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Introduction
• Wet zone – rainfall > 2500 mm per year

• Dry zone – rainfall <1500 mm per year

• Intermediate zone – 1500<rainfall<2500mm per year

Objective

• Investigate the groundwater composition and 
calculate Water Quality Index (WQI) that determine 
the groundwater quality in different climatic zones of 
Sri Lanka



• Sampling locations were selected depending on the 
intensively paddy cultivated areas covering the three main 
climatic zones of Sri Lanka., 

• Wet Zone (Kandy,Kegalle, Gampaha)

• Dry Zone (Ampara, Auradhapura, Polonnaruwa)

• intermediate zones (Kurunegalla,Monaragala,Matale and 
Rathnapura)

• The study mainly focuses on the ground water (dug wells & 
tube wells) nearby paddy fields

Sample strategy

Sample type No of samples

Ground water 

(dug wells)

149

Tube wells 45

Ground water sampling 
locations



Chemical Analysis in laboratory

Figure : Sample preparation & arrangement 
for chemical analysis

Measuring 
major 
elements 
using Atomic 
Absorption 
Spectroscop
y 

Measuring 
other 
chemical 
parameters 
by Hach DR 
2700 
spectrophoto
meter and 
titrimetric 
method
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pH, EC- Sension+ 150MM portable pH meter



Water Quality Index (WQI) - (Horton 1965) & Brown et al. (1970)

WQI was calculated using pH, Total Alkalinity, Total Hardness, Chloride, Sulfate,
Nitrate, Phosphate, Fluoride and major cations.
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WQI value Rating of water quality

0-25 Excellent water quality

26-50 Good water quality

51-75 Poor water quality

76-100 Very poor water quality

>100 Unsuitable for drinking purposes

Table: Water quality rating as per the weight arithmetic water
quality index method
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wi – unit weight water quality for the ith parameter
qi - the quality rating scale of the ith parameter.
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k - proportionality constant
vi - estimated concentration of the ith parameter

in the laboratory analysis, 
vo - real value of the ith parameter in pure water 

(v0 = 7 for pH and 0 for other parameters)
Vs – Sri Lankan standard value



Variation of Groundwater Quality due to agricultural practices

pH
• Groundwater in wet zone showed much acidic nature due to the lateritic soils in 

the region and/or due to decomposing of organic litters under wet–warm climatic 

conditions that prevails in the area. 

• Over 73% of the groundwater samples from intermediate and dry zone are alkaline

in nature.

• Higher evaporation rates under prevailing dry conditions could increase the pH of

groundwater in the dry and intermediate zones.



Electrical Conductivity (EC)

• All wells in the wet, intermediate zone and 77% of the
groundwater samples from the dry zone were within the
permissible limit of 1500 μS cm-1 (Fawell et al., 2003).

• Dry zone characterized by low rainfall and high ambient
temperature, groundwater tends to move upward, and
more salts can accumulate during evaporation.

Alkalinity
• Alkalinity in the groundwater may be due to hydroxides,

carbonates and bicarbonates
• HCO3

- ion is the main dominant anion in the study area
• The alkalinity of all samples lies between 3.6 and 787 mg L-1

• Bicarbonate ions are the major contributor of alkalinity in
ground water

Total hardness expressed as CaCO3 in the dry zone regions is
higher than in wet zone regions
About 30% of wells in the dry zone exceeded the desirable
limit of 300 mg L-1, and nearly 10% of the wells exceeded the
allowable limit of 600 mg L-1.
Long-term consumption of hard water may increased
incidence of some types of cancer, and chronic kidney diseases
which widely spread in the dry and intermediate zone in Sri
Lanka (Chandrajith et al., 2010).

Total Hardness



Chloride

• Highly soluble chloride can be leached from agricultural activities
such as fertilizer applications, saline water intrusion or due to mixing
or groundwater with irrigated water

Fluoride

• In intermediate zone, 25% of groundwater and in dry zones, about 49% of
the groundwater exceeded the 0.6 mgL-1 fluoride, the limit recommended
for tropical countries (Status and Use, 1994)

high fluoride concentrations occurs due to - fluoride bearing rock types
charnockites, hornblende-biotite gneiss etc.. (Dharmagunawardhane and
Dissanayake, 1993)

Consumption of fluoride rich water longer period result - dental diseases 
(dental mottling and discolouration) and skeletal diseases

Nitrate-N
Several wells were exceeded the maximum
contamination levels of WHO, 2013(10 mgL-1).
Most of the samples were within the WHO safe level
Phosphate
Phosphate concentrations in groundwater exceeded the
WHO maximum contamination limits (0.01 mg L-1)
indicating heavy fertilizer applications



Major Cations in Ground water

• 12%, and 11% of groundwater samples in intermediate zone and dry zone were exceeded the desirable limit
(100 mg L-1) of Ca in groundwater while all samples in wet zone were safe within the limits of the WHO
guideline (WHO, 2011).

• Na concentration exceeded the permissible level (200 mg L-1, WHO 2011) in 18% in intermediate zone and
17% in dry zone groundwater.

• 6%, 29% and 48% of Mg content of the groundwater samples were exceeded its permissible limits (30 mg L-1)
in wet zone, intermediate zone and dry zone respectively

Main anions - HCO3
- > Cl- > SO4

2- > F-

Main cations – Na+ > Ca2+ > Mg2+ > K+
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Figure: Spatial Distribution of WQI in groundwater samples

Water Quality Index (WQI)

WQI 

value

Rating of water quality No. of wells As Percentage, %

Dug 

wells

Tube 

wells

Dug 

well 

Tube 

well

0-25 Excellent water quality 52 13 34.9 28.9

26-50 Good water quality 46 10 30.9 22.2

51-75 Poor water quality 30 14 20.1 31.1

76-100 Very poor water quality 8 3 5.3 6.7

>100 Unsuitable for drinking

purposes

13 5 8.7 11.1

• WQI values range from 0.27 to 246.7

• 51.1 % of tube wells & 65.7% of dug wells are safe limits for drinking purposes. 
• Dug wells water  in  the  area  needs  treatment before consumption to reduce 

concentrations of hardness and fluoride



CONCLUSIONS

• Groundwater in intermediate and dry zones need treatment before consumption to
reduce concentrations of hardness and fluoride, and need to be protected from the
perils of contamination.

• 62.4% water samples are good quality while 15.46% water samples were found very
poor and unsuitable category.

• Poor groundwater quality areas (22.7%) are the highest vulnerable areas for CKDu.

• WQI is mainly depend on Fluoride concentration in groundwater between climatic
zones

• WQI can be excellent and easy interpretation indicator to detect changes in water
quality considering their physio-chemical parameters.
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