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Abstract— Batticaloa lagoon is an inland body of water 

plays a significant role to uplift the standard of living of 

people, especially fishing community in Batticaloa district. 

However, lagoon water pollution has become a growing 

menace to human society and natural ecosystems in recent 

decades. Hence, it is vital to understand the spatial and 

temporal variability of pollutants within aquatic systems. 

Therefore, this study aimed to investigate the spatial and 

temporal variations of surface water of Batticaloa lagoon. 

This study was carried out from November, 2013 to June, 

2014. Batticaloa lagoon was divided into three divisions 

based on anthropogenic activities where twenty sampling 

points were randomly selected from these divisions and 

water samples were taken monthly. Physico-chemical 

parameters such as temperature, pH, EC and TDS were 

measured at sampling points while TSS, TS, DO, BOD, 

phosphate, nitrate and turbidity were measured at laboratory. 

Data were analyzed statistically to interpret the results. 

Results showed that all the quality parameters tested except 

turbidity exceed the standard levels for aquatic life while 

DO falls within the acceptable range. There were high range 

in tested parameters, temperature ranged between 27.2˚C to 

32.5˚C, pH 6.4 - 9.2, EC 600µS/cm - 1700μS/cm, TDS 

296mg/l - 873mg/l, TSS 13mg/l – 35mg/l, phosphate 

0.19mg/l - 0.76mg/l, nitrate 0.97mg/l - 2.60mg/l, DO 

4.64mg/l - 7.12mg/l, BOD5 4.13mg/l - 8.66mg/l and 

turbidity 6.6NTU - 13.9NTU. Phosphate and nitrate levels 

significantly (p<0.05) varied among the divisions. Further, 

temperature, pH, EC, TDS, TS, DO and phosphate were 

high during dry season while TSS, BOD, nitrate and 

turbidity were high during wet season. The variations of EC, 

TDS, TS, TSS, BOD and turbidity between wet and dry 

seasons were also significant. The study concludes that, the 

Batticaloa lagoon water has been polluted. However, 

pollution level is not severe. Therefore, measures should be 

taken to prevent the further pollution of Batticaloa lagoon. 

Key words: Batticaloa Lagoon, Physico-Chemical 

Parameters, Pollution, Water Quality 

I. INTRODUCTION 

Water is a vital resource for the human existence in the 

world where oceans and rivers hold around 97% of the 

earth’s total resource of water while the remaining 3% is 

buried underground to be economically exploited [15]. In 

addition, coastal lagoons are shallow brackish or marine 

bodies of water separated from the ocean and connected at 

least intermittently to the open ocean by one or more 

restricted tidal inlets [18].These lagoons may be partially or 

entirely enclosed, depending on the extent of the land 

barrier, which obstructs water exchange between the basin 

and ocean and tends to reduce wave, wind, and current 

action. Further, these coastal lagoons occupy around 13% of 

the coastal areas in the world and they are present on every 

continent except Antarctica [18].  

There are nearly 40 true lagoons around the coast 

of Sri Lanka which are more common along to southern, 

southeastern and eastern coasts, where coastal drift causes 

accumulations of sand as barriers at river mouths through 

which freshwater discharge is low. There are three lagoons 

named Panichankerni Lagoon, Valaichenai Lagoon and 

Batticaloa Lagoon in Batticaloa District. Among these 

lagoons, Batticaloa Lagoon is the third largest brackish 

water system in Sri Lanka and spreads over an area of 

11,500 hectares [10]. Therefore, this lagoon has been used 

for variety of purposes especially fulfilling protein 

requirements of the people hence providing employment 

opportunities in this district since over 16,300 families who 

depend on fishery sector [21]. As the choked lagoon, it 

regulates hydro-physical dynamic in its nature due to having 

narrow inlet which mostly prevents the tides from entering 

and also prevents much mixing of water [14].   

At present, pollution of natural water bodies 

through various anthropogenic activities has been identified 

as the major environmental issue. Nutrient rich effluents due 

to the application of fertilizers, especially with high nitrogen 

and phosphate contents increase biological production such 

as algal growth. And also, it creates conducive environment 

to the undesirable organisms with unpleasant side effects. 

Uncontrolled discharge of untreated effluent water, litter, 

sediment carrying runoff as well as solid waste into the 

lagoon has degraded the quality of surface water beyond the 

acceptable limits [7]. During the rainy season, sand, silt and 

clay particles are enhanced by way of rapid discharges from 

elevated terrain resulting to the higher turbidity of lagoon 

water and threats to the aquatic life.  

In addition, an increase of a few degrees in 

atmospheric temperature will not only raise the temperature 

of the oceans, but also cause major hydrologic changes 

affecting physical and chemical properties of water [17]. 

This has resulted in a drastic reduction of shallow water fish 

population and disappearance of numerous flora and fauna 

[3]. The water quality parameters like temperature, pH, 

transparency and chemical elements such as dissolved 

oxygen, biological oxygen demand, nitrate, phosphate and 

salinity etc. must be watched regularly to keep the aquatic 

habitat favorable for existence of fish productivity and 

sustainability of such a water body [19]. In order to develop 

proper water management plans, it is important to have 

basic information about the quality of water, seasonal 

fluctuations of water quality parameters and sources of 

pollutants since there is lack of data on the quality of 

Batticaloa Lagoon. Therefore, this study aimed to provide 

sufficient information on physico-chemical properties of 

Batticaloa Lagoon water and its seasonal variations with the 

following objectives in Batticaloa District.  

A. Objectives of the Study 

 To analyze physico-chemical properties of surface 

water of Batticaloa lagoon periodically. 
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 To study the seasonal fluctuations of physico-chemical 

properties of surface water of Batticaloa lagoon. 

 To compare the surface water quality of Batticaloa 

lagoon with standard level. 

II. MATERIALS AND METHODS 

A. Description of the Study Area 

This study was conducted in Batticaloa District which 

belongs to the Eastern Province of Sri Lanka, where the 

Batticaloa lagoon was selected as the sampling site. 

B. Site Selection and Sampling 

A total of twenty sampling points were randomly selected to 

collect monthly samples at the coastal site between 

November 2013 and June 2014, and also sampling points 

were categorized under three major divisions (D1- 6 

samples, D2- 7 samples and D3- 7 samples) based on its 

anthropogenic activities. A volume, 250 ml of water 

samples were collected in well sterilized labeled bottles at 0-

30 cm below the surface of water and allowed to over flow 

before withdrawing. These samples were kept in an ice 

cooling box for transportation and were stored at 4°C in 

refrigerator till analysis was completed. Samples for 

Biological Oxygen Demand (BOD) and Dissolved Oxygen 

(DO) were collected in dark color narrow-mouth bottles and 

were stored at 20°C for 5 days in an incubator. Further, the 

samples which were used to determine DO were fixed with 

Winkler’s reagent at the sampling points (APHA, 1995).  

C. Analysis of Water Quality Parameters 

1) Temperature 

Temperature at each sampling point was measured using 

thermometer.   

2) Electrical Conductivity, Total Dissolved Solid and pH 

At the sampling site, pH, EC and TDS were measured 

immediately after sampling by using portable pH/EC/TDS 

Meter (Model HI 98130). 

3) Dissolved Oxygen and Biological Oxygen Demand 

Water samples were taken in 25 ml volume stoppered 

bottles and 0.1 ml of manganese (II) sulfate solution was 

added into each bottle and mixed carefully, without letting 

in air. Thereafter, 0.2 ml of alkaline potassium iodide was 

added and again mixed until pinky-brown precipitation 

appeared. Then the samples were transferred to laboratory 

and a volume of 0.3 ml sulfuric acid was added into each 

bottle and mixed for two minutes. For the titration, 10 ml of 

sample was transferred to the conical flask and few drops of 

starch solution where it changed into blue. Finally, sub-

samples were titrated with Thiosulfate until it turns clear. 

4) Total Solid (TS) and Total Suspended Solid (TSS) 

TS was measured by evaporation method in which water 

sample was taken in a pre-weighed dish and dried in an oven 

at 105°C until the weight of the dish no longer changes. TSS 

was measured by analyzing for total solids and subtracting 

total dissolved solids. 

5) Turbidity 

Turbidity of lagoon water samples were measured by using 

turbidimeter (HACH 2100P).   

6) Nitrate and Phosphate 

Nitrate and Phosphate contents of lagoon water samples 

were determined using Spectrophotometer (HACH 2010) 

where Cadmium reduction method (using NitraVer 5 Nitrate 

powder pillows) was used to determine nitrate content while 

Ascorbic Acid method (using PhosVer 3 Phosphate powder 

pillows) was used to determined phosphate content of water 

samples.   

D. Data Analysis 

Results were presented as mean ± SE. The one sample 

student t-test and one way ANNOVA were used for the 

statistical analyses of results which obtained at 95% 

confidence level using Microsoft Excel 2007 package and 

SPSS (v.16). 

III. RESULTS AND DISCUSSION 

A. Temperature Variation   

Analyzed data showed that the temperature fluctuation of 

the surface water of Batticaloa Lagoon during the study 

period was varied with the maximum and minimum 

temperature as 32.5˚C and 27.2˚C in April and December, 

respectively. However, this variation was not significant 

(P<0.05) among all the divisions (Table 1).   

 
Fig. 1: Temperature fluctuation during the study period 

In an addition, the highest mean value (Table 2) 

was recorded during the dry period (32.31˚C) and it was 

slightly exceeded the standard range of 28˚C- 32˚C [5]. The 

temperature fluctuation is one of the factors in lagoon, 

which may influence the physico-chemical parameters and 

also influence the distribution and abundance of flora and 

fauna [27]. 

parameters 
Division 

1 

Division 

2 

Division 

3 

Significa

nt level 

Temperatu

re (
o

C) 

32.11±0.

2 

31.47±0.

2 

31.73±0.

2 

 

0.077 

pH 7.88±0.1 7.94±0.1 8.0±0.1 0.770 

EC  

(μs/cm) 

1099±54.

5 

1190±53.

8 

1056±48.

3 
0.111 

TDS 

(mg/l) 
549±27.3 595±26.9 528±24.2 0.111 

TS (mg/l) 571±26.7 617±26.6 549±23.7 0.098 

TSS (mg/l) 
21.76±1.

1 
22.2±1.0 

21.12±1.

0 
0.833 

Phosphate 

(mg/l) 

0.43±0.0

3 
0.65±0.0 0.33±0.1 0.000* 

Nitrate  

(mg/l) 
1.38±0.1 1.24±0.2 2.07±0.1 0.000* 

DO (mg/l) 5.78±0.1 5.94±0.1 5.96±0.1 0.539 

BOD 

(ppm) 
5.93±1.6 6.05±0.2 5.75±0.2 0.721 

Turbidity 

(NTU) 
9.33±0.3 9.44±0.3 9.27±0.3 

 

0.969 
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Table 1: Spatial variations in physico- chemical properties 

of surface water 

*Significant at 0.05 level 

[25] stated that the surface water temperature is 

influenced by the intensity of solar radiation, evaporation, 

freshwater entry and cooling and mix up with ebb and flow 

from sea outlet. Higher temperature values recorded in the 

dry season may be because of higher ambient temperature 

raises the temperature of surface water and low water level 

due to evaporation [1]. 

B. pH Variation 

The pH range of surface water of Batticaloa Lagoon varied 

between 6.4 (February) and 9.2 (March). In this study, 

highest mean value of 8.73 was recorded in dry season while 

it was 7.19 in wet season (Table 2). However, those were no 

significant (P<0.05) among three divisions and with seasons 

and also, the pH value slightly exceeded the acceptable 

range for aquatic water 7.8 – 8 during dry season [5]. In this 

study, the pH values exhibited alkaline nature of lagoon 

water. The values get changed with time due to variation in 

temperature, salinity and biological activity [16]. 

 
Fig. 2: Fluctuation of pH during the study period 

During the dry season, Lagoon water was more alkaline 

which may be due to the high base saturations with low 

volume of water. [23] stated that the pH would be alkaline 

presumably as a result of reduced rate of photosynthetic 

activity due to mud concentrated in to the water which 

reduces the assimilation of CO2 and bi-carbonates.  

C. Electrical Conductivity (EC) 

High range of EC from 600µs/cm to 1700µs/cm was 

observed and indicating typical saline water (Fig. 3) which 

was the sudden increment in EC values in the month of 

March irrespective of divisions. In addition, the EC values 

were noticeably higher in D2 in both wet and dry seasons.  

 
Fig. 3: Variation in EC levels during the study period 

However, the variation was not significant (p<0.05) 

among divisions (Table 1) and it was significant (p<0.05) 

with season as well. The highest mean EC value of 

1467μS/cm was recorded during dry season while it was 

765μS/cm in wet season (Table 1). This range falls below 

the acceptable range for aquatic water 50 -1500μS/cm [8]. 

Various industrial and urban activities with low volume of 

water may have attributed for high EC level in D2 [20]. 

Dilution effect may be the reason for lower EC value during 

wet season in all divisions. Similar variation was also 

observed in a study conducted by [11].   

Parameters 
Wet 

seasons 

Dry  

season 

Significa

nt level 

Standar

d level 

Temperatur

e (˚C) 

31.19±0.

1 

32.31±0.

2 
0.172 28-32 

PH 7.19±0.1 8.73±0.1 0.300 7.8-8.3 

EC 

(µS/cm) 

765±16.

2 

1467±17.

6 
0.002* 

50-

1500 

TDS (mg/l) 382±8.1 734±8.8 0.002* 
450-

2000 

TS (mg/l) 408±8.3 751±8.9 0.002* - 

TSS (mg/l) 
25.77±0.

9 

17.57±0.

3 
0.000* 25 

Phosphate 

(mg/l) 
0.40±0.0 0.46±0.0 0.229 0.1/less 

Nitrate 

(mg/l) 
1.44±0.1 1.43±0.1 0.316 1/less 

DO (mg/l) 5.26±0.0 6.54±0.1 0.960 4/more 

BOD 

(mg/l) 
6.76±0.2 5.06±0.1 0.000* 5/less 

Turbidity 

(NTU) 

11.08±0.

2 
7.63±0.1 0.000* 20-150 

Table 2: Seasonal variations in Physico-chemical properties 

of surface water 

*Significant at 0.05 level 

D. Total Dissolved Solids (TDS) 

There were noticeable changes in TDS during the study 

period (Fig. 4) of lagoon water as ranged from 296 mg/l to 

873 mg/l. Further, the highest value of 873 mg/l was 

recorded in dry season while lowest value of 296 mg/l was 

observed in wet season. The observed EC values of lagoon 

water fall below the acceptable range of 450 -2000 mg/l for 

aquatic water [8]. 

TDS indicates the general nature of water quality 

or salinity. In natural water, dissolved solids consists mainly 

of inorganic salts such as carbonates, bicarbonates, 

chlorides, sulfates, phosphates, and nitrates of calcium, 

magnesium, sodium, potassium, iron, etc., and a small 

amount of organic matter and dissolved gases [12]. 

[20] stated that agricultural runoff, leaching of soil 

contamination and point source water pollution discharge 

from industrial and sewage treatment plants particularly 

during dry season with low water level are primary sources 

for raised TDS level in lagoon water. And also, it is related 

to the EC of the water with dissolved ions.  

 
Fig. 4: Fluctuation of TDS during the study period 
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E. Total Suspended Solid (TSS) 

In this study, highest values of TSS were observed in the 

months of January and February while lowest value was in 

the month of June in all three divisions (Fig. 5). The highest 

mean value of 25.77 mg/l was significantly (P<0.05) 

observed during wet season while lowest value of 17.57 

mg/l was found during dry season which falls under 

acceptable limit for aquatic water body of 25 mg/l [9]. 

 
Fig. 5: Fluctuation of TSS during the study period 

[24] found that the higher value of TSS during post 

monsoon indicates that the river runoff, industrial effluents 

and municipal sewage contaminated in the water bodies. 

Low values of pH during wet season may also influence on 

TSS.  Changes in pH could cause some of the solutes to 

precipitate or will affect the solubility of the suspended 

matter as well.  

F. Phosphate Concentration 

The variations of phosphate levels during the study period 

are depicted in Fig. 6 where the concentration of lagoon 

water ranged significantly (P<0.05) from 0.19 mg/l to 0.76 

mg/l during the study period. The highest average value of 

0.65 mg/l was recorded in D2 while lowest mean value of 

0.33 mg/l was observed in D3 (Table 1). However, 

phosphate level was not significant (p<0.05) in both dry 

(0.46 mg/l) and wet (0.4 mg/l) seasons which did not exceed 

the acceptable limit of 0.1 mg/l for aquatic water [5]. 

 
Fig. 6: Variation in Phosphate content during the study 

period 

The highest Phosphate level in D2 might  be  due  

to point source loading such as  land  run off, effluent 

discharges from hospital, market, bus stand and small 

industries  and  from  soap and detergents used by  the 

public  for bathing and washing clothes. Entry of domestic 

waste including toilet waste into water body increases 

phosphate concentration [24]. 

G. Nitrate Concentration and Turbidity 

Nitrate content of lagoon water ranged from 0.97 mg/l to 

2.60 mg/l, and the concentration was remarkably high with 

P<0.05 significant level in the months of January and 

February in D3 (2.07 mg/l) while lowest value of 1.24 mg/l 

was in recorded D2. However, the mean concentrations of 

nitrate were not significant as 1.44 mg/l and 1.43 mg/l in 

wet and dry seasons, respectively and these levels exceeded 

the acceptable level of 1 mg/l for aquatic water [5]. 

Agricultural runoff has been identified as one of the most 

significant contributors of nitrate loadings to a water body 

[26]. [28] also found higher nitrate pollution during wet 

season. 

There was high range in turbidity level, varied from 

6.6 to 13.9 NTU during the study period (Fig. 8). Highest 

Turbidity value of 14 NTU was observed in the month of 

February while lowest value was observed in June. The 

highest mean value of 9.44 NTU was recorded in D2 (Table 

2). However, the differences in turbidity levels were not 

significant among the divisions.  

 
Fig. 7: Variation in Nitrate content during the study period 

It is stated that the presence of suspended matter 

such as clay, silts, finely divided organic and inorganic 

matter, plankton and other microscopic organisms are the 

main causes for turbidity. The turbidity levels significantly 

varied (P<0.05) between seasons where the value of 11.08 

NTU was recorded in wet season while it was 7.63 NTU in 

dry season. 

 
Fig. 8: Fluctuation of turbidity during the study period 

H. Dissolved Oxygen (DO)  

There was similar trend in dissolved oxygen levels in all 

three divisions and it was ranged from 4.64 to 7.12 mg/l 

(Fig. 9). The highest mean value of 5.96 mg/l was observed 

in D3, which was on par with the values recorded in D1 and 

D2. Although there was no significant variation in DO levels 

between wet and dry seasons, the highest mean value of 

6.04 mg/l was recorded during wet season (Table 2).   

High level of DO in wet season may be due to 

cumulative effect of higher wind velocity combined with 

rainfall and the turbulence of water caused by the freshwater 

mixing with the seawater [6]. High levels of organic content 

and microbial activities with low volume of water may have 

attributed for low level of DO during dry period. These 

observations were in conformity with those obtained by [13] 

and which matches with present study as well. 
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Fig. 1: Variation in dissolved oxygen in lagoon water body 

I. Biological Oxygen Demand 

In this study, it was found that the BOD level of lagoon 

water ranged from 4.13 mg/l (December) to 8.66 mg/l 

(March). Although the variations in BOD levels among 

divisions were not significant, the highest mean value of 

6.05 mg/l was recorded in D2 (Table 2). However, there was 

significant variation (p<0.05) in BOD level between seasons 

(Table 1) where the highest mean level of 6.76 mg/l was 

recorded during wet season while it was 5.06 mg/l in dry 

season.  

These levels exceeded the maximum acceptable 

limit of 5 mg/l for aquatic water [4]. Measuring the 

biochemical oxygen demand is useful to determine the 

quantity of oxygen demanding waste in water. The 

availability of oxygen for living organisms decreases with 

increasing BOD in water [22]. 

 
Fig. 2: Fluctuation in BOD levels during the study period 

IV. CONCLUSIONS 

In the present study, it was found that the quality parameters 

tested were slightly exceeded the standard levels for aquatic 

systems according to the spatial and temporal distribution. 

Parameters such as EC, TDS, TSS, DO, BOD and turbidity 

showed high fluctuations during the study period. Further, 

Phosphate and nitrate levels varied significantly among 

divisions in which the highest phosphate and nitrate levels 

were recorded in D2 and D3 respectively.  

In addition, some physico-chemical parameters 

such as temperature, pH, EC, TDS, TS, DO and phosphate 

were high during dry season while TSS, BOD, nitrate and 

turbidity were high during wet season. The EC, TDS, TS, 

TSS, BOD and turbidity varied significantly between wet 

and dry seasons. Since there are special and temporal 

fluctuations in quality parameters, this study suggests that 

the regular monitoring is essential to conserve this aquatic 

system. Supports from the government and private sectors 

and community participation are important to implement 

proper strategic management plans to use this valuable 

inland water resource in sustainable manner. However, 

further studies are needed to test heavy metal contamination 

and other quality parameters to make the firm decision about 

the quality of Batticaloa Lagoon water.  
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