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ABSTRACT

V avu n iya  (8 .7 5 °  N o rth  la titu de , 8 0 .5 °  E a s t  lo n g itu d e  a n d  I m e te rs  e le v a tio n  a b o v e  th e  s e a  le v e l)  is  in 
th e  d r y  z o n e  o f  S r i L anka. T he o n ly  s ta g n a n t w a te r  b o d y  o f  th e  V avu n iya  c i ty  is  th e  “ V avun iya  T a n k ” 
w h ich  is  lo c a te d  in  th e  c i ty  c e n te r  a n d  i t  is  h ig h ly  p o l lu te d  d u e  to  s o l id  &  l iq u id  w a s te s  r e c e iv e d  f r o m  
i ts  ca tch m en t. T h erefo re  th e  m a in  s o u r c e  o f  w a te r  f o r  d r in k in g  p u r p o s e s  in  V avun iya  c i ty  is  th e  
g ro u n d w a te r . D u e  to  la c k  o f  w a te r , p e o p le  even  u se  th e  a g ro  w e lls  f o r  th e ir  d o m e s tic  p u rp o se s .

T he m ain  o b je c tiv e  o f  th is  s tu d y  is  to  a n a ly ze  th e  q u a lity  o f  g ro u n d w a te r  w ith  p a r t ic u la r  re fe re n c e  to  
f lu o r id e  a n d  h a rd n e ss  in  th e  V avu n iya  c i ty  a n d  to  d e m a rc a te  th e  su ita b le  g ro u n d w a te r  re so u rc e s  
u sin g  G IS  m aps. T herefore , th is s tu d y  is  im p o r ta n t f o r  th e  V avun iya  c i ty  d w e lle r s  a n d  w a te r  m a n a g e rs  
w h o  s e e k  w a te r  so u rc e s  f o r  d is tr ib u tio n  to  th e  c ity .

A s  th e  s tu d y  a re a  o f  th is  re se a rc h  p r o je c t ,  1 0km  ra d iu s  c ir c le  w a s  s e le c te d  f r o m  a  m id d le  p o in t  o f  the  
V avun iya  c ity . Then th e  c ir c le  a re a  w a s  d iv id e d  in to  f o u r  z o n e s  n a m e ly  A , B, C  a n d  D . F ifty  w e lls , 
in c lu d in g  d u g  w e lls  a n d  tu b e  w e lls  f r o m  ea ch  z o n e  o f  th e  c ir c le  w e r e  s a m p le d  ra n d o m ly . S a m p lin g  
w a s  u n d erta k en  d u r in g  th e  in te rm e d ia te  s e a so n  f r o m  M a rch  to  A p r i l  in 2 0 1 1 . T w o  h u n d red  sa m p le s  
w e r e  c o l le c te d  d u r in g  th is  p e r io d  f r o m  th e  en tir e  s tu d y  a rea .

p H  a n d  c o n d u c tiv ity  w e r e  m e a su r e d  in ea c h  sa m p le  b y  u s in g  d ig i ta l  m e ters;  p H  M e te r  m o d e l 3 4 0  
W T W  &  C o n d u c tiv ity  M e ter , 3 3 0  WTW. F lu o r id e  w a s  m e a su r e d  u s in g  H A C H - D 2 7 0 0  
sp e c tro p h o to m e te r  a n d  W a ter  H a rd n e s s  w a s  m e a su r e d  u sin g  s tr a n d e d  m eth ods . R e su lts  w e r e  
a n a ly ze d  u s in g  M IN IT A B  14  a n d  m a p s  w e r e  p r e p a r e d  b y  u sin g  A r c  G IS  10 .1 . F o r  s ta t is t ic a l  a n a ly s is  
o f  d a ta  R  v e rs io n  2 .9 .1  s o f tw a r e  p a c k a g e  w a s  used.

A c c o rd in g  to  th e resu lts , n orth  w e s te rn  p a r t  o f  th e  V avu n iya  c i ty  (Z o n e  A ) in d ic a te d  h igh  
c o n ce n tra tio n  o f f lu o r id e  a n d  h a rd n e ss  a n d  so u th  e a s te rn  p a r t  o f  th e  V avun iya  c i ty  (Z o n e D )  in d ic a te d  
lo w  co n ce n tra tio n  o f  f lu o r id e  a n d  h a rd n ess. B a s e d  on  th e  o th e r  w a te r  q u a lity  d a ta , i t  is  re c o m m e n d e d  
th a t th e  w a te r  f r o m  g ro u n d  w a te r  in  th e  so u th  e a s te rn  p a r t  o f  th e  V avun iya  c i ty  is  su ita b le  f o r  
co n su m p tiv e  p u rp o se s . N ever th e le ss , th e  N o rth  W estern  p a r t  o f  th e  V avu n iya  c i ty  c o u ld  b e  c o n s id e re d  
a s  a  s e n s itiv e  a r e a  f o r  g r o u n d w a te r  u n su ita b le  f o r  co n su m p tio n  d u e  to  h igh  f lu o r id e  a n d  h a rd n e ss
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le v e ls  e x c e e d in g  th e  r e c o m m e n d e d  th re sh o ld  v a lu e s  a c c o rd in g  to  W H O  w a te r  q u a lity  s ta n d a rd s  f o r  
d r in k in g  p u rp o se s .
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1. INTRODUCTION

Vavuniya (8.75° N orth latitude, 80.5° East 
longitude and 100 meters elevation above 
the m ean sea level) is in the geological 
division o f  W estern V ijayan complex, 
w hich consists o f  microcline biotite 
gneisses, hornblende gneisses, m igmatites 
and granites formed under 
almandineamphibolitefacies 
(Dissanayake&W eerasooriya 1985).

Fluoride is particularly available in rocks, 
soils, and in biological chains o f  living 
organisms. It has higher electronegativity 
and reactivity. It occurs naturally in water 
due to weathering o f  rock that contains 
fluoride rich m inerals such as Hornblende, 
Biotite, Apatite and Fluorite. It can also 
leach into water from  anthropogenic inputs 
such as fertilizer and farming activities 
which elevate fluoride levels in water 
(Jayawardana, et al, 2010).

Suitability o f ground w ater for drinking 
purpose is one o f  the m ajor problem s in Dry 
Zone. Agro wells and dug wells in the study 
area o f  the Vavuniya city are constructed in 
the regolith above the hard rock which 
contributes to high fluoride levels in ground 
waters. The dry zone regolith aquifers are 
well known for high fluoride concentrations 
and fluoride-related endemic diseases and 
chronic renal failure with unknown etiology 
(CKDu) is a common problem  in such areas 
(Chandrajith, et al, 2006).

Vavuniya tank is the only surface water 
body in the study area which is heavily 
polluted as it receives city garbage and 
waste effluent discharges from the 
immediate catchment. Therefore, the main 
source o f  drinking w ater in the study area is 
mainly the dug wells and tube wells due to 
lack o f  adequate pipe borne w ater and 
suitable surface water resources.

Due to  rapid development and increased 
population and urbanization in Vavuniya, 
the w ater requirem ent for agriculture, 
industry, and domestic purposes has 
become an urgent need. Though the agro­
wells are constructed for agricultural 
purposes, people in  this area, use even such 
wells for domestic and drinking purposes 
(Amarasinghe, 2006).

The objective o f  the present research is to 
find out the status o f  groundwater quality o f 
Vavuniya city area with special emphasis 
on fluoride and hardness concentrations in 
order to  locate and recom m end suitable 
drinking water resources for the city 
dwellers. Therefore, this study will be 
helpful for the W ater Supply and Drainage 
Board to  find out suitable groundwater 
sources for distribution.

2. MATERIALS AND METHODS

A s the study area, a 10km radius circle was 
selected from the center o f  the Vavuniya 
city as illustrated in Figure 1. The inner 
circle is a 5km radius circle closer to the 
Vavuniya city center and the outer circle is 
a 10km circle around the Vavuniya city 
center. These circles are divided in to four 
zones, namely “Zone A ” to “Zone D ” .

Table 1 illustrates the Grama Nildhari 
divisions located within 5km circle and 10 
km  circles o f  different zones that would 
helpful to describe the location wise status 
o f  suitable and unsuitable ground waters in 
the study area precisely.

Fifty wells from each zone were sampled 
randomly including both dug wells and tube 
wells. Altogether two hundred samples 
were analyzed during the research period. 
Sampling was undertaken during the first 
intermonsoon from M arch to April in 2011 
and two hundred water samples were 
collected.
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F ig u re  1. The selected 10 Km radius study area with sampling locations in Vavuniya City

Table 1. GN Divisions located within different zones o f  the study area within 10 km circle 
& 5 Km  circle from the Vavuniya town
The GN Divisions located within 5 km circle in the 4 zones (A, B, C and D)

ZONE A ZONEB ZONEC ZONED
Vairavpuliyankulam Vavuniya town North 

(Pasrt)
Thonikal Ranbaikulam

Pandarikulam Nedunkulama Rajendrankulam (Part) Kovikkulam
Thandikulam Katharsinnakulam Kandapuram (part) Samalankulam
Vavuniya town North Puththulankulama (part) Moorumurippu Vekkulan
Nelukulam (part) Maharambankulam

(part)
Eratperiyakulama (Part)

The GN Divisions located within 10 km circle in the 4 zones (A, B, C and D)
Sasthirikoeankulam Nochchimoddai Sekkadipulavu Asikulam
Puthukulam Agbopura Rajendrankulam (Part) Alagalla
Paranaddakulam Maharambankulam

(Part)
Kandapuram (part) Mahamylankulam

Marekkaranpalai Kallikulam Sooduventhapilavu Madukanda
Koomankulam Mamaduwa Kandapuram (part)
Pampaimada Mahakachchakodiya Avusathpitiya
Pattanichchippuliyankulam Puthulankulama Kalukunnamaduwa
Salampaikulam (part) Prabodhagama (Part)
Nelukulam (Part) Paravakkulam south 

bank Track 7
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In each groundwater sample collected 
from the wells, pH and conductivity were 
measured using pH  m eter (W TW  model 
340) and conductivity m eter (W TW  
m odel 330) on the site. R est o f  the 
samples was transported to  the laboratory 
in  temperature controlled cool boxes and 
analysis was done within 1- 2 days. 
Fluoride was m easured using HACH- 
D2700 spectrophotometer and Hardness 
was m easured using stranded methods 
(Silva et al, 1996).

Statistical analyses o f  the m easured 
parameters were carried out using 
statistical package R  version 2.9.1. 
Analyses o f  variance o f the four areas 
with respect to tested w ater quality 
parameters were done using Pearson 
Product M om ent Correlation Coefficient. 
Since norm ality assumption is violated, 
non-parametric M ethod: Kruskal-W allis 
One way analysis o f  variance test was 
used.

GIS M aps o f  the study area w ith different 
param eters were developed using Arc GIS
10.1.

3. R E SU L T S AND D ISC U SSIO N

3.1. Summary of water quality 
parameters

Table 2 illustrates the sum m ary o f  the 
w ater quality param eter values o f 200 
wells observed during the investigation. 
According to Table 2 the highest 
conductivity and Hardness values were 
observed in the ground water resources o f 
“A Zone” o f  the study area. Also highest 
Fluoride values also were recorded in “A 
Zone” o f  the study area indicating 
unsuitability o f  such waters for drinking 
purposes.

T ab le  2. Summary o f  the selected water 
quality parameters in the study area

A
re

a

EC
(IIS/CDI)

FIna
____(m i

ride
J L )

Har
____ (m

l
i pH

M
in

M
ax M
in

M
ax

M
in

M
ax M
in

M
ax

A 490 4480 0.36 3.03 160 1424 6.48 8.00

B 360 1700 0.12 2.21 119 573 7.00 8.50

C 290 1850 0.11 1.86 134 402 7.20 8.80

D 230 1680 0.23 1.7 149 409 7.20 8.40

3.2. S patia l D istribu tion  o f C onductiv ity

Figure 2 illustrates the distribution pattern 
o f  Conductivity in the study area. The 
highest conductivity values in the range o f 
2000 to 4000 is recorded in some areas 
within the “A zone” o f  the study area 
(indicated in dark blue colour).

These wells are located in the GN 
divisions o f  Pandarikulam,
Paranaddakulam, M arekkaranpalai and 
northern part o f  Rajendrankulam (which 
is located at the m argin o f  Zone C). 
Ground w ater resources located in such 
areas are highly unsuitable for drinking 
purposes as they exceed the threshold 
values for drinking purposes.

3.3. S patia l d is trib u tio n  o f F lu o rid e  in  
th e  stu d y  a rea

Figure 3 illustrates the spatial 
distribution o f  fluoride in Vavuniya 
city. The fluoride levels were high in 
“Zone A ” and reach up to about 3.0 
mg/1 in some locations (see Table 1 & 
Figure 3) compared to the other zones. 
The dry zone regolith aquifers in this 
zone may contribute to the high 
fluoride concentrations.
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0  Kidaramkulama

Electrical Conductivity Distribution in Ground Water in the Study area of Vavunia D istric t: V avunia

Um m m

9 Legend

Study Are (5km  Distance) 

S tud* Area (10km Distance)

Proposed Res Catchment 

Water B od es

I GN D em on

EC Value* (ps/cm)

I 2 3a 830

□  830 1330

F ig u re  2.Distribution of Electrical Conductivity (EC) values in the study area (Source of 
base map- survey Department)

F ig u re  3.The spatial distribution of Fluoride in Vavuniya district
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Hardness Distribution In Ground Water in the Study area of Vavunia

F ig u re  4.Hardness distribution in the study area

pH Distribution in Ground Water in the Study area of Vavunia District: Vavunia

F igure  5.pH distribution in the study area
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According to Chandrajith et al (2012) the 
climate and hydrological conditions 
appear to  play a m ajor role in the 
geochemical distribution o f  fluoride in 
groundwater and according to  their 
fluoride map o f  Sri Lanka, Vavuniya also 
belongs to 1-1.5 mg/1 range o f  fluoride 
levels in ground waters. Over 2.0mg/l 
fluoride in drinking w ater can cause renal 
damage in children, and the degree o f  
damage increases with the increasing 
content o f  fluoride in drinking water 
(Chandrajith et al. 2011).Therefore, the 
wells located in “Zone A” o f  the study 
area cannot be recommended for 
consumptive purposes.

F ig u re  6.Percentage o f  wells that exceed, 
EC, Fluoride and Hardness in wells 
located within different zones o f  the study 
area

3.4. S patia l d is trib u tio n  o f  H ard n ess

Figure 4 illustrates the distribution o f 
hardness in the study area. This also 
indicates high hardness values above 
threshold levels for human consumption 
according to W HO guidelines in the 
“Zone A ” o f  the study area. The hardness 
values vaiy from 100 to  1000 mg /L. The 
hardness values around 1000 m g /L  were 
found m ostly in the GN divisions located 
within the 5km radius circle o f  “Zone A”. 
The GN divisions affected are

Vairavpuliyankulam, Pandarikulam, 
Thandikulam, Vavuniya town north and 
part o f  the Nelukulam.

According to  Chandrajith et al (2011), 
high Ca in the presence o f  F, Calcium 
Fluoride (CaF12) is said to be formed, 
which is insoluble in w ater causing 
Kidney Tubular Damage. Therefore, the 
high hardness levels recorded from the 
Zone A  o f  the Vavuniya city indicates its 
unsuitability for drinking purposes 
particularly due to  presence o f  high 
Fluoride levels also in the same area.

According to Herath and Ratnayake 
(2010), one fourth o f  the wells in 
Anuradhapura, Polonnaruwa, Puttalam 
and Vavuniya contain Fluoride levels 
unsafe for human consumption. In 
addition to  fluoride, total iron, total 
hardness and chloride contents also are 
high in these areas. In the “Zone A” o f  the 
study area o f  V avuniya has high fluoride 
levels up to  3.0 mg/1 and also in this zone, 
high hardness levels up to  about 1000mg/l 
occur in some wells indicating 
unsuitability for drinking purposes.

Apart from that some studies indicate 
potential health problems due to 
consumption o f  water with high hardness 
levels. Pallav (2013) indicates water 
hardness as a causative effect on 
cardiovascular mortality. The author 
further states that several epidemiological 
investigations have demonstrated the 
relation between risk for cardiovascular 
disease, growth retardation, reproductive 
failure, and other health problem s and 
hardness o f  drinking w ater or its content 
o f  magnesium and calcium.

3.5. p H  d is trib u tio n

Figure 5 illustrates the pH  distribution 
within the study area. In m ost wells pH 
levels were in the normal range o f  6.4 to
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7.5. However, in few wells high pH 
values o f  8.5 to 8.8 were recorded.

3.6. T h e  wells w hich exceed th e  W H O  
w a te r quality  s ta n d a rd s  fo r 
consum ption

Figure 6 illustrates the percentage o f  wells 
which exceed the water quality standards 
for conductivity, Fluoride and hardness in 
different zones o f  the study area.

The highest percentages o f  3.64% o f 
wells, (with high conductivity), 30.91% 
o f  wells with high Fluorides and 1.82% 
wells with high hardness values 
exceeding the m aximum perm issible 
levels were recorded in  Zone A  o f  the 
study area. A s high percentages o f  wells 
exceeding permissible levels for Fluoride, 
Hardness and EC are recorded from 
“Zone A” o f  the study area, wells in 
“Zone A” o f  the study area are unsuitable 
for drinking purposes and could be 
considered as a sensitive area for 
unsuitable drinking waters.

In the other zones, wells exceeding the 
threshold levels for Fluoride are; around 
12% in “Zone C” and around 2.5% in 
Zones B & D.Conductivity values in the 
wells located within the other areas were 
less than the m aximum perm issible levels 
for drinking purposes.

According to Figure 6 m ost o f  the wells 
exceed the m aximum perm issible level o f  
fluoride in Zone A o f  the study area. 
Exposure to natural fluorides in the 
environment and its nephrotoxic effects 
are not well-known, m any animal 
experiments reported that the kidney 
damage can occur even at lower levels o f  
fluoride exposure over longer periods o f 
time (Chandrajith et al, 2011). Therefore 
it is advisable not to use such well waters 
in Vavuniya city area for drinking 
purposes.

3.7. S ta tistica l analysis

Correlation Analysis was done for each 
pair o f  variables for each zone using 
Pearson Product M om ent Correlation 
Coefficient using R  version 2.9.1 software 
package. There are no significant 
correlations between variables except for 
Fluoride and EC in Area D. Therefore 
univariate analysis was done. Since 
Norm ality assum ption is violated, Non 
param etric Kruskal-W allis One way 
analysis o f  variance test was used. There 
were four findings o f  the analysis.

1. There are significant differences in 
Average EC in four sites (P=
0.04130).M ultiple com parison test after 
Kruskal-W allis average EC in A  is 
significantly different from Average EC 
in D.

T ab le  3. Average EC in four sites. 
M ultiple com parison test after Kruskal- 
W allis

Location obs.dif
Critical

dif
difference difference

A-B 18.635498 31.29100 False
A-C 19.954545 29.83787 False
A-D 31.518696 29.39220 TRUE

2. There are significant differences in 
Average pH  in four sites (P= 0.00). 
M ultiple comparison tests after Kruskal- 
W allis average pH  in A is significantly 
different from Average pH  in B, C, and 
D.

Table4.A verage pH  in four sites. M ultiple 
comparison test after Kruskal-W allis

3. There are significant difference in

Locations obs.dif
Critical

dif
difference

differe
nee

A-B 51.816667 31.29100 TRUE
A-C 72.690000 29.83787 TRUE
A-D 74.890566 29.39220 TRUE
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Average fluoride in four sites (P= 0.00). 
M ultiple comparison tests after Kruskal- 
W allis average fluoride in A  is 
significantly different from Average 
Fluoride in B, C, and D.

Table5.Average fluoride in four sites 
M ultiple comparison test after Kruskal- 
W allis

Locations obs.dif
Critical

dif
difference

dffferen
ce

A-B 86.008442 31.29100 TRUE
A-C 58.552727 29.83787 TRUE
A-D 55.746312 29.39220 TRUE

4. There are significant differences in 
Average hardness in four sites (P= 0.00). 
M ultiple com parison tests after Kruskal- 
W allis average hardness in  A  is 
significantly different from Average 
Hardness in B, C, and D.

Based on this analysis, there is significant 
difference with respect to Conductivity, 
Fluoride, Hardness & pH values in “Zone 
A ” o f  the study area compared to  the rest.

“Zone A ” is highly populated & people 
use ground w ater in this area for 
consumption. ZonesB & C have m oderate 
Fluoride & conductivity values. “Zone D” 
has low  fluoride and conductivity values 
& suitable for consumptive purposes with 
additional w ater quality testing such as G 
coli etc. with required treatments for such 
parameters.

4. C O N C L U SIO N

“Zone D” (south eastern part o f  the 
Vavuniya) is m ost suitable to extract 
ground w ater for consumptive purposes 
than the other three zones o f  the study 
area as the w ater quality remains below 
the threshold levels for drinking 
purposes.“Zone A” has high EC, Fluoride 
and Hardness values above the threshold

levels recom m ended by W HO for 
drinking purposes compared to other three 
zones. Therefore m ost o f  the wells located 
in“Zone A ” are not suitable for the 
drinking purpose and the GN divisions 
located in this zone are illustrated in 
Table 1.

A C K N O W L E D G E M E N T

The support given by Dr.Sarath 
Bannehaka, Departm ent Statistics, 
University o f  Sri Jayewardenepura for 
statistical analysis o f data and the 
facilities provided by dry zone water 
sector project is greatly appreciated.

R E FE R E N C E S

AMARASINGHE SR. Water quality and quantity 
assessment of agro wells in Vavuniya district for 
domestic and agricultural uses (in thesis), The 
Open University of Sri Lanka. 2006.

CHANDRAJITH R, PADMASIRI JP, 
DISSANAYAKE CB & PREMATILAKA 
KM.Spatial distribution of fluoride in groundwater 
of Sri Lanka, J.Natn.Sci.Foundation Sri Lanka. 
2012; 40(4):303-309.

CHANDRAJITH R, NANAYAKKARA S, ITAI 
K, ATURALIYA TNC, DISSANAYAKE CB, 
ABEYSEKARA T, HARADA K, WATANABE 
T& KOIZUMI A. Chronic kidney disease of 
uncertain etiology (CKDu) in Sri Lanka: 
geographic distribution and environmental 
implications, Environmental Geochemical Health. 
2011;33:267-278

CHANDRAJITH R, WIJEWARDANA G, 
DISSANAYAKE CB & ABEYGUNASEKARA 
A. Biomineralogy of human urinary calculi (kidney 
stones) from some geographic regions of Sri Lanka. 
Environmental Geochemistry & Health.2006; 28: 
393-399.

DISSANAYAKE CB & WEERASOORIYA SVR. 
The hydrogeochemical atlas of Sri Lanka, 
Publisher: Natural Resources, Energy & Science 
Authority of Sri Lanka. 1985. ISBN 955-590-001- 
9.

10



Sw am a Piyasiri a nd  Indunil Sencmaya

HERATH G & RATNAYAKE U. Ground water 
quality problems and issues in the diy-zone of Sri 
Lanka with special reference to fluoride 
contamination and Chronic Kidney Disease. 2010; 
21-27, in South East Asian Water Environment 4, 
Edited by Kensuke Fukushi, FutoshiKurisu, 
KumikoOguma, Hiroaki Furumai& Psyche 
Fontanos, IWA Publisher, London, Available in 
www.iwapublishing.com. Accessed on 08th Dec 
2015.

JAYAWARDANA D T, PITAWALA HMTGA & 
ISHIGA H. Groundwater Quality in Different 
Climatic Zones of Sri Lanka: Focus on the 
Occurrence of Fluoride.Intemational Journal of 
Environmental Science and Development.2010; 
1(3): 244-250.

PALAV S.Potential Health Impacts of Hard 
Water.Int J Prev Med. 2013;4(8): 866-875.

SILVA EIL, NAMARATHNE SY, 
WEERASOORIYA SVR & MANUWEERA L. 
Water Analysis-User Friendly Laboratory Field 
Manual, Sri Lanka. A J Prints, Dehiwala.1996

11

http://www.iwapublishing.com

