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Abstract: The study focussed on the criteria used in assessing the quality of ground
water. Among physical properties, turbidity, colour, odour and taste and among
chemical properties; chloride, iron and sulphate concentration, total alkalinity, total
dissolved solids, electrical conductivity and pH were determined for seven water
supply wells. These values were compared with WHO standards and Sri Lankan
standard values. Water supply wells at Velanai and Chunnakam did not have quality
problems and can be used continuously for human consumption. Extraction of water
from water supply wells at Araly South, Vaddukoddai and Watharawatta could be
extended but continuous monitoring of chemical characters is essential. Kayts and
Karaveddy wells could not be used for drinking because some chemical and physical
characters of these wells did not meet WHO and Sri Lankan standards.

Keywords: Groundwater, Jaffna peninsula, salinity, shallow wells, Sri Lanka, water
supply wells.

INTRODUCTION

Groundwater has been an important natural resource of the Jaffna peninsula
throughout the ages. The population of the Jaffna peninsula depends entirely on
the limited groundwater resources to meet all of their water requirements. In recent
times concern has been expressed about the increase in salinity and poor quality of
well water due to sea water intrusion into the fresh water lens, ? nitrate pollution
through continuous and liberal use of organic manure and inorganic fertilizers,?
over extraction or rapid rate of extraction using mechanical and electrical
pumps,?? intensive agricultural practices,? and improper planning of soakage pits
and latrines.® Among the 65 tested wells about 65% of wells in Jaffna peninsula had
highly saline water whereas in the islands more than 80% of the wells were very
high in salinity.? A water supply system with good quality water is essential for
these identified areas at least to satisfy their requirement specially for domestic
drinking purposes. Water quality, being measured by a combination of various
parameters, is important because unacceptable levels of any constituent can render
a water source unusable. Certain constituents can make water unwholesome and
even hazardous for human consumption. Hence a monitoring program for periodic
assessment of water quality of water supply schemes is essential to protect public
health and to énsure continued supplies of safe drinking water. In the Jaffna
Peninsula only a few wells are functioning for pumping water due to the intermittent
displacement of people by changing military situations. In this study, only water
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supply wells maintained by the National Water Supply and Drainage Board of Jaffna
Peninsula functioning during the study period were selected. The Municipality of
Jaffna maintains the two other functioning water supply wells, namely Kondavil
and Thirunelvely, which are used to pump water by recharge from adjoining wells.
These two wells are used to pump water alternately with one- hour duration and no
reports are available to indicate the development of salinity in these two areas.
Hence these wells were excluded in this study. The water supply wells in this study
were particularly selected as no such studies were made previously to assess the
quality of drinking water periodically in this region.

METHODS AND MATERIALS

General features of selected water supply wells: Vaddukkoddai, Chunnakam, Araly
South, Velani, Kayts, Watharawatta and Karaveddy water supply wells of the
National Water Supply and Drainage Board, Jaffna were selected for this study
(Figure 1). Table 1 indicates the number of families which receive water from the
respective water supply wells, length of the pipeline and number of pipe outlets.
The wells under these schemes are shallow and measure 10 to 26 m in depth and 6
to 14 m in diameter.

Table 1 : Distribution of water supply schemes

Location of wells Number of families Length of the Number of pipe
supplied Pipe line (km) outlets
Vaddukkodai 5000 19.71 27
Chunnakam 5000 27.65 30
Araly South 8000 58.27 27
Velanai 4700 88.86 26
Kayts 8000 88.87 60
Watharawatta 25000 71.5 11 cistern tank
Karaveddy 14000 177.89 97

Source: National Water Supply and Drainage Board, Jaffna

Design of sampler: The sampler (Figure 2) was made of an iron cylinder of one litre
capacity. The upper end of the cylinder was sealed but contains three holes through
which the water can enter into the cylinder. A movable piston was set up inside the
cylinder and connected with the upper part of the sampler. Two long running threads
were tied each on the middle of the cylinder as well as to the piston. The thread
fixed to the piston was used to bring down the sampler to a desired depth. Once the
sampler reached to a desired depth the thread fixed to the piston was relaxed by
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tightening the other thread, which was fixed to the cylinder. After' a few minutes
again the thread fixed to the piston was tightened, while relaxing the other, and the
sampler was taken out from the well.
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.

SCALE : UNCONTROLLED REDUCTION

Figure 1: Location of the water supply wells in Jaffna peninsula
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Figure 2: Diagram of sampler

Collection of water sample: Samples of water were drawn from seven water supply
shallow wells at three different levels: surface, middle and bottom of the water
column in a well except for the measurement of concentration of iron and sulphate
for which only one sample was collected. The water samples were transferred to one
litre pre- cleaned plastic bottles and these bottles were rinsed several times with
respective well water before collection. Bottles were labelled and tightly closed and
brought to the laboratory of National Water Supply and Drainage Board, Jaffna.
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This procedure was carried out for the period September *97 to July ’99 at monthly
intervals.

Table 2: Selected chemical properties and method of analysis
Chemical Method of analysis Standard Values
characters parameters
Chloride Mohr’s titration method WHO 250mg/l
content SLS MAX DES 100mg/1
SLS MAX PER 200mg/1
Total Alkalinity Titration with standard SLS MAX DES 200mg/1
solution of Hydrochloric SLS MAX PER 400mg/1
acid
Total dissolved 1.56 x Electrical WHO 1500mg/1
solids conductivity(mg/l)
Iron Spectrophotometer WHO 0.3mg/1
(Ferrover method) SLS MAX DES 0.3mg/l
SLS MAX PER 1.0mg/l
Sulphate Spectrophotometer WHO 400mg/l
(Sulfa ver 4 regent method) SLS MAX DES 200mg/1
SLS MAX PER 400mg/1
pH Cyberscan series pH WHO MIN 6.6
meter WHO MAX 8.0
SLS DES MAX 7.0
SLS DES MIN 8.5
SLS PER MAX 6.5
SLS PER MIN 9.0
Electrical Cyberscan conductivity SLS MAX DES 1500 ps/cm
conductivity portable meter SLS MAX PER 3500 ps/cm

“DES” = Desirable

“PER” = Permissible
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Analytical Techniques: Characters such as turbidity (Formagin turbidity unit, FTU)
and colour (Platinum cobalt unit, pt Co) were measured using a spectrophotometer
model DR/2000 and the taste and odour were sensorily evaluated at the well site.
The summary of selected chemical characters, method of analysis, standard drink-
ing water quality parameters of WHO ¢ and Sri Lankan standard 7 values, which
were used for comparison, are given in Table 2. All chemical characteristic values
were statistically analysed by hypothesis test within the three levels of monthly
data.

RESULTS AND DISCUSSION

The results showed no significant variation among monthly values of parameters
for water samples taken at the three levels. Hence the mean values of these were
taken to represent the respective monthly values.

Physical characters

Out of 7 tested water supply wells, maximum turbidity and colour values were
observed ih Karaveddy water supply well (Table 3) while in other water supply
wells, these values were observed as less than 1 and in some months even zero. The
condition of taste and odour were found as unobjectionable except Karaveddy and
Kayts water supply wells in which the water tasted slightly salty.

Table 3: Monthly variation of turbidity and colour of Karaveddy water
supply well during a calendar year '

Character Jan. Feb. Mar. Apr. May Jane July Aug. Sep. Oct. Nov. Dec.

Turbidity 18 20 28 12 19 6 45 13 18 35 5 6
(FTU)

"Colour 18 24 36 14 28 16 18 14 14 16 19 21
(pt Co)

Chemical characters: The variations of chemical characters with respect to time in
a calendar year for seven selected water supply wells are shown in Figures 3 to 8,
the pH variation is shown in Table 4.

Water from the supply well at Karaveddy, which is situated within the
mainland (Figure 1), showed deviation from standard levels in chloride (Figure 3),
iron concentration (Figure 7), total alkalinity (Figure 5), taste, odour, colour and
turbidity (Table 3). Highest chloride and iron concentrations were observed in this
water supply well and also during some months such values were twice the safety
level specified by WHO (Figures 3 & 7). This would be due to over exploitation of
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water from the well. The possible valid reasons for this situation were increased
demand of the largest number of families in this area (Table 1) and leaching of ion
from surrounding fields due to indiscriminate use of agrochemicals and fertilizers
during Maha for paddy cultivation and during Yala for other field crops, specially
onion. This water supply well is situated within the periphery of a pond constructed
in the centre of low-lying areas of the paddy field. Additionally the pond is recharged
by water received from the surrounding areas during rainy season. Further, a road
running along the periphery of the fields was repaired every year with a bulk quantity
of salty mud. During rainy season this salty mud was washed off and finally deposited
in the paddy fields. During dry season, when the water is confined within the pond
the salty mud accumulates in greater concentration. This undesirable practice is
responsible for a part of this salinity problem. The characteristics of the sandy aquifer
might be the reason for the high concentration ofiron in ground water and normally
this problem exists in hard rock terrains as well as in alluvial aquifers. This problem
is also reflected in taste, odour, colour and turbidity.

Table 4: Monthly fluctuation of pH of water for seven selected water
supply wells.

Location of well Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Vaddukoddai 728 7.40 7778 729 78 739 735 743 7.39 7.53 7.30 17.55
Chunnakam 6.81 6.62 6.64 7.26 6.73 6.98 6.78 6.54 7.08 6.87 6.98 7.35
Araly South 7.30 727 724 691 7.09 7.04 7.20 722 724 739 733 7.44
Velanai 745 7.36 749 730 752 7.24 6.90 759 7.60 7.60 7.39 7.39
Kayts 740 758 740 726 728 726 7.10 737 714 7.77 7.32 747
Watharawatta 7.06 6,78 6,95 7,567 7.03 7.19 7.22 766 7.56 6.99 7.00 7.41
Karaveddy 709 714 7.05 741 758 716 7.09 7.02 7.14 17.03 7.35 7.25

The water supply well at Kayts had problems in which chloride concentration
(Figure 3) and total alkalinity (Figure 5), sulphate (Figure 8) and taste were higher
than the standard levels. The reason for the increased chloride concentration would
be due to the Island effect. Karaveddy and Kayts water supply wells cannot be used
for further pumping of water for drinking as some physical and chemical characters
of these wells deviated from the standard levels. Hence, good quality wells of required
capacity have to be selected in place of these wells to rectify this problem as well as
to substantiate the requirements. The system adopted in the Velanai water supply
well, ie: selecting good quality wells close to the main water supply well and
interconnecting them to receive all recharged water for the pumping from the main
well, would also be a remedy for this problem.
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Araly South, Vaddukkodai and Watharawatta water supply wells can be
used for pumping at present but total alkalinity (Figure 5), total dissolved solids
(Figure 4), chloride (Figure 3), Iron (Figure 7), pH (Table 4), and electrical conductivity
(Figure 6) values should be monitored continuously since these values deviate from
standard levels in some months. Spray of sea water as droplets or crystals does
increase chloride levels in the ground water in coastal areas.’® In places close to the
sea such as Vaddukkoddai East and Araly North, where the water has a high
electrical conductivity, salinity was reported to be high.!* These findings also support
the results and confirm the possibility of increasing salinity in Araly South,
Vaddukkodai and Watharawatta. Hence these wells have to be monitored
continuously.

Most of the water supply wells had the peak total alkalinity values during
the dry season, which may be due to high evaporation. As a result, the concentra-
tion of carbonates, bicarbonates and hydroxides would increase above the standard
level. In view of the fact that the aquifer is mainly made up of limestone, covered by
a thin mantle of highly permeable calcic latosols?, rapid movement of any ions not
utilized by crops can reach the aquifers resulting in high ion levels. When rain
water seeps through the soil salts such as calcium carbonate and calcium sulphate
dissolve in it and finally end up with high concentration of dissolve solids during
rainy season.

Compared with the other five water supply wells, water supply wells at Velani
and Chunnakam did not have quality problems and can be used continuously for
human consumption with monitoring. Although the aquifer of Chunnakam is highly
exploited for drinking water and is located in an intensive agricultural area, the
quality of water is not affected. According to the results of the aquifer characteristic
test of Chunnakam limestone formation, the apparent transmissivity is 3700 m?/d
while the hydraulic conductivity is 200 m/d.*s The high permeability of the aquifer
results in relatively rapid recharge to the pumping well. Also the estimated quantity
of the fresh water above the transition zone is 212million m3.’® This volume of
groundwater is the largest and most heavily developed water source. The
groundwater of the Jaffna peninsula has the highest nitrate content in Sri Lanka.’®
However it could not be measured since essential chemicals for the analysis were
not available in Jaffna. Rainfall data are also lacking to make possible correlations
between ion concentrations and rainfall.

CONCLUSION

Among the selected seven water supply wells, Karaveddy and Kayts wells are to be
suspended from further extraction of water. Hence new wells should be selected
with required capacity and good quality to substitute for these wells for pumping
water. The other five water supply wells could be used continuously under periodical
monitoring of quality parameters.
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