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Abstract 

Lakes are versatile ecosystems which perform valuable functions such as 

recycling nutrients, attenuating floods, recharging ground water and also serve 

the water needs of the human populace. Now-a-days the quality of surface 

water is getting deteriorating at a rapid pace due to excess water withdrawal 

and various anthropogenic activities. In this study the eutrophication status of 

Sasthamkotta lake, a fresh water wetland in the South western part of India 

which is also a Ramsar site is determined in terms of Carlson’s Trophic State 

Index. The study was carried out from the month of October 2018 to the 

month of September 2019 and parameters namely Chlorophyll-a and total 

phosphorus were analysed and insitu secchi depth was measured to determine 

the eutrophication status of the lake and the same was mapped using 

Geographical Information System. It was found that major part of the lake 

comes under the lower mesotrophic category (Carlson’s Trophic State Index 

ranging from 30 to 40). Localised moderate mesotrophic condition was 

observed at sampling stations namely Ambalakadavu , Vettolikadavu and 

Mynagappaly pump house and oligotrophic condition was found at the 

sampling station near sayippu house during the post-monsoon, pre-monsoon 

and monsoon season. Densely populated catchment area of the lake, physical 

setting of the lake characterised by steep slopes on three sides and excess 
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nutrient flow from the agricultural fields surrounding the lake during rainfall 

could be attributed to the lower mesotrophic trophic state of the lake. 

Keywords: Eutrophication status, Sasthamkotta fresh water wetland, Ramsar 

site, Carlson’s Trophic State Index, Mapping using Geographical Information 

System. 

 

I. INTRODUCTION 

Lakes are important water resources which provides social, ecological and economic 

benefits to the society. Due to demographic pressure and rapid urbanisation, 

cyanobacterial algal blooms pose an increasing threat to the health of fresh water 

ecosystems (Shuxuan et.al., 2013). Lakes generally are threatened by eutrophication 

due to climate and anthropogenic changes as well (Sheela et.al., 2011).  An 

investigation among lakes in various continents reported that eutrophication took 

place in 54% of Asian lakes, 53% of European lakes, 48% of lakes in North America, 

41% of lakes in South America, and 28% of lakes in Africa (Xiao et.al., 2008). 

Eutrophication in natural water bodies result from excess growth and reproduction of 

phytoplankton by absorbing essential nutrients namely phosphorus and nitrogen 

(Upadhyay et.al., 2013). Phosphorus has been found to be one of the strongest 

stimulators of algae growth. Over centuries, gradual build-up of nutrients, sediments 

and organic material begin to fill many lake basins. As the lakes become more 

eutrophic, they are not able to support more living organisms, as a result of higher 

nutrient levels (Xing et.al., 2003). Eutrophication  adversely affects the drinking water 

supply from lake, survival of aquatic species, fishing sector, tourism and aesthetics as 

well (Zang and He, 2006). Thus constant monitoring of water bodies is a prime step 

towards restoration of existing water quality (Sheela et.al., 2013). Eutrophication is a 

major water quality problem worldwide, causing turbid water with high algal biomass 

offering poor living condition to the aquatic ecosystem (Wang et.al., 2008).  

The alteration of nutrient input to water basins by human activity can dramatically 

increase the phenomenon of eutrophication, leading to major ecological changes in 

decades, rather than centuries. For lake aquatic ecosystems, human activities in the 

catchment can lead to high nutrient turnover, high porosity of nutrients and sediments 

and the loss of productivity (Roy et.al., 2013). Some lakes are naturally eutrophic, but 

in many other cases the excess nutrient input results from anthropogenic origins 

(Serkut et.al., 2011). Eutrophication can result in decreased water clarity, a reduction 

in sunlight penetration and a decrease in oxygen levels, known as anoxia. Anoxia can 

cause the death of fish and other aquatic organisms and algal blooms can release 

neurotoxins, hepatoxins, gastrointestinal toxins and cytotoxins (Upadhyay et.al., 

2013).  
The level of eutrophication of a water body is expressed as a trophic state which is 

derived from the parameters namely phosphorus, chlorophyll-a and secchi-depth. 

Based on the said parameters, the condition of a water body is categorised as 

oligotrophic (nutrient poor), mesotrophic (moderate nutrient) and eutrophic (nutrient 

rich) states (Noha and Mahmoud, 2004). The multidimensional nature of 
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eutrophication phenomenon means that no single variable is representative of the 

eutrophication status of the given water body (Carlson, 1977).  The quantitative 

assessment of eutrophication is not an easy approach although the cause-effect 

variables of the phenomenon are well defined (Karydis, 2009).  Therefore, for 

determining the eutrophication status of water bodies, Carlson’s Trophic State Index 

for the water body  can be determined by analysing parameters namely Chlorophyll-a,  

and total phosphorus and measuring insitu secchi depth. Geographic Information 

System (GIS) offers an integrated scheme for mapping water quality of lakes with 

location-based observations (Hanan and Ayman, 2012).  

This study focuses on determining the eutrophication status of Sasthamkotta lake 

which is a fresh water wetland in Kollam district (in Kerala State) in the south 

western part of India which is also a Ramsar site (declared in the year 2002) in terms 

of Carlson’s Trophic State Index during October 2018 to September 2019. 

 

II. STUDY AREA 

 Sasthamkotta lake lies between 901'N to 904'N latitude and 76036'30'' E to 76039'E 

longitude and is located in Kunnathur taluk of Kollam district in the south western 

part of India in Kerala. Sasthamkotta lake is the largest freshwater lake in Kerala and 

the catchment area of the lake spreads out in three Panchayats namely, Sasthamkotta, 

Mynagapally and Western Kallada. Physiographically the lake is located in the 

midland region (elevation between 7.5m and 75m above Mean Sea Level) and the 

highest elevation of the lake catchment area is 33m above Mean Sea Level in the 

northern part of the lake. The study area experiences a tropical humid climate with 

mean annual air temperature varying between 26.7 ºC and 29.2 ºC and an annual 

average rainfall of 2398mm due to south west and north east monsoon rainfall. 

(Prakasham, 1991). The lake is surrounded by small residual hills on three sides and 

an artificial bund in the south eastern part of the lake constructed in the year 1956 

which separates the lake from the surrounding lowland (Peter and Sreedevi, 2013). 

Water has been extracted from Sasthamkotta lake since 1956 for drinking purpose and 

this freshwater lake caters to the drinking needs of more than 10 lakh people in 

Kollam district. The contour of the lake is irregular with an inverted F shape which 

extends into the lake as pockets at several places. Though detailed investigations on 

the ecology of some important South Indian lakes were carried out, a holistic study on 

the ecology of Sasthamkotta lake is still lacking (Prakasham, 1991). The south 

western tip of the lake corresponding to the Anjalimoodu region, south eastern portion 

of the lake corresponding to the bund that separates the lake from the surrounding 

paddy fields, Ambalakadavu region and Bharanikkavu region of Sasthamkotta lake 

has turned lush grassland over the years and the same is utilised by local farmers for 

cultivation and grazing their livestock. Hence there is a need for protecting and 

conserving the said lake ecosystem. Fig. 1 shows the location map of Sasthamkotta 

lake and the same was digitized from the Survey of India Toposheet 58C12 1967, 

using ArcGIS software. 
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Fig. 1 Location map of Sasthamkotta lake 

 

III. METHODOLOGY 

Twelve sampling stations were selected along the lake stretch and the same is shown 

in Fig 2. 

 
Fig. 2 Sampling stations in Sasthamkotta Lake 
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The co-ordinates of the twelve sampling stations were recorded using hand-held GPS 

(GARMIN eTrex® 30) and the same is given in table 1.  

Table 1 Name and co-ordinates of the sampling stations selected 

Designation of the 

sampling station Name of the sampling station Latitude Longitude 

P1 Ambalakadavu 9° 2'19.11"N 76°37'43.38"E 

P2 Vettolikadavu 9° 2'3.67"N 76°37'50.29"E 

P3 Vellinthara 9° 2'6.69"N 76°37'35.21"E 

P4 Athikad Pump House 9° 1’ 53.64” N 76° 37’ 0.54” E 

P5 Mynagappally Pump House 9° 2’ 1.14” N 76° 36’ 53.46” E 

P6 Anjalimoodu 9° 2’ 11.22” N 76° 36’ 56.34” E 

P7 *KWA Main Pump House 9° 2'27.22"N 76°37'25.64"E 

P8 Near Sayippu House 9° 2'17.00"N 76°38'9.48"E 

P9 Near Bund 9° 2'18.54"N 76°38'24.79"E 

P10 Pattonkuzhy 9° 2’ 36.84” N 76° 38’ 4.62” E 

P11 Ookenmukku 9° 2'47.09"N 76°38'27.07"E 

P12 Bharanikkavu 9° 3'15.07"N 76°38'22.75"E 

*KWA Kerala Water Authority 

Water samples were collected once in every month during the study period from the 

month of October 2018 to the month of September 2019. The secchi depth was also 

measured in-situ, at each of the sampling stations with the aid of a secchi disk. 

Thereafter the water samples were taken to the Environmental Engineering 

laboratory, Department of Civil Engineering, College of Engineering Trivandrum 

where the analysis of parameters namely Chlorophyll-a and Total Phosphorus were 

carried out using standard procedures (APHA, 2005). Thereafter the eutrophic 

condition of the lake under study was determined in terms of Carlson’s Trophic State 

Index (TSI) for the parameters namely Chlorophyll-a [TSI (Chl-a)], Secchi depth [TSI 

(SD)] and Total Phosphorus [TSI (TP)] and the same was calculated as per 

equation(1), equation (2) and equation (3) respectively (Carolina et.al., 2020). 

TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6------------------------ (1) 

TSI (SD) = 60 - 14.41 ln (SD)           ------------------------ (2) 

TSI (TP) = 14.42 ln (TP) + 4.15      ------------------------- (3) 

Where SD represents the Secchi Depth in meters, Chl-a represents the Chlorophyll-a 

concentration in µgl-1   and TP represents the Total Phosphorus in µgl-1.  Thereafter 

the general eutrophic condition of the lake as a whole was determined in terms of 

Carlson’s Trophic State Index [TSI (of lake)] for all the selected sampling stations for 

the post-monsoon season (from the month of October 2018 to the month of February 

2019), pre-monsoon season (from the month of March 2019 to the month of  May 

2019 )  and monsoon season ( from the month of June 2019 to  the month of  

September 2019) and the same was calculated as per equation (4) (Carolina et.al., 
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2020).  Five trophic levels were selected based on the value of Carlson’s Trophic 

State Index [TSI (of lake)] for the lake under study, namely oligotrophic [TSI (of 

lake) ranging from 0 to 30], lower mesotrophic [TSI (of lake) ranging from 30 to 40], 

moderate mesotrophic [TSI (of lake) ranging from 40 to 50], higher mesotrophic [TSI 

(of lake) ranging from 50 to 60] and eutrophic [TSI (of lake) ranging from 60 to 100]. 

TSI (of lake) = 1× 3-1 [(TSI (Chl-a) +TSI (SD) + TSI (TP)] ------------------------- (4) 

Carlson’s Trophic State Index [TSI (of lake)] calculated as per equation (4) were 

interpolated using the Inverse Distance Weighted (IDW) interpolation method 

provided by the ArcTool in the ArcGIS software. Thereafter the trophic state of the 

lake during the post-monsoon season, pre-monsoon season and monsoon season were 

mapped respectively using Geographical Information System. 

 

IV. RESULTS AND DISCUSSION 

Carlson’s Trophic State Index of the lake [TSI (of lake)] for all the twelve sampling 

stations for the post-monsoon season (from the month of October 2018 to the month 

of February 2019) were calculated as per equation (4) and the average value of the 

same for the said five months are also given in table.2. 

 

Table 2  TSI (of lake) values  in the post-monsoon season 

Month 

 

Sampling 

stations 

 

October 

2018 

 

November 

2018 

 

December 

2018 

 

January 

2019 

 

February 

2019 

 

Average 

TSI 

P1 40.77 42.99 42.24 41.73 41.57 41.86 

P2 42.62 41.37 41.78 42.15 41.10 41.80 

P3 31.75 37.59 30.99 37.84 30.9 33.81 

P4 36.74 37.31 37.18 29.28 35.72 35.25 

P5 32.62 43.63 42.37 43.15 42.94 40.94 

P6 31.48 37.19 36.44 31.6 37.21 34.79 

P7 30.89 29.31 31.32 27.05 34.89 30.69 

P8 24.00 28.77 36.34 28.84 27.57 29.11 

P9 34.84 30.04 37.61 38.58 29.76 34.17 

P10 31.13 37.19 26.92 30.29 29.23 30.95 

P11 39.19 32.33 30.89 38.00 34.53 34.99 

P12 39.66 36.86 30.72 35.16 37.26 35.94 

 

The average TSI values mentioned in table 2 were interpolated using the Inverse 

Distance Weighted (IDW) interpolation method and the trophic state of the lake 

during the post-monsoon season was mapped using Geographical Information System 
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and the same is shown in fig.3. It was observed that during the post-monsoon season, 

a major portion of the lake remained in the lower mesotrophic state.  Localized 

moderate mesotrophic state was observed at sampling stations P1 (Ambalakadavu), 

P2 (Vettolikadavu) and P5 (Mynagappally Pump House) as well. The ancient Sastha 

temple nearby which lends its name to the lake is an important pilgrim centre and the 

pilgrims use the lake for bathing and washing. The catchment area of the lake is also 

thickly populated and the local people washing their clothes at P1 (Ambalakadavu) 

and P2 (Vettolikadavu) with detergents may be attributed for the above mentioned 

localised moderate mesotrophic state of the lake at the said sampling stations.  The 

rainfall data collected from the Indian Meteorological Department (IMD) for the 

study area was analysed and it was found that, the average rainfall in the post-

monsoon season was 55.4 mm/month.  The runoff due to the said rainfall from the 

rubber plantation and the physical setting of the lake characterised by steep slope 

towards north east in the catchment area near P5 (Mynagappally Pump House) may 

be the reason for moderate mesotrophic state of the lake at the sampling station P5.  

The trophic state of the lake near the sampling station P8 (Near Sayippu House) was 

found to be Oligotrophic. 

 

 

Fig.3 Trophic state of Sasthamkotta Lake (Post-monsoon season) 
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Carlson’s Trophic State Index of the lake [TSI (of lake)] for all the twelve sampling 

stations for the pre-monsoon season (from the month of March 2019 to the month of 

May 2019) were calculated as per equation (4) and the average value of the same for 

the said three months are also given in table.3. 

 

Table 3  TSI ( of lake) values in the  pre-monsoon season 

    Month 

 

Sampling 

stations 

 

 

March  

2019 

 

April 

 2019 

 

May  

2019 

 

Average 

 TSI 

P1 41.97 42.98 40.51 41.82 

P2 40.56 41.00 39.64 40.40 

P3 31.27 29.99 28.68 29.98 

P4 35.33 36.89 31.35 34.52 

P5 43.14 43.64 43.86 43.54 

P6 28.07 28.44 30.49 29.00 

P7 33.70 30.46 28.93 31.03 

P8 32.70 30.39 26.44 29.84 

P9 30.43 29.42 32.7 30.85 

P10 29.61 30.9 30.14 30.22 

P11 30.61 29.39 26.23 28.74 

P12 30.82 26.97 30.72 29.50 

 

The average TSI values mentioned in table 3 were interpolated using the Inverse 

Distance Weighted (IDW) interpolation method and the trophic state of the lake 

during the pre-monsoon season was mapped using Geographical Information System 

and the same is shown in fig.4. It was observed that during the pre-monsoon season, a 

major portion of the western part of the lake remained in the lower mesotrophic state 

while the north eastern part of the lake remained in the oligotrophic state. The trophic 

state of the sampling station P6 (Anjalimoodu) and P8 (Near Sayippu House) was also 

found to be Oligotrophic. Lack of rainfall and low runoff in the pre-monsoon season 

compared to that of the monsoon season could be the reason for the oligotrophic state 

in the north eastern part of the lake. Localized moderate mesotrophic state was 

observed at sampling stations P1 (Ambalakadavu), P2 (Vettolikadavu) and P5 

(Mynagappally Pump House) as the local people use the lake water for their daily 

necessities like bathing, washing clothes and other domestic purposes at the said 

sampling stations.  
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Fig. 4 Trophic state of Sasthamkotta Lake (pre-monsoon season) 

 

Carlson’s Trophic State Index of the lake [TSI (of lake)] for all the twelve sampling 

stations for the monsoon season (from the month of June 2019 to the month of 

September 2019) were calculated as per equation (4) and the average value for the 

said four months are also given in table.4. 

Table 4 TSI ( of lake) values in the  monsoon season 

Month 

 

Sampling  

Stations 

 

June 

 2019 

 

July 

2019 

 

August 

2019 

 

September 

2019 

 

Average 

TSI 

P1 42.51 44.58 44.35 42.03 43.37 

P2 43.51 42.80 44.12 42.12 43.14 

P3 25.9 31.06 28.53 30.82 29.07 

P4 29.30 34.14 30.42 30.56 31.10 

P5 44.68 44.41 43.63 44.76 44.37 

P6 33.38 24.20 38.18 32.90 32.17 

P7 31.37 28.60 30.6 24.40 28.74 

P8 32.47 36.55 32.27 30.87 33.04 

P9 32.77 39.71 39.22 29.71 35.36 

P10 31.09 31.52 29.12 30.74 30.62 

P11 30.27 30.74 33.20 37.59 32.95 

P12 32.44 37.25 30.45 29.91 32.51 
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The average TSI values mentioned in table 4 were interpolated using the Inverse 

Distance Weighted (IDW) interpolation method and the trophic state of the lake 

during the monsoon season was mapped using Geographical Information System and 

the same is shown in fig.5. It was observed that during the monsoon season, a major 

portion of the lake remained in the lower mesotrophic state. The average rainfall in 

the said monsoon season as per IMD was 104.4 mm/month. As the lake is surrounded 

by hills on three sides (In the south – east part of the lake, an artificial bund has been 

constructed in the year 1956 separating the lake from the surrounding lowland) and 

very sparse vegetation on the banks of the lake, heavy rainfall might have accelerated 

the excess nutrients to reach the lake through runoff from agricultural land in the lake 

catchment area. Localised moderate mesotrophic state was observed at sampling 

stations P1 (Ambalakadavu), P2 (Vettolikadavu) and P5 (Mynagappally Pump House) 

along with localized oligotrophic state at sampling stations P7 (KWA Main Pump 

House ) and at P3 (Velinthara) respectively.  

 

 

Fig.5 Trophic state of Sasthamkotta Lake (Monsoon season) 

 

V. CONCLUSION 

In this study Carlson’s Trophic state index was used to determine the eutrophication 

status of of  Sasthamkotta lake, a Ramsar site in the South western part of India. The 

results from this study indicates that the trophic state of major portion of the lake falls 

under lower mesotrophic category throughout the study period  except some localised 

moderate trophic  conditions at sampling stations namely Ambalakadavu, 
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Vettolikadavu and Mynagappally Pump House. Localized oligotrophic state was also 

found at sampling stations near Sayippu house, Anjalimoodu, KWA Main Pump 

House and at Velinthara respectively. Moreover it could be observed that the 

eutrophication status of the lake in the monsoon season was worse compared to that of 

the pre-monsoon and post-monsoon seasons. During the field visits for sampling, it 

was observed that the lake area is shrinking at the south western part of Anjalimoodu,  

Ambalakadavu and south eastern part of the bund region especially in the pre-

monsoon season.  Local people using the lake water for their daily necessities, 

physical setting of the lake characterised by steep slopes on three sides and excess 

nutrient flow from the agricultural fields surrounding the lake during rainfall may lead 

to a higher eutrophic state of the lake in the years to come. A holistic study including 

lake water quality, aerial shrinkage of the lake, change in land use land cover and 

sediment deposition in the adjoining areas of the lake is very much essential for the 

conservation of Sasthamkotta lake, only after which a sustainable management plan 

can be arrived at. 
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