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ABSTRACT 

Kalu Ganga is considered one of the major rivers in Sri Lanka. The river contributes to 

drinking water supply, domestic water usage, agriculture, mini-hydropower generation, small-scale 

industries, and recreation. The present research fills the information gap regarding the water quality 

status along Kalu Ganga. At the same time, only a few attempts have been made using the Canadian 

Council of Ministers of the Environment Water Quality Index (CCME WQI) to interpret water 

quality conditions in Sri Lankan rivers. Therefore, this study attempted (i) to investigate the 

temporal and spatial variations in drinking water quality along Kalu Ganga and (ii) to calculate the 

CCME WQI. Herein, July-October (2020) were considered wet months, while January-February 

(2021) were considered dry months. Altogether, twenty surface water sampling locations were 

selected, including six locations in the head zone, seven locations in the transport zone, and another 

seven locations in the deposition zone. In total, thirteen water quality parameters were measured 

on a monthly basis using standard methodologies; these included temperature, pH, total dissolved 

solids, electrical conductivity, salinity, dissolved oxygen, biological dissolved oxygen, nitrate, total 

phosphate, orthophosphate, total alkalinity, total hardness, and chlorophyll-a. CCME WQI was 

calculated using the total hardness, total dissolved solids, total alkalinity, electrical conductivity, 

pH, nitrate, orthophosphate, and total phosphate parameters. All sampling locations were 

categorised as excellent for drinking according to CCME WQI (95-100), with the exception of 

sampling locations in the deposition zone with fair-good quality (79-80) during the dry months. 

Overall, the drinking water in Kalu Ganga was categorized as excellent-fair based on the water 

quality parameters for this WQI calculation. However, saltwater intrusion was observed up to 14km 

from the river mouth during the dry months. Further studies, including heavy metals and microbial 

parameters, can further develop the WQI.   
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1. Introduction  
Rivers are important lotic freshwater 

ecosystems across the world. Rivers were the 

center of all the great civilizations of the world 

[1, 2]. From a human standpoint, rivers are 

principal water sources for domestic, 

industrial, agricultural, and recreational 

purposes [3]. From a hydrological perspective, 

rivers play a central role in the global cycling 

of water between ocean, air, and land. Rivers 

contribute to various ecosystem services, 

including provisioning, regulating, supporting, 

and cultural services [4].  

Since the 1980s, the global rate of water 

use has been increasing by 1% annually [5]. As 

the population grows, water is increasingly 

threatened by increasing demand [6]. High-

quality water is needed for drinking purposes, 

while other uses can be more flexible to a 

certain extent [7]. Despite its importance, 

water is the most poorly dealt resource in most 

developing countries [8]. With the rapid 

acceleration of economic activity and 

urbanization, river pollution has occurred 

continuously, resulting in severe damage to 

river ecosystems [9].  

Precipitation rate, atmospheric inputs, 

basin lithology, and weathering processes, 

including soil erosion, are several significant 

factors that influence the quality of river water 

at any point. Besides this, rivers play a 

significant role in transporting agricultural 

runoff and industrial and municipal 

wastewater. Therefore, river water quality 

assessment is essential because it directly 

influences public health and aquatic life [10-

11]. Water quality can be assessed using 

various physical, chemical, and biological 

parameters [12]. Assessing surface water 

quality involves various parameters, each of 

which exerts different levels of stress on the 

overall water quality [13]. Managing water 

quality is challenging due to the complexity of 

river dynamics and the impact of both natural 

and anthropogenic processes. This problem is 

made more difficult by the lack of systematic 

information regarding river water quality in 

developing nations [14]. 

The suitability of water can be easily 

described in terms of the Water Quality Index 

(WQI). WQI has the capability to reduce bulk 

information into a simplified single value with 

simple terms (e.g., excellent, good, bad, etc.). 

Numerous WQIs have been formulated 

worldwide [13, 15]. To assess surface water 

quality worldwide, more than 35 WQI models 

have been introduced by various nations and 

organizations as of 2019 [16]. One study has 

reported that although numerous WQI models 

have been applied in all major types of 

waterbodies, 82% of applications have been to 

assess river water quality [16]. Furthermore, 

the Canadian Council of Ministers of the 

Environment (CCME) WQI has been used in 

more than 50% of studies.  

The island of Sri Lanka (6º-10º N and 

80º-82º E) is an extension of the Indian 

peninsula, located on the Indo-Australian plate 

with a total land area of 65,610 km2 [17]. The 

island nation has an extensive network of 

rivers and streams that includes 103 river 

basins [18, 19]. The island's rivers, 16 of which 

are more than 100 km long and account for 

80% of the island's freshwater discharge, are 

the main driver of the aquatic biodiversity in 

the absence of natural lakes [20]. In contrast to 

lentic water bodies, little information is 

available on the physicochemical 

characteristics of the running waters of Sri 

Lanka [21]. Although most of Sri Lanka's 

rivers are not contaminated by industrial 

waste, there is abundant residential and 

agricultural waste, human and animal sewage, 

and other waste materials [20]. The Kelani 

River, which is considered to be one of the 

most polluted rivers in Sri Lanka, is the most 

extensively studied in terms of water pollution 

in various aspects [22-27]. High levels of 

arsenic and cadmium contamination have been 

reported in the Malwathu Oya river, which is 
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used for crop watering during the growing 

season in the catchment area [29]. One study 

compared pollution trends of the Kirindi Oya, 

Walawe Ganga, and Menik Ganga and 

concluded that all three river systems indicate 

surface water pollution during specific periods 

of the year [30]. Additionally, high levels of 

sedimentation are found in the Polwatta River, 

Galle [31]. Elevated nutrient loads have been 

observed in different parts of the Gin River 

basin [32]. 

Even though there have been several 

studies on Sri Lankan surface water quality, 

the CCME WQI has only been used a few 

times to interpret water quality situations that 

the general public can understand [33]. Kelani 

River basin surface water quality [27] and 

groundwater quality [34] have been evaluated 

in terms of CCME WQI. CCME WQI has been 

applied for tank cascade systems [35, 36]. 

CCME WQI has also been used to monitor 

groundwater quality in the Colombo 

catchment of Sri Lanka [33].  

Kalu Ganga, one of the major rivers 

(129 km in length) of Sri Lanka, is the second 

largest river basin in Sri Lanka, covering 2766 

km2, entirely located in the wet zone of the 

country [37]. Geographically, the basin lies 

between 6.32° and 6.90°N and 79.90° and 

80.75°E [38]. The river originates from 

Adam’s peak at an altitude of 2250 m and falls 

into the Indian Ocean at Kalutara after flowing 

through Rathnapura and Kalutara districts. 

According to the Survey Department of Sri 

Lanka's land use and land cover map from 

2016, the Kalu Ganga river basin's land uses 

included water bodies, wetlands, forests, bare 

lands, rocky areas, agricultural lands, and 

built-up areas [37, 39]. Lower Kalu Ganga 

basin is a site for numerous major artifacts, 

monuments, and significant archaeological, 

historical, and cultural sites [40]. The river and 

its tributaries are associated with medium-

scale hydropower generation units and 

drinking water schemes. The lower floodplains 

of the Kalu Ganga watershed are densely 

populated, housing around 2.2 million people 

[37]. Although several studies regarding the 

water quality status at different parts of the 

Kalu Ganga basin have been conducted [41-

44], detailed studies are lacking.  

Therefore, the current study was carried 

out with the objective of assessing the 

spatiotemporal variation of water quality status 

along Kalu Ganga in terms of CCME WQI. 

 

2. Materials and Methods 
2.1 Study area 

The present study was carried out from 

the head region to the river mouth of the Kalu 

Ganga. The main river was divided into three 

major zones based on catchment 

characteristics, river functions, and elevation 

data collected from Google Earth (Google 

Earth Pro, 7.3). The upper region (erosional 

region) was considered as the head zone (HZ, 

approximately 20 km in length, 36-442 m 

height from mean sea level (MSL)), the middle 

region was considered as the transport zone 

(TZ, approximately 45 km in length, 16-35 m 

height from MSL) and the lower region was 

considered as the depositional zone (DZ, 

approximately 33 km in length, 0-15 m height 

from MSL). 

 

2.2 Sample collection and analysis 

Based on a stratified random sampling 

technique, 20 sampling locations were selected 

along Kalu Ganga. Six locations in the head 

zone, 7 locations in the transport zone, and 

another 7 locations in the deposition zone were 

selected with 3, 6, and 5 km gaps between 

locations, respectively. Fig. 1 indicates the 20 

sampling locations, while Figs. 2-4 show the 

sampling locations at different zones. Samples 

were collected at each location on a monthly 

basis for six months between July 2020 and 

February 2021. July, August, September, and 

October (2020) were considered the wet 

months, while January and February (2021) 

were considered the dry months.  
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Fig. 1. Sampling locations-Along Kalu Ganga. 

  

Fig. 2. Sampling locations of Kalu Ganga head 

zone. 
 

 

Fig. 3. Sampling locations of Kalu Ganga transport 

zone. 

  

Fig. 4. Sampling locations of Kalu Ganga 

deposition zone. 

 

Samples were collected into pre-cleaned High-

Density Polyethylene (HDPE) screw-capped 

bottles, transparent glass bottles, and amber 

colored glass bottles for analysis depending on 

the purpose. Water pH was measured using a 

portable pH meter (Consort, C6010), while 

temperature, electrical conductivity (EC), total 

dissolved solids (TDS), and salinity were 

measured by a portable conductivity meter at 

the site itself (Walk LAB, HC 9021). In the 

laboratory, dissolved oxygen (DO) and 

biological oxygen demand (BOD5) were 

measured using the Winkler method. Nitrate, 

orthophosphate (OP), and total phosphate (TP) 

concentrations were measured according to 

standard spectrophotometric (JENWAY 6305 

UV/Vis Spectrophotometer) methods. The 

EDTA titrimetric method was used to 

determine total hardness (TH), while the HCl 

titrimetric method was used to determine the 

total alkalinity (TA) as CaCO3. Chlorophyll-a 

(Chl-a) concentrations were measured using 

the standard spectrophotometric (Thermo 

Scientific GENESYS 10S Series) method [45]. 

 

2.3 Geographical data analysis 

The coordinates of localities were 

determined by GPS (Hand-held Gamin eTrex 

30 GPS receiver). The geographical 

Information System (GIS) package ArcGIS 

10.5 was used to generate the sampling 

location maps. 

 

2.4 Calculation of WQI  

The WQI was calculated for each 

location using the CCME WQI calculator 

version 1.2 using the drinking water category 

standard guidance values [46-47] for selected 

parameters. The water quality categories 

created by CCME are based on the WQI and 

are classified as follows: excellent (95-100), 
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good (80-94), fair (65-79), marginal (45-64), 

and poor (0-44). 

 

2.5 Secondary data collection 

Monthly precipitation data was 

collected from the Meteorological 

Department, Sri Lanka, for the relevant period 

[48, 49]. 

 

2.6 Statistical analysis 

MINITAB 21 statistical software 

package and Microsoft Excel 2017 were used 

for statistical analysis. Both parametric and 

non-parametric tests were performed 

separately to determine the zone-wise 

variation of water quality parameters along the 

river during the wet and dry months. 

(Significance level 95 %, α = 0.05) 

 

3. Results and Discussion 
3.1 Monthly average rainfall for Rathna-

pura meteorological station 

The Rathnapura meteorological station 

is located in the Rathnapura District of the 

Kalu Ganga catchment area. The monthly total 

rainfall for the study period and the average 

monthly rainfall for 30 years are displayed in 

Fig. 5, while the average number of rainy days 

per month during the study period and for 30 

years is displayed in Fig. 6. The amount of 

rainfall received during January-February of 

2021 (dry months) was lower compared to the 

amount of rainfall during July-October of 2020 

(wet months).  
 

 
 

Fig. 5. Monthly total rainfall at Rathnapura meteo-

rological station. 
 

 
Fig. 6. Monthly average number of rainy days at 

Rathnapura meteorological station. 

 

3.1 Spatial and temporal variation of 

selected water quality parameters along 

Kalu Ganga 

For the assessment of water quality in 

streams, spatial and temporal monitoring has 

been one of the crucial methods used [50]. The 

variation of selected water quality parameters 

during wet and dry months is displayed in Figs. 

7-19.  
 

 

Fig. 7. Temperature vs. locations along the river. 
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Fig. 8. pH vs. Locations along the river. 
 

 

 

Fig. 9. Electrical conductivity vs. locations along the river. 
 

 

 

Fig. 10. TDS vs. locations along the river. 
 

 

 

Fig. 11. Salinity vs. locations along the river. 
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Fig. 12. DO vs. locations along the river. 
 

 

 

Fig. 13. BOD5 vs. locations along the river. 
 

 

 

Fig. 14. Nitrate vs. locations along the river. 
 

 

 

Fig. 15. Orthophosphate vs. locations along the river. 
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Fig. 16. Total phosphate vs. locations along the river. 
 

 

 

Fig. 17. Total alkalinity vs. Locations along the river. 
 

 

 

Fig. 18. Total hardness vs. Locations along the river. 
 

 

 

Fig. 19. Chl-a vs. Locations along the river. 
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Water temperature is crucial to aquatic 

ecology because it alters the concentration of 

the majority of physicochemical factors in 

water bodies [51]. Surface water temperature 

presented acceptable values ranging from 23 to 

32C during the study. It was previously 

reported that the surface water temperature of 

the Kelani River was in the range of 24-31C 

[24]. The mean water temperature of the Gin 

River basin was reported to be 25.8±2.4C 

[32]. During the wet months, the temperature 

gradually increased from HZ to DZ (p = 0.002; 

Kruskal-Wallis zone-wise comparison = D > T 

> H). The water temperature will rise along 

with the air temperature [52]. In Sri Lanka, a 

regional difference in air temperature is 

observed mainly due to the changes in altitude. 

The air temperature increases with decreasing 

altitude [53]. Kalu Ganga begins at an altitude 

of 2250 m and flows along a length of 129 km. 

Therefore, the detected gradual rise of water 

temperature along the Kalu Ganga is mainly 

attributed to the decreasing altitude, in 

agreement with the altitude-based water 

temperature variations seen in Gin Ganga [32]. 

The one-way ANOVA showed that the 

temperature variation among sampling zones 

was statistically significant during the dry 

months (p = 0.000). The HZ temperature 

significantly differed from TZ (One-Way 

ANOVA multiple comparison results, p = 

0.000) and DZ (One-Way ANOVA multiple 

comparison results, p = 0.000). The water 

temperature in the middle catchment and lower 

catchment were similar, while the upper 

catchment area was different from Gin River 

[32]. Although Sri Lanka experiences four 

climatic seasons based on the rainfall, the air 

temperature does not significantly differ 

between the seasons. Therefore, there was no 

significant difference in the water temperature 

between wet and dry months in each zone, as 

depicted by this study. The minimum 

temperature reported in the HZ was due to the 

microclimate and dense vegetation of the area. 

The atmospheric temperature fluctuates 

between 21C to 32C throughout the year in 

the Kalu Ganga catchment area [40], and the 

present study reported the surface water 

temperature within this range as well.  

The pH level determines nutrient 

solubility and biological availability [36]. 

Changes in pH can convert some toxic 

substances in water to even more toxic forms 

[54]. Although the pH was significantly 

different between HZ and DZ during the wet 

months (One-way ANOVA multiple 

comparisons, p = 0.011), during the dry 

months, it was significantly different between 

HZ and TZ (One-way ANOVA multiple 

comparisons, p = 0.008).  pH levels between 

6.5 to 8.5 are ideal for drinking water and 

aquatic life [55]. Therefore, the measured pH 

range was within the recommended limit 

range. In contrast, acidic pH has been reported 

along Gin Ganga [32]. This demonstrates no 

substantial negative health implications for 

aquatic life or humans due to pH along Kalu 

Ganga. However, no occasional pH 

fluctuations persisted along the river, as was 

observed in another study in the Kelani River 

due to high levels of industrial discharge [24]. 

The primary source of salts in water is 

the geochemical weathering of rocks from the 

earth's upper strata, with atmospheric 

deposition and human activities serving as 

secondary sources [56]. Although the salinity 

level was reported as 0 ppt along the river 

during the wet months, due to saltwater 

intrusion impact during the dry months, the 

salinity level had gradually increased from the 

D4 location to the D7 location, covering nearly 

14 km in length. Ratnayake et al. [44] observed 

a saltwater intrusion in Kalu Ganga up to 11 

km from the river mouth. EC is a unit of 

measurement for a liquid's ability to conduct 

electricity. Its capacity is influenced by the 

temperature of readings, ionic strength, and 

dissolved ion concentrations [57]. Freshwater 

streams typically have an EC range of 0-800 

μS/cm [58]. Our research along Kalu Ganga in 

HZ and TZ revealed EC measurements that fell 

within this range. TDS is typically used to 

measure the concentration of dissolved ions 

[59]. These two metrics can be used to 

examine seawater intrusion because they 
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indicate salinity level [60]. Although no 

significant difference was reported for TDS 

between zones during wet months (p = 0.379), 

during the dry months, TDS significantly 

gradually increased towards the DZ (p = 0.008; 

Kruskal-Wallis zone-wise comparison = D > T 

> H). A similar pattern was observed for EC 

(wet months: p = 0.316; dry months: p = 0.012; 

Kruskal-Wallis zone-wise comparison = D > T 

> H). In agreement with another study, the EC 

in the present study increased in the lower 

catchment area of Gin Ganga in February [32]. 

Sand mining activities, urban activities, and 

erosion can increase the TDS and EC along 

Kalu Ganga.  

Higher levels of dissolved oxygen 

encourage an increase in the number of 

microbes that break down organic matter, 

increasing oxygen consumption. DO is related 

to the presence of organic matter. When the 

water body's capacity for self-purification 

(through aeration and algal photosynthesis) is 

insufficient, hypoxia results, directly harming 

aquatic life [61]. DO was significantly 

different (wet months: p = 0.000; dry months: 

p = 0.000) between HZ and DZ (One way 

ANOVA multiple comparison, wet months: p 

= 0.000; dry months: p = 0.004), TZ and DZ 

(One way ANOVA multiple comparison, wet 

months: p = 0.001; dry months: p = 0.035), as 

well as TZ and DZ (One way ANOVA 

multiple comparison, wet months: p = 0.000; 

dry months: p = 0.004). The HZ had high 

levels of DO due to the increased dissolving of 

atmospheric oxygen, in turn due to the high 

flow rates and steeper slopes. The reduction of 

mixing water with air could cause a gradual 

decrease of DO levels along the river from the 

HZ to the DZ, a similar pattern of DO along 

the Gin Ganga [32]. The reported DO values 

exceeded those measured at the Kelani River 

[24].  

The term "Biochemical Oxygen 

Demand" (BOD) refers to how aerobic 

biological organisms consume much-

dissolved oxygen to break down the organic 

matter in a body of water at a given 

temperature over a specific period. It is 

frequently used to represent the pollutant load 

and serve as an indicator of the organic quality 

of water. High numbers of microorganisms 

require more DO, thus increasing the BOD 

level [52]. The significantly highest BOD5 

was reported in the TZ during wet months (p = 

0.017 Kruskal-Wallis zone-wise comparison = 

T > D > H), similarly in the dry months (p = 

0.005 Kruskal-Wallis zone-wise comparison = 

T > D > H). During the dry months, the highest 

BOD5 value was recorded in the TZ due to the 

increased amount of accumulated organic 

waste in the river, which flows through an 

urbanized area. Even though the DZ also flows 

through an urbanized area, the organic matter 

is deposited in the bottom of the water due to 

the reduced water velocity along the 

decreasing slope of the river. Slow-moving 

water allows organic matter to settle down. 

Therefore, the amount of organic matter can be 

reduced in the surface water, reducing the 

BOD of water. BOD levels remained within 

the acceptable range for drinking water criteria 

throughout the study period [53]. When BOD5 

concentrations are ≤ 4mg/L, natural rivers are 

considered polluted with organic matter, yet 

they are still safe for drinking [60]. Our 

reported BOD values exceed those from the 

Kelani River [24].  

The two main elements that affect a 

water body's production are nitrogen and 

phosphorus [32]. Usually, surface water 

contains nitrate in low concentrations, but it 

can be increased due to agricultural runoff or 

contamination with human or animal wastes 

[36]. Orthophosphate, also called “reactive 

phosphorus”, is an inorganic form of 

phosphate which organisms can readily use. 

Total phosphorus measures all forms of 

phosphorus, dissolved or particulate, found in 

water [52]. OP was significantly different only 

during dry months (p = 0.001), between HZ 

and DZ (One-way ANOVA multiple 

comparisons, p = 0.001), TZ and DZ (One-way 

ANOVA multiple comparisons, p = 0.003). 

However, in the Kelani River, from the river's 

source to the point of discharge into the sea, 

pollution indicators (BOD, -

3NO , etc.) often 
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show a regular increase [61]. NO3
-, the most 

oxidized form of nitrogen, is very mobile in 

soil and abundant in streams. However, 

nutrient concentrations were reported in low 

levels. Similar pattern results have been 

reported for nitrate levels in the Kelani River, 

which have been considered somewhat 

unusual compared to the fertilizer load in the 

catchment.  Usually, runoff carries low levels 

of OP, as they are retained in the soil, and the 

other portion is settled in the river bottom by 

readily binding with suspended matter [24]. 

Since Kalu Ganga is located in the highest 

rainfall-receiving area of the country, due to 

the dilution effect of large amounts of water, 

nutrient concentrations can become low in 

surface waters. Referring to the land usage in 

the basin, it is expected that the run-off of 

nutrients comes from tea estates, paddy fields, 

and rubber estates in the Kalu Ganga 

catchment area. All measured nutrient 

parameters remained within acceptable limits 

throughout the study period. No significantly 

different TP values were reported among 

zones during the research period. The 

significantly highest nitrate level was reported 

in the TZ during the wet months (p = 0.001 

Kruskal-Wallis zone-wise comparison = T > D 

> H), similarly in the dry months (p = 0.045 

Kruskal-Wallis zone wise comparison = T > D 

> H).  

Although the significantly highest TH 

was reported in the TZ during the wet months 

(p = 0.001 Kruskal-Wallis zone-wise 

comparison = T > D > H), the highest TH was 

reported in the DZ during the dry months (p = 

0.005 Kruskal-Wallis zone wise comparison = 

D > T > H). The continuous erosion in the HZ 

can add calcium ions into the river water by 

dissolving limestone. The decreased pH levels 

during the wet months can also affect the 

dissolving of materials. Whenever water 

moves slowly in the DZ, it allows the 

deposition of ions into the bottom, reducing 

the hardness in the DZ to be lower than the TZ. 

The main reason for the increment of hardness 

in the deposition zone in the dry months is 

saltwater intrusion occurring at the latter part 

of the DZ. The saltwater is rich in calcium and 

magnesium compounds, which can increase 

the hardness. Due to the saltwater intrusion in 

dry months, the hardness only increased at the 

last sampling points. The recommended raw 

water limit for domestic use is 250 mg/L [53]. 

For TA, significantly different levels among 

zones were reported during dry months (p = 

0.001), and TA was significantly different 

between HZ and DZ (One-way ANOVA 

multiple comparisons, p = 0.021). Alkalinity in 

water may originate from various sources, 

including biological uptake, evaporation and 

precipitation of minerals, dust deposition from 

the atmosphere, and weathering of rocks and 

soil. Sources of alkalinity in the water could be 

primarily weathering of rocks and soil, 

biological uptake, evaporation and 

precipitation of minerals, and atmospheric dust 

deposition [62].   

Chlorophyll-a is a measurement of 

suspended phytoplankton in a water body. 

Chlorophyll-a significantly gradually 

increased towards the DZ from HZ during the 

wet months (Kruskal-Wallis test, p = 0.001 

Kruskal-Wallis zone wise comparison = D > T 

> H), as well as during the dry months 

(Kruskal-Wallis test, p = 0.001 Kruskal-Wallis 

zone wise comparison = D > T > H). 

Headwater has low phytoplankton densities 

compared to the transport and deposition 

zones. The high flow velocities in the upper 

stream limit the abundance of phytoplankton. 

Due to the increasing levels of sunlight, 

reducing water velocity and sufficient 

nutrients will increase the abundance of 

phytoplankton towards the DZ. The 

chlorophyll-a level was in the range of 0-

2.6μg/L. Therefore, the river water in every 

location showed similar levels of an 

oligotrophic condition lake [63].  

In the HZ, except for the other tested 

parameters, nitrate (p = 0.005), TP (p = 0.005), 

and TA (p = 0.005) were significantly 

increased during wet months compared to dry 

months. Except for the T, DO, BOD, and Chl-

a, other tested parameters significantly 

differed between wet and dry months in the 
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TZ. Among those significantly different 

parameters, other parameters had increased 

during wet months compared to dry months. 

Although, the pH (p = 0.002) had significantly 

increased during the dry months compared to 

wet months. 

Another study reported no significant 

variation in water quality status in the 

Mahaweli River downstream [64]. The river 

experiences year-round rain as it flows through 

different climatic regions. Kalu Ganga also 

experiences high precipitation levels 

throughout the year. This can help the Kalu 

Ganga basin to maintain slightly or moderately 

polluted water quality conditions in different 

periods. 

 

3.2 CCME WQI  

CCME WQI was calculated using the 

total hardness, TDS, alkalinity, electrical 

conductivity, pH, nitrate, orthophosphate, and 

total phosphate parameters. According to the 

WQI calculation, excellent water quality was 

observed at all the locations in the HZ and TZ. 

However, four locations in the DZ indicated 

good-fair water quality during the dry months 

resulting from the impact of saltwater intrusion 

(Table 1). However, this result depends 

exclusively on the aforementioned parameters. 

In addition, the provided parameters indicate 

that the water is suitable for drinking according 

to the SLS drinking water quality guidelines 

[47]. The results may vary if heavy metals or 

biological parameters, such as E. coli, coliform 

levels, are utilized to calculate the WQI. 

Therefore, it is unreasonable to conclude that 

the water in the Kalu Ganga is of outstanding 

quality without conducting additional tests that 

include other significant parameters. 
 

Table 1. CCME WQI values along Kalu 

Ganga. 

Location ID Time 
CCME 

WQI value 
CCME category 

H1 
Wet 100 Excellent 

Dry 100 Excellent 

H2 
Wet 100 Excellent 

Dry 100 Excellent 

H3 
Wet 100 Excellent 

Dry 100 Excellent 

H4 
Wet 100 Excellent 

Dry 100 Excellent 

H5 
Wet 100 Excellent 

Dry 100 Excellent 

H6 
Wet 100 Excellent 

Dry 100 Excellent 

T1 
Wet 100 Excellent 

Dry 100 Excellent 

T2 
Wet 100 Excellent 

Dry 100 Excellent 

T3 
Wet 100 Excellent 

Dry 100 Excellent 

T4 
Wet 100 Excellent 

Dry 100 Excellent 

T5 
Wet 100 Excellent 

Dry 100 Excellent 

T6 
Wet 100 Excellent 

Dry 100 Excellent 

T7 
Wet 100 Excellent 

Dry 100 Excellent 

D1 
Wet 100 Excellent 

Dry 100 Excellent 

D2 
Wet 100 Excellent 

Dry 100 Excellent 

D3 
Wet 100 Excellent 

Dry 100 Excellent 

D4 
Wet 100 Excellent 

Dry 85 Good 

D5 
Wet 100 Excellent 

Dry 76 Fair 

D6 
Wet 100 Excellent 

Dry 76 Fair 

D7 
Wet 100 Excellent 

Dry 66 Fair 

 

It was reported that Kelani Ganga, 

which is considered the most polluted river in 

Sri Lanka, has poor-marginal drinking water 

along Kelani Ganga based on CCME WQI 

using eighteen water quality parameters, 

namely pH, TDS, EC, TP, nitrate, nitrite, 

hardness, DO, BOD, chemical oxygen 

demand, Cd, Pb, Al, Zn, Cu, Cr, total coliform, 

and faecal coliform counts [27]. The current 

study suggests a low pollution level in Kalu 

Ganga compared to that. However, the results 

may vary since the included parameters for 

WQI calculation are not similar between the 

two studies. Since the WQI has been 

developed using the published drinking water 

guidelines, it can be assumed that such 

locations are suitable for irrigation, livestock 

maintenance, and recreational purposes.  

However, since the Kalu Ganga 

catchment area is facing rapid urbanization, 

there is a possible risk of river contamination 

with emerging pollutants such as 

microplastics, pesticides, pharmaceuticals, and 

personal care products, which could be 

harmful to the people who consume this water. 
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Installing saltwater intrusion barriers, such as 

dams, dykes, weirs, or mangrove-like natural 

ecosystems, and creating buffer zones along 

riverbanks to mitigate the impacts of saltwater 

intrusion on terrestrial ecosystems are some of 

the mitigation measures available to control 

the significant environmental and economic 

impacts that occurred due to saltwater 

intrusion of Kalu Ganga during the dry 

months.  

 

4. Conclusion   

Based on the resulting CCME WQI 

values, it can be concluded that there is 

currently a low level of water pollution in Kalu 

Ganga in terms of evaluated water quality 

parameters.  Saltwater intrusion was observed 

up to 14 km from the river mouth during the 

dry months.  Continuous assessments for long 

periods, including Na+ , Cl- , TDS, EC, and 

salinity parameters, will draw a better picture 

of the saltwater intrusion situation of Kalu 

Ganga. Developed WQI values can be used in 

decision-making for locating or relocating 

water intakes at the deposition zone to avoid 

the effect of saltwater intrusion into water 

treatment plants in a better sense.  The current 

study also expresses the capability of WQI to 

reduce bulk information into simplified 

singular terms of water suitability.  Future 

studies, especially those that measure heavy 

metal content and microbial contamination of 

the study area, are recommended. 
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