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ABSTRACT: Releasing of textile dye effluents into general water bodies is a major environmental and health
problem. Color removal, in particular, has recently become of major scientific interest, as indicated by the
multitude of related research reports. During the past two decades, several physico-chemical decolorization
techniques have been reported, few, however, have been accepted by the textile industries.
Their lack of implementation has been largely due to high cost, low efficiency and inapplicability to a wide
variety of dyes. The ability of microorganisms to carry out dye decolorization has received much attention.
Green algae and blue green algae are considered as an important source for decolorizing dye and textile effluent.
The dye Congo red and textile dye effluent is chosen for this investigation and the green algae Haematococcus
sp., Chlorella sp., Chlorella vulgaris, Scenedesmus obliquuss, S. officinalis, and S. quadricauda and blue green
algae Arthospira maxima was used for the decolorization process. Chlorophyll, protein content of this
organism was tested before and after the treatment. Haematococcus sp shown the maximum degradation
among all the seven microalgae was found at 10ppm which was 98%, which decolorize the textile effluent
efficiently in short period of time.
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INTRODUCTION
Today, more than 100,000 commercial dyes are
available in market and nearly one million tons per
annum are produced, whereas 10% of dyes are released
in environment and natural resources as dyestuff waste
(Jadhav et al., 2010). This production increases day by
day to meet the needs of growing population, also
increases the release of dye effluent. The disposal of
these colored substances poses one of industry’s major
problems in waste water treatment. This is because the
discharge of colored wastes is not only damaging to
the aesthetic nature of the receiving streams but also
toxic to aquatic life and even carcinogenic or mutagenic
in nature (Puvaneshware et al., 2006). The treatment of
textile effluent involves mainly physical and chemical
methods, which are often very costly (Robinson et al.,
2001). It is difficult to treat dye wastewater by chemical
and physical processes because of the complex
molecular structures. Furthermore, the disposal of the
concentrated sludge creates another problem. There
has been increased interest in using biological methods
for remediation of textile wastewater, especially in color
removal. Most studies have concentrated on the use

of fungi and bacteria to treat colored wastewater
(Tastan et al., 2010; McMullan et al., 2001). However,
additional carbon sources are required for such
systems. In recent years, the use of microalgae in
bioremediation of colored wastewater has attracted
great interest due to their central role in carbon dioxide
fixation. In addition, the algal biomass generated has
great potential as feedstock for biofuel production
(Huang et al., 2010).
Azo dyes are characterized by the presence of
one or more azo group (-N = N-) bonds to aromatic
rings (Bafana et al., 2008). Azo dyes may be
decolorized by cleavage of the azo bond, to which the
color is associated (Wuhrmann et al., 1980). The
reduction of azo dyes results in the formation of
aromatic amines that mostly cannot be metabolized,
with the exception of a few examples bearing hydroxyl
and carboxyl groups, which can be fully degraded
(Razo-Flores et al.,1996) Hence, the majority of azo
dyes are mutagenic and carcinogenic to humans as
well as other animals removal of hazardous industrial
effluents is one of the growing needs of the present
time. Congo red is water soluble, yielding a
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Fig. 1. Chemical structure of Congo red dye
red colloidal solution, its solubility is better in organic
solvents such as ethanol. It has a strong, though
apparently non-covalent affinity to cellulose fibers.
However, the use of Congo red in the cellulose
industries (cotton textile, wood pulp & paper) has
long been abandoned, primarily because of its toxicity
and tendency to run and change color when touched
by sweaty finger (Zvezdelina et al., 2012).

250 to 700nm wavelength before and after the growth
of the alga in the medium.
MATERIALS & METHODS
The algal strains were obtained from the culture
collection of SDNB Vaishnav College for Women,
Chrompet, Chennai-44. The algal strains were
Arthospira maxima, Haematococcus sp., Chlorella sp.,
Chlorella vulgaris, Scenedesmus obliquuss, S.
officinalis, and S. quadricauda. The green algal
cultures were maintained in Bold Basal Medium and
the blue green algae (cyanobacteria) was maintained
in Zarrouks medium at 24±10C in a thermostatically
controlled room, illuminated with fluorescent tubes
(Philips 40W) providing 30µEm2/s and 12:12 h light/
dark cycle. The chemical structure of Congo red dye
used for decolorization study is shown in Fig 1.

Recently the application of algae has been
receiving increasing attention in the field of waste
water decolorization. This is due to the versatile ability
of the algae to degrade, partially or completely various
dyes. Many researchers have studied the effect of
algae and enzymes on decolorization characteristics
since immobilization provide distinct stability over
free cells. Algae have been studied in the field of
decolourization of industrial effluents (Semple et al.,
1999). Algae are ubiquitous naturally and serve as
one of the biomaterials with high capacity for
removing dye from contaminated waters as they are
photosynthetic organisms distributed in nearly all
parts of the world and in all kinds of habitats.
Marungrueng and Pavasant reported that many
functional groups (such as carboxyl, carbonyl,
hydroxyl, phosphoryl and amide) making up the algae
cell wall plays the important role in dye removal.
Several other factors play important roles in dye
bioremediation (Marungrueng et al., 2007). Among
these factors, pH, dye concentrations, and amount
of biomass of biomaterials are quite important. (Wafaa
et al., 2008).

The growth study was carried out for a period of
15 days for all algal species under laboratory
conditions. After every five day interval sample was
withdrawn and the amounts of dry weight, pigments
were estimated. After every five day interval 5ml of
the sample was withdrawn and centrifuged at 5000rpm
for 10minutes and the amounts of dry weight,
pigments namely, Chlorophyll-a & b, (Mac Kinney
1945) and total protein (Bradford 1976) were estimated.
The experiments were carried out in saline bottles
containing algal cultures and azo dyes at different
concentration (viz., 2, 5, 10, 12, and 15ppm). The
cultures were incubated at 16-20°c for 15 days. The
dye concentration was determined every after 5 days
(e.g., 5th, 10th and 15th) by measuring the absorbance
of cell-free supernatant of the sample at the maximal
absorption wavelength (λmax 250 to 700nm). (Hafez,
2008) The sterile cell-free medium was chosen as
control. The changes in the dyes absorption spectra
were recorded by using a UV-Vis spectrophotometer
(U-2900). Decolourization percentage was calculated
as follows:

In the present study, experiments on the
degradation of Congo red dye at different part per
million’s (viz., 2, 5, 10,15 and 20) was carried out on
5th, 10th and 15th day using these different algae
(Arthospira maxima, Haematococcus sp., Chlorella
sp., Chlorella vulgaris, Scenedesmus obliquuss, S.
officinalis, and S. quadricauda) and we have
evaluated the efficiency of each of this alga to degrade
or decolorize the dye’s intensity in the medium by
estimating the pigment chlorophyll-a, b and protein
content and also the decolourization percentage of
the dye was estimated by scanning the medium from

Decolourization (%) =
Initial absorbance - Observed absorbance ×100
Initial absorbance
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RESULTS & DISCUSSION
Microalgae with its added advantages such as a
long history of its food use, easy cultivation and high
nutritional content make it a valuable source for
immune modulating studies. Scientists are increasingly
turning their attention to algae as ingredient factories,
particularly the nutritional components. It is known
that biomass adsorption is effective when conditions
are not always favorable for the growth maintenance

of the microbial population, because the use of biomass
has its advantages, especially if the dye containing
effluent is very toxic. Treatment of dye effluent
presents several problems mainly due to the toxicity
and recalcitrance of dyestuffs. Discharge of dye
effluent into the natural streams may be toxic to the
aquatic lives. Colour affects the nature of water and
inhibits the sunlight penetration into the stream and
reduces photosynthetic activity. In the present

Fig. 2. Effect of Different Concentration Of dye on the Chlorophyll-a Content
737

Decolorization of Congo Red dye

different dye concentration showed no changes and it
seems to be that chlorophyll-a content accumulation
does not show an affect of the dye when compared to
control (Fig.2c). Chlorella vulgaris also showed the
same trend to the Chlorella sp (Fig.2d). Scenedesmus
officinalis when treated with different concentration
of dye the chlorophyll-a showed the decrease in 10ppm
then 15ppm, 12ppm and 5ppm the maximum
concentration was seen in 10th day but on 15th day
simultaneously decreased for all concentration while
in control it showed an increasing trend from 5th to 15th
day (Fig.2e). Scenedesmus obliquus and Scenedesmus
quadriquada showed the same trend by having
increase in 10th day followed by decrease in 15th day.
The chlorophyll-a content showed a drastic decrease
in all the concentrations of dye.

investigation we have used different microalgae for
the degradation of different concentration of dyes. The
pigment analysis of different algae in our studies
showed the presence of chlorophyll, protein in various
amount when treated with dye in different
concentration when compared to the control. The
growth of organism is depicted by chlorophyll-a
content deposition. Arthospira maxima treated with
all the different concentration of Congo red dye showed
the decrease in its dye concentration (Fig.2a).
Haematococcus sp. when treated with different
concentration the content of chlorophyll-a showed the
highest accumulation on 5th day at 12ppm) and then
the chlorophyll content started to decrease on 10th to
15th day (Fig.2b).
Chlorella showed a different trend when compared
to Arthospira maxima Haematococcus, Scenedesmus
. In Chlorella sp. the chlorophyll-a irrespective of the

In Haematococcus the different dye concentration
viz., 2, 5 and 10ppm (Fig.3c) showed increase in

a

Fig. 3. The effect of Different Concentration Of dye on the Chlorophyll-b Content
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chlorophyll-b content on 10th day followed by a
decrease on 15 th day. Among them the highest
concentration of 15ppm showed a significant decrease
in chlorophyll-b content, which kept constantly
decreasing from 10th to 15 th day. In the Chlorella
sp. (Fig.3a) all the different concentration of dye
did not show much affect on chlorophyll-b content

accumulation. It showed increasing content of
chlorophyll-b on 5 th, 10 th and 15 th day, and the
maximum content of chlorophyll-b was found to be
on the 15th day. The highest concentration of the
dye, 15ppm showed the different trend as the
chlorophyll-b increased on 10th The chlorophyll-b
content for Chlorella vulgaris seemed to increase

Fig. 4. The effect of Different Concentration Of dye on the Protein Content at 5 days interval
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Fig.5. UV-Vis Spectrum of decolourization of different Concentration of Congo red dye using
different algae on 5th day interval
from 5th day to 10th day and later it totally decreased
(Fig.2b).Among the three Scenedesmus species S.
officinalis, S. quadriquada showed the similar
patterns of accumulation of chlorophyll-b and they

significantly decreased on 15 th day while in S.
obliquus except concentration of 15ppm all the
other ppms showed the decreasing content(Fig.3d,
e & f). The protein content does not seems to be
740
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Fig. 6. UV-Vis Spectrum of decolourization of different Concentration of Congo red dye on 10th day interval.
of the alga (Fig.4a-g). The degree of decolurization
for Congo red dye by some green algae and blue green
algae were studied at 2, 5, 10, 12 and 15 ppm dye
concentration for every 5 days interval. In
Arthorospira the maximum decolorisation observed

much affected by the various dye concentration. The
protein content in Arthrospira, Chlorella sp.,
Haematococcus increased. Among all the algae used
only Scenedesmus showed a deleterious effect of the
dye and its seemed to have lowered the protein content
741
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Fig. 7. UV-Vis Spectrum of decolourization of different Concentration of Congo red dye on 15th day interval.
at 2ppm which was 46%. Haematococcus sp. had
shown the maximum degradation among all the seven
microalgae. In this the maximum decolorisation was
found at 10ppm which was 98% followed by 2ppm(96%),

5ppm(94%), 12ppm(92%), and 15ppm(40%). Among the
two chlorella species studied Chlorella vulgaris
showed the highest decolourisation percentage which
was maximum at 5ppm and 10ppm(99%) followed by
742
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12ppm(81%) and 15ppm(55%). The Chlorella sp. used
show the highest decolourisation percentage at 15ppm
(77%). We are carried out studies on decolourisation
in three species of Scenedesmus (S.officinalis;
S. obl i quus; S. quadri quada) a m on g t h r ee
S. quadri quada
sh owed
the
m axi m um
decolourisation when compared other two species.
In S. quadriquada m axim um decol ouri sati on
percentage was 97% which was seen for 5ppm
foll owed by 12ppm . T h i s wa s fol l owed by
S.officinalis in which the maximum decolourisation
was 2ppm (89%) followed by 12ppm (79%) and
15ppm (78%). S. obl i quus sh owed m a xi m um
decolourisation at 15ppm which was 52 %.The result
obtained that the amount of color removal varies
with varying dye concentration (Figs. 5, 6 & 7). The
dye removal is highly concentration dependent and
approximately attributed to bioconversion (Aydin
and Baysal 2006). The decolourization was found to
be due to both biological azo dye reduction and
adsorption (Chen et al., 2003) .The increase of
decolourization of azo dyes seems to be related to
the molecular structure of the dyes (Jinqi et al.,
1992). The rapid decolourization of congo red dye
was observed after 5 days and then become slow
with the time (Daneshvar et al., 2007). This was
caused by strong attractive force between the azo
dyes molecules and the algae; fast diffusion onto
the external surface was followed by fast diffusion
into algae cells to attain rapid equilibrium.

Bradford, M. M.( 1976). A rapid and sensitive method for
the quantitation of microgram quantities of protein using
the principle of protein-dye binding. Anal. Biochem. 72,
248-254.

CONCLUSIONS
The presence of dyes imparts an intense color to
effluents, which lead to environmental problem. It may
be concluded that algae undoubtedly have the
potential to rapidly, efficiently and effectively remove
dyes to low concentrations. Moreover, this bio
sorption process could be adopted as a cost effective
and efficient approach for decolorization of effluents
ant it may be an alternative to more costly material.
This prepares the theoretical foundation for the
design, optimization and scale-up of the process.

McMullan, G., Marchant, R. and Nigam, P. (2001).
Remediation of dyes in textile effluent: a critical review
on current treatment technologies with a proposed
alternative. Bioresour. Technol., 77, 247–255.

ACKNOWLEDGEMENTS
I would like to thankful to my principal, teachers
and also my institute.

Robinson, T., McMullan, G., Marchant, R. and Nigam, P.
(2001). Remediation of dyes in textile effluent: a critical
review on current treatment technologies with a proposed
alternative. Bioresour. Technol., 77, 247–255.

Chen, K.C., Wu, J.Y., liou, D.J. and Hwang, S.C.J. (2003).
Decolorization of the textile dyes by newly isolated
bacterial strains. J. Biotechnol., 101, 57-68.
D an esh var, N . , Ayazloo, M . , Kh at aee, A. R . an d
Pourhassas, M. (2007). Biological decolorization of
dye solution containing Malchite Green by microalgae
Cosmarium sp. Bioresour.Technol., 98, 1176-1182.
Hanan, H. (2008). Algal decolourisaton and degradation
of monoazo and diazo dyes.j.biological science, 11(10),
1310-1316.
Huang, G., Chen, F., Wei, D., Zhang, X. and Chen, G.
(2010). Biodiesel production by microalgal biotechnology.
Appl. Energ. 87, 38–46
Jadhav, J. P., Phugar, S.S. , Dhanve, R.S. and Jadhav,
S.B. (2010). Rapid biodegradation and
decolorization
of Direct Orange 39 (Orange TGLL) by an isolated
bacter ium Pseudomon as aeru gin osa str ain BCH ’ .
Biodegrdation, 21(3), 453-463.
Jinqi, L. and Houtain, L. (1992). Degradation of azo dyes
by algae. Environ. Pollut., 75, 273-278.
Mac Kinney, G., (1945). Absorption of Light by chlorophyll
solution. J. Bio. Chem., 148, 314-322.
Marungrueng, K. and Pavasant, P. (20 07) . High
performance biosorpbent (Caulerpa lentillifera) for basic
dye removal. Bioresource Technology, 98, 1567-1572.

Puvaneshware, N., Muthukrishnan, J. and Gunasekran, P.
(2006), ‘Toxicity assessment and microbial degradation of
azo dyes’, Indian Journal of Experimental Biology, 44, 618626.
Razo-Flores, E., Donlon, B., Field, J. and Letting, G.
(1996). Biodegradability of N-substituted aromatics
and alkyl phenols under methanogenic conditions using
granular sludge. Water Sci. Technol., 33, 47-57.

REFERENCES

Semple,K. T., Cain, R .B. an d Schmidt, S.
(1999). Biodegradation of aromatic compounds by
microalgae. FEMS. Microbiol. Lett., 170, 291-300.

Aydin, H. and Baysal, G. (2006). Adsorption of acid dyes
in aqueous solutions by shells of bittim (Pistacaia khinjuk
stocks). Desalin, 196, 248-259.

Tastan, B.E., Ertugrul, S. and Donmez, G. (2010).
Effective bioremoval of reactive dye and heavy metals
by Aspergillus versicolor. Bioresour. Technol., 101, 870–
876.

Bafana, A., Krishnamurthi, K., Devi, S. and Chakrabarti,
T.( 2008). Biological decolourization of C.I. direct black
38 by E. gallinarum. J. Hazard. Mater., 157, 183-193.

743

Mahalakshmi, S. et al.

Wafaa, M., El-Rahim, A., El-Ardy, O.A.M., Moawad, H. (2008).
Aeration as a factor in textile dye bioremoval by Aspergillus
niger. African Journal of Biochemistry, 2(1), 30-39.

Yaneva, Z. L. and Georgieva, N. V. (2012). Insights into
Congo Red Adsorption on Agro-Industrial Materials Spectr al, E q uilibr iu m , Kin et ic, Th erm odynam ic,
D yn amic and Desor pt ion St u die s-A R eview.
International Review of Chemical Engineering, 4(2),
127-145.

Wuhrmann, K., Mechsner, K. and Kappeler, T.
(1980). Investigation on rate-determining factors in the
microbial reduction of azo dyes. Eur. J. Applied Microbiol.
Biotechnol., 9, 325-338.

744

