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Abstract: The present study was undertaken from March 2019 to February 2020 along the 

western fringe areas of Chilika lagoon, a Ramsar Site (283) of international importance, from five 

selected locations to determine the levels of nutrients such as Nitrate-nitrogen (N1), Ammonium- 

nitrogen (N2) and Phosphate-phosphorous (P) and their correlations with physico-chemical parameters 

like water temperature, depth, transparency, pH of water, salinity, total alkalinity, conductivity, 

Dissolved oxygen (DO), free carbon dioxide. The results indicated a significant negative correlation of 

N1 with water temperature, pH of water, conductivity, salinity, and dissolved oxygen but indicated a 

positive correlation with free carbon dioxide. N2 showed a negative correlation between salinity and 

conductivity. ‘P’ exhibited a negative correlation with salinity and conductivity of water, but found a 

significant positive correlation with free carbon dioxide and N1. Even though detailed studies have been 

undertaken by several authors in terms of management strategies and other aspects of Chilika lagoon 

studies on nutrient inputs and the response of the ecosystem are scarce. Hence the present study aimed 

at estimating the nutrients like N1, N2, and P in the lagoon and their correlation with physico-chemical 
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variables like water temperature, depth, transparency, pH, salinity, total alkalinity, conductivity, 

dissolved oxygen, free carbon dioxide, N1, N2, and P. 

Key Words: Nitrate; Ammonia; Phosphate; nutrients; conductivity; salinity 

Introduction: Chilika is a brackish water lagoon situated in Odisha on the east coast of India. It 

exhibits multiple ecosystems such as freshwater, brackish water, and marine ecosystem owing to its 

connection with the rivers, streams, and the Bay of Bengal. The aquatic environments of the lagoon are 

greatly influenced by many physico-chemical parameters, and consequently, influence the growth and 

development of the aquatic organisms starting from the plankton community to the Dolphin community 

of the lagoon. It is a habitat for many freshwaters, marine water, and brackish water species, and is also 

a wintering ground for millions of migratory birds, preferably during winter months (post-monsoon 

period). This lagoon not only helps in the economic development of the state but supports more than 2 

million fishers for their sustainable development. It is a pear-shaped body (Long 19°.28’-19°.54’N and 

lat 85°.05’ – 85°.38’ E) occupying an area of 1165 sq km during the rainy season and 906 sq km during 

non-monsoon seasons. Out of the total catchment of 4490 sq km, the western catchment contributes 

60.4% of the total catchment consisting of 441 villages and its 39% freshwater supply through rivers 

and streams [1]. Because of the larger number of inhabitants in the catchment area anthropogenic 

influences are higher due to agriculture wastes, industrial effluents, and domestic wastes causing 

pollution to the water of the wetland thereby influencing the eutrophication of the lagoon due to heavy 

nutrient input. Eutrophication causes the growth of weeds resulting in limiting plankton abundance –the 

primary level producers of the ecosystem affecting the growth and development of the trophic levels of 

the food chain of the lagoon. Hence periodical assessment of physico-chemical parameters influencing 

the water quality are required for sustainable management of the lagoon. It is found that water resources 

are severely affected by anthropogenic interference by agricultural drainage into the river [2, 3]. 

Discharge of agricultural runoff, domestic wastes, human and animal excreta causing surface water 

pollution, and deterioration of water quality have been studied [4]. 
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Chilika being a coastal lagoon is subject to variations in physico-chemical, biological, and 

environmental parameters. It is highly unstable. It exhibits estuarine characters with high primary 

productivity. The aquatic habitat is greatly influenced by both freshwaters received from the riverine 

system and the influx of saline water from the sea and rains, sewage, and surface runoff through 

anthropogenic interferences. The nutrients received through surface runoff are diluted by the influx of 

seawater through the lagoon mouth. Hence the water quality of the lagoon largely depends on the flow 

of fresh water and oceanic tides. Fisher, Kinney and Roman and Cloern [5-7] showed increased input of 

phosphates and nitrogen by anthropogenic activities causing eutrophication problems in marine and 

estuarine environments. 

Inorganic nutrients such as Ammonia, nitrates, phosphates are essential for the growth of 

planktons in aquatic environments. Planktons are surface dwellers that require sunlight for 

photosynthesis and utilize inorganic nutrients into proteins, fats, and carbohydrates. The surface runoff, 

agricultural, urban, and industrial effluents are chief sources of these nutrients into the lagoon. The 

health of the lagoon ecosystem can be assessed through these indicators. The chief sources of ammonia 

are the excreta of animals and decomposed plants and animals. It is a nitrogen-containing nutrient for 

the growth of plants. Ammonia is converted to nitrate and nitrite by bacteria to be utilized by plants. 

Nitrogen is an important element controlling algal growth when phosphate is abundant. Algal growth is 

limited when there is a scarcity of phosphate. The food web of the lagoon ecosystem is greatly 

influenced by the growth of planktons ultimately. Phosphorus is an essential nutrient for sustaining 

primary and secondary productivity, and acts as an indicator of environmental pollution. “Extensive 

studies have been made on coastal lagoons by [8-13] on Venice lagoon in Italy; [14-16] on the lagoon 

and estuarine systems of South Africa; [17] on the lagoons of Netherlands” [18]. 

Chilika occupies an area of 1165 sq km during the monsoon season and 906 sq km during non-

monsoon seasons. It receives freshwater supply through rivers and streams from the northern side and 

western catchment and saline water from the Bay of Bengal connected by a 25 km outer channel. 

Hence this lagoon exhibits multifunctional ecosystems such as freshwater ecosystem, saline water 

ecosystem, and brackish water ecosystem. Even though detailed studies have been undertaken by 

several authors in terms of management strategies and other aspects of Chilika lagoon [19-22] studies 
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on nutrient inputs and the response of the ecosystem is scarce. Hence the present study aimed at 

estimating the nutrients like N1, N2, and P in the lagoon and their correlation with physico-chemical 

variables like water temperature, depth, transparency, pH, salinity, total alkalinity, conductivity, 

dissolved oxygen, free carbon dioxide, N1, N2, and P. 

Materials and Methods: The total study area (Fig. 1) is comprised of 5 sampling stations located at 

Sorana (Station I, Long. 85°.48’, Lat. 19°.84’), Kaluparaghat (Station II, Long.85°.44’, Lat. 19°.87’), 

Balugaon (Station III, Long. 85°.23’, Lat. 19°.69’), Khallikote (Station IV, Long. 85°.08’, Lat. 19°.60’) 

and Rambha (Station V, Long. 85°.13’, Lat. 19°.53’) covering three sectors of Chilika lagoon i.e. 

Northern, Central and Southern during the period from March 2019 to February 2020. Monthly 

collections of water samples from fixed sites of three different sectors were analyzed for 

physicochemical parameters.  

Findings of water quality parameters were separated for analysis according to the prevalent 

seasons. The water was collected preferably between 7 AM and 8 AM. In order to have a temporal 

analysis of water quality, the following was the distribution of months in different seasons of a year 

which are clearly differentiated in the locality. Pre-monsoon, monsoon, and post-monsoon seasons 

were classified according to onset and termination of south-west monsoon which is the climatic factor 

of the study area [23]. Rainy (MON):  July to October, Winter (POM):  November to February, 

Summer (PRM): March to June. 

 Water samples were collected from five selected locations viz., Sorana (S1), Kaluparaghat (S2), 

Balugaon (S3), Khallikote (S4) and Rambha (S5) located in three sectors of the lagoon. The lagoon was 

divided into four sectors based on the levels of salinity. The parameters were analyzed following 

standard methods [24]. Water temperature was measured with a celsius thermometer, depth by 

Fathometer, and transparency by Sachhi disc method on board. Collected samples were brought to the 

lab for estimation of DO (Azideiodometric method), free CO2 (titrimetric method), conductivity 

(conductivity method), alkalinity (titrimetric method) pH (pH meter- ELICO 120), salinity 

(electrochemical method). Ammonium-nitrogen (N1) by cadmium reduction method, Nitrate-nitrogen 

(N2) by (conductivity method) and phosphate phosphorus by stannous chloride method. 
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                    Fig. 1: Map showing sampling sites (S1 to S5) in the Chilika lagoon 

 

Statistical Analysis: The data was classified into three seasons: pre-monsoon, monsoon, and post-

monsoon. The seasonal variation among the parameters was studied through the Analysis of Variance 

(ANOVA) and Pearson’s correlation matrix using the Microsoft Excel Spreadsheet program (2007). 

RESULTS: 

The physico-chemical parameters which were studied and analyzed by Pearson’s correlation matrix 

(Table 1) showed the following results from March 2019 to February 2020. Transparency showed a 

negative correlation with water temperature. Salinity indicated a positive correlation with transparency. 

Total alkalinity exhibited a significant positive correlation with transparency and salinity. Conductivity 

indicated a significant positive correlation with transparency, salinity, and total alkalinity. Dissolved 

oxygen of water expressed a significant negative correlation with water temperature but a strong 

positive correlation with transparency and pH. Free carbon dioxide had a significant negative 

correlation with water temperature, pH, conductivity and DO. Seasonal variation (Table 3) results 

indicated the highest value of transparency, pH, total alkalinity, DO, Free CO2, N1, N2 during post-

monsoon than other seasons. Water temperature, depth, salinity, and N2 exhibited higher values during 

monsoon than pre-monsoon and post-monsoon. Conductivity showed the highest value during pre-

monsoon compared to monsoon and post-monsoon. The lowest values exhibited during pre-monsoon 
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were free CO2, N1, N2, and P. The lowest values obtained during monsoon were transparency, pH, 

alkalinity, conductivity, and DO. The lowest values during post-monsoon were depth and water 

temperature. Nitrate nitrogen showed a significant negative correlation with water temperature, pH of 

water, salinity, conductivity and dissolved oxygen but indicated a positive correlation with free CO2. 

Ammonium-nitrogen (N2) showed a negative correlation with pH, salinity, and conductivity. Phosphate 

phosphorus indicated a negative correlation with salinity and conductivity of water but indicated a 

strong significant positive correlation with free CO2, N1, and N2. 

Table 1: Pearson’s correlation coefficient matrix of physico-chemical parameters 

 

Table 2 Analysis of Variance (ANOVA) showing variability of physico-chemical parameters  

Parameters 2019-20 

Water Temp   0.00 

Depth  0.03 

Transparency 0.00 

pH 0.01 

Salinity  0.00 

Total alkalinity  0.00 

Conductivity  0.00 

DO 0.02 

Free CO2 0.05 

Nitrate N  0.00 

Ammonium-N 0.00 

Phosphate-P  0.00 

Bold values indicate significance at p<0.05 level 
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Table 3: Seasonal variation of parameters studied (Mean values with standard error of physico-

chemical parameters) 

2019-20 

Parameters Pre-monsoon Monsoon Post-monsoon 

Water Temp 

(°C) 

 

30.625±0.442 

 

31.78±0.150 

 

25.975±0.272 

 

Depth (m) 

 

1.62±0.098 

 

2.125±0.138 

 

2.027±0.176 

 

Transparency 

(cm) 

 

54.37±4.571 

 

46.972±5.511 

 

71.97±4.731 

 

pH 
8.425±0.096 

 

8.135±0.066 

 
8.515±0.092 

Salinity (PSU) 

 

15.71±1.909 

 

3.207±0.989 

 

5.365±1.128 

 

Total alkalinity 

(ppm) 

 

98.46±5.492 

 

78.272±3.627 

 

102.19±5.557 

 

Conductivity 

(cm) 

 

23.985±2.929 

 

5.61±1.611 

 

9.31±1.815 

 

DO (ppm) 

 

6.583±0.202 

 

6.34±0.118 

 

7.12±0.249 

 

Free CO2 (ppm) 

 

1.28±0.759 

 

  
 

2.382±0.529 

 

5.255±1.792 

 

Nitrate-N (ppm) 

 

0.162±0.031 

 

0.41±0.057 

 

0.945±0.228 

 

Ammonium-N 

(ppm) 

 

0.005±0.0003 

 

0.015±0.001 

 

0.010±0.0008 

 

Phosphate P 

(ppm) 

 

0.01±0.006 

 

0.062±0.012 

 

0.065±0.016 
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Discussion: Hydrological parameters viz., water temperature, depth, transparency, pH, salinity, total 

alkalinity, the conductivity of water samples showed temporal variation during the study period. 

 

                        Fig. 2 Graph showing seasonal effects on physico-chemical parameters and nutrients 

 

 

Variability in physico-chemical parameters and nutrients: 

Water Temperature (WT): Temperature is required for both carbon and nitrogen metabolism. But its 

importance in carbon metabolism is more than that of nitrogen metabolism [25]. During our study from 

March 2019 to February 2020, the water temperature (WT) was observed to vary between 25.9°C and 

31.7°C with the lowest values recorded during post-monsoon (November to February) and the highest 

during monsoon (July to October) and followed the trend MON>PRM>POM (Fig. 2). An increase in 

atmospheric temperature influencing water temperature is known [26]. A significant (p<0.05) variation 

(Table 2) throughout the seasons was observed. Water temperature was also found to be not correlated 

with other environmental variables. 

Depth: Seasonal variation of water depth of the Chilika lagoon has been observed between 2.12 m 

during monsoon and 1.62 m during pre-monsoon and following the trend MON>POM>PRM might be 

due to precipitation and discharge of water [27]. Similar types of results were observed by [28]. A 

significant seasonal variation (p<0.05) was observed during the study period. But there was no 

significant correlation among other environmental variables. 
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Transparency: The highest transparency of water during post-monsoon and the lowest in monsoon 

might be due to the mixing of river discharge. Similar types of results were also observed by [27]. Our 

results indicated significant seasonal variation (p<0.05) during the study period. Transparency showed 

a negative correlation with water temperature and did not show positive correlations with other 

variables. 

pH: pH was found lower in the monsoon season due to freshwater influx caused by southwest monsoon 

rain. Similar studies were observed by [29]. pH was observed to be the highest in post-monsoon. 

Variation of pH in the lagoon has been attributed to the resultant mixing of fresh water and the influx of 

marine water into the lagoon [30]. However, there was no significant seasonal variation in pH. It was 

also observed that pH did not have any significant correlation with other physico-chemical parameters 

studied.  

Salinity: The role of salinity in the biogeochemistry of the Chilika lagoon is known. Salinity was 

observed to be the highest in pre-monsoon 15.71 PSU followed by post-monsoon 5.365 PSU and the 

lowest in monsoon 3.207 PSU. Similar observations were also found [31]. Higher salinity value during 

pre-monsoon was attributed to high evaporation, lower precipitation, and freshwater dilution. Our 

studies indicated an average level of salinity maintaining the order of PRM>POM>MON. Seasonal 

variability of salinity was also observed [32, 33]. A significant variability (p<0.5) was observed among 

the seasons, as supported by single-factor ANOVA (Table 2). It was also observed that salinity showed 

a positive correlation with the transparency of water. 

Total Alkalinity (TA): Present study recorded the lowest concentration of total alkalinity in monsoon 

and the highest concentration in post-monsoon. Siddiqui and Rao [34] revealed that lower values of total 

alkalinity in the water body could be done to lessen the amount of bicarbonate and carbonate emission 

by the riverine flow. Gupta et al.; Robin et al. [35, 36] explained lower values of total alkalinity to higher 

carbon dioxide saturation. Seasonal variation was significant (p<0.05) in all seasons and followed the 

order POM>PRM>MON (Table 3). The correlation matrix indicated that total alkalinity was 

significantly correlated with transparency and salinity concentration of water. 

Conductivity: Conductivity was the lowest in monsoon and the highest in pre-monsoon. The seasonal 

trend of conductivity was PRM>POM>MON. High conductivity, observed in pre-monsoon, is 

attributed to a decline in water volume in summer [37]. Wood and Talling [38] observed that chloride 
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and conductivity levels in a water body reflect pollution status. Our results also revealed significant 

variation in conductivity (p<0.05) among seasons. The correlation matrix indicated that conductivity 

showed a positive correlation with transparency and total alkalinity. It also indicated a strong positive 

correlation (r=.989) (Table-1) with salinity. 

Dissolved Oxygen (DO): Dissolved oxygen is an important parameter that indicated a significant 

positive correlation between water transparency and pH of the water. It indicated a significant negative 

correlation with water temperature. During the study period DO was obtained highest during post-

monsoon (7.12 ppm) followed by the value 6.583 ppm during pre-monsoon and lowest (6.34 ppm) 

during monsoon season. Muduli and Pattnaik [39] observed a similar type of result that the highest 

concentration of DO in winter than other seasons was due to a negative correlation of temperature with 

DO. A significant (p<0.05) variation throughout the season was observed during our study period. 

Free carbon-dioxide (CO2): Free CO2 had a negative correlation with water temperature indicating 

that during summer this content is decreased due to more growth of aquatic plants increasing 

productivity of the lagoon with more CO2 utilization in the photosynthesis process [40]. 

Nitrate Nitrogen (N1): Nitrate nitrogen indicated a positive significant correlation with free CO2 and 

negative correlation with water temperature, pH, DO, salinity and conductivity. The seasonal trend 

followed pre-monsoon<Post-monsoon<monsoon (Table 3). Srichandan et al. [41] found similar nitrate 

concentration between monsoon and post-monsoon and significant variation during pre-monsoon. Our 

study indicated seasonal significant variation among other hydrological parameters. 

Ammonium- Nitrogen (N2): Ammonium nitrogen indicated a highly negative correlation towards 

salinity, conductivity, and less than 95% level of negativity towards pH of water. Seasonal trend of N2 

followed MON (0.015 ppm) < POM (0.010 ppm) <PRM (0.005 ppm). It showed a significant (p<0.05) 

relationship with other physico-chemical parameters. As per [42] overall ammonium concentration of 

the Chilika lagoon had an insignificant relationship with salinity. 

Phosphate Phosphorus (P): Phosphate phosphorus indicated a strong significant correlation with free 

CO2, N1, and N2 but showed a strong negative correlation with salinity, conductivity, and weak negative 

correlation with pH. Seasonal variation indicated in the trend of post-monsoon<monsoon<pre-
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monsoon. Srichandan et al. [41] found maximum PO4 concentration during post-monsoon when the 

freshwater flow was maximum which is in agreement with our findings. ‘P’ also indicated significant 

seasonal variation with other physico –chemical parameters. 

Conclusion: Though there are varieties of studies on nutrients in different sectors of the Chilika 

lagoon, such a study as ours on nutrients in western fringe areas has not yet been undertaken. This 

study will therefore give additional information on nutrient biogeochemical processes. Apart from this, 

it will also help in the maintenance of the biogeochemistry of the Chilika lagoon ecosystem health and 

sustainable management through the formulation of the management action plan. 
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