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Abstract— Wetlands are the ecological barometers of a
city as they regulate nutrients and also the micro-
climate. Wetlands constitute a vital ecosystem
performing the functions of nutrient uptake, shoreline
stabilization, and groundwater recharge and provide
fish, fodder and so on for the dependent local
population.Wetland plants (Macrophytes) are the base
of the food chain. Through photosynthesis, they link the
inorganic environment with biotic one. They provide
habitat for other groups such as epiphytic bacteria,
periphyton, macroinvertibrates and fish.Wetland
Plants influence water chemistry, acting as both
nutrient sinks through uptake and as nutrient purps
moving compounds from sediment to water colur:n.Ti2
current study carried out analysis of npfriemy ijn
water, sediment and macrophytes of Virthur «nd
Bellandur lakes in Bangalore. Macrosnjyte diversity
was also studied. 13 species of macrophytes were
recorded.  Eichhornia  crassipes Ai.ernanthera
philoxeroides were the dominant ‘nacrsphyte species
found in these lakes. Nutrients n: water (nitrate and
phosphate) Carbon and Ni‘reg)» in sediment and
macrophyte samples were anaiysed. The range of
phosphate and nitrate-was .54 to 2.65 mg/l and 0.23 to
0.35 mg/l respectivcl.The Nitrates and Phosphates in
the water were highei.in.the inlets and shorelines due to
the untreated sewage entry. The Carbon and Nitrogen
in sediments and macrophytes samples also followed the
same trend as nutrient in water. The study showed
direct relation of nutrients in macrophytes with
sediment and water. This  highlights the
phytoremediation potential of macrophytes.

Keywords— Wetlands, Bangalore, Bioremediation,
Macrophytes
INTRODUCTION

Wetlands aid in regulating nutrients and also
moderating the micro-climate. Wetlands constitute a
vital ecosystem performing the functions of nutrient
uptake, shoreline stabilization, and groundwater
recharge and provide fish, fodder and so on for the
dependent local population. These fragile ecosystems
functions as kidneys of the landscape and are rich
repository of biodiversity. Unplanned rapid

urbanization during the posglobalization period has
led to the large-scale land cover changes threatening
the very existence of wetlands.

Aquatic plane (Macrophytes) are the base of the food
chain ‘and‘through photosynthesis, they link the
inorganicienvironment with biotic one. They provide
habitat. ‘or other groups such as epiphytic bacteria,
petighyton, macroinvertibrates and fish. Wetland
Plants influence water chemistry, acting as both
Autrient sinks through uptake and as nutrient pumps
moving compounds from sediment to water column.
They have the ability to uptake nutrients, metals and
other contaminants(Gersberg et al., 1986; Reddy et
al., 1989; Peverly et al,. 1995; Rai et al., 1995). They
influence the hydrology and sediment regime of
wetlands through for example, sediment and
shoreline stabilization, or by modifying currents and
helping to desynchronize flood peaks. They are
routinely used to help identify or delineate
jurisdictional boundaries of wetlands. Act as
biological indicators of the health or ecological
integrity of the wetland. Eutrophication or nutrient
enrichment in water bodies is the byproduct of
agricultural activities, urbanization and
industrialization result in pollution (Koorosh et.al,
2009) and degradation of the available water
resources.  Physico-chemical characteristics are
highly important with regard to the occurrence and
abundance of species. Discharge of urban, industrial
and agricultural wastes have increased the quantum
of various chemicals that enter the receiving water,
which alter their Physico-chemical characteristics.
Nutrients like phosphorus, nitrogen from the
domestic wastes and fertilizers accelerate the process
of eutrophication.

Bangalore city is situated on a high altitude with a
ridge that divides the region into three valleys,
wherein rainwater cascades down to form major
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stream systems. The three valleys of Bangalore are
Koramangala-Challagatta Valley, Hebbal Valley
and VrishabavathiValley. There were 262 lakes (in
1960) within the Green belt area of the city, which
has fallen to 81 in 1985 (Ramachandra et.al, 2003).
The existing water bodies are contaminated by
residential, agricultural, commercial and industrial
wastes/effluents (Ramachandra et.al,2003). Most of
the lakes have vanished due to encroachment and
construction activity for infrastructure expansion.

Phytoremediation is the use of living green plants for
in situ risk reduction of contaminated soil, sludge,
sediments, and ground water through contaminant
removal, degradation, or containment (U.S.
Environmental Protection Agency, 1998). The basis
of phytoremediation is that all plants extract
nutrients, including metals, from soil and water.
Some plants have the ability to store large amounts of
metals, more than required for plant function. In order
for the metals to be removed from the system, the
plants need to be harvested frequently and processed
to reclaim the metals. While most phytoremediation
is of soils or groundwater, the use of wetland plants
may be feasible when shallow water is contaminated
(Miller 1996; U.S. Environmental Protection Agency
1998). The accumulation of nutrients in macrophyte
tissues determines the ability of these plants to fc:ni
a protective barrier. The amount of accuniulated
nutrients depends in the physiological capavity for
nutrient uptake by particular species, assweil,as ¢n the
macrophyte biomass. Nutrient composiiion in the
tissues can be an important feature for 'dexifying the
ecological strategy of the speeies!aiid for predicting
the result of competitive _inwitaciions in plant
communities. Plant detritus‘ariaeediments influence
the nutrient budget ard reflect upon the ecology,
trophic status and gate ‘a1%svolution of lakes. Lake
Floor sediments play.a/significant role as a trap and
offer a surface for sediment deposition (Vijayaraj R

and HemaAchyuthan, 2016). They act as natural
regulator for biological processes in the lakes. The
primary source of Organic matter and Total Organic
Carbon in lake sediments is often considered to be
derived from the particulate detritus of plants and
only a small percentage is from animals and other
sources (Meyers P.A., 2003).Sediment in lakes acts
as a storage pool and an archive of nutrients and can
reveal the history of eutrophication (Clarke et al.
2006).

OBIJECTIVES

The objectives of the study were to:

1) Findout the diversity of Macrophytes in Varthur
and Bellandur Lakes of Bangzlore

2) To determine the Cash6n ¢nd Nitrogen content of
Macrophytes and sodinweits along with nutrient of
water and

3) To findout the bioremediation potential of
macrop!tytes

NATERIALS AND METHODS
Stndy.arva: Bangalore city, Karnataka, India is
locatedbetween 12°39” 13°18'N and  77°22" -
77°82" E. Bangalore (Figure 2) city has a large
number of lakes, ponds and marshy wetlands,
which ensures ahigh level of ground water table
and pleasant climate. Bangalore has no natural
lakes but large numbers of manmade lakes that were
built for various hydrological purposes and to meet
the needs of drinking water and irrigation. Totally
there were 262 lakes in the Bangalore city. The
current studies on the temporal analysis of
wetlands indicated a 79% decline in Greater
Bangalore due torapid and unplanned urbanization
and expansion (Ramachandra T.V and Bharath
H.A, 2016). The study was carried out during April
2016.The selected lakes chosen for the study period
falls in the KormangalaChallghatta valley, Varthur
lake series (figure 1).
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Figure 1: Major valleys and lake series of bangalore
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Figure 2: Study area

Sampling: Macrophytes, water and sediment
samples were collected from inlet to outlet following
transact method (100 m) (figure 3&4).Three to five
samples were collected in each transact. Random
sampling method was used for collection of
macrophytes. Eichhornia crassipes and
Alternanthera philoxeroides were the dominant
species of macrophytes. Collected macrophytes were
stored in polythene bags after species identification
using taxonomic literatures (C.D.K. Cook, 1996 and
Ramaswamy and Razi, 1973). Surface sediments (0
to 30 cm) were collected from the same sites were
macrophytes were collected. Water samples were
collected in 11t acid washed bottles and carried out to
lab for further analysis.

Water quality: Water samples were filtered and
analysed for nutrients (nitrate and phosphate)
following methods of APHA.

Carbon and nitrogen analysis in macrophytes and
sediment: Collected Macrophytes were washed to
eliminate sediments and epiphytes and separated into
species.Above ground and below ground parts were
then separated and oven dried at 60° C for 2-3 days
until constant weight. It is then powdered using
mixer/grinder and sieved to get fine powders. The
replicates of each sample were used for nutrient
analysis. The samples were analyzed for C, H and N
using TRUE SPEC CHN Analyzer.Sediments were
air dried and sieved to remove coarse debris.Samples
were powdered using a mortar and sieved to get fine
powders. Nutrient analyses were done according to
procedure mentioned same as for macrophytes.
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Figure 3: Sampling locations in Bellandur lake
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RESULTS AND DISCUSSION
Diversity of Macrophytes in Lakes: 13 species (5
free floating and 8 emergent) were recorded in the
studied lakes (Figurel1). Varthur had higher species
than Bellandur. The lakes were found to be
dominated by  non-native and  invasive
macrophytes like Eichornnia crassipes (floating
macrophyte) and Alternanthera philoxeroides (an
emergent macrophyte). The diversity of macrophytes
is shown in Table 1.

Variation of Nitrate and Phosphate in_ water
samples: Phosphate and nitrate concenizaticas® of
studied lakes ranged between 0.54 to(2.65 gl and
0.23 to 0.35 mg/l respectively.The, varidtions of
nitrates and phosphates were given ‘w'tigure 5 and 6.
The nutrients in water was high¢=.in the inlets and
shorelines of the lake wherenthere was entry of
untreated sewage. The middlc.2nd outlet regions of
the lake had lower nitrate wnd/phosphate compared to
the inlet. In the shallow areas of the both lakes, the
concentration of nutiients was generally higher than
in their respective deeper parts.

Total Nitrogen and Carbon in Sediment: The
Carbon values of Bellandur sediment ranged from 1.2
% (B25) to 29.2% (B49). The highest C content
(>20%) was seen along the shorelines and inlets of
the lake were the depth was varying from 0.5 to 1.5
m. The lowest C in sediment was seen, where the
depth was above 2 m and mostly in towards the
middle region of the lake. Nitrogen values were
ranging from 0.11 % (B25) to 1.84 % (B60). Nitrogen
also followed the same trend as Carbon. The values
were higher in inlets and shorelines where untreated
sewage was entering into the lake. The carbon values
for sediment of Varthur ranged from 1.58 % (V44) to
21.1%(V12).The high C values were observed where
depth was 0.25 to Im and in the Northwest and

northeast shoreline side of the lake. On the other hand
lower C veiuesaweie observed where depth was
greater than'!m finiddle) and outlets of the lake. N
values¢anged from 0.05% (V27) to 1.37%(V12). The
trend »f “ariation was same as Carbon.

Carhon / Nitrogen ratio: This ratio is an important
ractor determining how easily bacteria are able to
decompose an organic material. This ratio can be
used to help identify the origin of the organic matter
in sediments. C/N ratios in lake sediments the
composition of organic matter in the system (Nakai,
1986; Hassan et al., 1997, Mahapatra et al., 2011).
C/N ratios of 5-8 indicate unaltered algal organic
matter, whereas C/N ratios of 25-35 indicate fresh
land-derived organic matter. In case of macrophytes
it is about 39.4. Organisms that decompose organic
matter use carbon as a source of energy and nitrogen
for building cell structure. They need more carbon
than nitrogen. If there is too much carbon,
decomposition slows when the nitrogen is used up
and some organisms die. Other organisms form new
cell material using their stored nitrogen. In the
process more carbon is burned. Thus the amount of
carbon is reduced while nitrogen is recycled.
Decomposition takes longer. Earlier studies suggest
that a C/N ratio of 20:1 or 30:1 is better than a 10:1
ratio for various wastewater treatment such as poultry
waste, cow manure, and coffee waste (DeRenzo,
1977; Sathianathan, 1975; Boopathy & Mariappan,
1984). The C:N ratio ranged from 10.97 (B26,
middle) to 26.68 (B67,inlet) in Bellandur lake and
was ranging from 4.26 (V44 middle) to 56.38 (V27,
outlet) in Varthur lake. In Bellandur C:N was higher
in the inlet region. But in varthur it was higher in
deeper region of lake. Similar pattern was observed
by earlier studies(Mahapatra et al, 2011).
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Total Nitrogen and Carbon in Macrophyte
(Water hyacinth) samples: The Shoot Carbon
content in water hyacinth from different sites was
ranging from 32.4% to 37.6% in Bellandur Lake
(figure 9). B2 had higher C content and B22 had
lowest. Mean content for shoots of water hyacinth
was 33.62%.The N content in water hyacinth shoot
ranged from 2.8% to 4.2% with B69 highest and B43

Carbon content in water hyacinth from different sites
was ranging from 32.54% to 37.5% (figurel0). V2
(Inlet) had higher C content and V15 had lowest.
Mean C content for shoots of water hyacinth was
34.2%.The N content in water hyacinth shoot ranged
from 2.6% to 43% with V7 highest and
V12(Northeast shoreline) lowest (figure 10). The
average value of N in Water hyacinth shoot was

lowest(figure9). The average value of N in Water 2.98%.
hyacinth shoot was 3.24%. In Varthur, the Shoot
Species Life form Family Varthur Bellandur

Eichhornia crassipes Free floating Pontederiaceae + +
Alternanthera philoxeroides Emergent Amaranthaceae + +
Colocasia esculenta Emergent Araceae + +
Typha angustata Emergent Typhaceae A +
Lemna gibba Free floating Araceae N T +
Lemna minor Free floating Araceae + +
Wolffia sp Free floating Araceae +
Paspalum sp Emergent Poaceae Fla e +
Ipomea sp Emergent Convolvulaceae |, | +
Polygonum glabrum Emergent Polygonaceaé +
Cyperus sp Emergent Cyperaceac, + +
Ludwigia perennis Emergent Onagrac:az, +
Pistia stratiotes Free floating Arateav +

Table 1: Diversity of Matrephytes in studied lakes

Nitrate (mg/l)
0 <0
0 0003
0 035-04)
0 040-045
0 >0t

Depth (m)
<05 05-1 1-15
15-2——2-25——25-3——>3

Ee Meters ¢
0 140280 560 840 1.120
—=——=

: e Depth (m)
o 2630 <05 0.5-1 1-15
© 2o 15-2 ——2-25———25-3 >3

Figure 5: Variation of nitrate and Phosphate along the Bellandur Lake
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Figure 7: Vartaiion of Carbon and Nitrogen in sediment samples of Bellandur lake
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Figure 8: Variation of Carbon and Nitrogen in sediment samples of Varthur lake
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Figure 11: Macrophytes found in the lakes
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CONCLUSION
Tirtheen species of macrophytes were recorded
during the study period and were dominated by
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