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ABSTRACT

The Jaffna Peninsula has four main aquifer systems. The largest of these is the
Chunnakam aquifer in the Valikamam area. Intensive cultivation in this area has led to
groundwater pollution, which is due to the excessive use of inorganic and organic ni-
trogen fertilisers. The situation is aggravated by excessive irrigation applications,
which carries the fertiliser applied to the groundwater almost on a daily basis. In addi-
tion, the heavy rainfall experienced during the wet season not only carries the nitrogen
to groundwater but also brings the groundwater level close to the surface. As a result,
the fertiliser residues remain in the upper layers and also get dissolved in the ground-
water. The aim of this study was to assess the spatial and temporal variation of ni-
trate-N contamination in drinking water in the Chunnakam aquifer, which was a sub-
objective of a research project carried out by the International Water Management In-
stitute (IWMI). Forty-four wells representing different uses and land-use patterns
were monitored on a monthly basis over a period of one year from January to Decem-
ber, 2011. Nitrate-N concentrations in the water samples were determined using a
colorimetric spectrophotometer. The spatial variations of water quality were mapped
using ArcGIS 10.1.

The Nitrate-N values from domestic, domestic with home garden, and public wells
ranged from below 0.1 to 12.1 mg/l. During the rainy season, 38% of the agro-wells
exceeded the nitrate-N limit of the World Health Organization (WHO) drinking water
guidelines (10 mg/l) and became unsuitable for drinking purposes. However, only
15% of the agro-wells exceeded this limit by the end of the dry season. A decreasing
trend in nitrate-N concentrations was observed from January to March. Nitrate-N was
found in most of the wells surrounded by areas with highland crops (onions, chilies,
tobacco and eggplant), and the concentrations frequently exceeded the acceptable lev-
el (10 mg/1). Even though these agro-wells are used for agricultural purposes, people
who work in the field also rely on them for their drinking water supplies. The study
clearly indicates that the groundwater quality in some areas of the Chunnakam aquifer
is becoming unsuitable for drinking purposes during the wet season while groundwa-
ter quality in others remain unsafe throughout the year. Therefore, effective manage-
ment of groundwater quality in the region is vital. Creating awareness among the peo-
ple about the possible contamination of groundwater would possibly reduce the ex-

cessive use of irrigation water and chemical fertilisers in agriculture.
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INTRODUCTION

Sri Lanka has an estimated groundwater
potential of 780,000 hectare metres per an-
num (NARESA, 1991). Groundwater is exten-
sively being used for domestic and agricul-
tural purposes in the country. In the absence
of perennial rivers, groundwater is the only
source of freshwater for sustaining life and
the environment in the Jaffna Peninsula,
which lies at the northern tip of the dry zone
of Sri Lanka. The peninsula is underlain pre-
dominantly by Miocene limestone, which is
considered to be appropriate geological ma-
terial for the development of aquifers. Sea-
sonal rainfall is of a short duration and is the
only source of groundwater recharge.

Rapid development of agriculture and the
economy, and an increase in the population
due to resettlement, result in the contamina-
tion of groundwater and creates an intensive
shortage of water, especially for agricultural
purposes. Rajasooriyar et al. (2002) reported
that water shortage is a major problem, and
groundwater often serves as an important
and safe source of water for the Jaffna Penin-
sula in Sri Lanka. The deteriorating quality of
groundwater in the Peninsula has justified
the continuous monitoring and investigation
of water quality. A major problem was the
intrusion of seawater into the groundwater
system, which was identified in the 1950s
and highlighted in the 1960s (Balendran et
al. 1968). Later, concern centred on the
problem of high nitrate levels in groundwa-
ter related to high inputs of artificial and
natural fertilisers, and congested or improp-
erly planned household soak-pit systems.

Pollution of groundwater through nitrate
contamination has been receiving attention
in the Peninsula since the early 1980s
(Mageswaran and Mahalingam 1983; Dis-
sanayake and Weerasooriya 1985; Nagarajah
et al. 1988; Rajasooriyar et al. 2002;
Mageswaran 2003). The high nitrate levels
recorded in the water in the wells of the ag-
ricultural areas in the Peninsula are very
likely related to the intensive cultivation that
is practiced in that region. Farmers apply
large amounts of animal waste, green ma-
nure and crop residue in addition to the
heavy application of inorganic fertilisers.
Additionally, irrigation from well water is
provided at a higher rate than required to
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meet crop demand through flood irrigation.
Groundwater within the intensively cultivat-
ed area had nitrate-N concentrations ranging
from 10 to 15 mg/l (Mikunthan and De Silva
2008). Out of the 68 wells studied, the water
in 81% of the wells was not recommended
for drinking purposes in intensively cultivat-
ed agricultural areas (Jeyaruba and
Thushyanthy 2010).

An assessment of the vulnerability of
groundwater for irrigation and drinking
purposes has become important for the
management of present and future ground-
water quality in the Jaffna Peninsula. How-
ever, the information available thus far has
not been systematically compiled and re-
ported for the benefit of the water managers
and researchers. It is, therefore, essential to
establish the baseline information on water
quality and water availability to assist in the
long-term planning of groundwater use for
various purposes. The aim of this study was
to assess the spatial and temporal variation
of nitrate-N contamination of drinking water
in the Chunnakam aquifer, which is the larg-
est of the four aquifer systems found in the
Jaffna Peninsula.

METHODS AND MATERIALS

Description of the study area

The Jaffna Peninsula lies in the northern-
most part of Sri Lanka. Agriculture is the
main source of livelihoods for 65% of the
population, and approximately 34.2% of the
land is cultivated intensively with high-value
cash crops, such as red onion, chillies, pota-
toes, tobacco, vegetables, banana and grapes,
for commercial purposes (Thadchayini and
Thiruchelvam, 2005). The Jaffna Peninsula
has four main types of aquifer systems,
namely, Chunnakam (Valikamam area),
Thenmarachchi, Vadamarachchi and Kayts.
The Valikamam area is an intensively culti-
vated and highly populated area in the Pen-
insula (Puvaneswaran, 1986). The major
rainy season occurs during the Northeast
monsoon from October to December and the
minor rainy season occurs during the
Southwest monsoon in April and May. Figure
1 shows the long-term average rainfall in the
Jaffna Peninsula. The major soils in the Pen-
insula are the calcic red-yellow latosols,
which are shallow, fine-textured and well-
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drained with a very rapid infiltration rate
(De Alwis and Panabokke, 1972).
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Figure 1: Mean monthly rainfall derived from
year 2002 to 2011 (Source: Jaffna district statisti-
cal hand book, 2011).

Selection of wells & analytical techniques

Forty-four (44) wells were selected for
water quality monitoring in a systematic
manner to represent the entire Chunnakam
aquifer. All the wells selected were under
different uses, such as domestic (well num-
bers 1 and 2), domestic and home garden
(well numbers 3 to 9), public wells (well
numbers 10 to 18) for drinking purposes,
and farm wells (well numbers 19 to 44). Of
the wells selected, 24 were farm wells from
different cropping systems, namely, highland
crops (chilie, onion, brinjal, and tobacco),
mixed crops (highland crops with banana),
banana and paddy. Figure 2 shows the loca-
tions of the wells selected for monitoring in
the Chunnakam aquifer. The sampling cov-
ered the period from January to December,
2011, representing all seasons. Concentra-
tion of nitrate-N and nitrite-N in sampled
water was determined using a colorimetric
spectrophotometer. The spatial variations of
nitrate-N and nitrite-N were mapped using
the Inverse Distance Weighting (IDW) inter-
polation technique with ArcGIS 10.1. Rainfall
data during the study period was obtained
from the Meteorological Department, Thiru-
nelveli.

RESULTS AND DISCUSSION

Nitrate-N concentration in groundwater
during January 2011 is shown in Figure 3,
and ranged from undetermined values to 35
mg/l. Concentration levels from domestic,
domestic with home garden, and public wells
were acceptable for drinking purposes dur-
ing the rainy season, as the nitrate-N values
were below the limit of WHO drinking water

guidelines (10 mg/1) (WHO, 2011). Among
the farm wells monitored, nitrate-N concen-
tration in 38% of the wells exceeded the lim-
it of 10 mg/1 and the water was not suitable
for drinking purposes. Gunasekaram (1983)
studied groundwater contamination in the
Jaffna Peninsula extensively and found that
the nitrate levels exceeded the WHO limits,
which he attributed to the mixing of abun-
dant nitrogenous waste matter, and synthet-
ic and animal fertilisers reaching the shallow
groundwater table.

Location of selected wells with D.S division | J,
in Chunnakam aquifer

Figure 2: Location of selected wells with Divi-
sional Secretariat (DS) divisions in the Chunna-
kam aquifer area.
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Figure 3: Nitrate-N concentration in ground-
water during January 2011.

Nitrate-N concentration in groundwater
during July is shown in Figure 4, and ranged
from undetermined values to 24 mg/l. All
nitrate-N values from domestic, domestic
with home garden, and public wells were
below the recommended level for drinking
purposes during the dry season. Among the
selected farm wells, nitrate-N concentration
in 15% of the wells exceeded the limit of the
WHO drinking water guidelines of 10 mg/l
and the water was not suitable for drinking
purposes.
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Figure 4: Nitrate-N concentration in ground-
water during July 2011.

The spatial variation of nitrate-N in wells
under different land uses are presented in
Figure 5. A general decreasing trend in ni-
trate-N concentration was observed from
January to March. During the rainy season,
the soil is saturated to the water table, facili-
tating the leaching of nitrate. In addition, the
Peninsula experienced heavy rainfall during
the Maha season of 2010, which resulted in a
high groundwater table in January. This, in
turn, would have resulted in the dissolving of
nitrate-N that was accumulated in the upper
soil layers. Nandasena et al. (2005) reported
that rainfall influences the distribution of
nitrate-N in the groundwater by raising or
lowering the groundwater table.

Well number 5 (domestic and home gar-
den in Sankuvely) and well number 13 (pub-
lic well in Puttur) had nitrate-N concentra-
tions above the permissible levels for drink-
ing water during March and April, respec-
tively. In all the other domestic and public
wells, the temporal variation of nitrate-N
was below 10 mg/1 throughout the year, and
there was no problem of nitrate-N contami-
nation preventing water being used for
drinking purposes. Usually, in home gardens,
inorganic fertilisers were not used, and the
abstraction levels and amount of irrigation
were also less than that of farm wells.

The groundwater within the intensively
cultivated area had high levels of nitrate-N
concentrations. Concentration of nitrate-N in
land use under paddy and banana cultivation
had lower values than in highland crops. Ni-
trate-N levels found in most of the wells used
for the cultivation of highland crops exceed-
ed the limit of the WHO drinking water
guidelines. The high nitrate-N values of 35
mg/l were observed at well number 29
(Thirunelveli) and well number 41 (Neerve-
ly), which are located in an intensively culti-

vated area. A recent study also confirmed
nitrate-N levels ranging from 0 to 15.5 mg/I
in the area under study (Hidayathulla and
Karunaratna, 2013). The build-up of nitrate
is significant in agricultural fields and is es-
timated at 1 to 2 mg/l/year in Kalpitiya (Ku-
ruppuarachchi and Fernando, 1999). Even
though these wells were being used for agri-
cultural purposes, people who work in the
field use the well water for drinking. The
most probable cause for the high nitrate-N
concentrations in farm wells could be the
leaching of excess fertilisers to the shallow
groundwater. Nagarajah et al. 1988 reported
the use of high levels of organic manure from
cattle, goats and green manure, and inorgan-
ic fertilisers and agrochemicals being applied
to these high-value crops.

In recent years, intensive agricultural
practices have increased in response to pop-
ulation growth and have resulted in very
high inputs of artificial and natural fertilis-
ers, with excessive amounts of manure being
applied to agricultural land in rotation. In-
puts are always above crop requirements,
resulting in leaching of the excess fertiliser to
groundwater. Gunatilake and Iwao (2010)
concluded that the application of nitroge-
nous fertiliser in Sri Lanka has a direct im-
pact on the concentration of nitrates in
groundwater in the vicinity. Jeyaruba and
Thushyanthy (2009) noted that the level of
nitrate-N concentration in groundwater was
influenced by the cropping system; high ni-
trate-N concentration in groundwater was
observed in highland crops followed by
mixed crops such as banana and paddy. Cul-
tivation of banana is usually under basin ir-
rigation with organic fertilisers. Before
planting of banana suckers, farmers bury
green manure into the pits and they keep the
plants in the field for approximately five
years. Most farmers are not using any inor-
ganic fertilisers for the cultivation of banana.
Premanandarajah et al. (2003) mentioned
that the addition of organic manure increas-
es nitrogen retention capacity and reduces
nitrate loss by leaching in sandy soils. There-
fore, crops can efficiently utilise the applied
fertiliser and the residual nitrogen will re-
main in the soil for the next crop. Since ni-
trogen retention
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increases with organic fertilisers, this may be
the reason for low nitrate-N concentrations
in groundwater in land use under banana
cultivation. Hence, one of the ways to reduce
nitrate contamination of groundwater is by
using organic manures.

Another factor responsible for high ni-
trate concentrations in groundwater is the
improper planning of soakaway pits and dug
wells (Gunasekaram 1983). Distances be-
tween latrine pits and dug wells are not
maintained based on the site geology and
soil type (as recommended), particularly in
highly populated urban areas (Rajasooriyar
etal. 2002).

The spatial variation of nitrite-N for the
selected wells is shown in Figure 6. The con-
centration of nitrite-N values ranged from
below 0.001 to 0.330 mg/l. Generally, nitrite
gets oxidised to nitrate in open dug wells.
Levels of nitrite-N tend to increase towards
the dry season. Most of the farm wells, and
some domestic and public wells, had nitrite-
N values above the maximum permissible
level of 0.01 mg/1 during October.

Health effects of nitrate-N

Nitrate is potentially hazardous when
present at sufficiently high levels in drinking
water. WHO reported that this was linked to
methemoglobinemia (blue baby syndrome),
especially in infants. However, no such cases
have been recorded at the Teaching Hospital
of Jaffna. Anyway, there is a high risk of ni-
trate toxicity related to blue babies in the
Peninsula.

Nitrate, which could be converted into
carcinogenic substances such as nitrosa-
mines within the body, are of importance in
the carcinogenesis of oesophageal and stom-
ach cancers (Dissanayake, 1988). The five-
year study on the geographical pathology of
malignant tumours in Sri Lanka from 1973 to
1977 has confirmed that the incidence of
cancer is relatively higher in the Jaffna Dis-
trict, and one of the reasons for incidence of
esophagus cancer could be the elevated lev-
els of nitrate-N in groundwater (Panabokke,
1984). In Jaffna, oropharynx, oesophagus,
stomach, breast and liver cancers are com-
mon. A national consultant to the WHO (Si-
varajah, 2003) reported that the high nitrate
content in water could be related to the high
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prevalence of cancer of the gastrointestinal
tract in the people of Jaffna.

Table 1: Distribution of oesophagus and stomach
cancer patients within the study area from 2000
to 2009 (after Gunalan et al., 2011).

DS division Number of Percentage
cancer pa-  of patients
tients (%)

Sandilipai 17 16

Uduvil 20 19

Thellipalai 6 6

Chanakani 7 7

Kopai 20 19

Nallur 17 16

Jaffna 20 19

A recently study carried out in the
Chunnakam aquifer area concluded that
there is a risk of cancer due to the consump-
tion of well water with nitrate-N concentra-
tions higher than the recommended level by
WHO drinking water guidelines (Gunalan et
al, 2011). As shown in Table 1, Uduvil,
Kopai, Jaffna, Sandilipai and Nallur are re-
ported as having a high number of oesopha-
gus and stomach cancer patients, as well as
the most number of areas with nitrate con-
centrations in wells among other study areas
in this region (Figure 5). Therefore, a de-
tailed study of epidemiology for oesophagus
and stomach cancer in these areas is of im-
portance.

CONCLUSION

Groundwater is the only source of
freshwater for various uses, including drink-
ing water, in the Jaffna Peninsula. Pollution
of this valuable resource due to nitrate leach-
ing from intensively cultivated areas has
been reported extensively in the Peninsula.
This study observed that nitrate-N contami-
nation in farm wells was higher in the rainy
season than in the dry season, indicating that
the groundwater is unsuitable for drinking
purposes during certain periods of the year.
Therefore, awareness should be created
among the people on the effects of the exces-
sive use of chemical fertilisers in agriculture
on groundwater quality. Wells that are safe
for drinking purposes should be identified
based on continuous monitoring.
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