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A B S T R AC T

Three commercial plant peroxidases, the commonly used soybean (SBP) and horseradish (HRP) 
and a cheap alternative, artichoke (AKPC), have been tested for the removal of 4-chlorophenol 
in a continuous tank reactor associated to an ultrafi ltration membrane module. An important 
conversion fall over time was observed both in the reactor and permeate samples with AKPC. 
For the other peroxidases, this conversion decrease occurred in the reactor only, as a result 
of the enzyme retention on the membrane, and was rather insignifi cant in the case of SBP. 
Supplementary addition of enzyme in the feed stream allowed maintaining high conversions 
in the case of HRP. Consequently, SBP and HRP were selected as the most appropriate per-
oxidases. Using them, it was observed that conversion values increased when higher substrate 
concentrations were used and that the infl uence of the molar ratio H2O2:chlorophenol and the 
spatial time was negligible. In all cases, higher 4-chlorophenol conversions were attained with 
SBP, reaching almost 100% in the permeate. SBP was chosen to test the activity of the enzyme 
retained on the membrane surface, proving that the peroxidase retains its activity and reaches 
some kind of equilibrium between reactor and membrane module, allowing the continuous 
4-chlorophenol removal for longer times.
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1. Introduction

Phenolic compounds and their chlorinated deriva-
tives are used in many industrial processes releasing 
pollutant effl uents to the environment. Most of these 
compounds are dangerous for both humans and ani-
mals [1,2] and they are listed as environmental pollut-
ants [3] by the US EPA in the Clean Water Act and by the 
European Directive 2455/2001/EC.

During the past two decades, much effort has been 
devoted to the study of phenolic compounds removal 
from wastewater. Among the used methods physical [4–6], 

chemical and photochemical [7–11] and biological treat-
ments stand out [12,13]. However, none of them has become 
a defi nitive solution to the mentioned problem [14]. All the 
methods have to deal with the aim of achieving economi-
cally viable and friendly environmental alternatives.

Enzymes present several advantages such as their 
operability within a wide range of conditions (especially 
under mild conditions), high specifi city towards the tar-
geted compound and minimum environmental impact 
[15]. Enzymes extracted from plants and microorgan-
isms [15–17] have been used to remove phenolic com-
pounds in the past years, being the peroxidase ezymes 
extracted from a vegetable source the most studied per-
oxidases in the recent past [18–20].




