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Abstract: 

Lakes provide various benefits to society through economics, aesthetics, tourism, recreation, and b iodiversity conservation. These 

provisions are greatly influenced by water quality. Chl-a and Total Suspended Solids  is a primary indicator describing water 

quality  because of its important influences on water bodies, such as transporting nutrients and contaminants, including heav y 

metals and microorganis ms as well as reducing light transmission through the water column which can influence entire aquatic 

ecosystems. Pulicat Lake is the salt water lagoon and it is under threat due to pollution of fertilizers and pesticides from 

agriculture. Due to this encroachment, algae bloom will occur. This causes the reduction in development of aquatic life like 

fishes. Siltation is the major problem in Pulicat Lake in the mouth of river.  Remote sensing techniques are widely used for 

estimating the water quality parameters. The laboratory analysis and satellite  data (MODIS chl-a) shows that the concentration of 

chl-a is minimum or below level to detection in surface water o f Pulicat Lake. Linear Regression model developed by correlating 

insitu total suspended solids and corresponding co ordinate’s pixel DN/indices value of Landsat 8 OLI/TIRS satellite data. 

Addition of Deep v iolet b lue and Red reg ion in Landsat 8 OLI/TIRS image has the higher correlation with total suspended solid s. 

Results showed that TSS is higher in summer season compared to monsoon season and increasing every year. 
 

Keywords: Chl-a and Total Suspended Solids,  Dig ital number of satellite data , MODIS chl-a, Landsat 8 OLI/TIRS satellite data,  

Imagine 9.2 software, ArcGIS 9.3 software .

 

I. INTRODUCTION 

Coastal zone is a dynamic area with many cyclic processes 

owing to a variety of resources and habitats. Coastal lagoons 

represent a tiny part (less than 1%) of the surface covered by 

oceans, but they are characterised by high biodiversity and 

intense primary productions, that lead to both ecological and 

economical considerable importance. Since algae are at the 

bottom of the food chain in lake ecosystems, their responses 

can mostly be attributed to physical and chemical changes. 

Siltation and periodic closure of the bar  mouth due to the 

dynamic p rocess of sediment transport has caused reduction of 

size and seasonal closure of the mouth of the lake. This has 

reduced fresh sea-water exchange and made the lake shallow 

and turbid. This has caused difficult ies such as mouth getting 

silted up and getting closed during the summer season, raise in  

flood level occurs during the rainy season. The fluctuation of 

water level in the lake is affecting flora, fauna and fisheries.  

 

Siltation has caused variation of the lake mouth result ing in  

reduction of tidal inflows and consequent decline in stocking 

of commercially  important species of prawns and mullets. The 

Arani and Kalangi rivers carrying runoff from agricu ltural 

fields in the drainage basin cause increase in pollution load 

from fertilizers and pesticides into the lake. Lake is further 

polluted due to domestic sewage, effluents and wastes from 

numerous fish processing units, oil spills from the mechanized 

boats, Petrochemical complex, Power p lant and a satellite  port 

on Ennore. Th is study aimed to estimate total suspended solids 

and chlorophyll-a. Suspended solids consist of an inorganic 

fraction (silts, clays, etc.) and an organic fraction (algae, 

zooplankton, bacteria, and detritus) that are carried along by 

water as it  runs off the land. When the suspended particles 

settle down to bottom causes the sediment or silt. Estimates of  

 

 

total suspended solids and chlorophyll-a using remote sensing 

technique is an efficient method.. 

 

SCOPE OF THE STUDY 

The current insitu techniques for measuring water quality 

variables are time-consuming and do not give a synoptic view 

of a water body or more significantly, a synoptic view of 

different water bodies across the landscape. It requires 

excessive travelling, sampling, and expensive laboratory 

analysis, especially for a large area. Thus it is very difficult to 

report and predict the water quality situation in Time. With the 

development of remote sensing (RS) techniques, water quality 

monitoring based on RS methods becomes accessible and very 

efficient. Remote sensing methods used for frequent, 

inexpensive and continuous monitoring of water quality 

parameters over large spatial extent. Remote sensing 

techniques optimize the sample strategy and time.  

 

OBECTIVE OF THE STUDY 

The main objectives of this study are  

1. To develop Landsat8 OLI/TIRS based Chl-a and 

TSS retrieval regression models.  

2. To retrieve water quality parameters such as Chl-a 

and Total Suspended Solids from satellite data.  

3. To generate spatial-temporal changes of water 

quality parameters in Pu licat lake.  

 

II.  LITERATURE REVIEW  

Chunlei Fan (2014) developed algorithms for hyperspectral 

remote sensing of water quality based on insitu spectral 

measurement of water reflectance. In this study, water 

reflectance spectra R(λ) were acquired by a pair o f Ocean 

Optic 2000 Spectroradiometers during the summers from 2008 

to 2011 at Patuxent River, a tributary of Chesapeake Bay, 
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USA. Simultaneously, concentrations of chlorophyll-a and 

total suspended solids (TSS), as well as absorption of colored 

dissolved organic matter (CDOM) were measured. Empirical 

models that based on spectral features of water reflectance 

generally showed good correlations with water quality 

parameters. The ret rieval that using spectral bands at Red/NIR 

showed a high correlation with chlorophyll a  concentration 

(R2 = 0.81). The ratio of green to blue spectral bands is the 

best predictor for TSS (R2 = 0.75), and CDOM absorption is 

best correlated with spectral features at blue and NIR reg ions 

(R2 = 0.85). These empirical models were further applied to 

the ASIA Eagle Hyperspectral aerial imagery to demonstrate 

the feasibility of Hyperspectral remote sensing of water 

quality in the optical complex estuarine waters.  

 

Lijuan Cui et al., (2013) applied Moderate-

Resolution Imaging Spectroradiometer (MODIS) images from 

2000 to 2010 to obtain and analyze the spatiotemporal 

variation of suspended sediment concentration (SSC) and 

discussed factors affecting it  in  Poyang Lake. This study 

aimed to develop MODIS-based SSC retrieval models and 

apply the developed models to retrieve SSC from MODIS 

images.  

 

Yu Zhou et al., (2013),this study aims to use spectral 

smoothing as a pre-treatment and to test the applicability of 

the spectral derivative algorithm for Chl-a estimat ion in Taihu 

Lake, China, based on the insitu hyperspectral reflectance. The 

derivative model was first used and then compared with the 

band ratio, three-band and four-band models. There are some 

smoothing methods used in the mean-filter algorithm, 

Savitzky-Golay polynomial s moothing and the kernel 

regression algorithm and all of them are compared  in  this 

study, which aims to identify the most appropriate smoothing 

method. The results show that the first-order derivative model 

at 699 nm had satisfactory accuracy (R2 = 0.75) after kernel 

regression smoothing and had smaller validation root mean 

square errors of 15.21 mg/m3 in 2005 and 5.85 mg/m3 in  

2011. The d istribution map  of Chl-a in Taihu Lake based on 

the HJ1/HSI image showed the actual distribution trend, 

indicating that the first-order derivative model after spectral 

smoothing can be used for Chl-a estimation in turbid lake.  

 

Melesse et al.,(2012) developed a cost-effective 

remote sensing-based methodology to predict water quality 

parameters over a large and logistically difficu lt area. Landsat 

spectral data were used as a proxy, and a neural network 

model was developed to quantify water quality parameters, 

namely chlorophyll-a, turb idity and phosphorus before and 

after ecosystem restoration and during the wet and dry 

seasons. The results demonstrate that the developed neural 

network model provided an excellent relationship between the 

observed and simulated water quality parameters. Using the 

developed methodology, the trends for temporal and spatial 

dynamics of the selected water quality parameters were 

investigated. In addition, the amounts of phosphorus and 

chlorophyll-a stored in the water column were calculated 

demonstrating the usefulness of this methodology to predict 

water quality parameters in complex ecosystems.  

 

Abdullah et al., (2009) has carried out a study on 

monitoring of total suspended solids and sea surface 

temperature using NOAA -AVHRR Data. In  this study, the 

National Oceanic and Atmospheric Administration Mult i-

Channel Sea Surface Temperature (NOAA MCSST ) algorithm 

was used to determine the sea surface temperature (SST) by 

using NOAA-AVHRR data.  

This study included remote sensing of total 

suspended solids (TSS) on the surface of water. AVHRR 

radiometric correct ion and calibration, the DN values were 

converted into radiance and reflectance values.  

 

Jining CHEN et al., (2008) performed water quality 

monitoring in slightly-polluted inland water body through 

remote sensing. The main objective of the study is deriving 

water quality retrieval models for eight common water quality 

variables, includ ing algae content, turbidity, and 

concentrations of chemical oxygen demand, total nitrogen, 

ammonia nitrogen, nitrate nit rogen, total phosphorus, and 

dissolved phosphorus, by using Landsat 5 Thematic Mapper 

(TM) data using multip le regression method.  

 

Weissel et al., (2004) investigated New York Harbor 

water quality studies using satellite imagery for. Ground data 

from a routine sampling program are compared to imagery  

from the Landsat Thematic Mapper (TM) and Terra Moderate 

Resolution Imaging Spectroradiometer (MODIS) sensors. 

New York Harbor is a challenging environment for remote 

sensing because of the complex hydrography and strong tidal 

influence. Using a time-averaged spatial analysis it is shown 

that turbidity as determined from Secchi depth correlates with 

Landsat TM red reflectance in regions affected by the Hudson 

River sediments (N=21, R2=0.85).. Landsat TM red band 

reflectance is also used to identify and map  plumes of 

increased turbidity caused by rainfall runoff and/or spring tide 

resuspension in Newark Bay. Chlorophyll –a concentration 

correlates with the ratio of Landsat TM green to red band 

reflectance in the eutrophic East River and Long Island Sound 

(N=16, R2=0.78).  

 

III. STUDY AREA 

Pulicat lagoon is the second largest salt water lagoon 

of the east coast of India. It  is located in  between Lat itude 13ᴼ 

24’- 13ᴼ 47’ N and Longitude 80ᴼ 03’- 80ᴼ 18’ E which is 

shown in Figure 3.1.  About 84% of the lagoon lies in the state 

of Andhrapradesh and the rest in the state of Tamilnadu. It is a 

shallow brackish water lagoon with an average depth of 1.2 

meter and a high  water spread area of about 460 sq. km and 

average water spread area of about 350 sq. km. The lake 

extends to about 59km in north to south direction with a 

maximum width of 17km in east to west direction in the 

northern sector of the lake. It is connected to Bay of Bengal 

through a narrow (200m) and shallow opening.  

 

Freshwater flow is scarce and seasonal. Fresh water 

input occurs from three major rivers the Arani, Kalangi and 

Swarnamuki. Water flows in the river only during the rainy 

season. Kalangi is quantitatively the most important due to its 

high discharge approximately 700m
3
s

-1 
during the monsoon 

season. Salinity and reduction in area and depth of the lagoon 

are the major physical factors influencing the ecosystem. 

Fresh water inflow is limited to monsoon season. The mouth 

of the lagoon gets silted up periodically restricting the inflow 

of seawater. 

 

Pulicat Bird Sanctuary in the lagoon has been 

affected due to release of 4,780 hectares of the Sanctuary for a 

marine chemicals, salt-manufacturing industry and shrimp 

farming in  more than 400 hectares. Livelihood of 30,000 

fishermen and 20,000 agricultural labourers (fo r whom fishing 

is an off-season economic activ ity) has been disturbed. 
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IV. MATERIALS AND METHODS 

METHODOLOGY 

DATA COLLECTION

LANDSAT 8 OLI/TIRS
FIELD DATA

LANDUSE/
LANDCOVER MAPREGRESSION MODEL 

(LINEAR AND 
POLYNOMIAL) WATER SAMPLE 

COLLECTION

BEST FITTING MODEL LABORATORY 
ANALYSIS

MEASUREMENT OF 
TSS AND CHL-A

ESTIMATION OF TSS AND 
CHL-A

SPATIAL AND TEMPORAL 
CHANGES

RAINFALL  DATA

COMPARISON OF TSS 
AND MONTHLY 
RAINFALL DATA

DATA COLLECTION 

FIELD DATA  

 The 34 representative water samples were collected 

from the Pulicat lake on the date 26.09.14 co inciding the 

Landsat 8 OLI/TIRS satellite acquisition date of the Pulicat 

lake. Water samples were taken  randomly at  34 sampling sites 

from the southern part of the Pulicat Lake. Water samples 

were taken more in  lake where settlements, industries and 

agricultural activit ies are highly associated with the Pulicat 

Lake. For this sampling design, Land use and Land cover map  

is prepared using Landsat 8 satellite image. The Stratified 

Random sampling design is preferred  based on Land use and 

Land cover map. 

The co-ordinates of sampling sites were obtained 

through Handheld GPS. These water samples were collected 

for each  site just beneath the surface. The sampling and 

chemical analyses were based on the standard method of 

APHA, 2012. 

Land use and Land cover Map  

Land use and Land cover mapping is of great 

significance in scientific, scholarly research, p lanning and 

management. Land use and Land cover pattern reflects the 

character of interaction between man and environment and the 

influence of distance and resources based on mankind’s basic 

economic act ivities.. Here Landsat 8 OLI/TIRS satellite data is 

used to prepare the Land use and Land Cover map. Land use 

and Land cover map is prepared for Pulicat Lake associated 

with  the taluks of Suluru, Satyavedu, Gummidipundi and 

Ponneri.  

Land Use and Land Cover map is prepared using 

Erdas Imagine 9.2 software. Representative training  sites of 

each class such that Waterbody, Agriculture, Scrub forest, 

Fallow land, Wetland, Sandy area, Forest and Barren land 

within the Landsat 8 image has been selected. Signature file  

contains spectral statistics for each pixel found within each 

training site. Each site is usually composed of many pixels. 

Supervised classificat ion has been carried out. The 

classification map  is prepared accord ing to the given train ing 

site and Maximum Likelihood Classification a lgorithm. 

Waterbody, Agriculture, Scrub forest, Fallow land, Wetland, 

Sandy area, Forest and Barren land are delineated in this study 

area. Settlements and Agricultural fields are major part in this 

study area which can significantly influence the Pulicat Lake. 

Accuracy assessment is carried out. The producer’s accuracy 

is defined as total number of correct p ixels in a category is 

divided by the total number of pixels of that category as 

derived from the reference data (i.e. column total). The user’s 

accuracy is defined as the total number of correct  pixels in a 

category is divided by total number of pixels that actually 

classified in that category (i.e . row total).  

 

Sampling Design 

34 Samples were randomly collected from the 

Southern part of the Pulicat Lake is shown in  Figure 4.2. 

Sampling location interval distance is more than 30 m that is 

spatial resolution of Landsat 8 OLI/TIRS satellite data. 

 
Remote Sensing Data  

 The Landsat 8 OLI/TIRS images were downloaded 

from USGS Earth exp lorer website. Landsat 8 image is 

acquired on September 26, 2014, the date of field study.  

Landsat 8 carries two instruments. The Operational Land 

Imager (OLI) sensor includes refined heritage bands along 

with three new bands, a deep blue band for coastal/aerosol 

studies, a shortwave infrared band for cirrus detection, and a 

Quality Assessment band. The Thermal Infrared  Sensor 

(TIRS) provides two thermal bands. These sensors both 

provide improved signal-to-noise (SNR) radiometric 

performance quantized over a 12-bit dynamic range. It has a 

repetitive period of 16 day.  

Global MODIS chlorophyll-a data is downloaded 

from Physical Oceanography Distributed Active Archive 

Centre (PODAAC) (ftp://podaac-ftp.jpl.nasa.gov/) for the 

month of September, pre monsoon period. MODIS 
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Chlorophyll-a data has the spatial resolution of 4 km. MODIS 

Chlorophyll-a data is used to estimate the Chlorophyll-a in the 

Pulicat lake. 

 

LABORATORY ANALYS IS 

Total Suspended Solids 

 The standard Grav imetry method (APHA, 2012) is 

followed for measuring the Total Suspended solids. Total 

Suspended Solids (TSS) are defined as the portion of total 

solids in a water sample retained by a glass fibre (GF/C) filter 

of pore size 0.45 μm. Water sample was filtered through a 

glass fibre (GF/C) filter of nominal pore size 0.45 μm.  

Chlorophyll –a 

 Chlorophyll-a, a characteristic algal pigment, 

constitutes approximately  1% to 2% (dry  weight) of 

planktonic algal biomass. This feature makes chlorophyll-a, a  

convenient indicator of algal b iomass. The standard 

Spectrophotometric (APHA, 2012) method is followed for the 

estimation of ch lorophyll-a concentration.  

The corrected chlorophyll- a concentration was 

calculated using the following equation 4.1. 

 

Corrected Chlorophyll-a (μg/l)  

L)]……….. (4.1) 

Where, 

            F = Dilution Factor (if the extract requires dilution)  

            E = the volume of acetone used for the extraction (mL)  

            V = the volume of water filtered (L) 

            L = the cell path length (cm) 

            665a = the turbid ity corrected Abs at 665 nm after 

acidification  

            663b = the turbidity corrected Abs at 663 nm before 

acidification  

 

SATELLITE DATA PROCESS ING 

Extraction of Chlorophyll-a  

Chlorophyll-a is directly estimated by using Global 

MODIS ch lorophyll-a data which can be downloaded from 

PODAAC website. Marine Spatial Eco logy Tool (MGET) is 

installed in ArcGIS 9.3 software. MGET tool is used to 

convert data in HDF format into data in Raster format. The 

scaling equation is used to derive Chlorophyll-a. Meta data 

can be viewed using the software HDF Viewer. Concentration 

of Chlorophyll-a is estimated using the scaling equation is 

shown below. 

Chlorophyll –a = float (Input Raster) * Slope + Intercept 

REGRESSION MODEL DEVELOPMENT 

Three groups of algorithms were applied for water 

quality parameters retrieval from Remote sensing data that is 

empirical algorithms, theoretic algorithms, and their 

combinations. Due to the complexity of the theory and the 

difficulty of calcu lation, many people were still using 

empirical algorithms.  

The linear, logarithmic, quadratic, cubic power, 

growth, and exponential models between the insitu 

measurement of TSS and every  single band DN values and 

combination of all band DN values were calibrated 

respectively, with the least-squares technique to find the best-

fitting model for TSS estimation. Finally, the determination 

coefficients (R
2
) and estimated standard errors (SE) of all the 

calibrated models are compared to determine the best-fitting 

model. 

The correlat ion coefficient (r) between the measured 

and estimated TSS values of the 34 water samples was 

calculated to assess model accuracy. The null hypotheses that 

the slope and intercept of the linear regression line between 

the measured and estimated TSS values are equal to one and 

zero, respectively, is tested to estimate model bias. The root 

mean square erro r (RMSE) and relat ive root mean square error 

(RRMSE) also calculate to assess the performance of the best-

fitting model. 

Regression and Polynomial models were developed 

by correlating measured total suspended solids and 

corresponding pixel DN/ index value.  

 

 
Table 4.1: Definition of independent variables,  where Bi/j 

is DN value of each band. i.e., B1―B11  

S.No Definitions 

1. Bi 

2. Bi + Bj  

3. Bi / Bj  

4. (Bi + Bj + Bk) 

5. (Bi - Bj)/ (Bi+Bj) 

 

V. RES ULTS AND DISCUSS ION 

LAND US E AND LAND COVER MAP 

 The Land Use and Land Cover map fo r the study area 

is shown in Figure 5.1. and the classification of area is shown 

in Table 5.1. Most of the area covered by settlements and 

agriculture in the Land Use and Land Cover map in the 

percentage of 25.71% and 20.57% respectively. In southern 

part of the Pulicat lake is mostly influenced by settlements and 

Agriculture. These are main sources of pollution to the lake. 

Accuracy assesment is carried out for the classificat ion map 

using Google earth data. Error matrix and accuracy report of 

Land use and Land Cover map is calcu lated. Over all accuracy 

of the classificat ion map is 93.33 % and Kappa coefficient is 

92.125%. 

 
Figure 5.1 Land Use and Land Cover map 
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CHLOROPHYLL-A FROM LABORATORY ANALYS IS 

The concentration of Chl-a is measured from the 

laboratory analysis is tabulated in Table 5.4. The 

concentration of Chlorophyll-a at 5 sampling stations is about 

1.07 mg/ l. In Other sampling stations concentration of 

chlorophyll–a is in below detection level.  

 

Table 4.2 Concentration of Chl-a from Laboratory 

analysis 

 

S.N

o 

Sam

ple 

No 

Latitude Longitude 
Chlorophyll-a   

(mg/l) 

1 5 13.43833139 80.318245 1.08 

2 12 13.45478527 80.28624805 1.07 

3 19 13.54151111 80.15183361 1.07 

4 22 13.51118138 80.15807777 1.07 

5 27 13.49852527 80.20938638 1.07 

CHLOROPHYLL-A FROM MODIS DATA 

  

Chlorophyll-a is ext racted from the Global MODIS 

Chl-a satellite  data.  Result shows that the concentration of 

chlorophyll-a is 0 mg/l in surface water of Pulicat lake. Pulicat 

Lake has very less chlorophyll-a in the surface water that is 

below detection level of ch l-a through MODIS Satellite. Algal 

bloom is in  lesser area of bottom of the Pu licat lake. MODIS 

satellite data has spatial resolution of 250m and it covers 

Pulicat lake with minimum p ixels. While averaging the data, 

result shows that chlorophyll-a is less in Pulicat lake.  

 

TOTAL S USPENDED SOLIDS  

The Total Suspended Solids values were measured 

from laboratory analysis . The Total Suspended Solids in 

Pulicat Lake is ranges from 9mg/l to 162 mg/l. Sea mouth near 

Pulicat village and nearer to kalingi river mouth have 

minimum and maximum TSS value, respectively. 

REGRESSION MODEL ANALYS IS  

Regression models were developed by correlat ing 

measured total suspended solids values and corresponding 

pixel DN values or indices values. The coefficients (R
2
) and 

standard errors (SE) for linear regression equations were 

developed. The calibrated models are compared  to determine 

the best-fitting model. 

The scatter plot of linear relat ionship between 

measured total suspended solids and Landsat 8 OLI/TIRS 

band DN values or Indices value is shown in Figure 5.2.  

 

Figure 5.2 a) Linear Relationship between TSS and 

addition of blue and red region DN value.  

 

 
Figure 5.2 b) Linear Relationship between TSS and 

addition of deep violet blue and red region DN value.  

 

The regression equations of polynomial fit were 

developed between measured total suspended solids from 

laboratory analysis and corresponding DN/Index value is 

tabulated and compared.  The scatter plot of polynomial 

between measured total suspended solids from laboratory 

analysis and Landsat 8 OLI/TIRS band DN values or Indices 

value is developed. 

The correlat ion coefficient is high for polynomial fit  

between the measured total suspended solids and DN value 

(Green + Infrared region) compared with other polynomial 

fits. But standard error of this polynomial fit is high (21.102) 

compared with linear best fit. Linear regression model has the 

standard error of 21.091909 which gives good fit with co 

efficient of determination (0.666). The correlation coefficient 

between the measured total suspended solids and DN value 

(Blue + Red region) is also 0.666. The standard error of 

regression model with the addition of blue and red region is 

higher than the addition of deep violet blue region and red 

region. Linear regression model between measured total 

suspended solids and addition of DN values of deep violet 

blue and red region gives the best fitting model with the 

significance of less than 0.05 to estimate the total suspended 

solids using Landsat 8 OLI/TIRS image. The TSS is 

calculated in Pulicat Lake using following regression 

equation.     

TSS = 0.028 (Band 1+ Band 4) – 500.9 

  

Where band 1 and band 4 are Deep v iolet b lue region 

(430- 450 nm) and Red reg ion (640- 670 nm). 

 

5.6  SPATIAL DIS TRIBUTION MAP OF TSS IN 

PULICAT LAKE 

 Landsat 8 OLI/TIRS data were downloaded and 

processed for the month of May, June, September, November, 

and December in 2013, April, May, June, Ju ly, September, 

October and December in 2014 and January, February, March 

and April in 2015. Spatial distribution map of total suspended 

solids in Pu licat  Lake is produced using the linear regression 

model equation. 

 
  Figure 5.3 S patial distribution map of TSS for the month 

of May 2013 and May 2014 in Pulicat lake.  
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Figure 5.4 S patial distribution map of TSS for the month 

June 2013 and June 2014 in Pulicat Lake. 

 

 
Figure 5.5 S patial distribution map of TSS for the month 

September 2013 and September 2014 in Pulicat lake. 

 

 
Figure 5.6 S patial distribution map of TSS for the month 

November 2013 and October 2014 in Pulicat lake. 

 

 
Figure 5.7 S patial distribution map of TSS for the month 

December 2013 and December 2014 in Pulicat Lake. 

 
Figure 5.8 S patial distribution map of TSS for the month 

February 2014 and February 2015 in Pulicat Lake.  

 

 
Figure 5.9 S patial distribution map of TSS for the month 

March 2014 and March 2015 in Pulicat Lake.  

 

 
Figure 5.12 S patial distribution map of TSS for the month 

April 2014 and April 2015 in Pulicat Lake. 

 Spatial d istribution of total suspended solids for the 

month of May 2013 and May 2014 in  Pulicat Lake is shown in 

figure 5.3. Results showed that in May 2013, a) TSS varies 

from 0 to100 mg/ l in Southern part of Pulicat Lake and b) TSS 

varies from 100 to 200mg/ l in northern and middle part of 

Pulicat lake. In May 2014, the total suspended solids value 

varies from 100 to 200mg/ l and 200 to 300mg/l in southern 

and middle part of lake, respectively. 

 Spatial distribution map of total suspended solids in 

Pulicat Lake for June 2013 and 2014 is shown in figure 5.4. In  

June 2013, Total suspended solids varies from 0 to 100 mg/l in  

most part of Pulicat Lake and in midd le portion of Lake the 

TSS value varies from 100 to 200mg/l. In June 2014, TSS 

varies from 0 to 100 mg/ l and 100 to 200 mg/ l in southern part 

and middle part of lake, respectively.  

 Spatial distribution map of total suspended solids in 

Pulicat Lake fo r September 2013 and September 2014 is 
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shown in figure 5.5. In September 2013, TSS value is less than 

100mg/l in most of the portion of Pulicat Lake and TSS value 

varies from 100 to 200 mg/l in east side of middle part of 

Pulicat Lake. In September 2014, TSS value varies from 100 

to 200 mg/ l in the northern and middle part and it varies from 

0 to100 mg/ l in southern part of Pulicat Lake. Small portion of 

middle part has TSS value from 200mg/ l to 300 mg/ l.  

 Spatial distribution map of total suspended solids in 

Pulicat Lake for the month November 2013 and October 2014 

is shown in Figure 5.6. In November 2013 and October 2014, 

total suspended solids value varies from 0 to 100 mg/l in  

maximum part of Pu licat  Lake. TSS value varies from 0 to 

200 mg/ l in northern side of Pulicat Lake. Spatial distribution 

of total suspended solids in Pulicat Lake for the month 

December 2013 and December 2014 is shown in Figure 5.7. 

TSS value ranges from 0 to 100 mg/l in entire portion of lake.  

 Spatial distribution of total suspended solids in 

Pulicat Lake for the month February 2014 and February 2015 

is shown in Figure 5.8. In February 2014, TSS value ranges 

from 100 to 200 mg/l in  westward portion of middle and 

northern part of Pu licat Lake. And TSS value ranges from 0 to 

100 mg/l in southern and eastward portion of middle and 

northern of lake. 

 Spatial distribution of total suspended solids in 

Pulicat Lake for the month March 2014 and March 2015 is 

shown in Figure 5.9. In March 2014, TSS value varies from 0 

to 100 mg/ l in southern and middle part of Pulicat La ke and 

TSS value varies from 100 to 300 mg/l in northern part of 

lake. In March  2015, TSS value varies from 0 to 100 mg/l and 

200 to 300 mg/l in southern and other part of Pu licat  lake, 

respectively. 

 Spatial distribution of total suspended solids in 

Pulicat Lake for the month April 2014 and April 2015 is 

shown in Figure 5.10. In April 2014, TSS value varies from 0 

to 100 mg/ l in southern and middle part of lake and 100 to 300 

mg/l in northern part of Pulicat Lake. In April 2015, TSS 

value ranges from 0 to100mg/l in southern part and 200 to 300 

mg/l in  middle and northern part of lake.   

ANALYS IS OF RAINFALL DATA 

Rainfall monthly data for the year 2013 and 2014 

near Pulicat Lake has collected and tabulated in Table 5.8. 

Rainfall in September 2013 and October 2014 is higher than 

other month in the lake. Rainfall in May 2013 and April 2014 

is very less in the Pulicat lake.  

From the results of spatial distribution map of total 

suspended solids, TSS is very high in May month and less in 

September and October month comparatively. Even though 

21.56 mm rain fall in May 2014, it has high TSS value due to 

increasing siltation every year.  

 

VI. CONCLUS ION 

SUMMARY   

 From the laboratory analysis, concentration of 

chlorophyll-a is in below detection level in most of the 

sampling stations. MODIS Chl-a data results indicates the 

negative value of chlorophyll-a concentration in Pulicat Lake. 

The insitu measurement of Chl-a and satellite data retrieved 

results are approximately same. Th is represents that absence 

or minimum level of chlorophyll-a in the surface water of 

Pulicat lake. The regression model for concentration of chl-a 

has not been developed because of absence of chl-a in both 

laboratory and satellite data results.  

 From the laboratory analysis, concentration of total 

suspended solids in the Pulicat Lake is ranges from 9mg/l to 

162 mg/l. Many regression models have been developed by 

correlating total suspended solids from laboratory analysis and 

DN value/indices of satellite image. Results showed that 

addition of deep violet b lue and red reg ion with total 

suspended solids has higher correlation coefficient (0.666). 

Deep vio let blue and red  reg ion is h ighly correlated with TSS. 

The addition of DN value (Deep blue and Red region) is used 

to estimate total suspended solids in Pulicat Lake. 

 From the analysis of spatial distribution map of total 

suspended solids, TSS value is less than 100mg/ l in May 2013 

and it is increased to 200 mg/ l in May 2014 in southern part of 

lake. Similarly in middle part of Lake TSS value increases 

from 200 mg/l to 300mg/l. In June 2013, TSS value is in  

between 0 and 100 mg/ l in most of portion in lake and it is 

increased to 100-200 mg/l.   This result indicates that TSS 

value is increased from 2013 to 2014 during the month of 

May. In March, Total suspended solids increases from 0-

100mg/l to 100-200mg/l in middle and southern part of lake 

from the year 2014 to 2015. Similarly  in  April month, TSS 

value is increased from 0-100mg/ l to 200-300mg/ l in middle 

part of lake, from 2014 to 2015. 

 TSS value is between 0-100 mg/l in most of the 

portion in  September 2013 and it is increased 100-200 mg/l in  

north and middle part  of Pulicat Lake in 2014. In  October, 

November and December month of 2013 and 2014, TSS value 

varies from 0 to 100 mg/l in  maximum port ion of Pulicat 

Lake. From the analysis of spatial distribution map, during 

summer season (March-May) total suspended value is higher 

than monsoon season (September- December). 

 Agricultural, urban and industrial runoff from inland 

that is carried  along rivers or with surface run off to lagoons is 

non-point pollution during monsoon period. Agricultural 

runoff includes excess agrochemicals (pesticides, fert ilisers, 

herbicides and fungicides) as well as waste from livestock. 

Urban runoff includes domestic waste inc luding sewage and 

plastics, and industrial waste can contain contaminants such as 

heavy metals. Also Shrimp farms discharge polluting 

effluents, which is rich in both nutrients and sediments into the 

lake, is point source of pollution.  

 Shrimp farms take in water from, and discharge 

effluents to, the same water source. In order to grow as much 

shrimp as possible, shrimp farmers add artificial feeds with 

chemical additives and insecticides as well as antibiotics to 

prevent shrimp d isease. Most shrimp farms  have no effect ive 

effluent treatment procedures and discharge their usually 

untreated effluent into surrounding land and/or downstream 

waterways. This negatively impacts on water quality and 

aquatic life of Pu licat Lake. Shrimp farms also release 

effluents with high suspended solids (200-600 mg/l). 

Suspended solids in water can obstruct the respiration of 

aquatic organisms and s mother the eggs of aquatic fish 

species.  

CONCLUS ION  

 Even though the contaminants flow into lake during 

monsoon season, the total suspended solids reduced due to 

heavy rain and high inflow of seawater in that season. Density 
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of total suspended solids becomes diluted with rainfall during 

monsoon season. This causes less TSS value in monsoon 

season. Temperature of the Pulicat Lake is around 35ºC in  

surface water during summer season. Concentration of total 

suspended solids increases due to evaporation water due to 

heavy temperature and reduction of tidal inflow to the lake.   

 Generally, Western side has higher TSS value than 

the Eastern side of Pulicat Lake because of most of the 

pollution and contaminants has come from seasonal rivers run 

off and v illages. And southern part of lake has less TSS value, 

comparatively due to high tidal in flow to the lake in southern 

part. Tupilipalem sea mouth was silted completely and closed 

due to reduction of tidal inflow. This reduces movement of 

water in this region. Due to this reason, northern region has 

higher concentration of total suspended solids in Pulicat lake.  

 Recent year’s spatial distribution map of 2013, 2014 

and 2015 has been compared. Result shows that the 

concentration of total suspended solids is gradually increasing 

every year. It causes the reduction in depth and area of Pulicat 

Lake. The sea mouths at Tupilipalem, Rayadoruvu and Pulicat 

Village of Pu licat Lake, is gradually closing with sand bar 

formation due to  blow of north bound wind. The sea mouths 

of Pulicat Lake are not simply a passage, but also a life 

supporting biocorridor fo r migration of fishes, crustaceans 

after spawning in sea and migration after breeding in brackish 

water lake and vice versa. Th is important chronoecological 

process is basic requirement for making available food for 

long distant migratory birds, local migrants, but also 50,000 

fishermen who are dependent on this lake spread in 600 sq. 

km.   

 Geotectonically uplifted shallow water area of 

Attakanithippa and Venadu are shallow water reg imes. The 

shallow lake with 1-2 ft water extends from Rayadoruvu sea 

mouth to southern region namely Venad proximal to Irakkam 

Island. This desiccated tectonically uplifted shallow water is 

unique and is very rich in p lankton, shrimps and fishes and 

most advantageous niche for long distant migratory b irds 

Flamingos, Pelicans and a variety of waders which feed on 

larval and adult crustacean larval forms. It is also important 

for migrant b irds Pelicans and Painted storks which feed 

mostly on fishes of shallow water.  

RECOMMANDATIONS  

 The following recommandations for reducing level of 

siltation and ecoresiliency has been suggested:  

1. Construction of a groyne or t idal in let wall or an 

appropriate stone wall o r concrete wall or heap of 

stones to be decided by an Ocean engineer is 

recommended for three sea mouths to prevent sea 

mouth closure by sand deposition.  

 

2. Sea mouth dredging and siltage removal without loss 

of molluscans and lake submerged weeds and groyne 

or wall construction would enhance food availability 

and biodiversity due to flow of water.  

 

3. The 9.5 km Earthen road  bridge built on Pulicat 

Lake shallow water region known  as  Attakanithippa 

needs regular pillar supported bridge with free flow 

of water.  

 

 

4. Plantation of mangroves on littoral region.  

 

5. Disposal of effluent from shrimp farms  and industries 

with proper treatment. 


