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Abstract

Phycoremediation is the process of employing macro or microalgae which has many advantageous over other
conventional methods, as it is low cost and environmental friendly. Therefore present investigation was
attempted to reduce the toxic pollutants from the municipal wastewater generated in Pune city using
Oscillatoria limosa and Nostoc commune. The experiment was conducted using randomized complete block
design with three replications at Department of Environmental of Sciences, University of Pune, Pune-7, (MS)
India. The results revealed that both the species of blue green algae were highly efficient and having very good
potential to reduce BOD, COD, TH, TA and TDS and the range of reduction of above mentioned parameters was
95 to 98 %. However the range of increase in DO was 62-63 % indicated improvement in quality of wastewater. It
was concluded that amongst both the algal species used for phycoremediation, Oscillatoria limosa was superior
over Nostoc commune as it has high bioconversion ability and tolerance to pollution. The phycoremediation was

very effective as both the algal species were well adapted to local conditions.
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Introduction

Pollution of water by organic and inorganic
pollutants, nutrients and heavy metals is a global
problem. The metropolitan cities like Pune generating
567 MLD wastewater and creating serious problem
for health of human beings and environment (Shastri
and Raval, 2012). The wurban and industrial
wastewater must be treated before being discharged
into the environment to prevent pollution and
eutrophication of rivers and other water bodies (Ruiz-
Martinez et al., 2012). Phycoremediation has many
advantageous over the conventional methods, which
are very costly, consuming energy and producing high
quantity of sludge and hence it is accepted throughout
the world (Ghosh and Singh, 2005; Abdel-Raouf et
al., 2012).

This method involves the use of macro or microalgae
for the removal or biotransformation of pollutants,
including nutrients and xenobiotics from wastewater
(Ahmad et al., 2013). Over the last few decades efforts
have been made to apply microalgae such as
Chlorella, Chlamydomonas, Spirulina, Scendesmus,
Nostoc and Oscillatoria for wastewater treatment
(Dubey et al., 2011; Sharma and Khan, 2013). The
underlying assumption is that the microalgae are
versatile to transform the contaminants into non
hazardous materials, enabling the treated water to
recycle/reused or safely discharged (Rao et al., 2011).
Blue green algae such as Oscillatoria and Nostoc are
widely used in wastewater treatment, as they often
grow very fast, possess high nutrient removal
capabilities and can grow photo-autotrophically
(Vijayakumar et al., 2012; Kotteswari et al., 2012).
This technology is low cost and with effective
remove excess other

approach to nutrients,

contaminants in wastewater and producing
potentially valuable biomass (Sengar et al., 2011).
Cyanobacteria assimilate phytotoxic substances and
make use of them for biosynthesis of different
metabolites (Martinez et al., 2000). In present
investigation an attempt was made for wastewater
treatment using available

locally species  of
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Oscillotaria and Nostoc, which are highly pollution

tolerant and easily adaptable.

Materials and methods

Selection of blue green algae

The algal species used in this study were isolated from
polluted water of river Mula, Pune. Standard
microbiological methods were followed for isolation
of cyanobacteria from the random samples collected,
which were microscopically examined and plated on
solid agar medium-BG11 (Rippka et al., 1979). The
inoculated plates were incubated in culture room
(temperature maintained at 25+ 2 C, fitted with cool
white fluorescent tube emitting 2500 lux for 18 hrs a
day) and were regularly examined for the growth of
Nostoc and Oscillatoria. Colonies appearing on solid
medium were picked up and transferred to liquid
medium by repeated streaking, cultures were made
uni-algal and maintained on BG11. Identification of
algal forms was made with the help of keys given by
Desikachary (1959).

Experimental design

Randomized complete block design with three
replicates was used for conducting the experiments
and the duration was 25 days, under uniform
laboratory  conditions at  Department  of
Environmental Sciences, University of Pune, Pune-7,
in the year 2012-13. Erlenmeyer conical flasks (250
mL) were used for the experiment and the treatments
details were as follows: A1/A2 represents Nostoc
commune and Oscillatoria limosa while wastewater
without medium and algae represents control. C: was
the concentration of wastewater which was mixed
with 25 to 125 mL BG11 medium and inoculated with
0.5 g of each of Nostoc and Oscillatoria separately in

the corresponding flasks.

Physicochemical and statistical analysis

The initial physicochemical analysis of wastewater
was made before inoculation of algae and at final
stage, the total content in each flask was filtered to
remove algae and then used for the analysis of various
parameters (AHPA, AWWA and WEF, 2005).
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The results was analyzed statistically by using
MSTATC computer software and a comparison of
noted data was done on the basis of Duncan’s

multiple range tests at Alfa level 5 %.

Results and discussion

BOD

The statistical analysis of data (Table 1) revealed that
combination treatment of blue green algae and
different concentrations had significant effect on BOD

of wastewater at final stage. Maximum reduction (98

2014

%) was recorded in presence of Oscillotaria and it
was followed by Nostoc (96 %) at 50 and 40 %
concentrations of wastewater respectively as compare
to control (Table 2). According to Ganapathy-Selvam
et al., (2011) the value of BOD indicates level of
toxicity of wastewater and they further reported the
reduction in BOD of distillery effluent by 53 % using
Nostoc species. According to Abdel-Raouf et al.,
(2012) BOD indicates the respiratory demand of
bacteria and algae metabolizing the organic matter
present in wastewater and excess BOD usually

depletes the dissolved oxygen.

Table 1. Mean squares of variance analysis for BOD, COD and DO of municipal wastewater.

BOD COD DO
Sources df

Initial Final Initial Final Initial Final
Replication 2 1.12 58.8 124.6 130.6 0.004 0.003
Treatment 10 0.0007"s 42833 0.000™ 177242 0.00208 6.4™
Error 20 212.8 28.5 656.61 74.2 0.008 0.04
C.V (%) 4.08 5.06 3.25 3.84 4.79 3.83

* **: significant at 5 and 1 %, respectively, ns: not significant.

Many researchers like Kshirsagar (2013) and Sengar
et al., (2011) have reported very high reduction in
BOD using different algal species such as Chlorella
and Gloeocapsa who confirmed that microalgae are
the best candidates for purification of wastewater and

improvement in its physicochemical parameters.

According to Kalaivani et al., (2009) the microalgae
was very efficient for reduction of BOD when sewage
water was diluted in different concentrations. Results
of present investigation using Oscillotaria and Nostoc
on reduction in BOD of municipal wastewater are

inconformity with the above findings.

Table 2. Effect of different algal species and wastewater concentrations on BOD, COD and DO of municipal

wastewater.
Treatment BOD (mg/L) COD (mg/L) DO (mg/L)

Initial Final Initial Final Initial Final
Control 357.7a 430.3a 787.3 a 845.3a 1.9a 2.22a
A1C1 357.7a 146.3b 787.3 a 376.0b 1.9a 5.4 cd
A1C2 357.7a 124.0 ¢ 787.3 a 286.3d 1.9a 5.4 cd
A1C3 357.7a 54.7 f 787.3 a 111.0 g 1.9a 5.4 cd
A1C4 357.7a 17.0h 787.3 a 67.7h 1.9a 4.1f
A1Cs 357.7a 30.7¢ 787.3 a 38.71 1.9a 5.8 ab
A2 C1 357.7a 145.7b 787.3 a 353.7 ¢ 1.9a 5.0e
A2 C2 357.7a 112.0d 787.3 a 209.0 e 1.9a 5.1de
A2C3 357.7a 66.0 e 787.3 a 133.3f 1.9a 5.9 ab
A2 C4 357.7a 20.0g 787.3 a 35.01 1.9a 6.0a
A2 Cs 357.7a 5.71 787.3 a 12.3] 1.9a 5.6 be

Means with different letters are significantly different at P=0.05, using Duncan's Multiple Range Test.

COD

Results shown in (Table 1) indicated significant

impact of both the algal species and concentration on
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COD of wastewater. The reduction in COD was by
98.5 and 95 % in presence of Oscillotaria and Nostoc
respectively in lowest concentration of wastewater at
final stage. Our results are inconformity with Chandra
et al., (2004) who also recorded 94.6 % reduction in
COD of tannery effluent using Nostoc species. This
clearly indicates significant role of microalgae in
removal of toxic material and improving the quality of
wastewater. Similar observation was noted by Ahmad
et al, (2013) during comparative study of
phycoremediation of sewage water using various
species of algae like Chlorella, Spirogyra etc, who

reported about 98 % reduction in COD.

2014

Sharma and Khan (2013) recorded substantial
removal of COD (90 %) using Chlorella and Nostoc
species without adverse effect on their growth.
Elumalai et al.,, (2013) also observed considerable
in COD by using Chlorella and

Scenedesmus and further indicated that consortium

reduction

of algae was very efficient for reducing of COD. The
chemical oxidations of carbon present in organic
pollutants releasing carbon dioxide is responsible for
COD value,

biodegradation and bioconversion of organic matter

reduction of similarly faster

due to algae might be the additional reason (Abdel-
Raouf et al., 2012).

Table 3. Mean squares of variance analysis for TH, TA and TDS of municipal wastewater.

TH TA TDS
Sources df

Initial Final Initial Final Initial Final
Replication 2 25.7 52.4 175.73 1.18 625.49 37.91
Treatment 10 0.000"s 151182™ 0.000" 156359™ 0.000™ 1416024
Error 20 674.000 18.83 438.33 109.12 5158.02 644.842
C.V (%) 3.32 2.04 2.69 4.69 3.06 3.92

* **: significant at 5 and 1 %, respectively, ns: not significant.

DO

The results presented on DO in Table 1 clearly shown
that application of both the algal species had
significant influence at final stage of wastewater
treatment. There was increase in DO during
phycoremediation of wastewater and Oscillotaria was

slightly better (63 %) than Nostoc (62 %) at final stage

over control in low concentration of wastewater
(Table 2). Results of present study are in agreement
with Kalaivani et al., (2009) who reported increase in
DO of sewage wastewater after diluting it in different
concentrations by using Chlorella and the wastewater
after treatment was suitable for irrigation, fisheries

etc.

Table 4. Effect of different algal species and wastewater concentrations on TH, TA and TDS of municipal

wastewater
Treatment  TH (mg/L) TA (mg/L) TDS (mg/L)

Initial Final Initial Final Initial Final
Control 781.7 a 769.0 a 779.0 a 779.7 a 2351.0 a 2322.0 a
A1C1 781.7 a 365.7b 779.0 a 384.0b 2351.0 a 1130.0 b
A1C2 781.7a 284.7d 779.0 2 288.0d 2351.0 a 827.7d
A1C3 781.7a 99.7¢ 779.0 2 108.0 f 2351.0 a 326.3 f
A1C4 781.7a 44.7h 779.0 2 40.3h 2351.0 a 117.7 g
A1Cs 781.7a 33.71 779.0 2 38.7h 2351.0 a 42.7h
A2C1 781.7 a 352.7¢C 779.0 a 362.0 ¢ 2351.0 a 1055.0 ¢
A2 C2 781.7 a 189.0e 779.0 a 253.7 € 2351.0 a 778.0 e
A2C3 781.7 a 133.7f 779.0 a 115.7 f 2351.0 a 334.0 f
A2C4 781.7 a 47.3h 779.0 a 66.7¢g 2351.0 a 147.7 8
A2 Cs 781.7a 15.0j 779.0 2 12.31 2351.0 a 38.3h

Means with different letters are significantly different at P=0.05, using Duncan's Multiple Range Test.
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Sharma and Khan (2013)

phycoremediation of sewage water showed increases

reported  that

in DO using Chlorella and Scenedesmus. Similar
trend was also observed by Sengar et al., (2011) using
Gloeocapsa, Euglena, and Synedra for treatment of
sewage water and recorded many fold increase in DO
using mixed algal population. The photosynthetic
efficiency of both the algae may be the reason for
increase in DO of municipal wastewater (Promya et

al., 2008).

TH

The data recorded in Table 3 clearly showed that both
the algal species used for phycotreatment had
significant effect on TH at final stage. Similarly the
results illustrated in Table 4 revealed that both
Oscillotaria and Nostoc at lowest concentration of
wastewater had shown better efficiency in reduction
of TH and the percent reduction was by 98 and 95.6
% over control respectively. These results are
inconformity with the findings of Kumar and Chopra
(2012) who reported reduction in hardness to a great
extend during municipal wastewater treatment by

activities of microalgae.

As stated by Varghese et al., (2012) hardness of water
mainly depends on the concentrations of calcium and
magnesium and their reduction by algae is due to
heavy uptake and utilization for their growth, same
may be the reason for considerable decrease in TH of
wastewater by using Oscillotaria and Nostoc. Sengar
et al., (2011) in their studies on phycoremediation of
sewage water recorded 97 % reduction in TH
supporting the observation of present investigation
and claimed that loss of CO. and precipitation of
CaCOj; also contribute to depletion of Ca*2 leading to
lowering of hardness of wastewater. Rao et al., (2011)
had shown similar trend in reduction of TH of
wastewater from leather processing industry using

Chlorella and noted almost 50 % reduction.

TA
The statistical analysis of data showed that algal
specie viz Oscillotaria and Nostoc had significant

impact on reduction of TA of wastewater at final stage

2014

(Table 3). The results indicated that the maximum
efficiency of algal species was observed at lowest
concentration of wastewater. The TA of wastewater
was reduced by 98.4 and 95 % in the presence of
Oscillatoria and Nostoc respectively at 50 %
wastewater concentration (Table 4). These results
corroborate with Kumar and Sahu (2012) and Kumar

and Chopra (2012).

About 80 % reduction in alkalinity of dairy effluents
using Nostoc was reported by Kotteswari et al., (2012)
and they ascribed it to release of CO., generated by
microalgae in the process of degradation of organic
materials and photosynthesis. The reduction in
alkalinity by using variety of algae was also noted by
Murugesan et al., (2010) and they assigned it to
removal of SO42, PO42, biocarbonates, chlorides and
alkaline metals like Na*, K* etc. In present
investigation the reduction in TA may be due to
removal of Cl-, SO42, Na* and Mg*2 by Oscillotaria
and Nostoc. Our results are supported and confirmed

by above work.

TDS

Results presented in Table 3 had clearly indicated
that both the algae had caused significant impact on
TDS at final stage. The reduction in TDS by
Oscillotaria and Nostoc was maximum (98 %) in the
combination treatment of lowest concentration of
wastewater and algae (Table 4). Similar results were
reported by many researchers such as Kotteswari et
al., (2012), Ahmad et al., (2013) and Elumalaei et al.,
(2013) using different species of cyanophyceae and
chlorophyceae for wastewater treatment who
reported the average reduction in TDS up to 60 %.
The unique mechanism of bioabsorption/adsorption
of different types of dissolved solids in wastewater is
responsible to reduce TDS to lowest level (Nanda et
al., 2010). Results of present investigation are in close
agreement with above researchers and same may be
the reason for reduction in TDS by both the algal

species used in present study.

Conclusion
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From the results it is concluded that recycling and
reuse of municipal wastewater is possible by
phyctotreatment using different algal species like
Oscillotaria, Nostoc, Chlorella, Anabaena and
Scendesmus etc. in present investigation both the
algal species had very good potential to reduce the
toxic level of almost all physicochemical parameters
and the reduction varied from 95 to 99 %. The
phycoremediation was very efficient, cost effective
and eco-friendly indicating that microalgae has vital
role in the removal of different pollutants from
wastewater. The pollutants removal efficiency of
Oscillotaria was higher as compare to Nostoc which

can be recommended for phycoremediation purpose.

Acknowledgement

All the authors are thankful to the Head Department
of Environmental Sciences and Department of
Botany, University of Pune, Pune-7 for providing the
necessary research facilities and moral support to

carry out this work.

References

Abdel-Raouf N, Al-Homaidan AA, Ibraheem
IBM. 2012. Microalgae and wastewater treatment.
Saudi Journal of Biological Sciences 19, 257-275.
http://dx.doi.org/10.1016/j.sjbs.2012.04.005.

Ahmad F, Khan AU, Yasar A. 2013. Comparative
phycoremediation of sewage water by various species
of algae. Proceeding of the Pakistan Academy of

Sciences 50, 131-139.

APHA, AWWA, WEF. 2005. Standard Methods for
the Examination of Water and Wastewater. American
Public Health Association Publication, Washington,

21th edition.

Chandra R, Pandey PK, Srivastava A. 2004.
Comparative toxicological evaluation of untreated
and treated tannery effluent with Nostoc muscorum
L. (algal assay) and microtox bioassay. Environmental
287-294.
http://dx.doi.org/10.1023/B:EMAS.0000029909.87
977.a5.

Monitoring and Assessment 95,

2014

Desikachary TV. 1959. Cyanophyta, Indian Council
of Agriculture Research. New Delhi. pp.686

Dubey SK, Dubey J, Mehra S, Tiwari P,
Bishwas AJ. 2011. Potential use of cyanobecterial
species in bioremediation of industrial effluent.

African Journal of Biotechnology 10, 1125-1132.

Elumalai S, Saravanan GK, Ramganesh S,
Sakhtival R,
Phycoremediation of textile dye industrial effluent
Nadu,

International Journal of Science Innovations and

Prakasam V. 2013.

from tirupur district, Tamil India.

Discoveries 3, 31-37.

Ganapathy SG, Baskaran R, Mohan PM. 2011.
Microbial diversity and bioremediation of distilleries

effluent. Journal of Research in Biology 3, 153-162.

Ghosh M, Singh SP. 2005. A review of
phycoremediation of heavy metals and utilization of
its by products. Asian Journal on Energy and
Environment 6, 214-231.

http://dx.doi.org/10.1016/S0960-8524(99)00121-2.

Kalaivani S, Mahalakshmi A, Priya S, Sudha S,
Balasubramaniyan S. 2009. Phycoremediation of
sewage using microalgae Chlorella sp. Nature

Environment and Pollution Technology 8, 187-192.

Kotteswari M, Murugesan S, Ranjith KR. 2012.
Phycoremediation of dairy effluent by using the
microalgae Nostoc sp. International Journal of
Environmental Research and Development 2, 35-43.

Kshirsagar AD. 2013. Bioremediation of
wastewater by using microalgae: An experimental
of Life
Biotechnology and Pharma Research 2, 338-346.

study. International Journal Sciences

Kumar A, Sahu R. 2012. Ecological studies of
cyanobacteria in sewage pond of H.E.C industrial

area, Ranchi India. Bioscience Discovery 3, 73-78.

63 | Azarpira et al.


http://dx.doi.org/10.1016/j.sjbs.2012.04.005
http://dx.doi.org/10.1023/B:EMAS.0000029909.87977.a5
http://dx.doi.org/10.1023/B:EMAS.0000029909.87977.a5
http://dx.doi.org/10.1016/S0960-8524%2899%2900121-2

Kumar V, Chopra AK. 2012. Monitoring of
physicochemical and microbiological characteristics
treatment
India.
Environmental Sciences and Technology 5, 109-118.
Martinez ME, Sanchez S, Jimenez JM, El-
Yousfi F, Munoz L.

phosphorous removal from urban wastewater by the

of municipal wastewater at

Haridwarcity (Uttarakhand)

plant,

Journal of

2000. Nitrogen and

microalgae Scenedesmus obliquus. Bioresource

Technology 73, 263-272.

Murugesan S, Venkatesh P, Dhamotharan R.
2010. Phycoremediation of poultry wastewater by
micro alga. Bioscience Biotechnology Research

Communications 3, 142-147.

Nanda S, Sarangi PK, Abraham J. 2010.
Cynobacterial remediation of industrial effluents II.

Paper mill effluents. New York Science Journal 3, 37-

41.

Promya J, Traichaiyapor S, Deming R. 2008.
Phytoremediation of kitchen wastewater by Spirulina
platensis (Nordstedt) Geiteler: pigment content,
production variable cost and nutritional value. Maejo
International Journal of Science and Technology 2,

159-171.

Rao PH, RR, Raghavan BG,

Subramanian VV, Sivasubramanian V. 2011.

Kumar

Application of phycoremedation technology in the
treatment of wastewater from a leather-processing

chemical manufacturing facility Water SA 37, 7-14.

Rippka R, Deruelles J, Waterbury JB,
Herdman M, Stanier RY. 1979. Generic

assignments, strain histories and properties of pure

2014

cultures of cyanobacteria. Journal of General
Microbiology 111, 1 - 61.
http://dx.doi.org/10.1099/00221287-111-1-1

Ruiz-Martinez A, Martin-Garcia N, Romero I,
Seco A, Ferrer J. 2012. Microalgae cultivation in

wastewater: Nutrient removal from anaerobic

membrane bioreactor effluent. Bioresource

Technology 126, 247-253.
http://dx.doi.org/10.1016/j.biortech.2012.09.022.

Sengar RMS, Singh KK, Singh S. 2011
Application of phycoremediation technology in the
treatment of sewage water to reduce pollution load.

Indian Journal of Scientific Research 2, 33-39.

Sharma GK, Khan SA. 2013. Bioremediation of
sewage wastewater using selective algae for manure
production. International Journal of Environmental

Engineering and Management 4, 573-580.

Shastri SS, Raval PM. 2012. Recycle and reuse of
treated sewage within polluters boundary for
sustainable wastewater management: A case study,
Pune, India. Journal of Environmental Research and

Development 7, 245-256.

Varghese S, Mahapatra, DM, Ramachandra
TV. 2012. Nutrient removal of secondary water
National Conference on
Wetland

Ecosystems. 6-9 November. Green Technology 1-10.

through algal ponds,

Conservation and Management of

Vijayakumar S, Jeyachandren S, Manoharan
C. 2012. Studies on cyanobacterial population in
industrial effluents. Journal of Algal Biomass

Utilization 3, 39-45.

64 | Azarpira et al.


http://dx.doi.org/10.1099/00221287-111-1-1
http://dx.doi.org/10.1016/j.biortech.2012.09.022

