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ABSTRACT 
 
Water and soil are important natural resources, and the study of their distribution is of great interest. 
The Grama Niladhari Divisions, Ihalagama-East and Eldeniya-East, located in the Gampaha 
district, are selected as the study areas, and this is done as a pilot study. Different water and soil 
quality parameters are investigated followed by the construction of contour maps. As water quality 
parameters, pH, conductivity, phosphate content, nitrate content, and Ca2+ hardness were 
determined, and as soil quality parameters, pH, nitrate, organic matter, water-soluble Na+ and K+, 
extractable Na+ and K+, and water-soluble Ca2+ ion contents were determined. The pH of water 

samples lies within the range of 4.41 − 7.11 and 3.79 – 7.18 in the Ihalagama-East and Eldeniya 
East divisions, respectively. Almost all the samples have acidic pH values, with some falling below 

the lower limit of the WHO guidelines for safe drinking water (6.5 − 8.5). Conductivity values vary 
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from 52.0 − 277.0 µS/cm and between 54.0 – 403.0 µS/cm, respectively, which is below the WHO 

permissible level of 1500 µS/cm. The phosphate content varies from 1.374 − 3.986 mg/L in 

Ihalagama-East and water-soluble phosphate was not detected in Eldeniya−East, indicating a very 
low range and suggesting that the water samples are less contaminated with phosphate-containing 

substances. Considerably high values in the range of 1.24 − 279.00 mg/L for Ihalagama-east and 

59.5 mg/L − 168.0 mg/L for Eldeniya−East, are obtained for the nitrate content where most of them 
are beyond the safe level of drinking water, 50 mg/L. The soil pH in all the samples falls within the 

acidic range, varying from 2.99 − 6.73 in Ihalagama-East and 3.07 – 6.68 in Eldeniya-East.  Most of 
the soil samples contain high nitrate contents, indicating significant contamination. The percentage 
soil organic matter content varies between 0.60% and 13.27% in both areas. Many fertile 

agricultural soils typically have an organic matter content ranging from 3% − 6% revealing that most 
of the samples are beyond the standard levels. The distribution of water-soluble and extractable 
cations does not exhibit a wide range. According to the findings, though two Grama Niladhari 
Divisions are selected, they also display a huge variation. This reveals the importance of mapping 
to address contaminations, effects of natural disasters which lead to changes in the studied water 
and soil quality parameters. 
 

 
Keywords: Distribution; mapping; soil; water; WHO.  
 

1. INTRODUCTION  
 
Water and soil are two main natural resources 
which play an important role in maintaining the 
natural environmental balance. Water is a 
precious natural resource to which the life of 
every living being is connected with. When 
considering the nature of water, it can be either 
freshwater or marine water. Freshwater systems 
are what is important for life, and they can be 
either surface water or groundwater. Due to 
population growth, urbanization, and 
industrialization in the century, especially in 
developed countries such as India, and China, 
the availability of surface water has become 

insufficient for day−to−day needs, thus the usage 
of groundwater has also increased [1]. Therefore, 
the quality of these water sources should be 
assessed for the well-being of living populations. 
Rivers, streams, lakes, and reservoirs are some 
of the surface water sources where their quality 
has been affected by anthropogenic activities 
and natural phenomena. Climate changes such 
as droughts and floods, and natural processes 
such as weathering and erosion affect the quality 
of surface water, but direct impacts are caused 
by circumstances linked to human activities. Due 
to the increase in population, agricultural 
activities, water consumption, contaminations 
from sewage discharges, and industrial and 
recreational processes have been drastically 
increased which led to degradation of water 
quality which will further cause adverse effects 
on human health and natural environment [2,3]. 
Dug wells and tube wells are used to obtain 
groundwater and with the high demand for 

groundwater currently, over-extraction of it has 
become a serious concern. This leads to 
problems such as seawater intrusion and 
depletion of water storages. Therefore, 
groundwater quality parameters may be affected 
giving rise to critical issues [4]. 
 
Soil is a complex mixture of organic and 
inorganic materials that forms the uppermost 
layer of the Earth's crust having conditions for 
normal plant growth. It is a combination of 
minerals, water, air, organic matter, and 
microorganisms that interact to create a unique 
environment for plant growth. Soil is an essential 
natural resource that supports plant growth, 
provides habitats for many living organisms, and 
plays a crucial role in the cyclization of nutrients 
and water between the atmosphere, land, and 
water bodies. Different types of soil have 
different properties, including texture, nutrient 
content, and pH level, which can influence the 
types of plants that can grow in them. Soil is a 
vital component of sustainable agriculture and 
ecosystem management, and its preservation 
and restoration are crucial for maintaining the 
health of the Earth [5]. 
 
Due to the importance of the two natural 
resources, water and soil, constant investigation 
of water and soil quality parameters must be 
done regularly. For such investigation, it is 
essential to have maps of quality parameters 
which cover an entire country or an area to get a 
better understanding of the distribution of those. 
These maps can then be used as a reference 
which can be used for future studies and to 
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address environmental issues raised due to 
industrial activities, agricultural processes, and 
any other anthropogenic or natural phenomena. 
Unfortunately, a recent study regarding the 
mapping of water and soil quality parameters in 
Sri Lanka has not been identified, and the 
available maps found on Sri Lankan information 
are also outdated, thus revealing the need of 
such a database. 
 
When considering mapping of water and soil 
quality parameters in Sri Lanka, according to 
literature, it is not an area that has been studied 
to a greater extent. Research related to mapping 
of groundwater quality parameters has been 
conducted previously by Dissanayaka and 
Weerasooriya, and has been published as 
“Hydrogeochemical Atlas of Sri Lanka” in 1993. 
This team had collected 500 samples from dug 
wells across the entire island, but the number of 
samples has been limited, especially in the 
Northern province, due to issues of 
inaccessibility. Determination of each parameter 
has been done using available standard 
procedures. The resulting work included 
contouring maps for 15 water quality parameters 
[6]. As an example, when considering the map of 
distribution of nitrate ions in groundwater in the 
1993 study, there are large areas having a single 
value of the parameter. About six ranges are 
selected to construct the contour map and the 
distribution of parameters throughout the entire 
country is covered by these six regions. This may 
not be practically possible, and the major 
drawback of this study would be the limited 
number of sampling sites which is therefore 
addressed in the current study. 
 

Through this research, it is planned to evaluate 
some selected water and soil quality parameters 
in the Gampaha-Ihalagama East and Eldeniya-
East Grama Niladhari Divisions and to construct 
maps using the obtained results. Though the 
smallest administration unit is studied, this 
research is planned to highlight the importance of 
mapping as a pilot study and to expand this to 
the entire country. 
 

2. MATERIALS AND METHODS 
 

FeSO4.(NH4)2.6H2O was purchased from 
HIMEDIA (Mumbai, India). KNO3 and conc. 
H2SO4 were purchased from Riedel de Haen 
(Germany, Seelze). HCl, conc. NH4OH and 
glacial acetic were purchased from Merck 
(Mumbai, India). K2Cr2O7 was purchased from 
Central Drug House (India, Delhi). NH4Cl was 
purchased from Srlchem (Mumbai, India). 

CaCl2.2H2O and phosphoric acid were 
purchased from Daejung (South Korea, Siheung-
si). KCl and diphenylamine were purchased from 
Fluka (Switzerland, Buchs) and NaF was 
purchased from Fischer scientific (USA, New 
jersey). 
 

Laboratory instruments used to conduct this 
research project were; pH meter, conductivity 
meter, spectrophotometer (Agilent Technologies 
Cary 60 UV-Vis) to measure absorbance values, 
nitrate ion selective electrode (Thermo Scientific 
Orion Star A214) to measure the nitrate content, 
flame photometer (Jenway-pfp7,UK) to measure 
cation contents, orbital shaker (mrc, UK) to 
homogenize samples, electrical balance (KERN 
EW 2200-2NM) and analytical balance (Kern, 
ALJ 250-4AM, Germany) for mass 
measurements and hot plate for heating 
purposes. 
 

2.1 Study Area  
 

The Grama Niladhari Divisions, Ihalagama-East 
and Eldeniya-East located in the Gampaha 
district, Sri Lanka, were selected as the study 
area. One-hundred-fourteen (114) randomly 
selected sampling sites (58 in Ihalagama-East 
and 56 in Eldeniya-East) were chosen for the 
analysis. Water samples were collected from 
surface and groundwater sources, and soil 
samples were collected from each site close to 
the water source. The two study areas and the 
sampling sites are illustrated in Fig 1. and Fig. 2. 
 

2.2 Sample Collection and Pretreatment 
 
Water samples (1 L) from selected sampling 
sites were collected into polypropylene bottles 
which were previously washed with distilled 
water and air-dried. Before filling samples, these 
bottles were rinsed with the samples to be 
collected. Then the bottles were filled with 
samples [7].  
 

A clean plastic spade was used to collect soil 
from selected sampling sites. About 2 inches of 
the soil surface was removed and then soil 
samples (~800 g) were collected into labeled 
polythene zip-lock bags. Samples were dried in 
air, and dried samples were ground using a 
mortar. Ground samples were sieved through a 2 
mm sieve and used for further analysis [7]. 
 

2.3 Water Analysis  
 
Determination of pH was done using the pH 
meter. First, it was calibrated using standard 
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buffer solutions of pH=4, pH=7, and pH=10. 
Then, pH of water samples was measured and 

recorded. All pH readings were duplicated               
[7].  

 
 
                                Fig. 1. Ihalagama-East (study area) with sample sites 
 

 
 
                              Fig. 2. Eldeniya-East (study area) with sample sites 
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Conductivity determination was done using the 
conductivity meter. It was calibrated using 
standard solutions. Then, the conductivity of 
water samples was measured and recorded. All 
conductivity readings were duplicated [8].  
 
Determination of the phosphate content was 
done using a colorimetric method, the yellow 
method. For this, 5.00, 10.00, 15.00, 20.00 and 
25.00 cm3 aliquots of  phosphate standard 
solution (50 mg/dm3) were transferred to a series 
of volumetric flasks (50.00 cm3). Ammonium 
molybdate solution and ammonium 
metavanadate solution were mixed to prepare 
the coloring agent. The coloring agent (10.00 
cm3) was added to each flask and was mixed 
well. Each solution was distilled up to the mark 
with deionized water and was allowed to stand at 
room temperature for about 20 min. The 
absorbance of solutions was measured at 470 
nm using the spectrophotometer. A blank was 
also carried out. A calibration curve was plotted 
using the obtained absorbance values for 
absorbance against concentration (mg/dm3). 
Water samples (10.00 cm3) were transferred into 
volumetric flasks (50.00 cm3) and the coloring 
agent (10.00 cm3) was added to each flask. Each 
solution was mixed well and was allowed to 
stand at room temperature for about 20 minutes. 
Absorbance of samples was measured at 470 
nm using the spectrophotometer. The phosphate 
content was determined using the calibration 
curve plotted [9].  
 
Determination of the nitrate content in water was 
done using the nitrate ion selective electrode. 
The meter was calibrated using standard nitrate 
solutions having concentrations of 10, 70, 130, 
190, 250 ppm. Water samples (25.00 cm3) were 
transferred into 50.0 cm3 beakers and the ionic 
strength adjuster (ISA) (0.5 cm3) was added to 
each sample. Then nitrate content of the water 
samples was determined using the calibration 
curve . Readings were duplicated [10].  
 
The Ca2+ hardness was determined using the 
flame photometer. First, it was calibrated using 
the standard Ca2+ (50 mg/dm3) solution. Then the 
Ca2+ ion content in water samples was 
determined. 
 

2.4 Soil Analysis 
 
Soil pH determination was done using the pH 
meter. Pretreated soil sample (10.00 g) was 
placed in an Erlenmeyer flask (250.0 cm3), and 
CaCl2.2H2O (0.01M, 35.00 cm3) was added. The 

sample was kept for 30 minutes without shaking 
to allow the absorption of CaCl2.2H2O into soil 
and then stirred for 10 seconds. The suspension 
was shaken for 30 minutes in the orbital shaker 
and filtered under gravity. The pH of this soil 
solution was measured using the calibrated pH 
meter [7].  
 
Soil nitrate content determination was done using 
the nitrate ion selective electrode. Pretreated soil 
sample (10.00 g) was placed in an Erlenmeyer 
flask (250.0 cm3), and nitrate extracting solution 
(50.00 cm3) was added. This was shaken for 10 
minutes in the orbital shaker and was filtered 
under gravity. Nitrate-extracted soil solution 
(25.00 cm3) was transferred into a beaker (50.0 
cm3) and ISA (0.50 cm3) was added. The nitrate 
content of the soil solution was measured using 
the calibrated nitrate ion selective electrode [10].  
 
Soil organic matter content was determined 
using a titrimetric method. Pretreated soil sample 
(1.00 g) was placed in an Erlenmeyer flask 
(500.0 cm3). K2Cr2O7 (1 N, 10.00 cm3) and conc. 
H2SO4 (20.00 cm3) were added to it and was 
allowed to stand for 30 minutes. The solution 
was diluted to 200.0 cm3. NaF (0.2 g) and 
diphenylamine (0.4 cm3) were added, and the 
solution was titrated against FeSO4.(NH4)2.6H2O) 
(0.5 N) to a brilliant green color endpoint. A blank 
was run simultaneously without the soil sample 
[11].  
 
Water-soluble cation (Na+, K+) content 
determination was done using the flame 
photometer. First, it was calibrated using 
standard Na+ (50 mg/dm3) and standard K+ (50 
mg/dm3) solutions. Pretreated soil sample (2.50 
g) was placed in an Erlenmeyer flask (250.0 cm3) 
and deionized water (100.00 cm3) was added. It 
was shaken in the orbital shaker for 1 hour. The 
solution was filtered under gravity. Na+ and K+ 
ions were determined separately using the flame 
photometer [12].  
 
Soil extractable cation (Na+, K+) content 
determination was done using the flame 
photometer. First, it was calibrated using 
standard Na+ (50 mg/dm3) and standard K+ (50 
mg/dm3) solutions. Pretreated soil sample (5.00 
g) was placed in an Erlenmeyer flask (250.0 cm3) 
and NH4OAc solution (1 N, 25.00 cm3) was 
added to it. It was shaken in the orbital shaker for 
30 minutes. The solution was filtered under 
gravity. The final volume of each solution was 
brought up to 25.00 cm3 using NH4OAc solution 

(1 N). Each solution was diluted 10−fold.  Then, 
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Na+ and K+ ions were determined separately 
using the flame photometer [12].   
 

Water-soluble Ca2+ determination was done 
using the flame photometer. First, it was 
calibrated using the above-mentioned standard 
Ca2+ (50 mg/dm3) solution. Pretreated soil 
sample (2.50 g) was placed in an Erlenmeyer 
flask (250.0 cm3) and deionized water (100.00 
cm3) was added. It was shaken in the orbital 
shaker for 1 hour. The solution was filtered under 
gravity. Ca2+ ion content was determined using 
the flame photometer [12]. 
 

3. RESULTS AND DISCUSSION  
 

According to the results obtained from this 
analysis, the pH values of surface and 
groundwater samples are in between the range 
of 3.79  – 7.18. This pH distribution is illustrated 
in Fig 3. and Fig 14. As per WHO guidelines, the 

accepted pH range for drinking water is 6.5 − 8.5 
[13]. The selected study areas belong to the wet 
zone of Sri Lanka where the pH lies within a 

range of 4.0 −  7.8 and all the results obtained 
are accepted accordingly 4. Almost all the 
samples have acidic pH values while some of 
them are close to the neutral pH value of 7.0. 
When considering the geology and aquifer type 
of the study areas, they consist of fractured 
metamorphic acid rocks, base rock, and laterite 
Cabook aquifers. The control factors of this 
slightly acidic behavior are the interaction with 
less soluble metamorphic acid rocks which is 
lower in acid buffering capability and dilution by 
heavy annual rainfall [4].  
 

In this study the conductivity values vary from 
52.0 to 403.0 µS/cm, and this variation is shown 
in Fig 4. and Fig 15. Since WHO permits a limit 
of 1500 µS/cm as the safe level of conductivity in 
drinking water, all these obtained values can be 
considered as acceptable values in terms of 
drinking purposes [8].  
 

When considering the nitrate ion concentration 
values obtained, they lie within the range of 1.24 

− 279 mg/L, which is a considerable distribution 
within the sampling areas. Fig 5. and Fig 16. 
explain this variation. In the previous study, this 
variation was observed approximately in the 

range of 1 -− 40 ppm [6]. Due to the high 
sensitivity of the electrochemical method used, it 
was able to detect smaller concentrations as 
well. Only 3 samples were below the detection 
limit of nitrate ion levels. According to WHO 
guidelines, the maximum permissible nitrate 
concentration of drinking water is 50 mg/l [14]. 

According to the results, areas near agricultural 
lands and urbanized locations have a 
considerablly high nitrate levels which exceed 
the accepted value.   
 
Total hardness includes both Ca2+ hardness and 
Mg2+ hardness. In this study, Ca2+ hardness was 
determined using the flame photometer and a 
qualitative experiment was done to determine the 
presence of Mg2+ ions in water samples. Since 
negative results were obtained for the qualitative 
analysis, it can be stated that Mg2+ hardness is 
below the detection limits and is of very low 
concentrations or Mg2+ is not present in the 
samples. The Ca2+ hardness values obtained are 
in the range of 0 – 59.93 mg CaCO3/L according 
to the sensitivity of the instrument. This 
distribution is shown in Fig 6. and Fig 17. About 
11% of samples did not give measurable values 
as their Ca2+ concentrations are too low to be 
detected. According to the classification of water, 
based on hardness, all the samples collected 
within the study area can be classified as soft 
water with minimum hardness [15]. The 
permissible limit of calcium in drinking water is 
180 mg CaCO3/L and all the obtained values are 
below this maximum level [16]. In the previous 
study, the total hardness was determined, and 
the maps constructed highlight that the total 
hardness distribution in groundwater is 

approximately in the range of 50 − 850 ppm, 
which is significantly different from the values 
obtained from the current study [6]. 
 
In this study, soil pH values vary from 2.99 to 
6.73, and all the values are acidic pH values. The 
National Resources Conservation Service of the 
United States Department of Agriculture states 
that an acceptable range for soil pH is between 6 
and 7 [17]. Fig 7. and Fig 18. explain the soil pH 
distribution. 
 
This study reveals that the nitrate ion content of 
the respective samples varies between the range 

of 0.39 − 217.00 mg/L, which is illustrated in Fig 
8. and Fig 19. The amount of nitrate required in 
the soil for specific crops varies from crop to 
crop, but in general, the level should not fall 
below 10 mg/L and should not exceed 50 mg/L. 
Only about 17% of the samples are between 
these accepted levels. About 79% of samples 
have nitrate values higher than 50 mg/L and 
other remaining samples have nitrate values 
lower than the accepted value in Ihalagama-
East.  However, soil nitrate content of Eldeniya -
East’s all samples exceeded the acceptable 
value.



 
 
 
 

Deraniyagala et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 5, pp. 68-86, 2024; Article no.JGEESI.115848 
 
 

 
  74 

 

3.1 Ihalagama-East 

Fig 3.Distribution of pH of water samples  

                                    Fig. 4. Distribution of conductivity in water samples 
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Fig. 5. Distribution of nitrate ion content in water samples 
 

 
                                   Fig. 6. Distribution of Ca2+ hardness in water samples 
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Fig 7. Distribution of soil pH of samples 
 

 
 

Fig 8. Distribution of soil nitrate content of samples 
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Fig. 9. Distribution of soil organic matter content of samples 
 

 
 

Fig. 10. Distribution of water soluble Na+ content of samples  
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                            Fig. 11. Distribution of soil extractable Na+ content of samples 

 
Fig. 12. Distribution of water soluble K+ content of samples 
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Fig 13. Distribution of soil extractable K+ content of samples 

 
3.2 Eldeniya-East  

located in the Gampaha district. 

Fig 14. Distribution of pH of water samples 
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Fig. 15. Distribution of conductivity of water samples  
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Fig. 16.  Distribution of nitrate ion content in water samples 
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Fig. 17. Distribution of Ca2+ hardness in water samples 
 

 

 

 

 

 

 

 

 

 

 

 

 

                                          Fig. 18. Distribution of Soil soil pH of samples 



 
 
 
 

Deraniyagala et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 5, pp. 68-86, 2024; Article no.JGEESI.115848 
 
 

 
  82 

 

 

                                Fig. 19. Distribution of soil nitrate content of samples 
 

 
                      Fig. 20. Distribution of soil organic matter content of samples 
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Fig. 21. Distribution of water soluble Na+ content of samples 
 

 
 

Fig. 22. Distribution of soil extractable Na+ content of samples 
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Fig. 23. Water soluble K+ content 
 

 
 

Fig. 24. Distribution of soil extractable K+ content of samples 
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According to the results obtained, percentage 
soil organic matter content varies between 0.60% 
and 13.27% in both areas. Fig 9and Fig 20 
explain this variation. The majority of fertile 
agricultural soils typically has an organic matter 
content ranging from 3% to 6%. Therefore, only a 
few samples are under the accepted range, and 
most of the samples have a higher organic 
matter content in Ihalagama-East. This may be 
due to natural phenomena as well as 
anthropogenic activities. However, half of the soil 
samples of Eldeniya-East are within the accepted 
range.    
 
In this study, water-soluble sodium ion content 
varies from 6 to 22 mg/L, and extractable sodium 
ion content varies from 1 to 56 mg/L. This 
variation is highlighted in Fig 10 and Fig 21, and 
Fig 11 and Fig 22, respectively. The sodium ion 
content in soil can be determined as water-
soluble, exchangeable, extractable, and mineral 
forms. Extractable sodium refers to the form of 
sodium that is readily available and can be 
determined using the ammonium acetate 
extraction method, and exchangeable sodium is 
determined by calculating the difference between 
the extractable sodium and the soluble sodium 
forms [6] . When considering the results 
obtained, water-soluble potassium ion content is 
in the range of 1-12 mg/L and extractable 

potassium content in the range of 2 − 108 mg/L. 
Fig 12 and Fig 23 show the distribution                    
of the water-soluble ion content and Fig 13               
and Fig 24 show that of the extractable ion 
content. 

 
In the study areas, the water-soluble calcium 
content varies from 1 to 8 mg/L which is 
comparatively a low range. About 71% of the 
samples did not contain calcium ions in 
detectable levels. According to the soil type of 
the area, the amount of calcium varies. The 
higher the clay content in soil, the higher the 
calcium content. Since the soil is more of sand 
form in the study areas, it may be a reason for 
low calcium contents [18].  

 
4.CONCLUSION 
 
The variation of water and soil quality parameters 
in the Gampaha Ihalagama-East and Eldeniya-
East Grama Niladhari Divisions is of 
considerable magnitudes. This fact is clear when 
considering the distribution of parameters in the 
contour maps constructed. This variation shows 
a significant difference when comparing the 
maps constructed in the previous study of which, 

though the entire country was considered, a 
minor variation is observed. In contrast,  in this 
study, even though two Grama Niladhari 
Divisions are studied, a significant variation is 
observed. If this pilot study is expanded to 
construct more detailed maps, it would be very 
useful as a reference for future studies and for 
routine analysis. This indicates the need of 
mapping the entire country with the help of 
respective authorities including the National 
Water Supply and Drainage Board, the Central 
Environmental Authority, and government and 
nongovernment educational institutes. 
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