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ABSTRACT

Application of ozone and Fenton’s reagent was investigated as a pre-treatment to improve the
biodegradability of acid blue 113 (AB 113) dye used in the tanneries and subsequent treatment
in aerobic reactor. Pre-ozonation of 5min improved the BOD5/COD ratio of AB 113 dye from
0.029 to 0.296 due to the partial oxidation of the dye molecules and resulted in the reduction in
COD of 22%, with the generation of biodegradable organics. Fenton’s oxidation as
pre-treatment at the optimum dose of H2O2/COD ratio of 1.0 (w/w) and H2O2/Fe

2+ ratio at
9.7 (w/w) resulted in 45% reduction of COD due to mineralization, with subsequent
improvement in BOD5/COD ratio from 0.029 to 0.411. Combined process of ozonation and aer-
obic treatment resulted in 55% removal of COD and the treated effluent had a BOD5 and COD
of 45 and 355mg/L, respectively. Combined Fenton and aerobic treatment resulted in 82%
removal of COD and 25 and 230mg/L of BOD5 and COD was observed in the treated effluent.
FT-IR results also supported the finding that the application of ozonation and Fenton’s
oxidation effectively decolorizes the dye with partial mineralization and resulted in generation
of biodegradable organics like acids, aldehydes, and ketones. High removal of the biodegrad-
able organics in the aerobic reactor was observed for Fenton pre-treated AB 113 dye.
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1. Introduction

Dyeing is one of the important steps in leather
making as it is usually the first property of the leather
to be assessed by the consumer. Practically, all com-
mercial leather is dyed to improve the appearance and
appeal of the finished product and also to make the
leather adaptable for fashion styling. Proper dyeing of
leather not only enhances its value as a commodity
but also contributes to its general quality. The modern

synthetic dyestuffs industry was initiated for the tex-
tile industry in 1856 and the leather industry started
using the synthetic dyes half a century later [1]. Syn-
thetic dyes include several structural varieties of dyes
such as acidic, reactive, basic, azo, di-azo, anthraqui-
none based, and metal complex dyes. Azo dyes
account for the majority (more than 3,000 different
varieties) of all dyestuffs produced because of the ease
and cost effectiveness of their synthesis, their stability,
and the variety of colors available compared to
natural dyes [2].
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In the tanneries, dyeing process is carried out to
produce level colors over the surface of each hide and
skin. Typical dyestuffs used by the tanners are water-
based acid dyes particularly for chrome tanned
leather. Basic and reactive dyes are less commonly
used in tanneries. Dyeing is one of the most expensive
processes carried out in the tanneries due to the cost
of the dyes. Due to this, exhaustion of dyes to the
level of above 90% is typically achieved in the tanner-
ies [3]. In the dyeing process, dyes are neither com-
pletely utilized nor recovered and as a result the
effluent stream usually contains residual dyes. Impro-
per discharge of dye effluent containing azo dyes and
their metabolites in aqueous eco-systems is not only
aesthetically unpleasant but also leads to acute toxic
effects on aquatic flora and fauna, causing severe envi-
ronmental problems worldwide [4].

For these reasons, dyes have attracted the most
attention from conservationists and the general public.
Conventional treatment systems cannot achieve decol-
orization due to the fact that textile dyes are intention-
ally designed to resist biological, photolytic, and
chemical degradation [5]. A number of chemical and
physical processes such as chemical precipitation,
coagulation, electrocoagulation, elimination by adsorp-
tion on activated carbon are applied for color removal
from textile effluents. These processes merely transfer
the contamination from one phase to another and
leave the problem essentially unresolved [6].

Azo dyes as the largest class of synthetic dyes are
distinguished by the bonding of one or more azo
group (–N=N–) to the aromatic rings. It has to be
emphasized that due to their complicated and recalci-
trant molecular structure, they are difficult to remove
from wastewater using any common physical, chemi-
cal, and biological treatment method. The recalcitrant
nature of azo dyes has been attributed to the presence
of sulfonate groups and azo bonds, and these two fea-
tures are generally considered as xenobiotic [7]. There-
fore, it is essential to look for appropriate methods or
techniques for the treatment of azo dye-containing
wastewater to reduce their environmental impact.

To deal with wastewater that contains soluble
organic compounds that are either toxic or
non-biodegradable, application of various oxidation
technologies was tried to mineralize or reduce the
toxicity of the compounds. During chemical
pre-treatment, partial oxidation takes place thereby
producing/enhancing the biodegradable reaction
intermediates for subsequent biological treatment
process [8]. The enhancement of the biodegradability
is related to cleavage of the azo bonds and aromatic
rings and thus, the conversion of the dye molecules

into simple and more degradable intermediates such
as acetic acids, aldehydes, ketones, etc. [9].

Among the advanced oxidation processes (AOPs),
application of Ozone and Fenton’s reagent was inves-
tigated as a pre-treatment in this study to improve the
biodegradability of the dye-containing wastewater.
Ozone is a powerful oxidant for water and wastewater
treatment. Ozonation is emerging as a potential pro-
cess for color removal of dyes, since the chromophore
groups with conjugated double bonds, which are
responsible for breakdown of color by ozone either by
direct oxidation as molecular ozone or by indirect
reaction through formation of secondary oxidants like
hydroxyl radical forming smaller molecules, thereby
decreasing the color of the effluents [10].

Fenton’s oxidation is one of the oldest advanced
oxidation processes which is used successfully, as it is
comparatively cheap and uses easy-to-handle reagents.
Fenton’s reagent is a mixture of hydrogen peroxide
and iron which is effective for color and COD removal
with partial degradation of synthetic organic matter
[11]. Fenton’s reagent treatment eliminates the inhibi-
tory species and increases the biodegradability of the
treated water, which is measured as the ratio BOD5/
COD [12]. In this study, acid blue 113 (AB 113) was
chosen as a representative model of non-biodegrad-
able azo dye used in the tanneries. Considering the
nature of the dye, chemical oxidation almost com-
pletely decolorizes the dye, but it also improves the
biodegradability with some mineralization. The novel
approach of the present study was to develop a
sequential AOP followed by aerobic treatment for
effective removal of dye in the prevailing conditions
maintained in the aerobic treatment unit of tannery
effluent treatment plants. AOP studies were carried
out without adjusting the pH of the dye-containing
wastewater and aerobic treatment studies were carried
out in the prevailing conditions maintained in the aer-
obic treatment unit of tannery effluent treatment
plants viz., F/M ratio, residence time.

2. Materials and methods

2.1. Characterization of acid blue 113 (AB 113) dye

AB 113 used for the study has the empirical formula
of C32H21N5O6S2Na2 (Mol. Wt. 681.85). It was a com-
mercial grade dye powder manufactured by M/s Clari-
ent Industries located in Chennai, India. Synthetic dye
solution was prepared with one gram AB 113 per liter
of deionized water and the pH was adjusted to 3.5
using formic acid, which is similar to the practice in the
dyeing process followed in the tanneries. Dye solution
was characterized for physicochemical parameters pH
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(Part 4500-H+ method B), chemical oxygen demand
(COD; Part 5220 method C), biochemical oxygen
demand (BOD as BOD5 at 20˚C; Part5210 method B),
total kjeldhal nitrogen (TKN) (Part 4500org method -B),
phosphorus (Part 4500-P method E) as per standard
methods 20th edition [13]. Samples were analyzed in
triplicate and the average values are reported.

2.2. Application of advanced oxidation processes as
pre-treatment

In the present study, ozonation and Fenton’s reagent
using H2O2 and Fe2+ were applied as pre-treatment to
produce biodegradable reaction intermediates during
chemical oxidation of AB 113. In the post-tanning pro-
cess, pH of the final liquor was adjusted to 3.5 ± 0.1,
using formic acid to facilitate proper fixing of the added
post-tanning chemicals to the leather. At the end of the
operation, the exhausted post-tanning wastewater has a
pH of 3.5 ± 0.1. Considering this, all the experiments
using AOP pre-treatment studies were done at the pH
of 3.5±0.1. The biodegradability of wastewater is usu-
ally evaluated in terms of the BOD5 to COD ratio.
Hence, at regular intervals of time, the samples were
collected, analyzed for color removal, BOD5, and COD.
The dye-containing wastewater refers to the synthetic
solution of dye used for the study.

Ozonation experiments were carried out in a
bench-scale glass reactor of diameter 60mm and
height 1,800mm. Ozone was supplied through a cera-
mic diffuser fitted at the bottom. The laboratory ozone
generator Model No. L6G from Faraday Instruments,
India was used with pure oxygen as the feed inlet gas
to produce 2 g/hr of ozone. Ozone concentration,
before and after pre-treatment, was measured as per
the procedure (Part 4500-O3 B) given in standard
methods 20th edition [13]. To verify the reproducibil-
ity of the experimental data, experiments were con-
ducted and samples were analyzed in triplicate and
the average values are reported.

The efficiency of the Fenton oxidation process
depends on pH, concentration of H2O2, organic matter
content, temperatur,e and Fe(II) concentration. For the
pre-treatment using Fenton’s reagent, known quantity
of FeSO4 and H2O2 (30%) was used at the pH of 3.5.
Analytical grade chemicals needed for the experiments
were procured from Merck. All solutions were pre-
pared with deionized water obtained from a Millipore
Milli-Q system.

2.3. Spectrophotometer analysis

Acid blue 113 (AB 113) is a water-soluble dye with
λmax at 560 nm. The dye decolorization and reduction

in aromaticity at UV280nm during pre-ozonation and
Fenton’s pre-treatment were monitored by following
the change in the UV–vis spectra using a UV–vis
spectrophotometer (model UV-2450), Shimadzu
Corporation, Japan.

2.4. Experiment setup for aerobic biodegradation of dye

Experimental setup for the study, i.e. the prepara-
tion of activated sludge, addition of nutrients, elimina-
tion of interferences due to the presence of hydrogen
peroxide and iron was done as per the procedure used
elsewhere [8,14]. The batch reactor was operated with
the F/M ratio of 0.15 and residence time of one day in
line with the operating conditions maintained in the
tannery CETPs and ETPs. All the experiments were
conducted in duplicate.

2.5. Fourier transform infrared spectrometry (FT-IR)
analysis

FT-IR analysis was carried out in order to assess
the functional groups present before and after aerobic
treatment. The samples were filtered through 0.45 μm
filter, lyophilized and the lyophilized samples were
pelletized with potassium bromide (KBr) in the ratio
of 1:50. The pellets were subjected to FT-IR analysis
using transmission mode. The measurements were
carried out in the mid-infrared range from 4,000 to
500 cm−1, with ABB make MB 3000 model FT-IR.

3. Results and discussion

3.1. Characteristics of AB 113 dye

Characteristics of the acid blue (AB 113) dye are pre-
sented in Table 1. BOD5/COD ratio of 0.029 indicated
that AB 113 is not easily biodegradable. Generally, a
compound is considered not easily biodegradable when
its BOD5/COD value is lower than 0.20. Dyes are
designed to be recalcitrant under usage conditions such
as exposure to sun light, washing, and microbial attack
and these properties subsequently make the treatment
process difficult.

3.2. Application of ozonation as pre-treatment

In ozonation processes, the nature of compounds
present in water would determine the degree of reac-
tivity with ozone. Compounds with specific functional
groups (aromatic rings, unsaturated hydrocarbons) are
prone to ozone attack while other compounds (satu-
rated hydrocarbons, alcohols, aldehydes) are resis-
tant to ozone attack [15]. Ozonation, as an effective
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oxidation process, has found application in the decol-
orization of synthetic dyes. It was reported that ozone
effectively decomposed azo dyes in textile wastewater.
The decomposition rate was considerably higher at
acidic pH [16].

UV280 measurements can provide useful informa-
tion, although not compound specific, because lower
the aromatic content, lower is the toxicity of the trea-
ted wastewater. Change in the aromaticity of the
wastewater during ozonation was monitored at
280 nm and decolorization of the dye color during
ozonation is presented in Fig. 1. In three minutes con-
tact time, some chromophores were still present and
this was indicated in the visible region spectra. During
ozonation, the absorbance peaks in the visible region

of the dye decreased gradually with time and disap-
peared at 5min of ozonation indicating the destruction
of chromophore structure in the dye and the solution
turned colorless.

In addition to decolorization, pre-ozonation of
5min, improved the BOD5/COD ratio of dye from
0.029 to 0.291 due to the partial oxidation of the dye
molecules and the generation of biodegradable organ-
ics. During this step, partial mineralization took place
and resulted in reduction in COD of 22%. Increasing
the contact time beyond 5min did not substantially
increase the BOD5/COD ratio. The reason was the
resistance of the formed intermediate compounds to
further ozonation. Thus, considerable amount of COD
is attributed to these small organic molecules. Even
though high color removal efficiency was observed,
limited COD removal efficiency was obtained. This
could be explained by incomplete oxidation of organic
material and production of small organic molecular
fragment along with destruction of dyestuff that not
being completely oxidized [17].

At acidic pH, Ozone molecule is selective and
attacks preferentially the unsaturated bonds of chro-
mophores. For this reason, color removal by action of
ozone is fast, but the mineralization is low. Typically,
ozonation rarely originates complete mineralization to
carbon dioxide and water, but leads to partial oxida-
tion to organic acids, aldehydes, and ketones. Ozona-
tion process has been suggested as a potential
alternative for decolorization with low mineralization
and improvement of biological degradation of textile
effluents [18]. Hence, ozonation seems to be a suitable
option for increasing the biodegradability of such
wastewaters. The destruction of aromatic rings and
unsaturated sites in organic molecules, and the
resultant formation of acidic and alcoholic groups by
ozonation may thus suggest an enhancement in biode-
gradability. It was further inferred that compounds
that are already partially oxidized are generally con-
sidered to be more easily attacked by micro-organisms
[19]. Hence, in the present study, pre-ozonation for
5min was selected as the optimum contact time for
increasing the BOD5/COD ratio of dye to 0.291 from
0.029 at the pH of 3.5 ± 0.1.

3.3. Application of Fenton’s reagent as pre-treatment

Oxidation using Fenton’s reagent has proved to be
a promising and attractive treatment method for the
effective decolorization and degradation of dyes, as
well as for the destruction of a large number of haz-
ardous and organic pollutants. Oxidation with
Fenton’s reagent is based on ferrous ion and hydrogen
peroxide and exploits the very high reactivity of the

Table 1
Characteristics of acid blue (AB 113) dye

Sl.No Parameter
Average value ±
standard deviation

1. pH 5.8 ± 0.05
2. Chemical oxygen demand

(COD), (mg/L)
680 ± 30

3. Biochemical oxygen demand
(BOD5), (mg/L)

20 ± 5

4. Total kjeldhal nitrogen
(TKN) as Nitrogen (mg/L)

8 ± 2

5. Phosphorus as P (mg/L) 2.5 ± 0.2
6. BOD5/COD ratio 0.029

Fig. 1. Change in the color and aromaticity of the AB 113
during ozonation (1: without ozonation; 2: 3min contact
time; and 3: 5 min contact time).
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hydroxyl radical produced in acidic solution by cata-
lytic decomposition of H2O2 [20]. The mechanism of
Fenton’s oxidation involves basically the following
steps:

Fe2þ þ H2O2 ! Fe3þ þOH� þ �OH (1)

Fe2þ þ �OH ! Fe3þ þOH� (2)

Fe3þ þ H2O2 ! Fe2þ þHþ þHO�
2 (3)

H2O2 þ �OH ! HO�
2 þH2O (4)

2�OH ! H2O2 (5)

The major parameters affecting Fenton process are the
solution’s pH, amount of ferrous ions, concentration
of H2O2, initial concentration of the pollutant, and
presence of other ions. The optimum pH for Fenton’s
reagent processes ranges from 2 to 4. At pH higher
than 4, the Fe2+ ions are unstable and they are easily
transformed to Fe3+ ions, forming complexes with
hydroxyl. Moreover, under alkaline conditions, H2O2

loses its oxidative power due to its breakdown into
oxygen and water. For the pre-treatment using
Fenton’s reagent, known quantity of FeSO4 and H2O2

(30%) was used at the pH of 3.5 ± 0.1. Addition of
FeSO4 typically contains residual H2SO4 (about
0.245%). This resulted in drop in pH to about 3.2 ± 0.1
from 3.5 ± 0.1. Addition of H2O2 resulted in further
pronounced pH drop to 2.8 ± 0.1 due to the produced
organic acids from the fragmentation of organic mole-
cules by hydroxyl radicals [21].

Fenton oxidation as pre-treatment increases the
biodegradability of wastewater and it requires less
than the theoretical stoichiometric amount of H2O2.
In the present study, optimization of H2O2 was car-
ried out for different H2O2/COD ratios (w/w), rang-
ing from 0.25 to 1.5. The Fe2+ dose was kept at
50mg/L for all ratios of H2O2. A higher dose beyond
the required quantity of H2O2 resulted in lesser
removal efficiency of COD due to the auto-scaveng-
ing reactions of .OH radicals. Effect of different
H2O2/COD ratio on the mineralization and change in
the biodegradability of AB 113 dye is presented in
Fig. 2. The results from the figure indicated that
using an amount of H2O2 higher than that corre-
sponding to the theoretical stoichiometric H2O2 to
COD ratio does not lead to any further improvement
in mineralization.

The results indicated that H2O2/COD ratio (w/w)
to 1.0 resulted in increase in BOD5/COD ratio to 0.33
with COD reduction of 38% due to mineralization.

Further increasing the H2O2/COD ratio (w/w)
resulted in lesser removal of COD and decrease in
BOD5/COD ratio. Hence, optimization of Fe2+ dose
was done by keeping the H2O2/COD ratio (w/w) to
1.0 and varying the concentration of Fe2+ from 50 to
100mg/L. The results indicated that increasing the
concentration of Fe2+ beyond the optimum concentra-
tion of 70mg/L does not substantially improve the
removal efficiency of COD and increase the
BOD5/COD ratio. The results of the optimization of
Fe2+ are plotted in Fig. 3. Based on the results on pre-
treatment using Fenton’s reagent, the optimum dose
selected was H2O2/COD ratio of 1.0 (w/w) and
H2O2/Fe

2+ was 9.7 (w/w) basis. Reaction time was
optimized to one hour based on the removal efficiency
of COD.

COD reduction slowed down after cleavage of
chromophores during Fenton pre-treatment, probably
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due to the accumulation of advanced oxidation
intermediates that are more resistant to further oxida-
tion. In all cases, only partial COD removal was
achieved at the end of the reaction due to the fact that
after cleavage of the dye chromophores, the reaction
slows down such that the highly complex-structured
dye molecules are only partially degraded to relatively
small organic fragments, such as carboxylic acids,
aldehydes, ketones, and alcohols [5]. During Fenton’s
oxidation, using H2O2/COD ratio of 1.0 (w/w) and
50mg/L of Fe2+ showed some of the chromophores
were still present and this was indicated by the pres-
ence of color in the visible region. The absorbance
peaks in the visible region of the dye disappeared at
H2O2/COD ratio of 1.0 (w/w) and 70mg/L of Fe2+

indicating the destruction of chromophore structure in
the dye and resulted in the disappearance of color.
Change in the aromaticity of the wastewater during
Fenton’s oxidation was monitored at 280 nm and
decolorization of the dye color is presented in Fig. 4.

The effectiveness of Fenton and ozone oxidation
has been compared for the wastewater generated by a
textile finishing industry located in Istanbul. The
results obtained indicate that Fenton oxidation
removes COD to a major extent (59%) higher than
ozone (33%), while color removal was about 90% in
both the cases [22,23] examined the effectiveness of
Fenton oxidation for the reduction of the organic con-
tent of the wastewater generated from a textile indus-
try and results showed that the COD decreased by
about 45% in Fenton oxidation In the present study,

Fenton’s reagent pre-treatment at the optimum dose of
H2O2/COD ratio of 1.0 (w/w) and H2O2/ Fe2+ at 9.7
(w/w) resulted in 45% reduction of COD due to min-
eralization, with consequent improvement in BOD/
COD ratio from 0.029 to 0.411.

3.4. Batch aerobic reactor studies

3.4.1. Aerobic studies of AB 113 dye without AOP
pre-treatment

Samples were collected at regular intervals of time
and analyzed for BOD, COD and plotted in Fig. 5.
The BOD5 and COD removal efficiencies at 8 h contact
time resulted in 16 and 11.47% removal. Further
increasing the contact time to18 h resulted in BOD and
COD removal of 24 and 22%. The BOD5 and COD
removal efficiencies during one day residence time
reached 26.0 and 24%, which corresponds to the val-
ues of BOD5 and COD of 15 and 510mg/L in the trea-
ted wastewater. Further increasing the residence time
to 30 h did not substantially improve the BOD5 and
COD removal efficiencies. Initial BOD5 and COD of
effluent were 20 and 680mg/L indicating the recalci-
trant nature of the wastewater and its resistance to
biodegradation.

The chemical structure of the azo dyes include sul-
fonic acid groups that ensure both its solubility in
water and its ability to dye wool, silk, nylon (poly-
mide), cotton, cellulose acetate, and other kinds of
fibers. However, the sulfonic acid group deactivates
the structure with respect to an electrophilic attack
and biological degradation that occur in conventional
aerobic treatment units. Therefore, the treatment of

Fig. 4. Change in the aromaticity of the AB 113 during Fen-
ton’s reagent pre-treatment (1: without Fenton’s oxidation;
2: Fe2+ dose of 50mg/L; and 3; Fe2+ dose of 70mg/L).
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textile wastewater by conventional methods such as
biological treatment is inefficient for color removal
and degradation [16,24].

Studies of the partitioning of azo dyes in the acti-
vated sludge process have shown that most of the
dyes pass through it unchanged, whilst some are
adsorbed onto the mixed liquor solids and only a
minority is degraded. Thus, conventional aerobic treat-
ment cannot be relied upon for degradation of azo
dyes [25]. The wastewater containing water-soluble
dyes are generally not decolorized effectively by the
aerobic biological treatment. Adsorption to the sludge
is the primary removal mechanism for dyes in a bio-
logical wastewater treatment system and that factors
inhibiting permeation of the dye through the microbial
cell membrane reduce the effectiveness of biological
degradation [26].

The aerobic biological treatment processes can
successfully degrade the simpler biodegradable
organic matter present in the wastewater, but these
systems are not capable for the degradation of
complex-structured (recalcitrant) organic compounds
such as azo dyes. The aerobic systems usually exhibit
a relatively low color removal potential and this
removal is mostly due to the adsorption on to the
biomass rather than biodegradation [10]. The nature of
the dye and its BOD5/COD value of 0.029 indicated
its recalcitrant nature. The biological treatment of dye
also indicated the same and whatever the removal
efficiency observed was only due to adsorption.
Hence, this type of wastewater cannot be treated effi-
ciently in a conventional biological treatment system
without AOP pre-treatment.

3.4.2. Aerobic studies for ozone pre-treated AB 113 dye

Pre-ozonation increased the BOD5/COD ratio from
0.029 to 0.296 with reduction in COD of 22% due to
mineralization. BOD5 and COD of ozonated dye were
157 and 530mg/L indicating an increase in BOD5 with
some mineralization. The enhancement of the biode-
gradability is related to cleavage of the azo bonds and
aromatic rings and thus, the conversion of the dye
molecules into simple and more degradable intermedi-
ates such as acids, aldehydes, ketones, etc. [9]. During
biological treatment, BOD5 and COD removal effi-
ciency in eight hours increased to 36.4 and 19.8 and it
steadily increased and reached a value of 64.3 and
31.1% in 18 h contact time. BOD5 and COD removal
efficiencies in one day residence time in aerobic batch
reactor further increased to 70.8 and 33% and resulted
in 45 and 355mg/L of BOD5 and COD in the final
treated wastewater. Further increasing the residence

time to 30 h did not substantially improve the biodeg-
radation. The results are given in Fig. 5.

Pre-ozonation improved BOD5 and COD removal
efficiencies in biological reactor from 26 and 24.3% to
70.8 and 33% indicating that produced biodegradable
organics are effectively removed in the aerobic reactor
with pre-treatment when compared with aerobic treat-
ment of dye without pre-treatment. The partially oxi-
dized organic matter produced after ozonation was
presumably more amenable to aerobic biodegradation,
thus, accounting for the observed enhancement of aer-
obic biodegradability. COD removal in the single-stage
ozonation–biological treatment was 58% for Reactive
Red 120 and it was due to the biodegradable com-
pound produced during ozonation removed by the
following biological treatment [27]. The continued
presence of some residual organic matter in the efflu-
ent after final aerobic biodegradation is presumably of
a refractory nature produced during ozonation [19].
The results of aerobic biodegradation studies of pre-
ozonated dye indicated that even though ozonation
improved the biodegradability, some of the produced
intermediates resist further biodegradation and
resulted in 55% removal of COD for the combined
process. The treated effluent had a BOD5and COD of
45 and 355mg/L due to the lower removal of pro-
duced intermediates in the aerobic reactor.

3.4.3. Aerobic studies for Fenton’s reagent pre-treated
AB 113 dye

Fenton’s reagent pre-treatment improved the
BOD5/COD ratio from 0.029 to 0.411, with COD
removal efficiency of 45% due to mineralization. Dur-
ing aerobic treatment, BOD5 and COD removal effi-
ciencies increased to 46.6 and 21.9% in eight hours
contact time and it further increased to 78.6 and 34.2%
in 18 h contact time. It steadily increased, reaching
BOD5 and COD removal efficiencies of 83.3 and 37%
in one day residence time. The final treated dye efflu-
ent had a BOD5 and COD of 25 and 230mg/L and
was able to meet the discharge standards of BOD5 and
COD stipulated in India in one day residence time.
The results are presented in Fig. 5.

The results clearly indicated that Fenton oxidation
improves the biodegradability of dye and the interme-
diates formed are effectively degraded in the aerobic
reactor. Fenton oxidation followed by aerobic biologi-
cal treatment for decolorization and mineralization of
azo dyes viz. Reactive Black 5 (RB5), Reactive Blue 13
(RB13) showed >99% reduction in color for all dyes
with COD removal of 82, 89, and 84%. The results
showed that Fenton oxidation was capable of signifi-
cant mineralization of dyes with improvement in
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biodegradability, which was effectively removed in
the aerobic treatment process [28]. The effect of
Fenton’s pre-treatment on the degradability and toxic-
ity removal of a simulated acid dye bath effluent was
studied in F/M ratio of 0.19mg COD/mg MLVSS d−1

in activated sludge reactor showed that the inhibitory
effect of the spent acid dye bath was totally eliminated
with Fenton’s pre-treatment under optimized reaction
conditions [9]. The results of the present study for the
dye indicated that sequential Fenton pre-treatment
and aerobic treatment in one day residence time
resulted in 82% removal of COD.

3.5. Evaluation of FT-IR spectra before and after aerobic
treatment of AB 113 dye

The functional groups present in the dye (i) before
and after aerobic treatment (ii) ozone pre-treated dye
before and after aerobic treatment, and (iii) Fenton’s
reagent pre-treated dye before and after aerobic treat-
ment are discussed below in detail.

3.5.1. FT-IR analysis of AB 113 dye before and after
aerobic treatment

FT-IR spectrum of the dye before and after aerobic
treatment is shown in Fig. 6. Spectrum of the dye
before aerobic treatment showed the following peaks.
The prominent absorption band around 3,455 cm−1 can

be associated with O–H, N–H, and aromatic
=C–H stretching [29]. The peaks in the region
1,600–1,430 cm−1 could be due to C=C aromatic ring
stretching. Several aromatic C–H out-of-plane bending
vibrations in 670–900 cm−1 and in-plane bending
vibrations in the region 950–1,275 cm−1 were observed.
N=N stretching due to azo bond was observed in
1,500 and 1,450 cm−1. SO2 symmetric and asymmetric
stretching were observed in the zone of 1,290–1,390
and 1,120–1,190 cm−1 [30].

FT-IR results after aerobic treatment showed that
almost all the compounds present in it are not effec-
tively degraded. The presence of aromatic ring stretch-
ing was observed in the fingerprint region. In
particular, the peak around 1,495 and 1,450 cm−1 due
to the azo bond was still present in the treated efflu-
ent, indicating that the degradation was not carried
out efficiently by the aerobic micro-organisms. These
results clearly indicated that pre-treatment by AOP is
needed for increasing the biodegradability for effective
removal of dye in the aerobic reactor.

3.5.2. FT-IR analysis of ozone pre-treated AB 113 dye
before and after aerobic treatment

FT-IR spectrum of the ozone pre-treated dye before
and after aerobic treatment is shown in Fig. 7. The
prominent absorption band around 3,400 cm−1 can be
associated with O–H, N–H, and C–H stretching vibra-
tions. Two sets of bands in the region, with one set

Fig. 6. FT-IR spectrum of the AB 113 before (b) and after
(a) aerobic treatment.

Fig. 7. FT-IR spectrum of the ozone pre-treated AB 113
before (b) and after (a) aerobic treatment.
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around 1,600 cm−1 and the other around 1,500 cm−1,
are consistent with the stretching of aromatic ring.
Ozonation resulted in breaking the azo bond and this
was supported by the absence of peak and disappear-
ance of color due to the breaking of chromophore.
Peak at 1,638 cm−1 may be due to the presence of aryl
carboxylic acid or quinine [31]. Conjugated aldehydes,
ketones, and esters also show peaks in this region
[32]. The C=O stretching was observed at 1,707 and
1,354 cm−1. N–H bending of aromatic amines also
show peaks in the region of 1,360 to 1,250 cm−1. N–H
bending of aliphatic amines is observed in the region
of 1,020 to 1,220 cm−1 [33]. Peaks observed in the
region 2,935–2,915 cm−1 and 2,850 cm−1 were due to
stretching of C–H bond. Peak observed in the region
of 2,340 cm−1 was characterized by dissolved CO2 [34].
C–H stretching of alkanes was observed at 2,925 and
2,859 cm−1. During ozonation, part of the organics in
the wastewater was mineralized and new intermediate
compounds were produced, which were reflected in
the peak when compared without AOP pre-treatment.
The results indicated that complex dye molecules
were attacked by the ozone and new compounds like
aromatic carboxylic acid, aldehyde, aromatic and ali-
phatic amines were generated due to ring opening
and mineralization [35].

Aerobic treatment of pre-ozonated dye showed
weak absorption in the peaks of 1805 and 1,720 cm−1.
The presence of peaks may be due to C=O stretching
of carbonyl groups present in acids, saturated alde-
hydes, and ketones (Mistry 2009). C=O stretching of
carboxylic acid was observed at 1,627 cm−1. Peak due
to O–H stretching was observed at 3,437 cm−1. Peak at
1,140 cm−1 showed the stretching of C–O–H bond [30].
Peak at 1,140 and 1,037 cm−1 may be due to S=O
stretching. The results indicated that final aerobic-trea-
ted solution contains aliphatic carbonyl compounds.

3.5.3. FT-IR analysis of Fenton’s reagent pre-treated
AB 113 dye before and after aerobic treatment

FT-IR spectrum of the Fenton’s reagent pre-treated
dye before and after aerobic treatment is shown in
Fig. 8. The prominent absorption band around
3,400 cm−1 was due to O–H stretching and C–H
stretching vibrations. C=C stretching due to ketone,
aldehyde, and carboxylic acid was observed at
1,727 cm−1. C=O stretching of carboxylic acid was
observed at 1,633 cm−1. Conjugated aldehydes,
ketones, esters, and carboxylic acids also show peaks
in this region [32]. N–H bending of aliphatic amines
was observed in the region of 1,020–1,220 cm−1 [33].
N–H stretching of aromatic amines was not observed.

Peak observed in the region of 2,340 cm−1 was charac-
terized by dissolved CO2 [34]. The results indicated
that new compounds like carboxylic acids, aldehyde,
esters, ketones, and aliphatic amines were generated
during pre-treatment.

The spectrum of the aerobic-treated dye was
simple, indicating the presence of simple organic
compound. Aerobic treatment of Fenton’s reagent pre-
treated dye showed the disappearance of the peaks
for the aromatic compounds. C=O stretching of car-
boxylic acid was observed at 1,629 cm−1. Peak due to
O–H stretching was observed at 3,420 cm−1. Peak at
1,161 cm−1 showed the stretching of C–O–H bond.
Based on FT-IR analysis, it was clear that AOP pre-
treatment improved the biodegradability and the bio-
degradable compounds are removed effectively in the
aerobic reactor. This result is also supported by the
BOD5 and COD removal efficiencies in the aerobic
treatment.

4. Conclusions

The aerobic systems usually exhibit a relatively
low color removal potential for dye-containing waste-
water. BOD5/COD ratio of 0.029 indicated the recalci-
trant nature of dye which prevented the degradation
in the aerobic reactor. The low BOD5 and COD
removal efficiency observed was only due to the
adsorption over the microbes and resulted in carrying
color and organics into the effluent. Pre-ozonation

Fig. 8. FT-IR spectrum of the Fenton’s reagent pre-treated
AB 113 before (b) and after (a) aerobic treatment.
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improves the biodegradability by increased BOD5/
COD ratio from 0.029 to 0.296 with reduction in COD
of 22% due to mineralization. BOD5and COD removal
efficiencies in one day residence time in aerobic batch
reactor was 70.8 and 33% and resulted in 45 and
355mg/L of BOD5 and COD in the final treated
wastewater. Even though ozonation improved the bio-
degradability, some of the produced intermediates
resist further biodegradation and resulted in only 55%
removal of COD for the combined process. Fenton
pre-treatment resulted in increased biodegradability
from 0.029 to 0.411 with reduction in COD of 45% due
to mineralization. Aerobic treatment of Fenton pre-
treated dye resulted in effective degradation of pro-
duced organic compounds and resulted in BOD5 and
COD of 25 and 230mg/L in the treated effluent. The
results of the present study for the dye indicated that
sequential Fenton pre-treatment and aerobic treatment
in one day residence time resulted in 82% removal of
COD in the combined process.

Acknowledgment

The authors wish to thank Council of Scientific &
Industrial Research (CSIR), India to undertake the
study under the SETCA - XII Five Year Plan Network
project. The authors would also like to thank the
Director, Central Leather Research Institute (CLRI)
India for permitting to publish this work.

References

[1] A.D. Covington, T. Covington, Tanning chemistry: The
science of leather, R. Soc. Chem. (2009). ISBN:
0854041702, 9780854041701.

[2] J.S. Chang, B.Y. Chen, Y.S. Lin, Stimulation of bacterial
decolorization of an azo dye by extracellular metabo-
lites from Escherichia coli strain NO3, Bioresour.
Technol. 91 (2004) 243–248.

[3] European Commission, Integrated Pollution Preven-
tion and Control (IPPC) Reference Document on Best
Available Techniques for the Tanning of Hides and
Skins. 2003. Available from: <http://eippcb.jrc.es/
reference/tan.html>.

[4] A.Pandey, P. Singh, L. Iyengar, Bacterial decoloriza-
tion and degradation of azo dyes, J. Taiwan Inst.
Chem. Eng. 42 (2011) 138–157.

[5] I.Arslan- Alaton, S. Teksoy, Acid dyebath effluent
pretreatment using Fenton’s reagent: Process optimiza-
tion, reaction kinetics and effects on acute toxicity,
Dyes Pigm. 73 (2007) 31–39.

[6] N. Modirshahla, M.A. Behnajady, Photooxidative
degradation of Malachite Green (MG) by UV/H2O2:
Influence of operational parameters and kinetic model-
ing, Dyes Pigm. 70 (2006) 54–59.

[7] A.Karimi, F. Mahdizadeh, M. Eskandarian, Enzymatic
in situ generation of H2O2 for decolorization of Acid

Blue 113 by Fenton process, Chem. Indu. Chem. Eng.
Q. 18 (1) (2012) 89–94.

[8] C. Kalyanaraman, S.B.K. Kanchinadham, L. Vidya
Devi, S. Porselvam, J.R. Rao, Combined advanced oxi-
dation processes and aerobic biological treatment for
synthetic fat liquor used in tanneries, Ind. Eng. Chem.
Res. 51 (2012) 16171–16181.

[9] G. Moussavi, M. Mahmoudi, Degradation and biode-
gradability improvement of the reactive red 198 azo
dye using catalytic ozonation with MgO nanocrystals,
Chem. Eng. J. 152 (2009) 1–7.

[10] S. Bamperng, T. Suwannachart, S. Atchariyawut, R.
Jiraratananon, Ozonation of dye wastewater by mem-
brane contactor using PVDF and PTFE membranes,
Sep. Purif. Technol. 72 (2010) 186–193.

[11] N.P. Tantak, S. Chaudhari, Degradation of azo dyes
by sequential Fenton’s oxidation and aerobic biologi-
cal treatment, J. Hazard. Mater. B 136 (2006) 698–705.

[12] E. Chamarro, A. Marco, S. Esplugas, Use of Fenton
reagent to improve organic chemical biodegradability,
Water Res. 35 (4) (2001) 1047–1051.

[13] APHA, Awwa, WEF, Standard Methods for the Exam-
ination of Water and Wastewater, twentieth ed.,
Washington DC, American Public Health Association/
American Water Works Association/Water Environ-
ment Federation, 1998.

[14] C. Kalyanaraman, S.B.K. Kanchinadham, V. Sudharsan
Varma, R. Priyadharsini, J.R. Rao, Biodegradation of
lecithin -based fat liquor: Optimization of food to
microbes ratio and residence time, JALCA 108 (2013)
1–10.

[15] F.J. Beltran, Ozone Reaction Kinetics for Water and
Wastewater Systems. Lewis publishers/A CRC Press
Company, Boca Raton, FL/London/New York/
Washington, DC, 2004.

[16] E. Forgacs, T. Cserhati, G. Oros, Removal of synthetic
dyes from wastewaters: A review, Environ. Int. 30
(2004) 953–971.

[17] A.Al-Kdasi, A. Idris, K. Saed, C.T. Guan, Treatment of
textile wastewater by advanced oxidation processes—
a review, Global Nest: Int. J. 6 (2004) 222–230.

[18] O.S.G.P. Soares, J.J.M. Orfao, D. Portela, A. Vieira,
M. F.R. Pereira, Ozonation of textile effluents and dye
solutions under continuous operation: Influence of
operating parameters, J. Hazard Mater. 137 (2006)
1664–1673.

[19] D.P. Saroj, A. Arun Kumar, P. Bose, V. Tare, Enhance-
ment in mineralization of some natural refractory
organic compounds by ozonation-aerobic biodegrada-
tion, J. Chem. Technol. Biotech. 81 (2006) 115–127.

[20] J.H. Ramirez, F.M. Duarte, F.G. Martins, C.A. Costa,
L.M. Madeira, Modelling of the synthetic dye Orange
II degradation using Fenton’s reagent: From batch to
continuous reactor operation, Chem. Engineer. J. 148
(2009) 394–404.

[21] I. Oller, S. Malato, J.A. Sánchez-Pérez, Combination of
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