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Abstract

The occurrence of bioregeneration in biological systems combined with activated carbon increases the service life of activated
carbon in biological systems and thereby decreases the costs related with activated carbon addition or regeneration. Regeneration
occurring due to extracellular enzymes is a possible mechanism in these systems. In this study, enzymatic degradation of phenolic
compounds and enzymatic regeneration of thermally (PKDA) and chemically activated (Cgran) carbons loaded with these
compounds were investigated using horseradish peroxidase (HRP) enzyme. It was aimed to show the occurrence of enzymatic
regeneration of activated carbons loaded with biologically resistant compounds by using an extracellular enzyme. For this
purpose, phenol, 2-nitrophenol, and bisphenol-A were tested as the target compounds. Initial enzymatic degradation studies
showed that peroxidase (5 U/mL) degraded phenol and 2-nitrophenol (each 200 mg/L) by 83 % and 51% efficiencies,
respectively. Peroxidase (5 U/mL) degraded bisphenol-A (100 mg/L) with 55-70% efficiency. In subsequent regeneration
experiments, peroxidase (5 U/mL) regenerated PKDA (1 g/L) by 44 % and 93%, and Cgran (1 g/L) by 59 % and 76% efficiencies
when they were loaded with phenol and 2-nitrophenol, respectively. PKDA loaded with bisphenol-A was regenerated by
peroxidase (1-10 U/mL) by 30-50 % whereas Cgran was regenerated by 90-98 % efficiencies. Enzymatic regeneration efficiencies
were higher than maximum achievable abiotic desorption efficiencies of all three phenolic compounds, showing that regeneration
occurred primarily due to the presence of extracellular peroxidase enzyme. The study indicated that engineered use of enzymes
can significantly increase regeneration of activated carbons depending on their activation type.
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