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Increased input of nutrients into water body leads to massive proliferation of
cyanobacteria and other algae. This ultimately results in the eutrophication of the water
body. The cyanobacterial blooms exert negative environmental impacts such as extensive
growth of alga, bad odor, decline in dissolved oxygen, production of cyanotoxin, decreased
growth of submerged aquatic organisms and change in taste of water. This results into
reduction in qualitative and quantitative properties of water. Various chemical based
methods of eutrophication control are suggested by researchers but those endanger the
aquatic ecosystem. Considering hazardous effect of chemical agents, biological agents
may be used more safely. Here we have shown that polyphosphate accumulating bacteria
(PABs) isolated from activated sludge are efficient in reducing cyanobacterial blooms up
to 95.56% by trapping phosphorus in metapolyphosphate form. This is the first study
that provides direct evidence that use of these microorganisms gives promising result in
controlling cyanobacterial blooms and consequently eutrophication process without
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affecting the ecosystem of water body.
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Eutrophication is the process in which
clean, clear water resources like lake, pond and
even river turns into resources with extensive
growth of alga imparting bad odor, decline in
dissolved oxygen etc.. It is a growing global
problem inlarge number of inland waters. Survey
of the State of the World's L ake showed that 54%
lakesinAsig, 53%in Europe, 48%in NorthAmerica,
41% in South America and 28% in Africa are
eutrophic?.
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Although eutrophication is the natural
process in aging of lake, human activities can
greatly accelerate eutrophication by increasing rate
of nutrients and organic substances entering in
aqueous system. Agricultural runoff, urban runoff,
leaking septic system, water discharges, rain fall,
sewage, industrial wastes and similar sources can
increase flow of nutrientsin aguatic systems. The
increased input of nutrients in water body in the
form of carbon, nitrogen and phosphorous are
considered to be main factors responsible for
eutrophication.

Phosphorous is the most important and
critical nutrient element responsible for
eutrophication than carbon and nitrogen®. The
eutrophic lake contains 500-1500 mg/mé inorganic
nitrogen whereas 30-100 mg/m® total
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phosphorous®. Excess phosphorous causes
massive proliferation of cyanobacteriain the water
body. Species of Euglena, Anabena, Microcystis,
Oscillatoria, Nodularia, Nostoc, Fragilaria and
Chlorella are found to be associated with
eutrophic water body®>” and are mainly considered
as indicators of eutrophication. These
cyanobacterial blooms in eutrophic lake exerts
negative environmental impacts such as increase
in pH, decrease in oxygen content, production of
cyanotoxin, decreased growth of submerged
aquatic organisms, change in taste and odor of
water, thereby making the water body useless for
most of the human purposes®°. PABs are found
to be efficient in reducing cyanobacterial blooms
by trapping phosphorus in metapolyphosphate
form. This results into reduction in the
eutrophication process without affecting the
ecosystem of water body. The overall objective of
thisresearch wasto control cyanobacterial blooms
by PABsisolated from activated sludge.

MATERIALANDMETHODS

Pond selection, determination of its eutrophic
statusand identification of cyanobacterial flora

The pond having green appearance and
dirty smell was selected and studied for types of
algae. Number of algal cells per litre was counted
microscopically for determination of itseutrophic
status®. Cyanobacterial scum on water surface and
scrapings from floating material were collectedin
steriletransparent falcon tubes. | dentification was
carried out microscopically.
| solation and identification of PABs

PABswereisolated from activated sludge
and identified based on biochemical
characteristics. Albert’s staining method was used
to observe polyphosphate granules.
M ediaoptimization

Seven different media namely Gleorge
modified medium, Bristons modified medium,
Pringsheims medium, Allan and Arnons medium,
BG 11 medium, Chues medium and Medium A
(sterile water from the studied eutrophic pond +
2% sterile phosphate sol ution) weretried for media
optimization studies.
Effect of PABs on growth of mixed culture of
cyanobacteria

Sterilemedium * A’ inocul ated with mixed
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cyanobacterial culture (10% v/v) was incubated
withisolated PABs (1% v/v, Absorbance of culture
suspensions at 480 nm= 0.1). The control was
uninoculated with PABs. The incubation was
carried out for 15 daysat adistance of 15 cm away
fromthelight source (100 W bulb). The growth of
cyanobacteria was measured by estimating the
chlorophyll content.
Egtimation of chlorophyll content for measurement
of cyanobacterial growth

The chlorophyll pigment was extracted
by keeping the cyanobacterial growth in 20 ml of
acetone for 1 hour. Percent growth and percent
reduction of growth was determined by comparing
optical density of test with control by
spectrophotometric method at 680 nm wavel ength.

RESULTSAND DISCUSSION

The selected pond was eutrophic
showing more than 20000 cells of cyanobacteria
per liter [4]. Most of the strains were pollution
tolerant strains from genera Euglena, Chlorella,
Anabena and Microcystis. Maximum growth of
mixed culture of these cyanobacteriawasfound in
MediumA.

Activated sludge samples were
investigated for the occurrence of PABs.
Staphylococcus aureus, Streptococcus spp.,
Bacillus cereus, Micrococcus spp. and
Pseudomonas spp. were found to accumulate
phosphateintracellularly. Polyphosphate granules
were detected by Albert’s staining method and the
organisms were identified based on biochemical
characteristics. These PABs were found to be
efficient in reducing cyanobacterial blooms by
trapping phosphorus in metapolyphosphate form,
thereby making it unavailable for the growth of
cyanobacteria. Thereductioninthe cyanobacterial
bloomswas up to 95.56% (Fig 1).

In addition to biological methods other
strategies like mechanical removal of blooms,
avoiding addition of sources of nutrients to water
bodies, pretreatment of nutrient sources before
addition into water body and other precautionary
strategies should be used for proper control of
eutrophication.
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Media used: Sterile medium A
Inoculum: Mixed culture of cyanobacteria (10% v/v)
PABs (1% v/v, Absorbance at 480 nm= 0.1)
Incubation Period: 15 days
Light source: 15 cm away from 100 W bulb

Fig. 1. Inhibitory effect of polyphosphate accumulating bacteria on growth of cyanobacteria

REFERENCES

Bartram, J., Carmichael, W. W., Chorus, | ., Jones,
G, Skulberg, O.: Chapter 1. Introduction, In:
Toxic Cyanobacteriain Water: A guide to their
public health consequences, monitoring and
management. World Health Organization, 1999.
ILEC/Lake Biwa Research Institute [Eds].
Survey of the State of the World’'s Lakes.
Volumes |-1V. International Lake Environment
Committee, Otsu and United Nations
Environment Programme, Nairobi, 1988-1993.
Carpenter, S.R., Caraco, N.F., Smith, V.H.
Nonpoint pollution of surface waters with
phosphorus and nitrogen. Ecological
Applications, 1998; 8: 559-568.

Goel, PK.: Water Pollution: Causes, Effect and
Control. New age international (Pvt. Ltd.)
publishers, 2nd revised edn. India, 1996; 83-
105.

Skulberg, O.M., Codd, GA., Carmichael, W.W.

10.

Toxic blue-green algal bloomin Europe: agrazing
problem. Ambio, 1984; 13: 244-247.

Codd, G.A., Brooks, W.P, Lawton, L.A.,
Besttie, K.A. Cyanobacterial toxinsin European
waters: occurrence, properties, problems and
requirements. In ‘Watershed’ 89. The Future for
Water Quality in Europe. Vol. 2 (Wheeler, D.,
Rrichardson, M. J. & Bridges, J., eds.), 1989;
211-220.

Carmichael, W.W. Cyanobacteria secondary
metabolites - the cyanotoxins. Journal of Applied
Bacteriology, 1992; 72: 445-459.

Anderson, D.M. Red tides. Scientific American,
1994; 271: 62-68.

Lawton, L.A., Codd, GA. Cyanobacterial (blue-
green algae) toxinsand their significancein UK
and European waters. Journal of Soil and Water
Conservation, 1991; 40: 87-97.

Martin, A., Cooke, G.D. Health risks in
eutrophic water supplies. Lake Line, 1994; 14:
24-26.

J. Pure & Appl. Microbiol., 5(1), April 2011.



