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Abstract: Cyanobacterial toxins available in drinking water pose a major health problem to humans and animals. Nuwara 

wewa and Nachchaduwa wewa are two important reservoirs supplying water for domestic purposes in Anuradhapura, Sri Lanka. 

As cyanobacterial toxins are resistant to deactivation by heat, it is important to control the proliferation of cyanobacteria in these 

reservoirs. Therefore, making an inventory of cyanobacterial variations with respect to time and space is imperative. Distinct 

temporal variations of temperature, pH, turbidity, dissolved oxygen and cyanobacteria density were observed in both reservoirs. 

Strong positive correlations existed between the above physico-chemical parameters of water and the cyanobacterial density in 

both reservoirs. These parameters can therefore be used as good indicators to assess the status these reservoirs with respect to 

cyanobacterial density and distribution. 
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Nachchaduwa Wewa 

 

1. Introduction 

Chronic renal failure of unknown etiology is a major health 

issue in Anuradhapura district which is one of the hotspots of 

chronic renal failure of unknown etiology in Sri Lanka. 

Although many factors such as excessive cadmium in drinking 

water and food stuff especially rice, high level of fluoride in 

drinking water, use of low quality aluminium utensils for 

cooking, presence of arsenic in hard water with higher levels 

of minerals and toxins generated by cyanobacteria are 

suspected to be contributing to this disease [1], a recent study 

in Sri Lanka has proved that one of the major causal agents for 

renal failure is cyanobacterial toxins which cannot be easily 

removed by boiling [2]. As stated in [3], toxic cyanobacterial 

blooms in fresh waters pose a health risk to people due to the 

production of toxic compounds such as microcystins and 

nodularin. Acute exposure to microcystins, which is the most 

widespread cyanobacterial toxin present in fresh waters, can 

cause liver failure and death [4] whereas exposure to low 

levels of microcystins causes chronic effects in humans [5, 6, 

7, 8, 9]. 

Ionization and cupric treatments are the only promising 

measures to get rid of the cyanobacterial toxins [10]. Cupric 

treatment kills the toxic cyanobacteria and it seems to be 

highly potential. More than 0.05 mg/l of Copper can be toxic 

to algae. Copper is an essential nutrient for animals at low 

concentration while toxic at higher concentration [11]. 

However, frequent use of this treatment is not advisable as 

other types of organisms may also be executed. Nuwara wewa 

and Nachchaduwa wewa are two important reservoirs serving 

as major sources of water for domestic purposes. People take 

water either directly from these reservoirs or irrigations 
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channels from these reservoirs or even as tap-borne water 

supplied by the National Water Supply and Drainage Board in 

Sri Lanka. 

Therefore, it is important to make an inventory of toxic 

cyanobacteria that populate Nuwara wewa and Nachchaduwa 

wewa and their seasonal dynamics with the variation of 

physical and chemical parameters of the water in the lakes. 

This will help in applying measures to prevent the growth of 

toxic cyanobacteria and the accumulation of cyanobacterial 

toxins in drinking water. This study therefore investigated the 

space-time dynamics of toxic cyanobacteria that populated the 

Nuwara wewa and Nachchaduwa wewa in Anuradhapura 

district during January – December, 2012.  

2. Materials and Methods 

2.1. Study Site 

Two man-made reservoirs namely Nuwara wewa (8
0
 

20’08.95” North (N) and 80
0
 25’34.19” East (E) with an 

elevation of 292 feet) and Nachchaduwa wewa (8
0
 14’ 51.07” 

N and 80
0
 29’ 05.25” E with an elevation of 342 feet) in 

Anuradhapura were selected for sampling in this study (Figure 

1). 

 

Figure 1. Sampling sites in Nuwara wewa (A) and Nachchaduwa wewa (B) 

2.2. Sample Collection 

Water sampling was carried out at four sites by main four 

directions; North, South, East and West. The coordinates of 

North, South, East and West sampling sites in Nuwara wewa 

were 8
0
 21’12.94’’ N & 80

0
 25’ 36.44’’ E & 306 feet, 8

0
 

19’06.77’’ N & 80
0
 26’ 10.21’’ E & 289 feet, 8

0
 20’06.16’’ N & 

80
0
 26’ 11.55’’ E & 297 feet and 8

0
 20’25.11’’ N & 80

0
 25’ 

00.23’’ E & 291 feet, respectively (Figure 1). North, South, 

East and West sampling sites of Nachchaduwa wewa had the 

coordinates of 8
0 
16’ 29.87’’ N & 80

0
 28’ 55.37’’ E & 346 feet, 

8
0
 14’03.17’’ N & 80

0
 28’ 56.26’’ E & 361 feet, 8

0
 15’13.73’’ N 

& 80
0
 29’ 13.06’’ E & 345 feet and 8

0
 15’07.60’’ N & 80

0
 28’ 

13.50’’ E & 335 feet, respectively (Figure 1). The samples 

were collected from two different layers; surface layer and 

bottom layer (one meter below the surface), at a rate of three 

samples per each layer at a sampling site with a total of 24 

samples per reservoir per month.  

Water samples were collected in sterile brown glass 

containers every month starting from January 2012 to 

December 2012. The samples were immediately tested for 

physico-chemical parameters within a few hours in addition to 

primary microscopic observations. Formalin solutions of 4% 

and 6% were added into aliquots of samples to prevent the 

proliferation of cyanobacteria with time in order to preserve 

the water samples for short and long terms, respectively [12]. 

For the proliferation of microorganisms, aliquots of samples 

without formalin were kept under room temperature.  

2.3. Physico-chemical Parameters of Water 

Temperature, pH, dissolved oxygen in water and turbidity 

were measured as physico-chemical parameters of the 

collected water samples. The temperature was measured using 

a standard Celsius thermometer. Turbidity meter (WalkLab) 

and pH meter (PCE 228) were used to measure the turbidity 

and the pH of water samples, respectively. All these 

parameters were measured at the time of sampling. The 

turbidity of water was measured in the unit of Nephelometric 

Turbidity Units (NTU). 

2.4. Determination of Cyanobacterial Density 

Enumeration of the toxic cyanobacteria was performed 

under light microscope. A homogenized sample of 0.1 ml was 

spread out between a slide and a cover slip. The smear was 

observed according to horizontal course over the entire length 

of the cover slip [12]. As stated in [12], this operation was 

repeated five times while shifting clearly over the width of the 
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plate, of approximately a field of microscope to avoid 

overlapping observations. At the time of these five horizontal 

courses, all cyanobacteria present were enumerated with the 

magnification of 10 X 40 [12]. The average monthly density 

was calculated using the following formula.  

Average Monthly Density (AMD) = X . 104 /5*4*6 

X = Total number of individuals  

5 = the number of times the slide prepared with one sample 

4*6 = six samples taken from each of 4 sites  

2.5. Generic Identification of Cyanobacteria 

Collected water samples were concentrated by 

centrifugation at 3500 rpm for ten minutes. The resultant 

pellet was serially diluted and inoculated onto BG11 medium 

to isolate cyanobacteria [13]. The generic identification of 

cyanobacteria was carried out based on morphological criteria 

according to keys of identification [14]. Colour, size, shape of 

colonies and trichome, and the presence of akinete, gas 

vacuoles, heterocyst and gelatinous sheaths were taken into 

account [12].  

2.6. Maintenance of Cyanobacterial Cultures 

BG11 medium (Table 1) was prepared to maintain the 

cyanobacterial cultures [15]. After inoculation, the cultures 

were incubated at room temperature with 12 hours light-dark 

cycling until the culture grew well. Sub sampling was done to 

obtain a pure sample of cyanobacteria for further 

investigations. 

Table 1. Composition of BG 11 Medium 

Ingredients Quantity/liter  

NaNO3 1.500 g 

K2HPO4.3H2O 0.040 g 

MgSO4.7H2O 0.075 g 

CaCl2.2H2O 0.036 g 

Citric acid 0.006 g 

Ferric ammonium citrate  0.006 g 

EDTA 0.001 g 

Na2CO3 0.020 g 

Trace metal mix A5+Co* 1.000 mL 

Deionized water 1.000 L 

*Trace metal mix should be consisted of H3BO3, 2.86 gl-1; MnCl2.4H2O, 1.81 

gl-1; ZnSO4.7H2O, 0.222 gl-1; Na2MoO4.2H2O, 0.390 gl-1; CuSO4 .5H2O, 

0.079 gl-1; Co(NO3)2 .6H2O, 0-0494 gl-1  

2.7. Statistical Analysis 

Descriptive statistics and Pearson’s correlations between 

cyanobacterial density and different physico-chemical 

parameters of water were found using SPSS (version 17.0) 

statistical software. 

3. Results and Discussion 

3.1. Temporal Variations of Physico-chemical Parameters of 

Water 

Analysis of monthly mean pH, temperature, turbidity and 

dissolved oxygen in water of Nuwara wewa and 

Nachchaduwa wewa were carried out to compare the changes 

over time. According to the Department of Meteorology [16], 

Anuradhapura receives rainfall during the North East 

monsoon from October to February. However, a different 

pattern of rainfall was observed in 2012. The rain started in 

November and continued till May. Therefore, the water 

capacity of the study reservoirs measured in height increased 

during these months (Figures 2 and 3). 

 

Figure 2. Temporal dynamics of physico-chemical parameters of water in 

Nuwara wewa 

 

Figure 3. Temporal dynamics of physico-chemical parameters of water in 

Nachchaduwa wewa 

During rainy season, the temperature was observed to be 

lower compared to dry spell (Figures 2 and 3). The highest 

temperature recorded was 30 
o
C in August and September in 

both Nuwara wewa and Nachchaduwa wewa (Tables 2 and 3). 

However, there was no much temperature fluctuation 

observed across the year. Dissolved oxygen levels in waters 

were low during the months which recorded lower water 

capacity (Figures 2 and 3). The highest pH values were 

recorded in the month of September in both Nuwara wewa and 

Nachchaduwa wewa and they were 8.78±0.09 and 8.89±0.08, 

respectively (Tables 2 and 3). The lowest pH was observed in 

the month of December in both Nuwara wewa and 

Nachchaduwa wewa with a value of 6.71±0.04 and 6.44±0.16, 

respectively (Tables 2 and 3). 
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Table 2. Temporal dynamics of physico-chemical parameters of water and average density of cyanobacteria in Nuwara wewa 

Month 
Avg. Density of 

Cyanobacteria (x103) 
Mean pH Temperature (0C) Water level (feet) Turbidity (NTU) Dissolved O2 (mg/l) 

January 0.17 6.96±0.07 27.5 9 3 12 

February 0.33  7.21±0.09 28 9.5 2 11 

March 0.08 7.34±0.02 28 9.5 2 11.5 

April 0.25 7.78±0.09 30 8 2.5 10 

May 0.08 7.09±0.18 30.5 5 5 10 

June 0.17 8.36±0.09 31 1 6 8.5 

July 0.92 8.35±0.11 31 -1 7 7 

August 2.08 8.35±0.12 33 -2 10 5.5 

September 1.25 8.78±0.09 33 -1 12 4 

October 0.42 7.10±0.23 31 -1.5 8 4.5 

November 0.08 7.22±0.27 32 3 8.5 5 

December 0.08 6.71±0.04 29 8 5 8 

Table 3. Temporal dynamics of physico-chemical parameters of water and average density of cyanobacteria in Nachchaduwa wewa 

Month 
Avg. Density of 

Cyanobacteria(x103) 
Mean pH Temperature (0C) Water level (feet) Turbidity (NTU) Dissolved O2 (mg/l) 

January 0.25 6.88±0.12 27 10 5 11 

February 0.25 7.10±0.09 27.4 9.5 3 12 

March 0.17 7.20±0.09 28 9.5 2 11.5 

April 0.08 8.04±0.16 29 8 7 10 

May 0.17 7.03±0.13 29 5 8 10 

June 0.42 8.65±0.11 30 1 10 8.5 

July 1.50 8.41±0.20 31 -3 12 6.5 

August 2.92 8.36±0.13 33 -5 18 5 

September 2.08 8.89±0.08 33 -1 12 4.5 

October 0.83 7.59±0.30 31 2 10 4 

November 0.17 7.01±0.13 32 4 9 5 

December 0.08 6.44±0.16 30 9 6 7 

 

It was revealed that with higher water levels in the 

reservoirs, the dissolved oxygen in water was comparatively 

higher in both reservoirs (Tables 2 and 3). A very strong 

positive correlation was observed between the water level in 

Nuwara wewa and the dissolved oxygen in water of the 

reservoir (Table 4). These two parameters exhibited a strong 

positive correlation in Nachchaduwa wewa (Table 5) and it 

was significant at the α value of 0.01. These results indicate 

that dissolved oxygen levels might have elevated due to 

mixing of water with atmospheric oxygen during rain fall as 

well as by runoff water from catchment areas. 

Table 4. Pearson’s correlation coefficients between different parameters of water in Nuwara wewa 

 Cyanobacterial Density pH Temperature Water Level Turbidity Dissolved Oxygen 

Cyanobacterial Density 1.00 0.69* 0.65* -0.67* 0.67* -0.54 

pH 0.69* 1.00 0.67* -0.66* 0.57 -0.43 

Temperature 0.65* 0.67* 1.00 -0.88** 0.92** -0.87** 

Water Level -0.66* -0.66* -0.88** 1.00 -0.88** 0.85** 

Turbidity 0.67* 0.57 0.92** -0.88** 1.00 -0.93** 

Dissolved Oxygen -0.54 -0.43 -0.87** 0.85** -0.93** 1.00 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

Both reservoirs showed that the turbidity of water declined 

with the increase in water levels. The highest turbidity in 

Nuwara wewa being 12 NTU was recorded in September which 

received comparatively lower rain fall (Table 2). The Pearson’s 

correlation analysis revealed that a very strong negative 

correlation (r = -0.88) existed between the water level in 

Nuwara wewa and the turbidity (Table 4). Similar pattern was 

observed in Nachchaduwa wewa as well. A correlation 

coefficient of -0.77 was obtained between the water level and 

turbidity in Nachchaduwa wewa (Table 5). In rainy seasons 

especially in the North East monsoon, the turbidity was lower 

due to higher water capacity and flushing of solids during water 

discharge. According to the World Health Organization, 

suitable standard turbidity value for consumption should be less 

than 1 NTU. Therefore, the water from both of the reservoirs is 

not suitable for direct consumption without treatment. 
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Table 5. Pearson’s correlation coefficients between different parameters of water in Nachchaduwa wewa 

 Cyanobacterial Density pH Temperature Water Level Turbidity Dissolved Oxygen 

Cyanobacterial Density 1.00 0.68* 0.74** -0.85** 0.85** -0.61* 

pH 0.68* 1.00 0.56 -0.77** 0.67* -0.40 

Temperature 0.74** 0.56 1.00 -0.84** 0.86** -0.93** 

Water Level -0.85** -0.77** -0.84** 1.00 -0.94** 0.74** 

Turbidity 0.85** 0.67* 0.86** -0.94** 1.00 -0.77** 

Dissolved Oxygen -0.61* -0.37 -0.93** 0.74** -0.77** 1.00 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

Pearson’s correlation analysis between turbidity and 

dissolved oxygen in both reservoirs disclosed a negative 

correlation with the coefficients of - 0.93 and -0.77 in Nuwara 

wewa and Nachchaduwa wewa, respectively (Tables 4 and 5). 

The elevated turbidity might be due to mixing and 

concentrating of organic materials which in turn might have 

undergone decomposition reducing the total dissolved oxygen 

in waters. 

A very strong negative correlation between the temperature 

and the dissolved oxygen was observed (Tables 4 and 5). This 

may be due to two reasons: (i) dissolved oxygen in water gets 

evolved from water with elevated temperature and (ii) at 

temperature ranging from 30-33 
o
C, cyanobacteria proliferate 

making the reservoir eutrophic, prevent penetration of 

sunlight into the reservoir and decrease the physical contact of 

atmosphere with water, all contributing to the decline in 

dissolved oxygen [12]. 

3.2. Space-Time Dynamics of Cyanobacteria  

Bottom and the water column of each reservoir had been 

always changing with the changes of the environment and 

weather parameters. The correlation analysis revealed that a 

strong positive correlation existed between the pH of the water 

in the study reservoirs and the cyanobacterial density (Tables 

4 and 5). The highest cyanobacterial density was observed at a 

pH range of 8.00 – 8.50 (Table 2 and 3). This result is in line 

with the findings by Soumati et al. [12] in Cheffia dam in the 

North-East of Algeria.  

Temperature also had a strong positive correlation with the 

cyanobacterial density within a particular range (Tables 4 and 

5). Soumati et al. [12] stated that the presence of toxic 

cyanobacteria correlates with a moderate temperature (15 – 30 
0
C) [17]. However, the cyanobacteria density and the 

dissolved oxygen in water exhibited a moderate negative 

correlation (Tables 4 and 5). This may be owing to the 

proliferation of cyanobacteria. Cyanobacterial bloom makes a 

mat of algae on the surface of waters preventing the physical 

contact with atmosphere and decreasing the penetration of 

sunlight into water [18]. Poor penetration of sunlight into 

water lowers the photosynthesis by submerged autotrophic 

flora in the water. This leads to net decline in dissolved 

oxygen in water. Further, respiration during nighttime can 

deplete dissolved oxygen concentration to a critical level. 

Oxidative decomposition of organic compounds derived from 

dead planktons and wastes of fish and aquatic animal would 

have also decreased the level of dissolved oxygen. These 

processes could have contributed to the depletion of the 

available dissolved oxygen in the water. Therefore, these 

parameters (pH, temperature and dissolved oxygen) can be 

used a good indicators to evaluate the status of a water body in 

terms of cyanobacterial density and distribution. In both 

reservoirs, the cyanobacterial density declined with the 

increase in water level (Figure 4). This may be due to low 

density of the cyanobacterial population because of higher 

volume of water as well as the unfavorable condition of water 

in the reservoirs for cyanobacterial proliferation. Chorus and 

Bartram [8] stated that when temperature, light and nutrient 

status are conducive, surface water may host augmented 

growth of cyanobacteria. The period from July to September 

was a dry spell and the temperature was also slightly high 

favoring the proliferation of cyanobacteria. Toxic 

cyanobacteria produce cyanobacterial toxins like microcystin 

during high growth or high metabolism [3]. Therefore, 

measures should be taken to reduce the cyanobacterial 

population or completely eliminate them during this period. 

 

Figure 4. Variation of average monthly density of cyanobacteria with water 

level 

 

(Magnification x 1000) 

Figure 5. Morphology of Chroococcidiopsis (1) and Cylindrospermopsis (2) 

through light microscope  
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In most of the eutrophic and hypertrophic lakes, 

Microcystis, Planktothrix and Anabaena are the major 

microcystin producing cyanobacterial genera [3, 8, 19, 20, 21]. 

According to the standard identification keys, many of the 

isolates recovered in this study were identified as 

Chroococcidiopsis and Cylindrospermopsis isolates through 

microscopic observations (Figure 5). Magana-Arachchi and 

Wanigatunge [22] also disclosed the prevalence of the genus 

Chroococcidiopsis in dry zone waters in Sri Lanka. 

4. Conclusion 

Strong positive correlations exist between 

physico-chemical parameters (pH, temperature and dissolved 

oxygen) of water in both Nuwara wewa and Nachchaduwa 

wewa and the cyanobacterial density. These parameters can be 

used as good indicators to evaluate the status these reservoirs 

in terms of cyanobacterial density and distribution. 
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