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Introduction

Chemical constituents of ground water evolve due to the interaction with aquifer

minerals and mixing of different groundwater reservoirs along the flow path in the

subsurface. Consequently, geochemical properties of ground water depends on

chemistry of water in the recharge area as well as on the different geochemical

processes that take place in the subsurface of the locality, including the presence of

possible contamination sources. The increasing contamination of ground water by

nitrate is primarily from the widespread use of commercial fertilizers which is an

evolving public health concern factor in many agricultural regions of the world

(Gulis et al., 2002; Raju et al., 2009).

A five-year study on the geographical pathology of malignant tumours in

Sri Lanka from 1973–1977 had confirmed that the incidence of cancer is relatively

higher in Jaffna district and one of the reasons for the esophagus cancer incidences

could be due to NO3
�-N in groundwater (Panabokke, 1984). Later on, Gunaalan

et al. (2011) have observed a relative risk factor for esophagus and stomach cancers

associated with the consumption of NO3
�-N concentration higher than the

recommended level (which is >10 mg/L for WHO standards) at the three areas in

Jaffna peninsula. In many countries nitrate levels of ground water have increased

significantly due to extreme use of nitrogenous fertilizers (Kross et al., 1992;
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Raju et al., 2011) and it is becoming major factor for polluting ground water.

Therefore, consumption of well water rich in nitrogenous compounds has been

considered as a possible risk factor for esophageal cancer (Zhang et al. 1996).

Nitrates which could be converted into carcinogenic substances such as nitrosa-

mines within the body are of importance in the carcinogenesis of esophageal and

stomach cancers (Dissanayake, 1988).

Inhabitants in Jaffna peninsula mainly depend on groundwater sources because

other freshwater sources are not available (Rajasooriyar et al., 1999). This is

especially true in the regions of arid to semiarid climate where average annual

rainfall is less than 1000 mm and the recharge of aquifer is limited (Udayalaxmi

et al., 2010). It has been reported that the Jaffna peninsula has the highest levels of

total hardness in ground water in Sri Lanka and there are cumulative effects of the

carbonate factors, such as Cl�, NO3
�-N, and SO4

2� (Rajasooriyar et al., 1999).

The whole Jaffna peninsula is underlined by Miocene limestone formations,

which are generally 100 m to 150 m thick and this layer is distinctly bedded and

well jointed while highly karstified. The shallow aquifer of the peninsula occurs in

the channels and cavities (karsts) of this Miocene limestone. All the shallow

groundwater found within the karstic cavities originates from the infiltration of

rainfall, and this shallow groundwater forms mounds or lenses floating over the

saline water. These water mounds or lenses reach their peak during the monsoon

rains which falls in between November and December. However, monitoring

studies have confirmed a significant imbalance between the draw-off and recharge

rates of groundwater (Balendran, 1969). The variations in the amount of precipita-

tion, the timing of precipitation events, and the form of precipitation are the key

factors in determining the amount and timing of recharge to aquifers and ultimately

change the groundwater quality.

Approximately 80 percent of ground water is being used for high-value agricul-

ture and the remaining 20 percent is for domestic uses including flushing of toilets

in urban areas of Jaffna. Water quality studies have shown that the enhanced levels

of nitrate pollution in domestic wells have been situated in more densely settled

municipal areas of Jaffna peninsula (Nagarajah et al., 1988). Jaffna Feasibility

Report (2006) disclosed that the thin cover (0 to 3 m) over the groundwater table

consisting mainly of sandy soils with an infiltration capacity of 50,000 Lm�2.day�1

can provide no protection against pollution of the groundwater infiltrate from the

surface.

Although the karstic aquifers are providing more favourable conditions for

groundwater recharge compared to other aquifer types, karstic systems are more

vulnerable to land surface-originated contamination due to fast transport

(>100 m/day) and limited attenuation of contaminants (Alper and Rahime, 2011).

For these reasons, it is important to assess the groundwater quality particularly in

karstic aquifer functions as a primary water source in Jaffna peninsula. Therefore

the prime objective of this study is to provide a statistical evaluation of groundwater

quality in the selected areas in Jaffna peninsula using principle component matrix to

select what are the most suitable parameters to explain selected aquifer types and to

evaluate the water quality using the Sri Lankan standards for drinking water. This
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study is important as a step of continuous monitoring programme conducted by

National Water Supply and Drainage Board (NWSDB) of Sri Lanka to draw

attention towards the most vulnerable wells in Jaffna Peninsula.

Materials and Methods

Study Area

Three divisional secretaries in Jaffna peninsula, Vadamaradchi, Chunnakam and

Jaffna, were selected for this study. Chunnakam area can be considered as an

intensive agricultural area, Jaffna is a densely populated urban area and

Vadamaradchi is considered as no relevant survey was found in literature on

groundwater quality variations for the last few years. Vadamaradchi and Jaffna

areas are located in close proximity to the coastline other than Chnunnakam area.

Data obtained from Meteorological Department of Sri Lanka indicated that Jaffna

peninsula has received mean annual precipitation of 1350 mm during the period of

2000 to 2011. The highest monthly average precipitations were observed in

December, January and April owing to 532, 112 and 108 mm respectively in Jaffna

peninsula. Typically, February and March were dry months during the period of

study and the mean monthly rainfalls were lower than 3 mm. The entire drinking

water is supplied from nearly 80,000 shallow wells in the Jaffna peninsula, in close

proximity to sanitation facilities. Sivarajah (2003) has reported that the under-

ground water is being continuously polluted as a result of human activities in the

form of biological and chemical sources of pollutants in Jaffna peninsula. Also,

with more and more refugees returning to their homes after thirty years long

turbulent period the population is likely to increase rapidly, putting additional

pressure on the already vulnerable groundwater resources.

Water Sampling and Analysis

Twenty wells were selected randomly from Chunnakam area (karstic aquifer),

Vadamaradchi (coastal aquifer) and Jaffna area (coastal aquifer) and mapped

their respective locations using Global Position System (GPS), as given in Fig. 1.

The distance between the wells were not less than 100 m and each water sample was

collected at 20 cm below the water surface using a depth sampler on monthly basis

during the period of December 2010 to April 2011. Characteristics of the wells such

as well depth, well diameter and height of the protection wall from the ground level

were measured. Chemical parameters such as pH (Jenway CE 370 pH/mV meter,

with an accuracy of 0.01 pH/�0.02 Jenway CE470) and conductivity (Meter with

an accuracy of 0.01–0.1 mS/cm) were measured in the field using portable meters.
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Groundwater samples were collected into cleaned polyethylene bottles and were

transported to the laboratory and filtered using 0.45 μm Millipore filter papers for

further analysis. The chemical and biological parameters of NO3
�-N (photometry

method using DR/2000 spectrophotometer (at an λ accuracy �2 nm for 400–

700 nm and�3 nm for 700–900 nm), NO2
�-N (by diazotization method), ammonia

(by Nessler’s Reagent), phosphate (by PhosVer3 (ascorbic acid) method), sulphate

(Turbidity meter 2100P), total hardness (EDTA titration), total alkalinity (acid-base

titration) and chloride (Mohr’s titration method) were analyzed excluding cations

within 48 hrs after collection based on Sri Lankan standard 614 (1983). Since, the

rainfall is the major factor of groundwater recharge in the areas the rainfall data

were collected from meteorological department, Jaffna.

One-way ANOVA test and multiple comparison tests were used to study the

variations of physico-chemical characteristics between the areas and correlations

were studied between the parameters and between parameters and rainfall in Jaffna

peninsula. Meanwhile, Principal Component Analysis (PCA) was conducted for

explaining the large variance of the analytical data into single matrix. The matrices

were used to find out the sets of parameters most related with the type of aquifers.

Two components were separated based on the presenting variance from the total

variance of the data. All statistical analysis was performed in SPSS (version 16.0).

Fig. 1 Locations of wells at the three selected areas in Jaffna peninsula
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Results

The minimum and maximum values of general characteristics of the selected wells

are displayed in Table 1. Mean values of the well depth from ground level to bottom

at Vadamaradchi area was significantly different from Chunnakam and Jaffna areas

( p< 0.05). Relatively lower well depth and higher well depths were observed in

Jaffna and Vadamaradchi areas respectively (Table 1).

The minimum and maximum values of physical characteristics of ground water

in the three areas are given in Table 2. The pH concentration of well water samples

in the three areas was generally alkaline in nature especially at Jaffna area. EC of

the water samples has reached the highest value of 9700 μS/cm at Vadamaradchi

area due to the salt water intrusion in January just after the high rainfall in

December. Also, according to Tukey HSD the EC value in the wells at Chunnakam

area of karstic aquifer was significantly different from other two areas ( p< 0.05).

Turbidity of the ground water was significantly different in Jaffna area from other

two areas and the highest turbidity was observed at Jaffna area of mostly coastal

aquifer. However, turbidity of all the wells did not exceed the maximum permis-

sible level (SLS 614, 1983).

The minimum and maximum concentrations of chemical parameters in ground

water at the three areas are given in Table 3. The maximum value of alkalinity,

Table 1 The minimum and maximum values of some important properties of wells located in the

three study sites

Important properties of wells Chunnakam Vadamarachchi Jaffna

Height of the protectionwall from the ground level (m) 0.25–0.75 0.1–0.8 0.1–0.8

Well depth from ground level to bottom (m) 2.4–12.5 2.8–15 2.1–5.7

Depth from ground level to water level (m) 1.8–10.7 1.0–13 1.3–4.2

Water level (m) 0.6–2.2 0.3–3.5 0.6–2.8

Table 2 Minimum and maximum values of physical characteristics in ground water at the three

areas (min-max)

Area pH EC (μS/cm) Turbidity (NTU)

Chunnakam 6.84–7.74a 589–2880a 0.24–2.55a

Vadamaradchi 6.62–7.88a 260–9700b 0.12–3.12a

Jaffna 7.04–8.20b 669–6930b 0.19–3.86b

Drinkingwater quality standards (SLS 614, 1983)

Highest desirable level 7.0–8.5 750 2

Maximum permissible level 6.5–9.0 3500 8

Note: a and b indicate the significant difference along rows
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NO3
�-N and PO4

3� were observed at Chunnakam area and the maximum value of

total hardness and chloride were observed at Vadamaradchi area. Similarly, the

maximum value of NO2
�-N and SO4

2� were observed at Jaffna area during

the study period. The range of minimum and maximum concentrations of chloride

and SO4
2� have been recorded as 0–355 mg/l and 1–405 mg/l respectively in

ground water of Nalgonda district, Andhra Pradesh, India and these concentrations

were comparatively lower than the observed values in present study (Rajesh

et al., 2011).

The both ions of chloride and SO4
2� were relatively higher at Vadamaradchi

and Jaffna areas than at Chunnakam area due to salt water intrusion of those

coastal aquifers. Total alkalinity, NO3
�-N and NO2

�-N in some wells at the

three areas exceeded the maximum permissible levels of SLS 614 (1983). Also,

total hardness, chloride and SO4
2� in some wells exceeded the maximum

permissible level of SLS 614 (1983) only at Vadamaradchi and Jaffna areas of

coastal aquifers. Table 3 explains the significant difference of each chemical

parameter in the three studied areas according to Tukeys HSD ( p< 0.05). Total

hardness and SO4
2� concentrations were the only parameters varied significantly

among the three areas. However, total hardness, total alkalinity and SO4
2�

concentrations varied significantly in the coastal aquifer of Jaffna area from

other two areas. The intensive agricultural area of Chunnakam area is significant

due to chloride and NO3
�-N concentrations in ground water during the study

period.

Three components were extracted from the total variance of all data and the

component 1 explains 44.34 %, 38.49 %, and 50.54 % of the total variance in Jaffna,

Chunnakam and Vadamaradchi areas respectively. The component 2 explains

20.15 %, 24.42 % and 18.24 % of the total variance in Jaffna, Chunnakam and

Vadamaradchi areas respectively. Therefore, Table 4 gives the component matrix for

all parameters in the three studied areas under the above two components. According

to the component matrix the contribution were higher than 0.8 for EC, SO4
2�, total

alkalinity and chloride concentrations and those can be considered as major param-

eters for explaining the water quality in karstic and coastal aquifers in Jaffna

peninsula. Meantime, the component matrix shows the contribution of 0.963 for

total hardness and it is also an important parameter for the water quality in coastal

aquifer of Vadamaradchi area. Similarly, NO3
�-N concentration is an important

parameter especially at Chunnakam and Vadamaradchi areas presenting the contri-

bution higher than 0.8 in the matrix due to the effects of agricultural runoff on ground

water in the areas.

Some of the authors have explained the relationships between the groundwater

level and physico-chemical characteristics in the water (Rajesh et al., 2011).

However, there were no significant correlations between the general characteristics

of the wells (Table 1) and physico-chemical characteristics in water (Tables 2 and 3)

at the studied areas.
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Discussion

The depth range of the dug wells has been recorded from 1.45 m to 20 m below the

ground level in Andhra Pradesh, India (Rajesh et al., 2011). Since the maximum

depth did not exceed 15 m in the present study the groundwater level fluctuation

was varied within a very narrow range and the maximum groundwater level was

3.5 m at Vadamaradchi area. Narrow range of variation of groundwater level during

the study period explains no significant correlation between important physical

properties of the wells and physico-chemical characteristics in water.

Rajesh et al. (2011) has also recorded the range of EC value of ground water

from 375 to 2500 μS/cm in Andhra Pradesh, India and another study in Madras

aquifer, India has reported EC value of groundwater from 400 to 4200 μS/cm
(Elango and Manickam, 1987). However, EC value in some wells of Vadamaradchi

and Jaffna areas of coastal aquifers exceeded the maximum permissible level of

3500 μS/cm (SLS 614, 1983). Ramkumar et al. (2010) have noticed that the

overexploitation of coastal aquifers for agricultural and drinking purposes, along

with structural interventions and climatic conditions increases the possibility of

seawater intrusion into the groundwater reservoirs. In fact, the maximum values of

total hardness, chloride and SO4
2� at Vadamaradchi and Jaffna areas of coastal

aquifers were comparatively higher than the maximum values that have been

observed in ground water of a karstic aquifer system near Izmir, Turkey (Alper

and Rahime, 2011). In areas of limestone geology (Karst topography), sinkholes

provide a direct link between the surface-applied nitrogen fertilizers and subsurface

water. Thus, areas with a shallow water table or sinkholes are more vulnerable to

nitrate contamination. Since, Chunnakam aquifer is a shallow limestone aquifer; it

could be one of the reasons for high nitrate-N in the ground water.

Rainfall is one of the important climatic variables responsible for qualitative and

quantitative changes of ground water. After the rainfall, 10–15 % of rain water runs

off and about 40–48 % is lost by evaporation, only 30–32 % of rainfall is left over

for groundwater recharge in Jaffna area (Navaratnarajah, 1994). The greater vari-

ability in rainfall could mean more frequent and prolonged periods of high or low

groundwater levels and saline intrusion in coastal aquifers due to sea level rise and

resource reduction in Jaffna peninsula that have been observed by Navaratnarajah

(1994) and Rajasooriyar et al. (2002). However, no significant correlations were

observed between physico-chemical characteristics and rainfall in the studied areas

except for PO4
3� concentration ( p< 0.05) and those physico-chemical character-

istics did not change significantly with the water level in the wells.

Conclusion

Since, there were no significant temporal variations of physico-chemical charac-

teristics during the study period a long-term study on dependence of climatic

variables on groundwater quality is recommended especially at water scarcity
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areas as Jaffna peninsula. Also, further studies should be focused on chemical

nature of ground water specially with respect to EC, SO4
2�, total alkalinity and

chloride concentrations because those parameters were identified in the principal

component matrix as the most specific water quality parameters in the studied areas

of karstic and coastal aquifers in Jaffna peninsula.
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