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Application of immobilized peroxidase for the removal

of p-bromophenol from polluted water in batch and

continuous processes

Humaira Ashraf and Qayyum Husain
ABSTRACT
Concanavalin A layered calcium alginate-cellulose beads adsorbed and cross-linked peroxidase of

Momordica charantia was employed for the treatment of p-bromophenol polluted water. Immobilized

peroxidase showed remarkably higher storage stability and retained about 78% phenolic compound

removal efficiency over a period of one-month’s storage at 4 WC. After a fourth repeated use immobilized

enzyme retained nearly 50% p-bromophenol removal efficiency. p-Bromophenol removal by immobilized

enzyme was ∼84% in the presence of 0.1 mM HgCl2. A significantly higher concentration of

p-bromophenol was removed by immobilized enzyme in the presence of water-miscible organic

solvents as compared to free enzyme. In stirred batch processes nearly 91%, 94% and 83% of

p-bromophenol was removed in 3 h at 30, 40 and 50 WC, respectively. Immobilized enzyme present in

two different reactors and operated at flow rates of 10 and 20 ml h�1 retained 75 and 65%

p-bromophenol removal efficiency even after one month of their continuous operation. Absorption

spectra for treated and untreated p-bromophenol exhibited a marked difference in absorbance at various

wavelengths. Hence, it is concluded that reactors filled with immobilized enzymes can successfully be

operated for the treatment of huge volumes of effluent containing various types of aromatic pollutants.
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INTRODUCTION

A large number of chemical pollutants is generated by various

industries worldwide annually. Such compounds, even if pre-

sent in very small quantities, can impart negative effects on

both nature and human health (Bayramoglu & Arica ).

Phenols form one of the important constituents
of these industries and, henceforth, find their way into the

environment through industrial effluents. Most phenolic com-

pounds are not only phytotoxic but also mutagenic,

antimicrobial, as well as carcinogenic (Zilly et al. ; Casa

et al. ). Therefore, it is essential to remove them from

industrial wastewater before their final discharge into the

surroundings.

Several physicochemical and biological approaches

have been employed for the removal of phenolic compounds

from industrial effluents (Kumar et al. ; Lai & Lin ;

Bodalo et al. ). However, conventional procedures have

faced some serious drawbacks such as formation of hazar-

dous by-products, incomplete purification, prohibitively

high purification costs, low efficiency and applicability

only to a limited concentration range (Husain ; Cohen
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et al. ). The focus on the microbial degradation of var-

ious phenolic compounds has resulted in the isolation,

culture, adaptation and enrichment of a number of microor-

ganisms that can grow on the compound as a sole carbon

and energy source (Agarry et al. ). The biodegradation

of phenolic compounds is not limited to the activity of a

few microorganisms; it occurs frequently within bacteria,

fungi, eukaryotic micro algae and higher plants (Semple &

Cain ). However, microbial treatment has also exhibited

some limitations such as high cost of production of

microbial culture, limited mobility and metabolic inhibition

(Husain ). Degradation of the aromatic compounds by

bacteria, fungi and algae being attributed to secondary

metabolic inhibition therefore requires appropriate growth

conditions, which could be accomplished by additional

loads of chemicals. Also the expression of the enzymes

involved in the aromatic compound degradation is not con-

stant with time but dependent on the growth phase of the

organisms and is influenced by inhibitors that might be pre-

sent in the effluent (Wesenberg et al. ). Moreover, algae

and fungi take several days to detoxify the compounds pre-

sent in wastewater (Sumathi & Manju ; Pinto et al.

). Henceforth, the use of peroxidases from plant and

microbial sources has attracted the attention of enzymologists

owing to their stable nature and relatively easy availability

(Magri et al. ; Husain ; Husain et al. ).

Nevertheless, the use of soluble enzymes is limited due to

their reusability, stability, sensitivity to various denaturants

and applications in continuous reactors (Gomez et al. ;

Husain & Husain ; Ashraf & Husain ). Such limit-

ations can be overcome by using immobilized enzymes.

Several supports like celite, sephadex and sepharose have

been employed for the immobilization of peroxidases

(Husain & Husain ; Husain et al. ; Husain ).

Immobilization on calcium alginate-cellulose beads is straight-

forward and a large surface area is available for contact with

the substrate (Matto & Husain a, b; Ortega et al. ).

Oxidation of phenols by peroxidases in the presence of

H2O2 resulted in the formation of free radicals, which

might inactivate the enzyme. In this regard, use of various

protective additives, such as borate, gelatin and polyethylene

glycol (PEG), have been suggested to decrease enzyme

inactivation, while being inexpensive, biodegradable and

non-toxic (Bodalo et al. ; Ashraf & Husain ;
s://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf
Cohev-Yaniv & Dosoretz ). Studies have shown the

addition of PEG is an effective procedure for protecting

enzymatic activity and increasing aromatic compounds

treatment efficiency (Yamada et al. ).

In this study, an attempt was made to employ bitter

gourd peroxidase (BGP) immobilized on the surface of

concanavalin A (Con A) layered calcium alginate-cellulose

beads for the remediation of water contaminated with

p-bromophenol (p-BP) in the presence of an additive, PEG.

The operational stability of soluble and surface immobilized

bitter gourd peroxidase (SI-BGP) for the treatment of p-BP

has been compared in the presence of mercury (II) chloride

(HgCl2), n-propanol and dimethylsulfoxide (DMSO). p-BP

removal reusability and storage stability of SI-BGP have

been compared with its free form. SI-BGP was also used in

stirred batch processes at various temperatures as well as in

continuous packed-bed reactors for the removal of p-BP.
MATERIALS AND METHODS

Materials

o-Dianisidine-HCl was obtained from the Centre for Bio-

chemical Technology, CSIR, India. Ammonium sulfate,

PEG, p-BP, DMSO, CaCl2 and cellulose were purchased

from SRL Chemicals Pvt. Ltd (Mumbai, India). Glutaralde-

hyde was obtained from Thomas Baker Chemicals Pvt. Ltd

(Mumbai, India). Sodium alginate was the product of Koch-

Light Lab (Colnbrook, UK). Jack-bean meal was purchased

from DIFCO (Detroit, USA). Bitter gourd was bought from

a local vegetable market. All other chemicals and reagents

employed in this study were of analytical reagent grade and

were used without any further purification.

Ammonium sulfate fractionation of bitter gourd

proteins

Bitter gourd (100 g) was homogenized in 200 ml of 0.1 M

sodium acetate buffer at pH 5.5. The homogenate was filtered

through four layers of cheesecloth. The filtrate was then cen-

trifuged at a speed of 10,000 × g on a Remi C-24 Cooling

Centrifuge for 20 min. at 4 WC. The obtained clear supernatant

was subjected to salt fractionation by adding 10–90% (w/v)
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(NH4)2SO4. The mixture was continuously stirred overnight

at 4 WC for complete precipitation of proteins. The precipitate

was collected by centrifugation at 10,000 × g on a Remi C-24

Cooling Centrifuge, redissolved in assay buffer and dialysed

against the same buffer in order to remove traces of

ammonium sulfate (Fatima & Husain ).

Preparation of jack-bean extract and layering of calcium

alginate-cellulose beads by Con A present in extract

Jack-bean meal (10 g) was stirred in 100 ml of 0.1 M tris-HCl

buffer, pH 6.2 overnight on a magnetic stirrer at room temp-

erature. The clear extract obtained after centrifugation at

3,000 × g for 10 min. was used as a source of Con A for

subsequent investigations (Matto & Husain b).

A solution of sodium alginate (2.5%) and cellulose

(2.5%) was prepared in 10 ml of 0.1 M sodium acetate

buffer, pH 5.5. The mixture was slowly extruded as droplets

through a 5.0 ml syringe with attached needle No. 20 into

0.2 M CaCl2 solution to form calcium alginate-cellulose

beads. The beads were further gently stirred for 2 h in

CaCl2 solution and washed by 0.1 M sodium acetate buffer,

pH 5.5 and stored at 4 WC in the assay buffer for further use.

Five hundred beads were incubated overnight with jack-

bean extract (10 ml) at room temperature (30± 2 WC) and

washed using the assay buffer.

Adsorption of BGP on Con A layered calcium alginate-

cellulose beads and its cross-linking by glutaraldehyde

BGP (1,000 U) was incubated overnight with Con A layered

calcium alginate-cellulose beads. The obtained immobilized

enzyme was washed with the assay buffer and cross-linked

with 0.1% (v/v) glutaraldehyde for 2 h at 4 WC. Ethanolamine

was added to a final concentration of 0.01% (v/v) to stop

further cross-linking. The solution was then allowed to

stand for 90 min. at room temperature. The cross-linked

beads were washed with the assay buffer and stored at

4 WC for further use (Matto & Husain b).

Effect of heavy metal, HgCl2, on p-BP oxidation

p-BP (0.4 mM, 5.0 ml) was independently treated by soluble

and immobilized peroxidase (0.4 U ml�1) in 0.1 M sodium
om https://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf

er 2018
acetate buffer in the presence of 0.75 mM H2O2, 0.1 mg ml�1

PEG and HgCl2 (0.1–0.5 mM) for 2 h at 40 WC. The reaction

was stopped by heating in boiling water for 5 min. The insolu-

ble product was removed by centrifugation at 3,000 × g

for 15 min. The oxidative degradation and removal of p-BP

from polluted water was monitored at a wavelength of

280 nm in the UV. The percentage oxidation was calculated

by taking untreated p-BP polluted water (containing all the

reagents that were present in treated solution except the

enzyme) as control (100%).

Effect of organic solvents on p-BP oxidation

p-BP (0.4 mM, 5.0 ml) was independently treated by soluble

and immobilized BGP (0.4 U ml�1) in the presence of

increasing concentrations of water-miscible organic sol-

vents: n-propanol/DMSO (2.0–30%, v/v) in 0.1 M

sodium acetate buffer in the presence of 0.75 mM H2O2

and 0.1 mg ml�1 PEG for 2 h at 40 WC. Further reaction

was stopped by heating in boiling water for 5 min. The inso-

luble product was removed by centrifugation at 3,000 × g for

15 min. The percentage oxidation was calculated by taking

untreated p-BP polluted water as control.

Reusability of SI-BGP

p-BP polluted water (0.4 mM, 5.0 ml) was incubated with

immobilized enzyme (0.4 U ml�1) in sodium acetate buffer

in the presence of 0.75 mM H2O2 and 0.1 mg ml�1 PEG

for 2 h at 40 WC. After the reaction, enzyme was separated

by centrifugation and stored in the assay buffer for over

12 h at 4 WC. The experiment was repeated four times with

the same preparation of immobilized peroxidase but with

an addition of a fresh batch of p-BP polluted water. The

percentage removal was calculated by taking untreated

compound as control (100%).

Storage stability of soluble and immobilized peroxidase

The soluble and immobilized enzyme preparations were

stored at 4 WC in a refrigerator. Appropriate aliquots in tripli-

cate of both the enzyme preparations were withdrawn over

an interval of 5 days for a period of one month and were

assayed for p-BP removal efficiency.
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Treatment of p-BP in stirred batch processes

p-BP (0.4 mM, 100 ml) was treated by soluble and immo-

bilized BGP (30 EU) independently in the presence of

0.75 mM H2O2 and 0.1 mg ml�1 PEG for 3 h at three differ-

ent temperatures (30, 40 and 50 WC) in the presence of 0.1 M

sodium acetate buffer, pH 5.5, with constant stirring. Ali-

quots were taken from the reaction mixtures at varying

times and the reaction was stopped by heating in boiling

water for 5 min. The insoluble product was removed by cen-

trifugation at 3,000 × g for 15 min.

Treatment and removal of p-BP through a continuous

reactor filled with immobilized enzyme

Two packed-bed reactors (10.0 × 2.0 cm) were filled with

immobilized enzyme (500 U) and equilibrated with 0.1 M

sodium acetate buffer, pH 5.5. The working volume of both

the reactors was 12.6 ml. The p-BP polluted water (0.4 mM)

containing 0.75 mMH2O2 and 0.1 mg ml�1 PEGwas continu-

ously passed through the reactorsworking at twodifferentflow

rates, 10 and 20 ml h�1 at room temperature with residence

time of the former (when allowing for the effect of porosity

on the working volume) maintained at 0.17 h and the latter

at 0.08 h, respectively. Samples from the column outlet were

collected at the interval of 5 days and were analysed using

UV–visible spectrophotometry at 280 nm.

Determination of peroxidase activity and protein

concentration

Peroxidase activity was measured by the change in the opti-

cal density at 460 nm and at 37 WC by estimating the initial

rate of oxidation of 6.0 mM o-dianisidine HCl by 18.0 mM

H2O2 (Matto & Husain a). Immobilized enzyme was

continuously stirred for the entire duration of assay. The

assay was highly reproducible with immobilized enzyme.

One unit (1.0 U) of peroxidase activity was defined as the

amount of enzyme protein that catalyses the oxidation of

1 μmol of o-dianisidine HCl in the presence of H2O2 per

min at 37 WC into coloured product (εm¼ 30,000 M�1 cm�1).

The protein concentration was estimated using the pro-

cedure of Lowry et al. (), with bovine serum albumin as

standard. One millilitre of a suitably diluted aliquot of
s://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf
protein sample was taken. To this, 5.0 ml of freshly prepared

alkaline copper reagent was added. The alkaline copper

reagent was prepared by mixing copper sulfate (1%, w/v),

sodium potassium tartarate (2%, w/v) and sodium carbonate

(2%, w/v) in 0.1 NaOH in the ratio of 1 : 1 : 100. After incu-

bation for 10 min. at room temperature, 0.5 ml of 1.0 N

Folin’s reagent was added. The contents were mixed and

colour intensity was read after 30 min. against the reagent

blank at 660 nm.

The percentage removal of p-BP was defined as:

Absorbance of untreated� Absorbanceof treated
Absorbance of untreated

× 100

Data analysis

Each value represents the arithmetic mean for three inde-

pendent experiments performed in duplicate. The average

standard deviation of all the obtained values for a particular

experiment was less than 5%. The data expressed in various

studies was plotted using Sigma Plot-10.0 and expressed as

mean± SD. Analysis was carried out by one-way ANOVA.

P-values <0.05 were considered statistically significant.
RESULTS

Immobilization of BGP

In this study, Con A layered calcium alginate-cellulose beads

were used as carrier for the immobilization of BGP.

Ammonium sulfate fractionated and dialysed bitter gourd

proteins were adsorbed onto the beads and cross-linked by

glutaraldehyde. Con A layered calcium alginate-cellulose

beads retained nearly 63% of the original peroxidase

activity. However, a marginal loss of 6% activity was

observed upon cross-linking (Table 1).
Effect of mercury and organic solvents

Figure 1 shows the effect of mercury on the removal of p-BP

by soluble and immobilized enzyme. Immobilized peroxi-

dase had successfully removed 69% of p-BP in the



Figure 1 | Effect of HgCl2 on BGP catalysed p-BP removal. p-BP (0.4 mM) was treated by

peroxidase (0.4 U ml�1) in the presence of 0.1 mg ml�1 PEG with increasing

concentrations of HgCl2 (0.1–0.5 mM), 0.75 mM H2O2 in 0.1 M sodium acetate

buffer, pH5.5, at 40
W

C for 2 h. Symbols indicate oxidative removal of p-BP by

soluble (○) and immobilized (•) peroxidase.

Table 1 | Immobilization of BGP on Con A layered cellulose-alginate beads

Methods Activity expressed (%)

BGP adsorbed on Con A layered calcium
alginate-cellulose beads

63± 1.36

Cross-linked BGP adsorbed on Con A
layered calcium alginate-cellulose beads

57± 1.21

Each value represents the mean for three independent experiments performed in dupli-

cate, with average standard deviations <5%.
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presence of 0.5 mM HgCl2 while its soluble counterpart oxi-

dized only 45% of the compound.

The effect of organic solvents on the oxidation of p-BP

by both enzyme preparations has been depicted in Table 2.
Table 2 | Effect of organic solvents on the removal of p-BP

p-BP removal (%)

DMSO

Organic solvent (%, v/v) S-BGP SI-B

2.0 67± 1.45 78

4.0 60± 1.02 73

6.0 51± 1.56 68

8.0 42± 1.84 59

10.0 34± 2.14 51

20.0 24± 2.32 44

30.0 18± 1.64 37

Each value represents the mean for three independent experiments performed in duplicate, wit

denotes that values (P< 0.05) were statistically significant when compared with S-BGP with re

om https://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf
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Immobilized peroxidase retained 37% p-BP removal effi-

ciency in the presence of 30% (v/v) DMSO, whereas

soluble bitter gourd peroxidase (S-BGP) removed only

18% of the compound. In the presence of 30% (v/v) of n-pro-

panol, immobilized enzyme removed 43% p-BP while

S-BGP showed a marginal removal of 14%.
Reusability studies and storage stability

Reusability of immobilized peroxidase was a necessary

aspect to be studied to make its applicability more practical.

The enzyme retained 50% p-BP removal efficiency even

after its fourth repeated use (Figure 2).

Figure 3 shows the storage stability of soluble and

immobilized enzyme in terms of its ability to catalyse the

oxidation of p-BP over a period of one month when stored

at 4 WC. Immobilized peroxidase was capable of removing

78% p-BP from polluted water even after 30 days’ storage

at 4 WC whereas the free enzyme retained only 56% of its

removal efficiency.
Treatment of p-BP in stirred batch processes

The removal of p-BP was performed by soluble and immobi-

lized peroxidase in stirred batch processes at three different

temperatures (Table 3). It was observed that maximum p-BP

removal by both enzyme preparations was at 40 WC. The

removal of p-BP by soluble and immobilized enzyme prep-

arations was 81 and 91% at 30 WC, respectively, at 180 min.
n-propanol

GP S-BGP SI-BGP

*± 1.14 63± 1.11 82*± 1.48

*± 0.95 60± 1.34 76*± 1.89

*± 1.47 57± 1.57 69*± 1.32

*± 0.88 51± 0.97 64*± 2.14

*± 1.68 43± 2.27 59*± 2.35

*± 2.15 30± 1.83 51*± 1.68

*± 1.45 14± 2.21 43*± 1.87

h average standard deviations <5%. Analysis was carried out by one-way ANOVA where *

spect to DMSO and n-propanol.



Figure 2 | p-BP removal reusability of SI-BGP. p-BP (0.4 mM) was treated by peroxidase

(0.4 U ml�1) in the presence of 0.1 mg ml�1 PEG, 0.75 mM H2O2 in 0.1 M

sodium acetate buffer, pH 5.5, at 40
W

C for 2 h. Immobilized enzyme was

collected by centrifugation after the reaction and stored overnight in assay

buffer at 4
W

C. This procedure was repeated four successive times with the

same immobilized enzyme preparation but with an addition of a fresh batch of

p-BP polluted water.

Figure 3 | Storage stability of soluble and immobilized BGP for the oxidation of p-BP. p-BP

(0.4 mM, 5.0 ml) was assayed with 0.4 U ml�1 of the original activity of both

the preparations of peroxidase over a gap of five days for a period of one

month in the presence of 0.1 mg ml�1 PEG, 0.75 mM H2O2 in 0.1 M sodium

acetate buffer, pH 5.5, at 40
W

C for 2 h. Symbols indicate oxidative removal of

p-BP by soluble (o) and immobilized (•) peroxidase.
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However, p-BP removal by immobilized peroxidase was

higher at all the investigated temperatures as compared to

free enzyme.
Continuous oxidation and removal of p-BP in a

packed-bed reactor

The oxidative polymerization and removal efficiency of p-BP

by immobilized peroxidase present in packed-bed reactors
Table 3 | Removal of p-BP in stirred batch processes by soluble and immobilized peroxidase

p-BP removal (%)

Temperature (WC)

30 40

Time (min) S-BGP SI-BGP S-BGP

15 50± 0.66 46*± 0.70 56± 1.8

30 56± 1.39 61*± 2.16 60± 1.6

45 59± 1.85 67*± 0.94 64± 0.7

60 68± 2.58 80*± 1.37 69± 1.9

90 73± 1.93 84*± 1.16 75± 1.4

120 79± 0.65 88*± 1.21 80± 1.8

180 81± 1.28 91*± 1.09 85± 0.7

Each value represents the mean for three independent experiments performed in duplicate, wit

denotes that values (P< 0.05) were statistically significant when compared with S-BGP at three

s://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf
was about 96 and 88% after 5 days of their continuous oper-

ation at the flow rates of 10 and 20 ml h�1, respectively

(Table 4). As the time of reactor operation increased, the

oxidation of p-BP continuously decreased and after

30 days the corresponding p-BP reactor removal efficiencies

correspondingly became 75% and 65%. Figure 4 demon-

strates the absorption spectrum for both treated and

untreated p-BP with respect to the number of days of reactor

operation run at a flow rate of 10 ml h�1. The diminution in

absorbance peaks of enzymatically treated p-BP in the UV

region confirmed significant removal of the compound.
50

SI-BGP S-BGP SI-BGP

7 53*± 0.66 43± 1.76 41*± 1.82

2 69*± 1.35 49± 1.17 55*± 1.44

5 74*± 2.11 54± 1.33 63*± 0.91

0 81*± 2.04 61± 1.78 71*± 1.24

1 87*± 0.83 64± 0.91 76*± 1.28

7 91*± 1.23 68± 1.18 79*± 1.47

3 94*± 1.12 72± 2.12 83*± 1.18

h average standard deviations <5%. Analysis was carried out by one-way ANOVA where *

different temperatures.



Figure 4 | UV spectra of p-BP contaminated wastewater. p-BP polluted water (0.4 mM)

containing 0.1 mg ml�1 PEG and 0.75 mM H2O2 was passed continuously

through the vertical-bed reactor (10.0 × 2.0 cm) filled with immobilized per-

oxidase (500 U) at room temperature. The flow rate of the column was

maintained at 10 ml h�1. Samples from the column outlet were collected after

an interval of 5 days and analyzed spectrophotometrically and their spectra

were also recorded after centrifugation.

Table 4 | Removal of p-BP by immobilized peroxidase through a continuous reactor

p-BP removal (%)

Time (days) 10 ml h�1 20 ml h�1

5 96± 1.16 88± 1.25

10 92± 1.48 83± 1.63

15 86± 1.14 75± 2.10

20 83± 1.32 71± 1.76

25 79± 2.19 67± 2.34

30 75± 1.85 65± 1.78

Each value represents the mean for three independent experiments performed in dupli-

cate, with average standard deviations <5%.
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DISCUSSION

Peroxidase-based treatment of aromatic compounds is gain-

ing tremendous importance in comparison to other

conventional methods due to their numerous advantages.

However, easy availability, cost effectiveness and signifi-

cantly higher stability in comparison to other peroxidases

makes BGP a choice for the present study (Fatima et al.

; Fatima & Husain , ).

Industrial wastewater is more complex with regard to the

presence of other contaminated substances in addition to the

aromatic compounds. It contains various types of heavy
om https://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf
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metals; therefore the oxidation of phenolic compounds by per-

oxidases in the presence of a heavy metal forms an important

part of the study. Our findings showed that the inhibition of

SI-BGPcatalysed oxidation of phenolic compounds in the pres-

ence of HgCl2 was quite low as compared to soluble enzyme

(Figure1). The improved stability against heavymetal inhibition

in caseof immobilized enzymemight beaconsequenceof struc-

tural changes introduced to the enzyme by immobilization

whereas the interference in the structural integrity of soluble

enzyme as a result of the binding of metal ion to its active site

might have resulted in a decline in enzyme activity (Krajewska

; Coyle et al. ; Ashraf & Husain ).

Industrial wastewater may also contain various types of

water-miscible organic solvents in addition to phenolic com-

pounds, which might also interfere with the enzymatic

removal efficacy.Our results revealed that immobilized peroxi-

dase showed a greater efficacy in removing aromatic pollutants

in the presence of organic solvents compared to its soluble

counterpart (Table 2). A lower water requirement or enhanced

rigidity to the enzyme structure was described by some earlier

workers as a possible reason for the stabilization of immobi-

lized enzymes against various forms of water-miscible

organic solvents (Xin et al. ). The advantage of using

immobilized enzyme also lies in increasing its stability and re-

usability. Unlike S-BGP, immobilized enzyme could be easily

separated from the reaction mixture and reused. Studies

showed that after four repeated cycles, the p-BP removal effi-

ciency by immobilized enzyme decreased to 50% (Figure 2).

The reaction products might have adsorbed onto the surface

of immobilized enzyme and thus it resulted in a loss of catalytic

activity (Bayramoglu & Arica ; Husain & Husain ).

However, the data were significant in comparison to horse-

radish peroxidase immobilized on aluminium-pillared inter-

layered clay and white radish peroxidase immobilized on

diethyl amino-ethyl cellulose, which only retained 4 and 37%

removal efficiency after four and six repeated uses (Cheng

et al. ; Ashraf & Husain ). The storage stability,

among other factors, is an important character which deter-

mines the applicability of the immobilized enzyme on the

industrial scale. p-BP removal efficiency of SI-BGP was

decreased to 78% after a month of continuous storage at 4 WC.

A significant decrease in the activity of immobilized horse-

radish peroxidase was also reported on a prolonged storage

(Cheng et al. ).



59 H. Ashraf & Q. Husain | Removal of p-bromophenol by immobilized bitter gourd peroxidase Journal of Water Reuse and Desalination | 01.1 | 2011

Downloaded from http
by guest
on 25 December 2018
The removal of p-BP in batch processes at various temp-

eratures showed that immobilized enzyme was effective in

removing a higher concentration of p-BP from wastewater

(Table 3). Maximal removal of p-BP in a batch process by

the enzyme was within a period of 3 h; however, no further

increase in the removal of p-BP was reported on prolonged

incubation. SI-BGP was more effective in removing a higher

level of p-BP as compared to S-BGP (Table 3). This result

was in agreement with several earlier studies where the

immobilized enzymes have shown a remarkable removal of

aromatic pollutant from polluted water (Husain , ;

Husain & Husain ; Husain et al. ). Shielding of

reactable free amino groups in immobilized enzyme might

have prevented its inactivation while in the case of soluble

enzyme such groups were more exposed and hence more sus-

ceptible to product-mediated inactivation (Husain ;

Bayramoglu & Arica ; Bodalo et al. ).

To evaluate the efficiency of SI-BGP on a large scale for

the treatment of p-BP, vertical packed-bed reactor systems

were designed and operated continuously with flow rates of

10 and 20 ml h�1. The reactors were continuously operated

without any operational problem and showed significant

p-BP removal efficiency for the entire duration of operation.

The extent of oxidation of phenolic compounds in the reactor

varied inversely as the reactor flow rate. Several workers have

shown a decrease in the degradation of phenolic compounds

at a higher flow rate, which implied a lower residence time of

phenolic compound inside the reactor (Bayramoglu & Arica

; Ashraf & Husain ). This decrease in removal rate at

lower residence times might be due to insufficient contact

time between the phenolic compound and the peroxidases.

As shown in Table 4, a packed-bed reactor operated at a

flow rate of 10 ml h�1 exhibited greater efficiency in terms

of the removal of p-BP compared to the reactor operated

with a flow rate of 20 ml h�1. Confirmation of the oxidation

of p-BP in the reactor was provided by a decrease in absor-

bance of the peaks in the UV region (Figure 4).
CONCLUSIONS

It is concluded that SI-BGP showed greater potential for

the oxidative polymerization and subsequent removal of
s://iwaponline.com/jwrd/article-pdf/1/1/52/375878/52.pdf
phenols from polluted water in comparison to S-BGP.

Further studies showed that reactors constructed with such

immobilized peroxidase preparations could be continuously

used for the removal of phenolic compounds without any

reactor blockage. This study has provided a relatively inex-

pensive technique for the large-scale removal of phenolic

compounds from wastewater.
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