methods
2.1. Enzymeisolation, Activity measurement and Immobilization

Horse Radish roots were used for the extractioResbxidase (HRP) enzyme in the laboratory. Buffer o
pH 6.8 was used to soak the roots in order to atl@denzyme inactivation during crushing and eximac
Further, the extract was filtered using whatmatefipaper No. 40 and the filtrate was centrifuge#,@00
rpm at 25C for 30 min. Stock enzyme solution was stored’@tand warmed to room temperature prior to
use.

The activity of HRP was assayed as prescribed ba8eam and Manickan (2004). The assay was carried
out at 28C using phenol, 4-aminoantipyrine (AAP) and hydmgeeroxide as substrates. The assay
mixture contained 1.5 ml of a 20 mM phenol solutiéry5 ml of a 9.6 mM AAP solution, 0.3 ml of 2 mM
H,0, solution, 0.45 ml of enzyme solution, and 0.3 mbgphate buffer. The active enzyme concentration
is proportional to the colour development rate ez at 500 nm (Sadasivam and Manickan 2004).

The colour development rate was converted to a@gtivsing an extinction coefficient of 7,100 ™
based on hydrogen peroxide. One unit of enzymatiivity is defined as the amount of enzyme which
transforms 1 micromol of hydrogen peroxide per rtérat 25C.

Sodium alginate (4 grams) was weighed and trarefento a beaker containing 100 ml distilled watiee,
beaker was transferred on to a hot water bathdsotie sodium alginate. Sodium alginate solutios wa
cooled and crude enzyme (4%) was added. Cs@ution of 0.2 M was placed on a magnetic stiened
sodium alginate mixture containing enzyme was adiled by drop with the help of a burette. Uniforizesl
beads were obtained. The diameter of each beadwas. The beads were stored ¥ 4nd warmed to
room temperature prior to use.

2.2. Fabrication of immobilized enzyme bed reactor (IEBR)

The plastic column of 20.3 cm was selected andfittasl to the iron stand. A sampling port was fixatd
the bottom of plastic column as shown in Figur®ienol and hydrogen peroxide were added from the to
of the column. The immobilized enzyme beads weledfiupto 15.2 cm of the plastic column for the
degradation of Phenol. The hydrogen peroxide aetsvthe enzymes for phenol conversion (Wilbargl.
2000).

2.3. Assay using free enzyme
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Assay using free HRP were carried out in 100 méfirieyer flasks at room temperature. Reaction medium
was prepared by adding 100 to 500 mg/L with andnmmant of 100 mg/L phenol, HRP enzyme (4%) and
H,0, (1.1 to 5.5 mM) into the phosphate buffer (pH 6B)e volume of assay mixture was 50 ml. The
reaction was initiated by 4@, which was added discretely for every 30 minutesstsure phenol conversion.
The conical flasks containing the assay mixture plased on a rotary shaker to ensure complete gnixin

2.4. Assay using immobilized enzyme bed reactor

Assays were carried out in Immobilized Enzyme Bexhd®or at room temperature. Initially phenol and
hydrogen peroxide of known concentrations were ddidem the top of the reactor.,8, was added
discretely for every 30 minutes to assure phenolecsion.

2.5. Analysis of Sample for Phenol

The sample was drawn for every 30 minutes and gheaocentration was measured. The phenol
concentration was varied when there was no coraitierdifference in two consecutive readings. The
phenol concentration was detected using 4-Amind gyrine (4-AAP) method (Dannis 1951; Standard
Methods for Examination of Water and Wastewaterd®s).

3. Results and Discussion

3.1. Free Horse Radish Peroxidase

Horseradish peroxidase (HRP), an enzyme isolatau the roots of horseradish, has been shown to be
applicable for the treatment of several industriaktewaters. HRP catalyzes the oxidation of phemnits
hydrogen peroxide to form phenoxy radicals (Coauaat Nicell 1996). The phenol conversion efficiency
was 84%, 76%, 62%, 55% and 50% at 100 mg/L, 200Lm800 mg/L, 400 mg/L and 500 mg/L
respectively as shown in Figure 2. Wilbetgal., (2000) reported 99% phenol conversion efficiensing

free HRP enzyme. Iran asiamak (2009) attained 60% conversion of phenaigiiee HRP enzyme. As
the concentration of phenol was increased the gsioreefficiency decreased.

3.2. Immobilized HRP Bed Reactor

HRP enzyme was immobilized using sodium alginate the so formed beads were used in Immobilized
Bed Reactor. The results obtained for various phemacentrations from 100 to 500 mg/L using HRP IBR
are as depicted in Figure 3. The percentage csioveefficiencies of phenol are 62%, 57%, 54%, 50%
and 46% for 100, 200, 300, 400 and 500 mg/L respdygt Iran et al., (2009) reported the use of
immobilized HRP and obtained 55% phenol conversibthe concentration of 200 mg/L. Lai and Lin
(2005) reported the maximum removal efficiency 6#@2p-chlorophenol at the concentration of 50 mg/L
using immobilized horseradish peroxidase with psraminopropyl glass beads.

3.3. Comparison of Free and IEBR HRP

Free enzyme converted 84% and immobilized enzyméEBR converted 62% at an initial phenol
concentration of 100 mg/L. The comparison of freel anmobilized HRP enzymes at various phenol
concentrations (100-500 mg/L) is as shown in Figdrdt can be clearly observed that the conversion
efficiencies of free HRP enzyme are higher when mamed to immobilized HRP enzymes at the
concentrations of 100-500 mg/L. This was due tofflcethat the free enzyme had more contact witivec
sites than the immobilized enzymiean et al., (2009) reported 60% conversion and 53% using drek
immobilized enzymes respectively at initial concatibn of 200 mg/L phenol.

4. Conclusions

33



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)
Vol 2, No.1, 2012

The following conclusions are made for phenol payization using free and immobilized HRP:
1) Phenol polymerization of 84% was achieved at 10fLmging free HRP enzyme.
2) Phenol degradation of 62% was observed using ImimeBiHRP Enzyme Bed Reactor.
3) As the concentration of phenol increased, redudtigghenol polymerization efficiency was observed.
4) Free HRP showed better phenol polymerization wienpared with immobilized HRP bed reactor.
5) Immobilized enzyme can be recovered and reused.

Enzymatic treatment using peroxidase is a vialptton for the polymerization of phenol. The results
obtained indicate that HRP can be used for polyraéidn of phenol from wastewater.
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Figure 1. Immobilized Enzyme Bed Reactor. (All dma®ns are in cm)
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Figure 2. Percentage conversion of phenol using HeP.
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Figure 3. Percentage conversion of phenol using HREBR.
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Figure 4. Comparison of free and IEBR (HRP).
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