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Abstract

Advanced oxidation is one of the most important chemical treatment methods used for complete mineralization of organic
pollutants present in the wastewater. The manufacturing plant of N,N’-dichloro bis-(2,4,6-trichlorophenyl)-urea (CC2)
produces wastewater containing pyridine, acetic acid and diphenyl urea. The effectiveness of advanced oxidation processes
(AOP) for the treatment of wastewater discharged from the CC2 plant was investigated in this study. Four types of
advanced oxidation processes (H,0,/Fe*", H,0,/Fe* (Fe*")/UV, H,0, (without catalyst) and TiO,/hv/O,) were examined.
Fenton’s reagent and Fenton’s type reaction was able to effectively destroy pyridine and other pollutants in the wastewater.
It was observed that, by advanced oxidation process, a maximum of 74.0 percent chemical oxygen demand (COD) removal
was achieved. The rate of COD removal was in the order of H,O,/Fe*” > TiO,/H,0, > H,0, (without catalyst) > TiO,.
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1. Introduction

Industrial effluents and urban municipal wastewater
contain a lot of organic compounds that are harmful to the
environment. The manufacturing plant of N,N’-dichloro
bis-(2,4,6-trichlorophenyl)-urea (CC2), which is a
chemical decontaminant of sulphur mustard; produces
wastewater containing pyridine, acetic acid and diphenyl
urca (DPU) [1-4]. Pyridine is also discharged through
effluents from a variety of industries such as
pharmaceuticals, dyes, pesticides and herbicides, shale oil
processing, food processing and coal carbonization [5-8].
Pyridine is reported to be toxic and harmful to the
environment [9-14]. Therefore, industrial wastewater
containing pyridine must be treated, before discharging
into the environment. Various physico-chemical methods
for treatment of wastewater have been cited in the
literature. These include activated carbon adsorption,
incineration and aqueous oxidation [15]. But these
methods give incomplete solution to the pollution problem.
A lot of research has been addressed for the complete
mineralization of the organic pollutants. Such research
pointed out the prominent role of a special class of
oxidation techniques defined as advanced oxidation
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processes (AOP) which usually operate at or near ambient
temperature and pressure [16-19]. Advanced oxidation is a
chemical process, which aims at the mineralization of the
contaminants into carbon dioxide, water and inorganic or,
at least, into harmless products. Hence, this method gives
complete solution to the pollution abatement. Pollutants
that are not amenable to biological treatment may also be
completely mineralized by adopting a proper reactive
system. In such cases AOP is much more effective than
those adopted in conventional treatment processes [20-22].
AOP represents a powerful means for the abatement of
refractory and/or toxic pollutants in wastewater like dyes
and other toxic waste materials from textile and other
industries [23-26]. In the treatment by AOP, the hydroxyl
radicals are first generated, which react with organic
pollutants resulting in different degraded products [27, 28].
Therefore, generation of hydroxyl radical plays an
important role in the chemical destruction of waste
material by advanced oxidation. There are different
processes of generating the hydroxyl radicals, namely,
H,0, photolysis (H,O,/UV) [29], Fenton’s process
(H,0,/Fe’") [30], photo-assisted Fenton’s process
(H,0,/Fe*"  (Fe*")/UV)  [31,32],  photo-catalysis
(TiOy/hv/Oy) [33,34] etc. In all the reported literature, the
AOP was used either for a pure compound or in case of a
one component system.
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In the present study, our basic aim was to
investigate the effectiveness of different AOP to degrade
wastewater containing pyridine released from the CC2
manufacturing plant. Effect of different parameters such as
pH, time, and dose on the degradation has been studied.
This paper deals with the degradation study of the
wastewater containing pyridine, acetic acid and DPU. Four
types of advanced oxidation processes have been studied.
These are Fenton’s process (H,O,/Fe’"), photo assisted
Fenton’s process (H,0,/Fe*" (Fe*')/UV), photo-catalysis
(Ti0,/hv/O,) and H,0, (without catalyst).

2. Materials and Methods

2.1 Chemicals

Wastewater was collected from the pilot plant of Defence
Research & Development Establishment (DRDE),
Gwalior, used for the production of CC-2 (Table 1). The
wastewater contains acetic acid, pyridine, DPU and some
other mono- and di-substituted byproducts of
Hexachlorocarbanilide (HCC) and diphenyl urea (DPU).
Hydrogen peroxide solution (30.0%), ferrous sulfate
heptahydrate, titanium dioxide, ammonium ferrous sulfate
and mercuric sulfate (all analytical grades) were purchased
from M/s Qualigens India Ltd. All other chemicals used
were purchased from S. D. Fine Chemicals. Triple distilled
water was used for the preparation of reagent solution.

Table 1. Characteristics of the wastewater

obtained from the pilot plant used for the

production of CC2.

Color Light Yellow
Brownish

pH 3.7-3.9

Total solid 1500-1800 mg L™

TDS 1250 mg L™

COoD 11000-12500 mg L™

Conductivity 1100-1200 micro S
cm’!

BOD 7000-8000 mg L™!

Pyridine 45-65mg L

Acetic acid 60-80 mg L™!

DPU 10-15mg L

2.2 Experimental Setup

Experiments were carried out in a glass beaker for
studying the COD removal by advanced oxidation at room
temperature under sunlight. To see the effect of artificial
light the chemical reactions were carried out in a
laboratory photochemical reactor consisting of annular
space with a net volume of 1.0 L. A 40.0 W lamp, housed
in the axis of the reactor inside a glass immersion well,
was used as a light source. Water coil was provided in the
reactor for cooling. The experimental setup is shown in
Figure 1.
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Figure 1. Experimental set up for carrying out
photochemical reactions for advanced oxidation studies.

2.3 Experimental Procedure

2.3.1 Reaction at room temperature

Batch experiments were carried out in 500.0 mL beakers
kept at room temperature (25 °C). The pH of the
wastewater (Table 1) was manipulated by adding sulfuric
acid and sodium hydroxide solution in order to perform the
experiment at a particular pH. After adjusting the pH,
250.0 mL waste solution was taken in a beaker, ferrous
sulfate heptahydrate (278.0 mg L™, 1.0 mM) and 30.0%
(w/v) H,O, (250.0 mM) were added simultaneously into
the waste material. Continuous mixing was carried out by
a magnetic stirrer. Samples (1.0 mL each) were withdrawn
at certain time intervals (5.0, 15.0, 30.0, 60.0 and 90.0
min.) for analysis. Three samples were taken each time
and were analyzed. The reactions were carried out at
different pH. The same experiments were repeated with
TiO, (1.0 mM) as a catalyst instead of Fe*" and also
without any catalyst.

2.3.2 Photochemical experiments under sunlight

The waste solution, 250.0 mL, (after adjusting the pH) was
taken in a beaker (500.0 mL) and kept under sunlight on
sunny days. The global solar radiation was measured by a
radiometer. The average solar irradiation on which the
experiments were carried out was 400-450 W m™. Fe*"
(1.0 mM) and 30% (w/v) HyO, (250.0 mM) were added
simultaneously into the waste material. The solutions were
stirred occasionally and samples (1.0 mL) were withdrawn
from the beaker at certain time intervals for analysis. Three
samples were taken each time and were analyzed. The
reactions were carried out at different pH. The same
experiments were repeated with TiO, as a catalyst instead
of Fe*" and also without any catalyst.
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2.3.3 Photochemical experiments in UV reactor

Batch experiments were carried out in the UV reactor
(Figure 1) with 250.0 mL wastewater sample, at a pH of
4.0. Fe** (1 mM) and 30.0% (w/v) H,O, (250.0 mM) were
added simultaneously into the reactor. Then UV lamp was
switched on. Samples (1.0 mL each) were taken after 5.0,
15.0, 30.0, 60.0 and 90.0 min of reaction for the analysis.
Three samples were taken each time, analyzed and average
value was taken. The same experiments were repeated with
TiO; (1.0 mM) as a catalyst and also without any catalyst.

2.4 Analysis

Samples of the wastewater were taken, centrifuged (model
1-15 K, Sigma, Germany) at 10000 rpm for 5 minutes,
decanted and analyzed for concentration of pyridine, acetic
acid and diphenyl urea using high performance liquid
chromatography (HPLC), (Shimadzu, Japan, model LC-
6A) fitted with Cg column. A UV detector (SPD-6AV) at
a wavelength of 257.0 nm was used for detection. The
column temperature was kept at 40 °C with mobile phase
of methanol-water (70:30,v/v) at 1.5 mL/min. Ten pL of
each samples was injected into the column through
Reheodyne injector. Chromatopac (C-R3A) was used as
integrator and recorder. The average concentration of three
samples drawn at a particular time from the reactor was
taken. pH was measured by a digital pH meter (model:
MP220), supplied by Mettler-Toledo, GmbH, Switzerland,
Germany. COD was determined as per standard procedure
as described in APHA, 1998 under section 5220 [17].

3. Results and Discussion

The chemical degradation of the pollutants from the
wastewater (Table 1) was studied under different operating
conditions. The wastewater contains pyridine, acetic acid,
DPU and some other organic compounds. The HPLC
chromatogram of wastewater is shown in Figure 2.
Retention times 1.782, 2.028, 2.463 and 5.428 min
correspond to solvent, acetic acid, pyridine and DPU
respectively. The waste also contains some mono and di-
substitutes impurities of DPU. The retention time of these
organic impurities were 2.97, 5.15 and 5.96 min,
respectively. This complex wastewater was subjected to
various experiments for degradation by AOP. It was
observed that the peak corresponding to acetic acid,
pyridine and PDU decreased after AOP treatment. This
indicates that the degradation of organic waste was taking
place by AOP treatment. Various parameters, like pH,
sunlight, dose of hydrogen peroxide etc was found to
effect the degradation of pollutants.

3.1 Effect of pH on degradation of waste by AOP

The effect of pH on chemical degradation of the pollutants
has been studied by Fenton’s process (H,O,/Fe*"), photo
assisted Fenton’s process (H,O./Fe*" (Fe’')/UV) and

photo-catalysis (TiO»/hv/O,). Figure 3 shows the percent
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Figure 2. HPLC Chromatogram of neutral wastewater
sample collected from a pilot plant of CC-2 manufacturing
unit of DRDE, Gwalior, India., Column: C;3, Column
temperature: 40.0 °C, Mobile phase: Methanol-water
(70:30,v/v), Injected volume: 10 pL, A 220 nm,
Retention time: 1.782, 2.028, 2.463 and 5.428
corresponding to solvent, acetic acid, pyridine and DPU
respectively.

COD removal in different processes under different pH
when the reaction was carried for 2.0 h under sunlight with
initial COD of 12500.0 mg O, L' 1.0 mM Fe**, 250.0 mM
H,0,, and 1.0 mM TiO,. The degradation of the waste
material under the sunlight and the COD removal in
different reactions was found to dependent on pH of the
solution. The results clearly indicate that the degradation
of the organic pollutants decreases with increase in pH of
the wastewater for all types of processes. The most
effective pH for degradation by Fenton’s reagent and other
reaction is 2.0. A maximum of 74.0% COD removal was
obtained by Fenton’s reaction at a pH of 2.0. It was
reported that the complete mineralization of PCP by
Fenton’s reagent was most effective at pH of 3.0 [35]. In
one of the recent report it was mentioned that at pH
between 3.0-4.0 maximum COD removal was achieved for
a wastewater containing pyridine [36]. In this case our
observation supports the same but here the extent of effect
of pH on degradation of the waste material is less. Effect
of pH on COD removal in case of photo-catalysis of the
waste by TiO, was found insignificant.

Similar degradation studies were carried out with
the actual wastewater under atmospheric condition (room
temperature, 25.0 °C) without sunlight. Figure 4 represents
the degradation of the waste material and removal of COD
at room temperature as a function of pH where the reaction
was carried out for 2.0 h with same initial concentration
and dosages of Fe?*, H,0, and TiO,. It is clear from this
figure that maximum COD removal was obtained at a pH
of 2.0. Fenton’s reagent is the most effective one in
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degrading the waste material containing pyridine. A
maximum of 67.0 % COD removal was obtained by
Fenton’s reaction at a pH of 2 and at a pH of 4.0 the
maximum COD removal was 61%. This observation
clearly indicates that with the reduction of pH from 4.0 to
2.0 only 9% COD removal increases. Since in large scale
industrial application it is not practical to use pH of 2.0,
the degradation of pollutants by Fenton’s reaction can be
carried out at pH of the wastewater (3.7-3.9, Table 1)
where the COD removal is 60-61%.

80

70 4
60
50
40

30 1 %

204 —e Fe®H,0,
—6— TiOyH,0,
—A— w/o Catalyst
—%~ OnlyTiO,

% COD removal

10 A

Figure 3. Removal of COD under sunlight at different pH.,
Initial COD: 12500.0 mg O, L"; Fe™": 1.0 mM, H,0:
250.0 mM, TiO,: 1.0 mM and Reaction time: 2.0 h.

3.2 Effect of sunlight on degradation

Any chemical system absorbs light from the incident
radiation of sun. This energy is absorbed and utilized by
the system in the chemical reactions. This is obvious from
the Figure 3 and Figure 4 that the percent COD removal is
more in case of reaction under sunlight than reaction at
room temperature for all four advanced oxidation
processes when the reaction were carried out for 2.0 h with
initial COD of 12500.0 mg O,L"; 1.0 mM Fe**, 250 mM
H,0, and 1.0 mM TiO,. For Fenton’s reagent the extent of
sunlight is understood by the results that the percent COD
removal is 74.0% at pH of 4.0 under sunlight compared to
61.0% under room temperature (25.0 °C) without sunlight.
This implies that almost 13.0 % extra COD removal was
obtained due to sunlight in case of Fenton’s reagent at a
pH of 4.0 with 1.0 mM Fe?".

3.3 Effect of reaction time on degradation

The effect of time on the overall degradation of the waste
material by all four advanced oxidation processes was
studied. The variation of percent COD removal for all
reactions with time; when the reactions were carried out in
an UV reactor with initial COD of 12500 mg O, L", 1.0
mM Fe*, 250.0 mM H,0, and 1.0 mM TiO, at a pH of
processes (Fenton’s, photo Fenton’s, photo-catalysis and

without any catalyst). The rate of COD removal increases
4.0; is represented in Figure 5. It is clear from this Figure
that the rate of degradation follows same pattern in all
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Figure 4. COD removal at room temperature at different
pH., Initial COD: 12500.0 mg O,L™"; Fe*": 1.0 mM, H,0,:
250.0 mM, TiO,: 1,0 mM and Reaction time: 2.0 h.

first (up to 5-6 minutes), followed by a decrease of COD
removal (up to 15.0 minutes) and then the rate of removal
increases again up to 60.0 minutes but finally it flattens
after 60.0 minutes. The rate of COD removal was high and
almost 25-30% COD removal was obtained within 5.0
minutes of reaction. Then the COD removal occurs slowly
and it takes around 55.0 minutes for COD removal of
another 40-46%. There was no appreciable change in COD
removal after 60.0 minutes. It is likely that easily
degradable compounds from the waste mixture were
oxidized very fast, which might be the reason of fast
removal of COD in the initial time. Thus the optimum
contact time for the degradation by Fenton’s and other
AOPs in presence of a source of UV light was 60.0
minutes and optimum COD removal was around 71%.
Figure 6 depicts the effect of time of reaction on
the removal of COD of the actual wastewater by Fenton’s
process at room temperature (25 °C) and 4.0 pH. It is clear
from this figure that almost 35.0% COD removal was
achieved within 20.0 minutes and 58% COD removal was
achieved in 100.0 minutes under the condition and 66.0-
67.0% COD removal was achieved with in 180.0 minutes.
After 180.0 minutes there was no appreciable change in
percent COD removal. Therefore the optimum contact
time for the degradation of the wastewater containing
pyridine in a mixture was 150 minutes when the reactions
were carried out at room temperature (25.0 °C). A contact
time of 180.0 minutes has been reported for the treatment
of pyridine containing wastewater [36]. A contact time of
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more than 2.0 h has been reported in the literature for
Fenton’s treatment of 4-tertiary butyl pyridine for almost
complete mineralization [37]. Literature indicates a contact
time of 180.0 minutes for transformation of creosote
contaminated wastewater by Fenton’s treatment [38].
Therefore, a reaction time of 150.0 minutes observed for
Fenton’s process in the present study is in well agreement
with the reported time.
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Figure 5. Rate of COD removal under UV light with
different catalyst at a pH of 4.0., Initial COD: 12500.0 mg
Oy/L,. Fe**: 1.0 mM, H,0,: 250.0 mM and TiO,: 1.0 mM.

3.4 Optimum operating dose

The degradation of pyridine and other organic
pollutants present in the wastewater depends on the dose of
Fenton’s reagent, namely, ferrous sulphate and hydrogen
peroxide. Hence, in order to get maximum efficiency in the
effluent treatment facility of a manufacturing unit, it is
essential to operate the plant at optimum dose of both
ferrous sulphate and hydrogen peroxide. Various reports
are available, where the dose has been optimized for
different type of pollutants. In a recent report, ferrous
sulphate was varied from 40.0 mg L' to 240.0 mg L and
the optimum dosage was found out to be 200.0 mg L™ at
pH 4.0 [36]. A ferrous sulphate dose of 55.847 mg L™ has
been reported for more than 90.0% transformation of
creosote-contaminated wastewater [38]. Fenton’s reagent
has also been reported for atrazine transformation, which is
also a nitrogenous pollutant and a ferrous sulphate dose of
150.0 mg L™ was used for effective degradation of 16.1
mg L atrazine [39]. Experiments were conducted with the
actual wastewater (initial COD of 12500.0 mg L) in
presence of sunlight at 25.0 °C at a pH of 4.0 by varying
the dosages of ferrous sulphate from 40.0 to 350.0 mg L™
In our study the optimum dosage of ferrous sulphate was
found to be 280.0 mg L (1 mM).
Similarly, the dose of hydrogen peroxide is also important
for the degradation of pollutants. With increase
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Figure 6. Rate of COD removal when the reaction was
carried out at room temperature and at a pH of 4.0., Initial
COD: 12500.0 mg O, L Fe?":1.0 mM, H,O, and 250.0
mM.

in dose of hydrogen peroxide, the percent COD removal
increases up to a certain limit, after which there is no
improvement with the dose. In our present study the dose
of H,0, was varied from 30.0 to 400.0 mM and we have
observed that the optimum dose of hydrogen peroxide was
250 mM. It was earlier reported that a dose of 87 mM of
hydrogen peroxide was found to be optimal to have an
effective COD removal of 67.65% for pyridine containing
wastewater [36]. An optimum dose of 9.0 mM and 480.0
mM were reported for creosote and atrazine contaminated
wastewater, respectively [38,39]. This indicates that our
observation of the optimum dose of H,O, for the
degradation of pyridine containing wastewater was in the
same range. Therefore, in all our study we have used a
dose of H,O, of 250.0 mM in Fenton’s reaction.

4. Conclusion

The degradation of pyridine along with other organic
pollutants present in the effluent water of CC-2
manufacturing plant has been studied by four AOP’s
namely, UV/H,0,, Fenton’s and photo-Fenton’s processes
and photo-catalytic (TiO,/hv) processes. The efficacy of
these processes for removal and mineralization of the
pollutants have been studied. In the photo-Fenton’s
process a maximum of 74.0% COD removal was obtained
at a pH 2.0. The rate of COD removal was in the order of
H,0,/Fe*" > TiOy/H,0, > H,0, (without catalyst) > TiO,.
pH was found to affect the COD removal and it was
observed that at lower pH (<4.0) the rate of degradation
and removal of COD was higher for all the cases. But, only
6 % increase in the COD removal was obtained with the
decrease of pH from 4.0 to 2.0. Since in large scale
industrial application it is not practically and economically
viable to use pH 2.0, the degradation of pollutants by
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Fenton’s reaction can be carried out at pH of the
wastewater i.e 3.7-3.9, where the COD removal is 61% at
25.0 °C. The effect of pH on COD removal was found less
when the degradation reaction was carried out without a
catalyst. When the degradation of the waste solution was
carried out with TiO, and without H,O, no significant
effect of pH on COD removal was obtained. In the
degradation by Fenton’s process the optimum dose of
H,0, was found to be 250.0 mM and that of Fe*" was 1.0
mM for COD removal of the wastewater.

5. Future Study

In the present study the degraded products have not
been identified. Also the reaction pathway has not been
established. In future study the degradation products will
be identified and the reaction pathways will be studied.
The probable reaction mechanism of degradation by AOP
will be investigated. The kinetics of the degradation
reactions will also be studied in details.

6. References

[1] Bag BC, Sai M, Sekhar K, Bhattacharya C. (2008)
Reaction Kinetics of N-chlorination of
Bis- (2,4,6-trichlorophenyl)-urea to N,N’-Dichlorobis-
(2,4,6-trichlorophenyl)-urea by Hypochlorous Acid, J
Chem Eng J; In Press.

[2] Bag BC, Sai M, Dubey DK, Sekhar K, Bhattacharya C.
(2008) An Eco-Friendly and Separation Efficient Process
Involving Water Phase Reaction for Production of CC2,
Chem Eng & Processing Process Idetn; 47: 1333-1339.

[3] Bag BC, Sekhar K, Dubey DK, et al. (2006) An
Effective Process for Conversion of diphenylurea to CC-2,
a potential decontaminant of Sulfur Mustard, Org Pro Res
& Dev; 10:505-511.

[4 1 Dubey DK, Malhotra RC, Vaidyanathaswamy R.
Vijayaraghavan R. (1999) Reaction of bis (2
chloroethyl)sulfide =~ with ~ N,N’-dichlorobis  (2,4,6-
trichlorophenyl)urea, J Org Chem; 64: 8031-8033.

[5] Fetzner S. (1998) Bacterial degradation of pyridine,
indole, quinoline and their derivatives under different
redox conditions, Appl Microbiol Biotechnol; 49: 237—
250.

[6] Lee ST, Rhee TK Lee GM. (1994) Biodegradation of
pyridine by freely suspended and immobilized
Pimelobacter sp, Appl Environ Microbiol; 41: 652—657.

[7] Leenheer JA, Noyes TI Stuber HA. (1982)
Determination of polar organic solutes in oil-shale retort
water, Environ Sci Technol; 16:714-723.

[8] Dobson KR, Stephenson M, Greenfield PF Bell PRF.
(1985) Identification and treat-ability of organics in oil
shale retort water, Water Res; 19: 849-856.

[9] Sims GK, Loughlin O. (1986) Degradation of pyridines
in the environment, Crit Rev Environ Ctrl; 4: 311-340.

[10] Sims GK, Sommers LE, Konopka A. (1986)
Degradation of pyridine by Micrococcus luteus isolated
from soil, Appl Environ Microbiol; 4:963-968.

[11] Richards DJ, Shieth WK. (1986) Biologicalfate of
organic priority pollutants in the aquatic environment,
Water Res; 20:1077—1090.

[12] Doughlas MC, Nostrands V. (1976) Scientific
Encyclopedia Von Nostrand Rein Hold Company, New
York.

[13] Verschueren K. (1997) Handbook of Environmental
Data on Organic Chemicals. Rein Hold Company; New

York.

[14] Mohammad SN, Hopfinger, AJ Bickers DR. (1983)
Intrinsic ~ mutagenicity of  polycyclic  aromatic
hydrocarbons: a quantitative structure activity study based

upon molecular shape analysis, J Theor Biol; 102:323-331.

[15] Collingwood C, Pickering B, Craggs T, Wood R.
(1996) An introduction to odour control, Technical
Seminar; Staflodshire WS15 IRD.

[16] Andreozzi R, Caprio V, Insola A, Marotta R. (1999)
Advanced oxidation processes for water purification and
recovery, Catalysis Today; 53:51-59.

[17] American Public Health Association (APHA) (1998)
Standard Methods for the Examination of Water and
Wastewater, 19th ed. APHA, AWWA and WEEF,
Washington, DC.

[18] Glaze WH, Kang JW, Aieta EM. (1987) Ozone-
hydrogen peroxide systems for control of organics in
municipal water supplies; in Proc 2™ Int Conf on the role
of ozone in water and Wastewater Treatment. Tek Tran
Intern Ltd, Edmonton, Alberta April 28-29, 233.

[19] Glaze WH, Kang JW, Chapin DH. (1987) The
Chemistry of water treatment processes involving ozone,
hydrogen perodide and ultraviolet radiation, Ozone Sci
Eng; 9:335-352.

[20] Barreiro R, Pratt JR. (1992) Toxic effects of
chemicals on microorganism, Water Environ Res; 64: 632.

39



[21] Fedorak PM, Hrudey SE. (1984) The effects of phenol
and some alkyl phenolics on batch anaerobic
methanogenesis, Water Res; 18:361-367.

[22] Reemtsma T, Jakel M. (1997) Dissolved organics in
tannery wastewater and their alteration by a combined
anaerobic and aerobic treatment, Water Res; 5: 1035-
1046.

[23] Neamtu M, Yediler A, Siminiceanu I, Macoveanu M,
Kettrup A. (2004) Decolorization of disperse red 354 azo
dye in water by several oxidation processes-a comparative
study, Dyes & Pigment; 60:61-68.

[24] Will BSI, Moraes JEF, Teixeira ACSC, Guardani R,
Nascimento CAO. (2004) photo- Fenton’s degradation of
wastewater containing organic compounds in solar
reactors, Sep Purif Technol; 34:51-57.

[25] Malik PK, Saha SK. (2003) Oxidation of direct dyes
with hydrogen peroxide using ferrous ion as catalyst, Sep
Purif Technol; 31:241-250.

[26] Vanvelzen D, Actis-Dato LO, Hofele J. (1996)
Oxidation kinetics of Fe(IDNTA to Fe(I)NTA by
oxygen, Chem Eng & Proc; 35: 443-449.

[27] Pignatelo JJ. (1992) Dark and photoassisted iron(III)-
catalyzed degradation of chlorophenoxy herbicides by
hydrogen peroxide, Environ Sci Technol; 26:944-951.

[28] Braun AM, Oliveros E. (1997) How to evaluate
photochemical methods for water treatment, Wat Sci
Technol; 35:17-23.

[29] Baxendale JH, Wilson JA. (1957) The photolysis of
hydrogen peroxide at high light intensities, Trans Faraday
Soc; 53:344 - 356.

[30] Haber F, Weiss J. (1934) The catalytic decomposition
of hydrogen peroxide by iron salts, Proc R Soc London Ser
A; 147:332-351.

[31] Kiwi J, Pulgrain C, Peringer P, Gratzel M. (1993)
Beneficial effect of homogeneous photo-Fenton’s
pretreatment upon the biodegradation of anthraquinone
sulfonate in wastewater treatment, Appl Catal B Environ;
3: 85-99.

[32] Pulgarin C, Kiwi J. (1996) Overview on
photocatalytic and electrolytic pretreatment of industrial
non-biodegradable pollutants and pesticides, Chimia ; 50 :
50-55.

[33] Ollis D, Al-Ekabi (Eds) H. (1993) Photocatalytic
purification of water and air, Elsevier; New York.

[34] Rajeshwar K. (1995) Photoelectrochemistry and the
Environment, J App Electrochem; 25: 1067-1082.

[35] Watts RJ, Udell MD, Raucn PA, Leung SW. (1990)
Treatment of pentachlorophenol contaminated soils using
Fenton’s reagent, Hazard Waste Material; 7: 335-345.

[36] Podaley KV, Rao NN, Pandey RA. (2002) Treatment
of pyridine containing wastewater using Fenton’s reagent:
a pretreatment option for biodegradation, Proc of National
Conference on Pollution Prevention & Control in India;
Nagpur.

[37] Neodoloujko A, Kiwi J. (2000) TiO, specialization
producing  mineralization of  4-Tert-Butylpyridine:
Accelerated Mineralization on via Fenton’s photoassited
reaction, Wat Res; 34: 3277-3284.

[38] Engwall AM, Pegnatello JJ, Grasso D. (1999)
Degradation and detoxification of the wod preservatives
creosote and pentachlorophenol in water by the photo
Fenton’s reaction, Wat Res; 33: 1151-1158.

[39] Arnold SM, Hickey WIJ, Harris RF. (1995)
Degradation of Atrazine by Fenton’s reagent: Condition
optimization and product quantification, Environ. Sci
Technol; 29: 2083-2089.

40



	Abstract
	1. Introduction
	2. Materials and Methods
	2.1. Chemicals
	Table 1.

	2.2. Experimental Setup
	Figure 1.

	2.3. Experimental Procedure
	2.3.1. Reaction at room temperature
	2.3.2. Photochemical experiments under sunlight
	2.3.3. Photochemical experiments in UV reactor

	2.4. Analysis

	3. Results and Discussion
	Figure 2.
	3.1. Effect of pH on degradation of waste by AOP
	Figure 3.
	Figure 4.

	3.2. Effect of sunlight on degradation
	3.3. Effect of reaction time on degradation
	Figure 5.
	Figure 6.

	3.4. Optimum operating dose

	4. Conclusion
	5. Future Study
	6. References

