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Abstract: This study was conducted to assess the water quality of 
inlet and outlet canals connected Nuwarawewa, Anuradhapura, 
Sri Lanka. Seven major inlets and one outlet canals connected to 
Nuwarawewa, Anuradhapura was identified. Water samples were 
collected from a selected location of each inlet and outlet canal in 
one-month interval for three months period. Soil samples (0-30 
cm) were collected from each selected location at the second time 
point. Water quality parameters such as pH, Electrical 
conductivity (EC), Dissolved Oxygen (DO), Total Dissolved 
(TDS), NO3

--N, NH4
+-N, available phosphorus (Av. P), alkalinity 

and heavy metals (Cd and As) concentrations were determined in 
each water sample. Soil samples were analyzed for pH, EC, total 
N, Av. P, Cd and total As contents. The results showed that pH, 
DO, TDS, NH4

+-N, and Av. P of some in some tested water 
samples were higher and other parameters were within 
permissible levels according to WHO drinking water quality 
standards. Higher total N in all tested soil samples and lower Av. 
P values in many tested soil samples (except one) were observed 
in comparison to the reference values in literature. According to 
European Regulatory Standards, As concentrations in many soil 
samples (except one) within the permissible levels and Cd was 
not detected. Considerable temporal variations in water quality 
parameters were observed in inlet and outlet canals during the 
study period. The chemical properties of soil inside each canal 
were significantly altered by the quality of water being carried 
out by the respective canal. These result further revealed that 
impacts of surrounding land use on water pollution in inlet water 
canals connected to Nuwarawewa are higher. It could be 
concluded that the implementation of a pollution management 
plan is required to prevent further pollution through continuous 
future researches. 

Keywords: Nuwarawewa, Temporal variation, Water quality, Soil 
pollution. 

I. INTRODUCTION 

ater is one of the most valuable natural resources in the 
world. None of the living organisms can survive 

without water. Every living organism on this planet requires 
water in some form. Water can be found in every ecosystem 
being the most important component on earth [12]. Moving 
water controls chemical flux and cycling within ecosystems in 
the moist temperate region. However, the distribution of water 
on the earth’s surface is extremely uneven.  About 70% of the 

earth’s surface is covered with water including 97% of salt 
water and only 3% of freshwater. Two per cent of all the 
earth’s water is glacier ice which is locked up in North and 
South Poles. Less than 1% of all the earth’s waters is 
freshwater consumable for human beings.  
 
The smaller amount of accessible freshwater is being used by 
human for drinking and many other purposes including 
transportation, hydroelectric power generation, and industry 
([19], [7]).  Therefore, water has become one of the politically 
sensitive limited natural recourses. Even at present, the land 
use pattern of a given land is determined by the availability of 
water. In arid regions, many socio-economic conflicts are 
caused due to unequal access to good quality water. 
Furthermore, water regulates population growth, healthy 
functions, and biodiversity of ecosystems including living 
organisms [16]. Anthropogenic activities such as applications 
of agrochemicals to agricultural lands, discharge of septic and 
households’ wastewater from residential areas, and chemical 
wastes from industrial areas, etc. have led to freshwater 
pollution [24]. 

 
Water pollution is a serious environmental problem in Sri 
Lanka as well as in other developing countries. [15] Defined 
water pollution as any chemical, physical or biological change 
in the quality of water that exerts a harmful effect on any 
living thing that drinks or uses or lives (in) it. Thus, alteration 
of these water characteristics becoming unsuitable for an 
expected usage refers to water quality deterioration. 
Deterioration of water quality in surface freshwater has 
become a severe threat to the smooth functioning of 
ecosystems as well as human health. The purposes to which a 
freshwater resource is to be used, depending on the water 
quality of a given freshwater resource. Therefore, detailed 
studies of water quality in freshwater resources are required 
for decisions making on types of usages and measures to be 
implemented to mitigate water quality deterioration for a 
considered water body. The water quality of freshwater bodies 
needs to be monitored continuously due to the direct impacts 
of these water resources on human health. Nuwarawewa is 
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one of the major freshwater bodies used for drinking water in 
the Anuradhapura district. Moreover, the assessment of water 
quality in Nuwarawewa being influenced by many 
anthropogenic activities over a long period. Therefore, this 
study was mainly focused on the evaluation of water quality 
in Nuwarawewa in the Anuradhapura district of Sri Lanka. 

II. MATERIALS AND METHODS 

A. Study Area 

This study was carried out in selected inlets and outlet canals 
connected to Nuwarawewa (8° 21' 0" North, 80° 25' 0" East) 
in Anuradhapura district of Sri Lanka. The area belongs to the 
agro-ecological zone DL1b. The annual rainfall and the 
average temperature in the area are 7500 mm and 30 ˚C, 
respectively. The major soil group of the area belongs to the 
great soil group of the Reddish Brown Earth and Aluthwewa 
series (USDA soil taxonomy: Rhodustalf).    

B. Collection of Soil and Water Samples 

Seven inlet canals (IN1 to 7) and one major outlet canal 
(OUT) connected to the studied surface water body: 
Nuwarawewa, Anuradhapura were identified and the GPS 
locations of sampling points were recorded. Water samples 
were collected from the selected locations once a month from 
May 2018 for three months. Figure 1 shows a map of the 
Nuwarawewa Tank with the sampling points. Pre-cleaned 
polypropylene bottles were used to collect water samples. 
These bottles were rinsed with canal water before collecting 
the water samples. Collected water samples were immediately 
covered, labelled, and stored in a refrigerator for laboratory 
analyses.  

Soil samples were collected using an Edelman soil auger to 
the depth of 0 to 30 cm from the same GPS locations at which 
water samples had been collected. Soils were transferred into 
the labelled polythene bags. Soil samples were air-dried 
without allowing them to be contaminated. Aggregates were 
broken and visual roots and stone particles were removed 
while air-drying. Air-dried soil samples were passed through a 
2 mm sieve and stored in clean polythene bags until the 
commencement of soil analyses. 

C. Soil and Water Sample Analysis 

The water samples were analysed for various physicochemical 
parameters i.e. pH, electrical conductivity (EC), Dissolved 
Oxygen (DO), Total Dissolved Solids (TDS), Ammonium-
Nitrogen (NH4

+-N), Nitrate-Nitrogen (NO3
--N), Available 

Phosphorous (Av. P), Available Cadmium (Cd), Available 
Arsenic (As) and Alkalinity. Soil samples were analyzed for 
the selected chemical, physical and biological parameters 
using standard analytical methods. 

Water pH, EC, DO and TDS were measured immediately after 
the sampling. Water pH, EC, TDS, and DO were determined 
by potentiometric approaches using a multi-parameter 

analyzer (Multi-parameter: Hach HQ40d). Colourimetric 
approaches were used to determine water concentrations 
NH4

+-N, NO3
--N, and Av. P using analytical procedures 

proposed by [3], [8] and [22] respectively. Water 
concentrations of Cd and As were determined by Inductively 
Coupled Plasma Optical Emission Spectrometry (ICP-OES). 
Water alkalinity was determined by titrimetric procedure 
proposed by [1]. The soil samples were analysed for various 
chemical parameters i.e. pH, EC, total N, Av. P, Av. Cd, and 
Av. As. Soil pH and EC of each soil sample were determined 
separately in 1:2.5 and 1:5 soil/water suspensions 
respectively, using a multi-parameter analyzer. The Kjeldahl 
procedure proposed by [6] was used to determine total soil N. 
Molybtare/ascorbic acid blue method was used to estimate 
Av. P in soil. Soil total Cd and total As were determined by 
ICP-OES using by hot acid trace elements extraction 
procedure proposed by [13]. 

D. Data Analysis 

Analyzed water data were graphically represented using 
Microsoft Excel and were compared with the WHO drinking 
water standards [28]. Analyzed total N and Av. P of soil 
samples were compared with the reference values in the 
literature. Furthermore, analyzed trace element concentrations 
in soil samples were compared with European Regulatory 
Standards [10]. 

 
Fig. 1 A map showing Nuwarawewa Tank Anuradhapura and the sampling 
locations 

III. RESULTS AND DISCUSSION 

A. Water Quality Characteristics of Inlet and Outlet Canals  

Seven inlet canals (IN1 to 7) and one major outlet canal 
(OUT) connected to the studied surface water body were 
identified. A considerable variation in water quality 
parameters was observed both spatially & temporally and the 
findings are broadly discussed below. 

1) pH 
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Figure 1 shows the measured values of pH, alkalinity (mg/L), 
TDS (mg/L), and EC (ds/m) in water samples collected from 
the selected inlet and outlet canals for three months. The 
dotted lines in the figures show the permissible levels 
prescribed by WHO for drinking water quality. 

The pH value indicates the level of acidity or alkalinity in a 
particular aqueous solution which ranges from 0 to 14. Water 
is generally classified into three main categories i.e. acidic 
(pH < 6.5), neutral (6.5<pH<8.5), and hard (pH>8.5) based on 
pH (Brian Oram, 2014). Temporal variability of pH, alkalinity 
(mg/L), TDS (mg/L) and EC (ds/m) in the water samples 
collected from inlet and outlet canals connected to 
Nuwarawewa, Anuradhapura is shown in Fig.2. The 
measured pH values in water samples ranged from 7.2 to 8.4 
(Fig.2.a). Many samples were within the recommended range 
(6.5 – 8.5) according to WHO standards. However, higher 
water pH levels have been recorded in inlet 1, inlet 6, inlet 7, 
an outlet.  

2) Alkalinity 

Alkalinity in water is primarily due to carbonate, bicarbonate, 
and hydroxide contents present. Water alkalinity is used as an 
indicator to interpret the level of water quality degradation 
and to determine the measures implemented to treat polluted 
water [20]. The measured alkalinity values in this study (Fig. 
2.b) were ranged from 151.0 to 514.6 mg/L.  According to the 
FAO guidelines, the maximum permissible range of alkalinity 
in irrigation water should be 610 mg/L [14] and all the water 
samples collected were within the permissible range. 

3) TDS 

Measured TDS values in collected water samples varied 
between 172.5 mg/L to 909 mg/L (Fig. 2.c). The measured 
TDS values in many inlet canals and the outlet canal were 
within the permissible limit. However, higher TDS values 
beyond the maximum permissible TDS level of WHO 
drinking water quality standards were also observed in some 
samples.  Smaller TDS values are generally reported for 
natural freshwater bodies. The literature further provides 
shreds of evidence that anthropogenic activities such as 
mining and discharge of untreated domestic and industrial 
wastewater to freshwater bodies. Minerals and organic 
molecules dissolved in the water contribute to water TDS. 

4) EC 

The measured EC of the study area varied from 0.05 dS/m to 
0.70 dS/m and the highest EC was recorded in IN6 which was 
surrounded by a residential area. The measured EC values in 
all water samples were within the permissible level according 
to WHO guidelines. Water EC generally refers to the ability to 
pass an electrical current through water. The water has a 
higher amount of dissolved inorganic ions showed higher EC. 
Normally, conductivity in the water is affected by the 
inorganic dissolved solids. On the other hand, organic 

compounds, as well as temperature, have greater influences on 
EC. 

 
Fig. 2  Measured (a). pH, (b). Alkalinity (mg/L), TDS (mg/L), and EC (ds/m) 
values of the inlet and outlet canals connected to Nuwarawewa, 
Anuradhapura 

5) Dissolved Oxygen  

Water DO content is an important parameter that determines 
the equilibrium of aquatic ecosystems and frequently used to 
assess water quality [23]. Water DO contents in the analyzed 
water samples varied between 3.4 mg/L and 11.1 mg/L 
(Fig.3). The DO concentration in all the samples except one 
sample was water DO contents in most water samples were 
higher than 6 mg/L which is the minimum desirable level for 
the healthy surface freshwater system. 

 
Fig. 3 Measured values of Dissolved Oxygen concentration (DO) (mg/L)in 
inlets and outlet canals  

Dissolved oxygen levels greater than 5 mg/L are sufficient to 
support most aquatic species. Levels below 4 mg/L are 
stressful to the majority of aquatic animals, so biodiversity 
will be affected. Water containing less than 2 mg/L dissolved 
oxygen will not support aerobic aquatic life. Water DO 
generally increases in surface water as a result of diffusion 
from the atmosphere and aquatic plant photosynthesis. Water 
dissolved oxygen is reduced by the degradation of organic 
matter in water. The higher concentration of organic 
molecules in the water sample has resulted in lower DO in 
water samples. Water DO oxygen fluctuates over the studied 
period with an increasing trend. Literature provides several 
shreds of evidence that DO contents will vary by season, 
location, and depth in freshwater systems such as lakes, rivers, 
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and streams. Water DO values also fluctuate with 
temperature, salinity, and pressure changes, and dissolved 
oxygen levels can range from less than 1 mg/L to more than 
20 mg/L depending on variations in these factors. 

6) Ammonium-Nitrogen and Nitrate-Nitrogen 

Figure 4.a shows the variation of measured NO3
- -N 

concentration of water samples. According to the figure 
almost all the samples had lower NO3

- -N concentration than 
the FAO guidelines for irrigation water quality and drinking 
water guidelines [28]. Ammonia (NH3) is a water-soluble gas 
that exists at low levels (0.1 mg/L) in natural waters. 
Nitrogen-containing organic matter and gas exchange between 
water and atmosphere are the main ways of coming NH4

+-N to 
surface freshwater [9]. Moreover, the biodegradation of 
wastes coming from domestic, agricultural, and industrial 
areas contributes to the greater NH4

+-N concentration. Figure 
4.b illustrates the measured NH4

+-N concentrations (mg/L) in 
water samples obtained from the selected inlet and outlet 
canals and according to the figure, the values varied from 52 
to 114.9 mg/L (Fig.4.b). The maximum permissible NH4

+-N 
level prescribed for irrigation water is 5 mg/L [14]. 
Ammonium nitrate is an indicator of recent pollution of a 
terrestrial system. This proves the deterioration of the studied 
water resources due to surrounding land use i.e. domestic, 
industrial, and agricultural lands. 

Available phosphorus (Av. P) concentration of the inlet and 
outlet canals varied from 0.05 mg/L to 3.35 mg/L during the 
study period (Fig.4.c). The permissible range of phosphate 
phosphorous concentration in irrigation water is 0 to 2 mg/L 
[14]. The critical value for the occurrence of eutrophication 
for phosphates is 0.08mg/L [27]. At the beginning of the 
studied period, Av. P levels in IN 4, 6 &7 were beyond the 
maximum permissible phosphate level of FAO guidelines and 
Av. P levels in other water samples were below the maximum 
permissible phosphate level of FAO guidelines. However, 
according to USEPA guidelines, Av. P levels in almost all the 
canals were sufficient to occur eutrophication. Phosphate 
generally enters freshwater from P-rich bedrock, human & 
animal wastes, laundry & industrial effluents, and runoff from 
agricultural lands (Sikder et al., 2013).  

Available phosphorus (Av. P) concentration of the inlet and 
outlet canals varied from 0.05 mg/L to 3.35 mg/L during the 
study period (Fig.4.c). The permissible range of phosphate 
phosphorous concentration in irrigation water is 0 to 2 mg/L 
[14]. The critical value for the occurrence of eutrophication 
for phosphates is 0.08mg/L [27]. At the beginning of the 
studied period, Av. P levels in IN 4, 6 &7 were beyond the 
maximum permissible phosphate level of FAO guidelines and 
Av. P levels in other water samples were below the maximum 
permissible phosphate level of FAO guidelines. However, 
according to USEPA guidelines, Av. P levels in almost all the 
canals were sufficient to occur eutrophication. Phosphate 
generally enters freshwater from P-rich bedrock, human & 

animal wastes, laundry & industrial effluents, and runoff from 
agricultural lands.  

 
Fig. 4 Measured values of (a). Nitrate (NO3

- -N),  (b). Ammonium (NH4
+-N) 

Nitrogen and available Phosphorus (Av. P) concentrations (mg/L) 

7) Trace Elements   

Arsenic (As) and Cadmium (Cd) can be commonly found in 
surface and groundwater sources of Sri Lanka mainly due to 
the overuse of agrochemicals in farmlands ([17], [18]). These 
two elements are toxic and the occurrence beyond the 
permissible level in aquatic environments can result in 
harmful effects on aquatic biological systems. The use of 
arsenical herbicides and combustion of fossil fuels has 
resulted in the localized arsenic contamination of soils, water, 
and sediment [25], [11]. Dissolved inorganic arsenic is highly 
toxic to both plants and animals in aquatic systems its toxicity, 
however, depends on its chemical species 

 However, Cd was not detected in any of the water samples 
analyzed in this study, and As was detected in some water 
samples obtained at the third sampling. The WHO 
recommended maximum concentration of As in drinking 
water is 0.01 mg/L and the As concentrations in IN4, IN7 and 
OUT were higher than the recommended level. Based on [2], 
the maximum allowable limit of As in irrigation water is 0.1 
mg/L. Hence, the water is suitable for irrigation.  

B. Soil Characteristics of Inlet and Outlet Canals  

Analysis of chemical parameters of soil in inlet and outlet 
canals of the studied freshwater body provides a strong 
reflection on the quality of associated water. Moreover, 
maintenance of soil quality is one of the most important 
aspects of sustainable agriculture and sustainable management 
of the global biosphere. The study area belonged to DL1b 
agro-ecological region. The most prominent great soil group 
in the study site is Reddish Brown Earth. However, soil in the 
studied area has acquired many hydromorphic characteristics 
(such as grey colour) for a longer period. 
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1) Soil pH 

The measured pH values in soil samples in this study ranged 
from 6.9 to 8.6 (Table 01). The measured pH of many soil 
samples (IN3, IN4, IN6, IN7, and OUT) were higher than the 
recommended range ( 6 – 7.5) for RBE [21]. Soils are 
categorized in to several groups based on PH: Acidic (pH < 
6.5), Normal (6.5 < pH < 7.8), Alkaline (7.8 < pH < 8.5) and  
Alkali (pH > 8.5) [26]. According to the above categorization, 
studied soils belong to normal, alkali, and alkaline groups. 
Higher soil pH values might be due to the contamination with 
alkali compounds such as detergents carried by water in 
canals. Soil pH is an important property that expresses the 
acidity or alkalinity of the soil and it is important to determine 
the availability of nutrients, microbial activity, and physical 
condition of the soil [26]. Moreover, soil pH affects the 
chemical reactions between water and soil minerals.  

2) Electrical Conductivity 

The Electrical Conductivity (EC) of the study area during the 
sampling period ranged from 0.8 dS/m to 2.7 dS/cm (Table 
01). Soil EC is a measure of ionic salts in the soil which 
determines the concentration of ionic charges in the soil 
solution [4]. Soil EC in Dry zone soils ranges between 0.005 
dS/m and 0.04 dS/m [21]. The measured EC values in soil 
samples were higher than the reference values which might be 
possibly due to long-term contact of soil with water having a 
higher salt concentration. Moreover, measured soil EC values 
were higher than those of water samples. This can be due to 
the long-term absorption of ions in the flowing water into the 
soil.  

3) Total Nitrogen 

Total nitrogen is the sum of nitrate-nitrogen, nitrite-nitrogen, 
organic nitrogen, and ammonium- nitrogen contents of the 
soil. The observed values for the total N of this study area 
varied from 0.18% to 0.40% during the studied period (Table 
01). Total N in soil range from < 0.02% in subsoils to > 2.5% 
in peats; the surface layer of most cultivated soils contains 
between 0.06% and 0.5% [5]. The observed values were 
within the range. However, the observed values of total N 
were higher than the reference total N (around 0.01%) value 
for RBE [21]. This may be due to the translocation of NO3

- 
and NH4

+ in the water into the soil. The long-term submerged 
condition might lead to the accumulation of organic matter in 
higher quantities followed by an increment of total N.  

4) Soil Available Phosphorous 

Soil Av. P refers to the inorganic forms of P occurring in soil 
solution and is considered to a fairly good measure of P 
supplying capacity of soil [5]. During the studied period, Av. 
P concentration in the studied soil samples varied between 6.5 
mg/L to 34.8 mg/L (Table 01). The reference Av. P value for 
RBE ranged between 3.5 and 24 mg/L [21].  Therefore, Av. P 
concentration in many of the analyzed soil samples within the 

range. However, soil Av. P content in IN7 is higher than the 
maximum limit of the reference ranges indicating higher P 
concentrations in water carried by IN7. Moreover, Av. P 
concentrations in soil were higher than that of the respective 
canal water. These results indicated higher P fixation of in the 
soil.  

Table 1: soil properties in inlet and outlet canals. 

S. No pH 
EC 

(dS/cm) 

Total  N 
conc. 

(mg/L) 

Available 
P 

conc. 
(mg/L) 

Soil 
As 

conc. 
(mg/L) 

IN 1 6.9 1.8 0.33 20.0 0.020 

IN 2 7.4 2.7 0.23 6.5 0.006 

IN 3 8.2 0.8 0.20 6.6 0.006 

IN 4 8.0 0.9 0.19 14.7 0.014 

IN 5 7.1 1.3 0.40 14.6 0.014 

IN 6 8.6 1.5 0.19 11.6 0.011 

IN 7 7.8 1.6 0.18 34.8 0.034 

OUT 8.4 1.0 0.28 12.6 0.012 

 

5) Trace elements 

Soil arsenic (As) level ranged from 0.006 mg/L to 0.034 mg/L 
(Table 01). The maximum permissible level for As in soil is 
0.02 mg/L according to European community set standards 
[10]. According to the results, As the content of many of the 
samples has not exceeded the maximum permissible levels. 
However, the soil sample collected from IN7 has exceeded the 
maximum permissible level. The IN7 canal may be carrying 
water with higher P fertilizer levels, such as TSP which 
contains As as inert matter. Available P concentration of the 
one water sample (out of three) obtained from IN7 recorded a 
higher level than the permissible limit. However, the study 
should be continued for a longer period to confirm the results. 
Cadmium (Cd) concentrations in none of the soil samples 
were not at a detectable level during the studied period. 

IV. CONCLUSIONS 

Considerable temporal variations of the studied water quality 
parameters were observed in the inlet and outlet canals during 
the studied period. The quality of water being carried by 
different canals was significantly different depending on the 
land uses in the immediate surroundings of each canal. The 
chemical properties of soil inside each canal were 
significantly altered by the quality of water being carried out 
by the respective canal. The measured water pH, DO, TDS, 
NH4+-N, and Av. P in some of the water samples were higher 
and EC, TDS, NO3- -N, alkalinity and heavy metals were 
within permissible levels according to WHO drinking water 
quality standards. Continuous supply of polluted water 
through the inlet canal caused to reduce overall suitability of 
water in Nuwarawewa for drinking purpose as well as to 
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occur many other environmental consequences such as 
eutrophication. Hence, implementation of the pollution 
management plan is required to prevent further pollution 
through conducting continuous future studies. 

REFERENCES 

[1] American Public Health Association, (1999). Standard methods for 
the examination of water and wastewater. Washington. DC: 
American public health association., 20th ed. 

[2] Ayres R. S., Westcot, D. W. (1985). Water quality for agriculture. 
FAO irrigation and drainage paper no. 29. Food and agriculture 
organization of the United Nations, Rome. 

[3] Bolleter, W. T., Bushman, C. J., Tidwell, P. W. (1961). 
Spectrophotometric Determination of Ammonia as Indophenol. 
Anal. Chem. 33: 592–594. doi:10.1021/ac60172a034 

[4] Brady, N. C., (1990). The Nature and Properties of Soils, 10th ed. 
Macmillan Publishing Company, 866 Third Avenue, New York 
10022. 

[5] Bremner, J. M., Mulvaney, C. (1982). Nitrogen-total. Methods of 
soil analysis Part 2: Chemical and microbiological properties. 

[6] Bremner, J. M. (1960). Determination of nitrogen in soil by the 
Kjeldahl method. J. Agric. Sci. 55: 11–33. 

[7] Cassardo, C., Jones, J. A. A. (2011). Managing water in a 
changing world. Water 2011 3:618–628.  

[8] Cataldo, D. A., Haroon, M. H., Schrader, L. E., Youngs, V. L. 
(1975). Rapid colourimetric determination of nitrate in plant tissue 
by nitration of salicylic acid. Commun. Soil Sci. Plant Anal. 6: 71–
80. doi:10.1080/00103627509366547. 

[9] Chapman, D. V. (1996). Water quality assessments: a guide to the 
use of biota, sediments and water in environmental monitoring. 
Retrieved on May 10, 2019 
from:https://apps.who.int/iris/bitstream/ 
amerhandle/10665/41850/0419216006_eng.pdf;jsessionid=4DAD
2B0763B46B16BDDF38AFCF93536F?sequence=1  

[10] Chiroma, T. M., Ebewele, R. O. (2014). Comparative Assessment 
Of Heavy Metal Levels In Soil, Vegetables And Urban Grey 
Waste Water Used For Irrigation In Yola And Kano. Int. Ref. J. 
Eng. Sci. ISSN 3: 2319–183. 

[11] Cullen, W. R., Reimer, K. J. (1989). Arsenic speciation in the 
environment. Chem. Rev. 89: 713-764.  

[12] Das, P. M., Singal, R. (2004). Biology of Neoplasia. Journal of 
clinical oncology 22 (22):4632-4642. 

[13] EPA, (1994). Method 3051, Microwave-assisted acid digestion of 
sediments, sludges, soils and oils. Technical Report, Washington, 
District of Columbia. 

[14] FAO (Food and Agriculture Organization) (1985). Water Quality 
for Agriculture, Irrigation and Drainage Paper No 29, Rev. 1. FAO 
of the United Nations, Rome 8-96. 

[15] Goel, P. K. (2006). Water pollution: causes, effects and control. 
New Age International. 

[16] Heathcote, I. W. (2009). Integrated watershed management 
principles and practice. 2nd edition. John Wiley and Sons, New 
Jersey 16-59. 

[17] Illeperuma, O. A., (2000). Environmental pollution in Sri Lanka: a 
review. J. Natl. Sci. Found. Sri Lanka, 28, pp. 301-325. 

[18] Jayasumana, M. A. C. S., Paranagama, P. A., Amarasinghe, M., 
Fonseka, S. J., Wijekoon, D. V., (2011). Presence of Arsenic in 
Pesticides Used in Sri Lanka. Water Professional's Day 
Symposium, Water Resources Research in Sri Lanka, Faculty of 
Agriculture, University of Peradenyia, pp. 127-141. 

[19] Kibona, D., Kidulile, G., Rwabukambara, F. (2009). Environment, 
climate warming and water management. Transit Stud Rev 
16:484–500. 

[20] Kumar, M., Puri, A. (2012). A review of permissible limits of 
drinking water. Indian journal of occupational and environmental 
medicine 16(1):40. 

[21] Mapa, R. B., Somasiri S., Dassanayake, A. R.  (2010). Soils of the 
Dry Zone of Sri Lanka, Special Publication No. 7. Soil Science 
Society of Sri Lanka. 

[22] Murphy, J., Riley, J. R. (2002). A Modified Single Solution 
Method for the Determination of Phosphate. Anal. Chim. Acta 27: 
31–36. 

[23] Qadir, A., Malik, R, N., Husain, S. Z. (2008). Spatio-temporal 
variations in water quality of Nullah Aik-tributary of the river 
Chenab, Pakistan. Environmental Monitoring and Assessment 140 
(1-3):43-59. 

[24] Sagar, S. S., Patil, P. N., Sawant, D. V., Deshmukh, R. N. (2012). 
Physico-chemical parameters for testing of water-A review. 
International Journal of Environmental Sciences 3 (3):1194. 

[25] Sanders, J. G. (1985). Arsenic geochemistry in Chesapeake Bay: 
dependence upon anthropogenic inputs and phytoplankton species 
composition. Mar. Chem. 17: 329-340 

[26] Swanti. J. A., Jagtap, M. S., Patel, K. P.  (2014). Physico-Chemical 
Characterization of farmland Soil used in some villages of 
Lunawada Taluka . Dist : Int. J. Sci. Res. Publ. 4: 1–5. 

[27] USEPA (United States Environmental Protection Agency). (1976). 
Quality Criteria for Water. USEPA, Washington D.C. 352-359 

[28] WHO (World Health Organization), (1984). Guideline for drinking 
water quality, WHO, Geneva 

 

 


