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Abstract— Textile effluent are abundant source of colored 
pollutant that present an enhancing the environmental 
danger. So the color present in textile effluent is that 
major concern of researcher today. Dyestuff present in 
textile effluent is mainly xenobiotic in nature and not 
easily self-biodegradable. Intensive treatment is necessary 
to degrade the dyestuff and reduces the COD and 
turbidity of textile effluent. The present work is an 
attempt to review the all possible treatment methods for 
remove dyestuff from textile effluent by Advanced 
Oxidation Processes (AOPs). The proposed studies in this 
paper summarize the capability and potential of 
conventional treatment for degradation of dyestuff from 
textile effluent. Conventional method for treatment of 
textile effluent has own certain limitations that can be 
well overcome by advance oxidation processes (AOPs). 
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I. INTRODUCTION 

Nowadays, dye effluents are responsible for major 
environment concern in wastewater treatment. Textile 
industries consume huge amount of water and it create 
remarkable amount of wastewater which contain 
unconsumed dyes and its constituents [1]. Textile industry 
generates highly polluting wastewater which contains dyes 
and their decomposition is creating very serious problem to 
wastewater treatment plant. High color, TDS, toxic metals 
are present in textile effluents which have been responsible 
for decrease the capacity of self-degradation of pollutants in 
wastewater [2]. Historically, different methods have been 
used for treatment of industrial and domestic wastewaters, 
drinking water purification and disinfection, ultrapurification 
of water for especial uses (pharmaceutics or 
microelectronics), etc.  

In most cases, anthropogenically polluted water can be 
effectively treated by conventional methods, such as 
biological processes, adsorption on activated carbon or other 
materials, thermal oxidation, chlorination, ozonation, 
flocculation precipitation, reverse osmosis (RO), etc. 

Biological process is not suitable for decolorization of dyes 
because of most of the dye is in inorganic and toxic in nature 
to microorganism used in process. Coagulation technique is 
more suitable for insoluble dyes but not for soluble dyes, 
whereas activated carbon is only effective for soluble dyes. 
Most of the dyes particularly reactive dyes cause highly 
environment problem due to their decomposition products 
[3]. Degradation of dyes from textile effluent is very tricky 
because of complex structure and recalcitrant nature of dyes 
[4].   

However, in some cases, conventional procedures are not 
adequate to reach the degree of purity required by 
international or local regulations or by the subsequent use of 
the effluent. In these cases, Advanced Oxidation Processes 
(AOPs) or Advanced Oxidation Technologies (AOTs) are 
efficient novel methods for water treatment that permit the 
total or partial elimination of compounds resistant to 
conventional treatments, reduction of toxicity or destruction 
of pathogen microorganisms.  

Advance oxidation processes (AOPs) has great potential 
to degrade the dyes than conventional methods and it has 
proved itself as a promising alternative to biological, 
chemical and physical technique to remove the dyes from 
textile effluents. AOPs are operating at near atmospheric 
pressure and temperature which are based on formation of 
hydroxyl radicals to initiate the oxidation of organic 
pollutants. AOP can thoroughly oxidize the organic 
pollutants to CO2, H2O, salt. AOP are used for degrading the 
dissolved organic pollutants such as cyclic compounds, 
halogenated hydrocarbons, phenols, pesticides as well as 
more suitable for inorganic pollutants such as nitrile, sulfide 
and cyanide. Combine treatment of various AOPs are 
responsible for synergistic effect which can reduce the 
operating time and cost. 

AOPs can often demonstrate synergistic effects are based on: 
 
· Ozone (O3) 
· Hydrogen peroxide (H2O2) 
· O3/ H2O2 
· Fenton’s reaction, Photofenton reaction 
· Photochemical oxidation 
· UV/ H2O2 
· UV/H2O2/O3 
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· Photochemical catalysis 
· UV/TiO2 

Hydroxyl radicals are highly reactive than ozone. H2O2 is 
reduces the operating cost and size of treatment plants. 
Mainly all conventional technique produces the secondary 
pollution after degradation of dyes from wastewater. AOPs 
can able to remove most of the pollutant from textile effluent 
without formation of secondary pollutants. 

Characteristics of textile dye effluent: 

Dye effluent of textile industry is mainly generates from 
bleaching, washing processes. Textile dye effluents are very 
difficult to treat because of high fluctuation in pH, color, 
temperature, total dissolved solid (TDS), total suspended 
solid (TSS) and dissolved solid.  

Classification of the dye effluents are carried out in three 
types according to their chemical oxidation demand (COD), 
color intensity; high, average and low concentration dye 
effluents. High concentration dye effluent has COD greater 
than 1500ppm and negligible light permeability. Average 
concentration dye effluent has COD in between 800-
1500ppm whereas lower concentration dye effluent has less 
than 800ppm COD content. Generally wastewater treatment 
is work on upper and lower concentration level. 

 
Table 1: Characteristics of dye effluent 

 
Main characteristics of dye effluent are discussed below: 
 
Color: Conjugated double bonds in chromospheres group 
present in dyes are responsible for color.  

Color present in dyes effluent is not only creating 
negative aesthetic effect but also inhibits the self-purification 
potential of dye effluent by reducing the photochemical 
synthesis of O2 and disturb the aquatic ecosystem [8]. Color 
present in dye effluent absorbs the sunlight which is most 
necessary aquatic plant to sustain and reducing the aquatic 
plant which leads to minimise the dissolve oxygen in 
wastewater. 1-2 ppm concentration of dye color is tolerable 
limits but more than that of are resisting to oxidizing species, 
photochemical degradation, and biodegradation. 
Decolorization of dye effluent is most tricky job for most of 
the textile industry wastewater treatment plant [9-11]. 

Dissolved solids: Dissolved solid in dye effluents are also 
important characteristics of textile industry effluent.  

Common salt are used in dye processes which 
tremendously increase total dissolve solid (TDS) in dye 
effluents. Conventional methods are not sufficient for 
treating the high TDS dye effluents. High TDS dye effluents 
has potential to disturb the ground and surface water quality 

of water. High TDS water cannot be used as raw water for 
industry as well as not suitable for irrigation purpose. 

Chlorine: Chlorine salt is used in textile industry result in 
residual Cl2 in textile effluent.  

Chlorine present in dyes effluent which reduces the 
dissolve oxygen (DO) in water body as well as chlorine react 
with other compound and form complex chlorine salt. 
Chlorine is very harmful for microbe which used in 
biodegradation processes. 

Organic materials: Organic pollutants arise in dye effluent 
from organic compound are used in textile processing.  

Organic dyes, acid, enzymes, tallow and sizing material 
etc. are contributed to Organic pollutants in dye effluents. 
Presence of organic pollutants in dye effluents are measured 
in analysis of BOD and COD. Most of the valuable oxygen is 
consumed to decompose the organic pollutants in dye 
effluent. 

Toxic metals: Metals may act as primary or secondary 
pollutants and it’s very toxic in nature to the aquatic life. 

Dye effluent contains metals result from textile 
processing. That metal creates adverse impact on treatment 
processes. Removal of metals from dye effluent is very 
difficult to the conventional process12. Metals are reacts 
with other compound in dye effluent and form complex 
metal salt which is very difficult to remove from dye 
effluents. Most of the toxic metals in dye effluent are 
chromium (Cr), cadmium (Cd), nickel (Ni), zinc (Zn), copper 
(Cu), lead (Pb), ferrous (Fe) etc. 

 
Table 2: Metals present in dye effluent from textile industry 

 

II. TREATMENT OF TEXTILE DYE EFFLUENT 

Most of the dye effluent is generated from preparation 
processes rather than dying operation in textile industry. Dye 
effluent is mainly consisting of dyes, salt, sizing agent, 
moderant and surfactants [12]. 

Normal wastewater treatment plants are not suitable for 
removing the reactive dyes from textile effluent due to their 
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retardation towards the aerobic and short period anaerobic 
treatment [14]. Mainly 3 methods are used for treatment of 
textile effluent. Those methods have been detail categorized 
on the basis of their working principle involved. The physical 
removal of dye from textile effluent is used in physical 
treatment whereas chemical treatment involved the chemical 
method for removal of dyes while biodegradation of dye are 
involved in biological treatment. 

Physical treatment: Physical methods likes adsorption, ion-
exchange and irradiation, filtration are most applicable 
methods in treatment of textile wastewater plants. These 
methods are widely used in industry to its high dye removal 
potential and low operating cost [15].  Ion exchange is very 
specific in nature for dyes and other impurity present in 
wastewater which has responsible for reduces the capability 
of processes [22, 23] 

Chemical treatment: Physical methods are not suitable for 
complete removal of dye from textile effluent, because it 
requires further treatment for remove the solid waste from 
textile effluent that add extra cost to the treatment. Chemical 
methods have their own drawbacks but it is commonly used 
for their easiness and cost benefits. Chemical methods likes 
flocculation and coagulation [24] technique are commonly 
used for remove the organic pollutants. Coagulation 
technique are very effective for degrade the insoluble dyes 
but not so well for soluble dyes in textile effluent [25, 26]. 
The major drawbacks of these methods are generation of 
mud and extra cost required for remove such mud [27]. It 
leads to the increase the total operating cost of the process. 

Biological treatment: Physical and chemical methods are not 
much applicable for removing the dyes from textile effluent, 
because of the high cost, low efficiency, highly specific in 
nature. Biological methods are a green technique to remove 
dye from textile effluent with minimum cost and optimum 
operating time [28]. Biological method can effectively 
remove the chemical oxygen demand (COD) and turbidity 
[29] but not much effective for decolorization of textile 
effluent. For decolorization of textile effluent, series 
arrangement of anaerobic followed by an aerobic treatment is 
the most suitable arrangement for decolorization in 
biological treatment [31-32]. 

Advanced Oxidation Processes (AOP’s): AOP are 
generating highly oxidizing species and hydroxyl radical, 
which can responsible for decomposition of organic pollutant 
present in wastewater. Oxidation potential (E< 2.72 v/s NHE) 
of these radicals is high, which result in high reactivity with 
pollutants. Other reactive oxygen species (ROS) like HO•, 
O2 •-/HO2 •, H2O2 are also formed and contribute to the 
redox processes enabling the transformation of the target 
pollutant.  

The reaction of these radicals with organic pollutants 
depends on functional group present in it. The organic 
components are oxidizing to formation of unstable radicals, 
which can easily oxidize to H2O, CO2 and acids. 

Most common AOPs are listed in Table 3: 
 

 

 

 
Table 3: Advanced Oxidation Processes 

 
NON-PHOTOCHEMICAL PROCESSES: 

Ozonation: Ozonation processes are very effective for 
degradation of reactive dyes [41], reduction of COD [42], 
removal of toxic pollutants [43-45] from textile effluent.  

Pre-oxidation processes are shows the remarkable 
improvement in biological degradation of organic pollutants 

[46-48] and post-oxidation process enhance the treated 
effluent quality to meet the environmental legislation [49]. 
The main drawback of ozonation is its short half-life period; 
this can be again reduced if dyestuffs are present. Acidic 
condition is more favorable for ozonation, so that careful 
adjustment of the textile effluent pH is required [50]. 
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Electrochemical process: Electrochemical process is widely 
used for removal of dyestuff from textile effluent in green 
pathway [51].  

This process is very effective to remove the toxic and 
inorganic pollutant from textile effluent by direct or indirect 
oxidation. Most of the electrochemical process is widely 
used for degradation of dyestuff containing either mercury 
electrode [52], graphite rode [53], iron [54], boron doped 
diamond electrode [55], platinum foil [56], Al [57], 
titanium/platinum as anode and SS304 as cathode [58] in 
treatment of textile effluent. This method is very economic 
because of very small amount of chemical required for the 
process and stability of process is easily achieved by 
manipulating the electric current. 

Ozonation (O3) / hydrogen peroxide (H2O2): The combine 
treatment of ozone and hydrogen peroxide are very useful for 
degradation of dyes in textile effluent [60].  

Additions of H2O2 and O3 in textile effluent are 
enhancing the decomposition of O3 and accelerate the 
generation of hydroxide radicals. At alkaline condition, slow 
reaction is observed in between hydrogen peroxide and 
ozone whereas at pH greater than the 5 a rapid acceleration 
has been observed [61]. At higher pH, maximum hydrogen 
peroxide is dissociated in to hydroxyl radicals [62]. 

Fenton process: The reaction of ferrous iron with hydrogen 
peroxide is known as fenton’s reaction.  

Fenton process is broadly used for the degradation of 
reactive dyes due to the coagulation and catalytic oxidation 
properties of fenton reagent [63]. Fenton process is very 
economic, easy to use and effective for the degradation of an 
organic pollutant [64]. The main advantage of the fenton 
process is that no energy required for activating the H2O2. 

Fenton process is very effective process when high 
amount of chemical oxidation demand reduction is required 
[64-67]. 

PHOTOLYTIC CHEMICAL PROCESS 

Homogeneous Photolytic chemical process: 

Ultraviolet lamp (UV): 

Mainly UV process is used to initiate the oxidizing agent 
such as hydrogen peroxide and degradation of dyestuff 
influenced by the pH, dye structure, dye effluent composition 
and intensity of UV radiation [68]. UV process can be used 
to dyes molecules into CO2, H2O and salt [69]. Mainly UV 
process operated at lower pressure with principle wavelength 
of 254mm. Strong oxidizing agent generate the hydroxyl 
radical in presence of UV light to degrade the dyestuff in 
textile effluent [70]. The main advantage of this process is no 
mud/slug formation after treatment. 

UV/H2O2 

The oxidizing power of hydrogen peroxide can be 
sensibly improved by HO• generation through cleavage of 
the O-O union with photons of high energy ( < 280 nm). 
The reaction has a low quantum yield (HO• = 0.5) due to 
rapid recombination of the radicals in solution, and produces 
almost quantitatively one HO• per quantum of radiation 
absorbed in the 200-300 nm range: 

 

H2O2 photolysis is usually performed with low- or 
medium- pressure mercury vapor lamps. Almost 50% of the 
energetic consumption is lost in the form of heat or emissions 
less than 185 nm, which are absorbed by the quartz jacket. 
Generally, cheap germicidal lamps are used; however, since 
H2O2 absorption is maximal at 220 nm, it is more convenient 
to use Xe/Hg lamps that - although more expensive - emit in 
the 210-240 nm range. 

In addition to H2O2 other species can absorb photons at 
these short wavelengths, and they can act as light filters. 
However, if the contaminants can be directly photolyzed, this 
may improve the efficiency of the oxidative destruction 
process. Since the intensity of UV radiation decays 
exponentially towards the bulk of the solution, it is necessary 
to establish conditions of turbulent flow to renew 
continuously the solution surrounding the luminous source. 
The UV fluence rate [85] varies with distance from the lamp 
and it is a function of the absorptive characteristics of the 
media through which the UV radiation passes. Both the 
organic contaminant and H2O2 may absorb UV radiation, 
reducing the transmitted fluence rate and changing the 
effectiveness of HO• production throughout the photoreactor. 
Reflection, refraction, shadowing, and lamp characteristics 
influence also the radiant power distribution within a UV 
reactor [86]. 

In the presence of oxygen and organic compounds, 
multiple pathways are operative in the UV/H2O2 system 
involving the generation of hydroxyl, organic and organic 
peroxyl radicals [87]. 

A high pH should be avoided because bicarbonate and 
carbonate ions (coming from the mineralization or present in 
the waters) are competitive HO• trapping species. In most 
degradations performed by UV/H2O2, optimum values for 
H2O2 concentration have been found, beyond which an 
inhibitory effect takes place [88]. At high H2O2 
concentrations, competitive reactions occur in accordance 
with the following scheme [89]: 
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Hydroxyperoxyl (HO2 •) radicals are produced through 
reaction but these radicals are much less reactive than HO• 
(E0 = 1.7 vs. 2.8 V). 

In all cases, it is necessary to determine the optimal H2O2 
concentration, which will depend on the concentration and 
chemical nature of the pollutants in the effluent stream. 
Consequently, treatability tests are needed to determine the 
right amount of H2O2 and to validate the technology. The use 
of UV/peroxide offers some advantages: the oxidant is 
commercially accessible, thermally stable, and can be stored 
in the site of use (with the required precautions). Since H2O2 
has an infinite solubility in water, it is an effective source of 
HO•. There is no mass transfer problems associated with 
gases, as in the case of ozone. Since the needed amounts of 
the reagent are relatively low, the process is rather 
economical. The method has a low efficiency for treating 
waters of high absorbance at  < 300 nm, or containing 
substances that compete with HO• generation. In these cases, 
a large amount of H2O2 is needed [89]. 

The UV/H2O2 technology is one of the oldest AOPs and 
has been successfully used in the removal of contaminants 
from industrial effluents, including organochlorinated 
aliphatics, aromatics, phenols (chlorinated and substituted) 
and pesticides. It allows to extend the earlier UV-C 
technology for disinfection for simultaneous treatment of 
chemical detoxification. 

At present, UV/H2O2 technology is totally 
commercialized. The method can be sensibly improved by 
combination with ultrasound or by pretreatment with ozone 
[89]. 

A more ambitious approach was made by Alpert et al. [86] 
by using numerical models for the design and optimization of 
UV/H2O2 systems incorporating both reaction design 
(hydrodynamics, lamp orientation) and chemical kinetics 
(reaction mechanisms, kinetic rate constants) using 
computational fluid dynamics (CFD) and solving the fluid 
dynamics equations through space and time, including the 
conservation of mass, momentum, and energy. The authors 
concluded that effective CFD models for AOPs should 
incorporate rigorous turbulence and fluence rate submodels, 
kinetic rate equations, and proper characterization of the 
background water matrix. As soon as oxidation pathways for 
water contaminants are identified, a simulation model may 
become an important tool for the design and optimization of 
AOPs, and the model will allow evaluation of multiple 
design scenarios, including number of lamps, layout of 
reactors, and upstream hydraulic conditions. More advanced 
turbulence models, including those incorporating the 
Reynolds Stress Model and/or the Large Eddy Simulation, 
would enhance the modeling, together with a more rigorous 
method for validation of the UV fluence (dose) distribution 
in UV/AOP. In addition, reactors should be evaluated using 
multiple irradiance sensors and/or online chemical 
actinometers. Since the reaction mechanisms for additional 
emerging contaminants become available, especially 
quantification of specific byproduct formation, CFD should 
be considered as a tool for predicting the outcome of direct 

photolysis and advanced oxidation on environmentally 
important compounds. 

UV/O3: 

It has been demonstrated that ozone decomposition in 
aqueous solution forms HO•, especially when initiated by 
OH- 

 

It must be highlighted that ozone final products are O2 
and H2O, making the method less toxic to other conventional 
treatments that use Cl2 or chromic acid. Ozonation is a good 
pretreatment before a biological treatment, because complex 
organics are transformed into aldehydes, ketones or 
carboxylic acids, all easily biodegradable compounds. 
Ozonation is also versatile to be combined with other 
conventional or AOPs. 

However, from the operational point of view, there are 
limitations associated with the gas-liquid ozone mass transfer 
[89-92]. Consequently, the process requires efficient reactor 
design in order to maximize the ozone mass transfer 
coefficient; increasing the interfacial area of contact (the 
bubble size by using small size diffusers, ceramic 
membranes, etc. [92]), good stirring, line mixers, contact 
towers, etc. can favor the process. In addition, increasing the 
retention time in the reactor by large bubble columns, or 
increasing the solubility of ozone by increasing the pressure 
to several atmospheres, may be effective. Addition of H2O2 
to the ozonation system enhances the oxidation capacity of 
the process through secondary reactions. 

Hydrogen peroxide initiates O3 decomposition by 
electron transfer. Set of reactions is initiated by HO• 
producing reaction [89]: 

 

The process is expensive but fast, and can treat organic 
pollutants at very low concentrations (ppb), at pH between 7 
and 8; the optimal O3/H2O2 molar ratio is 2:1. It was 
suggested that the acceleration of ozonation is due to the 
increase of ozone transfer in water by H2O2. 

One of the principal fields of application of this treatment 
is in the degradation of pesticides [93]. It is also effective for 
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the post-treatment of water previously treated with chlorine 
because it can decompose trihalomethanes or related 
compounds. 

When ozone is combined with UV irradiation, several 
processes take place. Irradiation of ozone in water leads to 
quantitative formation of H2O2 [94]: 

 

As said before, photolysis of H2O2 by UV-C radiation 
yields two hydroxyl radicals per each molecule of hydrogen 
peroxide; the reagent also reacts with O3: 

 

As well as H2O2, ozone reacts with hydroxyl radicals to 
form superoxide radicals: 

 

Since ozone has a higher absorption coefficient than 
H2O2 (€254 = 3300 M-1 cm-1), this combined AOP can be 
used to treat water with high UV absorption background. 

O3/H2O2/UV: Generation of hydroxyl radicals are 
remarkable enhance when hydrogen peroxide is added in 
O3/H2O2 [71]. These OH radical generation process is very 
effective and fast for mineralization of pollutants [72]. In 
treatment of textile effluent O3/H2O2/UV processes are 
observed that the complete decolorisation is achieved [73]. 

Photo-fenton process: In photo-fenton process, hydroxyl 
radical formation is greatly enhanced by UV lamp [74-75]. 
Efficiency of decolorisation of textile effluent by fenton 
process is similar to photo-fenton process but mineralization 
process is highly improved in case of photo-fenton process 
[76].  

Heterogeneous Photolytic chemical process:  

In photo-catalytic process, photo-induced reaction 
enhances the efficiency of the process [79]. Absorption of 
photon with energy (≥ band gap energy of catalyst) is 
essential for carry out the photo-catalyst reaction [80]. Photo-
catalyst process is widely used for degradation of dyestuff 
from textile effluent because of complete mineralization can 
achieved [81-88]. Mostly TiO2 and ZnO are widely used as a 
photo catalyst to remove organic pollutant and dyestuff from 
wastewater. 

AOPs are developed and commercialized to a variable 
degree and are undergoing constant change as technological 
advances take place. At present, UV/H2O2, UV/O3, 
UV/H2O2/O3, PF and HP are totally or partially 
commercialized. 

Semiconductor is consisting of two energy band, high 
energy conduction and low energy valence band. 
Semiconductor-sentized photolytic chemical oxidation is 
used for formation OH radical in heterogeneous processes. 
Zinc oxide, strontium titanium trioxide and TiO2 have been 
used for commercial application [77].  

Valance and conduction band of semiconductor material 
separated by energy gap or band gap [78]. 

 
 

Figure 1: Schematic of the photocatalytic mechanism for 
TiO2/ZnO photocatalysts. 

When a photocatalytic surface is exposed by a radiation 
of energy equal to or greater than the bandgap energy of the 
semi-conductor photocatalyst material, it creates a positively 
charged hole in the valance band and negatively charged 
electron in the conduction band by exciting the electrons in 
the valance band to the conduction band. 

Photocatalysts (TiO2/ZnO) + hν→ e- + h+  
h+ + H2O→ H+ + OH•  
h+ + OH-→ OH•  
e- + O2→O2- 
2e- + O2 + 2H+→H2O2 
e- + H2O2→ OH• + OH- 
Organic+•OH 十 O2→CO2+H2O+other degradation 
productions 

The conduction band electron reduces oxygen (into O2-) 
adsorbed to photocatalyst surface (TiO2/ZnO) whereas the 
positively charged hole oxidizes either organic pollutants 
directly or indirectly by water to produce hydroxiyl free 
radicals (HO). 

 

 

III. PRACTICAL APPLICATIONS 

 
Coupling of AOPs with Biological Treatments 

The use of AOPs as a single treatment stage is not 
economically convenient to treat large volumes of effluents 
due to high electrical or chemical costs compared with 
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biological treatments. On the contrary, although biological 
treatments are cheaper, they are time-consuming and several 
pollutants are biorecalcitrant. In last times, some studies 
aimed to reduce the toxicity of an effluent with an AOP up to 
a certain level beyond which a biological oxidation is applied 
to achieve total detoxification; the application of the initial 
AOP pretreatment decreases the total treatment time. Due to 
the extension of this article, these couplings will not be 
described here, but several references can be found in the 
literature [95-97]. 

Comparative Studies on AOPs 

The election of one AOP for the treatment of a 
wastewater must be evaluated from an economical and 
practical point of view. Mostly, the choice of the AOP is 
based on its effectiveness to achieve the target concentration, 
pH, COD, etc. and, once the process is shown to be adequate, 
the election must be economical. The criteria to compare the 
performance depend highly on the properties of the 
wastewater. From the existing literature, it can be seen that 
generally direct photolysis results in incomplete and slow 
degradation of the pollutant unless the target compound 
absorbs strongly at the irradiation wavelength. Addition of 
H2O2 to the UV illuminated system results in a faster 
degradation; however, a strict control of the H2O2 dose is 
needed to avoid excess of the reagent, which becomes a 
competitor for HO•. It has been observed, when comparing 
different technologies, that photo-Fenton is generally the 
most efficient, and complete mineralization occurs in most 
cases only using the individual process; however, the ratio of 
reagents (i.e., the Fe/H2O2 molar ratio) needs to be always 
optimized. Another drawback of the PF technology is that 
acid pH is needed and must be maintained to prevent 
precipitation of iron compounds. This restriction adds a 
previous acidification step and the further alkalinization for 
iron elimination of the media [98]. Gogate and Pandit [92] 
compare five different oxidation processes: cavitation, HP, 
Fenton processes, ozonation and use of H2O2. Although 
US/cavitation is not treated in the present article, the 
reference should be consulted as the following main points 
highlighted by the authors are applicable to all AOPs: 

1) The efficacy of the process depends strongly on the rate of 
generation of free radicals together with a good contact of 
these radicals and/or chemical oxidants with the pollutant 
molecules; the efficient design should then aim at 
maximizing both features. 

2) Although a large amount of literature is available for 
application of HP to wastewater treatment for different 
model pollutants, studies with real effluents are scarce and 
strong efforts are required in this direction. 

3) The development of global kinetic models to predict the 
reaction rates, helpful in designing large-scale reactors, are 
needed. The models should be function of critical parameters 
such as pollutant concentration, presence of radical 
scavengers, or presence of constituents enhancing the rates 
by arresting the electron-hole recombination. 

4) Fenton chemistry seems to be beneficial if used as a 
supplement to enhance the rates of, e.g., HP and acoustic 
cavitation processes rather than its use as individual 
technology. 

5) Ozone or hydrogen peroxide as individual processes is not 
economically favorable, and they should be used in 
combination with others (mainly ultrasound and UV 
irradiation, which lead to the formation of free radicals). 

Combination of AOPs: 

Although most AOPs can be used individually in 
wastewater treatment applications with good economics and 
high degree of energy efficiency, hybrid methods (mostly a 
combination of AOPs) generally improve the global 
treatment. 

These combinations increase the photoprocess efficiency 
by decreasing the reaction time in respect to the separated 
operations, or decrease the cost in respect of HP alone, 
generally in terms of light energy. The most used 
combinations are UV/O3/H2O2, photo-Fenton processes 
combined with TiO2, combinations with PAOPs with 
ultrasound, wet air oxidation or other non-photochemical 
AOP, etc. As said before, combination of AOPs with 
conventional methods, mainly biological oxidation is very 
much studied at present. 

The choice of the combination will be dictated by the 
type of wastewater to be treated. It is always mandatory to 
perform a treatability study of wastewaters before real 
application of the technologies. 

Recently, Lucas et al. [99] compared different 
ozonebased advanced oxidation processes (O3, O3/UV and 
O3/UV/H2O2) for the treatment of winery wastewater in a 
pilot-scale bubble column reactor. It was found that at the 
natural pH of the studied wastewater (pH 4), O3/UV/H2O2 
was the most effective treatment, followed by O3/UV and O3. 
The authors performed an economic analysis of the operating 
costs showing that the O3/UV/H2O2 combination was also the 
most economical process. 

A recent review [94] analyzes combinations of HP with 
chemical and physical operations as tools for improving the 
photoprocess performance. In the specific case of HP, two 
categories of combinations were considered because the 
efficiency may be affected by different factors. In the first 
one, the technology influences directly (and can enhance) the 
photocatalytic mechanism, as this is the case of e.g. 
ultrasonic irradiation, photo-Fenton, ozonation or 
electrochemical treatments. A second category includes the 
coupling with methods not affecting the photocatalytic 
mechanism, such as biotreatments, membrane reactor, 
membrane photoreactor, or physical; in these cases, the 
combination increases the efficiency of the overall process. 
Thus, the application of the combined technologies should be 
directed to the factors affecting these two different aspects. 
The authors highlight that the main drawback of HP are the 
very low quantum efficiencies reached (< 1%), which 
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implies that only one over one hundred of the incident 
photons is able to produce an oxidation/ reduction step.  

Depending on the concentration of the contaminant 
present and on the desired degree of oxidation, it is necessary 
to provide the photoreacting system with a photon flow two 
orders of magnitude higher than that eventually utilized. In 
real contaminated waters, having different pollutants, at high 
concentrations and in high volumes, the magnitude of the 
photon flow needed for the treatment would be very high, 
and the process would not be economic. Sun can also give 
photons but only ca. 5% of them (ca. 30 W m-2) can be used 
by TiO2 (due to its bandgap), and this cannot satisfy the 
needs of the treatment in a realistic way. Based on these 
considerations, the authors propose that the use of 
photocatalysis for wastewater remediation would be 
successful if addressed only to the transformation of 
recalcitrant to non-recalcitrant compounds, which 
subsequently can be easily degraded by conventional 
techniques. Therefore, the coupling of HP with other 
chemical and physical operations seems a good strategy to 
achieve the remediation goal. Additionally, for each system, 
treatability tests in different conditions must be done to find 
the best technology. 

IV. CONCLUSION: 

The paper was shows that various methods are available 
for textile effluent treatment but none of the single method is 
sufficient to remove all pollutants from textile effluent, 
because of each and every methods are suffer from certain 
limitation either these are very costlier, lack of efficiency, 
generation of secondary pollutants and some of them 
treatment can pose risk to human health. Whereas, advance 
oxidation processes (AOPs) system are emerge as promising 
alternative with great potential to remove all kind of 
pollutant from textile effluent. AOP systems are highly 
specific in nature and its selection are mainly depend on 
dyestuff which need to be remove from form textile effluent. 
Combined AOP systems are most effective and economic 
than the single AOP system. Combination of AOP system 
and its sequence has been decided after laboratory research. 
Prior to implement the AOP system, laboratory test is very 
essential to check the economy and performance of AOP 
system. Ultimately, paper concluded that AOP are arises as 
most promising option compared to other conventional 
treatment methods for textile effluent. 
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