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Abstract The present study is to evaluate trophic status
and its limiting factors in the Renuka Lake, using sur-
face water samples. The water of the lake is found to be
slightly alkaline with pH 8.33–8.70 (avg. 8.61 ± 0.1).
The turbidity 4.63–6.62 NTU (avg. 5.48 ± 0.63 NTU)
indicated low level of clarity in the lake. The Carlson’s
index based on the Secchi disc transparency (SD),
chlorophyll-a (Chl-a), and total phosphorus (TP) has
indicated that the Renuka Lake is turned hyper-
eutrophic in status. The correlation coefficient has indi-
cated that most parameters in the lake are contributed by
different sources. Factor-1 marked 26.40% variance,
which may be due to higher impact of rock weathering
than the anthropogenic activities, whereas 18.56% var-
iance shown by factor-2 may be due to natural and
anthropogenic activities. However, factor-3 (14.38%
variance) inferred that the higher contribution of Chl-a,
pH, TDS, NH4

+, NO3
−, salinity, and SO4

2− is due to
major impacts of the anthropogenic activities. The in-
verse distance weighting method has indicated spatial
interpolation and area of influence of different parame-
ters in the lake. The Bnutrient (TP) limited large sized
algae^ as well as phosphorus is considered as a major

limiting factor for increasing productivity and trophic
state index. The present study has inferred that the
nutrient enrichment should be controlled to restore the
Renuka Lake, owing to its social and ecological
significances.

Keywords Carlson’s index . Factor analysis . Limiting
factors . Spatial interpolation . Trophic status

Introduction

The changing scenario of water quality has become a
worldwide problem. The developed countries are able to
solve the problems of water pollution owing to the
resources and technologies they have, but the develop-
ing and underdeveloped countries are still far behind.
The Himalayan lakes have always been a major source
of freshwater for drinking purposes, but the eutrophica-
tion has deteriorated the water quality of these lakes as a
result of anthropogenic activities, viz. use of chemical
fertilizers, waste disposal, and animal’s excreta (Dixit
and Tiwari 2005; Guyuan et al. 2011; Schindler 2012;
Qi and Lu 2016; Sarkar et al. 2016). The presence of
varied organic and inorganic matters is known to cause
nutrient enrichment in the lakes. The non-biodegradable
organic matter can stay in water bodies for the long time,
whereas the biodegradable compounds like glutamate
and glucose are degraded by microorganism very fast
(Ogawa et al. 2001). The organic material produced by
the algae population directly could be biodegradable,
but if converted to organic matter by microorganism,
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then it becomes refractory by nature (Lee et al. 2016).
The use of phosphorus as a fertilizer is considered as a
primary factor for increasing eutrophication in the lakes.
The phosphorus is utilized by the plants in the form of
adenosine tri-phosphate (ATP), and therefore acts as a
primary producer.

The phosphorus on reaching the lake settles down at the
bottom and gets adsorbedwith the sediment, which has the
ability to store and release it even after the external supply
is stopped (Kowalczewska-Madura et al. 2017; Gaury
et al. 2018). It has always been emphasized to control the
external phosphorus supply, but its presence with the
sediments was never realized, which is the main problem
and essential to control the eutrophication (Qin et al. 2016).
The enrichment of nutrients in lakes produces algal bloom,
i.e., a worldwide problem of eutrophic lakes (Lu et al.
2016). The algal bloom generates a toxin that causes death
of flora and fauna (Pathak and Pathak 2012). Besides, the
cyanobacterial bloom is also known to create hazards in
the lakes. It is therefore essential to control the growth of
cyanobacteria during pre- and post-stage of the bloom
formation (Lee et al. 2016), which is only possible by
controlling the nutrient supply in the lakes.

The nutrient enrichment and autotrophic production
in the lakes are generally assessed using the trophic state
index (TSI). This index categorizes the lakes in different
classes and based on the measurement of Secchi disc
transparency (SD), total phosphorus (TP), and algal
biomass in the form of chlorophyll-a (Chl-a) present in
all types of green plants. It is considered that, if the TSI
(Chl-a) and TSI (SD) are having good signature, then
there is a possibility of light attenuation due to algal
dominancy (Carlson and Robert 1991). On the other
hand, if TSI (Chl-a) is < TSI (SD), then certain other
factors, such as color of the water and non-algal seston
reduce the water transparency (Havens and Karl 2000).
It also has further been inferred that the value of TSI
(Chl-a) < TSI (SD) may be due to pico-plankton in
hyper-eutrophic lakes, owing to the large surface area
per unit biomass of small cells, which reduce more light
as compared to the micro or nano-planktons
(Edmondson 1980; Carlson and Robert 1991). Howev-
er, TSI (Chl-a) ≥ TSI (TP) infers that the algal growth is
controlled by TP, whereas TSI (Chl-a) < TSI (TP) re-
veals the less algal growth in comparison to that of TP
availability and contribution of other factors (Havens
and Karl 2000). Several studies have been carried out
using Carlson’s index for the trophic status assessment
of the lakes, all over the world (Ye et al. 2007; Xu et al.

2010; Sheela et al. 2011; Upadhyay et al. 2012;
Jekatierynczuk-Rudczyk et al. 2014; Ochocka and
Pasztaleniec 2016; Boros et al. 2017; Liao et al. 2017;
Saluja and Garg 2017).

The Renuka Lake is declared as a Ramsar site since
2005 and some researchers have studied this lake in
the past. Das and Kaur (2001) in an earlier study
observed the sedimentation rate and carbonate
weathering as a dominant source of major ions. The
moderate weathering of the surrounding rocks and the
presence of rare earth elements were observed by Das
et al. (2008). This lake has not yet been monitored in
terms of trophic status. Therefore, the present study is
to evaluate the trophic status of the Renuka Lake using
Carlson’s index and those factors which are responsi-
ble for promoting the algal growth in the lake. The
Renuka Lake has lots of societal and ecological sig-
nificances and needs mitigation measures for preserva-
tion and further development.

Methodology

Study site

The Renuka Lake is situated in the Lesser Hima-
layan region (north-west Himalaya) at 77° 27′ 30″
E longitude, and 30° 36′ 36″ N latitude in the
Sirmaur district of Himachal Pradesh, India
(Fig. 1). It has been formed by the natural pro-
cesses and has width ~ 204 m, depth ~ 13 m, and
length ~ 1706.7 m, with catchment area ~
254.3 ha. The annual rainfall in the region is
around 150 to 199.9 cm (Das and Kaur 2001).
The geology of the region includes Lesser Hima-
layan rocks, i.e., carbonaceous shale, purpled do-
lomitic limestone, quartzite, siltstone, calcareous,
pyrites, carbonate, sericite, intra-bedded red shale
of tertiary period, and slate (Das et al. 2008). The
monsoon rain is the prime source of water in the
lake besides the seepage of underground water.
The water from the lake continues to flow outside
through its outlet and via Parshuram Tal to the
low-lying region.

Sample collection and preparation

The water samples were collected from 15 different
locations of the Renuka Lake, using polyethylene
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bottles of 2 L in size (Fig. 1). The samples were taken to
the laboratory using ice bin and kept at 4 °C. To avoid
direct exposure of the sunlight, the sampling bottles
were covered with black paper sheets. The next step
was the preparation of water samples. The saturated
magnesium carbonate (MgCO3) solution was prepared
by dissolving its 1 g powder in 100 ml of Milli-Q (MQ)
water and an acetone solution was prepared by dissolv-
ing acetone (HPLC grade) and MQ water in the ratio of
9:1. A 0.1 N HCL (analytical reagent grade) solution
was also made for the acidification of chlorophyll-a
samples during analysis. Thereafter, 750 ml water sam-
ple from each bottle was filtered with Whatman GF/C
glass fiber filter paper of 47mmdiameter (Rahmati et al.
2011), and during or just before the end of the filtering
process, 2–3 ml of MgCO3 solution was added to avoid
degradation of chlorophyll. The filter paper containing
filtrate was folded and wrapped in aluminum foil and
again kept at 4 °C till further processing (Axler and
Owen 1994; APHA 2012).

Thereafter, one filter paper containing filtrate was
taken and chopped in a tissue grinder and 2–3 ml of
acetone solution was added. The content was then
grinded at 500 rpm/min for 2–3 min and inverted into
a 15-ml centrifuge tube. The grinder was rinsed with
acetone solution to remove the entire chlorophyll con-
tent to the centrifuge tube. A total volume of 10ml in the
centrifuge tube was adjusted by adding further acetone
aqueous solution. Then, the tube was centrifuged at
3000 rpm for 20 min and the supernatant was taken in
a clean tube for chlorophyll-a analysis (Elmaci et al.
2009; APHA 2012). Similar process was followed for
all the samples. The lake samples for the analysis of total
phosphorus were prepared according to the persulfate
digestion method (APHA 2012). In a 50ml lake sample,
0.05 ml of phenolphthalein indicator was added. The
color was changed to a slight pink, which was
discharged by adding few drops of H2SO4 solution
(30%). Then, 1 ml of H2SO4 and 0.4 g of ammonium
persulfate [(NH4)2S2O8] powder were added in the sam-
ple and boiled for 30 min or till the volume reduced to
10 ml.

The sample was kept for cooling, and thereafter,
its final volume was increased to 30 ml. The
sample was kept in autoclave for 30 min, followed
by the addition of 0.05 ml phenolphthalein indica-
tor after cooling and few drops of NaOH. Then,
the final volume of sample was made 100 ml
using distilled water. All the remaining samples

were prepared by following the above steps. The
samples to be analyzed using the instrument BIon
Chromatography^ were double filtered; first, with
filter paper of 0.45 μm pore size and 47 mm
diameter (HVLP04700) and again with filter paper
having 0.22 μm pore size and 25 mm diameter
(GVWP02500; Gaury et al. 2018).

Sample analysis

The samples for determination of BChlorophyll-a^
and total phosphorus were analyzed using UV-VIS
spectrophotometer in the GB Pant National Institute
of Himalayan Environment and Sustainable Devel-
opment, Mohal Kullu, Himachal Pradesh, India. The
spect rophotometer was s tandard ized us ing
chlorophyll-a standard (C5753-Spinach) and then
the lake sample was taken in 1-cm-sized cuvette
and absorbance was noted at 750 and 664 nm. That
sample was acidified with 0.1 N HCl solution and
with a gap of 90 s; the absorbance was again noted
at 750 and 665 nm. All the samples were analyzed
through a similar procedure. The lake samples for
determination of the total phosphorus were analyzed
according to the ascorbic acid method (Elmaci et al.
2009; APHA 2012). Twenty grams of ammonium
molybdate ((NH4)6Mo7O24.4H2O) and 1.37 g of an-
timony potassium tartrate (K(SbO)C4H4O6.

1/2H2O)
were separately added in two different volumetric
flasks containing distilled water and then diluted to
500 ml. A 5 N H2SO4 solution was made using
distilled water.

A solution of ascorbic acid (C6H8O6) was pre-
pared by adding 1.76 g ascorbic acid to 100 ml dis-
tilled water. The above-prepared reagents were mixed
in a volumetric flask for the preparation of a com-
bined reagent as follows: 15 ml ammonium molyb-
date solution, 5 ml antimony potassium tartrate,
50 ml H2SO4 solution, and 30 ml ascorbic acid solu-
tion. The standard solution was prepared using
219.5 g anhydrous potassium di-hydrogen phosphate
(KH2PO4) dissolved in 1 liter (L) distilled water.
Fifty milliliters of this standard solution was further
diluted to 1 L, and 1.0 ml of that solution was equal
to the 2.50 μg P (APHA 2012). Then, 50 ml of the
above-prepared lake sample was taken in a titration
flask and 0.05 ml of phenolphthalein indicator was
added. The color of the sample turned to a slight
pink, and to discharge that, 2 drops of a 5 N H2SO4
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solution were added. Then, 8 ml of combined reagent
was added to the sample to be analyzed and the
absorbance was observed at 880 nm using UV-VIS

spectrophotometer. The concentration of the total
phosphorus from the readings of the spectrophotom-
eter was calculated (APHA 2012) as:

Fig. 1 Locations of water sampling sites in the Renuka Lake, Lesser Himalaya, India
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mg L–1 ¼ mg P 58 ml final volumeð Þ � 1000=mL sample

The parameters like pH, TDS, EC, salinity, and dis-
solved oxygen (DO) were analyzed with the help of a
water analysis kit, whereas the turbidity was noticed using
the turbiditymeter. The ionic species likeNH4

+, NO3
−, and

SO4
2−were analyzed using the instrument ion chromatog-

raphy (Metrohm 883 Basic IC Plus) in the Department of
Environmental Sciences, Central University of Himachal
Pradesh, India, according to the detailed methodology as
given by Gaury et al. (2018). Secchi disc transparency was
measured using a circular iron disc of 20 cm diameter. The
disc attached to a rope was lowered in the lake water and
the difference of disappearance and reappearance of the
disc was known using a measuring tape.

Statistical analysis

The chlorophyll-a was calculated using the following
formula:

Chlorophyll−a μg=Lð Þ ¼ 26:7
664b�665aÞ � V1

V2 � L

�

where 664b and 665a are the absorbance of spectropho-
tometer, before and after acidification of the samples.

V1 and V2 are the volume of the extract and sample
filtered, respectively.

L is the width of the cuvette or light path length.

Trophic state index (TSI)

The trophic state index was calculated using the
Carlson’s index (Carlson and Robert 1977) as:

TSI Chl−að Þ ¼ 10� 6– 2:04–0:68InChl−að Þ=In 2½ � ð1Þ

TSI SDð Þ ¼ 10� 6–In SDð Þ=In 2½ � ð2Þ

TSI TPð Þ ¼ 10� 6–In 48=TPð Þ=In 2½ � ð3Þ

TSI avg:ð Þ ¼ TSI Chl−að Þ þ TSI SDð Þ þ TSI TPð Þ½ �=3
ð4Þ

where TP is the total phosphorus (μg/L), Chl-a denotes
the chlorophyll-a (μg/L), and SD is the Secchi disc
transparency (m).

The spatial interpolation of the parameters was
known through the inverse distance weighting (IDW)
method using the GIS platform and the factor analysis
using statistical software.

Results and discussion

The results of the water sample analysis for different
parameters indicated that the Renuka Lake is hyper-
eutrophic in status. The pH values 8.33–8.70 (avg. 8.61
± 0.1) have indicated the water of the lake as slightly
alkaline. The pH is generally influenced by the presence
of CO3

− and HCO3
− as well as CO2 in the aquatic system

and plays an important role for various lake processes.
Electric conductivity (EC) is the sum of the ionic species
in the water body and was found to be in the range from
431 to 483 μS/cm (avg. 455.13 ± 13.6 μS/cm). Salinity
represents the total salt concentration and was observed in
the range of 216–243 mg L−1 (avg. 227.7 ± 7.4 mg L−1),
whereas the TDS was noticed between 280 and
312 mg L−1 (avg. 299.6 ± 9.1 mg L−1). The SO4

2− in the
lake was found to be 155–168 mg L−1 (avg. 159.8 ±
3.3mg L−1), and on the other hand, turbidity was observed
between 4.63–6.62 NTU (avg. 5.48 ± 0.63 NTU).

The SO4
2− in the lake may be derived from the

dissolution of the dolomite and gypsum minerals and
the nitrogenous fertilizers (Alexakis et al. 2012; Gaury
et al. 2018). The NH4

+ was noticed in the range of 8.23–
10.2 mg L−1 (avg. 9.29 ± 0.55 mg L−1), and on the other
hand, NO3

− was found from 1.26 to 3.25 mg L−1 (avg.
2.66 ± 0.5 mg L−1). These are the resultants of the ni-
trogenous fertilizers and organic materials (Sheela et al.
2011), and may be due to process of ammonification
and nitrification. The nitrogen present in the lake first
converts to ammonia and then to ammonium; however,
the degradation of the plants and animal remains also
produces ammonium in the water. The ammonia also
converts to nitrite and then nitrate (Ward 2008; Yuzawa
et al. 2012). The nitrogenous compounds indicate the
nutrient availability in the Renuka Lake, but less ob-
served in Rewalsar, Bhimtal, Nainital, Sattal, and
Naukuchiatal lakes during other studies (Chakrapani
2002; Gaury et al. 2018).

Dissolved oxygen (DO) in the Renuka Lake was
found to have a slight difference of occurrence, i.e.,
from 5.31 to 6.98 mg L−1 (avg. 6.12 ± 0.5 mg L−1).
The DO is utilized by microorganism and considered
as a parameter to indicate the nutrient status of the water
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bodies (Wetzel 2001) and its variation depends on the
decomposition of organic matter by microorganism,
atmospheric inputs, and photosynthetic activities
(Saluja and Garg 2017). Most of the Himalayan lakes
are facing a problem of low dissolved oxygen and are
anoxic (Singh et al. 2008). The chlorophyll-a in the
Renuka Lake was observed to be 39 .11 ±
24.26 mg L−1, whereas the total phosphorus (TP) in
the lake was found to be in the range of 0.02–
0.28 mg L−1 (avg. 0.11 ± 0.09 mg L−1). The Rewalsar
Lake (Himachal Pradesh) in an earlier study by Jindal
et al. (2014) had indicated the average Chl-a concentra-
tion as 26.43 mg L−1, although the Chl-a content ob-
served from the Renuka Lake is more than that of the
observed from the Akkulam, Veli, and Mansi Ganga
lakes (Sharma et al. 2010; Sheela et al. 2011). The
Secchi disc transparency (SD) indicates the amount of
light penetration and suspended solid particles in the
water. The SD in the Renuka Lake was monitored in
the range of 0.99–1.14 m (avg. 1.06 ± 0.04 m), which is
more than the Palik Lake, Serbia (0.27 m; Grzetic and
Camprag 2010), and Manchar Lake, Pakistan (0.90 m;
Jafri et al. 2006), but less as compared to the El
Carancho (1.31 m) and La Amarga Lake (1.54 m),
Argentina (Echaniz and Vignatti 2013). The average
value of trophic state index (TSI) for the Renuka Lake
was observed in the range of 71.26–85.85 (avg. 79.16 ±
4.83; Table 1), which indicated the lake hyper-eutrophic
according to the criteria of classification (Table 2). It has
been inferred by the OECD (1982) standard that the lake
having SD values in the range of 0.7–1.5 m is consid-
ered as hyper-eutrophic and the SD value for the Renuka
Lake (0.9–1.14 m) is also lying in the similar range, and
the lake is thus hyper-eutrophic.

Correlation coefficient

The Pearson’s correlation coefficient among different
parameters of the Renuka Lake is given in Table 3.
The positive correlation indicates single source, while
the negative correlation infers multiple sources of pa-
rameters (Gaury et al. 2018). The strong correlation
among EC and salinity indicates that the salinity in the
lake is strongly influenced by the electrical conductivity.

Factor analysis

The factor analysis is used to indicate the expected
sources of various parameters in the Renuka Lake

(Table 4). Three factors with Eigen values > 1 were
identified and having 59.33% total variance sum.
Factor-1 revealed 26.40% variance and the dominancy
of the EC, salinity, SO4

2−, NO3
−, TDS, and turbidity,

which may be due to higher impact of rock weathering
as well as the anthropogenic activities. On the other
hand, factor-2 indicated 18.56% variance with
dominancy of SD, pH, TDS, DO, EC, turbidity, and
salinity, which indicate natural and anthropogenic im-
pacts on the water of the lake. However, factor-3
showed 14.38% variance and higher contribution of
Chl-a, pH, TDS, NH4

+, NO3
−, salinity, SO4

2−, etc.,
which are due to major impacts of the anthropogenic
activities.

Table 1 The trophic state index (TSI) for different sampling sites
at the Renuka Lake

Sampling site TSI (Chl-a) TSI (TP) TSI (SD) TSI (avg.)

1 111.33 80.59 60.14 84.02

2 116.35 70.59 59.42 82.12

3 115.27 83.22 59.07 85.85

4 112.96 83.22 58.73 84.97

5 110.59 75.44 59.07 81.70

6 114.86 57.37 58.73 76.99

7 108.34 47.37 58.07 71.26

8 107.04 57.37 59.07 74.49

9 104.97 63.22 58.73 75.64

10 106.42 63.22 58.40 76.01

11 116.87 75.44 59.07 83.79

12 105.87 85.44 59.07 83.46

13 108.44 47.37 59.42 71.74

14 109.76 63.22 60.14 77.71

15 106.01 67.37 59.77 77.72

Table 2 Criteria of classifying trophic state index (TSI) for the
lake

Sr.
no.

TSI Classification Water status of the lake

1 > 30–40 Oligotrophic Clear water

2 40–50 Mesotrophic Moderate clarity

3 50–70 Eutrophic Low clarity due to presence
of the blue green algae and
macrophytes

4 > 70 Hyper-eutrophic Greenish water with no clarity
due to algal bloom and
dense macrophytes

105 Page 6 of 11 Environ Monit Assess (2019) 191: 105



Spatial interpolation

The spatial interpolation is a way to interpret the distri-
bution and area of influence of various parameters in the
lake. It is based on an assumption that each sampling
point is inversely proportional to the power of distance
to the center (Saluja and Garg 2017) and the closer
sampling points generally have more similarities as
compared to the points having large distance from each

other. Instead, the density and number also impact the
similarities and differences among the sampling points
(Lo and Yeung 2002). The inverse distance weighting
(IDW) method is used for the Renuka Lake with the
help of the GIS platform, which indicated less or more
spatial variations of different parameters as well as their
influential zones in the Renuka Lake (Fig. 2).

Limiting factor for the algal growth

The limiting factor related to the growth of the algae has
been calculated using TSI (Chl-a), TSI (TP), and TSI
(SD). There could be four limiting factors like (1) nutri-
ent (TP)-limited small-sized algae, (2) nutrient (TP)-
limited large-sized algae, (3) light-limited algae or abi-
otic seston, and (4) zooplankton grazing-limited large-
sized algae (Carlson and Robert 1991; Havens and Karl
2000). A scatter plot of TSI (Chl-a)—TSI (SD) versus
TSI (Chl-a)—TSI (TP) on the x and y axis, respectively,
signifies TSI (Chl-a) > TSI (SD) and TSI (Chl-a) > TSI
(TP) as well as Bnutrient (TP)-limited large-sized algae^
(Fig. 3). Thus, phosphorus is considered as a main
limiting factor for increasing productivity in the lake
and higher trophic state index; as a result, the Renuka
Lake is turned hyper-eutrophic. In an earlier study,
Saluja and Garg (2017) had also indicated all the four
factors responsible for the trophic status (eutrophic to
hyper-eutrophic) of the Bhindawas Lake of Haryana,
India, whereas Jekatierynczuk-Rudczyk et al. (2014)
had determined presence of nutrient as a limiting factor

Table 3 Correlations between several parameters of the Renuka Lake

pH EC Salinity TDS SO4
2− Turbidity NH4

+ NO3
− DO Chl-a TP SD

pH 1

EC − .133 1

Salinity − .160 .975** 1

TDS .143 .441 .495 1

SO4
2− − .276 .228 .246 .178 1

Turbidity − .343 .256 .159 .105 − .119 1

NH4
+ − .205 − .081 − .009 .181 .169 − .231 1

NO3
− − .167 .440 .370 .164 .282 .100 − .369 1

DO .365 − .474 − .502 .075 − .303 .163 − .428 − .092 1

Chl-a .407 − .165 − .160 .139 − .235 − .541* − .066 .138 .314 1

TP − .382 − .293 − .287 − .033 .060 − .043 .390 .050 .050 .252 1

SD .469 − .133 − .186 .481 − .105 .317 .108 − .113 .434 − .051 − .149 1

**. Correlation is significant at the 0.01 level (2-tailed)

*. Correlation is significant at the 0.05 level (2-tailed)

Table 4 Factor analysis using different chemical constituents of
the Renuka Lake

Parameter Factor-1 Factor-2 Factor-3

pH − .457 .625 .377

EC .894 .316 .126

Salinity .899 .262 .190

TDS .344 .552 .309

SO4
2− .479 − .225 .151

Turbidity .263 .288 − .811

NH4
+ .061 − .481 .226

NO3
− .474 .197 .192

DO − .664 .479 − .156

Chl-a − .398 .142 .769

TP − .178 − .543 .148

SD − .273 .644 − .173

% variance 26.40 18.55 14.37

Cumulative % 26.40 44.96 59.33

Eigen value 3.17 2.23 1.72
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for the productivity in the Pogorzalek, Okragle,
Udziejek, and Krajwelek lakes. The higher

concentration of nutrient (TP) in the Renuka Lake is
responsible for its hyper-eutrophic nature as well as

Fig. 2 The spatial interpolation of various physicochemical parameters. Values of all the parameters are in mg L−1 and that of pH and EC are
in μS/cm
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degradation of the water quality, which is also inferred
by Liao et al. (2017) in their study of another lake.
Elmaci et al. (2009) in a previous study of Uluabat Lake,
Turkey, had also indicated phosphorus as a limiting
factor for the eutrophic status of the lake.

Comparison of trophic status among different lakes

The trophic status of the Renuka Lake as evaluated
during the present study is comparedwith different lakes

of the Himalayan regions (Mansar and Dal lakes) and
those located in other parts of India (Mansi Ganga,
Akkulam, Veli, Bhindawas, and Upper lakes) and
abroad (Chaohu and Trichonis lakes), which indicated
that the lakes are either turned eutrophic and hyper-
eutrophic. The higher value of trophic state index
(TSI) for the lakes is mainly due to mismanaged anthro-
pogenic activities rather than the natural, and in addi-
tion, several other limiting factors. The trophic status of
the Renuka Lake is similar to the Dal, Akkulam, Veli,

Fig. 3 Limiting factors for the
trophic status of the Renuka Lake

Table 5 Comparison of trophic status among different lakes

Sr. no. Lake TSI value Status of lake Reference

1 Mansar (India) 67 Eutrophic Rai et al. 2001

2 Dal (J&K, India) 72 Hyper-eutrophic Singh et al. 2008

3 Mansi Ganga (India) < 70 Eutrophic Sharma et al. 2010

4 Akkulam (India) 80 Hyper-eutrophic Sheela et al. 2011
5 Veli (India) 76 Hyper-eutrophic

6 Chaohu (China) 33.9–67.1 Mesotrophic to eutrophic Yu et al. 2011

7 Upper Lake (India) 70.4–72.8 Hyper-eutrophic Upadhyay et al. 2012

8 Akkamahadevi (India) 53.4–56.1 Eutrophic Barki and Singha 2014
9 Mullankere (India) 66.8–67 Eutrophic

10 Trichonis (Greece) 36.4 Oligotrophic Kehayias and Doulka 2014

11 Bhindawas (India) 64.6–73.9 Eutrophic to Hyper-eutrophic Saluja and Garg 2017

12 Renuka (India) 79.16 Hyper-eutrophic Present study
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Upper, and Bhindawas lakes, but the value of TSI is less
than that of the Akkulum Lake and more than all the
other. The Mansar, Mansi Ganga, Chaohu,
Akkamahadevi, and Mullankere lakes are having TSI
< 70 and are eutrophic in status; however, the Trichonis
Lake is having least TSI (< 40) and hence oligotrophic
in status (Table 5).

Conclusion

The Himalayan lakes at present are facing an acute
problem of survival due to high pressure of anthro-
pogenic activities. The present study has indicated
that the Renuka Lake is hyper-eutrophic in status
due to nutrient enrichment. The turbidity level indi-
cated low clarity in the water and the correlation
coefficient has indicated the multiple sources of all
the parameters. Factor-1 (26.40% variance) indicat-
ed higher impact of rock weathering than anthropo-
genic activities in the Renuka Lake, whereas factor-
2 (18.56% variance) indicated the similar impacts of
the natural and anthropogenic factors. However,
factor-3 (14.38% variance) inferred that the higher
contribution of Chl-a, pH, TDS, NH4

+, NO3
−, salin-

ity, SO4
2−, etc. is due to greater impact of the an-

thropogenic activities. The spatial interpolation has
indicated that the parameters are randomly distribut-
ed in the lake. The Bnutrient limited large sized
algae^ as well as the phosphorus is considered as
the main factor for increasing productivity in the
Renuka Lake and trophic state index (79.16). The
present study has concluded that the nutrient enrich-
ment in the lake must be reduced to save this lake
from further degradation. It is therefore inferred to
take mitigation measures to restore the Renuka Lake
from hyper-eutrophic to oligotrophic status, as the
lake has lots of societal and ecological significances.
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