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A comparative study of the advanced oxidation of 2,4-dichlorophenol
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Abstract

Advanced oxidation processes (AOPs) using UV, UV/H2O2, Fenton and photo-Fenton treatment were investigated at laboratory scale for
aqueous solutions of 2,4-dichlorophenol (DCP). The effects on degradation of different reactant concentrations, irradiation time, temperature
and pH were assessed. DCP removal, TOC mineralization, dechlorination and change in oxidation state were monitored. UV photolysis
was less efficient for total DCP degradation than other AOPs. In contrast, photo-Fenton reaction in acidic conditions led to a higher DCP
degradation in a short time. Sixty minutes of treatment were sufficient for 100% DCP removal with 75 mg l−1 H2O2 and 10 mg l−1 Fe(II)
initial concentrations. In these conditions, a first-order degradation constant for DCP of 0.057 min−1 was obtained.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Chlorophenols constitute an important category of organic
water pollutants that are not readily biodegradable[1]. The
adsorption on activated carbon is commonly used to remove
chlorophenols from chemical effluents. However, the need
of frequent carbon reactivation renders this process both
inconvenient and costly[2].

Various advanced oxidation processes, such as O3/UV,
O3/H2O2, UV/H2O2, Fenton and photo-Fenton, have been
applied successfully in wastewater treatment to mineral-
ize many synthetic organic chemicals[3–6]. However, the
costs of chemical oxidation alone can often be prohibitive
for wastewater treatment. This factor should be taken into
account when the chemical treatment is proposed. The
simplest oxidation process is hence recommended for each
target contaminant.

To be effective, photolysis requires strong UV-light with
a short wavelength and chemical oxidants such as hydrogen
peroxide and ozone.

Fenton’s reagent[7], a mixture of ferrous (Fe(II)) ion and
hydrogen peroxide which produces OH• radicals (reaction
1), has been used extensively for oxidation of organic matter
in water such as phenols, chlorinated phenol and herbicides,
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and to reduce the chemical oxygen demand and total organic
carbon (TOC) content[8]. The use of Fe(II)/H2O2 as an ox-
idant for wastewater is attractive since iron is highly abun-
dant and non-toxic, and a 30% hydrogen peroxide aqueous
solution is easy to handle and environmentally friendly.

Fe(II ) + H2O2 → Fe(III ) + OH• + OH− (1)

On the other hand, the modified Fenton process consists
of a mixture of ferric ion (Fe(III)) and hydrogen peroxide.
During this process, Fe(II) is produced in situ from the re-
action between Fe(III) and H2O2, which in turn reacts with
H2O2 to produce more OH• radicals (reactions 1 and 2).
This may also be used to avoid high local concentrations of
Fe(II) in the reaction vessel[9].

Fe(III ) + H2O2 → Fe(II ) + HO2
• + H+ (2)

Fe(II ) + H2O2 → Fe(III ) + OH• + OH− (1)

The rate of organic pollutant degradation could be in-
creased by irradiation of Fenton/Fenton-like reagents with
UV-light (photo-Fenton process). UV-light leads not only
to the formation of additional hydroxyl radicals but also to
recycling of ferrous catalyst by reduction of Fe(II). In this
way, the concentration of Fe(II) increases and the overall
reaction is accelerated[10]. The increased efficiency of the
photo-Fenton process is attributed to: the photo reduction of
ferric ion, the efficient use of light quanta and the photolysis
of Fe(III)-organic intermediate chelates[8].

0304-3894/$ – see front matter © 2003 Elsevier B.V. All rights reserved.
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Because of its many uses, 2,4-dichlorophenol (DCP)
was chosen as a model compound of chlorophenols. It is a
common pollutant in industrial wastewaters. It is used as a
chemical intermediate in the production of pesticides and
herbicides and as a feedstock for the manufacture of certain
methyl compounds used in mouth proofing, antiseptics and
seed disinfectants[11]. DCP is also reacted with benzene
sulfonyl chloride to produce miticide or further chlorinated
to pentachlorophenol in a wood preservative. These com-
pounds are highly resistant to biological treatment[12]. So,
wastewater contaminated with chlorophenols must be pre-
or post-treated.

Hence, the objective of this study was the assessment of
DCP photo-degradation by different AOPs (UV, UV/H2O2,
Fenton and photo-Fenton). Several parameters, including
DCP removal, TOC mineralization, H2O2 and iron con-
sumption as well as the change in oxidation state were mon-
itored. Moreover, the kinetic study of experimental results
was carried out.

2. Materials and methods

2.1. Reagents

2,4-Dichlorophenol (DCP) (>98%, Merck), hydrogen
peroxide (H2O2) (30%, Merck), iron sulphate 7-hydrate
(FeSO4·7H2O) (98%, Panreac), iron chloride 6-hydrate
(FeCl3·6H2O) (98%, Panreac), sodium hydrogen sulphite
solution (40% W/V, Panreac), uranyl nitrate (98%, Panreac),
oxalic acid (99.5%, Panreac), acetonitrile (99.8%, isocratic
grade for HPLC, Merck), potassium dichromate (99%,
Probus), mercury sulphate (98%, Probus), silver sulphate
(98%, Probus), sulphuric acid (95–98%, Fluka) and Milli-
pore water (Milli-Q Millipore system with a 18 M� cm−1

resistivity).

2.2. Installation

All experiments were carried out in a 1.5 l jacketed ther-
mostatic photo reactor (diameter 12 cm and height 13.3 cm,
seeFig. 1) equipped with black–blue lamp placed in its
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Fig. 1. Experimental layout.

center. This lamp, with nominal power of 4 W, emits radi-
ation basically at 350 nm. The reactor is equipped with a
magnetic stirrer that provides good mixing. All the reactions
were performed at atmospheric pressure. The temperature
was maintained at 25± 0.5◦C by circulating water from a
thermostatic bath (Haake C-40).

The radiation flux entering the reactor was determined by
actinometric experiments based on the photochemical de-
composition of oxalic acid in the presence of uranyl ion
[13]. For 350 nm wavelength, the quantum yield of this
system is equal to 0.51 mol Einstein−1. According to the
actinometry, the flux of radiation entering the reactor was
2.5�Einstein s−1.

2.3. Photo-degradation procedure

All the experiments were carried out in batch mode.
In each experiment a DCP solution of 100 mg l−1

(0.614 mmol l−1) was prepared with Millipore water in a
mixing tank (seeFig. 1). The solutions were perfectly mixed
to guarantee that all DCP was dissolved, and the required
concentrations of iron salt FeSO4·7H2O (FeCl3·6H2O in
case Fe(III)) were added when necessary. The solution pH
was 4.5–6 (not buffered). The photo-reactor was filled with
the solution, and it was stirred for 5 min. A 30% aqueous
hydrogen peroxide solution was injected into the reactor
at different concentrations and the UV-light was switched
on at the same time. During the experiments, samples
were withdrawn from the reactor at several time intervals,
tested for H2O2 consumption with Quantofix test sticks and
quenched with sodium hydrogen sulphite to avoid further
reactions. The samples were stored for TOC and COD
analysis.

2.4. Analytical methods

The DCP concentration was measured by reverse-phase
high-performance liquid chromatography (HPLC). A
Waters’ HPLC apparatus (photodiode array detector 996,
auto sampler 717, controller 600) using Millennium soft-
ware. The reverse-phase column used was a Spherisorb
ODS2. The mobile phase was a mixture of water, ace-
tonitrile and phosphoric acid (60%:40%:5%) isocratically
delivered by a pump at a flow rate of 1 ml min−1. The wave-
length of the UV absorbance detector was 280 nm. Under
these conditions, the DCP retention time was 15 min with
an experimental error margin of±0.5 mg l−1.

The dissolved organic carbon was measured using a TOC
analyzer (Rosemaunt Dohrmann D-C-190), provided with
an auto-sampler and using potassium phthalate solution as
the calibration standard. The precision of the TOC measure-
ments were in the range of±1 mg C l−1.

The chemical oxygen demand (COD±3 mg O2 l−1)
was carried out via a photometer (LF 2400, Windows)
following the procedure stipulated in Standard Methods
[14].
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The consumption of H2O2 during the reaction was mon-
itored using Quantofix test sticks. Stock solutions and all
reagents were prepared with Millipore water.

2.5. Quantum yield (ϕ)

One experiment using UV radiation alone and with
100 mg l−1 of DCP initial concentration (0.614 mmol l−1)
was performed to evaluate the quantum yield for DCP
degradation[15,16]. The quantum yield is the number of
molecules that react divided by the number of photons
absorbed. It may be evaluated through the slope of the
compound degradation rate at initial irradiation time and
the absorption radiation rate. It is important to take into
account that the photoproducts from DCP also absorb ra-
diation and, the determination of the quantum yield must
be hence done at low conversion of DCP. According to the
actinometrical results, the quantum yield at initial time was
1.2 ± 0.2 mmol Einstein−1.

3. Results and discussion

Results obtained by each AOP will be presented and dis-
cussed. In this work, each point presented in the figures cor-
responds to an average of three repeated experiments under
the same conditions.

3.1. UV and UV/H2O2

Direct UV-light did not totally degrade the DCP: in 2 h
of reaction just 9% of original DCP was degraded into
other organic intermediates and only 4% of TOC was
mineralized.

When UV irradiation was combined with hydrogen per-
oxide, the rate of DCP degradation increased significantly
compared to that of direct photolysis.Fig. 2 presents DCP
and TOC removal percentages using H2O2/UV as a func-
tion of the initial H2O2 concentration at an irradiation
time of 2 h. The combination of UV with H2O2 improved
the degradation. A H2O2 concentration of 250 mg l−1

(7.53 mmol l−1) gave 37% DCP removal and 13% TOC
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Fig. 2. DCP and TOC removals as function of initial H2O2 concentration
in the H2O2/UVA process.

mineralization. However, not all the added H2O2 was
consumed. When 250 mg l−1 (7.53 mmol l−1) was used, at
least 60 mg l−1 (1.76 mmol l−1) H2O2 remained in the re-
actor at the end of the reaction. This could be attributed to
the absorption spectrum of hydrogen peroxide. Photolysis
of H2O2 requiresλ < 360 nm. It has a favorable absorption
spectrum around 250 nm, which leads to efficient H2O2
photolysis generating more OH• radicals[16,17]. The molar
absorption coefficient was low at reactor working wave-
length (350 nm). Thus, only a small fraction of H2O2 was
photolyzed to produce more hydroxyl radicals.

3.2. Fe(III)/UV

Iron, in its ferrous and ferric form, acts as catalyst. In the
photo-catalytic process, not only do the absorbed UV pho-
tons lead to organic matter degradation but also ferric ion
undergoes a photo-redox reaction producing more hydroxyl
radicals. In this part, experiments were carried out to de-
termine the influence of UV/Fe(III) combination on DCP
photo-degradation.

The combination of ferric ion (Fe(III)) with UV-light was
more efficient than UV radiation alone. A ferric ion con-
centration of 30 mg l−1 (0.545 mmol l−1) gave 30% DCP
degradation in 90 min (seeFig. 3). Moreover, the degra-
dation efficiency was improved by increasing the initial
Fe(III) concentration up to 110 mg l−1. At this concen-
tration and with 90 min irradiation time, more than 61%
DCP was eliminated, combined with 12% TOC and 32%
COD removal (seeFig. 3). This indicates the continuous
formation of hydroxyl radicals as a result of ferric ion
photo-redox reactions. But, it was also observed that higher
iron concentrations led to a slight decrease in DCP elimi-
nation, and the degradation tendency leveled off. The DCP
degradation tendency and evolution could be attributed to
the formation of several Fe(III)–hydroperoxy complexes
like Fe(HO2)2+ and Fe(OH)(HO2)2+ which decompose to
produce the hydroperoxy radical HO2

• and Fe(II). If HO2
•

is formed, it is relatively non-reactive with organic matter
[18]. Furthermore, the presence of chloride in the water
solution might act as a scavenger of hydroxyl radicals[19],
thus, decreasing the DCP degradation.
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Fig. 3. DCP, COD and TOC removal as function of initial Fe(III) in the
UV/Fe(III) process, for free pH evolution and 90 min irradiation time.
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Fig. 4. DCP and TOC removals in Fenton and modified Fenton process
as function of the initial H2O2 [Fe(II)]i or [Fe(III )]i = 10 mg l−1, for free
pH evolution and 60 min reaction time.

3.3. Fenton and modified Fenton

The DCP and TOC removal by Fenton and modified Fen-
ton methods at different initial hydrogen peroxide concen-
trations is shown inFig. 4. Fenton and modified Fenton
were efficient processes for the elimination of DCP from
aqueous solutions. The degradation rate in both processes
depended on the initial H2O2 concentration; increasing the
amount of H2O2 led to increased DCP removal percent-
ages. At 60 min reaction time and low ferric ion concen-
tration (10 mg l−1), 100% DCP removal was obtained when
100 mg l−1 (2.84 mmol l−1) and 115 mg l−1 (3.38 mmol l−1)
of H2O2 were used in Fenton and modified Fenton processes,
respectively. There was no difference between starting with
Fe(II) or Fe(III) since the degradation percentages were of
the same order of magnitude (seeFig. 4). Moreover, both
Fenton and modified Fenton processes gave almost the same
mineralization (TOC decreased between 12 and 16%).

Experiments were carried out by changing the initial
Fe(II) (or Fe(III) in the case of the modified Fenton) con-
centration. DCP and TOC removal as a function of initial
Fe(II) concentration for Fenton reaction, at a fixed initial
H2O2 concentration of 20 mg l−1 (0.588 mmol l−1), are
shown in Fig. 5. It was observed that the iron ion con-
centration has a positive effect on DCP removal at small
concentrations (less than 15 mg l−1). But, at higher concen-
trations the degradation decreases and a maximum DCP
removal around 75% was reached. The TOC removal for all
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Fig. 5. DCP and TOC removals as function of initial Fe(II) in Fenton
reaction. Conditions: [H2O2]i = 20 mg l−1 and 60 min reaction time.
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Fig. 6. DCP and TOC removals as function of the initial H2O2 concen-
tration in photo-Fenton reaction [Fe(II )]i = 10 mg l−1.

the studied concentrations was of the same order of magni-
tude (between 11 to 13%). The Fenton and modified Fenton
behavior can be explained by the same effects as observed
with the UV/Fe(III) process. Moreover, the catalytic effect
of Fe(III) on the decomposition of H2O2 to H2O and O2
[20] may support this tendency.

3.4. Photo-Fenton

Photo-Fenton reactions were carried out at different ini-
tial H2O2 concentrations. The DCP and TOC removals are
reported inFig. 6. The H2O2 concentration declined signifi-
cantly, which led to a significant DCP degradation. However,
not all the H2O2 degraded to produce hydroxyl radicals:
about 15% of the initial H2O2 concentration remained at the
end of each experiment, again due to the incomplete pho-
tolysis at the working wavelength (350 nm). 100% elimina-
tion of DCP was obtained under the following conditions:
75 mg l−1 H2O2, 10 mg l−1 Fe(II) and 60 min reaction time.

Considering the mineralization, the TOC removal was not
affected by increasing the initial H2O2 concentration. An
average TOC removal of 10% was obtained for all H2O2
concentrations.

The effect of the initial Fe(II) concentration on the
photo-Fenton process was tested by carrying out experi-
ments with various amounts of the iron salt and a fixed
H2O2 initial concentration of 15 mg l−1. The DCP and
TOC removal as function of initial Fe(II) concentration are
shown inFig. 7. As a result of iron photo-redox reaction
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Fig. 7. DCP and TOC removals as function of different initial Fe(II)
concentrations: [H2O2]i = 15 mg l−1 and reaction time: 60 min.
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Fig. 8. DCP and TOC removals as function of different initial Fe(II)
concentrations: [H2O2]i = 30 mg l−1 and reaction time: 60 min.

and formation of hydroxyl radicals, the DCP elimination
increased by increasing the initial Fe(II) concentration up to
45 mg l−1. At this concentration, approximately 75% DCP
elimination and 8% TOC reduction was obtained. Again,
as observed before, at concentrations of Fe(II) higher than
45 mg l−1, the DCP degradation efficiency decreased.

Moreover, it was decided to examine the DCP photo-
Fenton degradation under higher initial H2O2 (30 and
50 mg l−1) and varying iron ion concentrations. Results for
initial H2O2 concentration of 30 mg l−1 are shown inFig.
8. For both concentrations, it was observed that the DCP
degradation increased by increasing iron concentration, up
to 30 mg l−1. But, starting photo-Fenton reaction at higher
iron concentration led to the formation of a brown turbid-
ity in the reaction vessel, and no more improvement in
the degradation was noticed. Ghaly et al.,[21] remarked
that this turbidity decreased the absorption of UV-light and
promoted the recombination of hydroxyl radicals.

In all photo-Fenton experiments, 100% DCP elimination
was achieved at initial a H2O2 concentration of 75 mg l−1.
The reaction conditions were: 60 min irradiation time, free
pH evolution and 10 mg l−1 Fe(II). In these experimental
conditions, only 9% TOC reduction was achieved. Within
the context of our research, Contreras et. al.[22] studied
the degradation of DCP by mean of ozone. Reported values
indicate that DCP was completely removed after 30 min of
ozonation (corresponding to ozone dose of 0.12 g l−1). At
that point, only 14% of TOC and 70% dechlorination have
been produced.

The influence of other photo-Fenton operating condi-
tions such as initial pH, operating temperature and initial
DCP concentrations on DCP removal were also studied. At
the same initial reactant concentrations (15 mg l−1 H2O2,
10 mg l−1 Fe(II)) and 60 min of reaction time, a maximum
DCP degradation (66.9%) was obtained at pH= 3. The
elimination decreased (<48%) at pH = 9. This can be
attributed to the partial decomposition of H2O2, and to
the reduction in radiation transmission as result of iron
hydroxide precipitation[23].

It was also observed that the DCP removal increased with
operating temperature: when the temperature increased from
25 to 45◦C, the DCP degradation improved from 60.5 to
80%.

The rate of degradation also depended on the initial DCP
concentration, even for the same initial reactant concentra-
tions. For [H2O2]i = 30 mg l−1, [Fe(II )]i = 10 mg l−1 and
60 min of irradiation time, 83% of DCP was removed when
an initial concentration of 100 mg l−1 was used, and 57%
removal for 200 mg l−1 initial H2O2 concentration. How-
ever, the TOC removal at all the studied concentrations was
of the same order of magnitude (8.7–9.7%). The oxidation
affinity confirms the non-selectivity of the hydroxyl radical
reaction in the degradation of DCP and the intermediates
being formed.

4. Comparison between different AOPs studied

The present section compares the different AOPs pro-
cesses studied (UV, H2O2/UV, Fe(III)/UV, Fenton and
Photo-Fenton).

Fig. 9 presents the normalized DCP concentrations as
a function of time for the different processes studied.
Photo-Fenton shows the best capacity for DCP degradation,
whereas, UV irradiation alone only shows a slow degrada-
tion. In 60 min of reaction, 100 mg l−1 of DCP were com-
pletely removed using 75 mg l−1 of H2O2 and 10 mg l−1 of
Fe(II).

The experimental data were fitted by first-order kinetics.
Table 1presents the pseudo-first-order kinetic constant and
the experimental half-life time (t1/2). The results confirm the
significant accelerating effect of photo-Fenton and Fenton
reactions on DCP degradation in comparison with the other
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Fig. 9. Evolution of normalized DCP concentration as function of
time for different AOPs: [H2O2]i = 50 mg l−1, [Fe(II )]i = 10 mg l−1,
[Fe(III )]i = 70 mg l−1 and free pH evolution.

Table 1
First-order kinetic constants for DCP degradation by different oxidation
processes

Oxidation process t1/2 (min) 10−2 × K0 (h−1)a

UV >90 0.3 ± 0.2
UV/H2O2 >120 1.56± 0.5
UV/Fe(III) >90 3.72± 0.2
Fenton 34 144± 8
Photo-Fenton 10 342± 5

a Data were calculated at a 95% confidence level.
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different AOPs processes: [H2O2]i = 50 mg l−1, [Fe(II )]i = 10 mg l−1,
[Fe(III )]i = 70 mg l−1 and free pH evolution.

processes studied. The data also show that adding Fe(II)
to the UV/H2O2 has a significant influence on the DCP
oxidation rate. Trapido et al.,[24] studied the degradation
of chlorophenols by UV and UV/H2O2 and they reported
apparent rate constants for DCP degradation of the same
order of magnitude as those found in the present study.

Fig. 10 presents the normalized TOC mineralization for
the different processes studied. Major TOC mineralization
occurred for the Fenton reaction with initial H2O2 and Fe(II)
concentrations of 50 and 10 mg l−1, respectively. The Fen-
ton reaction mineralized 16% of the original TOC in 90 min,
while only 3% was mineralized in 180 min using UV-light.
By the other hand, photo-Fenton showed the highest TOC
mineralization rate of all the processes that use UV as an oxi-
dation source. 10% TOC mineralization was achieved under
the following conditions: 50 mg l−1 H2O2, 10 mg l−1 Fe(II)
and 50 min of reaction time. In contrast, UV/H2O2 with ini-
tial H2O2 of 50 mg l−1 and 120 min irradiation yielded only
8% TOC reduction.

Previous studies pointed out that chlorophenol mineraliza-
tion follows a pseudo first-order kinetics[25]. The apparent
first-order rate constants based on TOC mineralization was
determined (seeTable 2). Almost all the processes followed
the first-order kinetics except UV/H2O2, which showed a
slight deviation from linearity (R2 = 0.96). Thus, it was not
compared with the other processes. Further investigation to
verify and explain this tendency should be done.

The dechlorination rate was also analyzed (Fig. 11). The
photo-Fenton process showed a greater tendency to liberate

Table 2
Apparent first-order rate constants based on TOC mineralization for dif-
ferent AOPs

Process 10−3 × KTOC (min−1)a

UV 0.37 ± 0.04
UV/H2O2 0.12 ± 0.08
UV/Fe(III) 0.15 ± 0.02
Fenton 1.7± 0.3
Photo-Fenton 0.18± 0.02

a Results were calculated at a 95% confidence level.
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Fig. 11. Dechlorination during different AOPs: [H2O2]i = 50 mg l−1,
[Fe(II )]i = 10 mg l−1, [Fe(III )]i = 70 mg l−1 and free pH evolution.

Cl− ions than the other processes. For 94% DCP elimina-
tion about 60% of Cl− was released. The Fenton process
also liberated chlorine: 77% DCP elimination gave 39%
Cl− release. Other processes had lower capacity to liber-
ate chlorine. The superiority of photo-Fenton in dechlori-
nation may be attributed to the high attackable capacity of
photo-Fenton by direct nucleophilic displacement of chlo-
ride by OH•. Trapido et al.[24] reported 62% dechlorina-
tion for 97% DCP elimination, which is in agreement with
the value obtained in this study.

Although intermediates were not identified, the degrada-
tion of DCP into other by-products was monitored by the
change in the degree of oxidation. Two parameters were
studied: COD/TOC and the average oxidation state (AOS).
The average oxidation state of the organic carbon was cal-
culated from formula[25]:

AOS = average oxidation state= 4(TOC− COD)

TOC
(3)

where TOC is in mol C l−1 and COD in mol O2 l−1.
Both COD/TOC and AOS indicate how chemical sub-

stances in the effluent become more oxidized: lower
COD/TOC ratios imply a higher degree of oxidation while
higher ratios mean lower oxidation. This parameter ranges
theoretically between 4 and 5.3 for alkanes and 0.6 for very
oxidized substances like oxalic acids[25]. At the same
time, AOS has a value of+4 for CO2, the most oxidized
state of C, and−4 for CH4, the most reduced state of car-
bon. Average oxidation stages of organic carbon in several
organic compounds were listed in Stumm and Morgan[26].
Benzene is−1, formaldehyde and acetic acids are 0, formic
acid is+2 and oxalic acid is+3.

The oxidation state evolution during the reaction of the
different studied processes is compared inFig. 12. Among
the oxidation processes studied, the photo-Fenton reaction
has the highest oxidizing capacity: 50 min reaction was suf-
ficient to decrease the COD/TOC ratio by 26%, while the
maximum reduction was only 18 and 4% for UV/Fe(III) and
UV/H2O2, respectively. The same affinity was observed in
AOS values; in the photo-Fenton process the value increases
from −0.58 to 0.58 and from−0.56 to 0.29 in UV/Fe(III).
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Fig. 12. Change in oxidation state for different AOPs: [H2O2]i = 50 mg
l−1, [Fe(II )]i = 10 mg l−1, [Fe(III )]i = 70 mg l−1 and free pH evolution.

5. Conclusions

UV radiation alone slightly degrades DCP in aqueous so-
lution (less than 10%). The combinations of UV with H2O2
and with Fe(III) (i.e. UV/H2O2 and UV/Fe(III)) were much
more efficient. The degradation rate of DCP was strongly
accelerated by the Fenton and Photo-Fenton processes. The
degradation rate was influenced by many factors, such as
initial hydrogen peroxide concentration, initial iron con-
centration, pH, and temperature in addition to initial DCP
concentrations. The Photo-Fenton and Fenton reactions can
be used successfully for the total DCP degradation. Total
DCP elimination was obtained by the photo-Fenton process
in only 60 min irradiation time, and initial reactant concen-
trations of 75 mg l−1 H2O2 and 10 mg l−1 Fe(II). At the
same time, 10% of TOC reduction was obtained and the
corresponding first-order kinetic constant was 0.057 min−1.
On the other hand, the Fenton reaction required 60 min,
100 mg l−1 H2O2 and 10 mg l−1 Fe(II) to achieve total DCP
removal. From all the processes studied, the photo-Fenton
reaction showed the best efficiency in DCP elimination,
chlorine ion release and in the change of oxidation state: for
94% DCP elimination 60% of the stoichiometric chlorine
was liberated, and there was a 26% reduction in oxidation
state.
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