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Abstract

The implementation of such large amounts of effluent wastewater containing
industrial textile coloring agents in the rest of the ecosystem to deteriorate water
quality, through the generation of pollution, eutrophication, and disruption of
aquatic life and constitute a serious threat to public health. Furthermore, most
of the dyes and their metabolic intermediates are mutagenic and carcinogenic.
The synthetic dyes are synthesized contaminants because the biosphere and is
opposed to the traditional system of mineralization of organic wastewater. The
azo dyes are the most important class and the largest commercial dyes and
account for nearly 75% of all products of textile dyes. Physicochemical methods
used to treat the wastewater of dying process have disadvantages such as
excessive use of chemicals and the production of sludge disposal obvious
problems. Bioremediation for the removal of dyes is gaining interest because
it is obviously profitable, environmentally friendly and produces much less
sludge. Therefore, for the successful implementation of a process of biological
treatment of wastewater to remove azo dyes have been developed and deeply
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discussed in this chapter.
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Introduction

Since the beginning of mankind, people have used dyes for
painting and dyeing their environment, their skins and their clothes.
Until the middle of the 19" century, all colorantsapplied were of
natural origin. Inorganic pigments such as soot, manganese oxide,
hematite and Ocher was used in living memory [1]. Paleolithic rock
paintings, such as the 30,000-year-old drawings recently discovered
in the caves of chauvet France provides an ancient testimony of their
application. Natural organic dyes also have a timeless history of
application, in particular as textile dyes. These dyes are all aromatic
compounds, usually derived from plants but also from insects,
mushrooms and lichens. The manufacture of synthetic dyes began
in 1856, when the English chemist W. H. Perkin, in an attempt to
synthesis of quinine, obtained in place of a bluish substance with
excellent dyeing properties later has become a violet aniline, purple
tyrant or mauveine [2]. Perkin, 18, patented his invention and set
up a production line. This concept of research and development was
soon to be followed by others and new dyes began to appear on the
market, a highly stimulated process by the discovery of Kékulé of
the molecular structure of benzene in 1865. At the beginning of 20*
Century, synthetic dyes had almost completely supplanted natural
dyes [3].

Classification of Dyes

Dyes are molecules with electronic systems delocalized with
conjugates double bonds that contain two groups: chromophore and
auxochrome. The chromophore is a group of atoms, which controls
the color of the dye, and it is generally an electron withdrawing group
[4]. The most important chromophores are -C = C-, -C = N-, -C =
O, -N = N-, -NO, and -NO. The auxochrome is an electron donor
substituent which can intensify the color of the chromophore by
modifying the overall energy of the electronic system and providing
the solubility and the adhesion of the dye to the fiber. The most

important auochromes are - NHZ, —NRZ, -NHR, -COOH, —SOBH,
-OH and -OCH, [5]. On the basis of the chemical structure or the
chromophore, 20 to 30 different dye groups can be identified.
Azo, anthraquinone, phthalocyanine and triarylmethane dyes are
quantitatively the most important chromophores (Figure 1).

Dye Removal Technologies

The textile industry has been subjected to immense pressure
to reduce the use of harmful substances, in particular mutagenic,
carcinogenic and allergenic chemicals and textile dyes. The sanitation
of textile dye sewage relies not only on the elimination of colors
but also in the degradation and mineralization of dye molecules. A
wide range of technologies has been developed for the removal of
synthetic products dyes from water and wastewater to reduce their
environmental impact [6]. These technologies includes physical
methods (membrane filtration processes and sorption techniques),
chemical methods (coagulation or flocculation and conventional
oxidation processes), and biological methods (microbial and
enzymatic degradation). The above mentioned technologies having
their own merits and demerits [7]. Colors are the first pollutants to
be recognized in waste water and must be removed before discharged
into the watercourses. Even the presence of very small amounts of
dye in water affects visual quality of water. In comparison to colorless
organic compound, removal of color is more important that burdens
a larger portion of biochemical oxygen demand. Methods for
removing biochemical oxygen demands from most waste water are
relatively well established [8]. To remove synthetic dyes from water
and wastewater, a wide range of methods have been developed to
reduce their environmental impact. These methods are described in
the following sections.

The effluents from textile industries are the most expressive of an
ecological physiological point of view [9]. To achieve satisfactory and
acceptable quality levels that allow the recycling of wastewater from
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textile, elimination of dyes and related compounds is very crucial.
Based on the fact that azo dyes constitute the largest percentage of
textile dyes, most treatment methods are based on the discoloration
of azo dyes [10]. Currently, the main operational methods used in
the treatment of wastewater involve physical and textiles chemical
processes [11,12]. There are several factors that determine each
technical and economic feasibility of dye removal technology. These
includes dye, composition of waste water, dose, running costs,
environmental fate and handling [13]. Each dye removal technique
has its own limitations and one single process may not be sufficient
to achieve complete decolorization (Table 1). To overcome this
problem, dye removal strategies have a combination of different
techniques. Dye removal strategies therefore essentially consist of a
combination of different techniques [14].

Physico-Chemical Methods

Membrane filtration

The increased cost of water consumption and wasteful require
treatment process that is integrated with the circuits of water on the
ground rather than as a subsequent treatment [15]. From this point of
view, membrane filtration offers a potential application. The processes
that use membranes offer exciting possibilities for separation
of dyestuffs and dyeing auxiliaries that reduce simultaneously
hydrolysed color and biochemical oxygen demand /chemical oxygen
demand of wastewater; generally used to treat effluent reactive dye
bath, that could potentially reduce the volume of waste and recovery
simultaneously salt [16]. On the other hand, can be separated into
two or more components the flow of fluid to its molecular size. The
advantages of membrane filtration are because, it is fast with low
space requirement and saturation can be reused. The disadvantage
with membrane filtration method has a limited lifetime before it
happens fouling of the membrane and the cost is also excessive [17].
The choice of the membrane process, in the case of reverse osmosis,
nanofiltration, ultra filtration or microfiltration, should be guided by
the quality of the final product.

Flocculation and coagulation

These techniques are repeatedly used for the separation of
suspended solids portion in the wastewater [18]. Suspended solids
are remain in the wastewater and will settle out due to same type of
surface charge on the particles that repel each other when they come
close together. To overcome this problem, proper coagulation and
flocculation techniques are used. In coagulation process, chemical
coagulants bearing opposite charge, those of the suspended solids are
added to the suspension that neutralizes the charges. Now the small
suspended particles are capable of sticking together. Flocculation is a
gentle mixing stage in which unstable particles bind with larger hairs
to form a floc that can be easily removed from the suspension [19,20].
Floc size continues to build with additional collisions and interaction
with added inorganic polymers (coagulant) or organic polymers.
Inorganic coagulants such as aluminum and iron salts are the most
commonly used coagulants. Synthetic polyelectrolytes, fly ash and
clay are also used as a thickening agent [21]. However, inorganic
coagulants are not very much effective to remove highly soluble dyes
[22]. The greatest disadvantage of using this process is the possibility
of secondary pollution [23]. Recently, some organic polymers are
reported that have good coagulation property [24].

lon exchange

Standard ion exchange systems are not extensively compatible
do utilize dye of wastewater because the ion exchangers cannot catch
wide range of dyes due to presence of various additives in wastewater
[25]. In this technique, the waste water becomes an ion exchange
resin until all available exchange sites are saturated. Both anionic and
cationic dyestuffs were efficiently removed in this process. The major
disadvantage of the process includes high cost of regenerating organic
solvents from the ion exchanger [26].

Reverse osmosis

Reverse osmosis membranes have a retention rate of 90% or
more types of ionic compounds and produces high quality permeate
[27]. Degradation and elimination of chemical additives in dye waste
water can be carried out in one step reverse osmosis. Reverse osmosis
makes it possible to hydrolyze all mineral salts and reactive dyes and
chemical aids. It should be noted that higher the concentration of
dissolved salt, the more important the osmotic pressure becomes;
Therefore, the greater the energy required for the separation process.

Nanofiltration

Nanofiltration has been used to treat colored wastewater from the
treatment of textile dye drainage water. The adsorption step precedes
nanofiltration because

This sequence reduces the concentration polarization during
the filtration process, which increases process output [28]. Maintain
nanofiltration membranes of low molecular weight organic
compounds, divalent jons, large monovalent ions, Hydrolyzed
reactive dyes and dyeing of auxiliaries. Harmful effects of high
concentrations of dye and salts in dye house outflows have often
been reported [29-31]. In most published studies on dye waste water,
the concentration of mineral salts is not more than 20 g/l and the
concentration of dye does not exceed 1.5 g/l [32]. In general, the
wastewater is reconstituted with only one dye [33], and the volume
studied is also low. The treatment of waste water by nanofiltration
is one of the rare applications that are possible for the treatment of
solutions with highly concentrated and complex solutions [34]. An
important problem is the accumulation of dissolved solids, which
eliminates the treated discharge outflows in water currents impossible.

Ultra filtration

Ultra filtration allows the removal of macromolecules and
particles, but the elimination of pollutants such as dyes is never
complete [35]. It is only between 31% and 76%. Even in the best cases,
the quality of treated wastewater does not allow reuse of sensitive
processes such as textile dyeing. Ultra filtration cannot be used as
a pretreatment for reverse osmosis [36] or in combination with a
biological reactor [37].

Microfiltration

Microfiltration is suitable for the treatment of coloring pigments
containing pigment dyes [38] as well as subsequent rinsing
baths. Chemicals used in the dyeing bath, which is not filtered by
microfiltration, will remain in the bath. Microfiltration can also be
used as a pre-treatment of nano filtration or reverse osmosis [39].

Adsorption

Processes in which ions or molecules present in one phase are
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inclined to accumulate and concentrate on the surface of another
phase. Physical adsorption occurs when weak intermediate bonds
exist between the adsorbate and the adsorbent. Examples of such
bindings are Van der Walls’ interactions, hydrogen bonding and
dipole-dipole interactions. In Most cases, physical adsorption is easily
reversible. Chemical adsorption takes place when strong interspecies
bindings are present between the adsorbate and the adsorbent by an
electron exchange. Examples of such bonds are covalent and ionic
bonds. Chemisorption is considered irreversible in most cases.
Suzuki [40] discussed the role of adsorption in water environment
processes and also evaluated the development of newer adsorbents
to modernize the treatment, systems and role modeling the findings
is in their development. Most adsorbents are very porous materials.
Since the pores are generally very small, the internal surface is in
the order size greater than the external area. Among the numerous
techniques of dye removal, this technique gives the most important
results because it can be used to remove others types of dyes also [40].
Waste water adsorption techniques have become more popular in
recent years due to their efficiency in the removal of pollutants that
are not readily biodegradable. Adsorption can produce high quality
of water, while also a process that is cost-effective. Decolorize is a
consequence of two mechanisms - adsorption and ion exchange and
is influenced by many factors including dye/adsorbent interaction,
adsorbent surface, particle size, temperature, pH and contact time.
If the adsorption system is properly designed, it will produce a high
quality treated waste water.

Electrolysis

Electrochemical technology is a simple process to remove a
wide range of dyes and pigments. This technique is based on the
use of electric power in wastewater using sacrificial iron electrode to
produce iron hydroxide in solution which leads to remove soluble
and insoluble acid dyes from wastewater. In addition, Fe (II) may
also reduce azo dyes into aryl amines. The electrochemical system can
eliminate 90% of impurities. However, the process is expensive due
to high energy requirements and uncontrolled radical reactions [41].

Activated carbon

Activated carbon is a preferred adsorbent, which is widely
used for wastewater treatment, which contains a variety of toner.
However, the disadvantage associated with this is its high cost [42-
44]. Regeneration of saturated carbon is also expensive, not simple,
and leads to loss of adsorbent. Use of coal at relatively low prices the
starting materials is also unfounded for most of the anti-pollution
applications [45]. Various carbonaceous materials such as coal,
lignite, coconuts, wood and turf is used for commercially activated
carbon [46]. However, the abundance and availability of agricultural
by-products makes them good activated carbon raw materials. The
agricultural products of the products are renewable raw materials for
the production of activated carbon since methods for reuse of waste
materials are highly desirable [47]. The destruction of agricultural
by-products is currently a major economic and ecological issue,
conversion of by-products to adsorbents, such as activated carbon,
represents a possible outlet.

Fenton

The oxidation system is based on fenton reagent - Mixture of
hydrogen peroxide and iron salt has been used both for the treatment

of organic matter and inorganic substances. The process is based
on the formation of reactive oxidation species that are capable of
effectively disintegrating contaminants on wastewaters [48]. It is
accepted that both hydroxyl and ferrylic complexes occur in fenton
reaction depends on the mechanism and conditions of use of which
one is predominant [49]. Oxidation system can be used effectively
for the destruction of non-biodegradable toxic waste water [50].
Fenton’s oxidation process can stain a large range of dyes and relative
to ozonization. The process is relatively cheap and leads in general in
a higher chemical oxygen demand reduction [51]. Fenton oxidation
is limited to that in the textile process; where waste water is generally
high at pH, while the Fenton process requires low pH. At higher pH,
deposition produces large amounts of waste liquor iron salts and
process loss its effectiveness.

Ozonation

Ozone is a very powerful and fast oxidizing agent that can react
with most of the chemicals and with simple oxidizing agent ions, such
as -2, forming oxyanions such as SO3-2 and SO42 [52]. Ozone quickly
decolorizes water-soluble dyestuffs, but with non-soluble dyestuffs
react much slower. In addition, the wastewater generated by the
treatment of textiles generally includes other refractory components
that react with ozone, which increases its demand [53-55]. Ozone
degradation requires a high pH (pH> 10). In alkaline solutions,
ozone reacts almost inseparably to all the present compounds [56],
transforming organic compounds smaller and more biodegradable
molecules [57]. Thus, ozone therapy seems logical to use biological
methods to achieve complete mineralization [58]. An important
limitation of ozonation is the process is a relatively high cost of ozone
production process with it short half-life [59].

Advance oxidation process

An advanced oxidation process can be used to remove dyes
from the waste water to produce a highly reactive radical which
may be reacts a wide variety of compounds that are difficult to break
down. This process includes chlorination, bleaching, photocatalytic
oxidation [60].

Biological Methods

Polymers and colorants are generally difficult to biodegrade and
many substances are totally unsuitable for conventional biological
treatment. For textiles, in particular the emphasis is on biological
treatment systems physical and chemical. biodegradation bleaching
method as fungi, microbial degradation and adsorption to life dead
or systems commonly applied in the treatment of industrial effluents
due Many microorganisms such as bacteria, yeasts, algae and fungi
are able to accumulate and degrading different pollutants [61], and
all biological systems require an entry continuous effluent. Biological
treatment requires a large land area and is limited by sensitivity to
the diurnal variation and toxicity some chemicals, and less flexibility
in design and operation. Biological treatment is unable to obtain
satisfactory color removal with current conventional biodegradation
processes. In addition, although many organic molecules degrade,
many others are recalcitrant because of its complex chemical structure
and organic synthetic to in particular, the nature of xenobiotics, the
biodegradability of azo dyes is very limited.
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Decolourization by prokaryotes

The ability of bacteria to metabolize azo dyes has been investigated
by a number of research groups [62]. Under aerobic conditions azo
dyes are not readily metabolized, though the ability of bacteria with
specialized reductive enzymes to aerobically degrade certain azo
compounds [63]. In contrast, many bacteria are anaerobic which
reduces azo dyes by non-specific, soluble, cytoplasmic reductase
activity. Anaerobic reduction of degrades azo dyes may be convert
into aromatic amines [64], which may be toxic, mutagenic, and
possibly carcinogenic for mammals [65]. Therefore, in order to
achieve complete degradation of azo dyes or azo compounds this
involves the aerobic biodegradation of the produced material [66].
In phthalocyanine colors, reversible reduction and discoloration are
present under anaerobic conditions [67].

Decolorization by fungi

The most studied fungi with respect to the degradation of dyes
are ligninolytic fungi that produce enzymes such as lignin peroxidase,
manganese peroxidase and laccase [68]. There are much literature on
the potential use of these fungi to oxidize phenolic, non-phenolic,
soluble and insoluble dyes [69]. Species of Pleurotus ostreatus,
Schizophyllum, Sclerotium rolfsii and Neurospora crassa appeared
to increase up to 25% the degree of discoloration of particular
textile dyes like triaryl methane, anthraquinone and indigoide using
enzymatic preparations [70]. In contrast, manganese peroxidise has
been reported as the main enzyme involved in color discoloration
by Phanerochaete Chrysosporium [71] and lignin peroxidase for
Bjerkandera adusta [72]. Some non-white-rot mushrooms that can
successfully discolor dyes also reported by the researchers [73].

Decolorization by yeast

In the literature, the ability to degrade azo dyes by yeasts has
been described only in some respects. The first two reports describes
the use of Ascomycete and Candida zeylanoides yeast isolated from
contaminated soils to reduce model azo dyes [74]. Characterization of
enzymatic activity is described in other studies with yeast Issatchenkia
occidentalis [75], and the enzymatic system involved in a work with
Saccharomyces cerevisiae [76].

Decolorization by algae

Only few algae are reported for the degradation of dyes such as
Chlorella, Oscillateria [77] and Spirogyra [78] (Figure 2). Jingi and
Houtian [77] also indicate that certain azo compounds tested could
be used as sources of carbon and nitrogen. This could mean that
algae can play an important role in the elimination of azo dyes and
aromatic amines in stabilization ponds [78].

Conclusion

This opinion makes a simple comparison between different
physicochemical methods namely photocatalysis, electrochemical
adsorption, hydrolysis and biological methods; also discussed the
advantages and disadvantages of these methods involved in azo dye
decolorization. The main disadvantages of physical methods such
as adsorption, ion exchange and membrane filtration were simply
transferred dye molecule to another phase rather than destroy them
and are only effective when the volume of effluent is small. The
main disadvantage of chemical methods such as chemical oxidation,
electrochemical degradation and ozonation were the requirements of

an effective pretreatment sludge production. Biological degradation,
bioaccumulation and biosorption were the three most important
technologies used in biological dye removal process. They have a good
potential to replace conventional methods for the treatment of dye
carrier of industrial wastewater. Biological processes can be applied
in situ at the infected site, these were usually environmental friendly,
that is, no secondary pollution and they were cost effective. These
were the principle benefits of biological technologies for treatment
of industrial waste. Hence, in recent years, the focus of the research
is strongly focused biological methods for the treatment of waste
water. The downside of the degradation process is its low degradation
efficiency for some dyes and practical difficulties in continuous
method. The major disadvantage of bioaccumulation process is using
living organism that is not advisable for the continuous treatment
of highly toxic wastewater. This problem can be overcome with
biosorption by using dead biomass. In this context, the literatures
suggested that biosorption is an inoffensive and a cost-effective
method; and also does not produce any secondary pollutants.

References

1. Adb-Al-Kareem MS, Taha HM. Decolorization of malachite green and
methylene blue by two microalgal species. Int J Chem Environ Eng. 2012;
3:297-302.

2. Aksu Z, Karabayir G. Comparison of biosorption properties of different kinds
of fungi for the removal of Gryfalan Black RL metal-complex dye. Bioresour
Technol. 2008; 99: 7730-7741.

3. Aksu Z, Tezer S. Equilibrium and kinetic modeling of biosorption of Remazol
black B by Rhizopus arrhizus in a batch system: effect of temperature.
Process Biochem. 2000; 36: 431-439.

4. Aksu Z, Tezer S. Biosorption of reactive dyes on the green alga Chlorella
vulgaris. Process Biochem. 2005; 40: 1347-1361.

5. Alhassani H, Muhammad R, Ashraf S. Efficient microbial degradation of
toluidine blue dye by Brevibacillus sp. Dyes Pigm. 2007; 75: 395-400.

6. Asgher M, Kausar S, Bhatti HN, Shah SAH, Ali M. Optimization of medium
for decolorization of solar golden yellow R direct textile dye by Schizophyllum
commune IBL-06. Int Biodeteriorat Biodegradat. 2008; 61: 189—-193.

7. Ayed L, Cheriaa J, Laadhari N, Cheref A, Bakhrouf A. Biodegradation of
crystal violet by an isolated Bacillus sp. Annals Microbiol. 2009; 59: 267-272.

8. Ayed L, Chaieb K, Cheref A, Bakhrouf A. Biodegradation and decolorization
of triphenylmethane dyes by Staphylococcus epidermidis. Desalination.
2010; 260: 137-146.

9. Bumpus JA, Brock BJ. Biodegradation of crystal violet by the white rot fungus
Phanerochaete chrysoporium. Appl Environ Microbiol. 1998; 54: 1143-1150.

10. Camarero S, Ibarra D, Martinez MJ, Martinez AT. Lignin derived-compounds
as efficient laccase mediators for decolorization of different types of
recalcitrant dyes. Appl Environ Microbiol. 2005; 71: 1775-1784.

11. Caparkaya D, Cavas L. Biosorption of methylene blue by a brown alga
Cystoseira barbatula Kitzing. Acta Chim Slov. 2008; 55: 547-553.

12. Casas N, Parella T, Vicent T, Caminal G, Sarra M. Metabolites from the
biodegradation of triphenylmethane dyes by Trametes versicolor or laccase.
Chemosphere. 2009; 75: 1344-1349.

13. Cassidy MB, Lee H, Trevors JT. Environmental applications of immobilized
microbial cells: a review. J Ind Microbiol. 1996; 16: 79—101.

14. Cengiz S, Cavas L. Removal of methylene blue by invasive marine seaweed:
Caulerpa racemosa var. cylindracea. Bioresour Technol. 2008; 99: 2357—
2363.

15. Cha CJ, Doerge DR, Cerniglia CE. Biotransformation of malachite green
by the fungus Cunninghamella elegans. Appl Environ Microbiol. 2001; 67:
4358-4360.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Biotechnol Bioeng 5(1): id1090 (2018) - Page - 04


https://www.researchgate.net/publication/282422073_Decolorization_of_Methylene_Blue_and_Malachite_Green_by_Immobilized_Desmodesmus_sp_Isolated_from_North_Jordan
https://www.researchgate.net/publication/282422073_Decolorization_of_Methylene_Blue_and_Malachite_Green_by_Immobilized_Desmodesmus_sp_Isolated_from_North_Jordan
https://www.researchgate.net/publication/282422073_Decolorization_of_Methylene_Blue_and_Malachite_Green_by_Immobilized_Desmodesmus_sp_Isolated_from_North_Jordan
https://www.ncbi.nlm.nih.gov/pubmed/18325761
https://www.ncbi.nlm.nih.gov/pubmed/18325761
https://www.ncbi.nlm.nih.gov/pubmed/18325761
https://www.sciencedirect.com/science/article/pii/S0032959200002338
https://www.sciencedirect.com/science/article/pii/S0032959200002338
https://www.sciencedirect.com/science/article/pii/S0032959200002338
https://www.sciencedirect.com/science/article/pii/S0032959204002195
https://www.sciencedirect.com/science/article/pii/S0032959204002195
https://www.sciencedirect.com/science/article/pii/S0143720806002580
https://www.sciencedirect.com/science/article/pii/S0143720806002580
https://www.sciencedirect.com/science/article/pii/S0964830507001163
https://www.sciencedirect.com/science/article/pii/S0964830507001163
https://www.sciencedirect.com/science/article/pii/S0964830507001163
https://link.springer.com/article/10.1007/BF03178327
https://link.springer.com/article/10.1007/BF03178327
https://www.sciencedirect.com/science/article/pii/S001191641000281X
https://www.sciencedirect.com/science/article/pii/S001191641000281X
https://www.sciencedirect.com/science/article/pii/S001191641000281X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082544/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082544/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082544/
https://www.researchgate.net/publication/228500268_Biosorption_of_Methylene_Blue_by_a_Brown_Alga_Cystoseira_barbatula_Kutzing
https://www.researchgate.net/publication/228500268_Biosorption_of_Methylene_Blue_by_a_Brown_Alga_Cystoseira_barbatula_Kutzing
https://www.ncbi.nlm.nih.gov/pubmed/19298999
https://www.ncbi.nlm.nih.gov/pubmed/19298999
https://www.ncbi.nlm.nih.gov/pubmed/19298999
https://link.springer.com/article/10.1007/BF01570068
https://link.springer.com/article/10.1007/BF01570068
https://www.ncbi.nlm.nih.gov/pubmed/17604623
https://www.ncbi.nlm.nih.gov/pubmed/17604623
https://www.ncbi.nlm.nih.gov/pubmed/17604623
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC93171/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC93171/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC93171/

Shah MP

Austin Publishing Group

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30

31.

32.

33.

34.

35.

36.

Chen C-H, Chang C-F, Liu S-M. Partial degradation mechanisms of
malachite green and methyl violet B by Shewanella decolorationis NTOU1
under anaerobic conditions. J Hazard Mater. 2010; 177: 281-289.

Cheriaa J, Bakhrouf A. Triphenylmethanes, malachite green and crystal violet
dyes decolorization by Sphingomonas paucimobilis. Ann Microbiol. 2009; 59:
57-61.

Cho BP, Yang T, Blankenship LR, Moody JD, Churchwell M, Bebland FA.
Synthesis and characterization of N-demethylated metabolites of malachite
green and leuco malachite green. Chem Res Toxicol. 2003; 16: 285-294.

Crini G. Non-conventional low-cost adsorbents for dye removal: a review.
Bioresour Technol. 2006; 97: 1061-1085.

Culp SJ, Beland FA. Malachite green: a toxicological review. J Am Coll
Toxicol. 1996; 15: 219-238.

Daneshvar E, Kousha M, Sohrabi MS, Khataee A, Converti A. Biosorption
of three acid dyes by the brown macroalga Stoechospermum marginatum:
isotherm, kinetic and thermodynamic studies. Chem Eng J. 2012; 195-196:
297-306.

Daneshvar N, Ayazloo M, Khataee AR, Pourhassan M. Biological
decolorization of dye solution containing malachite green by microalgae
Cosmarium sp. Bioresour Technol. 2007; 98: 1176-1182.

de Souza SMAGU, Forgiarini E, de Souza AAU. Toxicity of textile dyes and
their degradation by the enzyme Horseradish Peroxidase (HRP). J Hazard
Mater. 2007; 147: 1073-1078.

Dénmez G, Aksu Z. Removal of chromium (VI) from saline wastewaters by
Dunaliella species. Process Biochem. 2002; 38: 751-762.

Dotto GL, Esquerdo VM, Vieira MLG, Pinto LAA. Optimization and kinetic
analysis of food dyes biosorption by Spirulina platensis. Coll Surf B Biointerf.
2012; 91: 234-241.

Eggert C, Temp U, Eriksson KEL. Laccase producing white rot fungus lacking
lignin peroxidase and manganese peroxidase. ACS Symp Ser. 1996; 655:
130.

Eichlerova |, Homoika L, Nerud F. Ability of industrial dyes decolorization and
ligninolytic enzymes production by different Pleurotus species with special
attention on Pleurotus calyptratus, strain CCBAS 461. Process Biochem.
2006; 41: 941-946.

Eichlerova |, Homoika L, Nerud F. Evaluation of synthetic dye decolorization
capacity in Ischnoderma resinosum. J Ind Microbiol Biotechnol. 2006; 33:
759-766.

Eichlerova |, Homoika L, Nerud F. Synthetic dye decolorization capacity of
white rot fungus Dichomitus squalens. Bioresour Technol. 2006; 97: 2153~
2159.

. Eichlerova |, Homolka L, Nerud F. Decolorization of high concentrations of

synthetic dyes by the white rot fungus Bjerkandera adusta strain CCBAS 232.
Dyes Pigm. 2007; 75: 38—44.

El Aty AAA, Mostafa FA. Effect of various media and supplements on laccase
activity and its application in dyes decolorization. Malaysian J Microbiol.
2007; 9: 166-175.

Eshghi H, Alishahi Z, Zokaei M, Daroodi A, Tabasi E. Decolorization of
methylene blue by new fungus: Trichaptum biforme and decolorization of
three synthetic dyes by Trametes hirsuta and Trametes gibbosa. Eur J Chem.
2011; 2: 463-468.

Faraco V, Pezzella C, Miele A, Giardina P, Sannia G. Bio-remediation
of colored industrial wastewaters by the white-rot fungi Phanerochaete
chrysosporium and Pleurotus ostreatus and their enzymes. Biodegradation.
2009; 20: 209-220.

Fu Y, Viraraghavan T. Removal of dye from aqueous solution by the fungus
Aspergillus niger. Water Qual Res J Can. 2009; 35: 95-111.

Fu Y, Viraraghavan T. Fungal decolorization of dye wastewaters: a review.
Bioresour Technol. 2001; 79: 251-262.

Fu Y, Viraraghavan T. Removal of Congo red from an aqueous solution by

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

fungus Aspergillus niger. Adv Environ Res. 2002; 7: 239-247.

Fu Y, Viraraghavan T. Dye biosorption sites in Aspergillus niger. Bioresour
Technol. 2002; 82: 139-145.

Fu Y, Viraraghavan T. Column studies for biosorption of dyes from aqueous
solutions on immobilized Aspergillus niger fungal biomass. Water Soil Air.
2003; 29: 465-472.

Galhaup C, Wagner H, Hinterstoisser B, Haltrich D. Increased production
of laccase by the wood-degrading basidiomycete Trametes pubescens.
Enzyme Microb Technol. 2002; 30: 529-536.

Suzuki CY. Media optimization for laccase production by Trichoderma
harzianum ZF-2 using response surface methodology. J Microbiol Biotechnol.
2004; 23: 1757-1764.

Gill PK, Arora DS, Chander M. Biodecolorization of azo and triphenylmethane
dyes by Dichomitus squalens and Phlebia spp. J Ind Microbiol Biotechnol.
2002; 28: 201-203.

Gomaa OM, Linz JE, Reddy CA. Decolorization of Victoria Blue by the white
rot fungus, Phanerochaete chrysosporium. World J Microbiol Biotechnol.
2008; 24: 2349-2356.

Giil UD. Treatment of dyeing wastewater including reactive dyes (Reactive
red RB, Reactive black B, Remazol blue) and Methylene blue by fungal
biomass. Water Soil Air. 2013; 39: 593-598.

Hao OJ, Kim H, Chiang PC. Decolorization of wastewater. Crit Rev Environ
Sci Technol. 2000; 30: 449-505.

Hu MR, Chao YP, Zhang GQ, Xue ZQ, Qian S. Laccase-mediator system
in the decolorization of different types of recalcitrant dyes. J Ind Microbiol
Biotechnol. 2009; 36: 45-51.

Jang M-S, Lee Y-M, Kim C-H, Lee J-H, Kang D-W, Kim S-J, et al.
Triphenylmethane reductase from Citrobacter sp. strain KCTC 18061P:
purification, characterization, gene cloning, and overexpression of a functional
protein in Escherichia coli. Appl Environ Microbiol. 2005; 71: 7955-7960.

Jasinska A, Bernat P, Paraszkiewicz K. Malachite green removal from
aqueous solution using the system rapeseed press cake and fungus
Myrothecium roridum. Desalin Water Treat. 2013; 51: 7663-7671.

Jasinska A, Rozalska S, Bernat P, Paraszkiewicz K, Diugonski J. Malachite
green decolorization by non-basidiomycete filamentous fungi of Penicillium
pinophilum and Myrothecium roridum. Int Biodeterior Biodegrad. 2012; 73:
33-40.

Jayasinghe C, Imtiaj A, Lee GW, Im KH, Hur H, Lee MW, et al. Degradation
of three aromatic dyes by white rot fungi and the production of ligninolytic
enzymes. Mycobiology. 2008; 36: 114-120.

Jin XC, Liu GQ, Xu ZH, Tao WY. Decolorization of a dye industry effluent by
Aspergillus fumigatus XC6. Appl Microbiol Biotechnol. 2007; 74: 239-243.

Kannan RR, Rajasimman M, Rajamohan N, Sivaprakash B. Equilibrium
and kinetic studies on sorption of malachite green using Hydrilla verticillata
biomass. Int J Environ Res. 2010; 4: 817-824.

Kaushik P, Malik A. Fungal dye decolorization: Recent advances and future
potential. Environ Int. 2009; 35: 127-141.

Khataee AR, Dehghan G. Optimization of biological treatment of a dye
solution by macroalgae Cladophora sp. using response surface methodology.
J Taiwan Inst Chem Eng. 2011; 42: 26-33.

Khataee AR, Vafaei F, Jannatkhah M. Biosorption of three textile dyes
from contaminated water by filamentous green algal Spirogyra sp.: Kinetic,
isotherm and thermodynamic studies. Int Biodeteriorat Biodegradat. 2013;
83: 33-40.

Khataee AR, Zarei M, Pourhassan M. Application of microalga
Chlamydomonas sp. for biosorptive removal of a textile dye from contaminated
water: Modelling by a neural network. Environ Technol. 2009; 30: 1615-1623.

Kim MH, Kim Y, Park H-J, Lee JS, Kwak S-N, Jung W-H, et al. Structural
insight into bioremediation of triphenylmethane dyes by Citrobacter sp.
triphenylmethane reductase. J Biol Chem. 2008; 283: 31981-31990.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Biotechnol Bioeng 5(1): id1090 (2018) - Page - 05


https://www.ncbi.nlm.nih.gov/pubmed/20060225
https://www.ncbi.nlm.nih.gov/pubmed/20060225
https://www.ncbi.nlm.nih.gov/pubmed/20060225
https://www.researchgate.net/publication/225449437_Triphenylmethanes_malachite_green_and_crystal_violet_dyes_decolourisation_bySphingomonas_paucimobilis
https://www.researchgate.net/publication/225449437_Triphenylmethanes_malachite_green_and_crystal_violet_dyes_decolourisation_bySphingomonas_paucimobilis
https://www.researchgate.net/publication/225449437_Triphenylmethanes_malachite_green_and_crystal_violet_dyes_decolourisation_bySphingomonas_paucimobilis
https://www.ncbi.nlm.nih.gov/pubmed/12641428
https://www.ncbi.nlm.nih.gov/pubmed/12641428
https://www.ncbi.nlm.nih.gov/pubmed/12641428
https://www.ncbi.nlm.nih.gov/pubmed/15993052
https://www.ncbi.nlm.nih.gov/pubmed/15993052
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2761.1985.tb00945.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2761.1985.tb00945.x/abstract
https://www.sciencedirect.com/science/article/pii/S1385894712005384
https://www.sciencedirect.com/science/article/pii/S1385894712005384
https://www.sciencedirect.com/science/article/pii/S1385894712005384
https://www.sciencedirect.com/science/article/pii/S1385894712005384
https://www.ncbi.nlm.nih.gov/pubmed/16844368
https://www.ncbi.nlm.nih.gov/pubmed/16844368
https://www.ncbi.nlm.nih.gov/pubmed/16844368
https://www.ncbi.nlm.nih.gov/pubmed/17628340
https://www.ncbi.nlm.nih.gov/pubmed/17628340
https://www.ncbi.nlm.nih.gov/pubmed/17628340
https://www.sciencedirect.com/science/article/pii/S0032959202002042
https://www.sciencedirect.com/science/article/pii/S0032959202002042
https://www.ncbi.nlm.nih.gov/pubmed/22119212
https://www.ncbi.nlm.nih.gov/pubmed/22119212
https://www.ncbi.nlm.nih.gov/pubmed/22119212
https://www.sciencedirect.com/science/article/pii/S0014579397003013
https://www.sciencedirect.com/science/article/pii/S0014579397003013
https://www.sciencedirect.com/science/article/pii/S0014579397003013
https://www.sciencedirect.com/science/article/pii/S1359511305004344
https://www.sciencedirect.com/science/article/pii/S1359511305004344
https://www.sciencedirect.com/science/article/pii/S1359511305004344
https://www.sciencedirect.com/science/article/pii/S1359511305004344
https://www.ncbi.nlm.nih.gov/pubmed/16491363
https://www.ncbi.nlm.nih.gov/pubmed/16491363
https://www.ncbi.nlm.nih.gov/pubmed/16491363
https://www.ncbi.nlm.nih.gov/pubmed/16257199
https://www.ncbi.nlm.nih.gov/pubmed/16257199
https://www.ncbi.nlm.nih.gov/pubmed/16257199
https://www.sciencedirect.com/science/article/pii/S0143720806001744
https://www.sciencedirect.com/science/article/pii/S0143720806001744
https://www.sciencedirect.com/science/article/pii/S0143720806001744
http://www.ingentaconnect.com/content/doaj/18238262/2013/00000009/00000002/art00007
http://www.ingentaconnect.com/content/doaj/18238262/2013/00000009/00000002/art00007
http://www.ingentaconnect.com/content/doaj/18238262/2013/00000009/00000002/art00007
https://www.ncbi.nlm.nih.gov/pubmed/18758969
https://www.ncbi.nlm.nih.gov/pubmed/18758969
https://www.ncbi.nlm.nih.gov/pubmed/18758969
https://www.ncbi.nlm.nih.gov/pubmed/18758969
https://www.researchgate.net/publication/36371521_Removal_of_dyes_from_aqueous_solutions_by_the_fungus_Aspergillus_Niger_microform
https://www.researchgate.net/publication/36371521_Removal_of_dyes_from_aqueous_solutions_by_the_fungus_Aspergillus_Niger_microform
https://www.ncbi.nlm.nih.gov/pubmed/11499579
https://www.ncbi.nlm.nih.gov/pubmed/11499579
https://www.sciencedirect.com/science/article/pii/S109301910100123X
https://www.sciencedirect.com/science/article/pii/S109301910100123X
https://www.ncbi.nlm.nih.gov/pubmed/12003314
https://www.ncbi.nlm.nih.gov/pubmed/12003314
https://www.ajol.info/index.php/wsa/article/view/5054/0
https://www.ajol.info/index.php/wsa/article/view/5054/0
https://www.ajol.info/index.php/wsa/article/view/5054/0
https://www.sciencedirect.com/science/article/pii/S0141022901005221
https://www.sciencedirect.com/science/article/pii/S0141022901005221
https://www.sciencedirect.com/science/article/pii/S0141022901005221
https://www.ncbi.nlm.nih.gov/pubmed/24043124
https://www.ncbi.nlm.nih.gov/pubmed/24043124
https://www.ncbi.nlm.nih.gov/pubmed/24043124
https://link.springer.com/article/10.1038/sj/jim/7000222
https://link.springer.com/article/10.1038/sj/jim/7000222
https://link.springer.com/article/10.1038/sj/jim/7000222
https://www.ajol.info/index.php/wsa/article/view/93189
https://www.ajol.info/index.php/wsa/article/view/93189
https://www.ajol.info/index.php/wsa/article/view/93189
https://www.ncbi.nlm.nih.gov/pubmed/18830647
https://www.ncbi.nlm.nih.gov/pubmed/18830647
https://www.ncbi.nlm.nih.gov/pubmed/18830647
https://www.ncbi.nlm.nih.gov/pubmed/16332773
https://www.ncbi.nlm.nih.gov/pubmed/16332773
https://www.ncbi.nlm.nih.gov/pubmed/16332773
https://www.ncbi.nlm.nih.gov/pubmed/16332773
http://www.tandfonline.com/doi/abs/10.1080/19443994.2013.779939?journalCode=tdwt20
http://www.tandfonline.com/doi/abs/10.1080/19443994.2013.779939?journalCode=tdwt20
http://www.tandfonline.com/doi/abs/10.1080/19443994.2013.779939?journalCode=tdwt20
https://www.sciencedirect.com/science/article/pii/S0964830512001588
https://www.sciencedirect.com/science/article/pii/S0964830512001588
https://www.sciencedirect.com/science/article/pii/S0964830512001588
https://www.sciencedirect.com/science/article/pii/S0964830512001588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755234/
https://www.ncbi.nlm.nih.gov/pubmed/17086413
https://www.ncbi.nlm.nih.gov/pubmed/17086413
https://ijer.ut.ac.ir/article_268.html
https://ijer.ut.ac.ir/article_268.html
https://ijer.ut.ac.ir/article_268.html
https://www.ncbi.nlm.nih.gov/pubmed/18617266
https://www.ncbi.nlm.nih.gov/pubmed/18617266
https://www.sciencedirect.com/science/article/pii/S1876107010000453
https://www.sciencedirect.com/science/article/pii/S1876107010000453
https://www.sciencedirect.com/science/article/pii/S1876107010000453
https://www.sciencedirect.com/science/article/pii/S0964830513001376
https://www.sciencedirect.com/science/article/pii/S0964830513001376
https://www.sciencedirect.com/science/article/pii/S0964830513001376
https://www.sciencedirect.com/science/article/pii/S0964830513001376
https://www.ncbi.nlm.nih.gov/pubmed/20184007
https://www.ncbi.nlm.nih.gov/pubmed/20184007
https://www.ncbi.nlm.nih.gov/pubmed/20184007
https://www.ncbi.nlm.nih.gov/pubmed/18782772
https://www.ncbi.nlm.nih.gov/pubmed/18782772
https://www.ncbi.nlm.nih.gov/pubmed/18782772

Shah MP

Austin Publishing Group

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Kumar CG, Mongolla P, Basha A, Joseph J, Sarma UVM, Kamal A.
Decolorization and biotransformation of triphenylmethane dye, methyl violet,
by Aspergillus sp. isolated from Ladakh, India. J Microbiol Biotechnol. 2011;
21: 267-273.

Kumar CG, Mongolla P, Joseph J, Sarma UVM. Decolorization and
biodegradation of triphenylmethane dye, brilliant green, by Aspergillus sp.
isolated from Ladakh, India. Process Biochem. 2012; 47: 1388—1394.

Kumar KV, Sivanesan S, Ramamurthi V. Adsorption of malachite green onto
Pithophora sp., fresh water algae: equilibrium and kinetic modelling. Process
Biochem. 2005; 40: 2865-2872.

Levin L, Papinutti L, Forchiassin F. Evaluation of Argentinean white rot fungi
for their ability to produce lignin-modifying enzymes and decolorize industrial
dyes. Biores Technol. 2004; 94: 169-176.

Liu W, Chao Y, Yang X, Bao H, Qian S. Biodecolorization of azo,
anthraquinonic and triphenylmethane dyes by white-rot fungi and a laccase-
secreting engineered strain. J Ind Microbiol Biotechnol. 2004; 31: 127-132.

Marungrueng K, Pavasant P. High performance biosorbent (Caulerpa
lentillifera) for basic dye removal. Bioresour Technol. 2007; 98: 1567-1572.

Mason RL, Gunst RF, Hess JL. Statistical design and analysis of experiments
with applications to engineering and science. Wiley, New York. 1989.

McMullan G, Meehan C, Conneely A, Kirby N, Robinson T, Nigam P, et
al. Microbial decolorization and degradation of textile dyes. Appl Microbiol
Biotechnol. 2001; 56: 81-87.

Mishra G, Tripathy M. A critical review of the treatments for decolorization of
textile effluent. Colourage. 1993; 40: 35-38.

Murugesan K, Yang IH, Kim YM, Jeon JR, Chang YS. Enhanced
transformation of malachite green by laccase of Ganoderma lucidum in the
presence of natural phenolic compounds. Appl Microbiol Biotechnol. 2009;
82: 341-350.

Nacera Y, Aicha B. Equilibrium and kinetic modeling of methylene blue
biosorption by pretreated dead Streptomyces rimosus: effect of temperature.
Chem Eng J. 2006; 119: 121-125.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

Nagai M, Sato T, Watanabe H, Saito K, Kawata M, Enei H. Purification
and characterization of an extracellular laccase from the edible mushroom
Lentinula edodes, and decolorization of chemically different dyes. Appl
Microbiol Biotechnol. 2009; 60: 327-335.

Abd EI-Rahim WM, Moawad H. Enhancing bioremoval of textile dyes by eight
fungal strains from media supplemented with gelatine wastes and sucrose. J
Basic Microbiol. 2003; 43: 367-375.

Acuner E, Dilek FB. Treatment of tectilon yellow 2G by Chlorella vulgaris.
Process Biochemistry. 2004; 39: 623-631.

Aguilar MI, Saez J, Llorens M, Soler A, Ortuno JF. Nutrient removal and
sludge production in the coagulation-flocculation process. Water Res. 2002;
36: 2910-2911.

Aguilar MI, Saez J, Llorens M, Soler A, Ortuno JF, Meseguer V, et al.
Improvement of coagulation-flocculation process using anionic polyacrylamide
as coagulant aid. Chemosphere. 2005; 58: 47-56.

Aksu Z. Application of biosorption for the removal of organic pollutants: a
review. Process Biochemistry. 2005; 40: 997-1026.

Allegre C, Maisseu M, Charbit F, Moulin P. Coagulation-flocculation-
decantation of dye house effluents: concentrated effluents. J Hazard Mater.
2004; 116: 57-64.

Ambrésio ST, Campos-Takaki GM. Decolorization of reactive azo dyes by
Cunninghamella elegans UCP 542 under co-metabolic conditions. Bioresour
Technol. 2004; 91: 69-75.

Angelini LG, Bertoli A, Rolandelli S, Pistelli L. Agronomic potential of Reseda
luteola L. as new crop for natural dyes in textile production. Industrial Crops
and Products. 2003; 17: 199-207.

Jingi L, Houtian L. Degradation of azo dyes by algae. Environ Pollut. 1992;
75: 273-278.

Kamel MM, EI-Shishtawy RM, Yussef BM, and Mashaly H. Ultrasonic assisted
dyeing Ill. Dyeing of wool with lac as natural dye. Dyes and Pigments. 2005;
65: 103-110.

Awustin J Biotechnol Bioeng - Volume 5 Issue 1 - 2018

Submit your Manuscript | www.austinpublishinggroup.com
Shah. © Al rights are reserved

Citation: Shah MP. Azo Dye Removal Technologies. Austin J Biotechnol Bioeng. 2018; 5(1): 1090.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Biotechnol Bioeng 5(1): id1090 (2018) - Page - 06


https://www.ncbi.nlm.nih.gov/pubmed/21464597
https://www.ncbi.nlm.nih.gov/pubmed/21464597
https://www.ncbi.nlm.nih.gov/pubmed/21464597
https://www.ncbi.nlm.nih.gov/pubmed/21464597
https://www.sciencedirect.com/science/article/pii/S1359511312002073
https://www.sciencedirect.com/science/article/pii/S1359511312002073
https://www.sciencedirect.com/science/article/pii/S1359511312002073
https://www.sciencedirect.com/science/article/pii/S0032959205000270
https://www.sciencedirect.com/science/article/pii/S0032959205000270
https://www.sciencedirect.com/science/article/pii/S0032959205000270
https://www.ncbi.nlm.nih.gov/pubmed/15158509
https://www.ncbi.nlm.nih.gov/pubmed/15158509
https://www.ncbi.nlm.nih.gov/pubmed/15158509
https://link.springer.com/article/10.1007/s10295-004-0123-z
https://link.springer.com/article/10.1007/s10295-004-0123-z
https://link.springer.com/article/10.1007/s10295-004-0123-z
https://www.ncbi.nlm.nih.gov/pubmed/16920355
https://www.ncbi.nlm.nih.gov/pubmed/16920355
https://www.wiley.com/en-us/Statistical+Design+and+Analysis+of+Experiments%3A+With+Applications+to+Engineering+and+Science%2C+2nd+Edition-p-9780471372165
https://www.wiley.com/en-us/Statistical+Design+and+Analysis+of+Experiments%3A+With+Applications+to+Engineering+and+Science%2C+2nd+Edition-p-9780471372165
https://www.omicsonline.org/microbial-decolorization-and-degradation-of-orange-dye-2155-6199.1000194.php?aid=18328
https://www.omicsonline.org/microbial-decolorization-and-degradation-of-orange-dye-2155-6199.1000194.php?aid=18328
https://www.omicsonline.org/microbial-decolorization-and-degradation-of-orange-dye-2155-6199.1000194.php?aid=18328
https://www.researchgate.net/publication/279902219_A_Critical_Review_of_the_Treatments_for_Decolourization_of_Textile_Effluent
https://www.researchgate.net/publication/279902219_A_Critical_Review_of_the_Treatments_for_Decolourization_of_Textile_Effluent
https://www.ncbi.nlm.nih.gov/pubmed/19130052
https://www.ncbi.nlm.nih.gov/pubmed/19130052
https://www.ncbi.nlm.nih.gov/pubmed/19130052
https://www.ncbi.nlm.nih.gov/pubmed/19130052
https://www.sciencedirect.com/science/article/pii/S1385894706000891
https://www.sciencedirect.com/science/article/pii/S1385894706000891
https://www.sciencedirect.com/science/article/pii/S1385894706000891
https://link.springer.com/article/10.1007/s00253-002-1109-2
https://link.springer.com/article/10.1007/s00253-002-1109-2
https://link.springer.com/article/10.1007/s00253-002-1109-2
https://link.springer.com/article/10.1007/s00253-002-1109-2
https://www.ncbi.nlm.nih.gov/pubmed/12964179
https://www.ncbi.nlm.nih.gov/pubmed/12964179
https://www.ncbi.nlm.nih.gov/pubmed/12964179
https://www.sciencedirect.com/science/article/pii/S0032959203001389
https://www.sciencedirect.com/science/article/pii/S0032959203001389
https://www.ncbi.nlm.nih.gov/pubmed/12146881
https://www.ncbi.nlm.nih.gov/pubmed/12146881
https://www.ncbi.nlm.nih.gov/pubmed/12146881
https://www.ncbi.nlm.nih.gov/pubmed/15522332
https://www.ncbi.nlm.nih.gov/pubmed/15522332
https://www.ncbi.nlm.nih.gov/pubmed/15522332
https://www.ncbi.nlm.nih.gov/pubmed/15561363
https://www.ncbi.nlm.nih.gov/pubmed/15561363
https://www.ncbi.nlm.nih.gov/pubmed/15561363
https://www.ncbi.nlm.nih.gov/pubmed/14585623
https://www.ncbi.nlm.nih.gov/pubmed/14585623
https://www.ncbi.nlm.nih.gov/pubmed/14585623
https://www.sciencedirect.com/science/article/pii/S0926669002000997
https://www.sciencedirect.com/science/article/pii/S0926669002000997
https://www.sciencedirect.com/science/article/pii/S0926669002000997
https://www.ncbi.nlm.nih.gov/pubmed/15092015
https://www.ncbi.nlm.nih.gov/pubmed/15092015
https://www.sciencedirect.com/science/article/pii/S0143720804001172
https://www.sciencedirect.com/science/article/pii/S0143720804001172
https://www.sciencedirect.com/science/article/pii/S0143720804001172

	Title
	Abstract
	Introduction
	Classification of Dyes
	Dye Removal Technologies
	Physico-Chemical Methods
	Membrane filtration
	Flocculation and coagulation 
	Ion exchange
	Reverse osmosis
	Nanofiltration
	Ultra filtration
	Microfiltration
	Adsorption
	Electrolysis
	Activated carbon
	Fenton
	Ozonation
	Advance oxidation process

	Biological Methods
	Decolourization by prokaryotes
	Decolorization by fungi
	Decolorization by yeast
	Decolorization by algae

	Conclusion
	References

