
Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015

Decolorization of mixture of dyes: A critical review
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ABSTRACT: Water plays a vital and essential role in our ecosystem. This natural resource is becoming scarce, making
its availability a major social and economic concern. Use of a large variety of synthetic dyes in textile industries has raised
an hazardous environmental alert. About 17 - 20% of freshwater pollution is caused by textile effluents. These effluents
are recalcitrant to biodegradation and cause acute toxicity to the receiving water bodies, as these comprised of various
types of toxic dyes, which are difficult to remove. Decolorisation of textile  wastewater is therefore important before
releasing it into the nearby local waterways. It therefore becomes essential to degrade the toxic chemicals of textile
wastewater, so as to avoid the hazardous environmental effects. Several treatment methods have been employed to embark
upon the problem of dye removal but degradation becomes further more difficult for effluents containing dye matrix. The
review study has been an attempt to present the different diversified attempts used for decolorisation of a mixture of dyes.
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INTRODUCTION
Water is vital requirement of life and used for

various household as well as industrial activities. It is
one of the most essential natural resources,
unfortunately exploited the most. The key reason being
increased human population, rapid industrialization,
increased living standard and urbanization. Today the
whole world is facing water crises because of
unrestricted and excessive exploitation of water. Rapid
urbanization of natural resources like, increase in
industries, especially textile industries is posing a threat
to the water bodies as these discharge effluents with
various harmful and toxic components, mainly dyes.
This deteriorates the quality as well a quantity of water
and makes it unsafe for further use.

Synthetic dyes are of great environmental concern
due to their widespread usage and their low removal
rate during aerobic waste treatment. About 10,000
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different dyes are prepared globally and approximately
8×105 tons of synthetic dyes are consumed in textile
industries in the whole world (Walker and Weatherley,
1997). Textile wastewater is a complex and highly
variable mixture of many polluting substances,
including dyes, which induce color coupled with
organic load leading to disruption of the total ecological
balance of the receiving water system (Hassani et al.,
2008). In Textile industries 93% of the intake water comes
out as colored wastewater due to dyes containing high
concentration of organic compounds and heavy metals
(Wijannarong et al., 2013; Gupta et al., 2014). The non-
biodegradable nature of the dyes in the spent dye baths
of textile industries constitutes a serious environmental
hazard. The color of wastewater is aesthetically
unpleasant to aquatic bodies which hinder the
oxygenation ability of water, disturbing the whole of
the aquatic ecosystem (Xu et al., 2005) and food chain.
Textile effluents comprise of different dyes hence it
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becomes essential to promote the prevailing techniques
as well as to look for new techniques that decolorize
the mixture of dyes rather than a single dye solution.

The paper presents an in-depth study of the
different prevailing techniques used till date for the
decolorisation of the matrix of dyes. Various removal
techniques used for decolorization have been discussed
followed by the results obtained in different researches.
The paper would acquaint the readers to the different
removal methods employed for a similar reason, proving
to be a knowledge pool and helping the researchers
working in the similar field to design appropriate
treatment plans.

Removal Techniques
Several physical, biological and chemical removal

techniques like adsorption, coagulation, flocculation,
membrane filtration, ozonation, electrochemical,
radiolysis, bacterial, algal, fungal and advanced
oxidation processes have been known to decolorize
the textile effluents (Kannan and Sundaram, 2001; Rai
et al., 2005; Solmaz et al., 2009; Wojnarovits and Takacs,
2008; Ince and Tezcanh, 1999; Chaudhari et al., 2011).

Physico-Chemical treatments on one hand transfer
pollutants present in the effluents from one phase to
other without eliminating them (Erswell et al., 1988),
the Biological methods can remove a wide range of
colors by aerobic/anaerobic bacterial and fungal
degradation (Aksu, 2005). Advanced Oxidation
Processes (AOP) deal with the generation and use of
reactive free radicals to oxidize most of the complex
chemicals present in the effluents. AOPs can convert
the complex dissolved organic pollutants to simpler
and non-toxic degraded products. The generation of
highly reactive free radicals can be attained by using
UV, UV/O

3
, UV/H

2
O

2
, Fe+2/H

2
O

2
, TiO

2
/H

2
O

2
 and others

(Kestioglu et al., 2005). A summary of the some
researches related to the above mentioned different
processes has been portrayed in Table 1.

Literature review
As the dyeing processes in the textile industries

involve a variety of colorants hence the effluents
constitute a wide range of dyestuffs in the form of a
mixture. A combination of several dye classes in one
mixture could have an effect on the rate of removal and
degree of decolorization, making the removal process
challenging. The primary reason for this is the presence
of diversified functional groups in different classes of

dyes. To assess the ability of any removal technique,
the synthetic effluents prepared in the laboratory
should have the same dye constituents as that of the
real effluent sample. These effluents in addition to the
dyestuffs also contain other auxiliaries, surfactants and
solvents in different amounts. Therefore all the
parameters have to be taken into consideration in the
removal process.

Physico-Chemical Methods
Various Physico-Chemical techniques are known

which can effectively decolorize textile wastewater, but
amongst them Adsorption (Crini et al., 2006) is one of
the removal techniques which has gained utmost
attention mainly because of its simplicity and
insensitivity to toxic pollutants. Although this
technique produces high quality of treated water but
the problem lies in selection of most appropriate
adsorbent. Several adsorbents have been explored till
date for textile water decolorization. In most cases
adsorption is accompanied by sorption process. This
combination of adsorption and sorption is termed as
biosorption.

 Adsorption
The applied use of Cetyltrimethylammonium

bromide (CTAB)-modified TiO
2
 nanoparticle as a novel

adsorbent for the removal of a mixture of anionic dyes
in single and binary systems (Zolgharnein et al., 2014).
Isotherm and kinetics of the treatment were also

Table 1: Treatment methods for Textile waste water
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S. No.

1.
Techniques

Physico-Chemical Process

Membrane processes, Reverse Osmosis,
Coagulation/flocculation

Ion exchange, Activated carbon adsorption, Biosorption

Biological Methods

Bacterial Biodegradation (aerobic and anaerobic),

Fungal Degradation ,Enzymatic Degradation

Advanced oxidation Process

Ozonation, Ozone/Hydrogen Peroxide,
UV/ozone, Photo catalysis

Fenton Process, Photo-Fenton,
Electrochemical Oxidation

UV/ozone/hydrogen peroxide, UV/hydrogen peroxide

2.

3.
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investigated, in addition to this the use of, nano-γ-
alumina an efficient adsorbent was introduced for
removing a mixture of two textile dyes i.e. alizarin
red and al izar in yellow and rubber tyre for
adsorption for acid blue 113 (Gupta et al., 2011), 2, 4
D removal by using industrial waste (Gupta et al.,
2006) and other metal and dyes impurities (Gupta et
al., 1986, 1991, 1993, 2000, 2003a, 2003b, 2003c, 2003d,
2005a, 2005b, 2005c, 2006a, 2006b, 2006c, 2006d, 2013,
2014). To achieve higher adsorption capacity and
removal percentage, Taguchi design and principle
component analysis were applied for the binary
mixture of dyes. Several factors were studied through
Taguchi technique which indicated the pH to be an
influential factor amongst all (Zolgharnein et al.,
2014). Researcher evaluated the potential of different
adsorbent like Poly vinyl alcohol (PVA)-enhanced
hybrid hydrogels of hyperbranched Poly (ether
amine) (hPEA) for selective adsorption of mixture of
dyes (Deng et al., 2013), chitosan beads also used
for decolorization of mixture of three commercial
dyes during adsorption treatment. The data was
analysed and determined by using
spectrophotometer and a multivariate calibration
method (Mincea et al., 2013). In continuation to this
one research group investigated adsorption of three
basic textile dyes in single and multi dye solutions
onto bentonite (Turabik and Gozmen, 2013). Similarly
removal of binary mixture of dyes by adsorption
using tamarind kernel powder over commercial
activated carbon (Shanthi and Mahalakshmi, 2012)
and a binary mixture of dyes was adsorbed using
rarasaponin bentonite, a clay based adsorbent for
evaluation of equilibrium data various adsorption
isotherms were applied (Kurniawan et al., 2012;
Bouatay et al., 2014). Two granular inorganic–
organic pil lared clays as adsorbents were
experimented for basic dyes (Gupta et al., 2000,
2014). These adsorbents were prepared by high shear
wet granulation from an Al cetyltrimethylammonium
bromide intercalated clay powder (particle diameter
< 50 µ m) (Cheknane et al., 2010). Parrallely
decolorization of the different mixture of dyes using
bamboo derived activated carbon, In the process
Bamboo waste was activated by phosphoric acid at
400 to 600 °C, prediction of experimental data for the
binary component system was done using extended
single-component equilibrium isothermal models
(Chan et al., 2009).

Adsorption kinetics and isotherms for anionic dyes
were studied using Polydiallyldimethyl ammonium
bentonite for single, binary and ternary system of the
dye solutions. For mixed dye solutions, extended
Langmuir isotherm was followed and the process
proceed through pseudo second order kinetics (Shen
et al., 2009). Parallely Poly epichlorohydrin dimethyl
amine (EPIDMA) bentonite was used as an adsorbent
for the decolorization of single and mixed dye solutions.
Different parameters like amount of adsorbent, color
removal efficiency, residual color distribution and
adsorption kinetics were investigated. Preferential
adsorption was observed for the dye having higher
affinity for the adsorbent. EPIDMA bentonite exhibited
its potential to decolorize anionic dyes both in mixture
and individual dye solution. Adsorption was well
described by Langmuir isotherm model and followed
pseudo second order kinetic model (Kang et al., 2009).
Granular activated carbon and silkworm pupa, were
tested as adsorbents, silkworm pupa being a natural
adsorbent for cationic textile dyes for single and binary
solute systems. Equilibrium isotherms were studied for
single solute systems and three binary combinations
of the dyes. The results favoured the adsorption of
synthetic dye solution over granular activated carbon
than silk worm pupa. The adsorption on these
adsorbents occurred by chemisorption, which remained
unaffected by the presence of molecular oxygen
(Noroozi et al., 2008). Batch studies were carried out
for a binary mixture of dyes onto bentonite using first
order derivative spectrophotometric method. Langmuir
and Freundlich isotherm models were applied to
experimental data and the isotherm constants were
calculated for both the dyes. With the increase in the
concentrations, the equilibrium uptake amounts of both
the dyes in binary mixture onto bentonite decreased
resulting in their antagonistic effect. The extended
Freundlich isotherm model successfully predicted the
multi-component adsorption equilibrium data at
moderate ranges of concentration. The process was
endothermic and spontaneous in nature (Turabik, 2008).

An agricultural by-product, Rice hull, was tested
for its adsorption capability for the adsorption of both
basic and reactive dyes. The adsorbent was modified
by treating it with ethylenediamine. Sorption was found
to be dependent on pH and concentration and
equilibrium data could be fitted into both the Langmuir
and Freundlich isotherms (Ong et al., 2007). In
continuation some scientists study the decolorization
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of a mixture of methyl blue, erichrome black T and phenol
red dyes using activated charcoal and different
parameters were evaluated, adsorption decreased with
the increase in pH and temperature. Low temperature
was favourable for adsorption process (Iqbal and
Ashiq, 2007). Besides these several other wastes like
sawdust (Chakraborty et al., 2006), peat (Allen et al.,
1988), lignin (Suhas et al., 2007), rubber tire (Al-Saadi et
al., 2013; Saleh et al., 2013; Suwanchawalit et al., 2011;
Gupta et al., 2011a, 2011b, 2012a, 2012b, 2013) and
industrial waste, have also been experimented for a similar
reason as adsorbents specifically for synthetic solutions
of the dyes. A summary of the some researchers
employing adsorption technique for the treatment of
mixture of dyes has been portrayed in Table 2.

Biosorption
For degradation of a mixture of dyes, a biosorbent

Portulaca grandiflora was planted in a tunnel,
developed using drilled PVC pipe through which the
dye mixture and effluent was made to pass, 87% to
90% decolorization was obtained after 96 hours and 60
hours during treatment of effluent and dye mixture
respectively (Khandare et al., 2011). Adsorbtion power
of Saccharomyces cerevisiae was studied for its

biosorption capacity for a mixture of dyes, in which
maximum sorption was achieved at optimum pH 6.
Various isotherm models were applied and Freundlich
isotherm model was found to be the best fit for the
biosorption equilibrium data (Ghaedi et al., 2013). A
group of researchers explored the phytoremediation
potential of Petunia grandifloraJuss., for the
degradation of  a mixture of dyes and real dye effluent
(Watharkar et al., 2013). Glandularia pulchella proved
to be an good adsorbent, The textile effluent was
obtained from a local dyeing industry and a synthetic
mixture of dyes was made by adding 10mg of each of
the five structurally different dyes to distilled water in
order to obtain a final concentration of 50 mg/L.
Decolorization extent for the individual dyes was
calculated on the basis of initial and final absorbance.
For the textile effluent and dye mixture American Dye
Manufacturer Institute (ADMI) analysis was used,
since the effluent and dye mixture did not show well
defined peaks in UV-Visible spectrophotometer, due
to the complex structure of dye molecules. A reduction
in ADMI from 405 to 21 and 418 to 22, in case of textile
effluent and dye mixture was observed respectively.
High-performance liquid chromatography (HPLC),
Fourier transform infrared spectroscopy (FTIR) and

Dyes

Alizarin Red S and Indigo Carmine Dyes

Alizarin Red and Alizarin Yellow

Ponceau S/Bismarck brown Y and Orange G/Methylene Blue

Tartrazine, Amido Black, Congo Red.

Basic dyes

Malachite Green and Methylene Blue Dyes

Malachite Green and Methylene Blue

CI Basic Yellow 28 and CI Basic Green 4

Acid Yellow 117 (AY117) and Acid Blue 25 (AB25).
Acid Scarlet GR(AS-GR), Acid Turquoise Blue 2G (ATB-2G)

and Indigo Carmine (IC)

Direct Fast Scarlet, Eosin Y, Reactive Violet K-3R

Basic Blue 41 and  Basic Red 18

Basic Yellow 28 and Basic Red 46

Basic Blue 3 (BB3) and Reactive Orange 16 (RO16)

Methyl Blue, Eriochrome Black T , Phenol Red

Cibacron Red RB and Cibacron Black B

Basic dyes

Decolorization (%)

efficient

99 and 78.5

-

-

-

High

High

-

-
61-71

95

-

-

efficient

100

-

-

Reference

Zolgharnein et al., (2014a)

Zolgharnein et al., (2014b)

Deng et al., (2013)

Mincea et al., (2013)

Turabýk and Gozmen, (2013)

Shanthi and Mahalakshmi, (2012)

Kurniawan et al., (2012)

Cheknane et al., (2010)

Chan et al., (2009)
Shen et al., (2009)

Kang et al., (2009)

Noroozi et al., (2008)

Turabik, (2008)

Ong et al., (2007)

Iqbal and Ashiq, (2007)

Chakraborty et al., (2006)

Allen et al., (1988)

Table 2: Adsorption technique for decolorization of mixture of dyes 
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High Performance Thin Layer Chromatography
(HPTLC) analysis confirmed the degradation of dyes
from textile effluent and dye mixture (Kabra et al.,
2012).

Dead fungal biomass of Aspergillus niger has also
been used as an efficient biosorbent for the mixture
of dyes in aqueous solution. Maximum sorption in
this case the optimum pH was found to be 5 and within
10 min maximum decolorization observed for a dye
concentration of 20 ppm. Factorial design was applied
to determine the effect of different factors on the
sorption process. Biosorption increased with increase
in pH, dye concentration and biosorbent. Possibility
of recycling of biomass was also investigated through
desorption by 0.1M HCl and with 50% ethanol in
which 0.1M HCl gave better results (Bhole et al., 2004).
The two low-cost and renewable biosorbents i.e. apple
pomace and wheat straw for the removal of textile
wastewater in which the removal was studied using
five commercially used dyes. Parameter like effect of
dye concentration, size of biosorbent, amount of
biosorbent, adsorbance and dye removal were
examined for the extent of adsorption (Robinson et
al., 2002). In the same year corncob and barley husk
were also investigated. Effects of various parameters
such as initial dye concentration, particle size, dose
of biosorbent, effective adsorbance, and dye removal
kinetics was examined for a mixture of five textile dyes
(Robinson, 2002) and use  three agricultural residues,
wheat straw, wood chips and corn-cob shreds for the
removal of dyes from a synthetic textile dye effluent.
About 75% color was removed from the solution of
mixture of dyes (Nigam et al., 2000). It gives a brief
information about the dyes decolorized by Biosorption
technique Table 3.

Other Physico-Chemical methods
Various other Physico-Chemical methods like

flocculation, coagulation, electro-coagulation and
membrane filtration techniques have also been
employed for decolorization of a matrix of dyes, which
have been listed in Table 4. In a different study, Electro
coagulation technique was applied for the removal of
color from solution containing a mixture of disperse
dye and a basic dye. The optimum pH for the treatment
was found to be 7 and various parameters like
concentration of NaCl and current density were
investigated (Sengil and Ozdemir, 2012). The two
coagulants i.e. magnesium chloride and ferrous
sulphate during coagulation were compared for the
treatment of synthetic dye mixture in seven equi-ratio
combinations. Results showed MgCl

2
/Lime to be

superior coagulant system on comparison (Verma et
al., 2012). Peroxide coagulation process for the removal
of mixture of dyes was employed giving 95% of
decoloration, the experimentation work was done using
an open, undivided and cylindrical glass cell in the
presence of sulphate electrolyte media with cathode
as a carbon nanotube–polytetrafluoroethylene (CNT–
PTFE) (Gupta et al., 2013; Zarei et al., 2010). The
efficiency of Electro coagulation in removing color from
synthetic and real textile wastewater was tested  in
which satisfactory results were obtained for both
individual and mixed dyes (Phalakornkule et al., 2010).

Residual color profiles of simulated reactive dye
wastewater in a chemical flocculation process were
determined by a multiple linear regression method,
Color removal efficiency was investigated for single
dye and the mixture of dyes by using
polydiallyldimethylammoniumchloride (PDADMAC),
at the optimal dosage of PDADMAC, the color removal

Dyes

Brilliant green (BG) and Methylene blue (MB)
Remazol Red, Navy Blue HE2R, BBG, Navy Blue RX,
Golden Yellow HER, Green HE4BD, Red HE3B,

Remazol Orange 3R, Direct Red 5B, and Red M5
Scarlet RR (SRR), Rubine GFL (RGFL), Brilliant Blue R(BBR),

Navy Blue 2R(NB2R), Red HE3B (RHE3B)

Methyl Violet & Basic Fuchsin

Five textile dyes

Five textile dyes

Synthetic mixture of dyes

Table 3: Biosorption technique for decolorization of mixture of dyes 

Decolorization (%)

-
-

94.73

100

81 - 91

92

70-75

Reference

Ghaedi et al., (2013)
Watharkar et al., (2013)

Kabra et al., (2012)

Bhole et al., (2004)

Robinson et al., (2002a)

Robinson et al., (2002b)

Nigam et al., (2000)
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efficiencies for the mixture of dyes were greater than
90%. A multiple linear regression method was used to
determine residual color profiles of mixture of reactive
dyes during a chemical flocculation process. A single,
binary and ternary dye mixture solution was decolorized
using poly epicholorohydrin-diamine (PEPIDA) (Kang,
2007). Textile effluents have also been decolorized by
the use of membrane based separation process like
Nanofiltration. The experiment on dye mixture was
carried out in an unstirred batch and a rectangular cross
flow cell and 94% of Chemical Oxygen Demand (COD)
removal was observed (Chakraborty et al., 2003).

 Biological Methods
Biological treatment methods are eco-friendly

methods which are gaining importance in today’s
scenario. Microorganisms such as bacteria, fungi,
algae, yeast and enzymes can be successfully utilised
to remove color of a wide range of dyes through
anaerobic, aerobic, and sequential anaerobic-aerobic
treatment processes (Gupta et al., 2010a, 2010b).

Bacterial methods
The evaluation of shewanella sp. strain KMK6 as

adsorbent for the decolorization of mixture of textile
dyes. This bacterial strain was isolated from the dye
contaminated soil and was applied to mixture of dyes
under suitable conditions. The results indicated a
decrease in the COD (Chemical Oxygen Demand) and
color of the dye mixture with the production of non-

toxic degraded products (Kolekar et al., 2013). Some
other strains of bacteria like Pseudomonas
fluorescens strains (Sz6 and SDz3) (Godlewska et
al., 2014) and Shewanella bacterial strains (Liu et
al., 2013) have also been used successfully.
Decolorization of mixture of dyes and actual textile
effluent was done with a novel bacterium
Lysinibacillus sp. RGS in another study about 87%
decolorization was obtained for mixture of dyes with
69% COD reduction after 48 hours (Saratale et al.,
2013). In 2013 a plant bacterial synergistic system
for efûcient treatment of the textile efûuents was
developed. Glandulariapulchella (Sweet) Tronc.,
Pseudomonas monteilii ANK and their consortium
were used to decolorize the dye mixture. Consoritum
showed 100% decolorization for mixture of dyes
(Kabra et al., 2013). An immobilized bacterial
consortium was also used for the aerobic
biodegradation of mixture of sulphonated azo dyes
like acid orange 7 and acid red 88. The treatment was
done in a two stage i.e. sparged packed and bed
biofilm reactor for better results (Vasconcelos et al.,
2012). Aeromonas hydrophila a bacterial strain was
isolated and identified for degrading a mixture of
dyes. Anoxic culture was found to be the best for
color removal at 5.5-10.0 pH and optimum
temperature of 20-30oC (Naik and Singh, 2012).
Decoloration and physico-chemical parameters of
dye mixture were analysed by using Bacillus, a type
of bacteria which proved to be efficient in color and

Table 4: Other physico- chemical techniques for decolorization of mixture of dyes 

Dyes

Mixture of Blue disperse and Yellow basic

Two diazo dyes namely Reactive Black 5 (RB5) and Congo Red (CR)
and one anthraquinone dye as Disperse Blue 3 (DB3)

C.I. Basic blue 3 (BB3), Malachite green (MG),
C.I. Basic red 46 (BR46) and C.I. Basic Yellow 2 (BY2)

Blue reactive dye (Reactive Blue 140), Disperse dye (Disperse Red 1).

Reactive Red K-2BP (K-2BP), Reactive Violet K-3R (K-3R)
and Reactive Black KN-B (KN-B)

KN-B and Reactive Violet K-3R (K-3R), Reactive Red K-2BP (K-2BP)

Reactive black dye (Cibacron Black B)
and reactive red dye (Cibacron Red RB).

Decolorization (%)

-

81-99

90

>95

>90

90

92-94

Reference

Sengil and Ozdemir, (2012)

Verma et al., (2012)

Zarei et al., (2010)

Phalakornkule et al., (2010)

Kang, (2007)

Kang et al., (2007)

Chakraborty et al., (2003)
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COD removal (Jayan et al., 2011). A mixture of seven
commercial dyes having different structures were
degraded by an eco-friendly strain B. laterosporous
in which 87% ADMI color removal was obtained in 24
hours at an optimum temperature of 40 C, with 71%
COD and 49% total organic carbon (TOC) reduction.
Experiments were carried out by varying different
parameters like pH, temperature and presence of
different salts. Phytotoxicity studies revealed that less
toxic metabolites were produced after the degradation
of mixture of dyes (Kurade et al., 2011).

The ability of Sphingo bacterium sp. ATM was
tested to degrade a mixture of dyes and textile efûuent.
Three combinations of mixtures containing five dyes
(mixture 1), seven dyes (mixture 2), and ten dyes
(mixture 3) were prepared having 0.5 g/L concentration.
The decolorization of mixture of dyes and textile efûuent
was calculated using ADMI tristimulus ûlter method.
Among all the tested microorganisms, isolated Sphingo
bacterium sp. ATM effectively decolorized the dye
direct blue (100%) GLL and simultaneously produced
polyhydroxyhexadecanoic acid (64%). The organism
produced approximately 66% and 61%
polyhydroxyhexadecanoic acid while decolorizing the
dye matrix and textile efûuent respectively. There was
a signiûcant reduction in the COD and BOD (Biological
Oxygen Demand). The optimum temperature for dye
decolorization was found to be 37°C and the rate of
decolorization decreased with the increase in
temperature (Tamboli et al., 2010). A mixture of eight
textile dyes was also degraded using bacteria where
the ADMI value for dye removal was 89% and 67%
for dye mixture and industrial effluent, respectively at
optimum pH and temperature of 5 and 50°C,
respectively (Joshi et al., 2010). The consortium SKB-
II consisted of five different bacterial types identified
by 16S rDNA sequence alignment as Bacillus
vallismortis, Bacillus pumilus, Bacillus cereus,
Bacillus subtilis and Bacillus megaterium were used
for the decolorization of individual dyes and the
synthetic mixture of dyes (Tony et al., 2009). In 2008
experiment was carried out using three bacterial strains
Aeromonascaviae , Proteus mirabilis  and
Rhodococcus globerulus for azo dyes (Joshi et al.,
2008),  in addition to this AS96 (Shewanella
putrefaciens) strains were also found to be effective
in the decolorization process (Khalid et al., 2008).
Table 5 clearly depicts the bacterial biodegradation
technique used for decolorizing dye mixture.

Newly isolated halophilic and halotolerant bacteria
(Asad et al., 2007) from coconut coir sample
(Vijaykumar et al., 2007) worked efficiently for removal
of dyes from mixture. Some newly isolated strains from
sludge samples and mud lakes also could efficiently
decolorize the mixture of dyes. The optimum pH and
temperatures were pH 5.5-10.0 and 20ºC-35.8ºC. This
strain effectively decolorized the media containing a
mixture of dyes (24 dyes) within two days of
incubation (Chen et al., 2003). Azo dyes have also
been further decolorized by the use of some
immobilised bacteria by using PVA (phosphorylated
polyvinyl alcohol) (Chen et al., 2003). The efficiency
of consortia for the removal of azo dye and simulated
wastewater degradation in presence of various co
substrates, Potential microorganisms identified were
Pseudomonas sps, Bacillus sphalomonas sps,
Orthrobacter sps, Micrococci sps, which degraded
the mixture of commercial azo dyes (Padamavathy,
2003). In 1999 Kurthia sp. was screened on the basis
of rapid dye decolorizing activity for
triphenylmethane dyes. Aerobically this strain was
able to decolorize 98% of color intracellularly. A
number of triphenylmethane dyes were studied
individually and in mixture. The rates of decolorization
were different for different dyes ranging from 92-100%,
except for ethyl violet (8%) which was used. For
synthetic mixture of dyes 98% decolorization was
obtained which was more than that obtained for textile
dye-stuff effluent (56%) (Sani et al., 1999). A
combination of azo, diazo and reactive dyes was also
studied (Nigam et al., 1996).

Fungal methods
A thermophilic fungus, Thermomucorindicae

seudaticae obtained from compost was successfully
used for azo anthraquinone dye mixture, The optimum
temperature and pH for adsorption was found to be
55°C (Taha et al., 2014). Decolorization of mixture of
two dyes i.e. brilliant green and evans blue by fungi
was studied. Individual and mixture of fungal strains
Pleurotuso  streatus (BWPH), Gloeophyllum
odoratum (DCa), and Fusarium oxysporum (G1) were
used during the fungal degradation (Przystas et al.,
2013). Performance of immobilized Phanerochaete
chrysosporium in modified PVA matrix was
investigated for decolorization of mixture of textile
dyes, Central composite design was used to determine
optimum operating conditions (Idris et al., 2013).
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                             Dyes

Raspberry red, Golden yellow HER, Orange 2R, Orange M2R

Diazo Evans blue (EB) and triphenylmethane brilliant green (BG).

Mixture of dyes

Amaranth, Acid Orange 52, Direct Blue 71

Brown 3REL (B3REL), SRR, Remazol Red (RR), Direct Red 2B (DR2B)and
MalachiteGreen(MG)

Sulphonated Azo dyes, Acid Orange 7 (AO7) and Acid Red 88 (AR88)

Mixture of dyes

Orange P3R, Yellow P3R, Blue H5R, Violet P3R, Brown P5R, Black V3R, Orange P2R

Remazol Red, Rubine GFL, Brown 3REL, Scarlet RR, Golden Yellow HER, Methyl
Red, Brilliant Blue GL

Mixture 1: Navy Blue Rx, Navy Blue 3G, Blue 2RNL, Golden Yellow HER, and Green
HE4B.Mixture 2 :Red HE8B, Red M5B, Remazol Red, Orange HE2R, Golden Yellow
HER, Green HE4B, and Direct Blue GLL,Mixture 3:Orange HE2R, Golden Yellow
HER, Green HE4B, Navy Blue Rx, Navy Blue 3G, Blue 2RNL, Direct Blue GLL, Red
HE8B, Red M5B, Remazol Red.

8 textile dyes

Congo red, Bordeaux, Ranocid Fast Blue and Blue BCC

16 Azo dyes

Acid Red 88, Reactive Black 5, Direct Red 81, and Disperse Orange 3

Azo dyes

Naphthalene-containing sulfonated azo dyes Amaranth , Fast Red E and Ponceau S

Acid Blue 74, Acid Orange 7, Acid Red 106, Direct Yellow 4 and Direct Yellow 12
(Acid Black 172, Acid Blue 264, Acid Yellow 42, Direct Black 22, Direct Orange 39,
Direct Red 224, Direct Red 243, Direct Yellow 86, Reactive Black NR, Reactive
Black 5, Reactive Blue 160, Reactive Blue 171, Reactive Blue 198, Reactive Blue
222, Reactive Green 19, Reactive Red 120, Reactive Red 141, Reactive Red 198 and
Reactive Yellow 84)

Everzol Red RBN (Reactive Red 198a; R-r198b) , Everzol Yellow 3RS (Reactive
Yellow 176a; R-y176b) , Everzol Black B (Reactive Black 5a; R-BK5b) , Everzol
Brilliant Red 3BS (Reactive Red 239a; R-r239b) ,Everdirect Supra Red BWS (Direct
Red 243a; D-r243b) ,Everdirect Supra Yellow RL (Direct Yellow 86a; D-y86b) ,
Everdirect Supra Orange 2GL (Direct Orange 39a; D-o39b) , Sigma Orange (acid
orange 7a; A-o7b

Red RB, Remazol Red, Remazol Blue, Remazol Violet, Remazol Yellow, Golden Yellow,
Remazol Orange, Remazol Black
Magenta, crystal violet, pararosaniline, brilliant green, malachite green, ethyl violet

Cibacron Red (reactive dye), Remazol Golden Yellow (azo dye) , Remazol Red (diazo
dye); Remazol Navy Blue (diazo dye) and Cibacron Orange (reactive dye) and Remazol
Blue

Decolorization (%)

-

88.9 

87 (ADMI)

efficient

100

~100

high

47.24

87

Mixture 1 64.89
Mixture 2 72.88
Mixture 3 61.4

89

50-60

90

100

-

100

90

>95

95

98

100

  Reference

Kolekar et al., (2014)

Zab³ocka-Godlewska
et al., (2014)
Saratale et al., (2013)

Liu et al., (2013)

Kabra et al., (2013)

De los Cobos Vasco-
ncelos et al., (2012)
Naik et al., (2012)

Jayan et al., (2011)

Kurade et al., (2011)

Tamboli et al., (2010)

Joshi et al., (2010)

Tony et al., (2009)

Joshi et al., (2008)

Khalid et al., (2008)

Asad et al., (2007)

Vijaykumar et al. ,
(2007)
Chen et al., (2003a)

Chen et al., (2003b)

Padmavathy et al. ,
(2003)
Sani et al., (1999)

Nigam et al., (1996)

Table 5: Bacterial biodegradation of mixture of dyes
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Biosorption of mixture of three reactive azo dyes (red,
black and orange II) by inactive mycelium of Cunning
hamellaelegans was investigated. The presence of
heterogenous binding sites was suggested by
Freundlich adsorption isotherm model which fitted
best to the experimental data (Ambrosio et al., 2012),
a mixture of structurally different azo and non-azo
dyes was degraded using Galactomyces geotrichum
MTCC 1360 which is a species of yeast. Approximately
88% of ADMI removal of mixture of structurally
different dyes was observed within 24  h at 30°C and
pH 7.0 under shaking condition (120  rpm). The
reduction of COD (69%), TOC (43%), and
phytotoxicity study indicated the conversion of
complex dye molecules into simpler oxidizable
products having less toxic nature (Waghmode et al.,
2011).

Synthetic wastewater containing two azo dyes was
decolorized both taking individual and a combination
of dyes using immobilized Phanerochaete
chrysosporium in a batch-operated rotating biological
contactor (RBC) reactor (Pakshirajan et al., 2010). The
use of white rot fungus Bjerkandera sp. BOL 13 for
the decolorization of dyes in batch and continuous
modes, a continuous experiment was performed to
decolorize mixture of three dyes (Nordstromet al., 2008).
The potential of Trametes villosa and Pycnoporus
sanguineus was explored in the decolorisation of a
mixture of ten reactive textile dyes, dye decolorization
was faster in the mixed culture (two fungi) compared to
the pure culture, with approximately 80% and 90% color
reduction on seventh and seventeenth day,
respectively (Machado et al., 2006). Similarly,
decolorization of the mixtures of different reactive textile
dyes by the white-rot basidiomycete Phanerochaete
sordida and studied the inhibitory effect of poly vinyl
alcohol, white-rot basidiomycete Phanerochaete
sordida decolorized dye mixtures (200 mg/L each) by
90% within 48 h in nitrogen-limited glucose–
ammonium media. Decolorization of dye mixtures
needed Mn2+ and Tween 80 in the media indicating a
major role play of Manganese (Harazono and
Nakamura, 2005). Azo dyes with different structures
were investigated for decolorisation by the use of
Cunning hamellaelegans (fungi) under several media
conditions. It was observed that the factors on which
decolorization depended were incubation time,
molecular structure of the dye and the presence or
absence of co-substrates. Spectrophotometeric

studies revealed the occurrence of biodegradation
along with biosorption (Ambrosio and Takaki, 2004).

 Decolorization of real textile effluent and synthetic
dye mixture by Trametes versicolor, a mixture of dyes
containing each dye in equal amounts was taken as the
synthetic wastewater. A decolorization of 97% was
achieved for initial dye concentrations up to 100 mg/l.
pH and the presence of glucose were identified as
important parameters for an adequate decolorization
performance. In addition to this, comparative studies
were also done using several fungi (Phanerochaete
chrysosporium, Pleurotusostreatus, Trametes
versicolor and Aureo- basidiumpullulans) under
optimized conditions amongst which T. versicolor
showed the best biodegradation performance (Amaral
et al., 2004). A group of researchers evaluated the
possibility of a fungal wastewater treatment for a mixture
of bioaccessible reactive azo dyes using
biodegradation assays (Martins et al., 2003). White-
rot fungus Ph. tremellosa was found capable of
decolorizing an array of synthetic textile dyes (Kirby et
al., 2000). A isolated fungi, Aspergillus foetidus as
adsorbent which effectively decolorized reactive
Diamerene textile dyes was also evaluated, the fungus
was able to decolorize a mixture of dyes upto 85% within
72 hours of its growth in presence of 5 ppm of chromium
and 1% sodium chloride. The process was found to be
time dependent and followed first order kinetics
corresponding to the initial concentration of dyes.
Investigations revealed that the process required a
biodegradable substrate such as glucose (Sumathi and
Manju, 2000). Table 6 depicts some of the different dye
mixtures decolorized by fungal degradation.

Enzymatic methods
Ammonium sulphate fractionated pointed gourd

(Tricho santhesdioica) peroxidase- concanavalin A
(PGP-Con A) complex, entrapped into calcium alginate-
pectin gel was used for the decolorization of a mixture of
two dyes, the experiment was carried out in a batch and
continuous two reactor catalytic systems for the removal
of synthetic dyes (Jamal et al., 2013). A decolorization of
mixture of azo and anthraquinone dyes using
Trametestrogii laccase. During the treatment
anthraquinone dyes played the role of mediator and
assisted in degradation of azo dyes with purified enzyme
(Zeng et al., 2012).  A similar degradation of a mixture of
reactive dyes was carried out by using commercial
laccase in a batch reactor, mathematical models were
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developed to simulate the kinetics of laccase
catalysed degradation by reactive dyes in mixture
(Cristovao et al., 2009). Evaluating the ability of
Cyathusbulleri laccase to decolorize and detoxify the
mixture of reactive and acidic dyes in presence of
natural and synthetic mediators, the laccase–ABTS
system did 80% decolorization of the simulated dye
mixture (Chhabra et al., 2008). The use of plant
polyphenol oxidases to degrade a complex mixture of
dyes from textile waste water, potato polyphenol
oxidases and brinjal polyphenol oxidases were used
in enzymatic degradation. Potato plant polyphenol
oxidase results were more eûective in decolorizing
the dye mixtures. The optimum pH for decolorization
of the complex mixture was observed to be 3.0. On

increasing the concentration of enzymes decoloration
was also observed to increase (Khan and Husain,
2007). Enzymatic method used for decolorizing
different mixtures of dyes has been shown in Table 7.

Salt fractionated turnip (Brassica rapa)
peroxidases was used in another research to degrade
acid dyes. The selected enzymes were able to
decolorize most of the acid dyes in the presence of
2.0 mM 1-hydroxybenzotriazole (HOBT). Dye
decoloration was found not to be affected by an
increase in the concentration of enzyme and time, in
the absence of HOBT. Optimum pH was 5.0 and
temperature 40 °C. Complex mixtures of dyes were
decolorized with an enzyme in the presence of HOBT
(Kulshrestha and Husain, 2007). Experiments

Table 6: Fungal degradation of mixture of dyes

Dyes

Azo–Anthraquinone dye mixture (Azure B, Congo Red, Trypan Blue and Remazol
Brilliant Blue R)

Triarylmethane dye (Brilliant green) and Diazo dye (Evans blue)

Yellow FG, Red 3BS, Orange 3R, Blue RSP, Black B, and remazol turquoise blue

Reactive azo dyes (red, black and orange II)

Remazol Red, Golden Yellow HER, Rubine GFR, Scarlet RR, Methyl Red, Brown
3REL, Brilliant Blue

Direct Red-80 and Mordant Blue-9

Reactive blue 21, Reactive black 5 and Reactive orange 13

Remazol Brilliant Orange 1, Levafix Gold Yellow 10, Procion Yellow 14, Drimaren
Brilliant Blue 17, Remazol Brilliant Blue 18, Cibacron Black 55, Procion Black 59,
Drimaren Turquoise Blue 62, Drimaren Brilliant Red 67, and Remazol Red 75.

Mixtures of 4 reactive textile dyes, azo and anthraquinone dyes

Orange , Reactive Black , Reactive Red

ProcionOrange MX-2R (C.I. Reactive Orange 4), Remazol Red 3B (C.I. Reactive
Red 23) and Remazol Black GF (C.I. Reactive Black 5)

Meta or para aminobenzoic or aminosul-Phonic acids as diazo components and two
fungal bioaccessible groups present in lignin structure, guaiacol or syringol, as
coupling components

Cibacron Red, Remazol Navy Blue ,Remazol Red ,  Cibacron Orange , Remazol
Golden Yellow , Remazol Blue ,Remazol Turquoise Blue ,Remazol Black B

Drimarene dyes.

Decolorization (%)

74.93

80

82

88

88

77–97

60-66

80-90

90

88

97

100

>96

95

Reference

Taha et al., (2014)

Przystas et al., (2013)

Idris et al., (2013)

Ambrósio et al.,
(2012)
Waghmode et al.,
(2011)

Pakshirajan and
Singh (2010)
Nordstrom et al.,
(2008)
Machado et al.,
(2006)

Harazono and
Nakamura, (2005)
Ambrosio and  Cam-
pos-Takaki, (2004)
Amaral et al., (2004)

Martins et al., (2003)

Kirby et al.,  (2000)

Sumathi and Manju,
(2000)
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demonstrate the effect of salt fractionated turnip
proteins for direct dyes using different redox
mediators, maximum decoloration was obtained when
a complex mixture of dyes was tested with the enzyme
in presence of 0.06 mM redox mediator (1-
hydroxybenzotriazole/violuric acid) (Matto and
Husain, 2007). In a different study on textile waste
water immobilized bitter gourd (Momordica charantia)
peroxidase was used for the decolourization and was
found highly effective. The optimum pH was in the
range of pH 3.0–4.0 at 40°C. Mixtures of three, four
and eight dyes was prepared and treated with soluble
and immobilized bitter gourd peroxidase. Each mixture
was decolorized by more than 80% when treated with
immobilized enzyme (Akhtar et al., 2005).

Advanced Oxidation Processes
These processes include techniques like Fenton’s

reagent oxidation, ultra violet (UV) photolysis and
sonolysis, and are capable of degrading the organic
pollutants at ambient temperature and pressure (Gupta
et al., 2012). AOPs have been widely used for the
decolorization of textile dye effluent and also for
removal of recalcitrant organic components present
in it. The versatility of AOP lies in the fact of different
possible ways for OH• radicals generation. AOPs show
explicit advantages over conventional treatment
methods as they can eliminate non-biodegradable
organic components and there is no problem of
residual sludge disposal (Kestioglu et al., 2005).

Various advanced oxidation methods have been
employed for removal of mixture of dyes.

Ozonation
Ozonation treatment was examined for the removal

of reactive dyes from textile dyeing industrial effluent
in a batch reactor at 35ºC. Effects of pH and reaction
time on the decolorization efficiency were also
evaluated, with time the color intensity of the waste
water reduced. The decoloration efficiency increased
from 32.83 % to 56.82 % as the time progresses after
six hours about more than 90% of the color was
removed (Wijannarong et al., 2013). Synthetic dye
effluent was prepared using nine commercially
reactive dyes and similar ozonation was carried out
(Sancar and Balci, 2013). Table 8 reports the ozonation
technique used for decolorization of matrix of dyes.
Ozonation can be used as a viable technique for
treatment of colored effluents. Ozonation was done
in a semi-batch reactor was carried out for a mixture
of eight reactive dyes in which concentration of dyes
in mixture ranged from 50-500 mg/l. Maximum color
and COD removal was achieved at an ozone dose of
4.33 mg/l at 30 mins. Initially at lower dye
concentration, decolorization and COD removal rate
was fast, but as the concentration increased from 200-
500 mg/l it took longer time to decolorize. During
Ozonation biodegradability increased following
pseudo first order kinetics. Simple by products like
chlorides, sulphates, nitrates were formed as a result

Dyes

Disperse Red 19 & Disperse Black 9

Azo and Anthraquinone dyes

Reactive Black 5, Reactive Yellow 15, Reactive Red 239

Simulated dye mixture (reactive & acidic dyes :Reactive Orange Reactive Red 198)

Reactive Blue 4, Reactive Blue 160, Reactive Blue 171, Reactive Red 11, Reactive
Red 120, Reactive Orange 4, Reactive Orange 86 and Reactive Yellow 84

Mixture of dyes

Direct dyes

Mixture of three, four and eight  textile dyes

Decolorization (%)

82.1

-

Appreciable
Decolorization

80

87 – 98

Significant

80

80

Reference

Jamal et al., (2013)

Zeng et al., (2012)

Cristovao et al.,
(2009)
Chhabra et al.,
(2008)
Khan and Husain,
(2007)

Kulshrestha and
Husain, (2007)
Matto and Husain,
(2007)
Akhtar et al.,
(2005)

Table 7: Enzymatic degradation of mixture of dyes
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of oxidation and cleavage of substituent groups
present in dye molecules (Sarayu et al., 2007).

Electrochemical Oxidation
In this process electrochemical oxidation of the

actual textile effluent and synthetic dye solution by
using titanium-tantalum-platinum-iridium anode,
batch experiments were conducted by taking a
synthetic mixture of sixteen dyes having 361 mg/L
concentration with 281 mg/L of COD, whereas actual
effluent having residual dyes, by products and COD
404 mg/L. Quantitative decolorization was obtained
within 10-15 min. The method consumed low energy
and the extent of mineralization was 30-90% at 180
mins showing moderate degree of mineralization.
Performance increased with increase in current
intensity, salinity and with decrease in pH. Eco toxicity
was assessed showing presence of toxic by-products
(Chatzisymeon et al., 2006). A mixture of nine reactive
dyes from azo, anthraquinone and triazine classes of
dyes were degraded in chlorine mediated
electrochemical oxidation. Complete decolorization
was obtained with high removal of COD at 120 minutes

of the treatment (Rajkumar and Kim, 2006).
Electrochemically decolorized dyes by means of DC
electric current. In mixtures of two dyes, the
decolorization rate became similar for all the dyes.
The results revealed that electrochemical oxidation
method was suitable for effective decolorization of
wastewater from industries (Sanroman et al., 2004).
Table 9 provides a brief account of the researches
carried out for dye mixtures using Electrochemical
Oxidation method.

Photo Catalytic Treatment
In this process photo degradation of a mixture of

two textile dyes using TiO
2

catalysed microsphere.
Results suggests microsphere as a promising catalyst
for wastewater treatment (Li et al., 2014). Similarly CuO-
clinoptilolite was used for the photodecolorization of
mixture of methylene blue and bromophenol blue
(Ejhieh and Mobarakeh, 2014). Photo degradation of a
mixture of the two cationic azo dyes was studied using
CuO/nano-zeolite catalyst under solar irradiation,
results showed that decolorization kinetics fitted well
to the Langmuir–Hinselwood first order rate law

Table 8: Ozonation for decolorization of mixture of dyes

Dyes

Nova cron super black G and Terasil red ww 3BS

Nine commercial reactive dyes Monoazo, diazo, azo-cu dyes

Remazol Red (RR), Red RB(RRB), Remazol Blue (RB), Remazol Black (Rbla),
Remazol Violet (RV), Remazol Orange (RO), Golden Yellow (GY), Remazol Yellow
(RY)

Decolorization (%)

90

effective

95-99

Reference

Wijannarong et al.,
(2013)
Sancar and Balci,
(2013)
Sarayu et al., (2007)

Table 9: Electrochemical oxidation for decolorization of mixture of dyes

Dyes

Remazol Black B, Remazol Red RB, Remazol Golden Yellow RNL, Cibacron Red
FN-R, Cibacron Red FN-G, Cibacron Black WNN, Drimaren Red K-8B, Drimaren
Scarlet K-2G, Drimaren Yellow K-2R, Drimaren Navy K-BNN, Drimaren Yellow
K-4G, Drimaren Orange X-3LG, Drimaren Blue X-3LR, Drimaren Violet K-2RL,
Drimaren Red K-4BL, Drimaren Blue K-2RL

Reactive Red 120, Reactive red 141, Reactive red 198, Reactive blue 49, Reactive blue
19, Reactive orange 16, Reactive black 5, Reactive yellow 84, Reactive yellow 15

Bromophenol Blue, Indigo, Poly R-478, Phenol Red, Methyl Orange, Fuchsin,
Methyl Green and Crystal Violet

Decolorization %

100

100

100

Reference

Chatizisymeon
et al., (2006)

Rajkumar and Kim,
(2006)

Sanromán et al.,
(2004)
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(Ejhieh and Shamsabadi, 2013). A photo decolorization
of a mixture of textile dyes viz. methyl orange and
bromocresol green in presence of a heterogenous
catalyst. CuS incorporated clinoptilolite zeolite was
used as a catalyst during photodegradation under
sunlight (Ejhieh and Moazzeni, 2013). Photooxidation
of mixture of three textile dyes by UV/H

2
O

2
 process

was reported, for optimization of the process central
composite design was applied and degraded products
were identified by the Gas chromatography–mass
spectrometry (GC–MS) technique (Khatee et al.,
2012). The Bismuth vanadate and cerium dioxide
(BiVO

4
/CeO

2
) nano composites were prepared and

used as visible-light photocatalysts in the
degradation of a mixture of methylene blue and methyl
orange dyes (Wetchakun et al., 2012). With the same
purpose, TiO

2
 as photocatalyst was used during

photodegradation of a binary mixture of textile dyes.

The experiment was carried out at different
temperatures to calculate rate constant (Shanthi and
Priya, 2012). The synthesized nano particles of zinc
oxide by co-precipitation technique, the nano
particles were used during photocatalytic degradation
of a mixture of crystal violet and aniline blue dyes
from aqueous solutions (Shanthi and Padmavathi,
2012; Nagda and Ghole, 2008).

Table 10 summarizes the researches on
photocatalytic degradation technique for
decolorization of a mixture of dyes. Photocatalytic
decolorization which is also one of the advanced
oxidation processes was carried out for a mixture of
two anionic azo dyes (Sharma et al., 2012). Similarly,
photocatalytic degradation of a mixture of six
commercial azo dyes was investigated by exposure to
UV radiation in an aqueous solution. Response surface
methodology, based on a 3² full factorial experimental

Dyes

Rhodamine B and 4-(P-Nitrophenylazo)Resorcinol (Magneson I)

Methylene blue and Bromophenol blue

Methylene blue and Rhodamine B

Methyl Orange and Bromocresol Green

CI Basic Red 46 (BR46), Malachite Green (MG) and CI Basic Blue 3 (BB3)

Methylene Blue and Methyl Orange

Aniline blue and Crystal Violet

Crystal Violet and Aniline Blue

Two anionic azo dyes: Reactive Red 120 and Reactive Black 5

Six Azo dyes

Remazol Black (RB5) and Red Procion MX-5B

Acid Orange 7 (AO7) and Reactive Red 2 (RR2)

Basic Red 46 and Basic Yellow 28

Binary mixture of reactive dyes

Crystal Violet (CV), also known as C.I. Basic Violet 3, which is a cationic triphenylmethane
dye and Methyl Red (MR), which is an anionic azo dye

Bright Blue Remazol (blue reagent-19), Red Procion H-E7B

Decolorization (%)

High

61 and 32

-

-

-

90-98

-

100

-

100

-

45-60

-

90-95

99

100

Reference

Li et al., (2014)

Nezamzadeh-Ejhieh and Zabihi-
Mobarakeh, (2014)
Nezamzadeh-Ejhieh and Karimi-
Shamsabadi, (2013)
Nezamzadeh -Ejhieh and Moazzeni,
(2013)
Khataee et al., (2012)

Wetchakun et al., (2012)

Shanthi and Priya, (2012)

Shanthi and Padmavathi, (2012)

Sharma et al., (2012)

Palacio et al., (2012)

Sahel et al., (2010)

Juang et al., (2010)

Gözmen et al., (2009)

Chatterjee et al., (2008)

Gupta et al., (2006)

Costa et al., (2004)

Table 10: Photo catalytic decolorization of mixture of dyes
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design was applied taking various parameters into
consideration. Under optimal reactor conditions
monitoring of dye mineralisation was carried out. 100%
decolorization was obtained after 240 mins of irradiation
which also followed pseudo-first kinetic order model
(Palacio et al., 2012). A similar process was carried out
for a mixture of remazol black (RB5) and red procion
MX-5B in presence of TiO

2
 Degussa P-25 by UV–VIS

spectroscopy (Sahel et al., 2010). Photodegradation
under UV irradiation in TiO

2
 suspensions of a binary

mixture of dyes was also examined. Several factors were
considered during the experiment (Juang et al., 2010).
A similar Photocatalytic degradation and mineralization
of textile dyes in single and binary solutions was
performed by UV/TiO

2
/periodate system (Gözmen et

al., 2009).
Visible light-irradiated TiO

2
 semiconductor photo

catalyst was used for a binary mixture decolorization
(Chatterjee et al., 2008). Crystal violet (basic violet 3)
and methyl red dye were photo catalytically degraded
in aqueous suspensions using Ag+ doped TiO

2
.The

degradation of the dyes in the mixture was measured
spectrophotometrically and color removal was found
to be >99% on UV irradiation for 90  min in the presence
of Ag+ doped TiO

2
 and about 70% under similar

conditions in presence of TiO
2
. COD removal was

measured at regular intervals to quantify the
mineralization of the dye. Above 86% mineralization
was observed using 90  min irradiation. The
degradation of dyes was studied
spectrophotometrically and results showed that
kinetics fitted well to the Langmuir–Hinselwood
pseudo first order rate law. Investigation was done to
find the effects of pH and different interfering
substances like Cl”, NO

3
", SO

4
2", HPO

4
2", Ca2+, Fe2+,

humic acid, O
2
 and electron acceptors like H

2
O

2
,

(NH
4
)

2
S

2
O

8
 and KBrO

3
(Gupta et al., 2006). Also

Bleaching and photodegradation of textile dyes by
H

2
O

2
 and solar or ultraviolet radiation was

investigated. The photooxidation of a textile dyes
mixture of bright blue remazol (blue reagent-19), red
procion H-E7B dyes was experimented and the
efficiency of photooxidation was compared using
hydrogen peroxide (30%) as a bleaching reagent, solar
and ultraviolet radiation, common glass borosilicate,
quartz assay tubes, and no solid catalysts. The color
of a mixture of blue and red dyes was almost completely
removed after 3 hours of exposure to solar or
ultraviolet radiation (Costa et al., 2004).

Photo-Fentons method
Degradation of mixture of three reactive dyes was

studied by electro-Fenton process. In the process
carbon paper cathode modified with carbon
nanotubes was used. Treatment data was studied by
using Partial least square method. Central composite
design and ANOVA technique was used during
modelling and optimizing the decolorization process
(Djafarzadeh et al., 2014). The application of photo-
Fenton process (UV/Fe3+/H

2
O

2
) for treating a mixture

of three cationic dyes. Effect of initial concentration
of oxidants i.e., Fe+3 and H

2
O

2
on the dyes degradation

was investigated (Chergui et al., 2012). Synthetic
textile waste water was degraded with homogenous
and heterogenous photo-Fenton oxidation method
and results were compared. Synthetic waste water
was prepared by mixing remazol red RR and remazol
blue RB. Complete decolorization was obtained with
homogenous oxidation which showed a higher
efficiency than heterogenous photo-fenton method
(Punzi et al., 2012). Some researcher studied the
treatment of mixture of three azo dyes using
homogeneous photoelectro-Fenton (PEF) combined
with heterogeneous photocatalytic process (UV/
TiO

2
). Central composite design was employed for

the optimization of photoelectro-Fenton/
photocatalytic decolorization of the dye solution
containing three dyes using a combined approach.
The factors investigated were the initial concentration
of three dyes, initial amount of Fe3+ and reaction time.
Results indicated that the optimum Fe3+ concentration
was 0.15  mM for decolorization process. Analysis of
variance (ANOVA) showed that predicted values
matched the experimental values reasonably (Khatee
et al., 2012).

A group of researchers employed Electro-Fenton
technique for decolourization of dyes in a continuous
bubble reactor. Investigation was done for various
parameters like iron dosage and pH which play a major
role in increasing the efficiency. At optimal conditions
several dyes were decolorized using this technique.
For dye mixture about 43% of decolorization was
obtained after 21 hours with TOC reduction of 46
(Rosales et al., 2009). The analyses of overall kinetics
of a model mixture of reactive dyes by Fenton and
photo-Fenton oxidation, Investigation was also done
for decolorisation, effect of temperature and
mineralisation. Batch experiments were performed and
the obtained data was used to perform kinetic studies.
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Rate constants and half-life time were determined
according to a pseudo-first-order degradation kinetic
model. The results showed that the Fenton process under
solar light was most effective. They also suggested that
Fenton and photo-Fenton-type reactions are viable
techniques for the treatment of dye mixtures having
higher color intensity, chemical oxygen demand and total
organic carbon removal (Torrades et al., 2008). A
possibility of Fenton-like reagent (Fe3+/H

2
O

2
) was also

tested to decolorize a dye mixture of malachite green
and orange II. Investigation on various parameters like
Fe3+ concentration and initial dye concentration was
done which showed that removal efficiency increased
by increasing the Fe3+concentration (Rastegar et al.,
2008). Another oxidation process known as electro-
Fenton was used for a mixture of three frequently used
in textile industries. Results showed that the electro-
Fenton process quickly degraded the synthetic dye
mixture (Lahkimi et al., 2007). The study of the Fenton
oxidation process with different combination of dyes
considering their actual application doses in dye houses.
The optimum pH using FeSO

4
and H

2
O

2
 was 2.5 at 30°C

resulting in more than 96% COD and 99% Pt-Co unit of
color removal for the mixture of dyes. For mixture of
dyes (RB5 + RR + RB + RY) the optimum conditions
observed were 4.0 pH  at 50°C (Meric et al., 2003). Fenton
method used for treating dye matrix has been listed in
Table 11.

Combined Techniques
Different methods described in the sections above

encourage the use of single techniques for dye
discoloration and removal. However if the efficiency
factor of all these processes is considered only very
few of them show 100% efficiency. Therefore several
researches have also been carried out with a
combination of different techniques (Gomes et al., 2010)
(Table 12).

A combination of removal techniques like
Coagulation and Catalytic oxidation was examined for
reducing the concentration of mixture of direct dyes.
The model solution of mixture of dyes was first
coagulated and then oxidized with hydrogen peroxide
in presence of Fe(II) or UV as catalyst (Gonta et al.,
2014). Some scientists investigated adsorption of a
simulated mixture of dyes and real textile effluent using
pre-treated sugarcane bagasse (Gupta et al., 1998a,
1998b, 1999, 2000, 2001, 2002, 2003, 2004, 2013) which
was further decolorized by solid state fermentation
using Providensia staurti strain EbtSPG. Sugarcane
baggase was pretreated with CaCl

2
, alkali, ammonia,

steam and milling amongst which CaCl
2
showed 92%

and 86% adsorption of simulated dyes mixture and
real textile effluent (RTE) respectively (Kadam et al.,
2011). In the same year, photo electro adsorption
(PEA) decolorization of a mixture of three azo dyes,
with polyaniline-modified electrode as a conductive

Table 11: Fenton / photo fenton treatment for decolorization of mixture of dyes

Dyes

C. I. Reactive Red 195, C. I. Reactive Yellow 84 and C. I. Reactive Blue 69

Cationic dyes: Basic Blue 41, Basic Yellow 28 , Basic red 46

Remazol Red RR, Remazol Blue RR

C.I. Acid Yellow 36 (AY36), C.I. Acid Red 14 (AR14)
and C.I. Basic Yellow 28 (BY28)

Methyl Orange, Reactive Black 5 and Fuchsin Acid , Lissamine Green

Mixture of reactive dyes

Malachite Green and Orange II

Yellow drimaren, congo red and methylene blue

Remazol Black 5 (RB5), Remazol Red RB (RR), Remazol Yellow 84 (RY),
Remazol Brilliant Blue (RB)

Decolorization (%)

-

100

100

-

43

High

-

90

99

Reference

Djafarzadeh et al., (2014)

Bouafia-Chergui et al., (2012)

Punzi et al., (2012)

Khataee et al., (2012)

Rosales et al., (2009)

Torrades et al., (2008)

Rastegar et al., (2008)

Lahkimi et al., (2007)

Meriç et al., (2003)
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polymer was reported. The electro polymerised
electrode was used in a non-continuous reactor using
UV irradiation for the decolorization of mixture of azo
dyes at operational conditions. Optimum pH for
decolorization was found to be 5 at which maximum
color was removed in 40 minutes (Pirkarami et al., 2013).
Combined effects of ozone and electron beam radiation
for removal of color of dye mixture was studied in which
results indicated that higher decolorization was
obtained with ozonation after irradiation (Meibodi et
al., 2013).

One group employed phytoremediation followed
by bacterial degradation. Portulaca grandiflora

(Moss-Rose) was used in a phyto reactor whose
efficacy was increased by augumenting with
Pseudomonas putida  culture.  The bacterial
consortium and plant was found efficient for the
removal of dye mixture. The experimental data was
also analysed by ANOVA and Tukey-Kramer
comparision Test (Khandare et al .,  2013).
Decolorization of adsorbed textile dyes by developed
consortium of Pseudomonas sp-SUK1 & A. Ochraceus
NICM -1146 under solid state fermentation was
analysed. The mixture of textile dyes was prepared by
adding various textile dyes (each 20mg/L). Rice Bran,
an agricultural low cost adsorbent was used to remove

Table 12: Decolorization of mixture of dyes by combined techniques

 Decolorization of Mixture of Dyes

86

Technique

Coagulation and Catalytic Oxidation
With Hydrogen Peroxide

Adsorption Followed By Biodegradation

Photo Electro Adsorption

Ozone And Electron Beam Irradiation

Phytoremedation With
Bacterial Augmentation

Adsorption Followed By
Biological Method

Electrocoagulation / Electroflotation

Electrochemical Photodegradation

Adsorption And Biodegradation

Biological-Chemical Method

Coagulation And Adsorption

Dyes used

Direct dyes (Direct blue k , Direct brown)

Simulated dye mixture , Real textile effluent

Acid Red 88 (AR88), Acid Blue 92 (AB92),
and Acid Orange 2 (AO2)

Mixture of dyes

Disperse Red BF, Disperse Yellow G, Disperse
Bryal Blue, Rubine GFL, Brown REL

Disperse Blue 2BLM, Reactive Yellow XL,
Reactive Red RB, Reactive Red ME4BL,
Reactive Orange 3R, Reactive Blue ME2RL,
Reactive Golden Yellow HER

Disperse dye Yellow terasil 4G, Red terasil
343 150% and Blue terasil 3R02, the
reactive dye is a mixture of Red S3B 195,
Yellow SPD, Blue BRFS

Methyl Orange, methylene Blue, Reactive
Blue 2, Naphthol Blue Black, Direct Rd
81, Rhodamine 6G

Telon Red M-3B (C.I. Acid Red 131; Azo
Dye), Telon Blue M-RLW (C.I. Acid Blue
204; Anthraquinone Dye) and Telon
Yellow M-4GL (C.I. Acid Yellow 79

Tartrazine, Sunset Yellow, Reactive Black 5,
Drimarene Red, Remazol Brown, Drimarene
Navy dyes

C.I. Reactive Red 45 and C.I. Reactive
Green 8

Decolorization (%)

-

92 , 86

96

high

89

Adsorption
- 62 By

Consoritum
- 82

70-90

>50

89±1.86

80- 95
 in 1-24hrs

100

Reference

Gonta et al., (2014)

Kadam et al., (2013)

Pirkarami et al.,
(2013)

Emami-Meibodi et
al., (2013)
Khandare et al.,
(2013)

Kadam et al.,
(2011)

Balla et al., (2010)

Zainal et al., (2007)

Somasiri et al.,
(2006)

Patel and Suresh,
(2006)

Papic et al., (2004)
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color for mixture of dyes and removal was found to be
62% by ADMI method. The adsorbed mixture of textile
dyes was then degraded by a Consoritum-PA under
solid state fermentation which was found more
efficient than individual micro-organism. ADMI
results showed 82% decolorization in 36hrs for the
adsorbed mixture of dyes by consortium-PA (Kadam
et al., 2013). In  2010 studies were carried out to test
the efficiency of electrocoagulation/electroflotation
in removing color from synthetic and real textile
wastewater by using aluminium and iron electrodes
in an external-loop airlift reactor of 20 L. Removal
efficiency was found to be different for both reactive,
disperse and synthetic mixture of dyes. Aluminium
electrodes gave better results for disperse dyes
whereas iron electrode for reactive dyes and mixed
synthetic dyes. The optimum pH for the process was
observed to be 7.5 (Balla et al., 2010).

To degrade a mixture of six commercial dyes
photochemically, the degradation process was
assisted by electrochemical method under halogen
lamp. The COD removal percentage for mixture of dyes
was found to be 73%. The mixture of dyes followed
Langmuir –Hinshelwood isotherm and pseudo first
order kinetics (Zainal et al., 2007). Textile wastewater
was decolorized containing acid dyes in Upflow
Anaerobic Sludge Blanket (UASB) reactor system
under mixed anaerobic granular sludge. A mixture of
three dyes was prepared and treated using UASB
reactor system achieving maximum decolorization up
to 89±1.86% at 300 mg/l dye concentration. The COD
removal reduced from 93±1.9% to 85±2.3% at 10 mg/l
and 300 mg/l dye concentrations, respectively
indicating no severe toxicity caused to microorganism
(Somasiri et al., 2006). Mg/Pd4+ system was analysed
for efficiency of removal of 80% to 95% color removal
was obtained within 24 hours. Bimetallic system was
found efficient in decolorizing mixture of commercial
dyes (Patel and Suresh, 2006). In addition to this a
combined Al (III) coagulation/activated carbon
adsorption method was used for removal of reactive
dyes from wastewater in two step method. Effects of
various factors like pH, coagulant dosage, contact
time and adsorbent dosage on dye removal were also
studied. Coagulation technique was followed by
adsorption which achieved almost the total
elimination of dyes from wastewater, with 90%
reduction in COD, TOC and adsorbable organic halide
(AOX) (Papic et al., 2004).

CONCLUSION
Wastewater discharged by textile finishing

industries has become an great environmental concern
for the scientists because of the prevailing hazards in
our ecosystem. The dissolved dyes present in the
effluent are resistant to light, acids, bases and oxygen,
as these are the desired properties which should be
possessed by dyed material. It is therefore difficult to
treat textile wastewater especially when it contains a
matrix of dyes. Real effluents generally include more
than one component and study of the possible
interactions between different chromophores will be
very useful for the treatment of real effluents. Effect
of various parameters like pH, temperature, time,
elution and regeneration were noted which will prove
to be essential factor during designing of the
treatment (Biati et al., 2014). During investigation, data
on decolorizing efficiencies of different methods,
suitability of isotherm models, and kinetics of the
method have also been mentioned. Use of
biosorbents combined with other techniques would
give better results and will be economically sound.
Along with dye removal several treatment methods
tried to reduce COD, BOD and increased the quality
of treated water which may be further used after
treatment. Although some techniques were able to
fully decolorize the matrix of dyes but several other
factors which interfere may also be considered.
Besides high efficiency of dye removal, the combined
treatment processes offer many advantages for
potential application such as coagulant savings,
minimal amount of sludge formation and also economic
feasibility.

Due to the foreseen water scarcity wastewater
treatment is the issue to be taken up on priority. An
attempt has been made to review the efficiency of
various techniques used for decolorization of mixture
of dyes and the use of combined techniques for
successful water management.
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AOX = Advanced Oxidation Processes
Adsorbable Organic Halide

BOD = Bichemical Oxygen Demand
CNT-PTFE = Carbon Nano Tube- Poly Tetra Fluoro
Ethylene
COD = Chemical Oxygen Demand
EPIDMA  = Epichlorohydrin Dimethyl amine
FTIR = Fourier Transform Infrared Spectroscopy
GC-MS = Gas Chromatography Mass Spectroscopy
HOBT = HydroxyBenzoTriazole
HPLC = High Performance Liquid Chromatography
HPTLC = High Performance Thin Layer Chromatography
PDADMAC = Poly Diallydimethyl Ammonium Chloride
PEA = Photo Electro Adsorption
PEPIDA = Poly Epichlorohydrin Diamine
PVA = Phosphorylated Polyvinyl Alcohol
RBC = Rotating Biological Contactor Reactor
RTE = Real Textile Effluent
TOC = Total Organic Carbon
UASB = Upflow Anaerobic Sludge Blanket

REFERENCES
Akhtar, S.; Khan, A. A.; Husain, Q., (2005). Potential of

immobilized bitter gourd (Momordicacharantia) peroxidases
in the decolorization and removal of textile dyes from
polluted wastewater and dyeing effluent. Chemosphere, (60):
291-301 (11 pages).

Aksu, Z., (2005). Application of biosorption for the removal
of organic pollutants: a review. Proc. Biochem., (40): 997-
1026 (30 pages).

Allen, S. J.; McKay, G.; Khader, K.Y. H., (1988)
Multicomponent sorption isotherms of basic dyes onto peat.
Environ. Pollut., (52): 39-53 (5 pages).

Al-Saadi, A. A.; Saleh, T. A.; Gupta, V. K., (2013). Spectroscopic
and theoretical evaluation of cadmium adsorption using
activated carbon produced from waste rubber tires. J. Mol.
Liquids, (188):136-142 (7 pages).

Amaral, P. F. F.; Fernandes, D. L. A.; Tavares, A. P. M.; Xavier,
A. B. M. R., (2004). Decolorization of dyes from texti le
wastewater by Trametes versicolor. Environ. Technol., (25):
1313-1320 (8 pages).

Ambrosio, S.T.; Takaki, G. M. C., (2004). Decolorization of
reactive azo dyes by Cunninghamellaelegans UCP 542 under
co-metabolic conditions. Bioresour. Technol., (91): 69-75
(7 pages).

Ambrosio, S.T.; Vilar Junior, J. C.; da Silva, C. A. A; Okada, K.,
(2012). A biosorption isotherm model for the removal of
reactive azo dyes by inactivated mycelia of
Cunninghamellaelegans UCP542. Molecules, (17): 452-462
(11 pages).

Asad, S.; Amoozegar, M. A.; Pourbabaee, A.; Sarbolouki, M.N.;
Dastgheib, S. M. M., (2007). Decolorization of textile azo
dyes by newly isolated halophilic and halotolerant bacteria.
Bioresour. Technol., (98): 2082-2088 (7 pages).

Biati, A.; Khezri, S.M.; Mohammadi Bidokhti, A., (2014).
Determination of optimum exposure time and pH for dye

V. K. Gupta et al.

88

Adsorption using an adsorbent made of sewage sludge. Int. J.
Environ. Res., 8 (3): 653-658 (6 pages).

Balla, W.; Essadki, A. H.; Gourich, B.; Dassaa, A.; Chenik, H.;
Azzi, M., (2010). Electrocoagulation/electroflotation of
reactive, disperse and mixture dyes in an external-loop airlift
reactor. J. Hazard. Mater., (184): 710-716 (7 pages).

Bhole, B. D.; Ganguly, B.; Madhuram, A.; Deshpande, D.; Joshi,
J., (2004). Biosorption of methyl violet, basic fuchsin and
their mixture using Dead Fungal Biomass. Curr. Sci., (86):
1641-1644 (4 pages).

Bouatay, F.; Dridi, S.; Mhenni, M.F., (2014). Valorization of
tunisian pottery clay onto basic dyes adsorption. Int. J.
Environ. Res., 8 (4): 1053-1066 (14 pages).

Chakraborty, S.; Basu, J. K.; De, S.; DasGupta, S., (2006).
Adsorption of reactive dyes from a textile effluent using
sawdust as the adsorbent. Industrial Eng. Chem. Res., (45):
4732-4741 (10 pages).

Chakraborty, S.; Purkait, M. K.; DasGupta, S.; De, S.; Basu, J.
K., (2003). Nanofiltration of textile plant effluent for color
removal and reduction in COD. Separation and Purification
Technology, (31): 141-151 (11 pages).

Chan, L. S.; Cheung, W. H.; Allen, S. J.; McKay, G., (2009).
Separation of acid-dyes mixture by bamboo derived active
carbon. Sep. Pur. Technol., (67): 166- 172 (7 pages).

Chatterjee, D.; Patnam, V. R.; Sikdar, A.; Joshi, P.; Misra, R.;
Rao, N.N., (2008). Kinetics of the decoloration of reactive
dyes over visible light-irradiated TiO2 semiconductor
photocatalyst. J. Hazard. Mater., (156): 435-441 (7 pages).

Chatzisymeon, E.; Xekoukoulotakis, N. P. ; Coz, A. ;
Kalogerakis, N.; Mantzavinos, D., (2006). Electrochemical
treatment of textile dyes and dyehouse effluents. J. Hazard.
Mater., (137): 998-1007 (9 pages).

Chaudhari, K.; Bhatt, V.; Bhargava, A.; Seshadri, S., (2011).
Combinational system for the treatment of textile waste
water: a future perspective. Asian J. Water Environ. Pollut.,
(8): 127-136 (10 pages).

Cheknane, B.; Baudu, M.; Basly, J. P.; Bouras, O., (2010).
Adsorption of basic dyes in single and mixture systems on
granular inorganic–organic pillared clays. Environ. Tech.,
(31): 815-822 (8 pages).

Chen, K.C.; Wu, J. Y.; Huang, C. C.; Liang, Y. M.; Hwang,
S.C.J., (2003). Decolorization of azo dye using
PVAimmobilized microorganisms. J. Biotech., (101): 241-
252 (12 pages).

Chen, K. C.; Wu, J.Y.; Liou, D. J.; Hwang, S.C.J., (2003).
Decolorizat ion of the text ile dyes by newly isolated bacterial
strains. J. Biotech.,  (101): 57-68 (12 pages).

Chergui, S.B.; Oturan, N.; Khalaf , H.; Oturan, M. A., (2012).
A Photo-Fentontreatment of a Mixture of Three Cationic
Dyes. Procedia Engineering, (33): 181-187 (8 pages).

Chhabra, M.; Mishra, S. ; Sreekrishnan, T. R. , (2008). Mediator-
assisted decolorization and detoxification of textile dyes/
dye mixture by Cyathusbulleri laccase. Appl. Biochem.
Biotech., (151): 587-598 (12 pages).

Costa, F. A.; Reis, E. M. D; Azevedo, J. C.; Nozaki, J., (2004).
Bleaching and photodegradation of textile dyes by H2O2
and solar or ultraviolet radiation. Solar Energy, (77): 29-35
(7 pages).

Crini, G., (2006) Non-conventional low-cost adsorbents for
dye removal: a review. Bioresour. Technol., (97): 1061-
1085 (25 pages).



Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015

89

Cristovao, R.O.; Tavares, A. P.; Ferreira, L. A.; Loureiro, J.
M., (2009). Modeling the discoloration of a mixture of
reactive textile dyes by commercial laccase. Bioresour.
Technol., (100): 1094-1099 (6 pages).

Deng, S.; Xu, H.; Jiang, X.; Yin, J., (2013). Poly (vinyl
alcohol)(PVA)-Enhanced Hybrid Hydrogels of
Hyperbranched Poly (ether amine)(hPEA) for Selective
Adsorption and Separation of Dyes. Macromolecules, (46):
2399-2406 (8 pages).

Djafarzadeh, N.; Safarpour, M.; Khataee, A., (2014).
Electrochemical degradation of three reactive dyes using
carbon paper cathode modified with carbon nanotubes and
their simultaneous determination by partial least square
method. Korean J. Chem. Eng., (31): 785-793 (9 pages).

Ejhieh, A.N.; Moazzeni, N. , (2013). Sunlight photodecolorization
of a mixture of Methyl Orange and Bromocresol Green by CuS
incorporated in a clinoptilolite zeolite as a heterogeneous
catalyst. J. Industrial Eng. Chem., (19): 1433-1442 (10 pages).

Ejhieh, A. N.; Mobarakeh, H. Z., (2014). Heterogeneous
photodecolorization of mixture of methylene blue and
bromophenol blue using CuO-nano-clinopti loli te.  J .
Industrial Eng. Chem., (20): 1421–31 (11 pages).

Ejhieh, A. N.; Shamsabadi, M. K., (2013). Decolorization of  a
binary azo dyes mixture using CuO incorporated nanozeolite-
X as a heterogeneous catalyst and solar irradiation. Chem.
Eng. J., (228): 631-641 (11 pages).

Erswell, A.; Brouckaert, C. J.; Buckley, C. A., (1988). The reuse
of reactive dye liquors using charged ultrafiltration membrane
technology. Desalination, (70): 157-167 (11 pages).

Ghaedi, M.; Hajati, S.; Barazesh, B.; Karimi, F.; Ghezelbash, G.,
(2013). Saccharomyces cerevisiae for the biosorption of
basic dyes from binary component systems and the high
order derivat ive spect rophotometric method for
simultaneous analysis of Brilliant green and Methyleneblue.
J. Industrial Eng. Chem., (19): 227-233 (7 pages).

Godlewska, E. Z.; Przystas, W. ; Sota, E. G., (2014).
Decolorisation of Different Dyes by two Pseudomonas Strains
under Various Growth Conditions. Water Air Soil Pollut.,
(225): 1-13 (13 pages).

Gomes,  A.C.; Nunes, J.C.; Simões, R., (2010). Determination
of fast ozone oxidation rate for textile dyes by using a
continuous quench-flow system. J. Hazard. Mater., (178):
57-65 (9 pages).

Gonta,  M.; Duca, G.; Matveevici, V.; Iambartv, V.; Mocanu,
L., (2014). Textile waste water treatment of dyes by
combining the coagulation and catalytic oxidation with
hydrogen peroxide methods. Manage. Water Qual., (69):
197-208 (12 pages).

Gözmen, B.; Turabik, M.; Hesenov, A., (2009). Photocatalytic
degradation of Basic Red 46 and Basic Yellow 28 in single
and binary mixture by UV/TiO2/periodate system. J. Hazard.
Mater., (164): 1487-1495 (9 pages).

Gupta, A.K.; Pal, A.; Sahoo, C., (2006). Photocatalytic
degradation of a mixture of Crystal Violet (Basic Violet 3)
and Methyl Red dye in aqueous suspensions using Ag+ doped
TiO2. Dyes and Pigments, (69): 224-232 (9 pages).

Gupta, V.K., (1986). Thin Layer chromatographic separation
of closely related dyes. J. Liquid Chroamtogr., (9): 3489-
3493 (5 pages).

Gupta, V.K.; Ali, I., (2004). Removal of lead and chromium
from wastewater using bagasse fly ash - a sugar industry
waste. J. Colloid Interface Sci., (271): 321-328 (8 pages).

waste. J. Colloid Interface Sci., (271): 321-328 (8 pages).
Gupta, V.K.; Ali, I.; Joshi, A., (1991) TLC separation of some

synthetic dyes on silica gel layers impregnated with nickel
(II) ion. J. Indian Chem. Soc., (68): 311-312 (2 pages).

Gupta, V.K.; Ali, I.; Saini, V.K.; Gerven, T.V.; Bruggen,
B.V.D; (2005). Removal of  dyes   from wastewater
using   bottom ash. Ind. Eng. Chem. Res., (44): 3655-
3664 (10 pages) .

Gupta, V.K.; Ali, I.; Saleh, T.A.; Nayak, A.; Agarwal, S., (2012).
Chemical t reatment technologies for waste-water
recycling—an overview. RSC Advances, (2): 6380–6388
(9 pages).

Gupta, V.K., Ali I., Saleh T.A., Siddiqui M.N.,Agarwal S. (2013).
Chromium Removal from water by activated carbon
developed from waste rubber tires. Environ. Sci. Pollut. Res.,
(20): 1261–1268 (8 pages).

Gupta, V.K.; Ali, I.; Suhas Mohan, D., (2003).  Equilibrium
Uptake  and   Sorption Dynamics   for  the   Removal  of  a
Basic  Dye  (Basic Red)   Using  Low   Cost  Adsorbents, J.
Colloid Interface Sci., (265): 257-264 (8 pages).

Gupta, V.K.; Ali, I.; Suhas Saini, V.K., (2006). Adsorption of
2,4-D and carbofuran pesticides using fertilizer and steel
industry wastes. J. Colloid Interface Sci., (299): 556–563
(8 pages).

Gupta, V.K.; Ali I., (2000). Utilization of bagasse fly ash (a sugar
industry waste) for the removal of copper and zinc from
wastewater. Sep. Purif. Technol., (18): 131-140 (10 pages).

Gupta, V.K., and Ali I. (2001) Removal of DDD and DDE from
wastewater using bagasse fly ash, a sugar industry waste.
Water Res., (35): 33-40 (8 pages).

Gupta, V.K.; Gupta, B.; Rastogi, A.; Agarwal, S.; Nayak, A.,
(2011). Pesticides Removal from wastewater by Activated
Carbon Prepared from Waste Rubber Tire. Water Res., (45):
4047-4055 (9 pages).

Gupta, V.K.; Gupta, B.; Rastogi, A.; Agarwal, S.; Nayak, A.,
(2011). A Comparative Investigation on Adsorption
Performances of Mesoporous Activated Carbon Prepared
from Waste Rubber Tire and Activated Carbon for a
Hazardous Azo Dye- Acid Blue 113,  J. Hazard. Mater.,
(186): 891-901 (11 pages).

Gupta, V.K.; Jain, A.K.; Shoora, S.K., (2013). Multiwall carbon
nanotube modified glassy carbon electrodes as voltammetric
sensor for the simultaneous determination of ascorbic acid
and caffeine, Electrochim. Acta, (93): 248–253 (6 pages).

Gupta, V.K.; Jain, C.K.; Ali, I.; Chandra, S.; Agarwal, S., (2002).
Removal of lindane and malathion from wastewater using
bagasse fly ash – a sugar industry waste, Water Res., (36):
2483-90 (8 pages).

Gupta, V.K.; Jain, C.K.; Ali I.; Sharma, M.; Saini, V.K., (2013).
Removal of cadmium and nickel from wastewater using
bagasse fly ash- a sugar industry waste. Water Res., (37):
4038-4044 (7 pages).

Gupta, V.K.; Kumar, R., (2013). Adsorptive removal of dyes
from aqueous solutions onto carbon nanotube: A review.
Adv. Colloid Interface Sci., (193): 24-34 (11 pages).

Gupta, V.K.; Mittal, A.; Gajbe, V., (2005). Adsorption and
desorption studies of a water soluble dye, quinoline yellow,
using waste materials. J. Colloid Interface Sci., (284): 89-98
(10 pages).

Gupta, V.K.; Mittal, A.; Krishnan, L.; Mittal,  J., (2006).
Removal and Recovery of the Hazardous Azo Dye, Acid



Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015 Decolorization of Mixture of Dyes

90

Orange 7 through Adsorption over Waste Materials - Bottom
Ash and De-Oiled Soya. Ind. Eng. Chem. Res., (45): 1446-
1453 (8 pages).

Gupta, V.K.; Mittal, A.; Krishnan, L.; Mittal, J., (2006).
Adsorption Treatment and Recovery of the Hazardous Dye,
Brilliant Blue FCF, Over Bottom Ash and De-Oiled Soya. J.
Colloid Interface Sci., (293): 16-26 (11 pages).

Gupta, V.K.; Mittal, A.; Kurup, L.; Mittal, J., (2006). Adsorption
of a Hazardous Dye - Erythrosine over Hen Feathers. J.
Colloid Interface Sci., (304): 52-57 (6 pages).

Gupta, V.K.; Mohan, D.; Sharma, S., (1998). Removal of lead
from wastewater using bagasse fly ash-a sugar industry waste
material. Sep. Sci. Technol., (33): 1331-1343 (13 pages).

Gupta, V.K.; Mohan, D.; Saini, V.K., (2006). Adsorption studies
on the interaction of some azo dyes (naphthol red-J and
direct orange) with nontronite mineral. J. Colloid Interface
Sci., (298): 79-86 (8 pages).

Gupta, V.K., Mohan D., Sharma, S., Park K.T. (1999). Removal
of Chromium (VI) from Electroplating Industry Wastewater
Using Bagasse fly ash - A sugar Industry waste material, The
Environmentalist, 19: 129-136 (8 pages).

Gupta, V.K.; Mohan, D.; Sharma, S.; Sharma, M., (2000).
Removal of basic dyes  (Rhodamine-B and Methylene blue)
from aqueous solutions using bagasse fly ash. Sep. Sci.
Technol., (35): 2097-2113 (17 pages).

Gupta, V.K.; Mohan, D.; Sharma, S.; Sharma, M., (2000).
Removal of basic dyes  (Rhodamine-B and Methylene blue)
from aqueous solutions using bagasse fly ash. Sep. Sci.
Technol., (35): 2097-2113 (12 pages).

Gupta, V.K.; Nayak, A.; Agarwal, S., (2012). Performance
evaluation and application of oxygen enriched waste rubber
tire adsorbent for the removal of hazardous aniline
derivatives from waste water. Chem. Eng. J., (203): 447-
457 (11 pages).

Gupta, V.K.; Nayak, A.; Agarwal, S.; Tyagi, I., (2014). Potential
of activated carbon from Waste Rubber Tire for the
adsorption of phenolics: Effect of pretreatment conditions.
J. Colloids Surface Sci., (417): 420-430 (11 pages).

Gupta, V.K.; Nayak, A.; Bhushan, B., (2012). Process
Optimization and Design of a pilot scale column for toxic
metal removal using waste rubber tire mesoporous adsorbent.
Chem. Eng. J., (197): 330-342 (13 pages).

Gupta, V.K.; Pathania, D.; Singh, P.; Rathore, B.S., (2014).
Development of guar gum based cerium (IV) tungstate
nanocomposite material for remediation of basic dye from
water. Carbohydrate Polymers, (101): 684–691 (8 pages).

Gupta, V.K.; Rastogi, A., (2010). Biosorption of nickel onto
treated alga (Oedogonium hatei): Application of isotherm
and kinetic models. J. Colloid Interface Sci., (342): 533-
539 (7 pages).

Gupta, V.K.; Rastogi, A.; Nayak, A., (2010). Adsorption studies
on the removal of hexavalent chromium from aqueous
solution using a low cost fertilizer industry waste material.
J. Colloid Interface Sci., (342): 135-141 (7 pages).

Gupta, V.K.; Sharma, S., (2003). Removal of zinc from aqueous
solutions using bagasse fly ash a low cost adsorbent. Ind.
Eng. Chem. Res., (42): 6619 –6624 (6 pages).

Gupta, V.K.; Sharma, S.; Yadava, I.S.; Mohan, D., (1998).
Utilization of Bagasse fly ash generated in sugar industry for
the removal and recovery of phenol and p-nitrophenol from
wastewater. J. Chem. Tech. Biotech., (71): 180-186 (7 pages).

Gupta, V.K.; Suhas Nayak, A.; Agarwal, S.; Chaudhary, M.;
Tyagi, I., (2014). Removal of Ni (II) ions from water using
porous carbon derived from scrap tyre. J. Molecular. Liquids,
(190):  215-222 (8 pages).

Harazono, K.; Nakamura, K., (2005). Decolorization of
mixtures of different reactive textile dyes by the whiterot
basidiomycete Phanerochaete sordida and inhibitory effect
of polyvinyl alcohol. Chemosphere, (59): 63-68 (6 pages).

Hassani, A. H.; Seif, S.; Javid A. H.; Borghei, M., (2008).
Comparison of adsorption process by GAC with novel
formulation of coagulation flocculation for color removal
of textile wastewater. Int. J. Environ. Res., 2( 3): 239-248
(10 pages).

Idris,, A.; Suhaimi, M.S.; Zain, N.A.M.; Rashid, R.; Othman,
N., (2014). Discoloration of aqueous textile dyes solution
by Phanerochaete chrysosporium immobilized in modified
PVA matrix. Desalination and Water Treatment, 52(34-
36): 6694-6702 (9 pages).

Ince, N. H.; Tezcanh, G., (1999). Treatability of textile dyebath
effluents by advanced oxidation: preparation for reuse.
Water Sci. Technol., (40): 183-190 (8 pages).

Iqbal, M.J.; Ashiq, M.N., (2007). Adsorption of dyes from
aqueous solutions on activated charcoal. J. Hazard. Mater.,
(139): 57-66 (10 pages).

Jain, A.K.; Gupta, V.K.; Bhatnagar, A.; Jain, S.; Suhas., (2003).
A comparative Assessment of adsorbents prepared from
industrial wastes for the removal of cationic dye. J. Indian
Chem. Soc., (80): 267-270 (4 pages).

Jain, A.K.; Gupta, V.K.; Bhatnagar, A.; Suhas., (2003) A
comparative study of adsorbents prepared from industrial
wastes for removal of dyes. Sep. Sci. Technol., (38): 463-
481 (19 pages).

Jain, A.K.; Gupta, V.K.; Bhatnagar, A.; Suhas., (2003)
Utilization of industrial waste products as adsorbents for
the removal of dyes, J. Hazard. Mater., (101): 31-42 (12
pages).

Jamal, F.; Singh, S.; Khatoon, S.; Mehrotra, S., (2013). Applicat
ion of immobilized pointed gourd (Trichosanthesdioica)
peroxidase-concanavalin A complex on calcium alginate
pectin gel in decolorization of synthetic dyes using batch
processes and continuous two reactor system. J.
Bioprocessing & Biotechniques, (3): 1-5 (5 pages).

Jayan, M.A.; Maragatham, N.R.; Saravanan, J., (2011).
Decolorization and physico chemical analysis of textile azo
dye by bacillus. Int. J. Appl. Bioeng., (5): 35-39 (5 pages).

Joshi, S.M.; Inamdar, S.A.; Telke, A.A.; Tamboli, D.P.;
Govindwar, S.P., (2010). Exploring the potential of natural
bacterial consortium to degrade mixture of dyes and textile
effluent. Int. Biodeterioration and Biodegradation, (64):
622-628 (7 pages).

Joshi, T.; Iyengar, L.; Singh, K.; Garg, S., (2008). Isolation,
identification and application of novel bacterial consortium
TJ-1 for the decolourization of structurally different azo
dyes. Bioresour. Technol., (99): 7115-7121 (7 pages).

Juang, R.S.; Lin, S.H.; Hsueh, P.Y., (2010). Removal of binary
azo dyes from water by UV-irradiated degradation in TiO2
suspensions. J. Hazard. Mater., (182): 820-826 (7 pages).

Kabra, A.N.; Khandare, R.V.; Govindwar, S.P. , (2013).
Development of a bioreactor for remediation of textile
effluent and dye mixture: A plant–bacterial synergistic
strategy. Water Res., (47): 1035-1048 (14 pages).



Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015

91

Kabra, A.N.; Khandare, R.V.; Waghmode, T.R.; Govindwar,
S.P., (2012). Phytoremediation of textile effluent and
mixture of structurally different dyes by Glandularia Pulchella
(Sweet) Tronc. Chemosphere, (87): 265-272 (8 pages).

Kadam, A.A.; Telke, A.A.; Jagtap, S.S.; Govindwar, S.P., (2011).
Decolorization of adsorbed textile dyes by developed
consortium of Pseudomonas sp. SUK1 and Aspergillus
ochraceus NCIM-1146 under solid state fermentation. J.
Hazard. Mater., (189): 486-494 (9 pages).

Kadam, A. A.; Lade, H. S.; Patil, S. M.; Govindwar, S. P.,
(2013). Low cost CaCl2pretreatment of sugarcane bagasse
for  enhancement  of  texti le dyes  adsorpt ion  and
subsequent biodegradation of adsorbed dyes under solid
state fermentation. Bioresour. Technol., (132): 276-284
(9 pages) .

Kang, Q., (2007). Residual color profiles of simulated reactive
dyes wastewater in flocculation processes by poly diallyl
dimethyl ammonium chloride. Sep. Pur. Technol., (57): 356-
365 (10 pages).

Kang, Q.; Zhou, W.; Li, Q.; Gao, B.; Fan, J.; Shen, D., (2009).
Adsorption of anionic dyes on poly
(epicholorohydrindimethylamine) modified bentonite in
single and mixed dye solutions. Appl. Clay Sci., (45): 280-
287 (8 pages).

Kannan, N.; Sundaram, M.M., (2001). Kinetics and mechanism
of removal of methylene blue by adsorption on various
carbons—a comparative study. Dyes and Pigments, (51):
25-40 (16 pages).

Kestioglu, K.; Yonar, T.; Azbar, N., (2005). Feasibility of
physico-chemical t reatment and advanced oxidat ion
processes (AOPs) as a means of pretreatment of olive mill
effluent (OME). Proc. Biochem., (40): 2409-2416 (8
pages).

Khalid, A.; Arshad, M.; Crowley, D.E., (2008). Accelerated
decolorization of structurally different azo dyes by newly
isolated bacterial strains. Appl. Microbiol. Biotech., (78):
361-369 (9 pages).

Khan, A.A.; Husain, Q., (2007). Decolorization and removal
of textile and non-textile dyes from polluted wastewater
and dyeing effluent by using potato (Solanumtuberosum)
soluble and immobilized polyphenol oxidase. Bioresour.
Technol., (98): 1012-1019 (8 pages).

Khandare, R. V.; Kabra, A. N.; Kadam, A. A.; Govindwar, S. P.,
(2013). Treatment of dye containing wastewaters by a
developed lab scale phytoreactor and enhancement of its
efficacy by bacterial augmentation. Int. Biodeterioration
and Biodegradation, (78): 89-97 (9 pages).

Khandare, R. V.; Kabra, A. N.; Kurade, M. B.; Govindwar, S. P.,
(2011). Phytoremediation potential of Portulaca grandiflora
Hook. (Moss-Rose) in degrading a sulfonated diazo reactive
dye Navy Blue HE2R (Reactive Blue 172). Bioresour.
Technol., (102): 6774-6777 (4 pages).

Khatee, A.R.; Safarpour, M.; Naseri, A.; Zarei, M., (2012).
Photoelectro Fenton/ nanophotocatalysis decolorization of
three textile dyes mixture: Response surface modeling and
multivariate calibration procedure for simultaneous
determination. J. Electroanalytical Chem., (672): 53-62
(10 pages).

Khatee, A. R.; Naseri, A.; Zarei, M.; Safarpour, M.;
Moradkhannejhad, L., (2012). Chemometrics approach for
determination and optimization of simultaneous

photooxidative decolourization of a mixture of three textile
dyes. Environ. Tech., (33): 2305-2317 (13 pages).

Kirby, N.; Marchant, R.; McMullan, G., (2000). Decolorisation
of synthetic textile dyes by Phlebiatremellosa. FEMS
Microbiology Letters, (188): 93-96 (4 pages).

Kolekar, Y.M.; Konde, P.D.; Markad, V.L.; Kulkarni, S.V.;
Chaudhari , A.U. , (2013). Effect ive bioremoval and
detoxification of textile dye mixture by Alishewanella sp.
KMK6. Appl. Microbiol. Biotech., (97): 881-889 (7 pages).

Kulshrestha, Y.; Husain, Q., (2007). Decolorization and
degradation of acid dyes mediated by salt fractionated turnip
(Brassica rapa) peroxidases. Toxic. Environ. Chem., (89):
255-267 (13 pages).

Kurade, M.B.; Waghmode, T.R.; Govindwar, S.P., (2011).
Preferential biodegradation of structurally dissimilar dyes
from a mixture by Brevibacilluslaterosporus. J. Hazard.
Mater., (192): 1746-1755 (10 pages).

Kurniawan, A.; Sutiono, H.; Indraswati, N.; Ismadji, S., (2012).
Removal of basic dyes in binary system by adsorption using
rarasaponin–bentonite: Revisited of extended Langmuir
model. Chem. Eng. J., (189): 264-274 (11 pages).

Lahkimi , A. ; Oturan, M.A.; Oturan, N. ; Chaouch, M. ,
(2007) . Removal of text i le dyes from water by the
elect ro-Fenton process. Environ. Chem. Letters, (5):
35-39 (5 pages).

Li, H.; Zhu, L.; Ma, L.C.; Zhang, H., (2014). TiO2 hollow
microspheres: synthesis, photocatalytic activity, and
selectivity for a mixture of organic dyes. Monatsheftefür
Chemie-Chemical Monthly, (145): 29-37 (9 pages).

Liu, G.; Zhou, J.; Meng, X.; Fu, S.Q.; Wang, J.; Jin, R.; Lv, H.,
(2013). Decolorization of azo dyes by marine Shewanella
strains under saline conditions. Appl. Microbiol. Biotech.,
(97): 4187-4197 (11 pages).

Machado K.M., Compart L.C., Morais R.O., Rosa L.H., Santos,
M.H., (2006). Biodegradation of reactive textile dyes by
basidiomycetous fungi from Brazilian ecosystems. Brazilian
J. Microbiol., (37): 481-487 (7 pages).

Martins, M.A.M.; Lima, N.; Silvestre, A.J.; Queiroz, M.J.,
(2003). Comparative studies of fungal degradation of single
or mixed bioaccessible reactive azo dyes. Chemosphere, (52):
967-973 (7 pages).

Matto, M.; Husain, Q., (2007). Decolorization of direct dyes
by salt fractionated turnip proteins enhanced in the presence
of hydrogen peroxide and redox mediators. Chemosphere,
(69): 338-345 (8 pages).

Meibodi, M.E.; Parsaeian, M.R.; Banaei, M., (2013). Ozonation
and Electron Beam Irradiation of Dyes Mixture. Ozone Sci.
Eng., (35): 49-54 (6 pages).

Meric, S.; Kaptan, D.; Tunay, O., (2003). Removal of color
and COD from a mixture of four reactive azo dyes using
Fenton oxidation process. J. Environ. Sci. Health, Part A,
(38): 2241-2250 (10 pages).

Mincea, M.; Patrulea, V.; Negrulescu, A.; Szabo, R.; Ostafe, V.,
(2013). Adsorption of Three Commercial Dyes onto
Chitosan Beads Using Spectrophotometric Determination
and a Multivariate Calibration Method. J. Water Resource
& Protection, (5): 446-457 (12 pages).

Nagda,  G. K.;  Ghole,  V. S.,  (2008).  Uti lizat ion of
lignocellulosic waste from bidi industry for removal of dye
from aqueous solution. Int. J. Environ. Res., 2 (4): 385-
390 (6 pages).



Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015V. K. Gupta et al.

92

Naik, C.; Singh, C.R., (2012). Isolation screening and
development of Bacillus sps with decolorization and
degradation capabilities towards reactive dyes and textile
effluents. Recent Res. Sci. Tech., (4): No-5

Nigam, P.; Armour, G.; Banat, I.M.; Singh, D., (2000). Physical
removal of textile dyes from effluents and solidstate
fermentation of dye-adsorbed agricultural residues. Bioresour.
Technol., (72): 219-226 (8 pages).

Nigam, P.; Banat, I.M.; Singh, D.; Marchant, R., (1996).
Microbial process for the decolorization of textile effluent
containing azo, diazo and reactive dyes. Proc. Biochem.,
(31): 435-442 (8 pages).

Nordstrom, F.; Terrazas, E.; Welander, U., (2008).
Decolorization of a mixture of textile dyes using bjerkandera
sp. Bol 13. Environ. Tech., (29): 921-929 (9 pages).

Noroozi, B.; Sorial, G.A.; Bahrami, H.; Arami, M., (2008).
Adsorption of binary mixtures of cationic dyes. Dyes and
Pigments, (76): 784-791 (8 pages).

Ong, S.T.; Lee, C.K.; Zainal, Z., (2007). Removal of basic and
reactive dyes using ethylenediamine modified rice hull.
Bioresour. Technol., (98): 2792-2799 (8 pages).

Padamavathy, S., (2003). Aerobic decolorization of reactive
azo dyes in presence of various co substrates. Chemical
and Biochemical Engineering Quarterly, (17): 147-152
(6 pages).

Pakshi rajan, K. ; Singh, S., (2010). Decolorizat ion of
synthetic wastewater containing azo dyes in a batchoperated
rotating biological contactor reactor with the immobi lized
fungus phanerochaete chrysosporium. Ind. Eng. Chem. Res.,
(49): 7484-7487 (4 pages).

Palacio, S. M.; Quinones, F. R. E.; Modenes, A. N.; Manenti,
D. R.; Oliveira, C. C.; Garcia, J.C., (2012). Optimised
photocatalytic degradation of a mixture of azo dyes using a
TiO2/H2O2/UV process. Water Sci. Tech., (65): 1392- 1398
(7 pages).

Papic, S.; Koprivanac, N.; Loncaric Bozic, A.; Metes, A., (2004).
Removal of some reactive dyes from synthetic wastewater
by combined Al (III) coagulation/carbon adsorption process.
Dyes and Pigments, (62): 291-298 (8 pages).

Patel, R.; Suresh, S., (2006). Decolourization of azo dyes using
magnesium–palladium system. J. Hazard. Mater., (137):
1729-1741 (13 pages).

Phalakornkule, C.; Polgumhang, S.; Tongdaung, W.; Karakat,
B., (2010). Electrocoagulation of blue reactive, red disperse
and mixed dyes, and application in treating textile effluent.
J. Environ. Manag., (91): 918-926 (9 pages).

Pirkarami, A.; Olya, M.E.; Yousefi Limaee, N., (2013).
Decolorization of azo dyes by photo electro adsorption
process using polyaniline coated electrode. Progress in
Organic Coatings, (76): 682-688 (7 pages).

Przystas, W.; Godlewska, E. Z.; Grabinska, E. S., (2013).
Effectiveness of dyes removal by mixed fungal cultures and
toxicity of their metabolites. Water Air Soil Pollut., (224):
1-9 (9 pages).

Punzi, M.; Mattiasson, B.; Jonstrup, M., (2012). Treatment
of synthetic text ile wastewater by homogeneous and
heterogeneous photo-Fenton oxidat ion. Journal of
Photochemistry and Photobiology A: Chemistry, (248): 30-
35 (13 pages).

Rai, H.S.; Bhattacharyya, M.S.; Singh, J.; Bansal, T.K.; Vats,
P.;  Banerjee, U.C.,  (2005). Crit ical Reviews in

Environmental Science and Technology, (35): 219-238
(20 pages).

Rajkumar, D.; Kim, J.G., (2006). Oxidation of various reactive
dyes with in situ electro-generated active chlorine for textile
dyeing industry wastewater treatment. J. Hazard. Mater.,
(136): 203-212 (10 pages).

Rastegar, M.; Daneshvar, N.; Vatanpour, V.; Khataee, A.;
Rasoulifard, M.H., (2008). Decolorization of mixture of
dyes containing malachite green and orange II by fenton-
like reagent . J. Color Sci. Tech. , (21): 83-89 (7 pages).

Robinson T., Chandran B., Nigam P. (2002). Removal of dyes
from a synthetic textile dye effluent by biosorption on
apple pomace and wheat straw. Water Res., (36): 2824-
2830 (7 pages).

Robinson, T.; Chandran, B.; Nigam, P., (2002). Removal of
dyes from an art ificial text ile dye effluent by two agricultural
waste residues, corncob and barley husk. Environ. Int., (28):
29-33 (5 pages).

Rosales, E.; Pazos, M.; Longo, M.A.; Sanromán, M.A., (2009).
Electro-Fenton decoloration of dyes in a continuous reactor:
a promising technology in colored wastewater treatment.
Chem. Eng. J., (155): 62-67 (6 pages).

Sahel, K.; Perol, N.; Dappozze, F.; Bouhent, M.; Derriche, Z.;
Guillard, C., (2010). Photocatalytic degradation of a mixture
of two anionic dyes: Procion Red MX-5B and Remazol Black
5 (RB5). Journal of Photochemistry and Photobiology A:
Chemistry, (212): 107-112 (6 pages).

Saleh, T.A. ; Gupta, V.K.; Al- Saadi , A.B.H., (2013). Adsorption
of lead ions from aqueous solution using porous carbon
derived from rubber t ires: experimental and computational
study, J. Colloids Surface Sci., (396): 264- 269 (6 pages).

Sancar, B.; Balci, O., (2013). Decolorization of different react
ive dye wastewaters by O3 and O3/ultrasound alternatives
depending on different working parameters. Textile Res. J.,
(83): 574-590 (17 pages).

Sani, R.K. ; Banerjee, U.C., (1999). Decolorizat ion of
triphenylmethane dyes and textile and dye-stuff effluent by
Kurthia sp. Enzyme and Microbial Technology, (24): 433-
437 (5 pages).

Sanroman, M.A. ; Pazos, M. ; Ricart , M.T.; Cameselle, C. , (2
0 0 4 ) . Elec t roch emi c a l d eco lor i s a t ion of
structurally different dyes. Chemosphere, (57): 233- 239
(13 pages ) .

Saratale, R.G.; Gandhi, S.S.; Purankar, M.V.; Kurade, M.B.;
(2013). Decolorization and detoxification of sulfonated azo
dye CI Remazol Red and textile effluent by isolated
Lysinibacillus sp. RGS. J. Biosci. Bioeng., (115): 658-667
(10 pages).

Sarayu, K.; Swaminathan, K.; Sandhya, S., (2007). Assessment
of degradation of eight commercial reactive azo dyes
individually and in mixture in aqueous solution by ozonation.
Dyes and Pigments, (75): 362-368 (7 pages).

Sengil, I.A.; Ozdemir, A., (2012). Simultaneous decolorization
of binary mixture of blue disperse and yellow basic dyes by
electrocoagulation. Desalination and Water Treatment, (46):
215-226 (12 pages).

Shanthi , S. ; Mahalakshmi, T., (2012). Studies on the removal
of malachite green and methylene blue dyes from aqueous
solutions of their binary mixture by adsorbtion over
commercial activated carbon and tamarind kernel powder.
Int. J. Res. Pharm. Chem., (2): 289-98 (10 pages).



Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015

93

Shanthi, S.; Padmavathi, V., (2012). Zinc oxide catalyzed photo
degradation of crystal violet and aniline blue dyes from
aqueous solutions of their binary mixture, using sun light
and microwaves–A comparative study of nano particles of
ZnO with AR ZnO.International. J. Chem.Applications, (4):
351-358 (8 pages).

Shanthi, S.; Priya, K.S., (2012). Photo degradation of dyes
from their aqueous solutions of their binary mixture, using
TiO2 as the oxidant with different sources of energy. J.
Chem. Chem. Eng., (6): 951-55 (5 pages).

Sharma, S.K.; Bhunia, H.; Bajpai, P.K., (2012). Photocatalytic
decolorization kinetics and adsorption isotherms of a
mixture of two anionic azo dyes: Reactive Red 120 and
Reactive Black 5. Desalination and Water Treatment, (44):
261-268 (8 pages).

Shen, D.; Fan, J.; Zhou, W.; Gao, B.; Yue, Q.; Kang, Q., (2009).
Adsorption kinetics and isotherm of anionic dyes onto
organo-bentonite from single and multisolute systems. J.
Hazard. Mater., (172): 99-107 (9 pages).

Solmaz, A.; Ustun, S. K.; Birgul, G. E.; Yonar, A., (2009). Advanced
oxidation of Text ile dyeing effluents: comparison of Fe+2/
H2O2, Fe+3/H2O2, O3 and chemical coagulation processes.
Fresenius Environ. Bull., (18): 1424-1433 (10 pages).

Somasi ri ,  W.; Ruan, W.; Xiufen, L.; Jian, C., (2006).
Decolourization of textile wastewater containing acid dyes
in UASB reactor system under mixed anaerobic granular
sludge. Electron. J. Environ. Agri. Food Chem., (5): 1224-
1234 (11 pages).

Srivastava, S.K.; Gupta, V. K.; Mohan, D., (1993). Interaction
of some pyridinol azo dyes with chlorite mineral. Indian J.
Chem., (32): 568-571 (3 pages).

Suhas Carrott, P. J. M; Carrott, M. M. L. R., (2007). Lignin –
from natural adsorbent to activated carbon: A review.
Bioresour. Technol., (98): 2301–2312 (12 pages).

Sumathi, S.; Manju, B.S., (2000). Uptake of reactive textile
dyes by Aspergi llus foetidus. Enzyme and Microbial
Technology, (27): 347-355 (9 pages).

Suwanchawalit, Ch.; Sriwong, Ch.; Wongnawa, S., (2010).
Recyclable rubber sheets impregnated with potassium oxalate
doped TiO2 and their uses in decolorization of dye-polluted
waters. Int. J. Environ. Res., 4 (4): 615-628 (14 pages).

Taha, M.; Adetutu, E. M.; Shahsavari, E.; Smith, A. T.; Ball, A.
S., (2014). Azo and anthraquinone dye mixture decolourization
at elevated temperature and concentration by a newly isolated
thermophilic fungus, Thermomucorindicae-seudaticae. J.
Environ. Chem. Eng., (2): 415–423 (9 pages).

Tamboli, D. P.; Kurade, M. B.; Waghmode, T. R.; Joshi, S. M.;
Govindwar, S. P., (2010). Exploring the ability of sphingo
bacterium sp. ATM to degrade textile dye direct blue GLL,
mixture of dyes and texti le effluent and production of
polyhydroxyhexadecanoic acid using waste biomass
generated after dye degradation. J. Hazard. Mater., (182):
169-176 (8 pages).

Ton y, B. D. ; Goya l ,  D. ; Kh ann a , S. , (2 00 9) .
Decolorization of textile azo dyes by aerobic bacterial
consort ium. Int . Biodeteriorat ion & iodegradat ion, (63):
462-469 (8 pages).

Torrades, F.; Hortal, J. A. G.; Nunez, L., (2008). Fenton and
photo Fenton oxidation of a model mixture of dyes–
overall kinetic analysis. Coloration Technol., (124): 370-
374 (5 pages).

Turabik, M., (2008). Adsorption of basic dyes from single and
binary component systems onto bentoni te: Simultaneous
analysis of Basic Red 46 and Basic Yellow 28 by fi rst order
derivative spectrophotometric analysis method. J. Hazard.
Mater., (158): 52-64 (13 pages).

Turabik, M.; Gozmen, B., (2013). Removal of Basic Textile
Dyes in Single and Multi Dye solution by Adsorption:
Statistical Optimization and Equilibrium Isotherm Studies.
Clean–Soil, Air, Water, (41): 1080-1092 (13 pages).

Vasconcelos, D. D. L. C.; Ordaz, N. R.; Mayer, J.G.; Varaldo,
H.P., (2012). Aerobic biodegradation of a mixture of
sulfonated azo dyes by a bacterial consortium immobilized
in a two stage sparged packed bed biofilm reactor. Eng. Life
Sci., (12): 39-48 (10 pages).

Verma, A. K.; Bhunia, P.; Dash, R. R., (2012). Decolorization
and COD reduction efficiency of magnesium over iron
based salt for the treatment of textile wastewater containing
diazo and anthraquinone dyes. Int. J. Chemi. Bio. Eng.,
(6): 116-123 (8 pages).

Vijaykumar, M. H.; Vaishampayan, P. A.; Shouche, Y. S.;
Karegoudar,  T. B. , (2007).  Decolour izat ion of
naphthalene-containing sulfonated azo dyes by Kerstersia
sp.Strain VKY1. Enzyme and Microbial Technol., (40):
204-211 (8 pages).

Waghmode, T. R.; Kurade, M. B.; Govindwar, S. P., (2011). Time
dependent degradation of mixture of structurally different azo
and non azo dyes by using Galactomycesgeotrichum MTCC
1360. Int. Biodeterioration and Biodegradation, (65): 479-
486 (8 pages).

Walker, G. M.; Weatherley, L. R., (1997). Adsorption of acid
dyes on to granular activated carbon in fixed beds. Water
Res., (31): 2093-2101 (9 pages).

Watharkar, A.D.; Khandare, R.V.; Kamble, A.A.; Mulla, A.Y.;
Govindwar, S.P.; Jadhav, J.P., (2013). Phytoremediation
potential of  Petunia grandiflora Juss. an ornamental plant
to degrade a disperse,  disulfonated triphenylmethane textile
dye Brilliant Blue G. Environ. Sci. Pollut. Res., (20): 939–
949 (11 pages).

Wetchakun, N. ; Chaiwichain, S. ; Inceesungvorn, B. ;
Pingmuang, K., (2012). BiVO4/CeO2nanocomposites with
high visible-light-induced photocatalytic activity. ACS Appl.
Mater. Interfaces, (4): 3718-3723 (6 pages).

Wijannarong, S.; Aroonsrimorakot, S.; Thavipoke, P.; Sangjan,
S., (2013). Removal of Reactive Dyes from Textile Dyeing
Industrial Effluent by Ozonation Process. APCBEE Procedia,
(5): 279-282 (4 pages).

Wojnarovits, L.; Takacs, E., (2008). Irradiation treatment of
azo dye containing wastewater: an overview. Radiation
Physics and Chem., (77): 225-244 (20 pages).

Xu, X. R.; Li, H. B.; Wang, W. H.; Gu, J. D., (2005).
Decolorization of dyes and text i le was tewater by potassium
permanganate. Chemosphere, (59): 893-898 (6 pages).

Zainal, Z.; Lee, C.Y.; Hussein, M. Z.; Kassim, A.; Yusof, N.A.,
(2007). Electrochemical-assisted photodegradation of mixed
dye and textile effluents using TiO2thin films. J. Hazard.
Mater., (146): 73-80 (8 pages).

Zarei, M.; Niaei, A.; Salari, D.; Khataee, A. R., (2010).
Removal of four dyes from aqueous medium by the peroxi-
coagulation method using carbon nanotube–PTFE cathode
and neural network modeling. Journal of Electroanalytical
Chem., (639): 167-174 (8 pages).



Global J. Environ. Sci. Manage., 1 (1): 71-94, Winter 2015

AUTHOR (S)  BIOSKETCHES
Gupta, V. K., Ph.D., Department of Chemistry, Indian Institute of Technology Roorkee,  Roorkee-247 667, India, andDepartment of Applied
Chemistry, University of Johansburg, Johansburg, South Africa. E-mail: vinodfcy@iitr.ac.in

Khamparia, S., Ph.D., Symbiosis Institute of Research and Innovation, Symbiosis International University, Lavale, Pune 412115, India.
E-mail: shraddha.khamparia@sitpune.edu.in

Tyagi, I., Ph.D., Department of Chemistry, Indian Institute of Technology Roorkee,  Roorkee-247 667, India.
E-mail: indertyagi011@gmail.com

Jaspal, D., Ph.D., Symbiosis Institute of Technology, Symbiosis International University, Lavale, Pune-412115, India.
E-mail: dipikaj@sitpune.edu.in

Malviya, A., Ph.D., Lakshmi Narain College of Technology, Bhopal-462021, India. E-mail: art_7920@yahoo.co.in

How to cite this article: (Harvard style)
Gupta, V. K.; Khamparia, S.; Tyagi, I.; Jaspal, D.; Malviya, A., (2015). Decolorization of mixture of dyes: A critical review. Global J.
Environ. Sci. Manage., 1 (1): 71-94.

Decolorization of Mixture of Dyes

94

Zeng, X.; Cai, Y.; Liao, X.; Zeng, X., (2012). Anthraquinone
dye assisted the decolorization of azo dyes by a novel
Trametestrogii laccase. Process Biochem., (47): 160-63
(4 pages).

Zolgharnein, J.; Asanjrani, N.; Bagtash, M.; Azimi, G., (2014)
Multi-response optimization using Taguchi design and
principle component analysis for removing binary
mixture of alizarin red and alizarin yellow from aqueous

solution by nano ã-alumina. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, (126): 291-
300 (10 pages).

Zolgharnein, J.; Bagtash, M.; Asanjarani, N., (2014). Hybrid central
composi te design approach for simultaneous optimization of
removal of alizarin red S and indigo carmine dyes using
cetyltrimethylammonium bromidemodified TiO2 nanoparticles.
J. Environ. Chem. Eng., (2): 988-1000 (13 pages).

mailto:vinodfcy@iitr.ac
mailto:khamparia@sitpune.edu
mailto:indertyagi011@gmail.com
mailto:dipikaj@sitpune.edu
mailto:art_7920@yahoo.co

