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CHAPTER 1
INTRODUCTION

Free floating, unattached photosynthetic miorganisms in water are
together known as phytoplanktons. In an aquatic ecosystem phytoplanktons are the
primary producers, the estimate of which can be used as water quality indicator
(Gupta, 2007)Any change in water or environmental conditions can be detected by
response of algae as they occur at first trophic level of food chain. Phytoplanktons
possess sholife cycle so they respond fast towards temperature changes (Trivedy,
1989) Being easily available, cheap in use, more convincing and informative, algae
are used as bioindicatoftata Doraet al, 2010). Changes in water quality of

aguatic system can Iséudied through bioassessmesinith, 1992).

In phytoplankton community algae and blgieen algae form the important
component. Blugreen algae havéluish green colour imparted by dominant
phycocyanin pigment (Smith, 1994). But due to their close affinity to prokaryotic
bacteria than to eukaryotic algae they are popularly known as cyanobacteria. The

cells of cyanobacteria do not possess a well défimneleus.

Cyanobacteria are the most primitive, cosmopolita thallophytic,
photosynthetigrokaryotic alga which came into existence almost 3.5 billion years
ago. The evidence of their origin can be traced through carbon isotopic data and
study of micofossils which states their dominance during Precambrian p&eed

2008; Whitton, 2012).

They thrive well in variety of habitats from freshwater to marine, acidic to

alkaline, hot water to soil, desert to snow so are cosmopolitan in nature (Smith,
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1994). They grow best at temperature of 30°C to 40°C (Lata Boed, 2010).

They are even able to tolerate temperatures more th&&.50yanobacteria like
Synechococcuare even able to grow at temperature up to 784€C and are most
thermophilic (Lamgford, 2001; Lee2008). These are the most successful organisms
that are still in existence and are exploiting every possible extreme of habitats for

billions of years since their existend@odds and Whiles, 2011).

Cyanobacteria show morphological disiy and may occur in variety of
morphological forms that can be broadly categorized as filamentous and non
filamentous forms. They can be unicellular liBgnechocystisan occur in form of
trichome (chain of cells) lik®©scillatoria or flament (chainof cells enclosed in a
gelatinous sheath) lik€hormidiumwhich can be branched as 8rytonemaor
colonial as inMerismopedia, MicrocystifLee, 2008). Under the light microscope,
cyanobacteria are morphologically distinct in comparison to bacteria. $tzeir

ranges from 1 um in diameter to several 100 podds and Whiles, 2011).

Central vacuole is absent iganobacterial cells. The main pigments present
in their cells are chlorophylla, beta carotene;mhycocyanin, allophycocyanin; c
phycoerythrin and phycoerythrocyan in uniformly distributed in chromatoplasm as
plastids or chloroplastsare absent.Their chef reserve food is glycogen or
cyanophycean starch. They are closely related to prokaryotic bacteria in evolution.
The membrane bound cell organelles are all together absent from their cells and the
cell wall is similar to Gram negative bacteria contagnamino sugars and amino
acids. Cell wall is enveloped with mucilaginous sheath secreted by cell membrane in

some genera.
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Cyanobacteria are the only oxygenic phototrophic prokaryotes which can
perform oxygen evolving photosynthefisough photosynthetipigments diffused in
the entire cytoplasm. In the aquatic food web, most of the organic carbon contribution
available is done by phytoplanktons as they play a key role in global carbon cycle

through assimilation of carbon and oxygenic photosyntlfégmstton, 2012).

The unicellular forms show slow movements while cells with trichomes
exhibit gliding or creeping movements. Most of the filamentous cyanobacteria
possess thick walled cells with pale yellow colour homogenous contents called as
heterocysts which may be intalary or terminal in position. These are larger than
vegetative cells and are photosynthetically inactive. Besides providing a suitable site
for fragmentation of the filament, they serve as site for nitrogen fixation

(Desikachary, 1959).

In aggregatia some cyanobacteria can result in the formation of surface
water blooms which are visible with naked eyes. They form an important component
of blooms along with other algal groups. In absence of central vacuole, buoyancy is
imparted by pseudovacuoles tdamktonic forms. These pseudovacuoles are
comprised of gas vesicles in the protoplast of cell and make them float that can
result in formation of surface blooms. Bloom forming cyanobacteria can discolour
the entire water body hence making the water unpatdajor bloom forming taxa
of cyanaobacteria ar@nabaena Microcystis and Aphanizomenonopthers being
Oscillatoria and Spirulina which makes them visible as a mat on the surface of
water with naked eyed heir growth is affected by light, temperatued nutrients
(Palmer, 1980Smith, 1992; Thajuddin and Subramanian, 200, 2008 Moss,

2010; @rma 2013
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Some of the cyanobactenialease a variety of toxinscyanotoxinswhich
may be neurotoxins, hepatotoxins or cytotoxifisese toxins act aanti herbivore
chemicals for grazersCyanotoxinsare detrimental toinvertebratesfishes and
human health and carause serious health problems when ingested with water.

(Lee, 2008).

Flagellated reproductive cells are altogether absent from theiccyitée.
Asexual reproduction and vegetative propagation in cyanobacteria occurs by fission
or fragmentation and includes the formation of hormogones, endospores,

nannocytes, planococci, exospores and akin&iedtll, 19501 ee, 2008).

Indian sub continenhas recently been declared as one of the developed
countries of Asia by United States Trade Representative (USTR) in terms of its per
capita Gross National Income, share of world trade and G20 membership (The
Hindu, 2020). As the nation is being considkies developed country its energy
demand is of the utmost importance. Income and Energy has direct relation with
each other. More and more income generating ideas are there but energy demands
are also increasing and nation should be independent to thislldemandThe
country harbours many power plants whether hydro electric, atomic, nuclear, gas

based or thermal to meet her demands of energy.

Rajasthan is the largest state of the Indian sointinent lying in its west
flanked by Pakistan on theest with 342,239 kfarea with very small area covered
by rivers. Rajasthan state is basically a land of desert but possess a vivid
morphology with a desert, plains, hills and plateau. Although not rich, but the state
possess a big network of river systéke Luni, Banas, Chambal, Mahi, Parwati,

Mez, Parwan etc.
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It is enriched with sunlight throughout the year. Besides solar pld@s,
state meets its demand of energy through gas, steam, hydro, atomic and thermal
power stations. Major hydro power planare Mahi dam situated on Mahi river,
Jawahar Sagar Dam and Rana Pratap Sagar dam on ChambaRa&jasthan
generates power at different locations through various power plants functional under
Rajasthan Vidyut Utpadan Nigam LimiteS8uratgarh Thermal Raer Station and
Kota Thermal Power Station, popularly known as KTPS, are the two major thermal
power plants of Rajasthan. Others are Chhabra Thermal Power StaGbhatira
(Baran),Kalisindh Thermal Power Station dhalaway Giral Lignite Thermal Power
Plant atBarmer,Dholpur Combined Cycle Power Station2tolpur, Mahi Hydel
Power Station at Banswaemd Ramgarh Gas Thermal Power Statiodaasalmer

(https://www.energy.rajasthan.gov.in/rvunl).

One of the atomic power stations known as Rajastbamic Power Station is
situated in Rawatbhata of Chittorgarh district, Rajasthan and is operated by Nuclear
Power Corporation of India Limited (https://www.npcil.nic.in). A gas based thermal
power station is situated in Anta of Baran District, Rajasthainhwis operational under

National Thermal Power Corporation Limitddtps://www.ntpc.co.in).

Rajasthan is rich in aquatic flora and fauna with its lakes and rivers. A
thermal power plant is operational on the bank of Chambal river as its water is used
for the cooling purpose by thermal plant during generation of electricity and this
water is again disposed into the river. Definitely after being passed and moved
through the parts of thermal power plant for cooling, the water shares some
chemicals in thenachinery and also in turn gets heated during the cooling process.

So the discharged heated water may affect the flora of water.
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1.1  Study Area

The study was conducted in Kota city of Rajasthan. The city is located at
25A100657. 1" Nor5tAl6 016200 7fdudeEaand | ongi tude
eastern part of Rajasthan (Geographic coordinates of India). Kota district is a part of
Hadauti region and is bound by Baran, Bundi, Jhalawar, Tonk and Sawai Madhopur

districts (Fig.1.1).

Formerly it was kown as the Industrial city due to so many factories located
here and playing important role in economy of the city. The city is well known for
0Kota stoned6 all over I ndia. But from | as
an educational city. Thetgiis an education hub now and is known for its coaching
and teaching skills for aspiring medicos and engineers. Presently economy of the

city is based on coaching institutes.

Besides the number of coaching centres, the city also leads in the field of
higher education. It has 4 Universities i.e. Rajasthan Technical University, University of
Kota, Vardhman Mahaveer Open University and Agricultungversity with variety

of subjects.

Kot a S al so famous for 6Kot a Dori ya
international market demand of Kota doriya is very high and traders have a good

exposure. The city is also known for delicious heeng kachoris.

Chambal River
Rajasthan is known as the land of glory, Rajas and Maharajas. There are so

many Forts which attradourists for their architect and historical past. Tourism is an
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economical endeavor for Rajasthani people. The famous Thar Desert is dried area

t hat doesndt

have plenty of

water

have rich agriculture praces. People of Marar area i.e. Pali and Jodhpur also

havei di oms t hat

Awe only have

dry land a perennial river is like a boon.

water

Chambal river is the only perennial river of desert land of Rajagthizalia.

n

Du e

ou

The freshwater river is one of the major tributaries of Yamuna river originating from
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Janapao Hills of Vindhya range in south of Mhow town near Janapav temple
in Madhya Pradesh (Encyclopedia Britannica;, World Water Databasegr
flowing for a time in a northerly direction through Madhya Pradesh (M.P.), it enters
in Rajasthan at Chaurasigarh Fort where it flows in nbréast direction. It again
flows through MP. before joining the Yamuna river in Uttar Pradesh. (Kulshrestha,

2005).

From its origin to end, Chambal river flows in a stretch of 960 km. Chambal
river forms various deep picturesque gorges during its course that add scenic beauty
to it (Fig. 1.2 & 13). In stretch of 96 km in Rajasthan, it flows through Chittorgarh,
Kota and Dholpur districts of Rajasthan. Banas, Kali Sindh, Mez, Shipra and
Parwati are the chief tributaries of Chambal river. The river water is used for
industrial purpose, drinking, ecreational activities, electricity generation and
irrigation through four damsGandhi Sagar Dam, Rana Pratap Sagar Dam, Jawahar

Sagar Dam and Kota Barrage constructed on it during its long course.

The river has derived i dand with eligieus f r om ¢
beliefs holds a sacred position for t he
Charmanayavati'. The river also connects with the holy spirits of local residents of
Kota. Besides being the lifeline of Kota city, Chambal river is also nichquatic
flora and fauna including the mugger and gharial. Due to use of its water for
industrial purpose and civilization on its bank, the river gets the industrial effluents

and sewage water discharged into it.
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Figure 1.2: Course of Chambal river(www.mapsofindia.com)

Figure 1.3: Picturesque view of Chambal river
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The left bank of Chambal river is flanked by one of the major thermal power
stations of Rajasthan i.e. Kota Thermal Power Station popularly known as KTPS
(www.mapsofindia.com) in the centre of Kota city. It is the first coal based super
thermal power planbf Rajasthan for electricity generation. The plant has seven
units of operation and uses bituminous coal as a fuel. The total installed capacity of
KTPS is 1240 MW. The scheme of power plant got sanctioned in various stages. It
was first commissioned in983 with unit 1 and the seventh unit was commissioned

in 2009.The plant is spread in an area of 204 hectares (Fig. 1.4 & 1.5).

For the production of energy thermal power plants use coal for combustion.
In this process they utilize thousands of cusdowaier as coolant. Generally, the
waste heat is disposed from the power stations by withdrawal of water from a nearby
water source whether ocean, sea, lake, pond, canal or river, passing it through the
steam condenser and then again returning to the s@tece. This process is known
as otomrc,eughd cooling in which the cooling
temperature. This hot water is discharged into the source of water which rises the
temperature of ambient water and create thermal plumeaddigon of undesirable
heat to water causing change in water te
Some part of heat is rejected to atmosphere and some heat is lost to water and

ultimately to the environment (Cairns, 1969; Hill, 1972).
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Figure 1.5: Kota Thermal Power Station
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As KTPS is located on the bank of the Chambal river, it uses the river water as a
coolant duringcombustion and power generation. The method of cooling is different for
a set of units. Out of seven units, only two units (Unit 6 to 7) circulate hot water through
cooling towers while rest of five (Unit 1 to 5) use once through cooling system with the
utilization of 1180 cusecs of water (http://energy.rajasthan.gov.in/rvunl). Rarely all the
seven units operate one at the same time. Along with the heated water, thermal
discharge also contains some chemicals mainly chlorine which is used as an antifouling
agent (Cairns, 1975; Langford, 200There can be a drastic rise in temperature when
cooling water is discharged back to the source of water (Snoeijs and Prentice, 1989).
The phytoplanktons are exposed to this elevated temperature in water which receives

the discharge.

Besides affecting biological components of aquatic ecosystem, elevated
water temperature may decrease dissolved oxygen (DO) level, can increase
contaminant toxicity, increase metabolism of aquatic organisms, may cause
migration of animals, may accelerateloss of primary productivity, cause shift in
phytoplankton community, may lead to loss of aquatic biodiversity, can denature
proteins of micro organisms, can cause decreased enzyme activity, can lead to
eutrophication, cause algal bloom formation and eagn cause mass mortality of

fishes (Choudhary, 2009; Kausledlal, 2010).

Site description and Sample collection:
Chambal river has a stretch of 960 km from its origin to end and covers 225
km across Rajasthan (www.mapsofindia.com). The present study was confined to its

area covered in Kota city. Three study locations/sites were selected on a stretch of
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Chambal riverfor the collection of surface water samples in Kota, Rajasthan to
study cyanobacterial diversity and for the determination of physical and chemical

parameters of the river water.

The first selected site was at upstream of the river, second at themveal po
station as near as the discharge site (approximately in radius of 500m from the
outfall point of thermal effluents) and third one was at downstream of the river. The
three stations selected are as follows (Fig. 1.6,1.7,1.8):

Station 1 (Stn.1) Akelgah water treatment plant (upstream)
Station 2 (Stn.2) Kota Thermal Power Station
Station 3 (Stn.3) Choti Samadh Shiv Temple (downstream)

Station 1 represented as the Control station during the research study.

Kota Barrage is a dam constructed in Q96n the Chambal river that
maintains the availability of water throughout the year in Kota distlicis the
fourth dam in the chain of dams built by the Chambal Valley Project. It has a storage
capacity of 99 Mmwith a total catchment area of 27,332% It releases its excess
water to areas of Madhya Pradesh for agricultural purposetsp:/{
www.mapsofindia.com/maps/rajasthan/rivers/). Kota Barrage loisated near
sampling site Stn.2 at the upstream of Chambal river. The second site (Stn.2) was
selectecc | ose to the outfall si te opossibleder mal
to the power plant) to study the cyanobacterial diversity under iteemdke. Distance
between Stn.1 and Stn.2 is 7.2 km and 5.1 km between Stn.2 and Stn.3

approximately.
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Figure 1.6: Site showing Station * Akelgarh water treatment plant

Figure 1.7: Site showing Station 2 Kota Thermal Power Station

Figure 1.8: Siteshowing Station 3- Choti Samadh Shiv Temple
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1.2  Study Material T Cyanobacteria

Cyanobacteria are algae having bgreen colour with diverse habitats and a
wide range of organizationThey possess prokaryotic structure with incipient
nucleus and lack cell organelles. They can perform photosynthesis. Sexual reproduction

is known to be absent in them. Reproduction is by fissibragmentation.

1.2.1 Taxonomic position of Cyanobacteria

According to the classificationproposed by F.E. Fritsch (1935).
Cyanobacteria belong to the Clag&yanophyceae (also known as Myxophyceae) of
kingdom Alga. The class is divided into five ordeis Chroococcales,

ChamaesiphonaleBJeurocapsales, Nostocales, Stigonematales.

The new modern systemf cclassification of cyanobacteria based on
phylogenetic approach given by Anagnostidis and Komarek (1988p&arek et
al. (2014), classifies Cyanobacteria into eight orders Gloeobacterales,
Synechococales, Spirulinales ordo nov.,Chroococcales, Pleurocapsales,

Oscillatoriales, Chroococcidiopsidales ordo aoelNostocales.

1.2.2 Importance of Cyanobacteria

Cyanobacteria are the only algae that can fix atmospheric dinitrogen. This
function can be attributed to specialized thick walled cellseadll 6 het er ocys
provided with nodular thickenings present in some of the genera which provide
anoxygenic environment for the action of nitrogenase enzyme. Heterocysts are
found in some of the generBecause of their nitrogen fixing capacit#ulosira

fertillisima, Anabaena doliolm, Nostocsp.,Aphanizomenoasp.,Gloeotrichasp.are
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excellent biofertilizers thereby playing role in increasing and maintaining the soll
fertility (Thajuddin and Subramanian, 2005; Whitton, 2012; Gugttal, 2013,

Ananyaet al., 2014).

They have a capacity to form symbiotic association with a variety of

eukaryotic organisms including green algae, plants and also witphwainsynthetic

organisms like fungi (in form of lichens), sponges, ascidians and corals.
Aphanocapsap. has been found in association with marine sponges. Some of the
associations can be best exemplified\mstoc- Sphagnun{bryophyte),Anabaena

azollae i Azolla sp. (pteridophyte),Nostoc i Cycas (gymnosperm), Nostoc
punctiformei Gunnerasp. (angiospen), Nostocand Anabaena in rice fields and

even with other g r (@hajpddiro dnd Subrgmaman, @@b;at o ms

Whitton, 2012; Guptat al, 2013; Ananyat al, 2014).

Cyanobacteria play important role in ecosystem and have multiple uses in the
biotechnology These are the first oxygenic photosynthetic organisms that made
present dayods aerobic environment to I|iwv
genera likeNostocsp., Spirulina sp., Arthrospira, sp., Aphanizomenosp. can be
used as nutrient source, health supplement and as animal feed. Being a rich source of

iron, protein and vitamin B Spirulinatablets are commonly being sold in market.

In cosmetic industryArthrospira extracts can be used in cosmetics tiue
moisturizing effects while phycocyanin extract $irulina sp. is used in lipsticks
and eyeliners. Cyanobacteria can be used as natural colouring agents for foods like
ice creams and candies. They are also used for bioremediation in sewage disposal
andwastewater treatment by the supply of oxygen required by bacteria for oxidative

breakdown as done byosto¢ ScenedesmugnabaenaCyanobacteria can also be



Introduction 17
|

used as tools for heavy metal removal from wastewaters. They may be used for
production of secoraty metabolites, bioenergy and biofuel production (Srivastava
and Sharma, 2002; Thajuddin and Subramanian, 2005; Srivastash 2007;

Whitton, 2012; Guptat al, 2013; Ananyat al, 2014).

1.3  Objectives of Research:

The study is proposed to badertaken with the following objectives:

1. To analyze the physiechemical properties of thermal polluted river water

2. To find out the nature and amount of thermal effluents from the power plant
in river water

3. To study the diversity of cyanobacteria

4. To assess the changes in primary producer (cyanobacteria) community

structure due to thermal discharge through diversity indices

1.4  Significance of research work:

1 The work will be useful in assessment of the changes in biodiversity of
cyanobacteria due thermal effluents in Chambal river water. If any loss of
cyanobacterial biodiversity is detected, solutions could be search of for its
conservation in time.

1 The study will also be useful to determine the effect of power station
discharge on water which itsa used as potable water.

1 It could provide an idea for predicting the effect of rising global temperature
in terms of global warming in relation to elevated water temperature on

primary producers.
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The present work is going to cover the effectstlodrmal effluents on
cyanobacterial population and their diversity. Hence the present work is an attempt
to investigate if any changes are occurring there in the community structure of
cyanobacteria so as to predict any loss in their biodiversity undeeftbet of
discharge of thermal effluents from a thermal power station in a freshwater Chambal

river by determining the physical and chemical properties of its water.

The study will be helpful to find out the effects of thermal power plants on
freshwaterecosystem that use nearby source of water for cooling purpose during
operational activities. The study will build a foundation for further studies on the
thermal effect on cyanobacteria. It may provide some useful suggestions for the
conservation of biodersity of such valuable and the most primitive oxygen
evolving cyanobacteria. Also, the information gathered can be utilized for the
prevention of increasing temperature and global warming due to thermal pollution

by spreading awareness among the society.



CHAPTER 2
REVIEW OF LITERATURE

Cyanobacteria are the most primitive prokaryotic oxygen evolving algae
which are al spr &kemmo waal gaase di.b | uleey have di ve
range of organization. They are able to survive at temperatures as high as 74°C
(Langford, 2001;Lee, D08; Whitton, 2012)The algae form the base of a food
chain in any water body so any change in water or environmental conditions can be
detected by their response towards any change. Cyanobacteria form an important
component of phytoplanktons other thamen algae, diatoms and dinoflagellates.

As the phytoplanktons have short generation time, they react rapidly to changes in
temperature. Hence, they can be used as bioindicators for bioassessment of aquatic
ecosystem to assess the changes in environmawedy, 1989; Smith, 1992; Lata

Doraet al, 2010).

Thermal power plants are generally located on the coast of a lake, pond,
canal river, bay, sea or ocean so as to utilize water from nearby source for cooling of
condensers during the productionesfergy. The water gets heated in this process
and is discharged back to the source. Phytoplanktons are exposed to this elevated
water temperature from thermal discharge (Cairns, 1969; Hill, 1972). The
temperature of water bodies determines the kind ofteghabitat (Cassie, 2006).
Elevated water temperatures and thermal effluents impose a variety of detrimental
effects on the aquatic ecosystem including lowering of DO of water and the loss of
biodiversity. It can also be lethal to aquatic organisfsofnma et al, 2005;

Kaushalet al, 2010).Not only cyanobacteria have various uses in diverse areas,
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they also play a key role in global carbon cycles through assimilation of carbon and
oxygenic photosynthes{3hajuddin and Subramanian, 2005; Whitton, 20&A8pta,

et al, 2013).So their diversity needs to be conserved.

The aim of review was to study the diversity of cyanobacteria and find the
effect of thermal discharge on them through assessing the differences in the
cyanobacterial community. The rewievas also aimed to identify a research gap

that can be worked out to find out the timely solution for their conservation.

Algal diversity of aquatic ecosystem has been the subject of interest for
researchers since long ago. As the microalgae haveldb@pan, they are used for

bioassessment of water bodi&sr(th, 1992).

A variety of work has been done on thermal effects throughout world and in
India. Thermal stress, effects of elevated temperature and discharge of thermal
power plants on phytopl&tons, plants, protozoans, insects, corals, fishes, aquatic
animals etc. have been studied for many years by many researClagks 1969;
Cairns, 1971Hill, 1972; Boylen and Brock, 1973ushet al, 1974;Snoeijs and
Prentice, 1989Krishnakumar,1991Mallin, et al, 1994; MartinezArroyo et al,
2000; Langford, 2001;Poornimaet al, 2005; llus and Keskitalo, 2008; Chuagig
al, 2009; Nwankwaeet al, 2010;Vinitha et al, 2010; Fenget al, 2011; Husseirt
al., 2012; Muhammad Adlagt al, 2012;Ramchandr&t al, 2012 Schabhuttkt al,

2013;Gingerich and Mauter, 2015p et al, 2016).
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2.1  Work done worldwide
Diversity of Cyanobacteria in different water bodies all over the world, both

marine and fresh water, has been explored widely by various workers.

Kouassiet al (2015) studied the diversity of cyanobacteria in raw potable
water reservoir along with thghysicochemical prope s of water i n Adz
of Ctt e doél voire. They o0 b s e moomatales and me mb
Oscillatoriales and studied the seasonal variations in the composition of

cyanobacterial community in their study.

Two differert cyanobacterial community structures were observed by Soltani
etal. (2012) in a drain and an Iranian river. In their comparative study between drain
and river, they found drain water polluted. They reported some pollution indicator
species of Ocillatoria and Chroococcusin drain water and concluded that

cyanobacteria can be used as the bioindicators of eutrophication.

Rejmankovaet al (2004) opinioned that cyanobacteria are very important
organisms in terms of ecology. They play an important role vimluation of
biodiversity of an ecosystem. They have suggested for ¢beservation for their

optimum utilization.

Coastal thermal power stations of about 1000 MW capacity are located along
the coasts of sea, ocean, lake or river. They use wateortdense steam and
discharge up to 50 cusecs®g) of water back into the source which gets heated
during the cooling process. There can be dramatic effects on the quality of water and

the aquatic ecosystem of the water body receiving the heated disalzegaVhen
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cooling water is discharged back to the source of water there can be a 10°C rise in
temperature in the ambient water temperature (Snoeijs and Prentice, 1989).
ATher mal pollution is waste heat r-el eased
pr oduct of the generation of el edhier i ci ty
temperature of heated water discharged back into the source varies with volume of

water withdrawn for cooling, local climate of the area and the capacity of power

plant for errgy production (Maddeet al, 2013).

The thermal effluents have diverse unwanted ecological effects on the
aguatic ecosystem affecting plants and animals (Bobat, 2015). Besides affecting
biological components of aquatic ecosystem, elevated water ratm@e may
decrease dissolved oxygen (DO) level, can be fatal to fishes or even can reduce their
reproductive capacity, can increase contaminant toxicity, increase metabolism of
aguatic organisms, may cause migration of animals, may accelerate in loss of
primary productivity, may alter the structure of a community, can cause shift in
phytoplankton community, lead to loss of aquatic biodiversity, can denature proteins
of micro organisms, cause decreased enzyme activity, lead to eutrophication, cause
algal bbom formation and even mass mortality of fishes (John, 1971; Hill, 1972;
Choudhary, 2009; Kaushat al, 2010). Butaccording to Gallup and Hickman
(1975) the thermal effluents discharged from a power station do not affect the

physical and chemical progies of water.

Study on the effect of thermal effluents on environment and thermal
pollution has been attempted long ago both on flora and f8ushet al (1974)

has reviewed the influence of thermal discharges on aquatic flora and Garia.
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(1969) reported the effects of elevated temperature on fifesponse of aquatic
insects to high temperature has been studiedVlayd and Stanford (1982). The
effect of thermal discharge on macro invertebrates was studied by Worthatgtion
(2015). Texeiraet al (2012) studied the thermal effects of a nuclear power plant on
fish communities in a coastal area in Southeastern Brazil. Cairns (1969) observed

the response of fresh water protozoans under the effect of heated water.

Various publishedesults are available on the effect of thermal discharge on
phytoplanktons (Cairns, 197Hill, 1972; Boylen and Brock, 1973Bush et al,
1974;Snoeijs and Prentice, 1989allin, et al, 1994;MartinezArroyo et al, 2000;
Langford, 2001;llus and Keskitalo, 2008; Chuareg al, 2009; Nwankwoet al.,
2010; Feng et al, 2011; Husseiret al, 2012; Muhammad Adlaet al, 2012;

Schabhiittkt al, 2013;Gingerich and Mauter, 2018bp et al, 2016).

Boylen and Brock (1973jtudiedthe effectof temperature on benthic algae
in a thermal stressed river that flows through the geyser basins in Wyoming, a U.S.
state.They concluded that elevated temperature increases the growth rate of algae

under the thermal effect.

The temperature at the discha site was found at higher side by Nwankwo
et al (2014) when they studied the phytoplankton diversity of a thermal stressed
lagoon in Nigeria. According to them, the rise in temperature was because of
thermal effluents from a thermal statiofhe lower species diversity at thermally
stressed site was attributed to elevated temperature and low dissolved oxygen
(Nwankwo et al, 2010).Eloranta (1983) also observed low DO at site receiving

heated water discharge in their study on pond near adghpower plant in Finland.
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In an another study on effect of temperature on cyanobacteria by measuring
the photosynthesig&onopka and Brock (197&)bserved that cyanobacteria flourish
well during summer with increase in biomass when temperature increasgesow

temperature dgs not suppoithe growth of cyanobacteria.

The community structure of phytoplanktons was studied in lakes and
reservoirs in U.S. that were used for cooling purpose and their primary productivity
was measured. A low occurrence of cyanobacteria in two of those reservoirs that

received the power pladischarge was observed by Maléhal. (1994)

During the studies conducted by many workers, it was concluded that at the
outfall region of a thermal power plant, cyanobacteria show dominance and higher
cyanobacteria diversity was observed at dischaitge(Snoeijs and Prentice, 1989;
llus and Keskitalo, 2008; Nwankwei al, 2010;Schabhuttet al, 2013) A negative
effect of thermal discharge on diversity of phytoplantons was observed by Nashaat
et al (2019)While Husseinet al (2012) noticed thathe cyanobacterial diversity

increases at discharge point in a canal near a electricity power station in Irag.

llus and Keskitalo (2008) studied the algal biomass, primary productivity
and species composition under the effect of elevated temperatufedaind. They
concluded in their research that temperature is mainly responsible for rise in algal
biomass at the discharge site. A change in species composition was observed by

them during summer season which was found to be dominated by cyanobacteria.

On the other hand, when species diversity of seaweeds was studied in Korea
to assess the community changes under the influence of a nuclear power plant,

lowest species diversity was observed at the outfall region byeKah (2008).



Reviewof Literature 25
.

Under the thermal influence, seasonal variation in algal diversity and their

species composition was studied bydtal (2016).

Some power plants use chlorine as antifouling agent for biofouling control in
different concentrations which may be disget along with heated water
(Langford, 2001). There are also the chances of very small amounts of some heavy
metals to be discharged along with returning cooling water due to corrosion of
metallic tubes in condenselCdirns, 1971) Oil and grease are usddr the
maintenance of machinery system that can also contribute to the category of thermal

effluents (Nwankweet al, 2014).

Besides temperature, effect of chlorination on phytoplankton has also been
studied.Brooks and Liptak (1979) opinioned that aldphyll-a gets destructed when
the concentration of chlorine increases more than 1.0 nigikas suggested by
Taylor (2006)that residual chlorine affects the phytoplanktons in water bodies in

combination with high temperature.

Chuanget al (2009) noticed higher temperature and lower phytoplankton
chlorophylta at the outlet region. They observed decrease in phytoplankton
productivity undetthe effect of chlorination in their study on the phytoplanktons of
coastal region in Taiwan. On théher hand MartinezArroyo et al (2000) found
that algal species at outfall region receiving hot water have lower capacity of

photosynthesis.

Not only rise in temperature affect algae but other environmental factors like
nutrients also affect them (Sgeset al, 1979). It is not always that cyanobacteria

dominate the phytoplanktons at discharge sites of high temperature but evidence for
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diatoms playing the dominant part and even the shift in phytoplankton community

with change in algal species compimsithas also been obtained.

Higher temperature favours proliferation of cyanobacterial algal community

tending to alter diversity among aquatic phytoplankt@thabhuttet al, 2013.

As a result of thermal discharge, diatoms dominatedptigoplanktons
when algal composition was studied for the impact of thermal power plant by many

workers MartinezArroyo et al, 2000; Fengt al, 2011; Husseiet al, 2012).

When response of algal community to thermal effluents was assessed on the
Provo river of USA, it was found that diatoms dominated the community with rich
species diversity (Squirex al, 1979).Muhammad Adlaret al, (2012) observed a
low number of cyanobacteria and dominance of diatoms in a phytoplankton
community at discharge site near a thermal power plant. They suggested that thermal
discharge has an influence on the phytoplankton abundance in their studyime mar

phytoplanktons in Malaysia.

Even a shift in community structure has been observed by few workers. A
shift in community structure from diatoms to cyanobacteria with rise in temperature

has been observed Bypnopka and Brock (1978).

Li et al (2011) observed aompleteshift in phytoplankton community
structure from diatoms to dinoflagellates in summer season at outfall regh@yan
Bay nearby South China Sea whicbceive the thermal effluents from a nuclear
power plant in Hong KongTlhey opinioned that the shift was occurred because of

rise in temperature caused due to thermal discharge. On the cofésiet al
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(2006 had observed diatoms to be the dominant phytoplanktons during their study

in the same bay in the south coast of China

A shift in diatom dominated community to cyanobacteria dominated
community was reported by Foerstdral (1974) in a study of thermal effects on

the Connecticut River, New Hampshire in U.S.

Change in phytoplankton community structure influenced by thermal
effluents from power plants may be-melated to possible ecological effects of

global warming (Liet al, 2011).

In a study on periphytic algae in a lake near thermoelectric power plant i
China, Fenget al (2011) observed that diatoms dominate the perphytic algal
community. They also indicated that nutrient level also &y important role in

distribution of periphytic algae.

In case of flowing water, species diversity was found decreased under the
influence of thermal discharge in comparison to stagnant water (Snoeijs and

Prentice, 1989).

2.2  Work done in India

Plants are the oxygen synthesizers, existence of which is mbstit
importance. Being easily available, cheap in use, more convincing and informative,
algae are used as bioindicators (Lata Deiral, 2010). Algae have also been used

as bioindicators for the determination of water qualityKisfirsagar (2013).
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Occurrence and abundance of algae and their diversity in different
environments in relation to water quality and its effect has been studied widely by
many workers in IndiaGopalet al, 1981; Sharma and Durve, 1988uthukumar
et al, 2007;Srivastava, Q09; Devi et al, 2010; Makander and Bhatnagar, 2010;
Sivakumaret al, 2012; Kumar and Sahu, 2Q1dishraet al, 2012; Bhatnagar and
Bhardwaj, 2013a & bGanai and Parveen, 201Kkharkongor and Ramanujam,

2014;Mangal and Pathania, 2015

Muthukumaret al (2007) andSivakumaret al (2012) observed various
genera of cyanobacteria in their study at different freshwater ponds and coastal areas
in Tamilnadu. Kumar and Sahu(2012) reported the highesbccurrence of
MicrocystisandOscillatoria sp.in thesites of sewage pond on addition of domestic

effluents.

Devi et al (2010) have explained the diversity of cyanobacteria in various
types of habitats and ecological conditions of India. Physical and chemical
properties of water were analyzed by Suresfal (2012) to study the microalgal

diversity in regions of Western and Eastern Ghats in India.

Some trace amount of heavy metals was detected by Singh(2010) in
fly ash and groundwater near a thermal power plant in Delhi suggesting the presence

of heavy metals in thermal effluent.

The majority of thermal studies have focused in southern part of India. The
effect of thermal effluents on aquatic flora and fauna has been sparsely studied by
some workersKrishnakumar, 1991; Kailasam and Sivaka2Q04;Poornimaet al.,

2005; Poornimat al, 2006;Vinithaet al, 2010 Mohammed, 2012
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Kailasam and Sivakami (2004) studied the effect of thermal discharge on
benthic fauna in coastal areas of India. Changes in the net productivity of seaweeds
and their chlorophyll content were measured by Mohammed (2012) in south coastal
region of India.Muthulakshmiet al (2019) observed a negligible effect of thermal
discharge from a nuclear power plant on the population of zooplanktons in the

coastal region of southern India.

Phytoplankton species diversity was studiedZhygar and Ghos(2006) in
areservoir under the influence of heated water discharge from a nuclear power plant
in Karnataka. A lower diversity of phytoplanktons at the discharge site was observed

by them.

Various studies have been conducted on the effect of thermal effluents on
phytoplanktons Krishnakumaret al, 1991;Poornimaet al, 2005;Vinitha et al,
2010. Thermal discharge raises the ambient temperature of water body which
generally increases the algal growth with decrease in amount of oxygen dissolved in

water (Krishnakumaet al, 1991).

Effluents from coal based thermal power stations include heated water, fly
ash handling wastewater, metal cleaning waste water and material storage run off
(Ramchandraet al, 2012). Some phytoplanktons may be entrained along with
cooling water current whh may then be subjected to mechanical shock and

chemical & thermal stress (Poorniragal, 2005).

Contamination of nearby water resources or ground water was observed by

Ramchandrat al, (2012) due to leaching out of heavy metals from the plant when
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the water quality in the vicinity of a coal based thermal power plant in Udupi district
of Karnataka was assessed by them. Nair (1995) has reported the high
concentrations of copper and mercury in water discharged from an atomic power

station in south olndia during his study.

Krishnakumar (1994) stated that high temperature from thermal effluent
affect the primary productivity of phytoplanktonEhermal stress tends to decrease

the primary productivity of phytoplanktons (Poornigtaal, 2006).

Effect of temperaturealong with chlorination on productivity of
phytoplanktons has also been studied by few workers. Pooretna (2005)
indicated in their work stated that when algal composition was studied for the impact
of thermal power plant as asult of thermal discharge, diatoms dominated the
phytoplanktons. They alsbave reported that the effect of thermal power plants is

localized on phytoplanktons.

Vinitha et al (2010 also studied the effect of chlorination on phytoplankton
in South Inda. They observed a decrease in chlorophyll content and primary

productivity in diatoms under chlorine stress.

Kumar et al. (2015) studied the diversity of Chambal river in a stretch in
M.P. based on phytoplanktons, zooplanktons, macrophytesmacdobenthos to

assess the river health of Chambal river.

2.3  Work done in Rajasthan
The water bodies of Rajasthan have been explored for resgsacehmany

years by various workersResearch has been conducted on water bodies in
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Rajasthanin terms of physicechemical parameters of water, algal study and
phytoplankton diversity.Phytoplankton algal biodiversity has been studied in
various lakes of Ajmer, Udaipur, Jaisamand, Bundi, Jaipur, Jodhpur, Kota, Sri
Ganganagar and Bikaner (Sharma and Durve, ;188Hhdey and Pandeg002;
Tiwari and Singh2008;Makander and Bhatnagar, 20 greeket al, 2011;Singh,

et al, 2011;Mishraet al, 2012; Bhatnagar and Bhardwaj, 2q&3:b); Borase,et

al., 2013 Balai et al, 2015 Bhupender and Kumar, 2018umar et al, 2015;

Maheshwarigt al, 2015 Mangal and Pathani2a015.

Maheshwaret al (2015) measured primary productivity of Lake Ramgarh in
Jaipur and studied the species diversity of phytoplanktons and reported higher
number of phytoplanktons isummer seasoi.he green algae of Jal Mahal lake in
Jaipur was studied by Sharmeaal (1999).Diatom diversity of water bodies has
been studied by some workers in RajastharGalta kund,another water body of
Jaipur,Pareeket al (2011) observed sonfeesh water diatoms. Diatom diversity in
Mawatha lake of Jaipur has also been studie&ibgh,et al. (2011).Narayan and

Barupal (2015) studied the freshwater diatoms of a lake in Jodhpur.

The biodiversity of cyanobacteria in freshwater pondsJaahpur was
studied by Makander and Bhatnagar (2010). They reported 13 genera of
cyanobacteria in their study and suggested that the richness and abundance of

aguatic cyanobacteria is dependent on the physical and chemical properties of water.

A wide vaiety of work has been documented on water bodies of Udaipur
and Jaisamand blandey and Pandey (2002)lishra et al. (2012); Balai et al

(2015) Mangal and Pathania (2013h a study on Lake Udai Sagar in Udaipur,
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primary productivity of lake was measured and cyanobacteria were found dominant
in lake by Kumatet al (2015).The Indira Gandhi Canal in Sri Ganganagar also has

been selected for the study of biodiversity of cyanobacteria.

Chambal river has been thects of study for many worker3he various
available reports suggest that some workers have documented their work on the
physicachemical parameters and algal biodiversity of Chambal river in past few
years Sakseneet al, 2008; Tiwari and Singh 2008; Jain, 2012;Bhatnagar and
Bhardwaj, 2013&b; Gauret al, 2014; Kumaeet al, 2014; Jairet al, 2015; Yadav

etal., 2014; Groveret al, 2017).

Pollution status of Chambal river has been studied by few workers. Saksena
et al, (2008) suggested that thger water is free of pollution in a stretch of river
studied by them in Madhya Pradeshh&d te physicechemical parameters of
Chambal river were assessedTyari and Singh (2008h Dholpur, they suggested
that the Chambal river water is safe fargation and domestic purpose though the
river water was found polluted with organic waskeiptaet al (2011) indicated that
the river is moderately polluted in Kota, Rajasthan on the basis of its physico
chemical analysis of water. Chauhanal. (2019) studied the pollution status of
Chambal river in Kota city through microbiological assessmbenta stretch of
Chambal river near the National Chambal Sanctuary region, Getvalr (2017)

reported 102 taxa belonging to 40 genera of diatoms.

Chambal wer is dominated by members of Chlorophyceae (green algae) but
the members of cyanobacteria (blyreen algae) are also known to d@mmonly

present in the rivefBhatnagar and Bhardwaj, 20&&b; Gauret al, 2014).
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Study on algal biodiversity (Bhatnagand Bhardwaj, 201&&b), water
quality & trophic status (Gauet al, 2014) of freshwater Chambal river has been
conducted by few workers. In a comparative study between Rana Pratap Sagar dam
and Chambal river, Gawt al (2014) observed genera lik¥scilatoria, Microcystis

Phormidium, NostoandAnabaenan Chambal rivemvater.

Sakseneet al (2008) studied various physical and chemical parameters of
the Chambal river in National Chambal Sanctuary, M.P. and observed the river
water being of oligosaprobic nature and under the permissible limits of water
pollution. In another study conductedgethiver water is found to be moderately

polluted in Kota city of Rajasthan by Gumhal (2011).

Bhatnagar and Bhardwaj (2013 b) reported total 13 genera and 21 species of
cyanobacteria during their study. Cyanobacteria that were found to be very common
in Chambal river areMerismopedia, Oscillatorieand Microcystis In an another
study conducted by l&atnagar and Bhardwaj (2013 a) at Kota Barrage constructed
on Chambal river, total 10 genera and 18 species were reported by them both in
upstream and downstream of the river. According to authors, cyanobacteria showed
dominance during summer season. Théso investigatedMicrocystis aeruginosa
and Oscillatoria sp. in downstream of river as pollution tolearant genera. Chambal
river is dominated by members of Chlorophyceae (green algae) but with presence of

some species of cyanobacteria IBscillatoria, Mcrocystis and Merismopedia

A limited research work on thermal power plants in Rajasthan is known to be
documented. Air quality status around Suratgarh thermal power plant has been
assessed by Yadagt al (2011). They reported the pollutants were irirth

permissible limits in the airMeenaet al (2015) investigated the air quality by
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measuring suspended particulate matter in air in Kota city and indicated that KTPS

is the major contributor of air pollution.

Research Gap

The water bodies in the o6l and of dese
many workers. Diatoms of different water bodies of Rajasthan have been
documented by many workers. Research on Chambal river has been focused on its
water quality and pollution atus. Algal diversity and water pollution status of
Chambal river has been documentedBiwatnagar and Bhardwaj (2013 a; 2013b).
The water quality of Chambal river has been determined by Gept (2011)

while Gauret al (2014) have studiethetrophicstatus of Chambal river.

The effect of thermal power plants on flora of Rajasthan has been sparsely
studied. Research on power plants of Rajasthan, has been focused mainly on study
of air quality, machinery study or use of fly ash. The air qualityustatround
Suratgarh Thermal Power Plant has been assessed by ¥addv(2011). The
guality of air around Kota Thermal Power Station has been assesbtgEhget al.

(2015). Khandelwal and Shrivastava (2013) have studiedirtiigact of pollution
emissionon growth performance of some angiosperms around the Kota Thermal

Power Plant.

There exists a gap of knowledge on the study on Chambal river as the effect
of thermal power plants on microalgae or phytoplanktons in a freshwater river
system like Chambalver has not been attempted so far in Rajasthan state of India.
Precisely in Rajasthan, the effect of thermal pollution on primary producers,
particulary the cyanobacteria, has not yet been reported in any water body to the best

of my knowledge.



CHAPTER 3
MATERIALS AND METHODS

The present research study conducted in July 2017 to June 2018 is based on
an appropriate research methodology in which the plan of research was designed,
method of sampling and source of data were selected as per the requirement of the

study.

3.1 Reseach Design
The procedural plan, design and structure of investigation for the present
study are experimental. It is based on caarsgeffect relationship as the effects are

measured for the known cause (Kumar, 2011).

3.2  Sampling

The sample unit isindividual of a cyanobacterial community. Each
cyanobacterium of the population has an equal and independent chance of selection
so sampling done is simple random probability sampling method (Kumar, 2011).
The sampling period is one year as the sampling deme from July 2017 to June

2018.

3.3  Source of Data
The information for the study is collected afresh and for the first time
through experiments and observations so the source and kind of data is primary data

(Kumar, 2011).
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3.4  Material

The material used for research is Cyanobacteria. The class Cyanophyceae
consists of various morphological forms belonging to five different orders
Chroococcales, Chamaesiphonales, Pleurocapsales, Nostocales and Stigonematales
(Fritsch, 1935). The freshwatelapktonic forms of cyanobacteria were studied in
river water of Chamballhe Cyanobacteriareclassified into eight orders according
to new modern system of classification of cyanobacteria: Gloeobacterales,
Synechococcales, Spirulinales ordo nov., Chroococales, Pleurocapsales,
Oscillatoriales,Chroococcidiopsidales ordo nov. and Nostocéeasagnostidis and

Komarek, 1988Komareket al, 2014).

Distilled water, sample tubes, test tubes, beakers, flasks, burettes, suitable
chemicals and reagents wemequired for the determination of physicbemical

properties of water.

Slides, brush, forceps, needle, glycerin, cover slips, dropper, microscope, test

tubes were required for the cyanobacterial study.

3.5 Methods
Three sampling sites were selectad tbe stretch of Chambal river in the

Kota city for the present investigation.

To determine the physietchemical characteristics the water was collected in
triplicates from the same site in one litre capacity of clean polyethylene bottles. The
bottles vere first rinsed with distilled water three times and then with river water

twice before taking the samples. Light intensity, temperature and pH were
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determined immediately after the sample collection on the spot /collection site only.
The samples were hught to the laboratory for the analysis of parameters like
electrical conductivity, turbidity, total alkalinity, hardness, chlorides, fluorides,

sulphates, nitrates, total dissolved solids, dissolved oxygen, BOD & COD.

The methods prescribed by APHA @9, Maiti (2004), Gupta (200Y and
Aery (2010)were followed for the determination of physichemical parameters of

water.

For the study of diversity of cyanobacteria, the surface water samples were
collected from the sampling sites in the morning tolneing second week of every
month from July 2017 to June 2018 in the replica of three. The collected samples
were studied within 48 hours with the preparation of fresh mounts in laboratory for
cyanobacterial study. For further detailed examination thelegnwere also fixed

and preserved using Lugol s solution.

With the aid of available standard keys and monographs (Smith, 1950;
Prescott,1954; Desikachary,1959; Palmer,188iker and Fabbr@002; Bellinger
and Sigee2015 identification of phytoplanktonic Cyanobacteria was done using
Metzer research microscope and imported camera MD500 as an attachment.

Identified samples were also cross identified by the experts of Cyanobacterial study.

Physicochemical analysis:
3.5.1 Determination of Light intensity
The intensity of light was measured in lux units with the help of portable

digital lux meter of Amor make (Figure 3.1).
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3.5.2 Determination of Temperature
Temperature was observed in °C on the spot/ collection site by dipping a
digital MEXTECH Multi- thermometer in water sample during sampling period

(Figure 3.2).

3.5.3 Determination of pH
pH was measured using a portable digital HANNA pH meter on the

spot/collection site during sampling period (Figure 3.3).

3.5.4 Determination of Electrical Conductivity
The conductivity or the specific conductance of water sample was observed
in the laboratory by pC turbidity meter 135 of make Systronics. The conductance

was measured in uS/ cm (Figure 3.4).

3.5.5 Determination of Total Dissolvel Salts (TDS)
The TDS was measured using UC turbidity meter 135 of Systronics. For TDS
measurement, the cell was rinsed with distilled water in a beaker. The mode of

measurement was changed and TDS reading was observed and noted.

3.5.6 Determination of Turbidity
Turbidimeter (Nephelometer) is the instrument that was used for measuring

the turbidity in NTU units (Figure 3.4).

Samples were shaked thoroughly and the air bubbles were subsided. The
nephelometer was set at 100 using 40 NTU standard suspe8simple was placed

in nephelometer sample tube and reading was observed on the scale.
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Figure 3.1: Digital Lux meter

Figure 3.2: Digital thermometer
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Figure 3.3: Digital pH meter

Figure 3.4: Conductivity and turbidity meter
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The turbidity was caldated with the help of following calculation.

Calculation

Turbidity (NTU) = Nephelomedrreadingx 0.4x dilution factor

3.5.7 Determination of Alkalinity

Alkalinity was determined by titrating 50 mL of the water sample with a
strong acid like HSO, or HCI by adding 23 drops of methyl orange as an indicator.
The reading where the orange colour appears was noted. The end point reading was

used for calculating the alkalinity.

Calculation

1000mL 1N HCI =50gof CaCQ,

AxN of HCI3 502 1000
Volumeof Sample

Phenolphthaleialkalinity (PA) asCaCQ, mg/L =

B3 N of HCI3 50° 1000
Volumeof Sample

Total alkalinity (TA) asCaCQO, mg/L =

where
A = Volume of HCI used with phenolphthalein (mL)

B = Volume of HCI used with phenolphthalein and methyl orange (mL)

3.5.8 Determination of Hardness
The property of water to form lather or precipitate soap is generally referred
to as hardness. The total hardness is the sum of calcium and magresiemtrations

where both of them are expressed as calcium carbonate in milligrams per liter.
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a. Total Hardness

A pinch of Eriochrome black T indicator was added to 10 mL of sample
resulting a wine red colour solution which was then titrated against 0.01M EDTA
slowly till the appearance of blue colour. The end point reading was noted and used

for calculaing the total hardness.

Calculation

3 3
Hardnes$EDTA) asmgCaCoyL = -5 1099
mL sample
where
A = mL titration for sample

B = mg CaCQequivalent to 1.00 mL EDTA titrant

b. Calcium Hardness

A pinch of Murexide indicator and 2 mL of NaOH were added to 50 mL of
sample which was thetitrated against 0.01M EDTA slowly with continous stirring
till the appearance of purple colour. The end point reading was noted and used for

the calculating calcium hardness.

Calculation
3 R3
mgCa/L= Latilc e 0
mL sample
3 R3
CalciumHardnessasmg CaCQ,/L = A®B1000
mL sample
where

A = mL titration for sample
B =mg CaCQequivalent to 1.00 mL EDTA titrant at the calcium indicator end point

C = Magnessium hardness
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It is computed from the results of separate determination of calcium hardness
and total hardness.

mgMg/L =[Total hardness@mngCaCQ,/L) - Calciumhardness@mngCaCQ,/L)] x0.24%

3.5.9 Determination of Chloride

2 mL of K,CrO, was added to 50 mL of sample in a conical flask. The
content was then titrated against 0.02 N AgNi@til a persistent red tinge appears.
The end point readings were used to place their values in the following formula to

determine the chloride content.

Calculation

V3 Nof AgNO,3 100¢ 355

Chloride(mg/L) = SampleAmount

where
V = Volume of AgNQ (in mL)

N = Normality of AgNQ,

3.5.10 Determination of Nitrate

The determination of nitrate was done by UV spectrophotometric screening
method. 1 mL of 1IN HCI was added to 50 mL of distilled water and mixed
thoroughly. Absorbance or transmittance was read against distilled water set at zero
absorbance or 100% transmittance at wavelength of 220 nm for the preparation of
standard curve. Then 1 mL of 1N HCI was added to 50 mL of sample and mixed
thoroughly. Absorbance or transmittance was read against distilled water set at zero
absorbance or (D% transmittance at wavelength of 220 nm to determine

interference due to dissolved organic matter.
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3.5.11 Determination of Sulphate

20 mL of buffer solution was added to 100 mL of sample which was then
stirred on a magnetic stirrer. BaCltystals wereadded while stirring. The mixture
was stirred for 1 minute and after 4 minutes it was poured into the absorption cell /
cuvette in a UV spectrophotometer to measure at absorbance of 420 nm. The reading

was noted and sulphate was determined by making fimlfpealculation:

Calculation

mgSO,” 3 1000

mgSO,”/L =
* mLsample

3.5.12 Determination of Fluoride
Fluoride concentration was determined by ion selective electrode method. A
fluoride detector of make Thermo Scientific model Orion Star A214 was used for

this purpose.

Fluoride buffer was prepared by mixing 57 mL glacial acetic acid, 58 g NaCl
and 4.0 g CDTA (1,2 cyclohexylene diamine tetra acetic acid) into 500 mL distilled
water. All the contents were dissolved in it. By slowly adding 6 N NaOH with
stirring pH was agisted between 5.3 and 5.5. It was then made up to 1000 mL in a

volumetric flask.

A series of standards equivalent to 0.5, 1.0 and 2.0 fthgwere prepared.
To 25 mL of the standard 25 mL (equal volume) of buffer solution was added. The
electrodes wer¢hen immersed in this solution while stirring the magnetic stirrer.
Electrodes were kept in the solution for about 3 minutes and the reading was noted.
The electrodes were then withdrawn from the solution, rinsed with distilled water

and were gently blo#d dry between the readings.
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Calculation

mgF/L = e
Volume of samplgmL)
3.5.13 Determination of Disssolved Oxygen (DO)

Wi nkl eréds method was used to esti mate

Water sample was taken in a BOD bottle and 1 mL of Mye8@ 1 mL of
alkaline Kl solution was added well below the surface of water with the help of
separate pipettes. A precipitate was observed which was agitated by placing the
stopper and shaking thoroughly by inverting the bottle repeatedly. The precipitate
was dissolvedby adding 32 mL of conc. HSQO,. The whole content was then
transferred gently in a conical flask. Within 1 hr of dissolution of precipitate, the
sample was titrated against 0.025 N sodium thiosulphate by adding few drops of
starch indicator. The end poiwhere the initial dark colour disappears completely
was noted as reading. DO was calculated by using the end point reading value in the

formula given below.

Calculation

V,3 N3 831000

DO (mg/L)=
2 3

where

V1= Vol. of sodium thiosulphate (titrant)
V,=Vol. of sampling bottle

V3= Vol. of MnSQ,and Kl solutions

N = Normality of sodium thiosulphate (0.025)
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3.5.14 Determination of Biochemical Oxygen Demand (BOD)

5 day test was required for determination of BOD through incubation of
water sample with the help of BOD incubator. The difference in oxygen
concentration of the sample at a time and after incubating it for 5 days at 20°C was

measured.

In this procedur¢ he Wi nkl er 6s met hod was used
of water. In a BOD bottle the water sample was taken to which 1 mL of er&D
1 mL of alkaline KI solution was added with the help of separate pipettes well below
the surface of water. This resulteda precipitate. By placing the stopper on the
mouth of the BOD bottle, the precipitate was then agitated through shaking
thoroughly by inverting the bottle repeatedly. The precipitate was dissolved with
addition of 22 mL of conc. HSQ, to it. Then thewhole content was gently
transferred in a conical flask. The sample was titrated against 0.025 N sodium
thiosulphate by adding few drops of starch indicator within 1 hr of dissolution of
precipitate. The reading was noted at the end point which is whanitilé dark
colour disappears completely. The amount of oxygen dissolved was calculated by

using the value of end point reading in the formula used for calculation of DO.

The DO measured before incubation was initial DO and final DO was
measured aftemcubation. The BOD values were calculated by placing the DO

values in the formula.

Calculation

BOD mg/L = %
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where

D, = DO of diluted sample immediately after preparation (mg/L)
D, = DO of diluted sample after 5 day incubation at 20°C (mg/L)

P =Decimal volumetric of sample used

3.5.15 Determination of Chemical Oxygen Demand (COD)

20 mL of sample was taken in a refluxing flask with a ground joint for Liebig
reflux condenser. 10 mL 0.25 N potassium dichromate solution was added to it
along with1g of HgSQ mercuric sulphate) and a pinch of silver sulphate. Then 30
mL of conc. HSO, was added slowly for mixing HgSOThe mixture was then
refluxed for about 2 hours on a hot water plate. The mixture was then cooled down
after disconnecting the reft condenser and was diluted to about twice its volume
with distilled water. 23 drops of ferroin indicator was added and the solution was
titrated with 0.1 N ferrous ammonium sulphate (FAS) and reading was noted at the

end point when blugreen colour chages to reddish brown colour.

Using the same amount of chemicals and reagents a blank containing the
volume of distilled water as same as volume of sample was also refluxed and titrated
to note the end point readings. The following calculation was e using the

values obtained during the end point of titration.

Calculation

- 3 3
CODasmg/L = (B-A)* N*1000 8
Volumeof sample
where

A =Vol. of FAS used for sample (in mL)
B = Vol. of FAS used for blank (in mL)

N = Normality of FAS
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3.6  Diversity of Cyanobacteria
The study of diversity of cyanobacteria includes the observation,
identification and enumeration of cyanobacteria so as to find their population

number and study their biodiversity.

Collection and preservation

Phytoplanktons were collected in triplicates from theaeld stations (Stn.1,
Stn.2 & Stn.3) in 500 mL wide mouthed polyethylene bottles. The bottles were
rinsed with distilled water first before collection. Surface samples were preferred to
collect phytoplanktons in water. Cyanobacteria were observed frestcaliection.
The samples were also preserved for further detailed study by adding 0.3 mL
Lugol 6s solution to 100 mL water sampl e,

(Maiti, 2004) (Fig. 3.5).

Concentration

Sedimentation method of concentratisras adopted because of its non
selective and non destructive in nature. 50 mL of sample was allowed to settle in a
capped wide mouth centrifuge tubes without any vibration overnight. Supernatant

was then decanted and 5 mL of final volume was obtained.

Observation and Identification

With the help of dropper, needle, forceps semi permanent glass slides were
prepared. Observation was done with the help of a trinocular research -Metzer
vision plus microscope (Model METFZ000 DTM)at 10x and400x magnification
Various keysand monographs (Smith,1950; Prescott, 1954; Desikachary,1959;

Prescott,1970; Palmer,198Baker and Fabbro,200Bellinger and Sigee, 2015)
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online databasewnvw.algaebase.ojgand researclpublications Anagnostidis and
Komarek 1988Komarek and Komarkovéa, 200Baset al, 2010;Liu et al, 2013;
Komérek et al, 2014, Tandon, 2016;Menezeset al, 2020) were used for the
identification of Cyanobacteria Microphotographs were also takeduring
observation with the help of an imported camera MD500 attached to the compound

trinocular research microscope (Fig. 3.6, 3.7 & 3.8).

Enumeration

Counting of cyanobacteria was done by Haemocytometer. It is actually a
glass slide withcentrally o c at ed AHO shaped groove. The
into 25 sub chambers. Each sub chamber is further sub divided into 16 chambers

making the total number of sub chambers as 400.

A drop of agitated sample was placed in the central cubical charabiegh
400 small chambers of haemocytometer and covered by placing a glass cover. Any
kind of overflow was avoided. The cyanobacteria were allowed to settle for 5
minutes. The cyanobacteria were then counted ub@@x and400x magnification.

Ten drops of gitated sample were observed.

Calculation
Phytoplankon unitspermL = No.of phytoplanltoncellgn centrachambex 10'
Concentrabnfactor
Concentrabn factor= Volumeof waterconcentratd

Volumeof waterconstitutd afterconsitutian


http://www.algaebase.org/

Materials and Methods 50

3.7  CyanobacteriaCommunity Structure

The structure of a community and the changes occurring in a community can
be described by using diversity indices which are based on presence or absence of
species. These indices are helpful in assessing the changes in community structure

because of any @mge in environment.

The diversity indices consider the number of species (richness) and the
number of individuals (abundance) (Aery, 2010). The following diversity indices were
used to evaluate the cyanobacterial biodiversity and evaluateytdmeobactrial
community structure by using online biodiversity calculator:

(http://www.alyoung.com/labs/biodiversity _calculator.html).

1. Shannon Weaver Index of diversity
It is commonly used to calculate the diversity of aquatic ecosy&emy,
2010).

It was calculated by the following formula:

H=1- 3 (n)?*(og2p)

where

H = index of species diversity

s = number of species

pi = proportion of total sample belonging to tHespecies, or

_Numberof individualsof onespecies
Total no.of allindividualsin thesample
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2. Sorensendés I ndex of Similarity
This index was given by Sorensen in 1948. It expresses the number of
species common or similar between two communities compared. It measures
the ratio of common to average number of species in two communities

(Serensen, 194&ery, 2010).

The index wasaculated as follows:

1S, =

= - 3
° 1/2A +B) 100

-_2C 3100
A+B

where
C = No. of species common to two releves/sites
A = Total number of species in releve/site A

B = Total number of species in releve/site B

Statistical analysis was performed using software IBM SPSS statistical

package version 25 for Microsoft.
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Figure 3.5: Samples collected for analysis of cyanobacteria

Figure 3.6: Semi permanent slides for identification of cyanobacteria
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Figure 3.7 Digital Microcamera MD 500

Figure 3.8: Compound Trinocular Microscope attached with digital Camera to

take microphotographs (Showing algal image on laptop screen)



CHAPTER 4
PHYSICO-CHEMICAL PROPERTIES OF

FRESHWATER RIVER SYSTEM

Rivers are lifeline for human civilization. Around the world most of the
human civilizations are developed along riversides, as they provide necessary
component of human survival i.e. water. There are many rivers in India and most of
them like Ganga, Yamma, Narmada, Chenab, Godawari, Chambal etc. are
replenishing life of people since ages. Rivers are worshiped by Indian communities
due to their necessity for living being, so that humans can learn to protect them.
Scientifically rivers are one of the majdynamic lentic environments the nature of
which keeps on changing from source to end because of movement and flow of
water. Aquatic plants and animals are greatly influenced by the contents and
properties of water (Palmer, 1980). Algae are the majorraptat in rivers. Any
kind of industrial set up situated near water bodies generally pollute them and harm
their flora too. Water bodies located near the power plants are generally used as the
source of water for cooling the condensers and in turn reckevelischarge of

thermal waste. Hence, algae are also influenced by the thermal pollution.

Present research work is attempted to study the effect of thermal effluents on
Chambal river water in order to evaluate its effect on Cyanobacteria and their
diversity. Here it is necessary to study the physical and chemical properties of water.
It is even more important when a water body is under the influence of a nearby
thermal power plant. In order to assess the impact of thermal discharge, water

samples were dlected every month for one whole year and various physico
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chemical parameters were determined to conduct the research study i.e., Light
intensity, Temperature, pH, Electrical Conductivity, Total Dissolved Salts,
Turbidity, Total Alkalinity, Hardness, Chimle, Nitrate, Sulphate, Fluoride,

Disssolved Oxygen, Biochemical Oxygen Demand and Chemical Oxygen Demand.

Physice chemical analysis of water depicts the cause of changes in water
guality and biological indices determine the effects of change (Pali9&9). The
physical and chemical parameters of freshwater river system were determined using
the standard methods prescribed by APHA (19B®jiti (2004), Gupta (2007) and

Aery (2010).

The water samples were collected in triplicates of clean polyethpletties
of one litre capacity from the three sampling sites during second week of every
month from July 2017 to June 2018 in the morning time for the determination of the
physical and chemical characteristics of the water. After the sample collecthan, lig
intensity, pH and temperature were determined on the spot only. The samples were
brought to the laboratory for the analysis of other parameters like Electrical
Conductivity (EC), Total Dissolved Salts (TDS), Turbidity, Total Alkalinity (TA),
Hardness, @loride, Nitrate, Sulphate, Fluoride, Dissolved Oxygen (DO),

Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD).

Samples were collected to perform the study for the whole year and results
were analyzed on seasonal basis (Figure 4.1). Theseise were studied round the
year. Monsoon season was considered from July 2017 to October 2017, winter
season from November 2017 to February 2018 and summer season from March

2018 to June 2018.
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Experimental Observations
The main physicehemical paramets of Chambal river water that were

determined are as follows:

4.1  Light Intensity
The intensity of light ranged from 335 lux to 1167 lux in monsoon season,
707 lux to 1052 lux in winter season and 243 lux to 1231 lux in summer season

round the year.

During the monsoon season, the light intensity was 440 lux at Stn.1, 517 lux
at Stn.2 and 596 lux at Stn.3 in July. In the month of August it was 335 lux at Stn.1,
883 lux at Stn.2 and 659 lux at Stn.3. The light intensity of 528 lux was observed at
Stn.1 1076 lux at Stn.2 and 1121 lux at Stn.3 in the month of September. The month
of October was marked with light intensity of 1167 lux at Stn.1, 1124 lux at Stn.2

and 1106 lux at Stn.3.

In the winter season, the light intensity was 1007 lux at Stn.1,lB8at
Stn.2 and 780 lux at Stn.3 in the month of November. In the month of December, the
intensity of light at Stn.1 was 707 lux, 802 lux at Stn.2 and 765 lux at Stn.3. In the
month of January, light intensity was of 763 lux at Stn.1, 1052 lux at StA@4&
lux at Stn.3. The light intensity was recorded 980 lux at Stn.1, 871 lux at Stn.2 and

918 lux at Stn.3 in the month of February.

In summers, light intensity of 1140 lux was observed at Stn.1, 837 lux at
Stn.2 and 243 lux at Stn.3 in the month ofrbka In the month of April, the light

intensity was 1113 lux at Stn.1, 1092 lux at Stn.2 and 1079 lux at Stn.3. The light
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intensity of 1124 lux, 863 lux and 1014 lux was measured at Stn.1, Stn.2 & Stn.3
respectively in the month of May. In the month of duight intensity of 1231 lux

observed at Stn.1, 1151 lux at Stn.2 and 1143 lux at Stn.3 (Figure 4.3).

4.2  Temperature
The maximum surface water temperature was observed 42.2°C to minimum

of 20.1°C at the three stations in all the seasons.

In monsoonseason, the water temperature of 28.9 °C was recorded in the
month of July at Stn.1, 31.5 °C at Stn.2 and 28.1 °C at Stn.3. The month of August
was observed with temperature of 27.8 °C at Stn.1, 30.3°C at Stn.2 & 28.0°C at
Stn.3. Stn.1 was at 30.6°C, Srat 31.9°C and Stn.3 was at 30.9°C in the month of
September. The month of October was marked with 31.7°C at Stn.1, Stn.2 with

35.9°C and Stn.3 with 28.9°C.

During the winter season, the minimum of water temperature was recorded.
The temperature was m@cled 28.0°C at Stn.1, 34.3°C at Stn.2 and 25.4°C at Stn.3
in the month of November. In the month of December 24.0°C of the temperature
was observed at Stn.1, 30.1°C at Stn.2 & 21.0°C at Stn.3. 21.8°C of temperature was
recorded in the month of JanuarySih.1, 29.5°C at Stn.2 & 20.1°C temperature at
Stn.3. The temperature of 22.7°C was recorded at Stn.1, 27.5°C at Stn.2 & 21.5°C at

Stn.3 in the month of February.

During the study period, the summer season exhibits the higher water
temperature. The sate water temperature of 26.9°C was observed at Stn.1, 34.4°C
at Stn.2 and 22.3°C at Stn.3 in the month of March. 32.2°C of temperature was

recorded at Stn.1, 39.1°C at Stn.2 & 27.8°C at Stn.3 in the month of April.



Physicechemical Properties of Freshwater River System

Figure 4.1: Sampling at the collectiorsite

Figure 4.2: Determination of light at the sampling station
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The temperature was measured 31.1°C, 42.2°C and 28.2°C at Stn.1, Stn.2 &
Stn.3 respectively in the month of May. It was observed at 34.0°C at Stn.1, 41.2°C

at Stn.2 and 29.6°C at StniB.the month of June (Figure 4.4).

43 pH
The pH of water ranged between 6.7 to 8.5 units during the study period. In
the monsoon season, it was measured 7.8 at Stn.3 and 7.9 at both Stn.1&2 in the
month of July. It was observed 7.8 at Stn.1, 7.5 at2S&n7.7 units at Stn.3 in
August month. The pH was measured 7.9 at Stn.1, 8.1 at Stn.2 and 8.0 at Stn.3 in the
September month. In the month of October, 8.3 units of pH was observed at Stn.1.

Stn.2 was recorded with 8.0 and Stn.3 with 8.0 units in the saomth.

During winters, the pH of water was lowered and observed at 7.8 at the Stn.1
in the month of November while the pH of 7.5 was recorded at Stn.2 and 7.1 at Stn.3
in the same month. The December month noticed almost the same pH of 8.0, 7.7 and
7.5 units at Stn.1, Stn.2 & Stn.3 respectively. In the month of January 2018, Stn.1
was noticed at the pH of 7.9, Stn.2 at 7.6 and Stn.3 at 7.3 units. pH of 7.8 was

recorded at Stn.1, 8.1 at Stn.2 and 6.8 at Stn.3 in the month of February.

In summers, thehp of 7.9 was observed at Stn.1, 7.7 at Stn.2 and 7.1 at Stn.3
in March month. The pH was found consistent at Stn.2 during April, May and June
at 7.9 while it was almost same at Stn.1 with 8.4, 8.3 and 8.5 units in April, May and
June respectively. The ptared at Stn.3 in April with 8.5 units, 6.7 in May and 7.1

in June 2018 (Figure 4.5).
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4.4  Electrical Conductivity (EC)
EC of river water ranged between 263.7 uS/ cm to 648.3 uS/ cm round the

year during the study period.

In summer season, thledectrical conductivity was measured in the range of
300 at Stn.1 during July, September and October. It was measured 333.3 uS/ cm in
the month of July, 304.7 uS/ cm in September and 306.0 uS/ cm in October at Stn.1.
Stn.2 was reported with EC of 364.0 u$n in July month and 379.0 uS/ cm at
Stn.3 in the same month. The month of August was recorded with 263.7 uS/ cm at
Stn.1, 297.3 uS/ cm at Stn.2 and 298.3 uS/ cm at Stn.3. EC of 304.6 uS/ cm was
observed at Stn.1, 328.0 uS/ cm at St. 2 and 394.0 uS/ &m.&tin the month of
September. It was measured 306.0 uS/ cm at Stn.1, 314.0 uS/ cm at Stn.2 and 418.7

uS/ cm at Stn3. in October.

With the arrival of winters, 294.7 of EC was measured at Stn.1, of 305.0 at
Stn.2 and 406.0 at Stn.3 in November. The tharh December was marked with the
electrical conductance of 281.3 uS/ cm, 302.3 uS/ cm and 394.3 pS/ cm at Stn.1,
Stn.2 and Stn.3 respectively. EC at Stn.2 and 3 were almost found to be similar in
January and February with. It was 324.0 uS/ cm at Strd1326.3 uS/ cm at Stn.2
in January and 329.3 uS/ cm at Stn.1 and 339.3 uS/ cm at Stn.3 in the month of
February while it was measured 478.0 uS/ cm in January and 453.7 puS/ cm in

February at Stn.3.

In summer season, EC was 327.3 uS/ cm at Stn.1, 330.&u8&t Stn.2 but
450.3 pS/ cm at Stn.3 in the month of March. The month of April got the EC of

327.0 pS/ cm at Stn.1, 322.3 uS/ cm at Stn2 and 454.7 pS/ cm at Stn.3. In May
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month, it was observed at 415.0 uS/ cm at Stn.1, 400.7 uS/ cm at Stn.2 and 648.3
pS cm at Stn.3. EC of 485.7 uS/ cm was measured at Stn.1, 486.7 uS/ cm at Stn.2

and 554.7 uS/ cm at Stn3 in June (Figure 4.6).

4.5 Total Dissolved Salts (TDS)
The maximum value of TDS was recorded 455.0 mg/L and minimum to

191.7 mg/L in river water at thtaree sites selected for the study period.

During summers, the TDS of water was measured 235.0 mg/L at Stn.1, 273.3
mg/L at Stn.2 and 294.7 mg/L at Stn.3 in the month of July and 191.7 mg/L at Stn.1,
and similar at Stn.2 & Stn.3 with 216.7 mg/L in Augusonth. The TDS was
measured 291.7 mg/L at Stn.1, 271.7 mg/L at Stn.2 and 332.0 mg/L at Stn.3 in the
September month. In the month of October, 250.3 mg/L of TDS was observed at
Stn.1. Stn.2 was recorded with 246.3 mg/L and Stn.3 with 300.0 mg/L in thé&d mon

of October.

With the arrival of winters, the TDS was observed at 238.3 mg/L at Stn.1
during November. The TDS of 245.7 mg/L was recorded at Stn.2 and 355.0 mg/L at
Stn.3 in the same month. In the month of December, the TDS of 233.0, 240.0 and
339.0 vas measured at Stn.1, Stn.2 & Stn.3 respectively. In the month of January
2018, TDS of 260.0 mg/L was noticed at the Stn.1, 256.3 mg/L at Stn.2 and 382.0
mg/L at Stn.3. TDS of 267.0 mg/L was measured at Stn.1, 272.0 mg/L at Stn.2 and

365.3 mg/L at Stn.3 ding February month.

In summers, the TDS of 264.3 mg/L was observed at Stn.1, 268.3 mg/L at

Stn.2 and 368.3 mg/L at Stn.3 in March month. The TDS was found 264.0 mg/L at
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Stn.1 during April while it was measured 257.7 mg/L at Stn.2 and 370.7 mg/L at
Stn.3 In the month of May TDS of 290.0 mg/L was measured, 279.7 mg/L at Stn.2
and 455.0 mg/L at Stn.3. It was observed 337.3, 344.0 and 388.3 at Stn.1, Stn.2 &

Stn.3 respectively in the month of June (Figure 4.7).

4.6  Turbidity
The turbidity of river wateranged between 1.7 NTU units to 17.5 NTU units

round the year.

The turbidity of water was observed 8.8 NTU units at Stn.1 in Monsoon
season in month of July and 11.9 NTU units at Stn.2 and 13.7 NTU units at Stn.3. In
August, it was 2.4 NTU units at Stn.3.3 NTU units at Stn.2 and 1.9 NTU units at
Stn.3. The turbidity of 2.4 NTU units was observed at Stn.1, 2.4 NTU units at Stn.2
and 3.0 NTU units at Stn.3 in the month of September. The month of October was
observed with turbidity of 4.8 NTU units at Sktnof 6.7 NTU units at Stn.2 and of

10.7 NTU units at Stn.3.

In winter season, the turbidity at Stn.1 was recorded 1.7 NTU units, 2.7 NTU
units at Stn.2 and 4.6 NTU units at Stn.3 in the month of November. In the month of
December, 2.5 NTU units of tharbidity was observed at Stn.1, 3.4 NTU units at
Stn.2 & 6.3 NTU units at Stn.3. The turbidity was measured in the month of January
at Stn.1 with 3.3 NTU units, Stn.2 with 3.4 NTU units and Stn.3 with 5.6 NTU units.
The turbidity of 2.4 NTU units was reated at Stn.1, 2.9 NTU units at Stn.2 & 6.8

NTU units at Stn.3 in the month of February.
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In March, during the summer season, turbidity of 2.5 NTU units was
observed at Stn.1, 2.5 NTU units at Stn.2 and 5.9 NTU units at Stn.3. 3.7 NTU units
of turbidity was recorded at Stn.1, 3.0 NTU units at Stn.2 & 11.3 NTU units at Stn.3
in the month of April. The turbidity was measured 4.6 NTU units, 3.2 NTU units
and 17.5 NTU units at Stn.1, Stn.2 & Stn.3 respectively in the month of May. In
June, it was observed ab@NTU units at Stn.1, 4.7 NTU units at Stn.2 and 4.1 NTU

units at Stn.3 (Figure 4.8).

4.7  Total Alkalinity (TA)
TA of river water ranged between 96.7 mg/L to 203.3 mg/L. The maximum

value of TA was observed at Stn.3 in the month of May.

During themonsoon season, the total alkalinity at Stn.1 was measured 116.7
mg/L in the month of July. Stn.2 was reported with TA of 120.0 mg/L and Stn.3
with 133.3 mg/L in July. The month of August was reported with 100.0 mg/L at
Stn.1, 106.7 mg/L at Stn.2 and 118&8/L at Stn.3. TA of 140.0 mg/L was observed
at Stn.1, 120.0 mg/L at Stn.2 and 150.0 mg/L at Stn.3 in September. It was measured

119.3 mg/L at Stn.1, 113.3 mg/L at Stn.2 and 133.0 mg/L at Stn.3 in October.

On the onset of winters, 96.7 mg/L of TA wasasered at Stn.1, of 116.7 at
Stn.2 and 153.3 at Stn.3 in November. The month of December was observed with
the TA of 99.7 mg/L at Stn.1, 106.7 mg/L at Stn.2 & 156.7 mg/L at Stn.3. TA at
Stn.1 was observed 116.7 mg/L, 113.3 mg/L at Stn.2 and 180.0 mgth.atis
January. While it was measured 130.0 mg/L at Stn.1,126.7 mg/L at Stn.2 and 129.3

mg/L at Stn.3 in the month of February.
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In summer season, TA at Stn.1was 123.3 mg/L but, 113.3 mg/L at Stn.2 and
133.3 mg/L at Stn.3 in March. The month of April wasasured with the TA of
133.3 mg/L at Stn.1, 113.3 mg/L at Stn.2 and 196.7 mg/L at Stn.3. In May and June,
it was almost similar at Stn.2. It was measured 122.7 mg/L in May and 126.7 mg/L
in June while it was 140.0 mg/L at Stn.1 and 203.3 mg/L at Stril3eimonth of
May. In the month of June, it was observed at 126.7 mg/L at Stn.1 and 136.7 mg/L

at Stn.3 (Figure 4.9).

4.8 Hardness
Hardness includes the hardness caused by both calcium and magnesium

concentrations.

(a). Total Hardness (TH)

It rangedbetween 96.7 mg/L to 200.0 mg/L at all the three stations.

In the monsoon season, the total hardness of water at Stn.1 was measured
123.3 mg/L, Stn.2 with TH of 136.7 mg/L and Stn.3 with 153.3 mg/L in the month
of July. The month of August was obserweith 100.0 mg/L at Stn.1, 106.7 mg/L at
Stn.2 and 120.0 mg/L at Stn.3. TH of 140.0 mg/L was observed at St. 1 and Stn.2
but 160.0 mg/L at Stn.3 in the month of September. It was measured 130.0 mg/L at

Stn.1, 129.3 mg/L at Stn.2 and 170.0 mg/L at Stn.3dtoker.

During winter season, TH of 96.7 mg/L was measured at Stn.1, of 106.7 at
Stn.2 and 186.7 at Stn.3 in November. In the month of December, bhsasved
with 103.3 mg/L at Std, 110.0 mg/L at Stn.2 & 176.7 mg/L at Stn.3. TH in January

was measwd 150.0 mg/L, 143.3 mg/L and 196.7 mg/L at Stn.1, 2 and 3



Physicachemical Properties of Freshwater River System 65
]

respectively. In February, it was observed 148.3 mg/L at Stn.1, 160.0 mg/L at Stn.2

and 200.0 mg/L at Stn.3.

TH at Stn.1 was 143.3 mg/L, 150.0 mg/L at Stn.2 and 193.3 mg/L at Stn.3 in
the Marchmonth of summer season. The month of April was measured with the TH
of 133.3 mg/L at Stn.1, 113.3 mg/L at Stn.2 and 186.7 mg/L at Stn.3. In the month
of May, it was measured 130.0 mg/L at Stn.1 and 2 while it was measured 190.0
mg/L at Stn.3. It was obsexd 156.7 mg/L at Stn.1, 136.7 mg/L at Stn.2 and 160.0

mg/L at Stn.3 in the month of June (Figure 4.10).

(b). Calcium Hardness

Calcium hardness varied between 60.0 mg/L to 126.7 mg/L.

During monsoons, the calcium hardness at Stn.1 was measured 7B,3 mg/
Stn.2 with 83.3 mg/L and Stn.3 with 93.3 mg/L in the month of July. The month of
August was observed with 60.0 mg/L at Stn.1, 63.3 mg/L at Stn.2 and 70.0 mg/L at
Stn.3. Calcium Hardness of 80.0 mg/L was observed at St. 1 and Stn.2 while 100.0
mg/L at Sh.3 in the month of September. It was measured 90.0 mg/L at Stn.1, 86.7

mg/L at Stn.2 and 100.0 mg/L at Stn.3 in October.

In winter season, calcium hardness of 60.0 mg/L was measured at Stn.1, 66.7
mg/L at Stn.2 and 116.7 mg/L at Stn.3 in November. énritonth of December, it
was observed with 63.3 mg/L at Stn.1, 80.0 mg/L at Stn.2 & 96.7 mg/L at Stn.3.
Calcium Hardness was measured 86.7 mg/L at Stn.1 and 2 while 116.7 mg/L at
Stn.3 in January. In February, it was observed 86.7 mg/L, 100.0 mg/L and 106.7

mg/L at Stn.1, 2 at 3 respectively.
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Calcium Hardness at Stn.1 was measured 83.3 mg/L in March, April and
May months of summer season. It was 90.0 mg/L at Stn.2 and 103.3 mg/L at Stn.3
in the month of March. The month of April was measured 73.3 mg/Lra2 &nhd
126.7 mg/L at Stn.3. It was reported 81.7 mg/L at Stn.2 and 110.0 mg/L at Stn.3 in
the month of May. It was observed 96.7 mg/L at Stn.1 and 3 but 86.7 mg/L at Stn.2

in the month of June (Figure 4.11).

(c). Magnesium Hardness
The magnesium hardreswas observed maximum at 93.3 mg/L and

minimum at 30.0 mg/L during the study period.

During the study period, the monsoon season exhibited the magnesium
hardness of 50.0 mg/L at Stn.1, 53.3 mg/L at Stn.2 and 60.0 mg/L at Stn.3 of water
in the month ofjuly. The month of August was observed with 40.0 mg/L at Stn.1,
43.3 mg/L at Stn.2 and 50.0 mg/L at Stn.3. In the month of September, magnesium
hardness of 60.0 mg/L was observed at all the three stations. It was measured 40.0

mg/L at Stn.1, 42.0 mg/L ati® and 70.0 mg/L at Stn.3 in October.

In winter season, magnesium hardness of 36.7 mg/L was measured at Stn.1,
40.0 mg/L at Stn.2 and 70.0 mg/L at Stn.3 in November. In the month of December,
it was observed with 40.0 mg/L at Stn.1, 30.0 mg/L at Stn8& mg/L at Stn.3.
Magnesium hardness was measured 63.3mg/L at Stn.1, 56.7 mg/L at Stn.2 and 80.0
mg/L at Stn.3 in January. In February, it was observed 61.7 mg/L, 60.0 mg/L and

93.3 mg/L at Stn.1, 2 at 3 respectively.
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In March month of summers, magnes hardness was measured 60.0 mg/L
at Stn.1 and 2 but 90.0 mg/L at Stn.3. In the month of April it was measured 50.0
mg/L at Stn.1, 40.0 mg/L at Stn.2 and 53.3 mg/L at Stn.3. It was observed 46.7
mg/L at Stn.1, 48.3 mg/L at Stn.2 and 80.0 mg/L at StntBenmonth of May. In
June month, 60.0 mg/L of magnesium hardness was measured at Stn.1 and Stn.3

while 53.3 mg/L at Stn.2 (Figure 4.12).

4.9 Chloride
The maximum value of chloride concentration was observed 20.0 mg/L and

minimum at 88.7 mg/L in water #te three sites selected for the study period.

In the monsoon time, the chloride content in water at Stn.1 was measured
33.3 mg/L in July. Stn.2 was recorded with chloride content of 46.7 mg/L and Stn.3
at 50.0 mg/L in the same month. It was observe@ 2@y/L at Stn.1, 30.0 at Stn.2
and 33.3 mg/L at Stn.3 in August month. The chloride content was measured 30.0
mg/L at Stn.1, 40.0 mg/L at Stn.2 and 50.0 mg/L at Stn.3 in the September month.
In the month of October, 31.3 mg/L of chloride content was obdeat Stn.1, Stn.2

was recorded with 38.0 mg/L and Stn.3 with 44.0 mg/L.

During November, the chloride content was measured at 30.0 mg/L at the
Stn.1, 36.7 mg/L at Stn.2 and 73.3 mg/L at Stn.3 in the winter season. In the month
of December, it was obsed 39.3 mg/L, 40.7 mg/L and 68.3 mg/L at Stn.1, Stn.2
& Stn.3 respectively. In the month of January, chloride content of 30.7 mg/L was
measured at Stn.1, 31.3 mg/L at Stn.2 and 66.7 mg/L at Stn.3. During February
month, chloride content of 40.0 mg/L waeasured at Stn.1, 40.7 mg/L at Stn.2 and

80.0 mg/L at Stn.3.
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With the arrival of summers, the chloride content of 43.3 mg/L was observed
at Stn.1, 36.7 mg/L at Stn.2 and 86.7 mg/L at Stn.3 in March month. The chloride
content was found 40.0 mg/L at Stn.1 during April while it was measured 33.3 mg/L
at Stn.2 and 73.81g/L at Stn.3. In the month of May, chloride content of 49.3 mg/L
was measured at Stn.1, 40.0 mg/L at Stn.2 and 88.7 mg/L at Stn.3. It was observed
46.7 mg/L, 50.0 mg/L and 60.0 mg/L at Stn.1, Stn.2 & Stn.3 respectively in the

month of June (Figure 4.13).

4.10 Nitrate
Nitrate content of river water varied between 1.3 mg/L to 8.0 mg/L round the

year.

During monsoon season, the nitrate content at Stn.1 was measured 2.7 mg/L
in the month of July while 4.3 mg/L at Stn.2 and 4.0 mg/L at Stn.3. It wasl #.In
mg/L at Stn.1, 3.0 mg/L at Stn.2 and 4.0 mg/L at Stn.3 in the month of August. 6.0
mg/L of nitrate concentration was observed at Stn.1, 7.0 mg/L at Stn.2 and 8.0 mg/L
at Stn.3 in September. It was measured 5.0 mg/L at Stn.1, 6.7 mg/L at Stn.2 and 7.7

mg/L at Stn.3 in October.

During winters, 3.0 mg/L of nitrates were measured at Stn.1, of 2.3 at Stn.2
and 4.3 at Stn.3 in November. The month of December was observed with the nitrate
content of 2.0 mg/L at Stn.1, 2.3 mg/L at Stn.2 & 7.7 mg/L at ShtBate content
at Stn.1 was found to be similar in January and February with 2.0 mg/L while it was
measured 2.0 mg/L and 3.0 mg/L at Stn.2 in January and February respectively.
Stn.3 was observed with 8.0 mg/L of nitrate concentration in January antgA.7

in February at Stn.3.
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In summer season, the nitrate content at Stn.1 was measured 2.0 mg/L, 2.3
mg/L at Stn.2 and 6.7 mg/L at Stn.3 in March. It was measured with 1.7 mg/L at
Stn.1, 5.7 mg/L at Stn.2 and 1.3 mg/L at Stn.3 in the month of April. iy &nal
June, it was almost similar at Stn.1 and Stn.2 It was measured 2.3 mg/L in May, 2.1
mg/L in June at Stn.land it was 2.0 mg/L in the month of May and 2.2 mg/L in June
at Stn.2. It was observed 7.0 mg/L in the month of May and 2.7 mg/L at Stn.3 in

June(Figure 4.14).

411 Sulphate
Sulphate concentration of water varied with minimum of 4.7 mg/L to

maximum of 38.3 mg/L.

The Monsoon season started with the month of July in which sulphate
content was measured 12.3 mg/L at Stn.1, 21.3 mg/L at Stn.28&Bd /L at
Stn.3. In August, it was 10.0 mg/L at Stn.1, 12.0 mg/L at Stn.2 and 15.0 mg/L at
Stn.3. The sulphate content of 19.0 mg/L was observed at Stn.1, 22.0 mg/L at Stn.2
and 31.0 mg/L at Stn.3 in the month of September. The month of October was
obseved with sulphate content of 10.3 mg/L at Stn.1, of 8.3 mg/L at Stn.2 and of

13.7 mg/L at Stn.3.

On the onset of winters, the sulphate content at Stn.1 was recorded 4.7 mg/L
at Stn.1, 6.7 mg/L at Stn.2 and 8.7 mg/L at Stn.3 in the month of Novembke In t
month of December, 7.3 mg/L of sulphate was observed at Stn.1, 8.7 mg/L at Stn.2
& 12.3 mg/L at Stn.3. In the month of January, the sulphates were measured 14.3
mg/L at Stn.1, 17.3 mg/L at Stn.2 and 11.3 mg/L at Stn.3. The sulphate content of
9.0 mg/L was observed at Stn.1, 8.0 mg/L at Stn.2 & 12.7 mg/L at Stn.3 in the

month of February.



Physicachemical Properties of Freshwater River System 70
]

During summer season, in March, sulphate content of 10.3 mg/L was
observed at Stn.1, 9.3 mg/L at Stn.2 and 15.7 mg/L at Stn.3. In the month of April,
11.3 mg/L ofsulphate content was recorded at Stn.1, 15.7 mg/L at Stn.2 & 21.3
mg/L at Stn.3. It was measured 17.7 mg/L, 20.7 mg/L and 25.0 mg/L at Stn.1, Stn.2
& Stn.3 respectively in the month of May. It was observed 14.7 mg/L at Stn.1, 12.0

mg/L at Stn.2 and 26.7 figat Stn.3 in June (Figure 4.15).

4.12 Fluoride
Fluorides in water varied from a minimum of 0.11 mg/L to maximum of 0.35

mg/L at the three selected sites during the study period.

The river water in monsoon season depicted the fluoride content of 0.19
mg/L at Stn.1, 0.22 mg/L at Stn.2 and Stn.3 in the month of July. It was observed
0.11 mg/L at Stn.1, 0.13 at both Stn.2 and Stn.3 in August month. The fluoride
content was measured 0.19 mg/L at Stn.1, 0.23 mg/L at Stn.2 and 0.27 mg/L at Stn.3
in the Septmber month. In the month of October, 0.27 mg/L of fluoride content was

observed at Stn.1, Stn.2 was recorded with 0.26 mg/L and Stn.3 with 0.32 mg/L.

With the arrival of winters, the fluoride content was measured at 0.21 mg/L
at the Stn.1, 0.26 mg/L &tn.2 and 0.32 mg/L at Stn.3 in November month. In the
month of December it was 0.24 mg/L at Stn.1, 0.28 mg/L at Stn.2 and 0.30 mg/L at
Stn.3. It was 0.22 mg/L in January month at Stn.1 and 2 while 0.29 mg/L at Stn.3.
During February month, fluoride conteof 0.3 mg/L was observed at all the three

stations.



Physicachemical Properties of Freshwater River System 71
]

During summers, the fluoride content of 0.27 mg/L was observed at Stn.1,
0.28 mg/L at Stn.2 and 0.35 mg/L at Stn.3 in March month. The fluoride content
was found 0.21 mg/L at Stn.1 during April whitevas measured 0.20 mg/L at Stn.2
and 0.32 mg/L at Stn.3. In the month of May, fluoride content of 0.25 mg/L was
measured at Stn.1, 0.23 mg/L at Stn.2 and 0.34 mg/L at Stn.3. In the month of June
it was observed 0.11 mg/L at Stn.1, 0.17 mg/L at Stn.2(ah8 mg/L at Stn.3

(Figure 4.16).

4.13 Dissolved Oxygen (DO)
Dissolved oxygen of river water ranged between 3.9 mg/L to 8.5 mg/L round

the year.

In monsoon season, the DO of water at Stn.1 was measured 6.7 mg/L in the
month of July while 7.1 mg/L &tn.2 and Stn.3. It was observed 7.0 mg/L at Stn.1,
6.5 mg/L at Stn.2 and 6.1 mg/L at Stn.3 in the month of August. 7.9 mg/L of DO
was observed at Stn.1, 5.9 mg/L at Stn.2 and 6.9 mg/L at Stn.3 in September. It was
measured 7.1 mg/L at Stn.1, 6.8 mg/L at.3and 6.3 mg/L at Stn.3 in the month of

October.

7.5 mg/L of DO was measured at Stn.1, of 5.7mg/L at Stn.2 and 4.9 mg/L at
Stn.3 in November during winters. The month of December was observed with the
DO of 8.5 mg/L at Stn.1, 7.6 mg/L at Stn.2 & 5.@/inat Stn.3. DO at Stn.1 was
found to be almost similar with 7.5 mg/L in January and with 7.4 mg/L in February
at Stn.1. DO of 7.4 mg/L was measured at Stn.2 in January and 7.2 mg/L in
February. Stn.3 was observed with 6.0 mg/L DO in January and 3.9 img/L

February.



Physicachemical Properties of Freshwater River System 72
]

In summers, the DO at Stn.1 was measured 7.0 mg/L, 6.9 mg/L at Stn.2 and
4.0 mg/L at Stn.3 in March. It was measured with 6.6 mg/L at Stn.1, 6.1 mg/L at
Stn.2 and 6.5 mg/L at Stn.3 in the month of April. In May and June, it was similar at
Stn3 with 5.2 mg/L. It was measured 6.5 mg/L in May at Stn.1 and 6.2 at mg/L
Stn.2. In the month of June it was 6.8 mg/L at Stn.1 and 6.4 mg/L at Stn.2 June

(Figure 4.17).

4.14 Biochemical Oxygen Demand (BOD)
BOD values of water in river ranged betwee® fg/L to 5.03 mg/L during

the study period.

In the July month of Monsoon season, BOD of water was measured 1.0
mg/L at Stn.1, 2.8 mg/L at Stn.2 and 5.0 mg/L at Stn.3. In August, it was 2.0 mg/L
at Stn.1, 2.1 mg/L at Stn.2 and 1.4 mg/L at Stn.3. The BOStn.1 was observed
with 1.4 mg/L, Stn.2 with 0.5 mg/L and Stn.3 with 5.0 mg/L in the month of
September. The month of October was measured with 0.9 mg/L at both Stn.1 and

Stn.2 but with 4.6 mg/L of BOD at Stn.3.

During the winter season, the BOD atsaabserved 2.4 mg/L at Stn.1 and
Stn.3, while 0.7 mg/L at Stn.2 in the month of November. In the month of
December, 0.5 mg/L of BOD was observed at Stn.1, 0.9 mg/L at Stn.2 & 2.9 mg/L
at Stn.3. 0.3 mg/L of BOD was measured at Stn.1 in the month of Jaacry
February. It was 0.6 mg/L at Stn.2 and 2.1 mg/L at Stn.3. BOD of 0.2 mg/L was

recorded at Stn.2 & 3.6 mg/L at Stn.3 in the month of February.
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In summer season, BOD of 0.9 mg/L was observed at Stn.1, 0.6 mg/L at
Stn.2 and 2.9 mg/L at Stn.3 in the mowtf March. At Stn.1, 2.1 mg/L of BOD was
measured in the month of April and May. 2.0 mg/L of BOD was observed at Stn.2
and 2.6 mg/L at Stn.3. It was measured 1.7 mg/L and 2.5 mg/L at Stn.2 & Stn.3
respectively in the month of May. In June, it was obseate2i2 mg/L at Stn.1, 2.1

mg/L at Stn.2 and 1.7 mg/L at Stn.3 (Figure 4.18).

4.15 Chemical Oxygen Demand (COD)

COD ranged from 4.0 mg/L to 66.67 mg/L round the year in river water.

COD was measured 26.7 mg/L at Stn.1, 57.3 mg/L at Stn.2 and 66.7amg/L
Stn.3 in water in the month of July during Monsoon season. It was 20.7 mg/L at
Stn.1, 40.7 mg/L at Stn.2 and 56.7 mg/L at Stn.3 in August. The COD at Stn.1 was
measured with 21.7 mg/L, Stn.2 with 48.3 mg/L and Stn.3 with 64.3 mg/L in the
month of Septeier. It was observed with 15.7 mg/L at Stn.1, 31.3 mg/L at Stn.2

and 57.7 mg/L of COD at Stn.3 in the month of October.

In the month of November, COD was measured 7.7 mg/L at Stn.1, 38.3
mg/L at Stn.2 and 61.7 mg/L at Stn.3 during the winter seasothelmonth of
December, 9.3 mg/L of COD was observed at Stn.1, 29.3 mg/L at Stn.2 & 55.0
mg/L at Stn.3. COD of 4.0 mg/L was measured at Stn.1, 14.0 mg/L at Stn.2 and 41.3
mg/L at Stn.3 in the month of January. In the month of February, it was 14.0 mg/L

at 8n.1, 11.0 mg/L at Stn.2 and 34.7 mg/L COD was recorded at Stn.3.

In the summer season, 14.7 mg/L of COD was observed at Stn.1, 12.3 mg/L

at Stn.2 and 36.0 mg/L at Stn.3 in March month. In the month of April, 18.7 mg/L of
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COD was measured at Stn.1, 3Bg/L at Stn.2 and 12.7 mg/L at Stn.3. It was
measured 22.0 mg/L at Stn.1, 18.3 mg/L at Stn.2 and 44.7 mg/L at Stn.3 in the
month of May. In June, it was observed at 18.3 mg/L at Stn.1, 13.3 mg/L at Stn.2

and 24.3 mg/L at Stn.3 (Figure 4.19).
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Figure 4.3: Light Intensity at Three Stations
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Figure 4.4: Temperature at three stations
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Figure 4.5: pH values at three stations
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Figure 4.6: EC at three stations
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Figure 4.7: TDS at three stations
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Figure 4.8: Turbidity at three stations
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Figure 4.9: Total Alkalinity at Three Stations



Physicachemical Properties of Freshwater River System 2
Stn.1 —<#-Stn.2 =&—=Stn.3
250.0
200.0 M
Q 150.0 =
o
S
T 100.0 o
|_
50.0
OO T T T T T T T T T T T 1
July Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun
Months
Figure 4.10: Total Hardness at Three Stations
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Figure 4.11: Calcium Hardness at Three Stations
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Figure 4.12: Magnesium Hardness at Three Stations
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Figure 4.13: Chloride Content at Three Stations
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Figure 4.14:Nitrate Content at Three Stations
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Figure 4.15: Sulphate Concentration at Three Stations
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Figure 4.16: Fluoride Content at Three Stations
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Figure 4.17: DO Level at Three Stations
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Figure 4.18: BOD Level at Three Stations
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CHAPTER 5
DIVERSITY AND COMMUNITY STRUCTURE

OF CYANOBACTERIA

Cyanobacteria are chlorophyll containing photosynthetic -gheen algae
which have close affinity with bacteria as they possess prokaryotic structure with
absence of sexual reproduction in them. They flourish in every possible environment
with a wide range of organization. They may be unicellular, filamentous or colonia
They have multiple uses of economic importance. They can also be used as

bioindicators for the bioassessment of an ecosystem.

Biodiversity, also known as biological diversity, can be defined as variation
among species and habitats of living organibem# at gene level; species level or at
ecosystem level. It is basically the variety of life. Three types of biodiversity are
knowni U diversity (local), b diversity (tu
g e n e r-diversity i¢) the diversity of lifeforms within a habitat or within
community diversity. The concept of biodiversity at species level is known as
speci es didwversitsand lyas tara contbonentsichness & evenness.
Species richness is the number of kinds of species in a comnafiratyarticular
taxon. Evenness is how the number of individuals are distributed among the species.
Thedibversity is b et we ediversityaid the diversitydof v er si t

landscapescale areas (Ricklefs and Miller, 1999; Odum and Barrett, 2010).

5.1  Diversity of Cyanobacteria
The surface water samples were collected from the three sampling sites in

the morning time during second week of every month from July 2017 to June 2018



Diversity and Community Structure of Cyanobacteria ﬁ

to study the diversity of cyanobacteria. The collected samples stigieed within

48 hrs with the preparation of fresh mounts in laboratory for the study of diversity of
cyanobacteria. The samples were also fixe
further examination in detail. Identification of Cyanobacteria wasedeith the help

of available standard keysjonographgSmith, 1950; Prescott1954; Desikachary,
1959; Prescott] 970; Palmer1980; Baker and Fabbrd@002;Bellinger and Sigee,
2015, online databasenMvw.algaebase.ojgand research publicatiofdnagnostidis

and Komarek, 1988omarek and Komérkovéa, 200Baset al, 2010;Liu et al,
2013;Komareket al,, 2014, Tandon, 2016Meneze<t al, 2020) For this purpose a
trinocular research Metzdd vision plus microscope was used anatrophotographs

were taken by an attached imported camera MD500. The quantitative results of

cyanobacteria were expressed as organisms/mL (Figure 5.1).

The diversity of Cyanobacteria wasudied for twelve months during three
seasoris monsoon, winter and summer round the year. Various forms of
cyanobacteria were observed during the study period. They belong to Cyanophyceae
class of Kingdom Alga. The class is divided into five ordeirsChroococcales,

Chamaesiphonales, Pleurocapsales, Nostocales, Stigtales¥ritsch, 1935

Total 14genera and 25 specie planktonic freshwater Cyanabactenare
observed during the study period that belongedto 2 oodérs Fr i t schdés <cl| as
(Fritsch, 1935)
Order ChroococcalesChroococcus, Gloeocaps&ynechocystisSynechococcus,

Microcystis, Aphanocapsa, Merismopedia


http://www.algaebase.org/
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OrderNostocalesLyngbya,Oscillatoria, Spirulina,CylindrospermopsisAnabaena,
Nostoc, Planktothrix

On the basis of modern system of classificatidnagnostidis and Komarek, 1988;
Koméreket al, 2014)the cyanobacteria observed during the study period belonged
to orders as mentioned below:

OrderSynechococcaleSynechocystis, Synechococ&shanocapsa, Merismopedia
OrderSpirulinales ordo novSpirulina

OrderChroococcalesChroococcus, Gloeocapsa, Microcystis
OrderOscillatorialesiyngbya, Oscillatoria, Planktothrix

OrderNostocalesAnabaena, Nostoc, Cylindrospermopsis

Experimental Obsevations:
Seasonal Diversity of Cyanobacteria
Monsoon Season

Various taxa of Cyanobacteria were found and studied during the rainy
season at three stations. The monsoon season started from July 2017 and lasted to
October 2017 Anabaena, NostodQscillatoria, Chroococcusand Synechococcus
were the major Cyanobacteria found during the monsoon season at Stn.1 (control
station).Oscillatoriawas commonly found during July to September 2017 mostly at
all the stations studied. The Cyanobacteria li€droococcus, Oscillatoria,
Aphanocapsa, Planktothrix, SynechocacamdMicrocystiswere apparent at Stn.3
while the Stn.2 was found abundant with the presencénabaena Oscillatoria,

Chroococcus, Planktothrix, Merismope@diadAphanocapsauring this season.
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Winter Season

The season of winter which was considered from November 2017 to
February 2018 marked with the presencénébaena, Oscillatoria, Aphanocapsa,
Planktothrix at Stn.1. The Stn.2 was flourished wilscillatoria, Aphanocpsa,
Chroococcus, Synechococcus, Spirulina, Anabaand Merismopedia While
Chroococcus,Oscillatoria and Merismopediawere observed at Stn.3 in winter

seasonMerismopediavas dominant at Stn.3 during this season.

Summer Season

The summer season started from March 2018 and remained till June 2018.
This season was flourished witlDscillatoria, Aphanocapsa, Planktothrix,
Chroococcus, Spirulina, AnabaeaadMerismopediaat station Stn.1Planktothrix,
Anabaena, Oscillatoria, Lyngby Aphanocapsa, Chroococcus, Synechococcus,
Synechocystisand Merismopedia were observed at Stn.2Microcystis and
Cylindrospernopsis were also observed at Stn.2 during this seabtiorocystis,
Oscilllatoria andChroococcusvere observed at Stn.3 in thenth of June 2018 but

Merismopediavas dominant at Stn.3 during the summer season.

Bhatnagar and Bhardwaj (2013 a&b) have repogedera viz.Anabaena
sp.,Aphanocapsap.,Chroococcusp.,Gloeocapsap.,Microcystissp.,Merismopedia
sp.,Nostocsp.,Phormidiumsp.,Oscillatoria sp., Spirulinasp.,Arthrospirasp. in their

study in 20112012 at Kota Barrage.
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Table 5.1: Seasonwise occurrence @yanobacteria at Three Stations
from July 2017 to June 2018

Season

Cyanobacteria

Monsoon

Winter

Summer

Stn.3

Stn.3

Anabaenasp.

+ | Stn.1

+ | Stn.2

+ | Stn.1

+ | Stn.2

+ | Stn.1
+ | Stn.2
Stn.3

Aphanocapsa grevill§Hass.)
Rabenh.

+

+

+

+
+

Aphanocapsa littorali$lansgirg

+

Chroococcusp.

Chroococcuslispersugv. Keissler)
Lemm.

Chroococcusninor (Kutz.) Nag.

CylindrospermopsispSeenaya &
Subba Raju

Gloeocapsap.

GloeocapsaunctataNag.

Lyngbyasp.

MerismopedialegansA. Br.

MerismopedianinimaBeck

Microcystis aeruginos&utz.

+ |+ |+

4|+ ][+ ]|+ ]|+

+ |+ |+

Microcystis flosaquae(Wittr.)
Kirchner

+

Microcystis wesenbetig(KomareK
Komarekin Kondrateva

Microcystis smithiKomareket
Anagnostidis

Nostocsp.

Oscillatoria sp.

Oscillatoria subbrevi§Schmidle

Oscillatoria tenuisAg. ex Gomont

+ [+ |+

+ |+ |+

Oscillatoria chlorinaKitz. ex
Gomont

+

Planktothrixsp.Anagnostidis &
Komarek

Spirulinalaxissimaformamajor f.
nov. West, G.S.

Synechococcusp.

Synechocystisp.

(+ present - absent)
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Systematic Enumeration and Description of some of the observéaixa:

Order Synechococcalg&omareket al, 2014)

Genus AphanocapsaNag.

Two species were observed

Aphanocapsa grevillefHass.) Rabenh.

Desikachary, 1959, p. 134, pl. 21, fig.9

Thallus spherical, gelatinous, light blue green in colour, irregular, cells
spherical and closely arranged in mucilage, individual sheaths around the cells

absent, 3.55.6 u diameter (Platel Figure a).

Aphanocaps littoralis Hansgirg

Desikachary, 1959, p. 131, pl. 21, fig.1

Thallus mucilaginous, amorphous without any definite shape, cells spherical

to subspherical, single or in twos, sparsely aggregaieg, diameter (Platel Figure b).

Genus- SynechocystiSauvageau
Synechocystisp.

Desikachary, 1959, p. 144, pl. 25, fig.9&11

Cells spherical, single or two together after cell division, no distinguishable

mucilage envelopes are found, rarely in colonies. (Platel Figure c).



Diversity and Community Structure of Cyanobacteria 89

Genus- Synechococcudlag.
Synechococcusp.
Desikachary, 1959, p. 143, pl. 25, fig.; Prescott, 1970, p. 460. pl. 1028fig.6
Oblong or cylindrical unicells, longer than broad cells, or rarely in colonies
of 2-4 in one plane, round apices, division transverse, highly granulath sitesent,

free-floating (Plate IFigure d).

Genus- MerismopediaMeyen

Two species were observddring the study.

MerismopediaelegansA. Br.

Desikachary, 1959, p. 156, pl. 29, fig.9; Prescott, 1970, p. 459. pl. 101, fig. 1

Colonies small or big, 28000 celled, light blue in colour, cells spherical or
oblong, more or less cells closely arranged forming a plate;fl&rattng or

planktonic,5-7 u broad, 6 u long (Plate Figure e).

Merismopediaminima Beck
Desikachary1959, p. 154, pl. 29, fig.11

Colony small, 4 to many celled, pale blue in colour,fieating, 0.50.6 u
broad (Plate Figure f).

Order Spirulinales ordo nov. (Koméarek al, 2014)

Genusi Spirulina Turpin

Only one species was observed.
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Spirulina laxissimaformamajor f. nov. West, G.S

Desikachary, 1959, p. 196, pl. 36, f&.Prescott, 1970, p. 480. pl. 107, fig.17

Trichomes 0.70.8 u broad, unicellular, spirals regular and very loose, not
tapering towards the apices, terminal cell roundsatuse, sheath absent, free
floating (Plate ZFigure g). According to new classification, Komakal. (2014)
has placed this genus @faucospira laxissimg§Baruahet al, 2014).

Order Chroococcales (Komarek al., 2014)

Genus- Chroococcud\ag.

Three speciesf Chroococcusverefound.

Chroococcussp.

Desikachary, 1959, p. 98

Cells spherical or subspherical or hemispherical with round margins in group
of 2-16 in mucilaginous matrix with distinct gelatinous sheath of individual cell,
concentricrings in mucilaginous sheath generally absent, free swimming colony,

cells not vacuolated, light to bright bkgeeen in cabur (Plate Zigure h).

Chroococcudispersuqv. Keissler) Lemm.
Prescott, 1970, p. 447. pl. 100, figBlDas, Bhakta anddhikary, 2010, p.337, pl.1,

fig.7

Cells 216 or more in tabular mucilaginous matrix, with round margins, cells
in groups isolated from each other, free swimming colony, individual envelopes not
lamellated, totally gelatinised, colourless, light or kit bluegreen in colour

(Plate 2Figure i).
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Chroococcugnminor (Kitz.) Nag.

Desikachary, 1959, p. 105, pl. 24, fig.1; Prescott, 1970, p. 449. pl. 100, fig.12

Gelatinous colony, cells spherical, singly or in pairs, seldom 4 or 8, dirty

blue-green owlive green in clour, colourless sheath (Platé-Ryure j).

Genus- Gloeocaps&iitzing

Two species were observed

Gloeocapsap.

Desikachary, 1959, p. 111 ; Prescott, 1970, p. 451

Cells spherical, surrounded by a laminated shea#h,ir colonies witha
number of concentric layers of mucilage, definite thicker sheaths, individual sheaths

lamellated or unlamellated (PlateFyure k).

GloeocapsaunctataNag.

Desikachary, 1959, p. 115, pl. 23, fig.2; Prescott, 1970, p. 452, pl. 101, fig.7

Thallus gelatinous, cells spherical, cellslB in colonies, surrounded by a
colourless, unlamellated thick sheath, with sheath73.5broad, light blugreen in

colour (Plate Figure I).

Genus- MicrocystisKietzing

Four species of this genera were observed.
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Microcystis aeruginos&utz.
Desikachary, 1959, p. 93, pl. 17, fig.1,2,6 and pl. 18, fig. 10 ; Prescott, 1970, p. 456.

pl, 102, fig.24; Das, Bhakta and Adhikary, 2010, p.337, pl.1, fig.4

Colonies with numerous ovate or spherical cells, colonies wheng round
or slightly longer than broad, cells73u in diameter, generally with gas vacuoles,
colony solid but when old become perforated or clathrate, colonial mucilage hyaline

and distinct, blugyreen in colour, frefloating or planktonic(Plate 3Figure m).

Microcystis flosaquae(Wittr.) Kirchner
Desikachary, 1959, p. 94, pl. 17, fig.11 and pl. 18, fig.Bdker and Fabbro, 2002

p. 9, photo 9Das, Bhakta and Adhikary, 2010, p.337, pl.1, fig.5

Colonies roughly spherical, ellipsoidal somewhat elongate often squarish
in optical section, cells globose or spherical, with gas vacuoles, c&llgi 3n
diameter, colonies neperforate or noftlathrate, with indistinct colonial mucilage,

free-floating or planktonic. (Plate Bigure n).

Microcystis wesenbergiKomarek Komarekin Kondrateva
Baker and Fabbro, 200p. 9, photo 13Tandon, Kesarwani, Mishra, Dikshit and

Tiwari, 2016, p.6, pl. 1, fig.1 and p.7, pl. 2, fig. 8&9

Colonies irregular,micro to macroscopicoften lobed and fenestrate,
boundary of the colonial mucilage sharply defined and refracrive, cells spherical,
sparsely well distributed within the mucilagegcked with aerotoped,57.5 p n

diameter, planktonic. (PlateR3gure o).
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Microcystissmithii Komareket Anagnostidis
Tandon, Kesarwani, Mishra, Dikshit and Tiwari, 2016, p.6, pl. 1, fig.7 and p.8, pl. 3,

fig. 23& 24

Colonies spherical or slightly irregular, notathrate, cells scattered or rarely
densely arranged, cells loosely arranged within colony, siltde or in pairs after
division spherical with several brownish aerotopes in each cel5.8i2n in
diameter colourless mucilagewithout refractive margin freefloating (Plate 3
Figure p).

Order Oscillatoriales Anagnostidis and Komarel988 Komareket al,, 2014)

Genus- LyngbyaAg.

Lyngbyasp.

Desikachary, 1959, p. 278 ; Prescott, 1970, p. 497

Unbranched trichome of cells in a thin or very massive delicate, firm, distinct
sheath, sheath mostly colourless, mostly cylindrical trichome with very slight
tapering, trichomes may be solitary or form a coiled mass, celld im in

diameter, fre-floating or attached ( PlateFgure q).

Genus- Oscillatoria Vaucher

Four species were observed

Oscillatoria sp.

Desikachary, 1959, p. 198
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Trichome straight forming a free floating thallus, mucilaginous sheath absent,

end of trichome distinctly markeldave oscillating movement (Plate=gure r).

Oscillatoria subbrevisSchmidle
Desikachary, 1959, p. 207, pl. 37, fig.2 and pl. 40, fig. 1 ; Prescott, 1970, p. 491. pl.

107, fig.23

Trichomes single, straight, not attenuated at the apices, €2l|slang, not
granulated at the crosgalls, end cell rounded, calyptra absen f broad (Rite 4

Figure s).

OscillatoriatenuisAg. ex Gomont

Desikachary, 1959, p. 222, pl. 42, fig.15 ; Prescott, 1970, p. 491, pl. 110, fig.8,9,14

Trichome straight, sligtly constricted at the crossgalls, not attenuated at
the apices, not capitates, end cell hemispherical with thickened outer membrane,

mucilaginous sheh absent, 4.0 p broad (Plate Eigure t).

Oscillatoria chlorina Kiitz. ex Gomont

Desikachary, 1959, p. 215, pl. 40, fig.4

Trichome straight or curved, uncontrictedstightly constricted at the cross
walls, gas vacuoles absent, not granulated at the-afalts calypta absent, 3-8 u

broad (Plate #igure u).

Genus- Planktothrix Anagnostidis &Komarek
Planktothrix sp.

Baker and Fabbro, 2008. 20, fig. 5



Diversity and Community Structure of Cyanobacteria ﬁ

Straight cylindrical trichomes, cross walls slightly constricted, rounded
apical cell, slightly tapering towards the terminal cell, sheath absent, cells iso
diametric, planktonicgontaining gas vesicles (Platé-fgure v).

Order Nostocales (Komérest al 2014)

Genus- NostocVaucher
Nostocsp.

Desikachary, 1959, p. 372 ; Prescott, 1970, p. 520

Mucilaginous thallus with a definite shape, periphery dense and darkly
coloured, unbranched trichomes of bdi&d cylindrical cells, curved or entangled
filaments, intercalary heterocysts, cells depressed, spherical or cylindrical, trichomes
with no basabistal differentiation, colonies microscopic or macroscopieg fr

floating or attached (PlateFagure w).

Genus- AnabaenaBory
Anabaenasp.

Desikachary, 1959, p. 391 ; Prescott, 1970, p. 510

Straight and uniformly broad trichomes, either with sheath or without a
sheath, cells cylindrical or barrel shaped, trichomes are not parallel, intercalary
heterocysts, single spores are found or iresdhat are formed near the heterocysts,

free- floating or attackd on moist substrates. (PlatEigure x).
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Genus- CylindrospermopsisSeenaya & Subba Raju
Cylindrospermopsisp.
Baker and Fabbro, 200f. 37, fig. 11Komarek and Komarkova, 2003, 14 fig. 3,

table 6;Menezes, Valério, Botelho and Dias, 2020, p. 4 fig.1

Solitary straight or slightly curved trichome, mucilaginous envelope absent,
vegetative cells cylindrical with little or no constriction at cross walls, conical or
long ovoid termmal heterocysts one at either end or at both the ends, akinete

cylindrical, solitary, intercalary, planktonic, gas vesicles present ( PRtgre y).
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Plate 1
a. Aphanocapsa grevillei b. Aphanocapsa littoralis
C. Synechocystisp. d. Synechococcusp.

e. Merismopedialegans f. Merismopedia minima
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Plate 2
g. Spirulina laxissimdormamajor h. Chroococcusp.
I. Chroococcus dispersu J- Chroococcus minor
k. Gloeocapsap. l. Gloeocapsa punctata
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Plate 3
m. Microcystis aeruginosa n. Microcystis flosaquae

0. Microcystis wesenbergii p. Microcystis smithii
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Plate 4
g. Lyngbyasp. r. Oscillatoria sp.
S. Oscillatoria subbrevis t. Oscillatoria tenuis

u. Oscillatoria chlorina
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Plate 5
V. Planktothrixsp. W. Nostocsp.

X. Anabaenasp. y. Cylindrospermopsisp.
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5.2  Community Structure of Cyanobacteria

The community structure of Cyanobacteria is comprisedheir various
forms and species. All the stations selected for study were observed with different
community structure of cyanobacteria. During the study peraid| 25 species of
cyanobacteria belonging to 14 different genera were observed in freshwater of
Chambal river at three stations selected for the stBdgxawith 14 species of
cyanobacteria were observed at Stn.igx@with 16 species were observedsn.3
and total 13axawith 21 species at Stn.Zhe taxa observed duririge study period
represent the following orders: Synechococcales, Spinalies ordo nov.,

Chroococcale®Qscillatoriales and Nostocales (4,1,3,3 and 3 taxa respectively).

The canmunity structure of cyanobacteria at Stn.1 is composed of some taxa
like Anabaena Aphanocapsa, Chroococcus, Merismopedia, Oscillatoria,
Planktothrix, Nostoc Spirulina and Synechococcus. Nost@ae only observed at
Stn.1 in the community of cyanobactedaring the study whildMerismopediavas

represented with only one speciét €legans).

Taxa like Microcystis, Gloeocapsa, Lyngbya, Synechocystsd
Cylindrospermopsisform a part of the cyanobacterial community at Stn.2.
Merismopediais representedvith both the species observell.(elegansand M.
minimg at Stn.2 round the year. Among 4 specieBlmfocystis 2 species were not
observed at Stn.2Microcystis smithiiand M. flosaquag. Similarly, Oscillatoria
chlorinawas found to be altogether @&m$ from the community of cyanobacteria at

Stn.2.
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The cyanobacterial community at Stn.3 was found to be composed of taxa
Aphanocapsa, Chroococcus, Merismopedia, Microcystis, Oscillatoria, Planktothrix
only with the absence of other taxa lilknabaena Microcystis, Gloeocapsa,
Lyngbya, Spirulina, Synechocystis, Nostoglindrospermopsiand Synechococcus.
TaxonMicrocystiswas represented with all the 4 species observed during the study

at Stn.3.

Diversity can be evaluated by calculating various indicesmmmonly known
as diversity indices. ADi versity indices

richness and evenness in a single measure

The diversity indices are concerned withxa diversity and taketaxa
occurrence into account. They consider the numbespeties(richness) and the
number of individuals (abundance) (Aery, 2010). The community structure is

studied with the help of some diversity indices.

In order to evaluate the cyanobacterial biodilgrsand evaluate the
cyanobacterial community structure, the following diversity indices are used

(Colwell, 2009 Aery, 2010:

1. Shannon Weaver Index of Diversity
It is commonly used to calculate the diversity of aquatic ecosyskem
expresses both the componentdaxfadiversity i.e., richness and evenne@sery,

2010.
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2. Sorensend6s I ndex of Similarity

It measures the ratio of common to average numbetaré in two
communities. It expresses the numbertata common or similar between two
communities compared. This index was given by Sorensen in 1S48ensen,

1948;Aery, 2010Q.

Stn.1 mStn.2 mStn.3
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Figure 5.1: Number of cyanobacteria (organisms/mL) observed from July 2017

to June 2018 at three stations

Table 5.2 Diversity indices of cyanobacteria from July 2017 to June 2018

A. Shannon Weaver hdex (Seasonwise)
Season Stn.1(Control) Stn. 2 Stn. 3
Monsoon 1.47 1.56 1.41
Winter 1.56 1.44 1.46
Summer 1.31 1.74 1.50
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B. Shannon Weaver hdex (Monthwise)
Months Stn. 1 Stn. 2 Stn. 3
Juk17 1.52 1.55 1.26
Aug-17 1.13 1.29 1.52
Sepl7 1.50 1.92 1.37
Oct-17 1.74 1.49 1.50
Nov-17 1.58 1.25 1.45
Dec17 1.37 1.50 1.52
Janl8 1.92 1.52 1.50
Feb18 1.37 1.50 1.37
Mar-18 1.29 1.84 1.79
Apr-18 1.49 1.93 1.56
May-18 1.33 1.10 1.28
Junl18 1.11 2.07 1.36
C. Sorensen similarity Index (Seasonwise)
Season Stn. 1 & Stn. 2 Stn. 1 & Stn. 3 Stn. 2 & Stn. 3
Monsoon 0.44 0.46 0.35
Winter 0.40 0.39 0.41
Summer 0.49 0.49 0.38
D. Sorensen similarity Index (Monthwise)
Months Stn. 1 & Stn. 2 Stn.1 & Stn. 3 Stn. 2 & Stn. 3
Juk17 0.33 0.57 0.28
Aug-17 0.57 0.66 0.57
Sepl7 0.28 0.33 0.28
Oct-17 0.57 0.28 0.28
Nov-17 0.66 0.33 0.33
Dec17 0.33 0.33 0.66
Janl8 0.28 0.57 0.33
Feb18 0.33 0.33 0.33
Mar-18 0.28 0.33 0.25
Apr-18 0.88 0.57 0.50
May-18 0.20 0.57 0.22
Jun18 0.61 0.50 0.54
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Figure 5.2: Shannon Weaver diversity index at three stations in three seasons
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Figure 5.3: SorensenSimilarity Index at three stations in three seasons
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The averageyearly values of Shannon Weaveliversity index for

cyanobacteria were calculated lowest at Stn.1 and highest at station 2 round the year.

It was found lowest (1.31) at Stn.1 and highest at Stn.2 (1.74) during the summer
season. The highest diversity is calculated at a site near tineathsischarge point

of thermal power station in the month of June while the lowest at Stn.1 in the same
month. Different species of cyanobacteria tolerant to higher temperature were found

of more common occurrence at station 2 (€&h2A & B, Figure 5.2)

The round the year average values
cyanobacteria were found highest between Stn.1 & 3 and lowest between Stn.2 & 3.
During summer season the highest similarity index was calculated between Stn.1 &
2 and Stn.1 &3 while lowest during monsoon season between Stn.2 & 3. In the
month of June the highest similarity index value was calculated between Stn.1 & 2
and lowest also between Stn.1 & 2 in the month of Kable 5.2C & D, Figure

5.3).

of
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Table 5.3 One Way ANOVA Test by Season
Sum of Squares | df | Mean Square F Sig.
Between Groups 23734.1 2 11867.056
0.174 | 0.841
Light (lux) Within Groups 2249702 33 68172.795
Total 2273436 35
Between Groups 407.357 2 203.679
11.707 | 0.000
Temp(degree C) | Within Groups 574.135 33 17.398
Total 981.492 35
Between Groups 2.015 2 1.008
7.401 | 0.002
pH (units) Within Groups 4.493 33 0.136
Total 6.508 35
Between Groups 91448 2 45723.99
9.409 | 0.001
EC (mg/L) Within Groups 160371 33 4859.724
Total 251819 35
Between Groups 57883.5 2 28941.726
15.112| 0.000
TDS (mg/L) Within Groups 63200.6 33 1915.171
Total 121084 35
Between Groups 106.211 2 53.105
4,725 | 0.016
Turbidity (NTU) | Within Groups 370.879 33 11.239
Total 477.09 35
Between Groups 8877.26 2 4438.632
12.455| 0.000
TA (mg/L) Within Groups 11760.2 33 356.37
Total 20637.5 35
Between Groups 15880.2 2 7940.078
18.945| 0.000
TH (mg/L) Within Groups 13831 33 419.121
Total 29711.2 35
Between Groups 4222.16 2 2111.081
13.902| 0.000
CaH (mg/L) Within Groups 5011.33 33 151.858
Total 9233.49 35
Between Groups 3462.38 2 1731.189
13.049| 0.000
MgH (mg/L) Within Groups 4377.98 33 132.666
Total 7840.36 35
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Sum of Squares | df | Mean Square F Sig.
Between Groups 5916.9 2 2958.448
21.835| 0.000
Cl (mg/L) Within Groups 4471.21 33 135.491
Total 10388.1 35
Between Groups 42.571 2 21.285
5.863 | 0.007
NO3 (mg/L) Within Groups 119.805 33 3.63
Total 162.376 35
Between Groups 376.332 2 188.166
4.248 | 0.023
S04 (mg/L) Within Groups 1461.8 33 44.297
Total 1838.13 35
Between Groups 0.024 2 0.012
2.614 | 0.088
F (mg/L) Within Groups 0.151 33 0.005
Total 0.175 35
Between Groups 16.182 2 8.091
13.265| 0.000
DO (mg/L) Within Groups 20.128 33 0.61
Total 36.31 35
Between Groups 24.776 2 12.388
13.091| 0.000
BOD (mg/L) Within Groups 31.228 33 0.946
Total 56.003 35
Between Groups 5503.53 2 2751.764
14.439| 0.000
COD (mg/L) Within Groups 6288.95 33 190.574
Total 11792.5 35
Between Groups 6.9E+07 2 34574444
1.918 | 0.163
Density(no./mL) | Within Groups 5.9E+08 33 18027677
Total 6.6E+08 35

(level of significance’ 0.05
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Table 5.4 One Way ANOVA Test by Months
Sum of Squares| df | Mean Square F Sig.
Between Groups 1342529 11 122048.06
3.147| 0.009
Light (lux) Within Groups 930908 24 38787.819
Total 2273436 35
Between Groups 473.039 11 43.004
2.03 | 0.071
Temp (degree C)| Within Groups 508.453 24 21.186
Total 981.492 35
Between Groups 1.968 11 0.179
0.946 | 0.517
pH (units) Within Groups 4.54 24 0.189
Total 6.508 35
Between Groups 134307 11 12209.697
2.494] 0.030
EC (mg/L) Within Groups 117512 24 4896.342
Total 251819 35
Between Groups 47330.4 11 4302.761
14 | 0.236
TDS (mg/L) Within Groups 73753.7 24 3073.071
Total 121084 35
Between Groups 240.71 11 21.883
2.222] 0.049
Turbidity (NTU) | Within Groups 236.38 24 9.849
Total 477.09 35
Between Groups 5655.91 11 514.174
0.824| 0.619
TA (mg/L) Within Groups 14981.6 24 624.232
Total 20637.5 35
Between Groups 9306.14 11 846.013
0.995| 0.478
TH (mg/L) Within Groups 20405 24 850.209
Total 29711.2 35
Between Groups 2942.93 11 267.539
1.021| 0.459
CaH (mg/L) Within Groups 6290.57 24 262.107
Total 9233.49 35
Between Groups 2677.38 11 243.398
1.131| 0.381
MgH (mg/L) Within Groups 5162.97 24 215.124
Total 7840.36 35
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Sum of Squares| df | Mean Square F Sig.
Between Groups 2509.08 11 228.098
0.695| 0.731
Cl (mg/L) Within Groups 7879.03 24 328.293
Total 10388.1 35
Between Groups 61.756 11 5.614
1.339| 0.264
NO3 (mg/L) Within Groups 100.62 24 4.193
Total 162.376 35
Between Groups 1108.99 11 100.817
3.318| 0.007
S04 (mg/L) Within Groups 729.14 24 30.381
Total 1838.13 35
Between Groups 0.127 11 0.012
5.796 | 0.000
F (mg/L) Within Groups 0.048 24 0.002
Total 0.175 35
Between Groups 5.923 11 0.538
0.425] 0.930
DO (mg/L) Within Groups 30.387 24 1.266
Total 36.31 35
Between Groups 8.85 11 0.805
0.409| 0.938
BOD (mg/L) Within Groups 47.153 24 1.965
Total 56.003 35
Between Groups 3750.11 11 340.919
1.017| 0.461
COD (mg/L) Within Groups 8042.37 24 335.099
Total 11792.5 35
Between Groups 3.8E+08 11 34134141
2.839| 0.016
Density(no./mL) | Within Groups 2.9E+08 24 12024444
Total 6.6E+08 35

(level of significance’ 0.05)
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Table 5.5 One Way ANOVA Test by Stations
Sum of Squares | df | Mean Square F Sig.
Between Groups 23734.1 2 11867.056
0.174 | 0.841
Light (lux) Within Groups 2249702 33 68172.795
Total 2273436 35
Between Groups 407.357 2 203.679
11.707 | 0.000
Temp (degree C)| Within Groups 574.135 33 17.398
Total 981.492 35
Between Groups 2.015 2 1.008
7.401 | 0.002
pH (units) Within Groups 4.493 33 0.136
Total 6.508 35
Between Groups 91448 2 45723.99
9.409 | 0.001
EC (mg/L) Within Groups 160371 33 4859.724
Total 251819 35
Between Groups 57883.5 2 28941.726
15.112| 0.000
TDS (mg/L) Within Groups 63200.6 33 1915.171
Total 121084 35
Between Groups 106.211 2 53.105
4,725 | 0.016
Turbidity (NTU) | Within Groups 370.879 33 11.239
Total 477.09 35
Between Groups 8877.26 2 4438.632
12.455| 0.000
TA (mg/L) Within Groups 11760.2 33 356.37
Total 20637.5 35
Between Groups 15880.2 2 7940.078
18.945| 0.000
TH (mg/L) Within Groups 13831 33 419.121
Total 29711.2 35
Between Groups 4222.16 2 2111.081
13.902| 0.000
CaH (mg/L) Within Groups 5011.33 33 151.858
Total 9233.49 35
Between Groups 3462.38 2 1731.189
13.049| 0.000
MgH (mg/L) Within Groups 4377.98 33 132.666
Total 7840.36 35
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Sum of Squares | df | Mean Square F Sig.
BetweenGroups 5916.9 2 2958.448
21.835| 0.000
Cl (mg/L) Within Groups 4471.21 33 135.491
Total 10388.1 35
Between Groups 42.571 2 21.285
5.863 | 0.007
NO3 (mg/L) Within Groups 119.805 33 3.63
Total 162.376 35
Between Groups 376.332 2 188.166
4.248 | 0.023
S04 (mg/L) Within Groups 1461.8 33 44.297
Total 1838.13 35
Between Groups 0.024 2 0.012
2.614 | 0.088
F (mg/L) Within Groups 0.151 33 0.005
Total 0.175 35
Between Groups 16.182 2 8.091
13.265| 0.000
DO (mg/L) Within Groups 20.128 33 0.61
Total 36.31 35
Between Groups 24.776 2 12.388
13.091| 0.000
BOD (mg/L) Within Groups 31.228 33 0.946
Total 56.003 35
Between Groups 5503.53 2 2751.764
14.439| 0.000
COD (mg/L) Within Groups 6288.95 33 190.574
Total 11792.5 35
Between Groups 6.9E+07 2 34574444
1.918 | 0.163
Density (no./mL) | Within Groups 5.9E+08 33 18027677
Total 6.6E+08 35

(level of significance’ 0.05)
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Table 5.6 Correlation matrix between various physicechemical parameters and the density of cyanobacteria
Variables Light | Temp| pH | EC | TDS | Turbidity | TA | TH |CaH |MgH | CI' [NOs*|SO| F | DO |BOD |COD | Cyanobacteria
Light 1
Temp 0.32 | 1.00
pH 0.26 | 0.40 | 1.00
EC 0.28 | -0.06 | -0.42| 1.00
DS 0.23 | -0.21 | -0.46| 0.93| 1.00
Turbidity -0.06 | -0.10 [-0.19| 0.60 | 0.53| 1.00
TA 0.21 | -0.26 |-0.24| 0.74| 0.84| 0.58 | 1.00
TH 0.09 | -0.46 |-0.41| 0.72| 0.86| 0.48 | 0.77| 1.00
CaH 0.24 | -0.31|-0.23/ 0.71| 0.83| 0.50 | 0.81|0.94| 1.00
MgH -0.09| -0.55 [-0.56| 0.61| 0.74| 0.37 | 0.58|0.91|0.71| 1.00
Cl 0.03 | -0.39 |-0.55/ 0.80| 0.90| 0.55 | 0.76| 0.84|0.79| 0.76 | 1.00
NO3 -0.07| -0.20 [-0.31| 0.22| 0.34| 0.26 | 0.34| 0.39| 0.29| 0.46 | 0.33| 1.00
S04 -0.01| 0.11 [-0.04| 0.44| 0.41| 0.48 |0.40|0.30|0.31| 0.24|0.28| 0.23| 1.00
F 0.10 | -0.36 |-0.30( 0.33| 0.51| 0.34 | 0.54|0.63|0.65| 0.51 | 0.65| 0.33|-0.02| 1.00
DO 0.03 | 0.16 | 0.63|-0.58|-0.61| -0.26 |-0.41|-0.59|-0.46-0.64|-0.74|-0.38|-0.13|-0.36| 1.00
BOD -0.03| -0.09 [-0.16| 0.42| 0.44| 052 | 0.38|0.40( 0.37| 0.37 | 0.46| 0.45| 0.54| 0.17 | -0.36| 1.00
coD -0.18| -0.11| -0.33( 0.19| 0.24| 0.40 | 0.28] 0.29| 0.23| 0.32| 0.34| 0.65| 0.45| 0.18| -0.44 0.64| 1.00
Cyanobacteria| 0.19| 0.70 | 0.30| 0.22| 0.03| 0.01 |-0.09 -0.20| -0.13| -0.24| -0.10| -0.26| 0.15| -0.38| -0.01| 0.09| -0.18 1.00
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Table 5.7 Multiple Linear Regression Analysis of physicechemical parameters

of water on the population of Cyanobacteria Coefficients

Unstandardized

Standardized

Model Coefficients Coefficients i Sig. R?
B Std. Error Beta
(Constant) -21684.016 | 16679.533 -1.300 | 0.210
Light (lux) -2.504 2.507 -0.147 -0.999 | 0.331
Temp (degree C) 499.451 175.972 0.607 2.838 | 0.011
pH (units) 2011.545 | 1912.849 0.199 1.052 | 0.307
EC (mg/L) 39.138 24.128 0.762 1.622 | 0.122
TDS (mg/L) -88.887 54.718 -1.200 -1.624 | 0.122
Turbidity (NTU) -249.337 232.094 -0.211 -1.074 | 0.297
TA (mg/L) 56.558 44.833 0.315 1.262 | 0.223
TH (mg/L) -1304.386 552.966 -8.725 -2.359 | 0.030
CaH (mg/L) 1378.188 | 588.492 5.139 2.342 | 0.031 .
MgH (mg/L) 1267.429 | 501.310 4.355 2.528 | 0.021
Cl (mg/L) 158.063 119.871 0.625 1.319 | 0.204
NO3 (mg/L) -13.668 352.593 -0.007 -0.039 | 0.970
S04 (mg/L) 75.465 106.980 0.126 0.705 | 0.490
F (mg/L) -17814.802 | 11247.742 -0.289 -1.584 | 0.131
DO (mg/L) -684.877 | 1198.284 -0.160 -0.572 | 0.575
BOD (mg/L) 857.356 558.706 0.249 1.535 | 0.142
COD (mg/L) -105.917 53.676 -0.446 -1.973 | 0.064

a.

Dependent Variabléddensity(no./mL)



CHAPTER 6
RESULTS AND DISCUSSION

Microscopic freefloating algae in water, better known as phytoplanktons,
rapidly react to any change in temperature due to their short life span and so can be
used for the assessmentamfuatic ecosystems. Cyanobacteria are oxygen evolving
prokaryotic blue green algae which form an important component of these
phytoplanktons. These algae have a wide range of organization and diverse habitats.
Besides being the source of food for zooplankt they play an important role in
oxygenic photosynthesis and carbon cycling. Being at the first trophic level, they are
the more susceptible to any change in water. Phytoplanktons are exposed to the
discharge of elevated water temperature in the wiciaft thermal power plants
(Cairns, 1969; Hill, 1972Trivedy, 1989; Smith, 1992; Lata Dos al, 2010) A
variety of negative effects are imposed on the aquatic ecosystem because of elevated
water temperatures and thermal effluents that can be fataduati@ organisms

including cyanobacteria (Poornimeaal., 2005; Kaushatt al, 2010).

The study is conducted with the aim to analyze the pmchemical
properties of river water used for the cooling purpose of a thermal power plant and
to study thediversity of cyanobacteria so as to assess the cyanobacterial community

structure under the influence of thermal discharge using some diversity indices.

Three sampling stations were selected in Kota city during July 2017 to June
2018 to study the physical and chemical characteristics of fresh water Chambal river
and its cyanobacterial diversity. Area at upstream of the river near Akelgarh water
treatment fant was selected as Station 1 (Stn.1) that represents the Control station

during the study period. Second sampling site Station 2 (Stn.2) was selected as near
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as possible (in the radius of 500 m) to the discharge site of Kota Thermal Power
Station and théhird site Station 3 (Stn.3) was selected at downstream of the river at

Chhoti Samadh Shiv Temple.

For the determination of the physical and chemical properties of the water,
the water samples were collected in the morning time from the three sanigsg s
in one litre capacity of clean polyethylene bottles during second week of every

month from July 2017 to June 2018.

During the same period the surface water samples were collected for the
study of diversity of cyanobacteria. The samples collectedyanobacterial study
were studied within 48 hrs and for further detailed examination the samples were
also fixed and preserved in Lugol ds soluwu
keys and monographs, identification of Cyanobacteria was done. Dyvierdices
were used to calculate the diversity for the assessment of the community structure of

cyanobacteria.

The data obtained during the study is analyzed and tested statistically. The
average values are calculated for the data of physical and ehgmiperties of
water. Results were obtained separately for twelve months and the data is analyzed
seasorwise as well as montise to study the overall effect of various parameters
on the density of cyanobacteria. Total thirty six observations were taikéhree

stations for twelve months and three seasons.

Coefficient of correlation is used to find the correlation between different
properties of water and population of cyanobacteria.-@ame Analysis of Variance

(ANOVA) is performed to test the diffence between the mean values of various
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physicachemical parameters of water and density of cyanobacteria statistgally (
0.05 at confidence level of 95%). Multiple Linear Regression is used for modeling
(R* 0.50) and to examine the effect of deterrdipéysical and chemical properties

of water on the density and diversity of cyanobacteria.

The concentration and nature of different types of substances dissolved in
water determine its chemical properties which in turn can determine the kind of

algae pesent in it (Valk, 2012).

In the past 15 years almost the average global temperature has raised by
about 0.76 °C (Moss, 2010). Possible effects of changes in global temperature on
freshwater can be studied through study of community structure of nscrobe

including cyanobacteria (Sarma, 2013).

Changes in cyanobacterial diversity may have diverse effects on the food
web Qodds and Whiles, 2011Any change in algal community structure has
consequences on food chain and ecosystem dynamics. Ecosystem changes can be

assessed by studying any change in a community (Latadbata2010).

If any kind of change occurs in terms of growth form, pigtag
biochemistry, biomass, primary productivity of primary producers, this could be
used as an indication of long term effects or predictable changes that may occur or
are occurring in the ecosystem. Diversity needs conservation for the different roles

played by them in the ecosystem (Odum and Barett, 2010).
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Light and temperature

Light intensity and temperature are the important abiotic factors for the
aquatic life that affect growth of algae (Aery, 2010). Light is required for
photosynthesis by aflora. High light intensity at the water surface may inhibit the
process of photosynthesis in algae and plants (Welch and Lindell, 2004). Aquatic
organisms have an optimum temperature for growth and limits of thermal tolerance.
The changes in temperaturee &onsidered as the major environmental factor that

influences the growth of the algae (Palmer, 1980).

The light intensity was observed maximum during summer season in the
month of June with 1231 lux. The losgtelight intensity of 333ux was observed
during monsoon season in the month of August which is may be due to cloud cover.
The surface watetlemperatureof freshwater Chambal river varied from 20.1°C to
42.2°C at three different sampling stations. Temperature differences wieesahbts

throughout the year between all the three stations.

The higher temperature values were observed at Stn.2 throughout the study
period as compared to Stn.1 and 3. The maximum surface water temperature of
42.2°C was recorded at Stn.2 in the monthMafy during the summer season.
Chuanget al (2009) also observed the highest temperature (41 °C) at the outfall
region near a thermal power plant in their study. The minimum temperature was

measured with 20.1°C at Stn.3 in the month of January duringniter season.

Present study is showing shifting of river water surface temperature towards

higher range due to thermal activity in this part of river. On the contrary, in the study
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made byGuptaet al (2011) andBhatnagar and Bhardwaj (2013a) the skmp
collection site was near Kota barrage while in the present study the samples were
collected in the vicinity of discharge point (as near as possible) of the water from
KTPS. It clearly indicates that the higher water surface temperature in this area is

due to thermal discharge from KTPS.

Kota thermal power plant uses ortbeough cooling system by passing a
large volume of water through the condenser tubes which gets heated in the process
and is then discharged back into the source of water. As sadd®gs Coutant and
Brook (1970,1973), this heated water from the thermal discharge is causing

warming of the river water.

Many workers have observed an elevated temperature at the outfall region in
the range of 80°C higher than the surrounding water and the areas distantly
situated from it. A rise in temperature is observed in the present study conducted at
the site closeto the discharge of warm cooling water from a thermal power station.
The water temperature at Stn.2 (near the discharge point of thermal effluents) was
found 4° to 10°C higher than at Stn.1 and 3 in every season throughout the year in
the present study cdacted on river freshwater. This is similar with the findings of
MartinezArroyo et al, 2000; Poornimat al, 2005; Chuangt al, 2009;Lo et al,

2016. They have noticed the similar rise in temperature in their studies on coastal

sea waters.

Most of the studies on thermal power plants have been conducted in

reference to marine waters worldwide. Some of the studies suggest that there can be
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a 10°C rise in temperature in the ambient water temperature when cooling water is
discharged back to tlemurce of water (Snoeijs and Prentice, 1989; Langford, 2001).
During the present study almost a 10°C rise in water temperature at Stn.2 was
observed as compared to other two stations. This rise in temperature is in accordance
with the findings ofKailasam and Shivakami (2004)Poornimaet al (2006),
Chuanget al (2009) andMluhammad Adlaret al (2012)in their studies on coastal

marine waters.

Even the surface water temperature observed in Chambal river is the highest
amongst till now the researchestlhnave been performed on this river. As most of
the part of Rajasthan state is a desert and it also has high light intensities and high
range of annual temperature. The global warming is continuously increasing and is
adding to rise in temperature. Globalimate change can alter the species

composition of algae in aquatic systems (Valk, 2012).

The station 2 (Stn.2) is the site nearest to the outfall region of thermal power
plant. Hence, the higher surface water temperature values at the discharge site a
due to discharge of thermal effluents from thermal power station at Stn.2 as the
effluents contain heated water with higher temperature than the natural water

(Langford, 2001Muhammad Adlaret al, 2012).

In the present study, the population of Cyanobacteria is found to be dominant
during the summer season and the maximum number of cyanobacteria is observed at
Stn.2 in summer season when maximum temperature (42.2°C) is measured. This is

similar to the findngs made by llus and Keskitalo (2008) that states that rise in
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temperature plays an important role in increasing primary productivity and biomass
of phytoplanktons near the discharge area. They also observed that algal species
composition was dominated lmyanobacteria at the discharge site under the effect

of elevated temperature during summer season. Welch and Lindell (1992) have
opinioned that cyanobacteria proliferate at high temperature with low light intensity.
Kostenet al (2012) also concluded thtite number of cyanobacteria increases with

the increase in temperature that favours the present results. The present investigation
indicates a change in diversity of cyanoabacteria associated with change in

temperature.

The high temperature increases tla¢e of photosynthesis and growth in
cyanobacteria (Vissegt al, 2016). The higher water temperature due to thermal
discharge from the thermal power plant is increasing the photosynthetic rates in
cyanobacteria thereby increasing their growth at StAh2. higher photosynthetic
rates are may be the reason for the proliferation of cyanobacteria and higher
diversity at Stn.2 that experiences higher water temperature round the year of study

period.

The high temperature lowers the density of waltérling et al, 2013). The
gas vesicles present in some taxa of cyanobacteria, provide them buoyancy and
make them capable of vertical movement in water (Ktral, 2019). In the present
study, the water at Stn.2 is a little stagnant because of the dam. kgessbegher
temperature than other two stations and is responsible for lower water density at
Stn.2. It can be interpreted that may be some of the cyanobacteria move vertically

making more number of cyanobacteria float on the surface of water hencergnrichi
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the water with cyanobacteria at Stn.2. The low water density also results in sinking
of other groups of algae. The higher water temperature at Stn.2 is may be

responsible for making the water rich in cyanobactbeae.

Every living organism has an optimum range of temperature for survival.
Cyanobacteria show dominance in the algal community in waters which receive
heated waters at temperatumbove 35°C(Cole, 1969; Bush, 1974; Welch and
Lindell, 1992).Green algae canebreplaced by blue green algae or cyanobacteria
with increase in temperature as suggested by Hill (1972). Previous studies prove that
Cyanobacteria grow best at temperature of 30°C to 40°C (Lata ddah 2010)
and can tolerate extremes of temperatwreneup to 74 °C (Langford, 2001).This
was also proved in the present study that patjr of cyanobacteri@creases when
the water temperature rises due to heated water from thermal discharge and reaches

its maximum at Stn.2 thereby increasing the dityedf cyanobacteria at Stn.2.

Statistical analysis
One-way ANOVA season wise

In the present study, no significant difference is observed between the mean
values of light intensity at three stations statistically season wise sinces#heepof
significance of ANOVA is 0.841. This is because the light was in similar range at alll
the three stations in every season. Difference in mean value of temperature between
the groups and within the groups is significant statistically season wise as indicated
by p-value (0.000). Different seasons possess a definite range of temperature which

is the reason for this significant differendable 5.3.
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One-way ANOVA month wise

The intensity of light is found to be significantly different in all the twelve
monts of sampling as revealed byalue which is 0.009. The light intensity is
observed in the higher range in summers at all the three stations and diffused during
winters and monsoons. Though the temperature was measured different during each
month but itdoes not show significant difference between its mean values every

month statisticallyTable 5.4.

One-way ANOVA station wise

Difference of light intensity is statistically not similar across the stations as
the pvalue is 0.841. A very significant di#fence is observed in the mean value of
temperature between the groups and within the groups in temperature at all the three
stations studied round the year. The obtainedlpe of significance of ANOVA
with temperature is 0.000. This indicates that tlarmdischarge from KTPS
comprises of heater water which is rising the surface water temperature of river

water possibly every year graduallyaple 5.5.

Correlation

Light intensity has a negative correlation with turbidity, magnesium
hardness, nitratesulphate, BOD and COD. The density of cyanobacteria is found
slightly positively correlated with light intensity (r =0.19)able 5.§. A strong
positive correlation is found between surface water temperature of river freshwater
and the population of cyahacteria in the present research study (r =0.Taplé
5.6). This indicates that high temperature is favouring the growth of cyanobacteria.
A positive correlation was also reported by Fen@l (2011) between temperature

and the number of cyanobacteriiemperature is observed to be negatively
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correlated with EC, TDS, turbidity, total alkalinity, total hardness, calcium hardness,

magnesium hardness, chloride, nitrate, fluoride, BOD and COD.

Multiple linear regression

It is observed from the multiplenear regression analysis that light intensity
has no significant effect on density of cyanobacteria round the year at all the three
stations (p= 0.331). The analysis shows that there is effect of temperature on the
density of cyanobacteria which is sifyrant (p=0.011). It is clear from thEable 5.7
that temperature has positive impact on cyanobacteria. Hence it can be stated that
with one degree rise in temperature there is increase in the number of cyanobacteria
almost 500 in number. With the presatiidy on freshwater, it can be interpreted
that with the rise in water temperature due to thermal discharge the number of

cyanobacteria increases.

pH
It is the hydrogen ion concentration of wagar range of 7.5 to 9.0 units is
best for the growth of cyanobacteria. They thrive well in this range of pH (Reynolds

and Walsby, 1975; Palmer, 1980).

pH range between-71 indicates acidity and range of 714 indicates
alkalinity of water. The pH valuesf the Chambal river in the present study ranged
from 6.7 to 8.5 units at all the stations from July 2017 to June 2018 indicating that
the river freshwater is slightly alkaline. The average pH of water at Stn.lis observed
higher while it was low at Stni/®und the year. The highest pH was measured in the
month of April at Stn.3 and minimum in the month of May at Stn.3 during summer

season. A similar pattern of pH was reported by Muhammad Adlah (2012) in



Results and Discussion 126
=]

their study on sea water influenced with thatmlischarge near a power station. The

results for the present study are in accordance with them.

The pH range during the study was in consonant with the results obtained by
Gupta et al (2011), Bhatnagar and Bhardwaj (2013&3aur et al (2014) and
Chouharet al (2018) in their studies on Chambal riv€here has not been a large
difference in the pH values obtained during the study period and previous studies. It
can be said that there has not been a drastic effect of thermal dischargeldrothe p

river water in these past years.

The pH was recorded highest during summer season as was the temperature.
Temperature and pH are found to be directly proportional to each other throughout
the study period. Cyanobacteria are found to be dominantigat fH values
(Reynolds and Walsby, 1975). The pH during the summer season was found to be at
higher side than in monsoon and winter seasons. Cyanobacteria also showed
dominance during the summer season. pH at Stn.2 was observed higher as compared

to Stn.3and so was the density of cyanobacteria.

Statistical analysis
One-way ANOVA season wise

A significant difference is observed between the mean values of pH of water
at three stations season wise statistically in the present study,-\akiep of
significance of ANOVA being 0.002. It can be said that the effluents from the
thermal power station are might causing a slight change in the pH of water year over

year (Table 5.3.
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One-way ANOVA month wise

Statistically no significant difference is olpged in the mean values of pH
month wise (pvalue= 0.517). This is may be due to slight changes occurring in the
pH of water every month which might exert a cumulative effect with the passing of

years Table 5.4.

One-way ANOVA station wise

A very signiicant difference is observed in the mean value of pH between all
the three stations studied round the year as indicated-vajup of significance
(0.002). This is clear as the river water at Stn.1 is observed with higher pH than the

other two stationsTgble 5.5.

Correlation

pH is observed to be in negative correlation with EC, TDS, turbidity, total
alkalinity, total hardness, calcium hardness, magnesium hardness, chloride, nitrate,
sulphate, fluoride, BOD and COD. But it was found positivegyrelated with light
intensity, temperature and DO. A positive correlation was observed between pH and

number of cyanobacteria (r= 0.30) present in watable 5.9.

Multiple linear regression

Statistically the pH of water is not affecting the numbecyanobacteria as
no significant effect of pH is observed on the density of cyanobacteria from the
multiple linear regression analysis at all the three stations during the study period (p

=0.307) Table 5.7.
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Electrical conductivity
It is due to thepositive and negative ions of acids, bases and salts present in
water (Maiti, 2004)During the study period, electrical conductivity ranged between

263.6 uS/ cm to 648.3 uS/ cm round the year.

The average values of EC were found similar at all theetlstations in
monsoon season. The minimum EC (263.7 mg/L) was measured at Stn.1 during the
monsoon season in the month of August. The electrical conductivity was found
lower at Stn.1 than other two stations as this is the minimally disturbed site with no
addition of any kind of waste and hence lesser number of ions are present

responsible for a low EC at this station.

The electrical conductivity is observed maximum at Stn.3 i.e. 648.3 uS/ cm
in the month of May during summer season. Electrical condtictiveasured in the
present study is two times of EC that was reportedsbptaet al. (2011) on the
same location in summer seasdimne doubling of electrical conductivity in these
years is may be because of increase in river pollution by dumping wastern
water year by year. As the Stn.3 is the site with maximum human interference, the
higher number of ions is liberated from the decomposition of increased inorganic
substances and wastes dumped in downstream of river at Bie.Bigher amount

of disolved salts is may be the causetiagher electrical conductivity at Stn.3.

During the summer season the minimum average value of EC was measured
at Stn.2 (385.0 uS/ cm) which is found lower than the other two stations studied. It

can be reasoned thaiet lower conductivity at Stn.2 is may be due to absence of any
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ions liberated from thermal discharge but it is possibly only because of suspended

fly ash from air in water or runoff water from the banks of the river.

According to Maiti (2004), with theigher water temperature the EC of
water decreases. In the present study EC was observed lower at higher temperature
at Stn.2 during the summer season in comparison to other two stations. The
population of cyanobacteria is also observed greater at lowelt E€presents that

lower electrical conductivity favours the growth of cyanobacteria at Stn.2.

Statistical analysis
One-way ANOVA season wise

The mean values of electrical conductivity in water are found to be
significantly different statisticallyseason wise with 0.001 as thevglue of
significance. This is also clear from the observations taken during the study period

as EC is observed highest in summer seafablé¢ 5.3.

One-way ANOVA month wise
In the month wise statistical ANOVA analysis, significant difference is
observed in the mean values of EGvghue= 0.030) which is may be due to addition

of different amount of ions on monthly basis at three statibakl¢ 5.4.

One-way ANOVA station wise

As indicated by the alue of significase (0.001) a very significant
difference is observed in the mean values of EC round the year at all the three
stations studied. This is supported by the fact that the river water at Stn.3 is observed

with higher EC than the other two statioiialfle 5.5.
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Correlation

Correlation matrixsuggests thaeEC has a positive correlation with TDS,
turbidity, total alkalinity, total hardness, calcium hardness, magnesium hardness,
chloride, nitrate, sulphate, fluoride, BOD and COD. But a negative correlation is
found between EC and temperature, pH and DO. It is also found to be in a slightly
positive correlation with the number of cyanobacteria present in water (r= 0.22)

(Table 5.6.

Multiple linear regression

Multiple linear regression analysis indicates tinre is no significant effect
of EC is observed on the density of cyanobacteria during the study period at all the
three stations (g 0.122). Statistically the electrical conductance of water is not

affecting the number of cyanobacteriable 5.7.

Total dissolved salts (TDS)
Total dissolved salts are the dissolveaibonates, bicarbonates, chlorides,
sulphates, phosphates and nitrates of calcium, magnesium, sodium, potassium, iron,

magnesium et water (Aery, 2010).

TDS of freshwater riveranged between 191.7 mg/L to 455.0 mg/L in the
study period. The lower values of TDS are obtained at Stn.1las compared to other
two stations round the year. In summer season, the maximum TDS was found at
Stn.3 in the month of May and minimum in monsoon gead Stn.1 in the August

month.
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The average value of TDS in summer season at Stn.2 is very close to that
observed by Bhatnagar and Bhardwaj (2)1& a point near Kota Barrage. This
reveals that in this span of time there has not been much signifitamge in TDS
of water at Stn.2. This indicates that thermal discharge does not contain significant
amount of dissolved salts afalcium, magnesium, sodium, potassium, iron or

magnesiunin water

A very low TDS value was reported by Guptaal. (2011)at the same point
in summers during their study. Higher amount of total dissolved salts in the present
study is may be due to increased human interference at Stn.3 as the present study has
been conducted after a gap of six years of that perfothge@uptaet al (2011).
This indicates an increase in addition of dissolved salts at Stn.3 from sewage,
inorganic substances and wastes dumped at Stn.3 in downstream of the river in these

past years.

Statistical analysis
One-way ANOVA season wise

Statistically a very significant difference is observed in the mean values of
TDS in water in different seasons as indicated by thalpe of significance which

is 0.000 as the TDS values were observed higher in summer séabtng.3.

One-way ANOVA month wise
Statistically no significant difference is obseniadhe mean values of TDS
in month wise ANOVA analysis (palue= 0.236) which is may be due to addition
of different amount of dissolved salts on monthly basis at the selected sites of study

(Table 5.2.
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One-way ANOVA station wise

The pvalue of significance (0.000) in station wise ANOVA analysis
indicates a very significant difference in the mean values of TDS round the year
study. This is clear from the highest values of TDS at Stn.3 andsioateStn.1
(Table 5.9.
Correlation

A positive correlation is observed between TDS and light intensity, EC,
turbidity, total alkalinity, total hardness, calcium hardness, magnesium hardness,
chloride, nitrate, sulphate, fluoride, BOD and COD while aateg correlation is
observed between TDS and temperature, pH and DO. TDS and the density of
Cyanobacteria are not found to be correlated with otfiablé 5.9. It can be
interpreted that population of cyanobacteria is not dependent on total solids

dissolred in water.

Multiple linear regression
Multiple linear regression analysis shows no significant effect of EC is on
the density of cyanobacteria §0.122) during the study period at all the three

stations Table 5.7.

Turbidity
It is the cloudiness of water and is caused by suspended materials, silt, clay,
phytoplanktons, zooplanktons, colloidal matter and suspended fine particles of

organic and inorganic mattékery, 2010;Pal and Choudhury, 2014)

The turbidity of river water varied between minimum of 1.7 NTU units to

maximum of 17.5 NTU units during the study period. Monsoon season is observed
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with high turbidity at all the stations which is possibly due to run off waters during

rains when land stace is washed off into the river.

Stn.1was observed with minimum turbidity while the most turbid water was
observed at Stn.3. The water was found to be less turbid at Stn.1 due to less human
activities. Turbidity increased at sites distant from therobstation. The reason for
this high turbidity at Stn.3 is due to presence of more concentration of total
dissolved salts, colloidal dispersion and suspended particles in the river water.
Anthropogenic activities are also responsible for higher turbait$tn.3. A pattern
of increased turbidity of river water from Stn.1 to Stn.3 i.e. from upstream to

downstream was noticed in the present study.

Annual average value of turbidity is observed higher at Stn.2 than that at
Stn.1. The presence of different forms of phytoplanktonic cyanobacteria and their
high density is responsible for the turbidity at Stn.2. The suspended particles of fly

ash in air fom the thermal power plant may also be the reason for this turbidity.

Statistical analysis
One-way ANOVA season wise

A significant difference in the mean values of turbidity of water is observed
statistically season wise falue= 0.016). As during thenonsoon season the
turbidity of river water increases there is observed detectable difference in the

turbidity of water Table 5.3.
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One-way ANOVA month wise

A significant difference is observed statistically in the mean values of
turbidity in the month wise ANOVA analysis (palue= 0.049). A difference is
observed in the turbidity of water every month due to changes in presence of total
dissolved salts, colloidal suspension, suspended particles and placktbmibacteria

(Table 5.4.

One-way ANOVA station wise

A statistical significant difference is observed in the mean values of turbidity
at all the three stations studied indicated by thealpe of significance (0.016).
Highest turbidity was observed at Stn.3 round the year during the stridgl gean

the other two stationd &ble 5.5.

Correlation

Turbidity is found to have gositive correlation with EC, TDS, total
alkalinity, total hardness, calcium hardness, magnesium hardness, chloride, nitrate,
sulphate, fluoride, BOD and COD. Itfieund to be negatively correlated with light
intensity, temperature, pH and DO. Correlation matrix indicates a slight positive
relation between turbidity and the total number of cyanobacteria (r=0T@b)e(

5.6).

Multiple linear regression

The turbidity of water is not affecting the number of cyanobacteria
statistically as indicated by Multiple linear regression analysis. There is no
significant effect of turbidity is observed on the density of cyanobacteri® (307).

(Table 5.7.
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Total Alkalinity (TA)
Alkalinity is an indication of concentration of carbonate, bicarbonate and
hydroxide content of watetAPHA, 1999). It is useful in regulating the pH of a

water body (Maiti, 2004).

The TA at all the three stations varied from 96.7 mg/L to 268)4. during
the present study. TA was observed maximum at Stn.3 in May month of summer
season while minimum in November month of winter season at Stn.1. Low values of
total alkalinity were observed at Stn.1 in winter season among three stations. But TA
at Stn.1 was observed higher than at Stn.2. The high values of TA at Stn.1 are may
be due to dissolution of carbonate minerals from rocks and from atmospheric carbon

dioxide dissolved into the water.

Bhatnagar and Bhardwaj (20d)3calculated the average wual of total
alkalinity with 119 mg/L in Chambal river at Kota barrage in summers. Similar
results were also obtained in the present study. In this reference it can be said that in
a gap of these years there is not much effect of thermal discharge calkalaity

of river water.

Stn.3 was observed with highest values of total alkalinity amongst all
stations studied in all the three seasons. This is may be due to higher concentration
of carbonates and bicarbonates as a result of addition of indusissd, domestic

sewage and residues of food in water.

pH does not measure the total alkalinity (Maiti, 2004) at Stn.3. It is also
observed in correlation matrix that pH and TA were not found to be positively

correlated Table 5.9.
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Statistical analysis
One-way ANOVA season wise

Statistically it was revealed that there is observed a very significant
difference in the mean values of TA in all the seasons studied with-thkig of
significance as 0.000. Higher values of TA are observed during the suseasem

(Table 5.3.

One-way ANOVA month wise
There is not observed a statistical significant difference in the mean values of
TA everymonth (pvalue= 0.619) as the changes in the total alkalinity of water are

not detectable on monthly basiaple 5.4.

One-way ANOVA station wise

A very statistical significant difference is observed in the mean values of TA
at all the three stations studied as indicated by thalye of significance being
0.000. This is because the highest total alkalinity wlaserved at Stn.3 than the

other two stations round the year during the study pefiadlé 5.5.

Correlation

TA is found to bepositively correlated with light intensity, EC, TDS,
turbidity, total alkalinity, total hardness, calcium hardness, magnebangness,
chloride, nitrate, sulphate, fluoride, BOD and COD. A negative correlation is
observed between TA and temperature, pH and DO. No correlation is measured

between total alkalinity and the number of cyanobacté&alé 5.6.
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Multiple linear regression
The analysis indicates no significant effect of total alkalinity on the density
of cyanobacteria (p 0.223) Table 5.7.It can be said that total alkalinity of water

does not affect the population of cyanobacteria.

Hardness

The hardness of water is mainly contributed by calcium and magnesium ions.
The minimum value of total hardness was measured at Stn.1 in the month of
November in winter season. A range of 88 mg/L to 414 mg/L was noted by ¥adav
al. (2014) andl22 mg/L t0203 mg/L by Gauet al (2014) during their study in
Chambal river. Similar results were obtained for the present work. Tiaé to

hardness ranged from 96 200.0 mg/L during the study period.

Hardness of water shows a pattern of gradual rise from &ir5in.3. The
river water at Stn.1 was found to be softer than Stn.2 & 3. The total hardness of
water was observed greater at Stn.3 making it harder than the water at other two
stations. The reason of more hardness at Stn.3 is may be due to more anticopoge
activities and continuous disposal of waste & sewage from the nearby localities. The
calcium and magnesium hardness were also observed higher at Stn.3 and lower at
Stn.1 round the year. They were observed low at Stn.2 during the summer season.
The posible reason for the hardness of water at Stn.2 is due to the leaching of
calcium and magnesium minerals from rocks and their dissolution into the river

water.
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According to Palmer (1980) the water is found rich in algae at lower
hardness. This is also reped in the present study as a higher density and diversity

of cyanobacteria is observed at Stn.2 with lower hardness during the summer season.

Statistical analysis
One-way ANOVA season wise

A very significant difference is observed statistically in thean values of
total hardness, calcium hardness and calcium hardness in all the seasons studied.
The pvalue of significance for the hardness is 0.000. Higher values of hardness are
observed during the summer season as compared to other seasons $aiméed (

5.3).

One-way ANOVA month wise

In month wise statistical analysis no statistical significant difference is
observed in the mean values of total hardnes&lipe= 0.475), calcium hardness (p
value= 0.459) and magnesium hardnessalpe= 0.381) ofvater. This is may be
because the changes in the hardness of water are not majorly detectable every month

(Table 5.4.

One-way ANOVA station wise

As indicated by the palue of significance being 0.000, a very statistical
significant difference is obsesd in the mean values of total hardness, calcium
hardness and magnesium hardness at all the three stations studied. The high
concentration of hardness at Stn.3 and low at Stn.1 is the possible reason for the

significant differences during the study per{@@ble 5.5.
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Correlation

Total hardness, calcium hardness and magnesium hardness are found to be
positively correlated with EC, TDS, turbidity, total alkalinity, chloride, nitrate,
sulphate, fluoride, BOD and COD. Total hardness and calcium hardness ar
observed to be in a positive relation with light intensity while magnesium hardness
is found to be negatively related with light intensity. Hardness shows a negative
correlation with temperature, pH and DO. The hardness and the number of
cyanobacteria arobserved in a negative correlation {620 for TH, r=-0.13 for

CaH and r=0.24 for MgH) [Table 5.9.

Multiple linear regression

The regression analysis indicates a significant effect of hardness on the
population of cyanobacteria. Total hardnessvater shows a significant effect on
the number of cyanobacteria £p0.030) but indicates a negative impact on their
population. Statistically, it can be stated that with increase in one mg/L of total
hardness there is a decline in the number of cyanetiadby 1304 in number.
Similarly, calcium hardness and magnesium hardness also have a statistical
significant effect on the number of cyanobacteria present in water and possess a
positive impact on their population (p= 0.031 and p= 0.021 respectively§. Th
analysis suggests that with increase in one mg/L of calcium hardness, the number of
cyanobacteria increases by 1378 and with increase in one mg/L of magnesium

hardness, their number increases by 1267 approximdiabjg 5.7.
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Chloride

Chloride is the anionic form of chlorine. Chlorine is used in the condenser
tubes as an antifouling agent for power generating plants because of its biocidal
properties (Adams, 1969; Cairns, 1975). It may be fatal to phytoplanktons and

inhibit metabolism in them (Larfigrd, 2001).

Under the effect of chlorine, a reduction in growth and primary productivity
of diatoms has been reportedWitha et al (2010).Brooks and Liptak (1979) and
Poornimaet al (2006) have suggested that phytoplankton productivity decreases

with increase in chlorination.

The chloride content of the freshwater river was measured in the range of
20.07 88.7 mg/L round the year during the study period. The highest content was
observed at Stn.3 in the month of May during summer season andt latves
Stn.1during monsoon season in August month. A major difference was observed in
chloride concentration values at Stn.2 & 3 in the present study as that was reported
by Guptaet al (2011).In the present study, Stn.3 was observed with high chloride

content round the year due to industrial and domestic pollution.

The chloride content at Stn.2 was found higher than the control station Stn.1.
In a study Bhatnagar and Bhardwaj (281&pored low values of chloride content
in winter season at Kota Barrage. Gatral (2014) also calculated low chloride
content in Chambal river water in their study. This is in contradiction to the results
obtained for Stn.2 in the present study as highearicd concentration was observed

at Stn.2 particularly in summer season. As the sample collection site Stn.2 in the
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present study is very near to the thermal discharge site of KTPS and there is no
addition of domestic and industrial sewage at this sigeptssible reason behind the

high chloride concentration at Stn.2 is probably due to use and discharge of chlorine
used as an antifouling agent in the thermal power plant. It is observed that chloride
content of river water has increased in past few yaarthe previous studies on

Chambal river suggest. This increase in chloride concentration in this span of time
indicates the use of chlorine by thermal power plant and therefore its discharge

along with thermal effluents.

Statistical analysis
One-way ANOVA season wise

A very significant difference is observed statistically in the mean values of
chlorides in water in different seasonsv@ue = 0.000). The chloride content was

observed higher in summer season than the other two seasons Statie8.Q).

One-way ANOVA month wise

A statistically significant difference is not observiedthe mean values of
chlorides in month wise ANOVA analysis-(yalue= 0.731). This is possibly due to
addition of different amount of chlorides at the selected sitestudy. This is also
may be due to different concentration of chlorine used and discharged by thermal

power plant during its operation every montlalfle 5.4.

One-way ANOVA station wise
A very significant difference is observed in the mean valueshtarides

statistically at all the three stations indicated byafue of significance (0.000)
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during the study period. The concentration of chlorides is observed different at the

three stations round the yediaple 5.5.

Correlation

The chloride contdnof water is observed to be positively correlated with
light intensity, EC, TDS, turbidity, total alkalinity, total hardness, calcium hardness,
magnesium hardness, nitrate, sulphate, fluoride, BOD and COD while it has a
negative correlation is observedilween temperature, pH and DO. No correlation is
observed between chloride content and density of cyanobacteria in correlation
matrix (Table 5.6. This is contradictory to the results @anai and Parveen (2014)
who observed a positive correlation betwehloiede and density of cyanobacteria.
But they worked on marine waters which already has different chemical composition
in comparison to freshwateilhe residual chlorine may affect the chlorophyll
concentration, abundance and productivity of phytoplarktorespective of the
elevated temperatures (Poornireaal, 2005; Chuangt al, 2009).The present
work suggests that chloride content has not much effect on the population of

cyanobacteria.

Multiple linear regression
There is observed no significamffect of chorides on the density of

cyanobacteria (p 0.204) as indicated by Multiple linear regression analySablé

5.7).



Results and Discussion 143

Nitrate

It is the oxidized form of nitrogerthe highest concentration of nitrate was
observed at Stn.3 round the year during the study period making the water nutrient
rich at downstream. This is evident from the observation of more bloom forming
cyanobacteria at Stn.3. Yada&¢ al (2014) reportechitrate concentration in the
range 0f0.258 mg/L to 3.48 mg/lin their study on Chambal river which are lower
than the maximum value of 8.0 mg/L value calculateding this course of
investigation. As there is more colonization on the bank of rivdoanstream the
increase in nitrate concentration at Stn.3 is due to biological oxidation of compounds
from sewage and waste disposed in large quantities from residents in nearby
localities. The rock dissolution, more mineralization of river and agriculiunek run
offs containing nitrogen fertilizers into the river at downstream also contribute to the

higher nitrate content at Stn.3.

Nitrate content at Stn.2 was observed higher than Stn.1 in all the three seasons.
This increase is may be due to absompfrom atmosphere and mineralization in river
at this site as the water is almost stagnant due to Kota barrage. This indicates that

thermal discharge does not affect nitrate concentration of water.

The nitrate concentration was observed highest during the winter season at
Stn.3 and lowest during winter season at Stn.1. @aat (2014) observed high
nitrate content in Chambal river during summer season in their study. On the
contrary, a high niite concentration was observed during the present investigation
in monsoon season at all the three stations than summers and winters. This is may be

due to rain water run offs into the river carrying waste and sewage with it.
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Statistical analysis
One-way ANOVA season wise

It is revealed statistically that there is observed a significant difference in the
mean values of nitrates of water in all the seasons studied with-thkig of
significance being 0.007. This is also shown in the nitrate contentsvatuigher

concentration was observed during the monsoon sed@abie(5.3.

One-way ANOVA month wise
There is not observed a significant difference statistically in the mean values
of nitrates everynonth (pvalue= 0.264). This is may be due to littleanges in the

concentration of nitates in water every morifthlfle 5.4.

One-way ANOVA station wise

Statistically a very significant difference is observed in the mean values of
nitrate at all the three stations studied. Thealue of significance in NOVA
analysis calculated is 0.007. This is also revealed in the observation as the highest
nitrate content was observed at Stn.3 than the other two stations during the study

period round the yeaf éble 5.5.

Correlation

Nitrate content is found in positive correlation with EC, TDS, turbidity,
total alkalinity, total hardness, calcium hardness, magnesium hardness, chloride,
sulphate, fluoride, BOD and COD while it is found to be in a negative correlation
with light intensity, temperature, pH and DO. elTllensity of cyanobacteria are

found negatively correlated (F8.26) with nitrate concentratioigble 5.§.
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Multiple linear regression

The nitrate content of water possess no significant effect on the density of
cyanobacteria (p 0.970) as suggestéry regression analysigdble 5.7. It can be
concluded that nitrate content of water does not affect the population of

cyanobacteria.

Sulphate

It is one of the main anions of natural water and is present in the ion form in
water (Maiti, 2004). The sulphate concentration was measured higher during
monsoon season than summer and winter seasons. Among the three stations of
sampling it was calculateldighest at Stn.3 round the year during the study period.
This is may be due to addition of domestic sewage, industrial effluents, farmland run
offs and human interference. Lower values of sulphate were noted at Stn.1. Sulphate
content at Stn.2 was meastilewer than Stn.3 but higher than at Stn.1. This could
be because of erosion of sulphide containing rocks and atmospheric fallout to soils
and then to water by land run offs. The different chemicals used to control the algae
and bacteria in condenser tgbeomprise of sulphur containing chemicals. These
chemicals are being discharged into the river at Stn.2. According to Metealo
(2009) algae can accumulate sulphur compounds. The density of cyanobacteria is

also observed highest at Stn.2.

Bhatnagarand Bhardwaj (2018 showed the range of 13.5 mg/L to 37.0
mg/L at Kota Barrage in their study in 202012. The sulphate concentration at all
the three stations varied from 4.7 mg/L to 38.3 mg/L during the study period. The

sulphate content is measuredtire same range even in the present investigation
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after a gap of few years which indicates that thermal effluents have not much effect

on the sulpate concentration of river water.

Statistical analysis
One-way ANOVA season wise

A significant difference sttistically is observed in the mean values of
sulphates of water in all the seasons studiedia{pe = 0.023) as higher

concentration of sulphate was observed during the monsoon s@&abdm §.3.

One-way ANOVA month wise

A significant difference isalso observed statistically in the mean values of
sulphates evergnonth as indicated by theyalue of significance which is 0.007. A
detectable amount of suphate is observed every month which is the reason for this

significant differenceTable 5.4.

One-way ANOVA station wise
Statistically a significant difference is observed in the mean values of
sulphate (pvalue 0.023) at all the three stations during the study as the highest

concentration of sulphate was observed at Stn.3 than the other two statibles

5.5.

Correlation

A positive correlation is found between sulphate and temperature, EC, TDS,
turbidity, total alkalinity, total hardness, calcium hardness, magnesium hardness,
chloride, nitrate, BOD and COD. On the other hand, a negative darmels

observed between sulphate and light intensity, pH, fluoride and DO. The population
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of cyanobacteria is found to be in slight positive correlation (r= 0.15) with sulphate

concentration during the study periddable 5.6.

Multiple linear regression

The sulphate content of water do not possess a significant effect on the
density of cyanobacteria §0.490) as indicated byable 5.7in regression analysis.
This suggests that sulphate content of water does not affect the population of

cyanobacteria.

Fluoride

It is an important parameter for the potability of water. Chambal river water
is used for drinking purpose for the residents of Kota city. High fluoride more than
1.0 mg/L concentration in water makes it unfit for drinking purpose causing tooth
decay and health disorders (APHA, 1999). The fluoride content of river water varied

from 0.117 0.35 mg/L round the year during the study period.

Highest values of fluorides were observed in summer season and lowest in
monsoon season. Fluoride concetdrawas observed lower at upstream and higher
at downstream of the river. It was more or less similar at Stn.1 and 2. It exhibits a
pattern of rise from Stn.1 towards Stn.3. Minimum concentration of fluorine was
observed at Stn.1. This is may be due tdewdltration process done by Akelgarh
water filtration plant. The highest fluoride concentration was measured at Stn.3. The
high fluoride content values were measured at Stn.3 which was similar to the
findings made by Guptat al (2011) in their studyThis is because the water at

downstream is not flowing regularly and gets in contact with fluoride bearing rocks.
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Statistical analysis
One-way ANOVA season wise

A statistical significant difference is not observed in the mean values of
fluorides of wate in all the seasons studied-yplue = 0.023). But in terms of
observation lowest fluoride content was observed in monsoon season and highest in

summer seasofi @ble 5.3.

One-way ANOVA month wise
Statistically a very significant difference is obsennedhe mean values of

fluorides everymonth (pvalue = 0.000)Table 5.4.

One-way ANOVA station wise
During the study a significant difference is not observed statistically in the
mean values of fluoride {palue 0.088) at all the three stations as fineride

content was observed more or less similar at the three stalialoie 6.5.

Correlation

Fluoride content in watdnasa positive correlation with light intensity, EC,
TDS, turbidity, total alkalinity, total hardness, calcium hardness, magnesiu
hardness, chloride, nitrate, BOD and COD. But has a negative correlation with
temperature, pH, sulphate and DO. A slight negative correlation is found between
fluoride concentration and number of cyanobacteria-=838) (Table 5.§. This

suggests thatu'oride content does not affect much the growth of cyanobacteria.

Multiple linear regression
There is not observed a significant effect of fluoride content of water possess

on the density of cyanobacteria£[0.131) as shown in regression analy3iable
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5.7). This indicates that the population of cyanobacteria is not affected by the

fluoride content of water.

Dissolved OxygenDO)

DO is the amount of oxygen dissolved in water which is necessary for
aquatic plants and animals. It is an importasutameter of water. It is essential to
maintain aquatic life. DO is dependent on the water temperature and the type of
vegetation of water body. Generally, algae maintain dissolved oxygen (DO) and
aerobic environment of water body through photosynthesiessacy for bacterial

decomposition of organic matter and respiratioagiatic fauna (Palmer, 1980).

The annual range of DO is observed highest at Stn.1 and lowest at Stn.3
round the year. Low levels of DO at Stn.3 are may be due to formation of algal
blooms due to introduction of sewage and organic waste. The summer season was

observed with low values of DO than winters.

DO values in freshwater river ranged from 3.9 to 8.5 mg/L during the study.
This is similar to the examination done by Jatnal (2015) in Chambal river in
Kota whereas DO values in the range of-#4359 mg/L have been reported by
Saksenat al. (2008),Guptaet al (2011) Bhatnagar and Bhardwaj (20)3&auret

al. (2014),Chouharet al (2018).

A low level of DO was also olesved by Eloranta (1983) during his study in
a pond receiving heated water discharge from a thermal power Nlaahkwo et
al. (2010) observed lower levels of dissolved oxygen with highest water temperature

in their study at a site affected by waste heat discharge from a power plant at Egbin,
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Nigeria. Kailasam and Sivakami (2004) also observed low DO at the thermal
discharge sitat higher surface water temperature. These all studies were conducted

on sea waters.

As the temperature of water increases the amount of oxygen dissolved in
water decreases. The range of DO observed in freshwater in the present study is
lower than the pevious researches. This is because the elevated water temperature is
might decreasing dissolved oxygen level in water as suggesteSichyoerbel
(1970) andHill (1972). According toKrishnakumar (1994), with the 10 °C rise in
temperature, the solubilityf @xygen in water decreases up to 20Pke lowering of
the amount of oxygen dissolved in water in the present study is due to rise in
temperature of river water in the past few years. The increase in surface water
temperature is due to thermal dischargéhvélevated water temperature into the
Chambal river. As the rise in water temperature decreases dissolved oxygen, the
cyanobacteriamembersnot able to survive in low oxygen concentration gets

eliminated with survivingnembers of cyanobacte((larshall,1971).

The dissolved oxygen concentrations at stations Stn.1 and 2 are more or less
similar in range of 5.7 8.5 mg/L in three seasons. This is in accordance to the
observation made by Smith and Manoylov (2013) in their study on diatoms in lake

near acoal fired thermal power plant.

Statistical analysis
One-way ANOVA season wise
In season wise analysis, a very significant difference is observed in the mean

values of dissolved oxygen of water statisticallywvgbue= 0.000). This is clear from
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the observations made during the study period as DO was measured low in summer

season and higher in winter seasbalje 5.3.

One-way ANOVA month wise
A significant difference is not observed statistically in the mean values of
DO in every month (pvalue= 0.930) as clearly indicated by the monthly

observations alsargble 5.4.

One-way ANOVA station wise
Statistically a very significant difference is observed in the mean values of
DO studied at the three stations. This is indicated by thalye of significance

(0.000). DO at Stn.2 is found to be higher than at S&aBlé 5.9.

Correlation

Dissolved oxygen is found to havepasitive correlation with light intensity,
temperature, pH only and have a negative correlation with EC, TDS, turbaddly, t
alkalinity, total hardness, calcium hardness, magnesium hardness, chloride, nitrate,
sulphate, fluoride, BOD and COD. There is no correlation observed between DO

and the population of cyanobacteriable 5.9.

Multiple linear regression

Statisticdly the number of cyanobacteria are not affected by the oxygen
dissolved in water as indicated by regression analysi)(p75). It can be said that
there is no significant effect of amount of oxygen dissolved in water statistically on
the density otyanobacteria though more number of cyanobacteria were observed at

low DO (Table 5.7.
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Biochemical oxygen demandBOD)
ABOD i s defined as t he amount of
decomposing organic material in a sample under aerobic condition°at @@der a

period of 5 dayso (Maiti,2004).

The lowest BOD was measured for Stn.1 (0.2 mg/L) in winter season and
maximum at Stn.3 (5.03 mg/L) in monsoon season. The results obtained are similar
to the findings 6Bhatnagar and Bhardwaj (209)3d@he BOD range of 4:8.5 mg/L
in Chambal river water has been observed by daal (2015) and Chouhaet al

(2018).

The BOD values are found greater at Stn.3 than other two stations round the
year. Higher BOD values suggest that there is more amafuoxidizable matter
present at Stn.3 causing low levels of DO. This may be due to the human

interference, disposal of waste and sewage.

A low BOD value of 1.43 mg/L was reported by Muhammad Adiaral
(2012) at a station near the outlet from a powtation. In the present study BOD

values ranged from 0.2 to 2.77 mg/L at Stn.2 which are near to their observations.

Statistical analysis
One-way ANOVA season wise

Statistically a very significant difference is observed in the mean values of
BOD of water as suggested byvplue of significance being 0.000 in all seasons.
This is because of different concentration of BOD in all the three seababke (

5.3).
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One-way ANOVA month wise

Though the observation made for BOD indicates a detectable amount of
BOD in every month, there is no statistically significant difference observed in the

mean values of BOD each monthy@lue= 0.938)Table 5.4.

One-way ANOVA station wise

Statistically a very significant difference is observed in the mean values of
BOD studied at the three stations as indicated by th@lye of significance (0.000).

BOD at Stn.3 is found to be higher than at Stiiab{e 5.9.

Correlation

A positive correlation is observed between BOD and EC, TDS, turbidity,
total alkalinity, totalhardness, calcium hardness, magnesium hardness, chloride,
nitrate, sulphate, fluoride and COD. A negative correlation of BOD is observed with
light intensity, temperature, pH and DO. BOD is found to be slightly positively
correlated with the number of cyamacteria (r= 0.09)T@able 5.§. Although the
BOD is measured highest at Stn.3 but the greater number of cyanobacteria is not
observed as this site the bloom forming algae is may inhibiting the growth of other

cyanobacteria.

Multiple linear regression
Regression analysis indicates that the BOD statistically does not affect the

number of cyanobacteria present in water (p142) Table 5.7.
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Chemical Oxygen DemandCOD)
COD is the measure of oxygen required for chemical oxidation of organic
compoundswith the help of strong chemical oxidant (Aery, 2010). It indicates the

toxic conditions of a water body (Maiti, 2004).

COD ranged between 4.0 mg/L to 66.67 mg/L during the study period. COD
values are always greater than BOD values (Maiti, 2004). Westovalues of COD

were calculated at Stn.1 and highest at Stn.3 round the year during the study period.

Chouhanet al (2018) observed the COD value of 12.5 mg/L at Stn.2 and
value of 13.2 mg/L at Stn.3 in their study. Guptaal (2011) measured 13r8g/L

of COD at Kota Barrage and 22.5 mg/L at Chhoti Samadh which is Stn.3.

The maximum COD value was obtained at Stn.3 during monsoons. The high
values of COD indicate high amount of organic matter and chemically oxidizable
inorganic substances presemtwater. This is may be due to addition of domestic

waste, cropland waste, industrial waste and sewage at Stn.3.

The COD values at Stn.2 are higher than Stn.1 but lower than at Stn.3. The
reason for the higher COD value at Stn.2 can be attributed tmiitent of thermal
discharge which may include oil and grease or some other chemicals used for the

maintenance of machinery of the coal fired thermal power plant.

The population of cyanobacteria is higher at Stn.2 as compared to Stn.3 as

indicated by tk lower values of COD.
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Statistical analysis
One-way ANOVA season wise

A very significant difference is observed statistically in the mean values of
COD of water as indicated byvyalue of significance in all seasons (0.000). This is
may be due talifference in concentration of COD in all the three seasdablé¢

5.3).

One-way ANOVA month wise

The monthly observation taken for COD clearly indicates a difference in the
amount of COD in each month but statistically a significant difference is not
observed in the mean values of COD in ANOVA analysis month wisealfe=

0.461) Table 5.4.

One-way ANOVA station wise
Statistically a very significant difference is observed in the mean values of
COD station wise as indicated by thergdue ofsignificance (0.000). COD at Stn.3

is found to be higher than at StnPaple 5.5.

Correlation

COD is observed to be inpositive correlation with EC, TDS, turbidity, total
alkalinity, total hardness, calcium hardness, magnesium hardness, chidrate,
sulphate, fluoride and BOD. A negative correlation of COD is observed with light
intensity, temperature, pH and DO. The population of cyanobacteria is found to be

negatively correlated with COD (~8.18) (Table 5.6.
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Multiple linear regression
Statistically there is no effect of COD on the number of cyanobacteria

present in water as regression analysis indicate©(p64) Table 5.7.

Density of cyanobacteria

Statistically a significant difference is observed in the mean values of total
number of cyanobacteria in omey ANOVA analysis month wise {palue=
0.016). Though the difference in their mean values is not significant statistically in

season wise and station wise analysabi{e 5.354, 5.5).

In Multiple Linear Regressioanalysis the Coefficient of determinatior’ (R
0.819) shows that the variability in the density of cyanobacteria is defined by the

independent variable which is about 81.9Pakjle 5.7.

Biodiversity of Cyanobacteria
Diversity of the cyanobacterial commity in the present study is studied at

the genera level diversity of a population of the individual genera of cyanobacteria.

Total 25 species belonging tb4 genera of cyanobacteria were observed in
Chambal river freshwater at three stations selected for the study, representing orders:
Synechococcales, Spirulinales ordo nov., Chroococcales, Oscillatoriales and
Nostocales (4,1,3,3 and taxa respectively)(Anagnostidis and Komarek, 1988;
Komareket al, 2014).The highest species richness was observed at Stntax33
and lowest at Stn.3 (7axg. The order Synechococcales was represented with

highest number of genera at the three stationsd the year astudy period.
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The community structure of cyanobacteria at Stn.2 was rich with
cyanobacteria belonging to order Synechococcales, Spirulinales ordo nov.,
Chroococcales, Oscillatoriales and Nostocales during the study period. Though the
cyanobacterial comuamity structure at Stn.1 was comprised of members belonging
to same orders as observed at Stn.2 but order Chroococcales is represented with only
1 taxaChroococcusThe Stn.3 was observed with cyanobacteria belonging to orders

Synechococcales, Chroococsénd Oscillatoriales only.

The highest abundance of cyanobacteria was found at Stn.2 in May and June
months of summer season while lowest was observed at Stn.1 in winter season
(November). Station Stn.1 was dominated with the representati@srobcocales.

The total share in the abundance of cyanobacteria at Stn.1 is 59%. This similarity of
share by representatives of order Chroococcales is also found to be higher at Stn.2
(56%) and 3 (46%). But at Stn.2 there is observed an increase in the shaed of t

abundance by representatives of order Synechococcales (23%) while by order

Oscillatoriales (33%) at Stn.3.

The maximum density d€hroococcusvas observed at Stn.2 throughout the
study period. The higést number of cyanobacteria wasserved in summer season
at Stn.2 and lowest at Stn.1 in winter season. The orders Chroococclaes represented
by Chroococcus and Synechococcales represented Merismopedia and
Synechococcudominated at Stn.2 round the year. On the other hand Stn.1 and 3
were dominated by Chroococclaesd Oscillatoriales withChroococcusand

Oscillatoriaat Stn.1 whileMicrocystisandOscillatoria at Stn.3 respectively.
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Cyanabacteria taxa like Lyngbya, Gloeocapsa, Cylindrospermopsis,
Microcystis, Synechocystisiere found to be absent from the cyanobacterial
community at Stn.1 while these genera were a part of the community at Stn.2. The
community structure of cyanobacteria is also found to be changing at Stn.3 from
other two sampling stations &3scillatoria and Microcystis were found to be

dominant at Stn.3.

13 genera of cyanobacteria with 21 speciese observed at Stn.2,gknera
with 14 speciesit Stn.1 and 6vere observed at Stn.8scillatoria was observed at
all the stations round the yedvierismopediais a temperature toleratdxaand is
found dominant at Stn.Zhroococcuss anothetaxafound with maximum number

of individuals at Stn.2.

For community structure study and analytical measurement of biodiversity,
various indices are used@pommonly known as diversity indices. The diversity
indices are concerned with diversity and considstividual occurrence for
evaluation.The richness and evennes$ taxaare integrated into diversity indices
which give information about ecological catoins and are used to monitor changes

in environment (Lata Doret al, 2010).

Diversity indices are helpful in assessing the changes in community structure
when used to determine the water quality by use of a biological component (Palmer,
1980). More the degree of environmental stress, greater the change in the

community structure will be (Aery, 2010).
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Stress imposed by temperature varies on organistesns of duration and
magnitude(Poornimaet al, 2006). Changes in temperature can altecctdmposition

and structure of algal community.

The heated water is the main component of thermal discharge. This heated
water when discharged into the source of water creates a change in temperature that

affects the diversity of phytoplanktons.

The conputation of cyanobacterial diversity was done by Shannon Weaver
diversity index. Shannon diversity index values at Stn.1 ranged from 1.11 to

1.92.They ranged from 1.10 to 2.07 at Stn.2 and from 1.26 to 1.79 at Stn.3.

The Shannon Weaver diversity indéxH6 v al ues of <cyanobac
or less similar at three stations in monsoon and winter season but it was measured

maximum in summer season.

Lowest Shannon Weaver diversity index was calculated at Stn.1 for
cyanobacteria. Hi dels greatervdavdrsityeof ayanobatteria. Iti ndi c
was calculated maximum at Stn.2 during the summer season. This station is nearest
to the discharge site of thermal power station as compared to other two stations.
Hence the higher diversity index is may be dueuo@nce of diverse forms and

different species of cyanobacteria at Stn.2.

An increase in the abundance of cyanobacteria is observed in the present
study at Stn.2 with the highest diversity of cyanobacteria. Stn.2 receives thermal

discharge in form of dated water and experiences highest surface water temperature
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in the summer season. This is the reason for the richness of cyanobacteria at Stn.2.
Thermal tolerantaxaare found dominant at Stn.2 in the present study. Hence, it can
be stated in the predestudy that heated water with elevated temperature associated
with a thermal power plant supports the growth of cyanobacteria by increasing their
population and have a positive impact on their density and diversity. Heated water
from the thermal discharge altering the cyanobacterial community by shifting the

sensitivetaxato heat tolerantaxawith high diversity at Stn.2.

Some of the studies revealed decreased growth of aquatic flora near power
plants and show that there is not any significeffiéct of thermal discharge on
community of cyanobacteria. Previous studies conducted on the influence of thermal
discharge showed loss of biodiversity but most of them considered seaweeds or
phytoplanktons in marine water which get negatively affectedh wie rise in
temperatureCuici et al, 2006 Kim et al, 2008; Nwankweet al,. 2014). But Mallin
et al. (2014) suggested that marine phytoplankton community is not much affected
under the effect of thermal discharge. StudyNekhaatet al (2019)also make a
point thatthermal discharge in river water imposesegative effect on the diversity

but their work is on phytoplanktons.

In the present study, it is revealed that freshwater river cyanobacterial
population is strongly positively correlated witke rise in water temperature caused
due to thermal discharge. Cyanobacteria are considered as blue green algae, have
higher range of thermal tolerance, they also show optimal growth at high range of
temperature (Welch and Lindell, 1992). A common obsemamade by Brock

(1975) showed blugreen algal (cyanobacterial) dominance of aquatic communities
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is greater when water temperatures are warmer due to discharge from power plants.
Even the studies oKonopka and Brock (1978and Welch and Lindell (1992)
revealed that as temperature increases, the algal groups with the maximum growth
rates changed from diatoms to green algae to-dpleen algae (cyanobacteria)

explaining a shift in phytoplankton community.

Sorense 6s similari ty i nrbecemmentapabetveeene s t he
two communities or sites compared along with the total numberdofiduals on
both the sides. It predicts the communit:
similarity index values are found higher in summer season and loweinter
season between different stations compared. The similarity index values indicate that
there are present more number of commepresentativesf cyanobacteria on an
average among Stn.1 and Stn.3. It can be stated that 45% oyahebacterial
members are commonly present between the two sites. The lesser number of
commontaxaare found to be present between Stn.2 and 3 having 38% of similarity.
On the other hand, sites Stn.1 and Stn.2 have 44% of commambersbetween

them.

This suggests thdhe cyanobacteria are more common between Stn.2 and 1
than between Stn.2 and 3. The 45% similarity between Stn.1 and 3 indicates almost
a similar community structure of cyanobacteria. A decrease in similarity is observed
from Stn.2 to Stn.3. This is may dee to more human interference and addition of
organic content at Stn.3. Bloom forming cyanobacteria are of more common
occurrence at Stn.3. Higher similarity between Stn.1 & 3 indicates a change in
community structure at Stn.2. It can be concluded tieetis a difference between

ther composition at Stn.2 from Stn.1 and 3. This difference in composition of
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cyanobacteria is due to thermal impact from the thermal power plant. The heated
water increases the water temperature of the river receiving timaihdischarge.
This rise in temperature favours the growth of thermal tolemaambers of

cyanobacteriat Stn.2.

Somenew membershave also been reported during this study which have
not been reported earlier near Kota Barragdanktothrix, Synechocystis
Cylindrospermopsisand Synechococcuare reported for the first time in Chambal

river water.

However, a higher diversity of phytoplanktons in marine waters was reported
by Lo et al. (2004) and the results obtained for the present study on freshwater are in

coincidence with their findings.

The diversity may be altered with rise in temperature. Change in climate or
temperature can result in a shift in distribution and abundanceecfesp(IPCC,
2007). Some of the species of the algal community may be eliminated with the
arrival of new species in an algal communiBo(tant and Brook, 1973Y.he high
temperature favours the proliferation of cyanobacterial algal community among

phytoplnktons and tends to alter the algal diverssigh@bhattet al, 2013.

The present work indicates that thermal discharge has significant influence
on surface water temperature of river. Among all the physical and chemical
properties of river water determined during the study, surface water temperature has
a strong impact onhe diversity of cyanobacteria. It revealed that a significant
increase in surface water temperature is reported in river water and it is highly

positively correlated with the cyanobacterial population and their diversity at Stn.2
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i.e. near the discharge ipb of thermal power plant. It can be proved strongly that
even may be due to rise in temperature arrival of new opportummiobers
particularly heat tolerarteixg has also been recorded at Stn.2 in the present study.
As a result of which the divergitat Stn.2 is higher as indicated by H values. Cold
water tolerantaxaare being replaced by thermal tolertamtaof cyanobacteria at
Stn.2 causing a shift in the density and diversity of cyanobacteria, hence changing
the cyanobacterial community structuas indicated by the Similarity index of

Sorenson.

The thermal discharge from the thermal power plant is rising the water
temperature which thereby is responsible for high rates of photosynthesis and
increased growth in cyanobacteria at Stn.2. As kéghperature lowers the density
of water so may be some of the cyanobacteria move vertically making more number
of cyanobacteria floating on the surface of water hence enriching the water with
cyanobacteria at Stn.2. The higher water temperature at Stmayi be responsible

for making the water rich in cyanobacteria.

The present research work stated that in the density of cyanobacteria, at all
the three stations in different seasons, statistically not such significant difference
was observed. Seasomslidy included an average result of fouwnths. This is due
to different climatic and weather conditions every year which is definitely causing a
gradual shifting of onset and duration of seasons resulting in a change in seasonal
cycle. There is a signdant difference observed statistically in the density of
cyanobacteria at the three statiomsgry month during the study period. Maximum
diversity reported in the month of June while minimum diversity reported in the

month of May.
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It can be stated thaiarticular physicechemical parameters of water like
light intensity, temperature, pH and electrical conductivity have a significant effect
on the density of cyanobacteria each month at each station during round the year
study. As a result of which the paption of cyanobacteria is observed to be

different in every month thereby expressing a change in diversity.

The heated water from thermal discharge is responsible for the increase in
diversity of cyanobacteria thereby causing a possible change in baciaoal
community composition though a gradual one but which may affect the other trophic

levels and in the turn the aquatic ecosystem dynamics.



CHAPTER 7
SUMMARY

Cyanobacteria are the bhgeeen algae with morphological diversity and
diverse habitats. They have prokaryotic structure so nucleus and other cell
organelles are all together absent in them. Cyanobacteria lack sexual reproduction
and reproduce only by fgmentation or vegetative propagati@as vesicles in the
protoplast of their cells provide buoyancy to the floating forBmme of thentan

also perform the function of nitrogen fixation.

Cyanobacteria can survive in variety of habitats both land aaterwin
Rajasthan state, a land of desert with few water bodies, Chambal river is a boon for
the people of the state. The river is a tributary of Yamuna river and is a perennial
river of Rajasthan. It is rich in flora and fauna. The river is also a honwdifferent
kinds of algae. As cyanobacteria can perform oxygenic photosynthesis they play an
important role in global carbon cycle through assimilation of carbon. They play an
important role in the ecosystem as 98% of carbon is fixed by these algaeal3iey
have an important role in the biotechnology for the various uses they have.
Cyanobacteria form an important component of phytoplanktons which form the base
of a food web where these are the first organisms to be affected first if any change in

aguatc environment occurs.

The river flows through Rajasthan and MdRates in India. The river flows
in a stretch of 960 km and its water is used for drinking, irrigation, electricity

generation, industrial purpose and recreational activities.
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The riverserves as the life line for the residents of Kota city as the river
flows from the heart of the city. Kota Thermal Power Station (KTPS) is located on
the left bank of the Chambal river. It is a céisgdd plant which is functioning since
1983. The total istalled capacity of the plant is 1240 MW and has seven operating
units. Thermal power plants use water for the cooling purpose which in turn gets
heated and is discharged back into the source of water. Heated water is the main
thermal effluent dischargeadhto the water body. The hot or warm water impose
various ecological effects including lowering the amount of oxygen dissolved in
water and even in mass mortality of fishe
once through <cool i ntgadut opseverpwhitemay éffeciiss f i v
aguatic cyanobacteria. The water discharged from the KTPS transfers its heat energy

to the Chambal river water where cyanobacteria are exposed to this heated water.

With the objective to study the diversity of cyaaoteria in Chambal river
and to assess the changes in community structure of cyanobacteria due to thermal

discharge the physiechemical properties of river water were analyzed.

Three sites were selected for the present investigation on the stretch of
Chambal river in Kota city. Station 1 was selected at upstream of river at Akelgarh
water treatment plant. Station 2 was selected as near as possible to the thermal
discharge site of Kota Thermal Power Station and Station 3 was selected at the
downstream bChambal river behind the Chhoti Samadh Shiv Temple. Stn.1 was
treated as control station. Random sampling method was used for sampling for the
period of one year from July 2017 to June 2018. The results were analysed season

wise as well as month wise.
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Total 15 physicechemical parameters were studied during the study period.
The physical and chemical characteristics of the river water were determined by
collecting the water samples in triplicates from selected sites in one litre capacity of
clean polyethlene bottles. After the collection of sample, light intensity,
temperature and pH were detened immediately on the spotadllection sits. For
the analysis of parameters like electrical conductivity, turbidity, total alkalinity,
hardness, chloridedluorides, sulphates, nitrates, total dissolved solids, dissolved
oxygen, BOD & COD the samples were brought to the laboratory. The standard
prescribed methods were followed for the determination of physiemical

parameters of water.

The surface watesamples were collected from the sampling sites in the
morning time during second week of every month during the study period in the
replica of three to study the diversity of cyanobacteria. The collected samples were
studied within 48 hours with the preption of fresh mounts in laboratory for
cyanobacteri al study. The samples were a
solution for further detailed examination. Observation and identification of
phytoplanktonic Cyanobacteria was done with the help oflaMai literature and

monographs.

The physicechemical parameters of water were determined and the average
values were calculated for the da@yanobacteria were observed to study their
diversity in freshwatefThe diversity of cyanobacteria was calcathusing different
diversity indices for the assessment of the community structure of cyanobacteria

Data obtained was analyzed seasase as well as montise to study the overall
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effect of various parameters of water on the diversity of cyanobacltéeadata was
also tested statistically using statistical tools of @ag ANOVA, Coefficient of

correlation and Multiple linear regression.

In can be concluded in the present study that among the various physico
chemical parameters of water studied, terafure, pH and EC were significantly

affecting the diversity of cyanobacteria.

It revealed that the higher surface water temperature was observed at Stn.2
which was almost 10 °C higher than the control station and station at downstream. It
can be conclded that the thermal power plant discharges heated water into the
Chambal river which rises the ambient water temperature at the site nearest to the
discharge site. The density of cyanobacteria was found highest at Stn.2 during the
summer season which imdites that elevated water temperature favours the growth
of cyanobacteria thereby increasing their diversity. A strong positive correlation
between temperature and density of cyanobacteria was observed making it evident
that temperature favours the protdgon of cyanobacteria. Mutiple linear regression
analysis clearly indicates that water temperature has a significant positive impact on

the number of cyanobacteria.

pH was also measured higher during summer season like the temperature. As
cyanobacteridhrive well in alkaline pH of 7.5 to 9 units, the pH at Stn.2 provides
favourable conditions for growth of cyanobacteria with higher diversity. Low EC
also favours the growth of cyanobacteria. There is no major change observed in the

concentration of totadissolved salts, total alkalinity, sulphate and nitrate in river



Summary 169
]

water from the past years of research indicating that thermal discharge has no effect

on thesehemical parameters of water.

Correlation matrix reveals that the number of cyanobacteridighly
positively correlated with water temperature. The population of cyanobacteria is also
found to be in positive correlation with light intensity and pH. Hence, the higher
water temperature favours the growth of cyanobacteria thereby an increase in
population and diversity of cyanobacteria is observed at Sfih2 thermal
discharge from the thermal power plantceusing increase ithe temperaturef
water which in turn is responsible for high rates of photosynthesis and increased
growth incyanobacteria at Stn.2. As the temperature rises the density of water gets
lowered so may be some of the cyanobacteria move vertically. With the presence of
gas vesicles such cyanobacteria float on the surface of water leading to increase in
number of cyaabacteria at Stn.2. The higher water temperature at Stn.2 is may be

responsible for making the water rich in cyanobacteria.

Total 25 species belonging to 14 genera of cyanobacteria were observed in
Chambal river freshwater at three stations selectetthéostudy, representing orders:
Synechococcales, Spirulinales ordo nov., Chroococcales, Oscillatoriales and
Nostocales (4,1,3,3 and 3 taxa respectively).genera with 14 speciesof
cyanobacteria were observed at Stn.geGerawith 16 speciesvere obsered at
Stn.3 andotal 13 generawith 21 speciesit Stn.2.Oscillatoria was observed round
the year at all the stations in three seasons. Cyanobacter@ylikelrosgrmopsis
Planktothrix Synechococcuand Synechocystisire reported for the first time in

Chambal river water in this study.
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Chroococcusvas found with maximum number of individuals at Stn.2. Heat
tolerant cyanobacteria likglerismopediaand Synechococcusere also observed at
Stn.2 that is marked with a Ingr range of temperature. Presence ofjd3erawith
21 different species at Stn.2 establishes the fact that elevated water temperature from
thermal discharge is favouring the population of cyanobacteria and hence increasing

the diversity of cyanobacter&s indicated by Shannon Weaver diversity index.

Thermal tolerant cyanobacteria flourish well at Stn.2 receiving thermal
effluents so it can be emphasized that cold or normal water tolmembersare
being replaced by temperature tolerar@mbersof cyanobacteria causing a change
in the density of cyanobacteria. This in turn is responsible for the increasing
diversity and more growth of opportunistic species at Stn.2 hence changing the

cyarpbacterial community structure.

It can be conclude thahe freshwater Chambal river supports the high
diversity of cyanobacteria under the thermal influence during the summer season at

Stn.2.

Scope for further research
Concentration of heavy metals in thermal discharge further can be analyzed
to study theireffect on cyanobacterighs Chambal is a river is a perennial river,

both the sides of river could have been chosen for consideration sampling.
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Chambal river is the only perennial river of Rajasthan which is used for drinking,
irrigation and power generation. The river hosts excellent flora and fauna of
which freshwater flora is of much importance because of its basic position in the
food chain. Only few research reports are available on cyanobacteria of Chambal
River in Rajasthan. In present scenario some more documentation of
cyanobacterial biodiversity is required for further research.

Keywords: Bioassessment; biodiversity; cyanobacteria; phytoplanktons.

Introduction

Rajasthan is a land of desert with very small
area covered by rivers. Chambal river, a
tributary of Yamuna River, is the only
perennial river that originates at Mhow near
Janapav temple in Madhya Pradesh. Flowing
in a northerly direction through M.P., it
enters Rajasthan at Chaurasigarh Fort where
it flow in north — east direction'. It again
flows through M.P. before joining the
Yamuna river in U.P. Chambal river forms
various deep picturesque gorges during its
course that add scenic beauty to it. In stretch
of 96 km in Rajasthan, it flows through
Chittorgarh, Kota and Dholpur districts. The
river water is used for industrial purpose,
drinking, recreational activities, electricity
generation and irrigation through four dams
- Gandhi Sagar Dam, Rana Pratap Sagar
Dam, Jawahar Sagar Dam and Kota Barrage
constructed on it during its long course (Fig.
1 & 2)>. The river has derived its name from
‘Charmanayavati’ and with religious beliefs
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holds a sacred position for the people of
Kota with a hol;/ name ‘Maa
Charmanayavati' . (Fig3)”. Besides being the
lifeline of Kota city, Chambal River is also
rich in aquatic flora and fauna including the
mugger and gharial.

Due to use of its water for industrial
purpose and colonization on its bank, the
river gets the industrial effluents and sewage
water discharged into it. Most of the
research work has been targeted on water
pollution and water quality of Chambal
River. But a very stray literature is available
on phytoplankton diversity of Chambal
River, hence this paper is an attempt to
review the works done on cyanobacterial
biodiversity of Chambal river.
Cyanobacteria- Cyanobacteria are the most
primitive,  cosmopolitan,  thallophytic,
photosynthetic,  prokaryotic ~ organisms,
classified under phylum alga which came
into existence almost 3.5 billion years ago.



Appendices

50 Choubisa & Dubey

Fig. 1 Course of Chambal River
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Fig. 2 Various dams constructed
on Chambal river

Fig. 3 Chambal River

The evidence of their origin can be traced
through carbon isotopic data and study of
microfossils which states their dominance
during Precambrian period®*. These are the
most successful organisms that are in
existence for billions of years and are still
exploiting every possible extreme of
habitats’.  Cyanobacterial cells contain
chlorophyll- a, beta carotene, c-
phycocyanin, allophycocyanin and c-
phycoerythrin ~ with membrane bound
nucleus and plastids lacking (prokaryotic
cell structure). Motile reproductive cells are

never found in their life cycle(’. They show
morphological diversity and may occur in
variety of morphological forms. They can be
unicellular like Synechocystis, can occur in
form of trichome (chain of cells) like
Oscillatoria, or filament ( chain of cells
enclosed in a gelatinous sheath) like
Phormidium which can be branched as in
Scytonema or colonial as in Merismopedia,
Microcystis®. They are also known as ‘blue-
green algae’ because of the bluish green
colour imparted by dominant phycocyanin
pigment to them’.
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Because of their cosmopolitan
nature, cyanobacteria are found in variety of
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(bryophyte), Anabaena azollae — Azolla
(pteridophyte), Nostoc - Cycas
(gymnosperm),  Nostoc -  Gunnera

habitats from freshwater to marine,

planktonic to benthic, acidic to alkaline, hot

water to soil, desert to snow’. Cyanobacteria
like Synechococcus are even able to grow at
temperature up to 73 'C -74°C **.

Unique in its Kind

Cyanobacteria possess some characteristic

features that make them unique**'" .

a) They are the only oxygenic phototrophic
prokaryotes which can perform oxygen
evolving photosynthesis through
photosynthetic pigments diffused in the
entire cytoplasm (chloroplasts being
absent). They play a key role in global
carbon cycles through assimilation of
carbon and oxygenic photosynthesis.
Their  chief  reserve  food is
cyanophycean starch.

b) They are closely related to bacteria in
evolution. Their cell wall is similar to
Gram negative bacteria containing
amino sugars and amino acids. Cell wall
is enveloped with mucilaginous sheath
secreted by cell membrane in some
genera.

c) They are the only algae that can fix
atmospheric dinitrogen. This function
can be attributed to specialized thick
walled cells called ‘heterocysts’
provided with nodular thickenings
present in some of the genera which
provide anoxygenic environment for the
action of nitrogenase enzyme, eg.
Nostoc, Anabaena, Aphanizomenon,
Gloeotricha.

d) They have a capacity to form symbiotic
association with a variety of eukaryotic
organisms including plants and also with
non photosynthetic organisms like fungi
(in form of lichens), sponges, ascidians
and corals. These associations can be
best exemplified by Nostoc - Sphagnum

(angiosperm), Nostoc & Anabaena — rice
fields and even with other group of algae
‘diatoms’.

Central vacuole is absent in cells but to
planktonic forms buoyancy is provided by
pseudovacuoles comprised of gas vesicles
hence making them float that can result in
formation of surface blooms. Bloom
forming cyanobacteria can discolour the
entire water body and release a variety of
toxins which may be neurotoxins,
hepatotoxins or cytotoxins detrimental to
human health and fishes hence making the
water unpotable. Major bloom forming taxa
are Anabaena, Microcystis and
Aphanizomenon, others being Oscillatoria
and Spirulina*"2.

Importance

Cyanobacteria play important role in
ecosystem and have multiple uses in the
biotechnology. These are the first oxygenic
photosynthetic organisms that made today’s
aerobic environmrent to live in by releasing
oxygen. Cyanobacteria like  Nostoc
commune, Spirulina, Arthrospira,
Aphanizomenon can be used as nutrient
source, health supplement and as animal
feed. Being a rich source of protein and
vitamin B 1, Spirulina tablets are commonly
being sold in market. Arthrospira extracts
can be used in cosmetics due to moisturizing
effects. They are also used in sewage
disposal and wastewater treatment by the
supply of oxygen required by bacteria for
oxidative breakdown as done by Nostoc,
Scenedesmus, Anabaena . Because of their
nitrogen  fixing  capacity,  Auwlosira

fertillisima, Nostoc, Anabaena doliolum are

excellent biofertilizers thereby playing
role in increasing the soil fertility.
Cyanobacteria may be used for production
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of secondarg/ metabolites and bioenergy
production'®.

Free floating, unattached
photosynthetic micro-organisms are together
known as phytoplanktons. Their growth is
affected by temperature, light and
nutrients'>'*. In an aquatic ecosystem
phytoplanktons are the primary producers,
the estimate of which can be used as water
quality indicator'”. Being easily available,
cheap in use, more convincing and
informative, algae are used as
bioindicators'®. Changes in water quality of
aquatic system can be studied through
bioassessment'*. Most of the contribution
to organic carbon made available to
in the aquatic food web is done
by phytoplanktons as they play a key
role in global carbon cycle through
assimilation of carbon and oxygenic
photosynthesis’.

Generally, an alga maintains dissolved
oxygen (DO) and aerobic environment of
water  body  through  photosynthesis
necessary for bacterial decomposition of
organic matter and respiration of aquatic
fauna'’. DO values of 43 — 14.59 mg/L
have been rePoned in Chambal river by
many workers' 1% 1% %,

Cyanobacterial Biodiversity

Biodiversity, also known as biological
diversity, can be defined as variation among
species and habitats of living organisms be it
at gene level; species level or at ecosystem
level. Three types of biodiversity are known
— o diversity (local), B diversity (turnover)
and vy diversity (regional). In general «
diversity is the diversity of life forms within
a habitat”’. Some workers have studied the
cyanobacterial biodiversity of Chambal
River in past years along with its water

quality.

Table 1. Cyanobacterial Biodiversity of Chambal River in Rajasthan

S. No. Name of Genera & Species
1. Anabaena sp.
2, Aphanocapsa sp.
3. Arthrospira sp.
4. Calothrix sp.
3. Chroococcus turgidis
6. C. disperses
s Gloeocapsa sp.
8. Lyngbya sp.
9. Merismopedia tenuissima
10. M. glauca
11. M. elegans
12, Microcystis aeruginosa
13: M. lamelliformis
14. M. robusta
15. Nostoc sp.
16. Oscillatoria proboscida
17. Q. princeps
18. O. tenuis
19. Phormidium sp.
20. Spirulina major
21. S. sublitissima
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Bhatnagar and Bhardwaj (2013 b)"’
reported total 13 genera and 21 species of
cyanobacteria during their study. Genera
that were very common are Merismopedia,
Oscillatoria and Microcystis. In an another
study conducted by Bhatnagar and Bhardwaj
(2013 a)22 at Kota Barrage constructed on
Chambal river, total 10 genera and 18
species were reported by them both in
upstream and downstream of the river.
According to authors, cyanobacteria showed
dominance during summer season. They
also investigated Microcystis aeruginosa
and Osillatoria sp. in downstream of river as
pollution tolearant genera.

Cyanobacterial diversity was also

studied at Rana Pratap Sagar Dam and
Chambal river by Gaur ef al. (2014)".
They reported 5 genera- Oscillatoria
sp., Microcystis  sp., Phormidium sp.,
Nostoc sp., Anabaena sp. of common
occurrence.
On the basis of research work done by these
authors, all  the reported  genera
and  species of cyanobacteria are enlisted
in table 1.

A wide variety of taxa of
cyanobacteria have been reported in
Chambal River. On the basis of the available
literature studied 21 species of 13 different
genera are known to occur in such an
elaborate freshwater river system of
Rajasthan. These versatile photosynthesizers
are important economically and may be
utilized for SCP, biofuel production etc.
There is a requirement of their further
documentation to be used commercially.
With the rising effects of global warming
and temperature changes, there is a possible
risk of loss of biodiversity. Therefore, there
is a need to study cyanobacterial flora of
Chambal  River and  protect the
cyanobacterial biodiversity in the present
scenario.
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Wetlands cover the major area of the earth. Aquatic systems are greatly affected
by the environmental conditions and the organisms residing within. Kishore Sagar
is a artificial lake located in the centre of the city and its water is mainly used for
agricultural purposes through a connecting canal system to Rajasthan and Madhya
Pradesh. The lake is at a risk by many anthropogenic activities which affect the
water quality. It harbours many species of phytoplantons which are mainly
responsible for the productivity of any wetland. The present study is an attempt to
investigate the water quality of Kishore Sagar in reference of its phytoplankton
diversity. The present paper reveals that the phyoplanktonic diversity comprises
of 33 species. Total 8 species belonging to 8 genera of Class Chlorophyceae, 17
species belonging to 8 genera of Class Cyanophyceae and 8 species belonging to
6 genera of Class Bacillariophyceae were identified during the study period.

Keywords: Carbon cycle; Diversity; Phytoplankton; Pollution; Water quality.

Introduction content residing within including both plants
Water forms the basis of life and forms the and animals. Phytoplanktons are the
essential part in urbanization, important components of the aquatic
industrialization and agricultural activities. ecosystems which are free floating,

Sources of pollution may be natural and run-
off, agricultural, industrial and domestic
wastes. Wetlands cover the major part of the
earth. On the basis of current and
stratification, fresh waters can be divided as
standing waters and running waters'.
Freshwater aquatic systems sequester a good
amount of global carbon through carbon
cycle®. Greatest values of ecosystem goods
and services per unit area of all habitats have
been assigned to freshwater aquatic
ecosystems . Health of an aquatic ecosystem
depends on the water quality and the living

31

unattached photosynthetic micro-organisms.
They are the primary producers which
occupy the first trophic level in a food chain.
Their abundance is affected by the water
quality of an aquatic system. Estimation of
phytoplankton diversity can be used as a
water pollution indicator’. Phytoplanktonic
diversity and  the  physicochemical
parameters have been studied at various
places of different lakes by many
workers®™#*1%1L12 ywork done by Kumar er
al. on Kishore Sagar deals with diversity of
diatoms only"*. This study is an attempt to
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