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Biocatalytic removal of phenolic compounds from water:
Treatment with free peroxidase (HRP) versus treatment with peroxidase immobilized on a bio-linked magnetic-geopolymer composite (T-scw-M-AB-G-HRP)

Compound: Phenol Compound: 4-Bromo-2-chlorophenol Compound: 2,4-Dichlorophenol

• Both free and immobilized peroxidase (T-scw-M-AB-G-HRP) 
achieved high removal efficiencies for the tested organic 
pollutants, with the immobilized form consistently outperforming 
the free enzyme.

• Phenol removal (after 5 min) ranged from 73–83% with the free 
enzyme and increased to 87–97% with the immobilized form.

• Removal efficiencies above 85% and 75% were obtained for 4-
bromo-2-chlorophenol and 2,4-dichlorophenol, respectively.
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• Given its high efficiency, rapid kinetics, and simple production 
and application, this novel biocatalyst—immobilized peroxidase 
on a biofunctionalized magnetite–geopolymer composite 
(allophane–bentonite based)—represents a practical solution 
for removing phenols and their derivatives in industrial systems 
and environmental treatment applications.
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1. Preparation of biofunctionalized

magnetite-geopolymer (Geo-MP composite) 

T-scw-M-AB

2. Modification of Geo-MP 

composite with glutaraldehyde

(T-scw-M-AB-G)

3. Preparation of immobilized HRP

biocatalyst T-scw-M-AB-G-HRP

1. treatment with 1% (v/v) aqueous 
glutaraldehyde solution for 6 h

2. drying at room temperature

T-scw-M-AB-G

Horseradish peroxidase (HRP, EC 
1.11.1.7) solution in buffer pH 6

50 rpm, 1 h

Preparation of biocatalyst by immobilizing horseradish peroxidase (HRP) onto 

biofunctionalized magnetite-geopolymer

Phenols and their derivatives are widespread 
wastewater pollutants across industries, posing 
significant risks to both environmental and human 
health.

Biocatalytic processes based on the use of enzymes 
such as peroxidases can effectively remove phenolic 
components from wastewater. Immobilization of 
enzymes on a suitable carrier provides a stable 
biocatalyst and can be reused.

Magnetite-based carriers offer an eco-friendly and 
efficient route for phenol removal in wastewater due 
to their magnetic recoverability, stability, and strong 
oxidant activation. Plant extracts contain various 
bioactive components, such as polyphenolic 
compounds which could be attached on the surface of 
magnetite, resulting in its functionalization [3].

Bio-functionalized composite materials based on 
magnetite nanoparticles, geopolymers, and plant 
extracts (Geo-MP composites) offer innovative, energy 
efficient solutions as effective carriers for enzyme
immobilization.

Horseradish peroxidase (HRP) is an enzyme 
commonly used in wastewater treatment due to its 
ability to oxidize a wide range of organic pollutants.

Previously it was shown that peroxidases immobilized 
on various supports have demonstrated high efficiency 
in degradation of phenolic compounds and other 
pollutants [2].

Tangerine peel and its extracts are rich in natural 
polyphenols (flavanone glycosides such as hesperidin 
and naringin) [4] making them promising agents for 
functionalizing magnetite–geopolymer materials.
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In this work, we immobilized HRP onto magnetite-geopolymer biofunctionalized with tangerine subcritical water 

extract and tested its efficiency in the biocatalytic removal of phenolic compounds from water. 
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