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Cyanobacteria are widely distributed in all natural ecosystems.  These organisms form blooms under
condition of nutrient over-enrichment, high temperature and low velocity. These blooms are harmful to the
environment, animals and human health. The present study involves bloom forming cyanobacterial flora
from Mahanadi River Near Hirakud Reservoir located in Sambalpur district, Odisha, India and from lower
part of the hirakud dam. From the water sample, 37 species of cyanobacteria belonging 17 genera were
recorded. Of these species, 9 were unicellular, 9 non-heterocystous filamentous and 19 heterocystous
filamentous forms. Genus Calothrix with 7 species, Nostoc with 5 species, Cylindrospermum and
Aphanocapsa with 4 species each were recorded. According to literature, 7 genera of them are potential
toxin producer (Anabaena, Calothrix, Cylindrospermum, Hapalosiphon, Microcystis, Nostoc and
Phormidium).
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INTRODUCTION

Hirakud reservoir of the Mahanadi River is the main and
ultimate water source for Agriculture and drinking purpose of
livelihood of Sambalpur, Bargarh and Jharsuguda district. Due
to massive industrialization (Deep et al., 2013), domestic and
other sewages the river is going polluted day by day. The
pollutants change the water quality which acts as catalyst for
harmful cyanobacterial bloom (Paerl and Huisman, 2009).
Cyanobacteria are naturally found in soils, rocks, lakes,
streams, ponds, oceans and other surface waters and also found
in extreme ecosystems such as hot springs, desert and polar
regions (Adhikary 2002, Bhatnagar et al., 2008, Palleyi 2011,
Aharon et al., 2009, Muthukumar et al 2007, Deepa et al.,
2011) . Eutrophication is caused by nutrient over-enrichment
because of human activities such as use of pesticides and
fertilizers in agriculture, urbanisation and industrialization. In
such condition cyanobacteria can rapidly multiply in surface
water and cause "blooms." Cyanobacterial blooms can be
harmful to environment, human being and animals as reported
by Carmichael, 1992; Falconer, 2005. Factors responsible for
cyanobacterial bloom formation are light intensity, total
sunlight duration, nutrient availability (especially phosphorus),
water temperature, pH, increase in precipitation events, water
flow (whether water is calm or fast-flowing) and water column

stability (Carmichael, 1992). After full grown, the blooms
decay, consumes oxygen and create hypoxic conditions that
result in plant and animal die-off (Dadheech et al., 2001).
Toxin producing cyanobacteria under favourable conditions of
light and nutrients, are species of Nostoc, Nodularia,
Anabaena, Oscillatoria, Aphanizomenon, Microcystis,
Anabaenopsis, Planktothrix, Cylindrospermopsis, Lyngbya,
Rhaphidiopsis, Umezakia, Synechococcus, Hapalosiphon and
Schizothrix asreported by Dadheech et al., 2001; Oberhaus et
al., 2007; Briand et al., 2005; Codd et al., 1999; Agrawal et al.,
2006. Both nontoxic and common toxin-producing varieties
cyanobacteria exist, and it is impossible to tell whether a
species is toxic or not toxic by looking at it (United States
Environmental Protection Agency, 2012). In most cases, the
cyanobacterial toxins such as anatoxin-a and the microcystin
are found intracellularly (approximately 95%) in the cytoplasm
and are retained within the cell. These toxins are found during
the growth stage of the bloom (United States Environmental
Protection Agency, 2012). For those species, when the cell dies
or breaks, the cell membrane ruptures and the toxins are
released into the water (Bagchi, 1999). However,
Cylindrospermopsis, Aphanizomenon and Umezakia produce
cylindrospermopsin, a significant amount of the toxin may be
naturally released to the water by the live cyanobacterial cell;
the ratio is about 50% intracellular and 50% extracellular
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(United States Environmental Protection Agency, 2012,
Griffiths and Saker, 2003). The extracellular toxins may be
absorbed by clays and organic materials dissolved in the water
column and are generally more difficult to remove than the
intracellular toxins.

MATERIAL AND METHODS

Samples Collection

Samples were collected from water bodies and rocks of
Mahanadi River, situated 3 km away from Sambalpur
University, Burla, Odisha (Figure. 1) from four different sites
namely site-1 (lower part of Mahanadi bridge), site-2 (just
below the Hirakud Dam), site-3(near the Hirakud Reservoir)
and site-4 (rocks from Mahanadi river). Water samples are
collected in 250 ml air tight plastic jars and few rocks were
collected to examine attached cyanobacteria (Deep et al.2013).

Isolation And Purification Of Cyanobacteria

One ml water samples were added to 10 ml of sterilized BG
11±N medium in petridishes (Rippka et al., 1979). The dishes
were kept under 7.5 W/m2 light intensity at 25±0.5oC in a
culture room. After 10-12 days of incubation, algal colonies
appeared on the agar plates. The numbers of colonies of each
species were recorded (CFU). Microscopic observation of each
colony was done, then isolated and spread on to fresh agar
plates. Colonies appearing in fresh agar plates were examined
microscopically and transferred to agar slants. This process was
repeated till pure colonies were obtained.

Microscopic Analysis

Morphological identification of cyanobacteria species was
performed under microscope Magnüs MLX-TR. For
morphometric analysis camera lucida drawings were done.
Basing upon trichome shape, filament colour, akinete and
heterocyst (shape, size, position and number) were recorded.
Identification of cyanobacteria was done using the keys given
by Desikachary (1959); Komárek and Anagnostidis (2005,
2008).

RESULTS AND DISCUSSION

37 species of cyanobacteria belonging to 17 genera were
identified from the four sites. Of these 37 species, 9 were

unicellular, 9 non-heterocystous filamentous and 19
heterocystous filamentous forms. The different genus identified
were Calothrix (7 species), Nostoc (5 species),
Cylindrospermum and Aphanocapsa (4 species each).
Jaaginema (3 species), Geitlerinema (2 species), Anabaena (2
species) and ten genera with only one species were
Aphanothece, Chroococcus, Coelosphaerium, Cyanobaterium,
Hapalosiphon, Heteroleibleinioides, Leptolyngbya,
Microcystis, Phormidium and Pseudoanabaena (Figure 2).

In nitrogen free BG-11 medium species richness shows high
value at site 4 with 10 species, site 1 with 9 species, site 2 with
6 species and site 3 with 4 species (Figure 3). In the BG-11
medium with nitrogen, species richness show high value at site
1 with 6 species, site 2 with 2 species; site 3 with 3 species and
site 4 with 2 species. The table 1 show the abundance and total
species of cyanobacteria present in different sampling sites.
From the table it is observed that certain species are growing
both in nitrogen supplement and nitrogen free media.

The proliferation of a cyanobacterial population determines the
quality of water bodies hence it is necessary to identify the
cyanobacterial species of these water bodies. Good
identification of cyanobacteria species can only be done after
isolation and culturing under laboratory conditions (Komárek

Figure 1 Samples collection from Mahanadi River.

Figure 2 Number of genera and frequency of occurrence

Figure 3 Species richness at four different sites. Site-1 (lower part of
Mahanadi bridge), site-2 (just below the hirakud dam), site-3(near the

hirakud reservoir) and site-4 (rocks from Mahanadi river)

Nayak B et al., Bloom Forming Toxic Cyanobacteria From Mahanadi River Near Hirakud Reservoir Of Western Odisha

5037 | P a g e

(United States Environmental Protection Agency, 2012,
Griffiths and Saker, 2003). The extracellular toxins may be
absorbed by clays and organic materials dissolved in the water
column and are generally more difficult to remove than the
intracellular toxins.

MATERIAL AND METHODS

Samples Collection

Samples were collected from water bodies and rocks of
Mahanadi River, situated 3 km away from Sambalpur
University, Burla, Odisha (Figure. 1) from four different sites
namely site-1 (lower part of Mahanadi bridge), site-2 (just
below the Hirakud Dam), site-3(near the Hirakud Reservoir)
and site-4 (rocks from Mahanadi river). Water samples are
collected in 250 ml air tight plastic jars and few rocks were
collected to examine attached cyanobacteria (Deep et al.2013).

Isolation And Purification Of Cyanobacteria

One ml water samples were added to 10 ml of sterilized BG
11±N medium in petridishes (Rippka et al., 1979). The dishes
were kept under 7.5 W/m2 light intensity at 25±0.5oC in a
culture room. After 10-12 days of incubation, algal colonies
appeared on the agar plates. The numbers of colonies of each
species were recorded (CFU). Microscopic observation of each
colony was done, then isolated and spread on to fresh agar
plates. Colonies appearing in fresh agar plates were examined
microscopically and transferred to agar slants. This process was
repeated till pure colonies were obtained.

Microscopic Analysis

Morphological identification of cyanobacteria species was
performed under microscope Magnüs MLX-TR. For
morphometric analysis camera lucida drawings were done.
Basing upon trichome shape, filament colour, akinete and
heterocyst (shape, size, position and number) were recorded.
Identification of cyanobacteria was done using the keys given
by Desikachary (1959); Komárek and Anagnostidis (2005,
2008).

RESULTS AND DISCUSSION

37 species of cyanobacteria belonging to 17 genera were
identified from the four sites. Of these 37 species, 9 were

unicellular, 9 non-heterocystous filamentous and 19
heterocystous filamentous forms. The different genus identified
were Calothrix (7 species), Nostoc (5 species),
Cylindrospermum and Aphanocapsa (4 species each).
Jaaginema (3 species), Geitlerinema (2 species), Anabaena (2
species) and ten genera with only one species were
Aphanothece, Chroococcus, Coelosphaerium, Cyanobaterium,
Hapalosiphon, Heteroleibleinioides, Leptolyngbya,
Microcystis, Phormidium and Pseudoanabaena (Figure 2).

In nitrogen free BG-11 medium species richness shows high
value at site 4 with 10 species, site 1 with 9 species, site 2 with
6 species and site 3 with 4 species (Figure 3). In the BG-11
medium with nitrogen, species richness show high value at site
1 with 6 species, site 2 with 2 species; site 3 with 3 species and
site 4 with 2 species. The table 1 show the abundance and total
species of cyanobacteria present in different sampling sites.
From the table it is observed that certain species are growing
both in nitrogen supplement and nitrogen free media.

The proliferation of a cyanobacterial population determines the
quality of water bodies hence it is necessary to identify the
cyanobacterial species of these water bodies. Good
identification of cyanobacteria species can only be done after
isolation and culturing under laboratory conditions (Komárek

Figure 1 Samples collection from Mahanadi River.

Figure 2 Number of genera and frequency of occurrence

Pseudoanabaena

Nostoc

Leptolyngbya

Heteroleibleinioides

Geitlerinema

Cyanobacterium

Chroococcus

Aphanothece

Anabaena

0

Figure 3 Species richness at four different sites. Site-1 (lower part of
Mahanadi bridge), site-2 (just below the hirakud dam), site-3(near the

hirakud reservoir) and site-4 (rocks from Mahanadi river)

Nayak B et al., Bloom Forming Toxic Cyanobacteria From Mahanadi River Near Hirakud Reservoir Of Western Odisha

5037 | P a g e

(United States Environmental Protection Agency, 2012,
Griffiths and Saker, 2003). The extracellular toxins may be
absorbed by clays and organic materials dissolved in the water
column and are generally more difficult to remove than the
intracellular toxins.

MATERIAL AND METHODS

Samples Collection

Samples were collected from water bodies and rocks of
Mahanadi River, situated 3 km away from Sambalpur
University, Burla, Odisha (Figure. 1) from four different sites
namely site-1 (lower part of Mahanadi bridge), site-2 (just
below the Hirakud Dam), site-3(near the Hirakud Reservoir)
and site-4 (rocks from Mahanadi river). Water samples are
collected in 250 ml air tight plastic jars and few rocks were
collected to examine attached cyanobacteria (Deep et al.2013).

Isolation And Purification Of Cyanobacteria

One ml water samples were added to 10 ml of sterilized BG
11±N medium in petridishes (Rippka et al., 1979). The dishes
were kept under 7.5 W/m2 light intensity at 25±0.5oC in a
culture room. After 10-12 days of incubation, algal colonies
appeared on the agar plates. The numbers of colonies of each
species were recorded (CFU). Microscopic observation of each
colony was done, then isolated and spread on to fresh agar
plates. Colonies appearing in fresh agar plates were examined
microscopically and transferred to agar slants. This process was
repeated till pure colonies were obtained.

Microscopic Analysis

Morphological identification of cyanobacteria species was
performed under microscope Magnüs MLX-TR. For
morphometric analysis camera lucida drawings were done.
Basing upon trichome shape, filament colour, akinete and
heterocyst (shape, size, position and number) were recorded.
Identification of cyanobacteria was done using the keys given
by Desikachary (1959); Komárek and Anagnostidis (2005,
2008).

RESULTS AND DISCUSSION

37 species of cyanobacteria belonging to 17 genera were
identified from the four sites. Of these 37 species, 9 were

unicellular, 9 non-heterocystous filamentous and 19
heterocystous filamentous forms. The different genus identified
were Calothrix (7 species), Nostoc (5 species),
Cylindrospermum and Aphanocapsa (4 species each).
Jaaginema (3 species), Geitlerinema (2 species), Anabaena (2
species) and ten genera with only one species were
Aphanothece, Chroococcus, Coelosphaerium, Cyanobaterium,
Hapalosiphon, Heteroleibleinioides, Leptolyngbya,
Microcystis, Phormidium and Pseudoanabaena (Figure 2).

In nitrogen free BG-11 medium species richness shows high
value at site 4 with 10 species, site 1 with 9 species, site 2 with
6 species and site 3 with 4 species (Figure 3). In the BG-11
medium with nitrogen, species richness show high value at site
1 with 6 species, site 2 with 2 species; site 3 with 3 species and
site 4 with 2 species. The table 1 show the abundance and total
species of cyanobacteria present in different sampling sites.
From the table it is observed that certain species are growing
both in nitrogen supplement and nitrogen free media.

The proliferation of a cyanobacterial population determines the
quality of water bodies hence it is necessary to identify the
cyanobacterial species of these water bodies. Good
identification of cyanobacteria species can only be done after
isolation and culturing under laboratory conditions (Komárek

Figure 1 Samples collection from Mahanadi River.

Figure 2 Number of genera and frequency of occurrence

2 4 6 8

Figure 3 Species richness at four different sites. Site-1 (lower part of
Mahanadi bridge), site-2 (just below the hirakud dam), site-3(near the

hirakud reservoir) and site-4 (rocks from Mahanadi river)



International Journal of Recent Scientific Research Vol. 6, Issue, 7, pp.5036-5039, July, 2015

5038 | P a g e

and Anagnostidis, 2008). Cyanobacteria species can be divided
in two groups, heterocystous species and non-heterocystous
species. Non-heterocystous species grow well in BG-11
medium and heterocystous species grow well in nitrogen free
BG-11 medium. In fact, the heterocystous cyanobacteria have
the ability to fix atmospheric nitrogen and develop high
biomass even when dissolved inorganic nitrogen is depleted
(Komárek and Anagnostidis, 2008).

It has been reported that some species of cyanobacteria have
the ability to produce toxin, which is their secondary
metabolites (Oberhaus et al., 2007). Out of the 17 genus
reported in this study the potential toxin producing genera are
Anabaena, Calothrix, Cylindrospermum, Hapalosiphon,
Microcystis, Nostoc and Phormidium as reported earlier also by
Carmichael, 1992, 1997; Codd, 1995, 1998; Sivonen, 1996;
Dadheech et al., 2001; Lopes and Vasconcelos, 2011.
According to literature, these genera can produce microcystin,
anatoxin-a, anatoxin-a(s), and saxitoxin. These toxins are
dangerous for human health and animal. These are classified
according to their effects on health, neurotoxins (on nervous
system), hepatotoxins (on the liver) and dermatoxins (on skin)
(Bagchi, 1999). Species Geitlerinema amphibium recorded in
this study is a potential saxitoxins producer (Borges et al.,
2015), while Aphanocapsa incerta and Microcystis flos-aquae
produces microcystin (Chorus, 2012; Mowe et al., 2014).

CONCLUSION
In this study, 37 taxa of cyanobacteria are encountered
belonging to 17 genera and 7 genera are potential toxin
producer (Anabaena, Calothrix, Cylindrospermum,
Hapalosiphon, Microcystis, Nostoc and Phormidium). As the
water of the Mahanadi River is used by local people for
drinking and other purposes, hence immediate measures should

be taken to eradicate these harmful organisms from these water
bodies for maintaining the health risk of livelihood.
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