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Abstract: Dye wastewater is one of the most difficult to treat. Meanwhile, there has been exhaustive research on biosorption of dye
waste water and it is evolving as an attractive option to supplement conventional treatment processes. This paper examines the capacity
of Spirogyra sp. and Oscillatoria sp. to decolorize two model dyes, Blue dye and Red dyes from their aqueous solutions. The effect of
algal biomass on the rate of decolorization was studied. The rate of dye decolorization was found to increase with the increase of algal
concentration. The biodegradation was monitored by UV-Vis and FTIR analysis. In conclusion, Spirogyra sp. showed high efficiency

for color removal of the examined dyes.
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1. Introduction

Global industrialization has resulted in the release of large
amounts of potentially toxic, mutagenic and xenobiotic
compounds into the biosphere. Cleaning up of the
environment by the removal of hazardous contaminants is a
crucial and challenging problem needing numerous
approaches to reach long-lasting suitable solutions.[1] The
textile industries are using synthetic dyes with ease of
production, fastness and variety in color compared to natural
dyes and daily discharging millions of liters of untreated
effluent containing harmful dye wash into receiving water
bodies posing serious health problems. An average textile
mill produces 60 x 10° m of fabric and discharges
approximately 1.5 million liters of effluent per day in India.
The number of dyes presently used in textile industry is about
10,000. Among these dyes, Blue dye and Red dye constitute
the largest and the most important class of commercial dyes.
Both dyes are widely used in textile, plastic, leather, and
paper industries as additives. The removal of both dyes in
aquatic environment is important because some types of dyes
are toxic to aquatic organisms. and are typically 5-10% of
this amount is discharged into environment which is usually

recalcitrant to  conventional  wastewater  treatment
methods.[3] Presence of dyes in aqueous ecosystem
diminishes the photosynthesis by impeding the light

penetration into deeper layer thereby deteriorating the water
quality and lowering the gas solubility. To avoid these
problems, the effluent from textile industries must be treated
before their discharge. During the past three decades, several
physical, chemical and biological decolorization methods
have been accepted by the paper and textile industries.[5]
There is a need to find alternative biodegradations that are
effective in removing dyes from large volumes of effluents
and are low in cost such as biological or combination
systems.[6] Wide range of microorganisms including
bacteria, fungi, yeasts, actinomycetes and algae capable of
degrading dyes have been reported. Algae are microscopic,
photosynthetic organisms, which typically inhabit aquatic
environments, soil and other exposed locations.[11] So, the
present study aims to investigate the potential of the

spirogyra sp. And oscillatoria sp. for degradation of the
solution containing a textile dye. The dye degraded products
after the microbial treatment would be analyzed by FTIR
(Fourier Transform Infrared ) and UV Visible analysis.
[17][18]

2. Materials and Methods

Algal biomass :- The algae obtained from natural lake.
According to its morphology and microscopic observations.
It is identified as Spirogyra sp. and Oscillatoria sp. belonging
to green algae and blue green algae. Fig,(21 & 22) shows the
microscopic image of both algal sp. The algae Spirogyra sp.
and Oscillatoria sp. were grown in several glass jars
containing growth medium (Bold Basal Medium) in order to
obtain stock algal cultures to be wused in the
experiments.[2][11]

Dye Analysis :- Dye analysis was performed at GREEN
CIRCLE,INC [ Recognized By Ministry of Environment and
Forests. New Delhi under EPA 1986 and GPCB approved
Environmental Auditor — (Schedule - 2)].

The Blue dye & Red dye used in this study. The absorbance
was measured with a spectrophotometer at the maximum
absorption wavelengths (Anx=619 nm). Decolorization was
determined by absorbance reduction.[11] The percentage of
decolorization was performed by using the calculation as
follow:

Initial absorbance — Final absorbance

Percentage of decolorization = —
Initial absorbance

Batch decolorization operation :- The experiments were
conducted in 250 ml Erlenmeyer flasks containing 50 ml of
respective dye solution by using 3 % algal biomass for
decolorization efficiency. The experiments were operated at
static incubation.[8]

FTIR Analysis of Decolorized Samples :- The biodegraded
dye samples were characterized by FTIR spectroscopy
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(Perkin- Elmer, Spectrum one). The analysis results were
compared with the control dye. The FTIR analysis was done
in the mid IR region (400-4000 cm-1) with 16 scan
speed.[4][17]

UV spectrophotometry ;- The UV and visible spectra of the
samples were measured by UV-1800 Series . Quartz cells (1
cm square) having 1.0 cm path length were used for the
determination. Hydrogen discharge tungsten filament lamp
was used as a source of light and maximum absorbance was
recorded. ( Instrument Type: UV-1800 Series, Measuring
Mode: Absorbance Slit Width: 1.0 nm ,Light Source Change
Wavelength: 340.0 nm and S/R Exchange: Normal )[18][9]

Phytotoxicity Studies :- The phytotoxicity study was carried
out at room temperature using Triticum sp. plant seeds. The
plant seeds were tested with both of dyes (Blue dye and Red
dye ) and its phytotoxic nature was analyzed. Then the seeds
were tested with the dye degraded metabolites and toxicity
was analyzed. The control was carried out using plain water
at the same time. Experiments were carried out in triplicates.
Germination (%), length of root and plant height was
recorded after7 days.[7][17]

Toxicity assay :- The biodegraded products were tested for
their effect on the agriculturally important soil bacterial flora.
Azotobacter sp. and Rhizobium sp. were inoculated on
Nutrient medium containing agar. Wells were made on the
respective media containing plates and filled with
decolorized sample. The plates were incubated at 30°C for 48
hours. Zone of inhibition surrounding the well represented
the index of toxicity.[1]

3. Results and Tables
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Table 15
% Dry Matter % Water
Control Blue 55.07 % 44.93 %
Blue 1 53.98 % 46.02 %
Blue 2 50 % 50 %
Control Red 64 % 36 %
Red 3 46 % 54 %
Red 4 50.27 % 49.73 %
Table 16
% Germination [Plant height(cm)|Root height(cm)
Control Blue |90 % 15.77+ 1.09 4.39 + 0.61
Blue 1 90 % 15.50 £ 0.91 4.05 +0.25
Blue 2 60 % 14.67 +1.12 3.42 + 0.66
Control Red |50 % 13.72 £ 0.90 4.72 +0.41
Red 1 50 % 15.7+1.25 4.5 +0.62
Red 2 30 % 16.97 £ 0.08 2.9 £ 0.05
Figure 20
Figure 21
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Figure 22
4. Results and Discussion
Decolorization study

Figures (1-2) shows % decolorization of Blue dye and Red
dye by algal biomass. There was an increased in the
decolorization rate with an increase time duration. The
results obtained from present investigation revealed the
ability of Spirogyra sp. and Oscillatoria sp. in biodegradation
of both dyes. The 3 % algal concentration of Spirogyra sp.
and Oscillatoria sp. showed about 94.44% and 92.77 %
decolorization of blue dye in 14 days duration. Where as in
case of red dye, 58 % and 40 % decolorization was
monitored by Spirogyra sp. & Oscillatoria sp. respectively
for the same period.(Figure 17-18)

FTIR Analysis of Decolorized Sample

Graph (3-8) shows IR spectra of Control and Decolorize blue
& Red dyes. Comparison of FTIR spectrum of the control
dye with after complete decolorization clearly indicated the
biodegradation of Blue dye and Red dye by both species. The
results of FT-IR analysis of both parent dye and sample
obtained after decolorization showed various peaks. The FT-
IR spectra of Blue parent dye displayed peaks at 3316, 2118,
1637, 578, 552, 504, 564, 534, 524, 505, 522, 524 and 508
cm™, for OH stretching (alcohol, phenol) vibration, =C-H
stretching (terminal alkynes) vibration, N-H bending
(primary amines) vibration, C-X (X= CI, Br) stretching
(Chloroalkanes, bromoalkanes) vibration, respectively.
However the FT-IR spectra of degradation product displayed
peaks at different positions indicating the breakdown of Blue
dye and the result of red parent dye displayed peaks at 3310,
2126, 1637 and 670 cm™, for OH (alcohol, phenol) stretching
vibration, = C-H stretching (terminal alkynes) vibration, N-H
bending (primary amines) vibration, C=0 stretching (ketone)
vibration, C-H stretching (vinyl) vibration C-X(X= ClI, Br)
stretching  (chloroalkanes,  bromoalkanes)  vibration,
respectively. The FT-IR spectra of degradation product
displayed peaks at different positions indicating the
breakdown of red dye.

Phytotoxicity Assay
Phytotoxicity tests were performed in order to assess the

toxicity of the untreated and treated both dye samples
(Fig.19). Triticum sp. seeds treated with parent Blue and Red
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dye showed 90% and 50% germination, the mean plant
height of 15.77 + 1.09 cm & 13.72 + 0.90, respectively and
the mean root length for both dyes 4.39+0.61 cm & 4.72 %
0.41 cm, respectively. Whereas the blue dye Sample 1 & 2
showed 90 % & 30 % germination, the mean plant height of
1551 + 0.91 cm & 14.67 £ 1.12 cm, respectively and the
mean root length for both samples 4.05 + 0.25 & 3.42 + 0.66,
respectively. And Red dye Sample 1 & 2 showed 50 % & 30
% germination, the mean plant height of 15.7 £ 1.25 cm &
16.97 £ 0.08 cm, respectively and the mean root length for
both samples 4.5 + 0.62 & 2.9 +
0.05,respectively.Phytotoxicity result indicated that Blue dye
showed good effect than Red dye on Wheat plant %
germination, Plant height(cm) and Root height(cm). (Figure
19)

UV-Visible analysis

UV Spectroscopy of Blue dye before degradation showed
maximum absorbance at 223 and 220.5 nm (Fig. 1). After
degradation the maximum absorbance were obtained at 615.5
nm & 720.5 nm, 222 nm & 219 nm from both samples
respectively. Whereas red dye before degradation showed
maximum absorbance at 285 nm & 269 nm. After
degradation the maximum absorbance were obtained at 234
nm & 217 nm, 239 nm & 217 nm from both samples
respectively. The peaks were completely from parent blue
and red dye proving that both dyes changed to other
compound .(Graph 9-14)

Toxicity assay

No zone of inhibition observed in surrounding the wells
containing decolorized dye water, indicated that the
biodegraded or decolorized product was non toxic to
beneficial soil bacteria.

5. Conclusion

In this research study, both algae has sufficient
biodegradation potential for removing blue dye and red dye
from its aqueous solution under optimized conditions. It has
been also found that Spirogyra sp. has more potential to
biodegradation than Oscillatoria sp. Keeping in view of this
research study, concludes that both species of algae can be
used for removing blue and red dye from its aqueous
solution. Knowledge from present work may be employed on
large scale at actual contamination sites. Our future study
aims to find out the mechanism of this biodegrdation of blue
dye and red dye by Spirogyra sp. and Oscillatoria sp.

References

[1] Pandey A. and Dubey V. Biodegradation of Azo Dye
Reactive Red BL by Alcaligenes Sp. AAQ9 International
Journal of Engineering and Science ISSN: 2278-4721,
Vol. 1, Issue 12 (December 2012), PP 54-60

[2] Mayson M.S. and Suad G.K. Biological
Decolorization of Malachite Green Dye from Aqueous
Solution by Algae Journal of Babylon University/Pure

and Applied Sciences/ No.(2)/ Vol.(20): 2012

[3] Mane, U.V., Gurav, P.N., Deshmukh, A.M. and
Govindwar, S.P Degradation of textile dye reactive
navy — blue Rx(Reactive blue-59) by an isolated
Actinomycete  Streptomyces krainskii SUK - 5
Malaysian Journal of Microbiology, Vol 4(2) 2008,
pp.1-5

[4] Sarwa P. and Verma S. Decolourization of orange G
dye by Microalgae Acutodesmus obliquus strain PSV2
isolated from tetile industrial (2013) International
journal of Applied SciBiotechnology, Vol 1(4): 247-252

[5] Mehra M and Sharma T.R. Photo catalytic
degradation of two commercial dyes in aqueous phase
using photo catalyst TiO2 K. G. K. Degree College,
Moradabad, India

[6] A.Khalid, M.Arshad and D.Crowley Bioaugmentation
of Azo Dyes Department of Environmental Sciences,
University of California, Riverside, CA 92521, USA

Hdb Env  Chem (2010) 9: 1-37, DOI
10.1007/698_2009 42,
[7] Usman A., M. Riaz Khan, M.Mahfooz, M.Ali,

S.H.Aslam and A.Rehman Decolorization and
Degradation of textile Azo dyes by Corynebacterium sp.
Isolated from industrial effluent. Journal of Zoology ,
vol. 43(1), pp. 1-8, 2011

[8] Hanan Hafez Omar Algal Decolorization and
Degradation of Monoazo and Diazo Dyes. Pakistan
journal of Biological sciences 11 (10): 1310-1316, 2008
ISSN 1028-8880

[9] Mohamed S. & Mohamed T. Decolorization of
Malachite Green and Methylene Blue by Two
Microalgal Species October 2012, Volume 3, No.5
International Journal of Chemical and Environmental
Engineering 297-302

[10] Murty S.D., Patel S.D., Soni R. and Bhatt N. Isolation
and Identification of Bacterial Culture for Azo Dye
Degrading Capability by P.G. Department of
Microbiology, Gujarat Vidyapeeth, Sadra. Dist.
Gandhinagar, (Gujarat), INDIA

[11]N. Daneshvar, M. Ayazloo, A.R. Khataee and M.
Pourhassan Biodegradation of the Textile Dye
Malachite Green by Microalgae Cosmarium sp.
International Center For Science & high Technology and
Environment Science

[12]Kirk T.S., Ronald B.C. and Stefan S. Biodegradation
of aromatic compounds by microalgae Article first
published online: 17 JAN 2006 DOI: 10.1111/j.1574-
6968.1999.th133

[13]Henciya S., Murali S.A. and Malliga. P Decolorization
of Textile dye effluent by Marine Cyanobacterium
Lyngbya sp. BDU 9001 with coir pith . International
Journal of Environmental Science Volume 3, No 6, 2013
doi: 10.6088/ijes.2013030600013

[14]Subramaniyan V. and Chockaiya M. Treatment of
Dye Industry Effluent Using Free and Immobilized
Cyanobacteria  Journal of Bioremediation and
Biodegradation 2012, 3:10
http://dx.doi.org/10.4172/2155-6199.1000165

[15] Shaalh M.P. Microbial Degradation of Azo Dye by
Pseudomonas spp. MPS-2 by an Application of
Sequential  Microaerophilic &  Aerobic  Process.

Volume 4 Issue 5, April 2015
WWW.ijsr.net

Paper ID: SUB154421

Licensed Under Creative Commons Attribution CC BY

1701




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

American Journal of Microbiological Research,2013 1
(4), pp 105-112. DOI: 10.12691/ajmr-1-4-7

[16]N. Nordin, S. F. Amir, Riyanto and Mohamed R.O.
Textile  Industries  Wastewater ~ Treatment by
Electrochemical Oxidation Technique Using Metal Plate
Int. J. Electrochem. Sci., 8 (2013) 11403 — 11415

[17]A.Shyamala, J.Hemapriya, Kayeen Vadakkan and
S.Vijayanand Bioremediation of Methyl Orange, a
synthetic textile azo dye by a halotolerant bacterial strain
Int.J.Curr.Res.Aca.Rev.2014; 2(8:373-381)

[18] Vivekanandan N., Vishwanathan M., Shanmugam V.
and Thangavel B Degradation and detoxification of
reactive azo dyes by native bacterial communities Vol.
7(20),pp.  2274-2282, 14 May, 2013 DOI:
10.5897/AJMR 12.1539 ISSN 1996-0808 ©2013
Academic Journals
http://www.academicjournals.org/AJIMR

Author Profile

g Dr. Nayna Brahmbhatt received the Ph.D degrees in

botany from S.P.University, Vallabh vidyanagar in

“ 2006. Last, since 23 years She is working in college as

a Associated professor in V.P & R.P.T.P Science

College, Vallabh Vidyanagar. She is research guide in Environment
science & Botany subject.

Volume 4 Issue 5, April 2015

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SUB154421

1702





