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ABSTRACT

Considering the importance of lakes in the urban environment of Nagpur
city, the present study aims at the assessment of trophic status of lakesin
Nagpur city. The limnological study to assess the water quality was di-
rected towards environmental survey of the environs of thelake, sources of
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pollution, and water analysis for physicochemical and biological param-
etersincluding phytoplankton and zooplankton, chlorophyll concentration
and oxygen balance measurement into the water. The present work aims at
utilizing Biomonitoring method based onindicators of water quality namely
phytoplankton & Zooplankton for the purpose of assessing trophic status
of 5 urban lakes in Nagpur city. The trophic status of the lakes was corre-
lated with the biological and physicochemical characteristics.
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INTRODUCTION

Thetrophic stateanaysisplaysvital rolein deter-
mination of health of thelakes. Temperature, oxygen
concentration, chlorophyll concentration, phytoplank-
ton, zooplankton, etc. aretheindicatorsof trophic state
analysisof thelakes. Theturbidity or water clarity is
function of the presence of suspended solids, dissolved
organic material, or phytoplankton abundance.
Eutrophication of thereservoirsisrel ated to changesin
thewater temperature. Decreasein water temperature
levelsdecreasesthe primary production asaresult the
phytoplankton isoutsdetheir optimal temperaturerange
for activity. Decreasein the amount of phytoplankton
increases clarity and thelevel of dissolved oxygenin
the lake water. Bachmann!? reported decrease in
oxygen content with increasein thetemperature of wa
ter reservoirs.

Phosphorus and nitrogen are essential nutrients
present inthelakes. Nitrogen entersthelakethrough
industria runoff, precipitation, fixation of amospheric
nitrogen, animal waste and sewage. Bachmann'@ iden-
tified sediment surface runoff and sewage as major
sources of phosphorus to the surface water bodies.
According to Bronmark and Hansson™, eutrophica-
tion of water bodiesis related to increased |levels of
phosphorus. Thisminerd of phosphorustriggersanin-
creasein theprimary production of thelakeand ade-
creaseinwater clarity. Anincreaseintheprimary pro-
ductivity of thelakeincreases shading by phytoplank-
tonwhich leadsto adecreaseintheoveral productiv-
ity of thelake.

Being abyproduct of photosynthesis, theincreased
primary productionleadsin higher level of oxygenwithin
thelakeenvironment. In progressof timethe bacteria
present in the water reservoir decompose the dead
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phytopl ankton and decaying matter in thewater bod-
ies. Inthisprocessthe bacteriautilize oxygen presentin
thewater body. Thisleadsin thedepletion of dissolved
oxygeninthewater bodies. Bachmanni? reported de-
creasein dissolved oxygen levelswithincreaseinthe
phytoplankton of water bodies.

Chlorophyll level sarestrongly associated with the
concentration of phosphorus3. Phytoplankton uses
the pigment chlorophyll ain photosynthesis. Intem-
peratelakes, phosphorus (measured as solublereac-
tive phosphorus) isthelimiting agent for primary pro-
duction. According to Kalff and Knoechel (1978),
phosphorus|oading and retention is proportional to
the amount of biomass. Kalff and Knoechel (1978)
have observed Chlorophyll a, an estimate of biom-
ass, and increases with increase in phosphorus con-
centration of water bodies. The ultimateincreasein
zooplankton wasa so observed asafunction of avail-
ability of food and nutrientsin the water reservoirs.
Leibold (1989) observed limited zooplankton inthe
water reservoirs as a shortage of food source and
dengity- dependent inhibition.

Deterioration of lakewater isalso responsiblefor
public health problemsin surrounding area. Therefore,
regular monitoring of lakewater quality & lake ecosys-
temisnecessary for taking appropriate environmental
measuresto protect & conservelakewater quaity suit-
ablefor urban ecosystem.

Nagpur in Maharashtra Stateis one of the green
citiesinIndiaand isendowed with many lakes. These
lakesarein different stages of eutrophication dueto
long period of negligence. However, someeffortsare
being carried out by civic authoritiesto maintain the
quality of theselakes.

GorewadaLakeisexclusively used for drinking
water supply toapart of the Nagpur city .PhutalaLake
isabeautiful lakein thebackground of hillsonitstwo
sides. Onesideof thehill isnow being used to devel op
botanica gardenfor Nagpur city. Thislakeisasoused
for fishery purpose. Ambazari |akelocated in the heart
of Nagpur city istheworst polluted dueto disposal of
wastewater. However recently the lake has been
desludged partialy to removethe polluted sediments
and beautified toimproveitsaesthetic va ue. However,
these effortsareinadequate. Policeline(Takli) Lakeis
for aesthetic purpose, however, the slum areaaround
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thelakeisresponsiblefor pollution of |akewater.

The present study was undertakenin view of im-
portance of lakesin theurban environment. Thelimno-
logical study to assessthewater quality wasdirected
towards environmenta survey of lake, sourcesof pol-
lution, and water andysisfor physicochemica and bio-
logicd parametersincluding phytoplankton and zoop-
lankton, chlorophyll concentration and oxygen balance
measurement of water. Biologicd monitoringwith plank-
ton iseconomical as compared to physicochemical
methods and biologica monitoring with other groupsof
aguatic organisms. The main purpose of biological
anadyssisto protect & preservethebiologica integrity
of natural ecosystem, whichinclude preventive mea-
sures.

The observationsof thisstudy will beuseful for lo-
cal civic bodies to understand the status of lakesin
Nagpur city from pollution point of view aswell asthe
sourcesof pollutiontothelake. An effort hasalso been
madeto suggest theremedia measuresfor restoration
of |lakewater quality. Thedatacollectionwill helpto
plan proper effective remediation programmefor res-
toration of lakewater quality and for preventiveregular
maintenance of thelakefor itssustainability.

Lakescould begenerally classified onthebasi s of
nutrient levels& microbid activity.

Oligotrophic - Low nutrients, minimummicrobia
activity.

Mesotrophic - Moderate nutrients, moderate
microbid activity.

Eutrophic - Highnutrient, highmicrobiologicd
activity.

Overall, lakesall over the country are exhibiting
varying degrees of environmenta degradation caused
by encroachments, eutrophication (from domestic and
industrial effluents) and siltation. The high population
density ensuresthat many water bodiesare under se-
vereand direct pressurefrom anthropogenic activities
inther catchments.

MATERIALSAND METHODS

Atotal of five siteswere selected for detail experi-
menta studies. Viz. Ambazari Lake, Gandhi Sagar Lake,
GorewadalLake, policeLineLake, PhutalaLake. The
Lakewater sampleswere collected inthe months of
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May and June and were analyzed. Observationswere
made at the period of 15 days. Onsitetemperatureand
pH of thewater was measured whereas dissol ved oxy-
genwasfixed and analyzedinthelaboratory. pH, Al-
kalinity, total hardness, chlorides, dissolved oxygen,
chemica oxygen demand, phosphate, sulphate, and totd
dissolved solids were estimated as per the standard
methods prescribed by APHAS,

Oxygen balance measur ement

Depending on thewater temperature organic pol-
[ution andlight condition adynamicequilibrium results,
which manifestsitsdf inaday and night variationinthe
disolved oxygen content of thesurfacewater. By smple
measurement of the oxygen content of thewater during
aday and night period, an oxygen curveis obtained
which can be evaluated by means of the Brujewitsh
formula

Pop=0 +K xO2 night X
2 =42 max 2night X5, —

Where, Po, = Oxygen production, O, = The difference be-
tween the maximum & minimum oxygen content during 24 hrs
period, O, ... = The decrease in oxygen content during the
night, N = T%e length of the night in hr., n = The length of the
day inhr., K = Coefficient, whichisequal to theratio of thetime
between sunrise & afternoon maximum, to the length of the
day in hr. generally, the value of the coefficient is 0.85.

Shannon wiener index (SWI)

Community analysisin ecology often report some
measure of diversity. Two typesof diversity arecom-
monly recognized. Former isrichnessor number of taxa
present and | ater isevenness, ameasureof how equally
individuals are alocated among the taxa. Shannon
Wiener Index of diversity measuresboth richnessand
evennessandisthebest estimateof diversity. Diversity
changesdueto impact of someenvironmentd factor or
dueto pollution.

Shannon Wiener a

Diversity Index (d) = ‘izl”’ N.log2n/N

Where, n = number of individuals of “i” species, N = total
number of individuals of all species (x), x = total humber of
speciesin the sample

When,

d =<1: Itindicates Eutrophic water or nutrient deficient water
d=1-3:Itindicates Mesotrophic or nutrient rich or mediumly
polluted water

d =>3: it indicates Eutrophic water
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Palmer ’s pollution index

Bioindicator speciesindicating organic pollutionare
hel pful inlimnologica studiesto classify water bodies
according to trophic status i.e. Oligotrophic, Me-
sotrophic or Eutrophic. Looking for the presenceand
absence of these speciesin the water sasmplesisthe
smplest goproachin thisdirection. Palmer (1969) con-
sidered thetol erance capacity of these speciesto or-
ganic pollution and expressed them numericaly. The
summation of thesevauesinasamplegivesthevaue
of PaAmer’s Pollution Index. The ranges of index values
indicativeof organic pollutionare:

<15 : organicpollutionisabsent
15-20 : presenceof organicpollution
>20 : presenceof highleve of organicpollution.

RESULTSAND DISCUSSION

Environmenta & Limnologica survey of 5 Lakes
in Nagpur was carried out in environmentally critical
summer season monthsi.e. May & June. Initidly envi-
ronmental observationsweremade on themorphology
of thelakes, human activity aroundit, sourcesof pollu-
tion, & death of the Lakesetc. Limnological observa-
tions were made at the period of 15 daysin May &
June 2008.

Environmental survey

All the Lakeswerevisited & observationswere
made. It was observed that Gorewada Lake is well
protected by Local Civil authoritiesasthisLakeisin
usefor public water supply. The sources of pollution
aretherun off water from the catchmentsarea.

Ambazari LakeisalLargeLakewith supply of water
for urban plantation only. ThisLakeisused for recre-
ational purposewith apublic garden onitsbank. The
sourcesof pollutionto the Lake arerun off water from
surrounding residentiad area& by thegrowth, desth &
decay of macrophytesinit.

Gandhi Sagar Lake has one Nallaasonly source
of water. Therefore, thislake has been recorded to be
highly polluted afew yearsback. However, the Lake
restoration measures have shown theimprovement of
Lake Water quality to some extent. Disposal of solid
waste & immersion of idols of God Ganpati & God-
dessDurgaared sothesourcesof pollutiontothe Lake.
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ThePhutdaL akerece vespollution through run of f
from surrounding residential area. Lot of macrophytes
also grow every year inthe Lake & contributethepol-
|ution after their death & decay.

ThepolicelineTakli Lakeisashalow Lakewith
rain water as the only source of water for the Lake.
Therefore, in Summer Season thewater body shrinks
toasmall size & water become green dueto concen-
tration of pollution.

Theabovediscusson showsthat GorewadaLake,
Ambazari Lake & PhutalaLakeislarge, mediumally
deep, permanent water bodieswhich play animportant
roleintheecology & inthebeautification of Landscape.
Gandhi Sagar Lake& PoliceLineTakli Lakeareshal-
low water bodies & need apermanent source of good
quaity water aswe | ascontrol of anthropogenic sources
of pallution.

It is observed that the pH above standards for
drinkingwater werefoundin policelinelakeespecidly
inthebeginning of May. Thismay bedueto either agd
bloomsinthe bottom or pH of thewater under stipu-
lated standards. The Dissolved oxygen was observed
to beintherangefrom 8.63 ppmto 11.36 ppmindicat-
ing the super saturation of water dueto dgal bloomsin
theLake.

The available Phosphate concentration was ob-
served intherangeof 0.28 ppmto 0.85 ppmindicating
sufficient amount of phosphateintheLakeswhich must
have beenresponsiblefor algal bloom conditioninthe
Lake. Phosphate concentration was highest in the Po-
liceLine Lakefollowed by Ambazari Lake, Phutala
Lake, Gandhi Sagar Lake & Gorewada Lake. This
observation indicatesthat detergent from thedomestic
waste water isthe possible source of ample phosphate
in thelakes. The quantity of sulphateisvery lessas
compareto drinking water sample. Chlorophyll —a
concentration represents standing biomassinthelake
water which intermindicates productivity statusde-
pending on eutrophication levels. Thechlorophyll-a
contentinthelakevariedfrom 1.62mg/litt0 89.35mg
/lit. Highest Chlorophyll-ava ueswereobservedin case
of PoliceLineLake, Ambazari Lake & Gandhi Sagar
Lakewhilevery low chlorophyll-acontent was observed
inPhutalaLake& Gorewadal ake.

Suess (1982) classified Lakein different trophic
levelsonthebasisof net productivity of the Lakemea:
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suredintermsof mg dry weght of phytoplankton stand-
ing crop per lit. Water sampleasgiven below

Trophicstatus Algal productivity (dry weight)

1) Oligotrophic <50mg/L
2) Mesotrophic 50- 100 mg/L
3) Eutrophic >100mg/L

Based on these va ues, the chlorophyll content in
PoliceLinelLake, Gandhi Sagar Lake& Ambazari Lake
areabove50 mg/L & below 100 mg/L indicating that
these are mesotrophic lakeswhilethe chlorophyll-a
content in PhutalaLake & Gorewadal ake are below
20 mg/L indicating thet they areoligotrophiclakesdur-
ing the study.

Theheavy meta content inlakewater isvery low
& may act astrace el ement to support the growth of
planktonsinthelake.

Abovediscusson showsthat most of thelakeshave
good water quality ascompared to drinking water stan-
dard. However thenutrient enrichment especialy phos-
phateis observed to trigger the growth of planktonin
the lake water. Therefore, the water of Police Line,
Ambazari & Gandhi Sagar Lakesisnot aesthetically
acceptable. The Gorewada L ake has comparatively
better water quality.

Biological statusof lakewater

Observations were made on phytoplankton and
zooplankton indictorsof water qudity. A list of trophic
datelndicesusedinthisinvestigationisgivenin Table.
Theresultsare discussed bel ow.

Phytoplankton speciesdiver sity

Averagevauesof Pamer’s pollution index (PPI)
are16for each of Gorewadal ake & PoliceLineLake,
indicatingmargind leve of pollution. Gandhi Segar Lake
had PPI value of 19 indicating presenceof organic pol-
lution & Ambazari Lake& PhutalalLakehasPPI val-
uesof 21 & 22 respectively indicating higher levelsof
Eutrophication. Accordingly Gorewada& PoliceLine
Lakeareleast polluted, Gandhi Sagar Lake mediumly
polluted & Ambazari & PhutalaLakehighly polluted.

Phytoplankton groups can be considered asindi-
cator of water quality in the broad sense.
Bacillariophyceae isindicator of clean Lake Water.
Chlorophyceae (especially Chlorococcales) indicate
highest level of organic pollution, while presence of
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cynophyceaeindicatesmedium level of organic pollu-
tion. Euglenphyceaeisaso agood indicator of organic
pollution however; itisawayspresentin small amount.
Therelative concentration of these groupsvariesde-
pending onleve of Eutrophication

It has been observed that the count of pollutionin-
dicator speciesishighest in Gandhi Sagar Lakefol-
lowed in decreasing order by Ambazari Lake, Police
LineLake, PhutalaLake& Gorewadal ake. Smilarly
theratio of indicator to nonindicator speciesishigher
in Gandhi Sagar & Ambazari Lake & gradually de-
creasesin PoliceLine, Phutala& Gorewadal ake.

Zooplankton speciesdiver sity

Zooplankton Groups can be considered asindica
tor of water quality in the broad sense. Cladocerais
indicator of clean LakeWater, Ostracodaisa soindi-
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cator of clean|akewater, Rotifersisindicator of or-
ganic pollution & Copepodaisindicator of mediately
polluted |akewater. Therdative Concentration of these
groupsvariesdepending on level of eutrophication.

In GorewadaL ake, total count of al thesegroups
islowest aswell asthey occur in moreor al equal pro-
portion alongwith small population of Insecta. Thisin-
dicatelowest level of eutrophication aong with pres-
enceof al nutrientsat optimum|evel with dight organic
pollution . Thus, Gorewada L ake occupies|owest level
of Eutrophicationin Nagpur city.

Gorewada L ake has 6, Gandhi Sagar Lake has9,
Ambazari Lakehas 11, PoliceLineLakehas 11, and
Phutal aLakehas 12 Zooplankton species. Total num-
ber of speciesinasampleistheindicator of water qudlity.
In the present case, we can say that Gorewada &
PhutalaLakewithlower taxa& level of eutrophication

TABLE 1: Physicochemical characteristic of thelakesin Nagpur during M ay June 2008

ﬁé Parameters ABZ GSG GRW PHU PLT | SDW
1. Temperature,°C 31.3+0.23  32.65t0.55 30.3+1.64 31.5+2.67  31.83+2.85 -

2. pH 8.0+0.52 7.95+0.02  8.56+0.19 8.47+0.43 8.46+0.47 6.5-85
3. Conductivity,ms/cm 0.697+0.05 1.06+0.02  0.41+0.006  0.752+0.07  0.92+0.04 -

4. Alkainity 8.2+0.1 27.0£0.05  10.0+0.28  10.96+0.65 18.46+1.36 200
5. Dissolved oxygen 11.36+1.08 8.7+0.2 9.5+2.4 8.63+2.38 9.76+2.32 -

6. Phosphate 0.61+0.04 0.4+0.4 0.29+0.01 0.46+0.06  0.81+0.025 -

7. Sulphate 27.14+1.16  452+0.02  28.4+1.28 31.76+0.4 44.8+0.77 200
8. Nitrate 0.65+0.005  1.42+1.20 0.25+0.008  0.55+0.008  0.48+0.009 45
9. Biologica Oxygen demand 18.3+2.05 14.3+0.03 4.7+0.47 7.0+1.63 9.0+0.81 -
10. Total suspended solids 5.3+0.34 5.7+0.2 0.39+0.02 4.13+0.24 5.9+0.16 -
11. Chlorophyll 67.36+16.47 62.69+5.0  2.10+0.34  15.39+3.44  70.62+0.25 -
12. Oxygen balance measurement  10.59+0.91 8.42+0.36 - 10.27+0.34 - -

All parameter expressed in mg/l except pH, temperature, conductivity. | SDW = Indian standard for drinking water (I S:10500-1991)
The values are +=SD of four determinations.

TABLE 2: Digtribution of heavy metalsin thelakeswater of Nagpur city in M ay-June 2008

Heavy metals ABZ GSG GRW PHU PLT | SDW
Mn 0.021+0.03 0.012+0 0.011+0 0.018+0 0.037+0.03 0.05
Cu 0.011+0.01 0.002+0 0.021+0 0.020+0.003 - 0.05
Pb 0.057+0.02 0.047+0.007  0.028+0.008 0.029+0.003 0.055+0.001 0.3
Fe 0.345+0.02 0.204+0.086  0.033+0.013 0.033+0.009 0.184+0.008 -

Ni 0.126+0.09 0.067+0.05 0.035+0.018 0.094+0.005 - 50
Zn 0.103+0.06 0.019+0.003  0.029+0.037 0.034+0.03 - 0.01
Cd 0.003+0.003 0.006+0.001  0.002+0.0005  0.005+0.002 0.021+0.002 0.01
Cr - 0.026+0 Nil Nil - -
Co 0.007+0.007 0.022+0 0.005+0.001 0.016+0.01 - -
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TABLE 3 : Occurrence of phytoplankton in the lakesof TABLE 4: Occurrenceof zooplankton inthelakesof Nagpur

Nagpur city during M ay-June 2008 city during M ay-June 2008
Sr. Algal Groulp/ Ambazari Gszgg?' IT_oiIr;t;e Phutala Gorewada Sr. Zooplankton Group / Ambazari Gszggi Pl_oilri](;e Phutala Gorewada
No. Algal Species Lake Lake  Lake Lake Lake No. Species Lake Lake Lake Lake Lake
Cyanophyceae Rotifera
1. Oscillatoria sp. N N N v v 1. Brachionusforficula N N N V V
2. Anacysissp. - v v v v 2. Lecanesp. J J J v v
3. Chroococcus sp. - N \ \ v 3. Keratellasp. N N N J
4 Aﬁabaena. P v ) ) ) ) 4. Monostylabulla sp. R -
5. Microcystis sp. v ) i
Chlorophyceae 5. Brachionus calyciflour Y v
6. Chlorella sp. N \ \ v 6. Lepadell sp. v .
7. Ankistrotdesmus sp. N N \ v 7. B. quadridentata v v v
8. Chloroccoccum sp. N N \ \ v Cladocera
9. Chlamydomomas sp. - - - - - 8. Moina sp. y y y v -
10. Tetraedron sp. v - v - v 9. Daphniasp. N Y - \ \
11. Selenastrum sp. v - v v - 10. Allonellasp. J V - v
12. &eneldesr'ms . \ \ :// :// Copepoda
1 TrOC.hISC.hIaSp' ) ) ) 11. Cyclop sp. y \/ \/ 3 \
Bacillariophyceae 12, Diat J J J J
14. Navicula sp. N N \ \ v - DIaplomuS .
15. Nitda sp. N ) N ) N 13. Nauplius sp. y y - \ \
16. Cocconeis sp. \ J Ostracoda
17. Sephanodiscus sp. \ - \ J 14. Cypris Sp. v - - v v
18. Fragillaria sp. - - \ \ J Insecta
19. Synedra sp. \ \ - 15. Dragonfly nymph - - y
Euglenophyceae Total 11 9 1 2 6
20. Euglena sp. N N \ \ J
Total 14 8 9 15 15 TABLE 6: Phytoplankton Population, Shannon Weiner index

] . and Palmer Pollution index of lakesin Nagpur city during
TABLE 5: Zooplankton population and Shannon Weiner ay-June2008

index of thelakesin Nagpur city during M ay-June 2008

S Sub Grand Shannon Palmer
Sub Shannon © Lakes Species Total Weiner Pollution
Sr. . Grand . No count T Ty ind
N L akes Species  Total Total Weiner oun ndex ndex
° Count 0 I ndex Cynophyceae 115
CR:loat(i;era Zlg 1 Gorewada (BZhI(.)Irlop.hy(;eae ﬁj 451 257 16
L ocera 5 acillariophyceae
1 Paliceline Copepoda 1011 2212 245 Euglenophycese 23
Insecta 34 Cynophyceae 244
i Chloroph 425
Rlczjfera 770 2 Phutda 5 (_Jlrl()p_ y(;eae 183 874 2.50 22
acillariophyceae
2 Phutda oedocera DL a0 54
Copepoda 900 Euglenophyceae 22
Ostracoda 34 Cynophyceae 716
Rotifera 600 3 Ambazari ghl(_)lrlo?hy;eae :2421 2235 342 21
acillariophyceae
3 Ambazai O200cTa 883 ooy oas
Copepoda 1384 Euglenophyceae 93
Ostracoda 34 Cynophyceae 397
Rotifera 68 4 ﬁg!ce Shljrlor{hy;eae ;iz 1205 171 16
acillariophyceae
4 Gorewada C'00C®@ 51 g8 410
Copepoda 785 Euglenophyceae 181
Ostracoda 34 Cynophyceae 1531
Gandhi Rotifera 134 5 Gandhi Chl9r09hyceae 10338 1511 253 19
5 sagar Cladocera 150 684 2.15 sagar Bacillariophyceae 38
Copepoda 400 Euglenophyceae 604
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isgradudlyincreasnginAmbazari, PoliceLineTakli &
PhutalaLake.
From thedatathe eutrophicationlevelsof thelakes
under study are
Gandhi Sagar > Ambazari > Police Line> Phutala>
Gorewadal ake.
Suggestion for |akerestoration & maintenance
ii. Regular Survey & quarantineof catchment areato
control pollution & weeds.
iii. Afforestation of catchment area to check soil
eroson.
iiii. Yearly cleaning operationsto removethe macro-
phytes from the lake & their proper reuse &
recyclethrough composting or Biogas plant.

CONCLUSION

The present work aimsat utilizing Biomonitoring
method based on indicators of water quality namely
phytoplankton & zooplankton for the purpose of as-
sessing trophic status of 5 urban lakesin Nagpur city.
Similarly phys cochemica observationswereaso un-
dertakento corel eatewith the biological observations.
It hasbeen found that variouscommunity parameters
of phytoplankton & Zooplankton are best indicators of
lakewater quality & itstropic status. Thetrophicindi-
ces based on plankton popul ation areuseful indicator
of lakewater quality. Being theimportant water reser-
voirsof thecity restoration & rehabilitationaswell as
regular maintenanceof theselakesisnecessary for sus-
tainableuseinfuturefor along period.
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