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ABSTRACT

A study was conducted to investigate spatial ardaeal variation ofelected vitaphysicochemical parameters
in Yan Oya of Sri Lanka. Water samplésom sven locations along théan Oya were collected monthly, during 2014/15
representing pre monsoonal, monsoonal and post anaat rainy periods. Results revealed that pH, tatpre,
electrical conductivity, total dissolved solidstaosuspended solids, dissolved oxygen, sodiumrptsn ratio, C&',
Mg?, Na', K*, ammoniacal and nitrate nitrogen were within diféts for aquatic life, environment and irrigatiaturing
monsoonal and post monsoonal rainy periods. Fyrsgmificant variations of physicochemical paraenstwithin the pre,
post and monsoonal rainy periods were observed. dDuhe measured parameters, significant spatiakbtien was
recorded only for ammoniacal and nitrate nitrogehereas it was closely related with the land u$esal river discharge
was 479 million cubic meters and huge nutrient la@d drained to sea especially during the storiowy fyeriods. Water
quality in Yan Oya river basin is in acceptable level and minimal acipof land uses was observed. However, with the
development of agriculture and homesteads in fuitilexpected to be changed. Hence, more attestionld be paid to

maintain the low lying scrub areas, which act asiféer zone along the river.
KEYWORDS: GIS, Land Use, Nutrient Load, Physicochemical Patans, River Basin
INTRODUCTION

Water, the most vital natural resource is one efrtiajor basic needs of human beings. It is avalabtwo basic
forms categorized as surface water and groundw@teface water has the easiest access in fulfibagjc requirements.

Due to this, almost all the major human civilizasowvere centered on river basins.

Characteristics and level of physical, chemical hraogical substances in water determine the guali the
water. Water quality can highly affect the agriaudin irrigation, industrial uses and domestic s$gs including
drinking. Good quality water is most important t@yent the health hazards and to improve life stedal The quality of
water can be assessed by analyzing physicochepécameters and it would also help to identify ptétrsources of
pollutants. Frequent monitoring of physicochemjzatameters of surface water resources is vitabttebmanagement of
water resources as well as aquatic habitats andrthieonment. Studying of physicochemical paranseie Sri Lankan
rivers was reported by many authors. Athukorala.e(2013) and Wickramaarachchi et al., (2013pregul the analysis of

physicochemical variation of water with respectlifferent land uses and sediment analysis, respdgtin Kelani river in
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their separate studies. Welagedara et al., (2@&pYrted a study about water quality variationMahaweli, Kalu, Kelani,
Walawe, Menik andGin rivers in Sri Lanka. Perera et al., (2014) Madughzet al., (2014) and Chandradasa et al., (2013)
reported seasonal and spatial water quality varatin uppeMalwathu Oyain their respective studigslam et al, (2015)
reported the water quality variation Menikriver. Amarasekara et al., (2009) Bandara et 2010), Kotabewatta (2013),
Weerasekara et al., (2015) and Rathnayake (20p®ytesl water quality studies in some tributariedviahaweli River.

However no recent studies were reported in phykiedcal variation of water ian Oya.

Yan Oya (River) originates in the hilly areas Bambulla andSgiriya, flows towards the North- Eastern region of
Sri Lanka and escape to the sea as a fourth om@ems The catchment areaYsin Oyais 1538 ki which is positioned
entirely in the dry zone of Sri Lanka‘an Oyafulfills the water requirement of nearby commurstiacluding irrigation of
their crops. Further, it dischargesabout 482 MCMeda annually, mostly contributed by the secorerintonsoonal rains
and north east monsoonal rains (Manchanayake anddlaaBandara, 1999). Drainage water of agricultiaats
(mainly paddy fields) and homesteads entémn Oya in several places and this may affect to the gualf water.
Stilllimited attention has been drawn to study weder quality inYan Oya; therefore, this study was designed to assess the

spatial and seasonal variation of water qualityan Oyabasin.

MATERIAL AND METHODS

Sampling Locations

Water samples from seven locations along the migdfe of theYan Oya were collected. Characteristics of land

use, major water inputs and special features opiagpoints are listed in the Table 1.

Table 1: Sampling Locations (SL) and Characteristis of Respective Sub Watersheds

Sl. No. Remarks

Located 3 km away from théuruluwewa reservoir

Major water input is drainage water of paddy figlidshe commanding area biuruluwewa
01 reservoir

It also receives spilled water during the spillpayiod of the reservoir

Located 3.5 km away from the sampling point 01

Major water input is drainage water of paddy fiebds tank cascade system and drainage water

02 of homestead areas ‘ékalla town
Located 4.5 km away from the sampling point 02
03 Major water input is drainage water of paddy fiedasl drainage water of homesteads areas of

Gal enbindunuwewa town

Located 6 km away from the sampling point 03
04 Major water input is drainage water of paddy fiedahgl shrub-lands

Located 4.5 km away from the sampling point 04
Major water input is drainage water of paddy fietds tank cascade system and drainage water
of homestead areas of small villages

Located 11.5 km away from the sampling point 05
Major water input is drainage water of paddy fiedasl drainage water of homestead areas of
06 small villages

Just before the sampling point 08an Oya is covered by forest buffer area
Located 14 km away from the sampling point 06

Major water input is drainage water of paddy fiedasl drainage water of homestead areas of
07 small villages

It is the same place of gauging location of IrrigatDepartment of Sri Lanka

05
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Sampling locations in Yan Oya river
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Figure 1: Study Area and Sampling Locations
Rainfall and Stream Flow Data

Rainfall data oHuruluwewa gauging station and rainfall and stream gaugirgnads ofHorowpothana gauging

station were gathered from Meteorological Departno¢isri Lanka and Irrigation Department of Sri kanrespectively.
Water Sampling and Analysis

Sampling was done monthly in 2014/15, representilgmonsoonal period, north east monsoonal rainypge
and post monsoonal period. Total dissolved solid3S), electrical conductivity (EC), dissolved oxygkevel (DO), pH
and temperature were measuraesitu using instruments mentioned in Table 02. Locatibreach sampling point was
recorded using Magellan Triton 300 handheld GP$% &sfore taking a sample, sampling bottles wensad thoroughly
with the water being sampled. After collecting tivater samples, the bottles were kept air tightelled properly,
transported to the laboratory of Agricultural Enggning and Soil Science and stored for furtheryaighile, following

the procedures explained in APHA guidelines fondtad methods for examination water and wastewARHA, 1992).

Available nitrate nitrogen, ammoniacal nitrogenaitable phosphorus, calcium, magnesium, sodiunagsaam
concentrations and total suspended solids (TSS§ werasured using the methods listed in the Talds RBrocedures

explained in APHA guidelines. Sodium absorptionor§8AR) was calculated using the measured data.

Monthly river discharge in MCM was gathered frone tpauging station of Irrigation Department of Sainka, which is
located atHorowpothana, which is as same as last sampling point (07)hef study. Based on the discharge data,
discharged amounts of potassium, available phosghenmd nitrogen (as nitrate or ammoniacal) in theewreleased to the

sea were estimated.
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Table 2: Instruments and Methods used for Water Qubty Analysis

Water Quality Parameter Instrument / Method
Temperature DO meter (EUTECH, CyberScan DO 300)
Dissolved Oxygen DO meter (EUTECH, CyberScan DO)300
Turbidity Turbidity meter (EUTECH, TN 100)

pH Multi parameter analyzer (HATCH, Sension 156)

Electrical Conductivity (EC) Multi parameter anadyZHATCH, Sension 156)
Total dissolved solids (TDS) Multi parameter analyHATCH, Sension 156)

=

Ammoniacal nitrogen 4500 NHF Phenate method

Nitrate nitrogen Salicylic Acid method

Available phosphorus UV visible spectrophotometdvD 2960)

Cd " concentration Atomic absorption spectrophotomeB&iGK Scientific)
Mg®* concentration Atomic absorption spectrophotomeB&iGK Scientific)
Na' concentration Flame photometer (Sherwood, Model 360)

K* concentration Flame photometer (Sherwood, Mode) 360

Total suspended solids Oven dry method

GIS Analysis

Sub watershed areas of respective sampling locatwere delineated using hydro tool of Arc Map 1D.2.
software of ESRI. Elevation data derived from Geoggrth pro software were used to make 5 m intewmatours, which

requires in the delineation process.
Land Use Pattern

Land use data of year 2014 were obtained from #ggaBiment of Land Use and Planning of Sri LankadLase
types at sub watershed levels were extracted ardl uaes were categorized into four major groupagagultural and
homestead (paddy, chena, upland perennials andaptars), Forests and scrubs (forests, forest alemts, scrubs and

marshy lands), water bodies (tanks, ponds, streatm$,and others (gravel pits, roads, rocks, & jurther analysis.
Statistical Analysis

Statistical analyses were carried out to compagewthter quality parameters in pre monsoonal, marsoand
post monsoonal rainy periods. September, DecemizefFabruary were taken to represent the pre moasomonsoonal
and post monsoonal rainy periods, respectivelythieny statistical analysis was carried out to idgnhe spatial variation

of water quality parameters. All statistical analysvere carried out following the ANOVA procedure.

RESULTS AND DISCUSSIONS
pH

pH determines the solubility and biological availiéy of some nutrients. Significantly lower pHJels were
recorded in monsoonal rainy period (7.1) comparethe pre (7.5) and post monsoonal periods (7.8).nmfonsoonal
period also recorded significantly lower pH leveitsmpared to the post monsoonal period. Duringsthdy period pH

varied within the safe limits for irrigation wateses and for aquatic life (6 — 8.5) (CEA, 2001).
Water Temperature

Temperature exerts a major influence on biologicaivities and growth of fish and other aquatie.liburing the

study period, water temperature was within theropth temperature range (24 — %) for many species of warm water
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fishes. Pre monsoonal period (®Z5 recorded significantly higher water temperatagenpared to monsoonal rainy
period (27.8C) and post monsoonal period (ZCY It was resulted by the warm environment wislamount of water in

the river during the pre monsoonal period.
Turbidity

The level of turbidity is a function of geology atmbography of the watershed, land uses and cleaistats of
rainfall. Turbidity levels varied between 11.1 —628 NTU during the study period. Significant diffaces in turbidity
levels were recorded during the monsoonal rainyode{93.6 NTU) compared to pre monsoonal (46.3 NBdy post
monsoonal (43.9 NTU) periods. In the monsoonalyrai@riod, most of the sampling locations recordadtively higher
turbidity levels. In pre monsoonal period some tmoe recorded higher turbidity levels, comparedh® other sampling

locations, which may have been resulted by theidishces by people and animals in times of watacgy.
Dissolved oxygen (DO)

Dissolved oxygen refers to the level of free, nompound oxygen present in water. It is an imporparameter
in assessing water quality due to its influencetlmn aquatic species. Sources of dissolved oxygemaber include the
atmosphere and photosynthesis and it varies acaptdi the temperature and salinity of water. lbalepends on the
decomposition of dead and decaying material pregetite water (Gupta and Gupta, 2006). Desirablecentration of
dissolved oxygen for most fish is 5 ppm and abd@wala and Omoregie, 2009).Significantly lower camtcation of DO
was recorded in the pre monsoonal period (2.9 noghihpared to the monsoonal (11.9 mg/l) and postsoamal (11.2
mg/l) rainy periods. High DO levels in monsoonatl gaost monsoonal rainy periods reflect the moresfglay movements
of water compared to the pre monsoonal period. iguthe premonsoonal period, low DO levels recorttedll the
sampling locations, however, no deaths of fishemevedserved. Although, it was not significant, éasing trend of DO
levels were recorded in the post monsoonal penmtlitacould be due to the chemical and biologicatlation process in

water induced by sediment inflows loaded with ofganaterials.
Electrical Conductivity

Electriacal conductivity of water is due to thestitved salts present in the water. Significantlydo level of EC
was recorded in the monsoonal rainy period (4989/8m) compared to the pre monsoonal (111S/dm) and post
monsoonal (519;85/cm) periods. Post monsoonal period also recosigdficantly lower EC levels compared to the pre
monsoonal period. Low electrical conductivity leveluring the monsoonal rainy periods could be egoedue to the
dilution effect of high rainfall and runoff. Baseh EC values of water, restriction levels for useaa irrigation water
source can be classified as, no restriction (<g8m), slight to moderate restriction (700 — 3Q@cm) and severe
restriction (>300QuS/cm) (Ayers and Westcot, 198Buring the pre-monsoonal period, all sampling laoat fell into

slight to moderate restriction level for irrigatiose.
Total Dissolved Solids

Significantly lower levels of TDS were recorded idgrmonsoonal rainy period (169.3 mg/l) comparethtopre
monsoonal (846.9 mg/l) and post monsoonal (443.1) pgriods Post monsoonal period also recordedifgigntly lower
TDS levels compared to the pre monsoonal perio@. Mhin reason for the low TDS levels during the sommal rainy

period could be the dilution effect. During the qpnensoonal period, TDS levels recorded high vara{iSD=352.7mg/l)
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due additions from stagnated waters during thaiogeln the pre monsoonal period, TDS level washbigthan the
ambient water quality standards (500 mg/l) (CEAQP0 Therefore, use of this water for irrigatiorridg pre monsoonal

period has to be limited to avoid the unfavorabfeuences.
Total Suspended Solids

Total suspended solids varied between 100 — 140Dduagng the study period. However, significantiation of

TSS between the pre, post and monsoonal rainygseriere not observed.
Ammoniacal Nitrogen

The primary source of ammoniacal nitrogen is thélifeers, basically the urea used for crop productwithin
the catchment. The level of ammoniacal nitrogenedabetween 0.7 — 4.9 mg/l during the study peri®ignificantly
lower concentrations of ammoniacal nitrogen recdrigdepre monsoonal (2.3 mg/l) and post monsoondl ifig/l) periods
compared to the monsoonal rainy period (2.6 mgiywever, highest ammoniacal nitrogen concentraf®8 mg/l) was
recorded in November, which is the usual crop distanent period of paddy in the area. This increim@oved the

possibility of adding washout of urea fertilizengéd the runoff water that flowed over the paddydfiein the catchment.
Nitrate Nitrogen

Nitrogen is the nutrient applied in largest quaeditfor crop production. In addition to fertilizeritrogen occurs
naturally in the soil in organic forms from decayiplant materials, animal residues and domestiagewlitrate nitrogen
levels varied between 0.4 — 7.4 ppm during the ysfperiod. Significantly lower concentration of mite nitrogen was
recorded in pre monsoonal (3.0 mg/l) and post momasio(3.3 mg/l) periods compared to the monsocaialyrperiod (4.9
mg/l). Despite the dilution effect, nitrate nitragkevels were increased during monsoonal rainyopledue to washout of
fertilizers and household sewage into the surfaaeemwbodies through surface runoff. During the gtpdriod, nitrate

nitrogen concentrations varied within the rangambient water quality standards of Sri Lanka (CE@Q1).
Available Phosphorus

The most common source of available phosphorusaitembodies are weathering of phosphorus bearicksro
domestic discharges and fertilizers used for afjtical activities. Available phosphorus levels eafibetween 0.009 —
0.096 mg/l during the study period. No significdifferences were observed in available phosphommng pre, post and
monsoonal rainy periods. Neitherany relationshipoagn the available phosphorus, cropping patterns fendizer
application was observed. The reason for the lomcentration of available phosphorus could be thes skleasing nature
of phosphorus compared to other elements. Probidiglymajor phosphorus source would be weatheringess of

phosphorus containing rocks than the applied ieeti.
Potassium

Potassium usually adds to the water from the fegtis applied to the crops within the catchmengnBicantly
lower concentrations of potassium were recordethénpost monsoonal period (4.3 mg/l) compared ¢optte monsoonal
(6.1 mg/l) and monsoonal (5.0 mg/l) rainy periodswever highest potassium concentration (7.0 nwgd} recorded in
November. The main reason for the increase of ptasconcentration could be the washing out ofilieets, applied
during the crop establishment period. However, pmtassium concentration was recorded during th& pEanonsoonal

rainy period possibly due to the dilution effect.
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Sodium

Primary source of sodium in water is the weatheohgocks and soils. Significantly higher concetitna of
sodium was recorded in the monsoonal rainy per8i2( mg/l) compared to the pre (59.2 mg/l) and 43t3 mg/l)
monsoonal periods. High soluble nature of sodiunras in rocks and soils and the household wastalsl e the main

reasons for higher concentration of sodium.
Calcium

Calcium is found in all natural waters. Calcium doned with carbonates form calcium carbonate (CgCO
which contributes for the hardness of water. Sigaiftly higher concentration of calcium was recardepre (195.5 mg/l)
and post (242.6 mg/l) monsoonal periods comparedhto monsoonal rainy period (125.3 mg/l). Low oahai
concentration found can be attributed to dilutiéeetf Calcium concentration of post monsoon per@s significantly
higher compared to pre monsoonal period. This maetbeen resulted by the release of'fé@m the sediments and

suspended materials accumulated in the water bwdygh soil erosion.
Magnesium

Magnesium, found in water in measurable levels @@l$o contribute to hardness of water by combirvisty
carbonate ions and with sulphate ions to form msigne carbonate and magnesium sulphate, respectighyficantly
higher concentration of magnesium was recordeden(6.4 mg/l) and post (20.5 mg/l) monsoonal pioompared to
the monsoonal rainy period (6.9 mg/l). This is akssulted by dilution effect due to heavy raintaild runoff.

Sodium Absorption Ratio (SAR)

Significantly higher sodium absorption ratio wasarled during monsoonal rainy period (10.5) compaoethe

pre (5.7) and post (4.1) monsoonal periods. SARrefmonsoonal period was also significantly higt@mpared to the
post monsoonal period.

Discharge Volume of Water

Figure 1 shows the variation of cumulative rainfdlRF) in two gauging stations within the catchment
Huruluwewa (Hu) rain gauge station, located at the upper @fatie catchment showed early starts of rain€ainpared to
Horowpothana (Ho), which is located at the lower part of thécbanent. Stream flow varied between 1.21 — 7.7lunnd
the study period. Based on the stream flow datdoabwpothana, the discharge volume of river runoff during thady
period was 479.26 MCM.

Variation of Cumulative Rainfall and Stream Flow level
2000 10.0
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500 _,‘rf“ W v o
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——CRF-Ho —#CREF-Hu ——5F-Ho

Figure 2: Variation of Cumulative Rainfall and Stream Flow Levels in Yan Oya
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Quantification of Discharged Amount of Nutrients

Based on the results, potassium discharge varied 569 kg of K/day during the base flow period 8138 kg of
K/day during the storm flow period. Available ppbsrus was discharged from 1 kg of P/day durindothee flow period
to 60 kg of P/day during the storm flow period. @iarged amount of nitrogen (as nitrate or ammofjiaeaied from 86

kg of N/day during the base flow period to 173580kdN/day during the storm flow period.
Relationship between Land Use and Water Quality

Land uses of respective sampling points were apdlyand shown in Table 3. Although high variationlasfd
uses were identified among respective sub watesslugidte similar pattern of land uses were obseimddtal watershed
area of sampling points. All measured parametersep nitrate and ammoniacal nitrogen didn’t show aignificant

variation among the sampling points.

Variation of nitrate and ammoniacal nitrogen alding river is shown in Figure 4. Nitrate nitrogemcentration
is slightly increasing in sample points 01 to 0&n®ling point 04 showed significant reduction ofratie nitrogen
concentration compared to the sampling point 02rEthough the nitrate nitrogen concentration haslyglly changed
after the sampling point 04, no significant vadatiwas observed among the adjacent sampling pdimtsease of
ammoniacal nitrogen levels were recorded at samppioints 01 to 02. Sampling point 04 recorded Sicgmtly low
ammoniacal nitrogen concentration compared to pdtt Sampling point 07 recorded significantly l@mmoniacal
nitrogen concentration compared to sampling pofntSampling points 01 to 03, which are more clésghe agricultural
land uses showed higher concentration of ammonigt@gen, which is directly associated with thelagation of urea
fertilizer. Further, nitrate nitrogen probably dexd through oxidation of ammoniacal nitrogen al$mveed higher
concentrations in initial sampling points. Thesaamtrations decreased at sampling point 04. It beagiue to the uptake
and assimilation by low lying scrubs and marshyd$anloser to the sampling point. Despite of neascultural land
uses to the river, sampling point 05 recorded lowcentrations of nitrate and ammoniacal nitrogeabably due to the
higher oxidation and uptake and assimilation by lgiwvg scrub area closer to that point. Althougé ttver passed by low
lying scrub areas, sampling point 06 recorded 8lighigher ammoniacal and nitrate concentratiomsppbly due to the
nearby agricultural land uses. Similar to the samgppoint 05, sampling point 07 also recorded lameentrations of
nitrate and ammoniacal nitrogen, resulted by thakeand assimilation from low lying scrub aredsede results revealed
that the nitrogen concentration of river is dirgdithked with close- by land use types. This protregt quick movement of

ammoniacal and nitrate nitrogen compared to oth&ients.

Gyawali et al., (2013) recorded significant spatiatiation of water quality parameters such as exatore,
electrical conductivity, and total suspended sadidd dissolved oxygen level with different land sudeurther, Gyawali et
al., (2013) recorded significant spatial variationly for temperature and dissolved oxygen with edéht land uses.
Athukorala et al., (2013) recorded significant afidn of water quality in different land uses inl&®@ River, Sri Lanka.
Amarasekara et al., (2009) reported remarkabletiadddf nutrients in homesteads compared to agricail land uses and
forest areas in hill country of Sri Lanka. The s&de study area is mainly comprised of homesteadsiradustrial land
uses. During the study period, no significant \éoias were observed among all the measured physécoical parameters

except nitrogen, due to mixed type of land us@s térrain and rural localities in sub watershezharinYan Oya Basin.
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Land uses and sub watershed demarcations of the study area

@® Ssampling Locations
[ subwatersned 1
[ sub watersnea 2
D Sub watershed 3
[ sub watershed 4
[ Isubwatershed 5
[ sub watershed
[ sub watershea 7
Study area Landuse
I Agricutture and homestead
Bl roresis and scrubs
Il \aer bodies
B other

Figure 3: Land Use and Sub Watershed Demarcationd the Study Area

Table 3: Different Land Uses in Sub Watershed Level

1 . . 6 0 1.6
2 28.5 89.2 3.5 5.5 1.7 98.1 62.6 17.0 18.f 1(6
3 82.3 78.7 10.7 8.9 1.7 180.4 70.( 142 142 1.7
4 50.5 76.5 12.0 10.4 1.1 230)9 71.4 13(7 13/4 1.6
5 121.1 45.2 43.7 10.1 1.0 3520 62.4 2410 12]3 1.4
6 148.8 59.8 28.2 9.7 2.3 500,8 61.6 25|3 115 1.6
7 359.5 45.0 47.2 7.4 0.3 86014 54.7 34|4 9.8 1.1
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Figure 4: Spatial Variation of Ammoniacal Nitrogenand Nitrate Nitrogen in Yan Oya Basin
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CONCLUSIONS AND RECOMMENDATIONS

All the measured physicochemical parameters werthirwisafe limits for aquatic life, environment and

irrigational water use during the monsoonal and pa@nsoonal rainy periods. Some restrictions wérseoved only for

electrical conductivity, total dissolved solids asidsolved oxygen levels during pre monsoonal periBhysicochemical

parameters showed significant variations amongptiee post and monsoonal rainy periods. Significgdtial variation

was observed only for ammoniacal and nitrate ngrognd they were closely related with the land Ogsal river

discharge was measured as 479 MCM and dischargedrasnof potassium, available phosphorus and rétrqgs nitrate
or ammoniacal) varied from 569 - 53428 kg of K/da - 60 kg of P/day and 86 - 17358 kg of N/dayirmy the study

period.

Compared to the published data on water qualitgroLankan rivers, water quality ivian Oya river basin is in

acceptable level and minimal impact from land use&ge observed. However, this could be changed Withre

development of agriculture and homesteads. Thexefordevelopment plans, more attention shouldibengto maintain

the low lying scrub areas, which act as a buffarezalong the river to maintain the water qualityatteptable level in

future.

ACKNOWLEDGEMENTS

Authors wish to extend sincere gratitude to theeResh, Publication and Higher Degrees CommitteRajérata

University of Sri Lanka for funding this researcbni. Further, authors wish to extend sincere grdétto the Department

of Irrigation, Department of Meteorology and Depzeht of Land Use and Planning for providing necgsdata for the

success of this Study.

REFERENCES

1.

Amarasekara, M.G.T.S., R.M.K. Kumarihamy, N.D.K.y@wansa, and R.P. De Silva (2009). The Impact of
Inappropriate Soil Management on River Water Qualit Case Study in the Kurundu Oya Sub-catchmenhef
Upper Mahaweli Catchment, Sri Lanka. ProceedingdNafional Conference on Water, Food Security and
Climate Change in Sri Lanka Vol. 2:49 — 60.

American Public Health Association (1992).Standaethods for the examination of water and wastewatth
edition. America Public Health Association, Waslhdarg

Athukorala, S.W., L.S. Weerasinghe, M. Jayasooba, Rajapakshe, L. Fernando, M. Raffeeze, and N.P.
Miguntanna (2013). Analysis of water quality vaidatin Kelaniriver, Sri Lanka using principal conmpmnt

analysis. SAITM Research Symposium on Engineeridgadicements: 129 — 135.

Ayers, R.S., and D.W. Westcot (1985).Water Qudlity Agriculture. Food and Agriculture Organizatiohthe

United Nations, Rome.

Bandara, J.M.R.S., H.V.P. Wijewardena, Y.M.A.Y. Bam, R.G.P.T. Jayasooriya, and H. Rajapaksha §2010
Pollution of River Mahaweli and farmlands undeigation by Cadmium from agricultural inputs leaditoya
chronic renal failure epidemic among farmers in NCH®i Lanka. Environ Geochem Health. DOI
10.1007/s10653-010-9344-4

Impact Factor (JCC): 3.2816 NAAS Rating.74



Spatial and Seasonal Water Quality Variation ofyan Oya in Tropical Sri Lanka 55

10.

11.

12.

14.

15.

16.

17.

18.

19.

Bwala, R.L., and E. Omoregie (2009). Organic enmieht of fish ponds: Application of Pig Dung vs. ala
Yield. Pakistan Journal of Nutrition 8(9): 137337B.

Central Environmental Authority (2001). Proposed bdemt Water quality Standards for Inland WatersSoif

Lanka. Environment Action 1 Project. Colombo.

Chandradasa, K.L.A.D.S., and M.G.T.S. Amarasek20a3). Land Use and Water Quality in Upper Malwathu
Oya Stream. BResearch Symposium, Faculty of Agriculture, Ragataniversity of Sri Lanka: 45.

Gupta, S.K., and R.C.Gupta (2006).General and Addkhthyology (Fish and Fisheries). S Chand anehgzoy
Ltd. Ram Nagar, New Delhi.

Gyawali, S., K. Techato, S. Monprapussorn, and @angyai (2013). Integrating land use and wateritugdr
environmental based land use planning for U-tapeer rbasin, Thailand. Procedia — Social and belalio
sciences 91:556 — 563.

Islam, F., N.U. Weerakkody, S.M.R.S. SubhasighK, 8Vickramasekara, R.M.|.T. Dias, and N.P. Migumtan
(2015). Water quality variation in Menikriver in iStanka and people’s awareness. International Rekea

Symposium on Engineering Advancements (RSEA 2018 -109.

Kotabewatta, A. (2013). Water quality in upper dioh of Mahaweliriver in Sri Lanka. Proceedings 25f
International Symposium on water quality and hurhealth: challenges ahead. Postgraduate instituseiefce,

University of Peradeniya: 17.

Madushanka, R.M.G., D.M.S.H. Dissanayaka, and M.&.Rmarasekara (2014). Impact of urban land use on
water quality of upper Malwathu Oya strearf. Snnual research symposium, Faculty of AgricultURejarata

University of Sri Lanka. 15.

Manchanayake, P., and C.M. MaddumaBandara (199%M\@sources of Sri Lanka. National Science

Foundation, Colombo.

Perera, P.A.C.T., T.V. Sundarabarathy, T. Sivareménl, and U. Edirisinghe (2014). Seasonal Vanatif
Water Quality Parameters in Different Geomorphiafiels of the Upper Malwathu Oya in Anuradhapura, S
Lanka. Tropical Agricultural Research Vol. 25 (258 — 170.

Rathnayake, U.S. (2015). Hydrological assessmefibwafin Uma Oya, Sri Lanka. Proceedings of the d2esh

Symposium of UvaWellassa University: 11.

Weerasekara, K.AW.S., A.A.D. Amarathunga, R.R.ASRirantha, N. Sureshkumar, W.D.N. Wickramaarachchi
and S.A.M. Azmy (2015). Assessment of water padlutstatus in Uma Oya, Sri Lanka. Sri Lanka Jouofal
Aquatic. Sciences 20 (2): 31-38.

Welagedara, S.D.L.M., W.N.C. De Silva, U.K. llangaghe, S.M. Igbal, R.M.V. Araliya, and N.P. Migunta
(2014). Comparison of water quality status of majeers in Sri Lanka. SAITM Research Symposium on

Engineering Advancements: 137 — 145.

Wickramaarachchi, T.N., H. Ishidaira, and T.M.N.j&yaratna (2013). Stream flow, Suspended Solidd, an
Turbidity Characteristics of the Gin River, Sri kanENGINEER - Vol. XXXXVI, No. 04: 43 — 51.

www.iaset.us anti@iaset.us






