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Abstract
The degradation of chlorpyrifos in water by Fenton (H 2O2/Fe2+) and solar photo-Fenton (H 2O2/Fe2+/solar light) processes was
investigated. A laboratory-scale reactor was designed to evaluate and select the optimal oxidation condition. The degradation rate is strongly dependent on pH, temperature, H 2O2 dosing rate, and initial concentrations of the insecticide and Fe2+.
The kinetics of organic matter decay was evaluated by means of chemical oxygen demand (COD) measurement. Overall
kinetics can be described by a pseudo-second-order rate equation with respect to COD. The optimum conditions were
obtained at pH 3, H 2O2 dosing rate 120 mg∙min –1, [Fe2+]0 5.0 mM, initial COD 1 330 mg∙ℓ–1 and 35°C for the Fenton process.
However, in the solar photo-Fenton process, the degradation rate increased significantly. To achieve 90% of COD removal,
the solar photo-Fenton process needs 50% less time than that used in the Fenton process which translates to a 50% gain of
H 2 O2 .
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Introduction
The use of insecticides, herbicides, fungicides, etc., grouped
under the name of pesticides, has led to improved yields and
diversity of crops to meet the nutritional demand related
to the increase in world population. However, this use has
also had indirect and harmful effects on the environment.
Studies have shown the presence of pesticide residues in food
(Cunnif, 1995), groundwater and surface water (Di Corcia and
Marchetti, 1992). Various technologies have been proposed
for the removal of pesticides from water. Conventional techniques, such as physical methods of mass transfer (flocculation,
filtration, precipitation, adsorption onto active charcoal, etc.),
incineration, or the biological pathway, are either ineffective
in the face of the extent of this pollution, or result in crippling
costs, or are a source of secondary pollution (sludge formation);
hence there is a need to seek better alternatives.
In this context, advanced oxidation processes (AOPs) have
considerable potential for becoming feasible alternatives for the
remediation of contaminated wastewater. AOPs are based on
the generation and subsequent reactions of hydroxyl radicals
(OH•). These are short-lived, powerful oxidising agents, which
react by second-order kinetics with the majority of organic
substances with low selectivity (Esplugas et al., 2002). OH• are
produced in situ by chemical, electrochemical and/or photochemical reactions in AOP systems.
Among many AOPs, Fenton (H2O2/Fe(II)) and solar photoFenton treatment processes (combination of H2O2, Fe(II) and
solar irradiation) have been proven to be effective in degradation and mineralisation of single organic toxicants and the
mixtures of various organic wastes (Xu et al., 2007).
The photo-Fenton process can be divided into the following stages (Pignatello, 1992; Bossmann et al., 1998): the first
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step is the so-called Fenton reaction, in which ferrous ions are
oxidised to ferric ions in acidic aqueous solution, as shown in
Eq. (1), giving rise to hydroxyl radicals:
Fe2+ + H2O2 → Fe3+ + OH− + OH•						(1)
The ferric ions, represented by the complex Fe(OH)2+, is
reduced back to Fe2+ by UV-visible irradiation according to
Eq. (2):
Fe(OH)2+ + hν → Fe2+ + OH• (λ < 450 nm)				

(2)

The ferric species can also form complexes with the initial
organic compounds and/or degradation products, leading to
photo-reduction back to Fe2+, according to Eq. (3):
Fe(RCO2)2+ + hν → Fe2+ + R• + CO2 (λ < 500 nm)		

(3)

The OH• species formed will then attack the organic substrates
present in the wastewater. Nevertheless, numerous competitive
reactions can also occur, namely, the following, which negatively affect the oxidation process (Harber and Weiss, 1934;
Walling, 1975; Kang and Hwang, 2000):
Fe2+ + OH• → Fe3+ + OH−								(4)
H2O2 + OH• → HO2• + H2O							(5)
This network of consecutive and parallel reactions results in
complex reaction kinetics. To overcome these difficulties, most
of the kinetic studies focused on single component degradation
or, in the case of complex effluents, the overall kinetics was
analysed instead.
The use of Fenton and photo-Fenton processes in the treatment of pesticide-containing wastewater is a recent application.
The degradation of triazine herbicides (Burrows et al., 2002),
methylparathion (Chiron et al., 1999), fenuron (Acero et al.,
2002) and diuron (Burrows et al., 2002) are known examples.
In this work, the efficiency of AOPs in the remediation of
wastewater contaminated with the insecticide chlorpyrifos

537

