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From the Research Laboratories
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DECOLORIZATION TECHNIQUES – A REVIEW
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Abstract. Dyes and pigments are widely used, mostly in the textile, paper, plastics, 
leathers, food and cosmetics industry to color products. Textile industry consumes large 
volume of water and produce large amount of wastewater during all phases of textile 
production and fi nishing.  The release of colored effl uents represents a serious green pol-
lution and a human health concern particularly in developing countries like Ethiopia (East 
Africa). Color removal, especially from textile effl uents, has gargantuan challenge over 
the last decades, and up to now there is no single and cost-effectively attractive treatment 
that can effectively decolourise as well as treat the dyes effl uents. The objective of this 
review article is to discuss a variety of textile wastewater treatment techniques (physical, 
chemical and biological techniques) from the environmental point of view. 
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Introduction
The world’s ever increasing population and the progressive adoption of an in-

dustrial based life style has inevitably led to an increased anthropogenic impact on the 
biosphere. Textile industries are the most important industries in Ethiopia and their 
numbers have increased. These industries have shown a signifi cant increase in the use 
of synthetic complex organic dyes as the coloring material. The global consumption 
of textiles is currently around 30 million tones with expected growth at 3% per annum 
(Walker & Weatherly, 1997). The coloration of this total needs approximately 8 x 105 
tons of dyes (Walker & Weatherly, 1997) and it is estimated that 10,000 different types 
of dyes and pigments are produced worldwide annually.1) Out of which a large number 
of dyes are azo compounds (-N=N-), which are linked by an azo bridge and are used by 
a wide number of industries. While textile mills predominantly use them, azo dyes can 
also be found in the food, pharmaceutical, paper and printing, leather, and cosmetics 
industries (Asamudo et al., 2005).  Synthetic textile dyes used each year are lost during 
manufacture and processing operation and 20% of these dyes enter the environment 
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through effl uents that result from the treatment of residual industrial waters.1) Wastewater 
from printing and dyeing units is often rich in color, containing residues of reactive dyes 
and chemicals, and requires proper treatment before being released into the environment. 
The effl uent produced by a reactive dye contains hydrolyzed reactive dyes not fi xed on 
the substrate, representing 20-30% of the reactive dyes applied (on average 2 gL-1), this 
residual amount is responsible for the coloration of the effl uents and cannot be recycled, 
dyed organic substances, which are non recyclable and responsible for the high biological 
oxygen demand (BOD) and chemical oxygen demand (COD) of the effl uents, Textile 
fi bers,  60-100 gL-1 electrolytes, essentially sodium chloride and sodium carbonate, 
which are responsible for the very high saline content of the wastewater (Allegre et al., 
2006). In addition to dyes, textile wastewater also contains solids, oil, and halogenated 
organics from processes such as bleaching. Moreover, some compounds may be applied 
to fi bers in processes preceding the fi nal step of washing to improve the properties of the 
fi bers. These compounds may be released to effl uent water during washing. Examples 
of these compounds include surfactants, sizing, coating, and fi nishing additives. Sizing 
compounds such as starch contribute to increased biological oxygen demand (BOD) 
and chemical oxygen demand (COD) of wastewater stream. Synthetic sizing additives, 
which are not as biodegradable as starches, can pass through conventional wastewater 
treatment system, and are often linked to aquatic toxicity in receiving water.2)  

Although Ethiopia does not have the industries that fl ourished in the developed 
countries, textile and leather industries are given more attention due to the availability 
of raw materials and further expansion of such industries is expected. However, almost 
all of the available industries (textile, paper, plastic, leather, food, cosmetic, etc) release 
their untreated or partially treated wastewaters into municipal sewers, or directly into 
nearby drains, rivers, stagnant, ponds, lagoons, or lakes. Such wastewater disposal may 
cause damage to the quality of the receiving water bodies, the aquatic bionetwork and the 
environment at large (Pala et al., 2003). The toxic effects of dyestuffs and other organic 
compounds, as well as acidic and alkaline contaminants, from industrial establishments 
on the general public are widely accepted. Increasing public concern about environmental 
issues has forced to wind up several small-scale industries.

Interest in ecologically friendly, wet-processing textile techniques has increased 
in recent years because of increased awareness of environmental issues throughout the 
world. Consumers in developed countries are demanding biodegradable and ecologically 
friendly textiles (Chavan, 2001). Cotton provides an ecologically friendly textile, but 
more than 50% of its production volume is dyed with reactive dyes. Unfortunately, dyes 
are unfavorable from an environmental point of view, because the effl uents generated 
are heavily colored, contain high concentrations of salts, and exhibit high biological 
oxygen demand/chemical oxygen demand (BOD/COD) values.
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In dyeing textiles, ecological standards are strictly applied throughout process-
ing from raw material selection to the fi nal product. This has become more critical 
since the German environmental standards regarding dye effl uents became effective 
(Robinson et al., 1997). The main challenge for the textile industry today is to modify 
production methods, so they are more ecologically friendly at a competitive price, by 
using safer dyes and chemicals and by reducing cost of effl uent treatment/disposal. 
Recycling has become a necessary element, not because of the shortage of any item, 
but because of the need to control pollution. There are three ways to reduce pollu-
tion: (1) use of new, less polluting technologies; (2) effective treatment of effl uent so 
that it conforms to specifi ed discharge requirements; and (3) recycling waste several 
times over before discharge (Sule & Bardhan, 1999), which is considered the most 
practical solution.

Dyes
According to Allen (1971), dye is a colored substance that can be applied in 

solution or dispersion to a substrate, thus giving it a colored appearance. Usually a 
substrate is a textile fi ber, but it may be paper, leather, hair, fur, plastic material, wax, 
a cosmetic base or a foodstuff. Dyes may be classifi ed in several ways, according to 
its chemical constitutions, application class, or end-use. The primary classifi cation 
of dyes is based on the fi bers to which they can be applied and the chemical nature 
of dye.

Table 1. Typical characteristics of dyes used in textile dyeing operations

Application
Class

Characteristics

Acid dyes Highly water-soluble due to the presence of sulphonic acid groups. Form ionic 
interactions between the protonated functionalities of the fi bers (-NH3+) and the 
negative charge of the dyes. Also Van-der-Waals, dipolar and hydrogen bonds are 
formed. The most common structures are azo, anthraquinone and triarylmethane.

Reactive dyes Form covalent bonds with -OH, -NH or -SH groups in cotton, wool, silk and 
nylon. The problem of colored effl uents associated to the use of these dyes is 
due to the hydrolysis of the reactive groups that occurs during the dyeing pro-
cess. The most common structures are azo, metal complex azo, anthraquinone 
and phthalocyanine.

Direct dyes Their fl at shape and length enables them to bind along-side cellulose fi bers and 
maximize the Van-der-Waals, dipole and hydrogen bonds. Only 30% of the 
1600 structures are still in production due to their lack of fastness during wash-
ing. The most common structures are almost always sulphonated azo dyes.
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Basic dyes Basic dyes work very well on acrylics due to the strong ionic interaction be-
tween dye functional groups such as -NR3+ or =NR2+ and the negative charges 
in the copolymer. The most common structures are azo, diarylmethane, tri-
arylmethane and anthraquinone.

Mordant dyes Mordant are usually metal salts such as sodium or potassium dichromate. 
They act as “fi xing agent” to improve the color fastness. They are used with 
wool, leather, silk and modifi ed cellulose fi bers. The most common structures 
are azo, oxazine or triarylmethane.

Disperse dyes Non-ionic structure, with polar functionality like -NO2 and –CN that improve 
water solubility, Van-der-Waals forces, dipole forces and the color. They are 
usually used with polyester. The most common structures are azo, nitro, an-
thraquinones or metal complex azo.

Pigment dyes These insoluble, non-ionic compounds or salts, representing 25% of all com-
mercial dye names, retain their crystalline or particulate structure through-
out their application. The most common structures are azo or metal complex 
phthalocyanines.

Vat dyes Vat dyes are insoluble in water, but may become solubilized by alkali reduc-
tion (sodium dithionite in the presence of sodium hydroxide). The produced 
leuco form is absorbed by the cellulose (Van-der-Waals forces) and can be 
oxidized back, usually with hydrogen peroxide, to its insoluble form. The 
most common structures are anthraquinones or indigoids.

Ingrain dyes The term ingrain is applicable to all dyes formed in situ, in or on the substrate 
by the development, or coupling, of one or more intermediate compounds and 
a diazotized aromatic amine. In the Color Index the sub-section designated 
Ingrain is limited to tetra-azaporphin derivatives or precursors.

Sulphur dyes Sulphur dyes are complex polymeric aromatics with heterocyclic S- contain-
ing rings representing about 15% of the global dye production. Dyeing with 
sulphur dyes (mainly on cellulose fi bers) involves reduction and oxidation 
processes, comparable to vat dyeing.

Solvent dyes Non-ionic dyes that are used for dyeing substrates in which they can dissolve 
as plastics, varnish, ink and waxes. They are not often used for textile process-
ing. The most common structures are diazo compounds that undergo some 
molecular rearrangement, triarylmethane, anthraquinone and phthalocyanine.

Other dye
classes

Food dyes are not used as textile dyes. Natural dyes use in textile processing 
operations is very limited. Fluorescent brighteners mask the yellowish tint of 
natural fi bers by absorbing ultraviolet light and weakly emitting blue light. 
Not listed in a separate class in the Color Index, many metal complex dyes can 
be found (generally chromium, copper, cobalt or nickel). The metal complex 
dyes are generally azo compounds.
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Types of synthetic dyes
Synthetic dyes have many structural varieties, such as, acidic, basic, disperse, azo, 

diazo, anthroquinone based and metal complex dyes, that fall into either the cationic, 
nonionic or anionic type (Table 1). Anionic dyes include the direct, and the most prob-
lematic water-soluble acid and reactive dyes. Nonionic dyes refer to disperse dyes that 
do not ionize in aqueous medium and some of them have the ability of bioaccumulation. 
Whereas anthroquinone based dyes are the most resistant to degradation due to their 
fused aromatic ring structure (Robinson et al., 2001b).

The color of dye is combined effects of chromophores, delocalized electron sys-
tem with conjugated double bonds, and auxochrome – electron withdrawing or electron 
donating  substituent that enhance the color of chromophore by changing the overall 
energy of electron system. Some of the important chromophores are –N= N- , -C= 
O, -NO2 and quinoid groups, and important auxochromes are -NH3, -OH, -SO3H and 
-CO2H. Both chromophore and auxochrome increase the bath chromic effect – shifting 
adsorption bands to longer wavelength, on a conjugated system of dye. In addition to 
enhancing the chromophore in production of color, auxochromes are also responsible 
for the solubility of dye and increase its reactivity towards fi bers.3-5) 

The chromophores in anionic and non-ionic dyes are mostly azo groups or an-
throquinone type. Toxic amines result when azo groups undergo reductive cleavage. 
Reactive dyes are azo-based chromopores that contain different types of reactive groups 
such as vinyl sulfone, chlorotriazine, trichloropyrimidine, difl urochloropyrimidine. In 
contrast to other classes of dyes, they form covalent bonds to the textile fi bers such 
as cotton. The uses of reactive dyes are highly favored in the textile industries ow-
ing to their bright color, water fast, simple application techniques with low energy 
consumption and, thus reactive dyes are among the dyes most commonly in use today 
(Aksu, 2005).  Reactive dyes are used primarily on cotton and rayon. They are highly 
soluble in water and with the help of large amount of salt; the exhaustion of the dyes 
is improved. 

Metals in dyes
Metals found as integral parts of the dye chromophores (e.g., phthalocyanine); 

comprise mainly cobalt, copper, and chromium. However, some dyes have low-level 
metal impurities that are present incidentally, rather than necessity in terms of functional-
ity and color. When mercury-based compounds are used as catalysts in dye manufacturing, 
there is a possibility of its presence as trace residue. Very few (e.g., only 2% commercial 
direct dyes) have metal as an integral part of the dye chromophore (Al-Ghouti et al., 
2003; Andrady, 2003). Unless textile effl uent is treated properly, as a result of extensive 
use of dyes and pigments throughout the world, toxic metals associated with the dyes 
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and pigments inevitably reach to aquatic environments, and pose serious treats to aquatic 
lives and the system (Waranusantigul et al., 2003). 

Textile effl uent treatment dye decolorization techniques
Water pollution by textile industry 
Water is one of the major elements essential for sustenance of all forms of life. 

The chemical nature of water is one of the most important criteria that determine its 
usefulness for specifi c needs and as such not all waters are fi t for drinking. Many water 
sources contain harmful substances in concentrations that make the water unsafe to 
drink or unfi t for domestic use.  Water pollution problems in any part of the world are 
far worse from day to day. What are the causes of these problems? The answer is due to 
human activity and unbalanced development. Water that has been withdrawn, used for 
some purposed and returned will be polluted in one-way or another way. Agricultural 
return water containing pesticides fertilizes and salts, municipal return water contain 
chemical. All of this is due to human activity. 

Table 2. Industrial source of water pollution
Type of industry Percentage, % 
Palm oil 11.6
Raw natural rubber 8.6
Rubber and product 14.1
Food and beverage 40.5
Textile and leather 9.0
Paper 4.4
Chemical 11.8
Total 100

When water is polluted the water becomes unsuitable for drink water and habi-
tat for aquatic life. Wastewater discharged from textile industry characterized by high 
chemical demand (COD), low biodegradability, high salt content and is the source of 
aesthetic pollution related to color (Alinsafi  et al., 2005). The salt and heavy metal from 
highly colored wastewater are toxic to aquatic life (Wu et al., 2004). While some of 
the dyes such as azo dye are carcinogenic and then cause serious health problems such 
as cancer.6) This caused the treatment of dye before discharged are important to ensure 
sustainable development able to achieve. Textile industry is the fi fth major industry that 
becomes source of environmental problem (Table 2).

However, in term of coloring effl uent, textile industry is the largest industry 
discharging coloring effl uent. So it is important to study a treatment process that is ef-
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fi cient to treat the color and chemical in the effl uent in order to ensure our water be safe 
for the future generation.

In accordance with the development of textile industry, the pollution of environ-
ment by the industry has become obvious. Especially colored wastewater discharged 
from dyeing factory. Many factories discharge colored wastewater without any treatment 
because color is outside the scope of regulation. For Small to middle size factories they 
don’t have treatment facilities to reduce pH, COD, BOD and the entire hazardous chemi-
cals. This makes the pollution caused by the textile industry worst. Typical pollutants 
generated by synthetic dyes are discussed in Table 3. To reduce water pollution caused 
by textile industry, investigation in this regard must be done in search of effi cient means 
for treatment of effl uents prior to discharging them to the surrounding environment.

Table 3. Typical pollutants generated by synthetic dyes

Dye
Class

Typical pollutants associated with the dyes

Acid Color, organic acids, and unfi xed dyes
Basic N/A
Direct Color, salt, unfi xed dye, cationic, fi xing agents, surfactant, leveling, 

retarding agents, fi nish, diluents
Disperse Color, organic acids, carriers, leveling agents, phosphates, lubricants, and 

dispersants
Reactive Color, alkali, oxidizing agent, reducing agent, and unfi xed dye
Sulfur Color, alkali, oxidizing agent, reducing agent, and unfi xed dye
Vat Color, alkali, oxidizing agents, and reducing agents

In water reuse technology, various physical, chemical and biological per-treatments 
and post treatment can be used to treat textile effl uent. Physico-chemical techniques includ-
ing membrane fi ltration, coagulation, fl occulation, precipitation, fl oatation, adsorption, 
ion exchange, mineralization, advanced oxidation, electrolysis and chemical reduction 
are known. Biological treatment systems that can effectively remove dyes from large 
volumes of wastewater at low cost are preferable alternatives (Robinson et al., 2001). 
Biological techniques including biosorption and biodegradation in aerobic, anaerobic 
or combined aerobic/ anaerobic treatment processes with bacteria, fungi, plants, yeasts, 
algae and enzymes are known (Mohan et al., 2005; Shrivastawa et al., 2005). Textile dye 
effl uents are complexes, containing a wide variety of dyes, natural impurities extracted 
from the fi bers and other products such as acids, alkalis, salts and sometimes heavy met-
als (Laing, 1991). In general, the effl uent is highly colored with high biological oxygen 
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demand (BOD) and chemical oxygen demand (COD), has a high conductivity and is 
alkaline in nature. For this reason, several factors determine the technical and economic 
feasibility of each single dye removal technique as the dye type, wastewater composition, 
dose and costs of required chemicals, operation cost (energy and material), Environmental 
fate,  and handling and cost of generated waste products. Usually the use of one of the 
individual processes may not be suffi cient to obtain complete decolorization because 
each technique has its limitations. Dye removal strategies consist of therefore, mostly of 
a combination of different techniques. In choosing types of treatment several factors need 
to be considered such as type of dye to be treated, composition of wastewater, cost of 
required chemical, and cost of operation, handling and cost of waste product generated. 
It is up to the industry to choose which treatment is suitable for the factory.5) 

Physicochemical methods of textile effl uent treatment
Membrane fi ltration
Increasing cost of water and its profl igate consumption necessitate a treatment 

process that is integrated with in-plant water circuits rather than as a subsequent treat-
ment (Machenbach, 1998). From this standpoint, membrane fi ltration offers potential 
applications. Processes using membranes provide very interesting possibilities for the 
separation of hydrolyzed dye-stuffs and dyeing auxiliaries that simultaneously reduce 
coloration and BOD/COD of the wastewater; usually used to treat reactive dye bath ef-
fl uent, because it could potentially reduce waste volume and simultaneously recovering 
salt (Sen & Demirer, 2003). Moreover, it can be separated in to two or more components 
from liquid stream by their molecular size. The advantages of membrane fi ltration are 
because it is a quick method with low spatial requirement and the saturate can be reused. 
The disadvantage with the membrane fi ltration method that it has a limited life time 
before membrane fouling occurs and the cost is also high.5) The choice of the membrane 
process, whether it is reverse osmosis, nanofi ltration, ultrafi ltration or microfi ltration, 
must be guided by the quality of the fi nal product.

Reverse osmosis membranes have a retention rate of 90% or more for most 
types of ionic compounds and produce a high quality of permeate (Sadrghayeni et al., 
1998; Treffry-Goatley et al., 1983; Tinghui et al., 1983). Decoloration and elimination 
of chemical auxiliaries in dye house wastewater can be carried out in a single step by 
reverse osmosis. Reverse osmosis permits the removal of all mineral salts, hydrolyzed 
reactive dyes, and chemical auxiliaries. It must 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.

Nanofi ltration has been applied for the treatment of colored effl uents from the 
textile industry. A combination of adsorption and nanofi ltration can be adopted for the 
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treatment of textile dye effl uents. The adsorption step precedes nanofi ltration, because 
this sequence decreases concentration polarization during the fi ltration process, which 
increases the process output (Chakraborty et al., 2003). Nanofi ltration membranes re-
tain low molecular weight organic compounds, divalent ions, large monovalent ions, 
hydrolyzed reactive dyes, and dyeing auxiliaries. Harmful effects of high concentrations 
of dye and salts in dye house effl uents have frequently been reported (Tang & Chen, 
2002; Koyuncu, 2002; Van der Bruggen et al., 2001; Jiraratananon et al., 2000; Xu et 
al., 1999; Erswell et al., 1988). In most published studies concerning dye house effl u-
ents, the concentration of mineral salts does not exceed 20 g/L, and the concentration 
of dyestuff does not exceed 1.5 g/L (Tang & Chen, 2002). [31]. In general, the effl uents 
are reconstituted with only one dye (Tang & Chen, 2002; Koyuncu, 2002; Akbari et al., 
2002), and the volume studied is also low.  The treatment of dyeing wastewater by na-
nofi ltration represents one of the rare applications possible for the treatment of solutions 
with highly concentrated and complex solutions (Rossignol et al. 2000; Freger et al., 
2000; Knauf et al., 1998; Mietton-Peuchot et al., 1997; Kelly & Kelly, 1995). A major 
problem is the accumulation of dissolved solids, which makes discharging the treated 
effl uents into water streams impossible. Various research groups have tried to develop 
economically feasible technologies for effective treatment of dye effl uents (Karim et 
al., 2006; Cerón-Rivera et al., 2004; Roth & Minke, 1999). Nanofi ltration treatment as 
an alternative has been found to be fairly satisfactory. The technique is also favorable 
in terms of environmental regulation.

Ultrafi ltration enables elimination of macromolecules and particles, but the elimi-
nation of polluting substances, such as dyes, is never complete (Watters et al., 1991) 
- it is only between 31% and 76%. Even in the best of cases, the quality of the treated 
wastewater does not permit its reuse for sensitive processes such as dyeing of textile. 
Roth & Minke (1999) emphasize that 40% of the water treated by ultrafi ltration can be 
recycled to feed processes termed “minor” in the textile industry (rinsing, washing) in 
which salinity is not a problem. Ultrafi ltration can only be used as a pretreatment for 
reverse osmosis (Ciardelli & Ranieri, 2001) or in combination with a biological reactor 
(Mignani et al., 1999). 

Microfi ltration is suitable for treating dye baths containing pigment dyes (Al-
Malack & Anderson, 1997), as well as for subsequent rinsing baths. The chemicals 
used in dye bath, which are not fi ltered by microfi ltration, will remain in the bath. 
Microfi ltration can also be used as a pretreatment for nanofi ltration or reverse osmosis 
(Ghayeni et al., 1998). 

Coagulation and fl occulation of the inorganic coagulants such as, lime, aluminum,  
magnesium and iron salts have been used for coagulation in the treatment of wastewater 
to partly removed total suspended solids (TSS), biochemical oxygen demand (BOD), 
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chemical oxygen demand (COD) and color over many years (Aguilar et al., 2005). The 
principle in this process is the addition of a coagulant followed by a general rapid associa-
tion between the coagulant and the pollutants. Finally they form coagulate or fl ock and 
subsequently precipitate. The precipitate is then removed by fl otation, settling, fi ltration 
or other physical techniques to generate a sludge that is normally further treated to reduce 
its toxicity (Golob & Ojstrek, 2005; Mishra & Bajpai, 2005). Although these processes 
effectively eliminate insoluble dyes (Gaehr et al., 1994), its value is doubtful because 
of the cost of treating the sludge and the increasing number of restriction concerning 
the disposal of sludge.  Organic anionic, cationic or non-ionic coagulant polymers have 
been developed in the last years for color removal treatments and in general they offer 
advantages over inorganic: such as lower sludge production, lower toxicity and improved 
color removal ability (Zouboulis et al., 2004).

Adsorption is the other alternative which is a physico-chemical technique. It is 
the process by which ions or molecules present in one phase tend to accumulate and 
concentrate on the surface of another phase. Physical adsorption occurs when weak 
interparticle bonds exist between the adsorbate and adsorbent. Examples of such bonds 
are Van der Walls’ interactions, hydrogen bonding and dipole-dipole interactions. In 
the majority of cases, physical adsorption is easily reversible. Chemical adsorption oc-
curs when strong interspecies bonds are present between the adsorbate and adsorbent 
due to an exchange of electrons. Examples of such bonds are covalent and ionic bonds. 
Chemisorption is deemed to be irreversible in the majority of cases. Suzuki (1997) 
discussed the role of adsorption in water environmental processes and also evaluated 
the development of newer adsorbents to modernize the treatment, systems and the role 
modeling of the fi ndings plays in their development. Most adsorbents are highly porous 
materials. As the pores are generally very small, the internal surface area is in the order 
of magnitude greater than the external area. Amongst the numerous techniques of dye 
removal, this technique gives the paramount results as it can be used to remove differ-
ent types of coloring materials (Jain et al., 2003). Adsorption techniques for wastewater 
treatment have become more popular in recent years owing to their effi ciency in the 
removal of pollutants that are not easily biodegradable. Adsorption can produce high 
quality water while also being a process that is cost-effectively feasible. Decoloriza-
tion is a result of two mechanisms - adsorption and ion exchange and is infl uenced by 
many factors including dye/adsorbent interaction, adsorbent surface area, particle size, 
temperature, pH and contact time. If the adsorption system is designed correctly, it will 
produce a high-quality treated effl uent.

 Activated carbon is the preferred adsorbent widely employed to treat wastewater 
containing different classes of dyes. Activated carbon adsorption has been cited by the 
US Environmental Protection Agency as one of the best available control technologies. 
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However, the disadvantage associated with is its high cost (Slokar & Majcen Le Mare-
chal, 1998). The regeneration of saturated carbon is also expensive, not straightforward, 
and results in loss of the adsorbent. The use of carbons based on relatively inexpensive 
starting materials is also unjustifi ed for most pollution control applications (Streat et al., 
1995). Various carbonaceous materials, such as coal, lignite, coconut shells, wood and 
peat are used in the production of commercial activated carbons (Bansode et al., 2003). 
However, the abundance and availability of agricultural by-products make them good 
sources of raw materials for activated carbons. Agricultural by products are renewable 
sources of raw materials for activated carbon production because the development of 
methods to reuse waste materials is greatly desired (Anuar et al., 2001). Residues from 
agriculture and agro-industries are the non-product outputs from the growing and process-
ing of raw agricultural products such as rice, corn, beans and peanuts (Tsai et al., 2001). 
Disposal of agricultural by-products is currently a major economic and ecological issue, 
and the conversion of by-products to adsorbents, such as activated carbon, represents a 
possible outlet. 

 Electrolysis - the electrochemical technique is very effi cient to remove the 
color from a wide variety of dyes and pigments. Biological oxygen demand (BOD) and 
Chemical oxygen demand (COD) reduction and coagulation of the total suspended solid 
present in the wastewater are also obtained (Carneiro, 2005). The process is very simple 
based on applying an electric current through to the wastewater by using sacrifi cial iron 
electrode to produce ferrous hydroxide in solution. These sacrifi cial iron electrodes gen-
erate Fe(II) - ion and –OH. The Fe(OH)2 is formed and soluble and insoluble acid dyes 
are removed from the effl uent.  Moreover Fe(II) can reduce azo-dyes to aryl amines. 
Water can also be oxidized resulting in the formation of O2 and O3. The effi ciency of 
the electrochemical system in pollutant removal can often reach 90%. However, the 
process is expensive due to large energy requirements, limited life time of the electrode 
and uncontrolled radical reactions (Cerón-Rivera et al., 2004).                                        

 Ozone is a very powerful and rapid oxidizing agent that can react with most spe-
cies containing multiple bond (such as C=C, C=N, N=N, etc) and with simple oxidizable 
ions such as S-2, to form oxyanions such as SO3-2 and SO4-2 (Gogate & Pandit, 2004a). 
Ozone rapidly decolorizes water-soluble dyes but with non-soluble dyes (Vat and Disperse 
dyes) react much slower. Furthermore, textile processing wastewater usually contains 
other refractory constituents that will react with ozone, thereby increasing its demand 
(Muthukumar et al., 2005). Decomposition of ozone requires high pH value (pH>10). 
In alkaline solutions ozone reacts almost indiscriminately with all compounds present 
in the reacting medium (Aksu, 2005; Chu & Ma, 2000), converting organic compounds 
into smaller and biodegradable molecules (Park et al., 1999). Consequently, after ozone 
treatment seems logical the use of biological methods for reaching a complete minerali-
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zation (Krull et al., 1998; Krull & Hempel, 2001). A major limitation of the ozonation 
process is the relatively high cost of ozone generation process coupled with its very 
short half-life (Gogate & Pandit. 2004).  

Fenton reagents - the oxidation system based on the Fenton’s reagent (hydrogen 
peroxide in the presence of a ferrous salt) has been used for the treatment of both organic 
and inorganic substances. The process is based on the formation of reactive oxidizing 
species, able to effi ciently degrade the pollutants of the wastewater stream (Hao et al., 
2000). It is accepted that both hydroxyl as well as ferryl complex coexist in Fenton’s 
mechanism and depending on the operating conditions (substrate nature, metal –peroxide 
ratio etc), one of these will predominate (Bossmann et al., 1998). The oxidation system 
can be effectively used for the destruction of non-biodegradable toxic waste effl uents 
(Nesheiwat & Swanson, 2000). Fenton oxidation process can decolorize a wide range of 
dyes and in comparison to ozonation; the process is relatively cheap and results generally 
in a larger COD reduction (Park et al., 1999).  Fenton oxidation is limited to the fact that 
the textile process wastewaters usually have high pH, while the Fenton process requires 
low pH. At higher pH, large volumes of waste sludge are generated by the precipitation 
of ferric iron salts and the process loss its effectiveness.5) 

Photocatalytic or photochemical degradation processes are gaining importance 
in the area of wastewater treatment, since these processes result in complete mineraliza-
tion with operation at mild conditions of temperature and pressure. The photo-activated 
chemical reaction are characterized by free radical mechanism initiated by the interaction 
of photons of proper energy levels with the molecules of chemical species present      in 
the solution, with or without the presence of the catalyst (Gogate & Pandit, 2004a). The 
radical can be easily produced using UV radiation. UV light has been tested in com-
bination with H2O2, TiO2, Fenton reagents, O3 and other solid catalysts such as for the 
decolorization of dye solution (Wang et al., 2005). While the UV/H2O2 process appeared 
to be slow, pricey and little effective for potential full-scale application. The combina-
tion of UV/TiO2 seems more promising. With UV/TiO2 treatment a wide range of dyes 
can be oxidized and generally not only decolorized but highly mineralized (Freger et 
al., 2000).  Because UV penetration in dye solutions is limited due to the highly colored 
nature of the effl uents, the best use of UV technology is post treatment after ozonation 
(Vandevivere et al., 1998). 

Advanced oxidation process can be used to remove dyes from waste water based 
on the generation of highly reactive radical (e.g. hydroxide radical) species that can 
react with wide range of compounds that is diffi cult to degrade. This process includes 
chlorination, bleaching, photo catalytic oxidation (Gogate & Pandit, 2004b). Such meth-
ods, that use compounds with an oxidation potential (EO) higher than oxygen (1.23V) 
as hydrogen peroxide (EO = 1.78V) and hydroxide radical (EO = 2.28V), are often very 
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costly and accumulation of concentrated sludge creates a disposal problems (Robinson 
et al., 2001a). There is also the possibility that a secondary pollution will arise due to 
excessive chemical use.

Biological methods
Dyestuffs and polymers are generally diffi cult to biodegrade and many substances 

are totally unsuitable for conventional biological treatment. For textiles in particular the 
emphasis is on physical, chemical and biological treatment systems. Biodegradation 
method such as fungal decolorization, microbial degradation, and adsorption by living 
or dead systems is commonly applied to the treatment of industrial effl uents because 
many microorganisms such as bacteria, yeasts, algae, and fungi are able to accumulate 
and degrade different pollutants (McMullan et al., 2001), and all biological systems 
require a continuous input of effl uent. Therefore, where the aqueous process discharge 
is relatively small or likely to be discontinuous, then physical and or chemical treat-
ments are more appropriate (Walker & Weatherly, 1997). Biological treatment requires 
a large land area and is constrained by sensitivity toward diurnal variation as well as 
toxicity of some chemicals, and less fl exibility in design and operation. Biological treat-
ment is incapable of obtaining satisfactory color elimination with current conventional 
biodegradation processes. Moreover, although many organic molecules are degraded, 
many others are recalcitrant due to their complex chemical structure and synthetic 
organic origin. In particular, due to their xenobiotic nature, the biodegradability of azo 
dyes is very limited.

Bacterial biodegradation
The ability of bacteria to metabolize azo dyes has been investigated by a number 

or research groups (McMullan et al., 2001; Cao et al., 1993; Claus et al., 2002; Bhaskar 
et al., 2003). Under aerobic conditions, azo dyes are not readily metabolized, although 
the ability of bacteria with specialized reducing enzymes to aerobically degrade certain 
azo dyes was reported (Stolz, 2001). In contrast, under anaerobic conditions many 
bacteria reduce azo dyes by the activity of unspecifi c, soluble, cytoplasmatic reduc-
tase, known as azo reductases. The anaerobic reduction degrades the azo dyes that are 
converted into aromatic amines (Blümel et al., 2002), which may be toxic, mutagenic, 
and possibly carcinogenic to mammalians Pinheiro et al., 2004). Therefore, to achieve 
complete degradation of azo dyes, another stage that involves aerobic biodegradation 
of the produced aromatic amines is necessary (Haug et al., 1991; Libra et al., 2004; 
Sponza & Isik, 2005).  

Bacterial biodegradation of non-azo dyes has only recently been studied. It has 
been observed that several bacteria can degrade anthraquinone dyes (Robinson et al., 
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2001a). Aerobic decolorization of triphenylmethane dyes has also been demonstrated 
(Sani & Banerjee, 1999). In phtalocyanine dyes, reversible reduction and decolorization 
under anaerobic conditions have been observed.5) 

Fungal biodegradation
The most widely researched fungi in regard to dye degradation are the ligninolytic 

fungi. White-rot fungi in particular produced enzymes as lignin peroxidase, manganese 
peroxidase and laccase that degrade many aromatic compounds due to their non-specifi c 
activity (Toh et al., 2003). Large literature exists regarding the potential of these fungi 
to oxidize phenolic, non-phenolic, soluble and non-soluble dyes (Libra et al., 2004). In 
particular laccase from Pleurotus ostreatus, Schizophyllum commune, Sclerotium rolfsii 
and Neurospora crassa, seemed to increase up to 25% the degree of decolorization of 
individual commercial triarylmethane, anthraquinonic, and indigoid textile dyes using 
enzyme preparations (Abadula et al., 2000). On the contrary, manganese peroxidase 
was reported as the main enzyme involved in dye decolorization by Phanerochaete 
chrysosporium (Chagas & Durrant, 2001), and lignin peroxidase for Bjerkandera adusta 
(Robinson et al., 2001). Some non-white-rot fungi that can fruitfully decolorize dyes have 
also been reported (Tetsch et al., 2005). Fungal degradation of aromatic structures is a 
secondary metabolic event that starts when nutrients (C, N and S) become limiting (Kirk 
& Farrell, 1987). The infl uence of the substitution pattern on the dye mineralization rates 
and between dye structure and fungal dye biodegradability is a matter of controversy 
(Fu & Viraraghavan, 2002). However, these diffi culties are even greater if one considers 
that complex mixed effl uents are extremely variable in composition even from the same 
factory, as is often the case of the textile industry. Other important factors for cultivation 
of white-rot fungi and expression of ligninolytic activity are the availability of enzyme 
cofactors and the pH of the environment (Swamy & Ramsay, 1999).

Although stable operation of continuous fungal bioreactors for the treatment of 
synthetic dye solutions has been achieved, application of white-rot fungi for the removal 
of dyes from textile wastewater faces many problems as the nature of synthetic dyes, the 
control of the produced biomass and the great treating volumes (Mielgo et al., 2001). 

Conclusion
This article provides a critical review on the current technologies available for 

decolouration as well as treatment of textile effl uents and it suggests effective and 
economically attractive alternatives. Textile wastewater treatment before discharging 
is of great importance in decreasing pollution load and production costs. Conventional 
technologies to treat textile wastewater include various combinations of biological, 
physical, and chemical methods, but these methods require high capital and operat-
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ing costs. Up to now there is no single and economically attractive treatment that can 
effectively decolourise dyes effl uents.  In the past years, notable achievements were 
made in the use of biotechnological applications to textile effl uents not only for color 
removal but also for the complete degradation of dyes. Different microorganisms, such 
as, aerobic and anaerobic bacteria, fungi and physicochemical methods have been found 
to catalyse dye decolouration.  As compared to physicochemical, biological treatment 
systems that can effi ciently remove dyes from large volumes of wastewater at low cost 
are preferable alternatives.

APPENDIX
Advantages and disadvantages of some of the physicochemical methods 

of textile effl uent treatment

Processes Advantages Disadvantages References
CoagulaƟ on–
fl occulaƟ on EliminaƟ on of insoluble dyes ProducƟ on of sludge

blocking fi lter
Aguilar et al., 2005; Golob & 

Ojstrsek, 2005
AdsorpƟ on on

acƟ vated carbon
Suspended solids and organic

substances well reduced Cost of acƟ vated carbon Slokar & Majcen Le Marechal, 
1998

Electrochemical
processes

Capacity of adaptaƟ on to 
diff erent volumes and polluƟ on 

loads
Iron hydroxide sludge Carneiro et al., 2005

Reverse osmosis
Removal of all mineral salts,
hydrolyzes reacƟ ve dyes and

chemical auxiliaries
High pressure

Sadrghayeni et al., 1998; 
Treff ry-Goatley et al., 1983; 

Tinghui et al., 1983

Nanofi ltraƟ on

SeparaƟ on of organic 
compounds of low molecular 
weight and divalent ions from 

monovalent salts. Treatment of 
high concentraƟ ons

------------- Chakraborty et al., 2003

Ultrafi ltraƟ on–
microfi ltraƟ on Low pressure Insuffi  cient quality of the 

treated wastewater
Sadrghayeni et al., 1998; 

WaƩ ers et al., 1991

Fenton’s reagent
Eff ecƟ ve decolourisaƟ on

of both soluble and insoluble 
dyes

Sludge producƟ on Hao et al., 2000; Nesheiwat & 
Swanson, 2000

OzonaƟ on Applied in gaseous state:
no alteraƟ on of volume

Short half–life
(20 min) of O3

Muthukumar et al., 2005; Aplin 
& Wait, 2000

Photochemical No sludge producƟ on FormaƟ on of by-products Gogate & Pandit, 2004; Forgacs 
et al., 2004

NaOCl IniƟ ates and accelerates azo
bond cleavage

Release of aromaƟ c
amines

Robinson et al., 2001
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Electrochemical
destrucƟ on

Breakdown compound are
non-hazardous

High cost of
electricity

Muthukumar et al., 2005; Aplin 
& Wait, 2000

Advantages and disadvantages of some of the biological methods 
of textile effl uent treatment

Organism
(process)

Advantages Disadvantages References

Bacteria
(aerobic)

-decolorize both azo and
anthraquinone dyes,

-production of biogas

-low decolorization rates,
-requires specifi c oxygen 

catalyzed enzymes,
-requires additional carbon 

and energy sources

Stolz, 2001

Bacteria
(anaerobic)

-suitable for large scale
application,

-takes place at neutral pH
for sludge treatment

system,
-allows obligate and

facultative bacteria to
reduce azo dyes

-generation of toxic
substance,

-requires post treatment,
-immobilization and

recovery of redox
mediator presents a

challenge

Blumel et al., 2002; 
Pinheiro et al., 

2004

Fungi -decolorize anthraquinone
and indigo-based dyes at

higher rates

-decolorization rate is very
low for azo dyes,
-requires especial

bioreactor and external 
carbon source,

-needs acidic pH (4.5-5),
-inhibition by mixture 

of dyes and chemical in 
textile effl uents

Libra et al., 2004; 
Toh et al., 2003

 NOTES
1. http://scholar.lib.vt.edu/theses/available/etd-07232001-225716/unrestricted/ThesisMas-

terDocument.PDF
2. Provisional standards for industrial pollution control in Ethiopia: a draft, 2003.
3. http://eprints.ru.ac.za/869/1/Mutambanengwe-TR07-30.pdf
4. http://library.wur.nl/WebQuery/edepot/121632
5. http://library.wur.nl/WebQuery/edepot/121282
6. Maarit, H., Ollikka, P. & Suominen, I. (2000). Decolurasition of azo dye crocerien orange 

by phanerochate chrysosporium ligning peroxidases. University of Jyvaskyl, Finland.
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