
INTRODUCTION
Recent progress in chemical water treatment has

lead to the development of Advanced Oxidation

Processes (AOPs). These processes employ chem-

ical, photochemical, sonochemical or radiolytic

techniques to bring about chemical degradation of

pollutants (Huston and Pignatello, 1999). AOPs

are based on the generation of hydroxyl radical

(OH0), which has a high oxidation potential (2.8 V)

that can sometimes completely convert the organ-

ic contaminant into CO2 and H2O (Ruppert and

Bauer, 1994, Andreozzi et al., 2000). 

Fenton (H2O2/Fe2+) and photo-Fenton (UV/H2O2/

Fe2+) methods have proved to be effective and eco-

nomical AOP methods used for the detoxification

and degradation of many organic compounds (Lin

et al., 2000). Research Studies using Fenton's

reagent have demonstrated its ability to oxidize pes-

ticides (Huston and Pignatello, 1999), phenols,

(Kwon et al., 1999, Kiwi et al., 1994, Wang et al.,

1999), aromatics (Casero et al., 1997, Chen et al.,

1997), dyes (Li et al., 1999), surfactants (Lin et al.,

1998) and polychlorinated biphenyls (PCBs)

(Sedlak et al., 1991).

Fenton's reagent is a mixture of H2O2 and ferrous
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iron, which generate hydroxyl radicals according to

the following reaction:

Fe2++H2O2 ⇒ F3++OH -+OH 0 (1)

In the presence of substrate, such as a target cont-

aminant, the hydroxyl radicals generated are capa-

ble of detoxifying the contaminants via oxidation.

Various competing reactions, which involve Fe2+,

Fe3+, H2O2, OHo radicals, super-oxide radicals, and

derived from the substrate, are also possible dur-

ing Fenton's reagent treatment (Venkatadri, 1993). 

The catalytic effect of Fe2+ can be enhanced by irra-

diating the solution with ultraviolet (UV) light. The

so-called photo-Fenton process increases the regen-

eration rate of Fe2+ and generates more species of

hydroxyl radicals as shown by reaction (2). This is

expected to enhance the oxidation process (Kim et.

al., 1998). Thus, the photo-Fenton process can be

basically represented by combining reactions (1)

with reaction (2). 

Fe3++hí ⇒ Fe2++OH0 (2)

Di-n-butyl phthalate (DnBP) (Figure 1) was used as

a model compound. This chemical is one of phthal-

ic acid diesters and it is slightly soluble in water

(11.2 mg l-1) (Staples et al., 1997). It has low volatil-

ity and it is widely used in epoxy resins and cellu-

lose esters and specialized adhesive formulations. It

is also listed as a priority pollutant by the U. S.

Environmental Protection Agency (Bauer et al.,

1998). Release of DnBP into the environment can

occur during manufacturing, use, and disposal

where they become ubiquitous pollutants. 

Some researchers studied the degradation of sev-

eral phthalate esters by microorganisms under aer-

obic and aerobic conditions (Cartwright et. al.,

2000), while others investigated the fate of phtha-

lates by adsorption on solid medium (Hunter et al.,

2000). However, little work has been done to study

the degradation of phthalate esters in aqueous

medium by photo-oxidation mechanism. 

The main objective of this study is to evaluate the

efficiency of removing DnBP from contaminated

water using photo-Fenton processes. 

Materials & methods
A bench-scale batch reactor of 1.2 l Pyrex-glass

cylindrical vessel equipped with an outer Plexiglas

cylindrical vessel used as a water jacket. A low-pres-

sure ultraviolet (UV) lamp irradiating at a wave-

length of approximately 254 nm with an output

intensity of about 100 mWatt was used for illumi-

nation purpose. In the Fenton's experiments, the

residual DnBP concentrations were measured after

1, 2 and 3 hours, while they were measured at frac-

tions of an hour in photo-Fenton experiments.

The DnBP standard solutions from Chemical

Service, England with purities of approximately 99

% were used. Stock standard dilutions were pre-

pared in methanol. DnBP concentrations of 0.02

mM (i.e. 5.6 ppm) were spiked in a distilled, deion-

ized distilled water. This concentration was select-

ed as half of the chemical solubility in aqueous

medium according to Staples et al. (1997).

Ferrous sulfate (FeSO4⋅7H2O) from Riedel-De

Haen AG was used to prepare the ferrous solutions,

which were prepared daily. Stock hydrogen perox-

ide (H2O2) of 35% purity from Fluka AG was used

to prepare the H2O2 solution. The H2O2 solution

was standardized with potassium permanganate

solution (0.1 N KMnO4) by titration method.

The residual DnBP concentrations were measured

by a Gas Chromatograph (GC) equipped with a

Photo-Ionization Detector (PID). A DB-5 fused

silica capillary column of 30m long and 0.53 mm

i.d. was used for the separation purpose. The oven

temperature was programmed from 80 oC to 200
oC at a ramp rate of 20 oC, with an initial and final

hold time of 2 and 12 minutes respectively. Both

detector and injector temperatures were set at

280oC. Helium gas was used as a carrier at a flow

rate of 3 ml and a makeup of 27 ml. One (1) ìl of

the extract was injected into the GC by split/splitless

mode. The extracts were prepared using a liquid-

liquid extraction (LLE) procedure. Twenty (20) ml

water samples were extracted, by shaking for one

minute, with 10 ml mixture of methylene chloride

(MDC) and n-hexane (v/v 1:3). The non-aqueous

phase was then concentrated to 2 ml by purging

with nitrogen gas. This procedure was found to have

a recovery of about 90 to 95%. Due to the low sol-
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Figure 1. Di-n-Butyl Phthalate (DnBP)
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ubility of DnBP in water, the DnBP - contaminated

water samples were stirred for along time to ensure

that DnBP was dissolved in the water.

RESULTS AND DISCUSSION
Degradation of DnBP by Fenton's Reagent
In this phase of the experiment, 400 ml water sam-

ples spiked with 0.02 mM DnBP was treated with a

mixture of Fe2+ at concentrations of 0.1, 0.5 and

1.0 mM and H2O2 at concentrations of 1, 2 and 5

mM. The results are listed in Table 1. The results in

this table indicate that even though H2O2 is con-

sidered as a powerful oxidizing agent, its efficiency

in oxidizing DnBP was negligible (5.9%). It can be

concluded that DnBP was not removed by the

action of H2O2 alone.

Similarly, when H2O2 was combined with Fe2+

(Fenton's reagent), only partial removal of DnBP

was observed. The removal percentages in this

phase under all combinations tested were below

40%. This is an indicative of the slow degradation

process and can be attributed to the slowness of the

reaction between the OHo radicals and the DnBP.

Another reason can be due to the existence of the

co-solvent (i.e. methanol), which was used to

enhance the solubility of DnBP in water. Methanol

may inhibit the reaction of the OH radical with the

DnBP.

It is worth-mentioning here that pH values were

kept in the range of 2.5 to 3.0 since this range is the

one proved to work best for Fenton's reagent. On

the other hand, to evaluate the effect of tempera-

ture on the DnBP removal efficiency by Fenton's

reagent, the temperature of the contaminated water

was increased from 25°C to 45°C. The results

showed that a slight improvement in the removal

efficiency was observed at high temperatures irre-

spective of the initial concentration of H2O2 used.

This indicates that the reaction in equation (1) is

temperature dependent. However, the extent of

removal of DnBP under these conditions is still con-

sidered low and need to be improved. Thus UV irra-

diation source was introduced to enhance the

removal efficiency as explained earlier.

Degradation of DnBP by Photo-Fenton Process
UV light is expected to enhance the generation of

OHo radicals and therefore more removal of DnBP

will take place as revealed by equation 2. In this

phase of the experiment, a UV lamp was used to

supply the radiation. DnBP residual concentrations

were measured at 0, 15, 30, 45 and 60 minutes.

When UV irradiation source was combined with

Fenton's Reagent (i.e. 2 mM H2O2 and 0.1 mM

Fe2+) the removal of DnBP was increased to 70 %

as shown in Figure 2. However, when Fe2+ concen-

tration was increased to 0.5 mM, the removal effi-

ciency decreased to only 43%. This loss of efficiency

can be due to the deposition of iron particles on

the UV lamp sleeves. These particles obstruct the

passage of the UV light and reduce the amount

of OH radicals generated and thus cause a
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Table 1. Percentage of DnBP removal by Fenton's Reagent at various Fe2+ and H2O2 concentrations.

DNBP
i

H
2
O

2
Fe(II) H

2
O

2
/DNBPi H

2
O

2
/Fe Fe/DNBPi pH Temp. % DNBP 

(mM) (mM) (mM) (° C) Removed 

after 3 hrs

0.02 0 0 0 3 25 0.0

0.02 5 0 250 3 25 5.94

0.02 1 0.1 50 10 5 3 25 22.89

0.02 1 0.5 50 2 25 3 25 19.67

0.02 1 1 50 1 50 3 25 29.43

0.02 2 0.1 100 20 5 3 25 17.34

0.02 2 0.5 100 4 25 3 25 25.35

0.02 2 1 100 2 50 3 25 22.33

0.02 5 0.1 250 50 5 3 25 7.77

0.02 5 0.5 250 10 25 3 25 18.58

0.02 5 1 250 5 50 3 25 16.67

0.02 2 0.5 250 4 25 3 45 39.8

0.02 5 0.5 250 10 25 3 45 40.3
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reduction in the removal efficiency of the DnBP.

Further more, Figure 2 also shows that an expo-

sure time of 60 minutes was needed to remove the

DnBP when the sample was irradiated by a UV

source alone without introducing any other chem-

ical, while only 15 minutes was needed for the

removal of the contaminant when a 2 mM of H2O2,

was used without Fe2+, to remove the contaminant.

In this case, both actions of photolysis by UV and

oxidation by H2O2 were combined to degrade the

target compound. This clearly indicates that the

removal efficiency by UV/H2O2 is superior over

Fenton and photo-Fenton process. 

This result indicates that DnBP is susceptible to

degradation by photolysis with UV light. This mech-

anism of DnBP degradation seems dominant over

other degradation mechanisms. 

Again, the effect of temperature was investigated in

this phase. Figure 3 shows that when the UV was

combined with heat source (by elevating the tem-

perature of the contaminated water to 45 oC), more

than 90% DnBP removal was observed without the

addition of H2O2. In this case, the action of thermal

degradation was probably combined with the action

of photolysis to enhance the degradation efficiency. 

SUMMARY AND CONCLUSION
In this study, the degradation of DnBP was inves-

tigated under a combination of UV, H2O2 and Fe2+.

Several proportions of Fe2+ to H2O2 were tested.

The pH was kept in the range of 2.5 to 3.0 while the

temperature was set at 25 and 45° C±2° C by a

water jacket. Residual concentration of DnBP com-

pound was taken after 1, 2, and 3 hours in the

Fenton's experiments and after 15, 30, 45 and 60

minutes in the photo-Fenton process. The results

of this study demonstrated that the Fenton's reagent

(i.e. Fe2++ H2O2) system was not very effective in

degrading the DnBP at the conditions used. This

might be attributed the slowness of the reaction of

compound with the OHo radical species or the inhi-

bition caused by the co-solvent (methanol). 

On the other hand, UV irradiation alone was found

to be effective in removing 50% DnBP in half an

hour and more than 90% in one hour. Moreover,

the results showed that when UV source was com-

bined with H2O2 or with heat, excellent removal

was achieved in less than 15 minutes. The deposi-

tion of iron particles on the UV lamp sleeves and

increase turbidity of the solution reduced the inten-

sity of radiation and hence, the removal efficiency

of DnBP decreased. Finally, it can be concluded

that the treatment process consists a UV source

combined with H2O2 and or heat is better than

photo-Fenton process for degrading the DnBP.
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