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Abstract

Thisstudyaimedtoassessthequalityofharvestedrainwaterfrom two(aluminum and
corrugatedzinc)commonlyusedroofmaterialsinseveralurbanandruralpartsof
Africa,andparticularlyinNigeriaforpotableuse,andtoidentifyandselectappropriate
waterqualityindicatorsensitivetovariationsinresponsetorooftypesandprecipitation
samplingtimeregimes.Atotalof36samples(first-flushandpost-flush)weretaken
from twodifferenturbanresidentialroofsduringsixrainfallevents,withinthemonthsof
June(3events)andJuly(3events),andanalyzedforselectedwaterqualityparameters.
Theresultsshowedthatconcentrationswerefarbelowrecommendedguidelines(WHO
andNSDWQ).However,concentrationlevelsinFirst-flushsamplesforthetworoofs
wererelativelyhigherthanPost-flush.Thisimpliesthatqualityimproveswithinitialroof
wash-offastraditionallypracticed.Resultsalsoshowedthatsampling(interval)time
had significantinfluence on quality parameters than roofmaterial.Multivariate
statisticaltoolwasemployedtoidentifyasensitivequalityindicator.Factoranalysis(FA)
wasusedtogroupparametersintosignificantfactorsthatexplainedover72% of
variationsinwaterqualityparameters.DiscriminantanalysisidentifiedSulphateand
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Chlorideasthemostsensitiveparametersforresidentialroofharvestedrainwater,and
therefore,maybeappliedforwaterqualitymonitoringintheregion.

Keywords:Waterqualitymonitoring;rainwaterharvesting;roofrunoff;roofmaterial;

Multivariateanalysis

1.INTRODUCTION

Waterisoneoftheessentialelementsofnaturewhichsupportsaquatic,plantand

humanlife.However,thisimportantnaturalresourceseemstobedepletinginrecent

yearsandmayeventuallybecomelessabundantinthenearfuture,eveninareas

withoutknownoccurrenceofscarcityofthisnaturalresource,asaresultofclimate

change,increasing population,industrialand agriculturalactivities.Theseactivities

makesubstantialdemandsontheavailablefreshwaterresources.InNigeria,towns,

citiesandvillagesusuallyfacewatershortages,attributedtoincreaseinpopulationand

otherfactors(Oria-Usifoetal.,2018).UmuahiaislocatedinAbiaState,South-East

Nigeria.Itisa developing town,more ofan administrative than commercialand

thereforemostofitslocalitiesarehousedbyhundredstothousandsoffamilies.As

muchassomecompoundshaveboreholesdrilledintheircompounds,manyothers

dependonrainwaterfortheirdomesticneedswhiletheoneswithboreholesmay

augmenttheirwatersupplywithrainwater.Therefore,provisionsareusuallymadeto

collectrainwaterwheneveritrainsandstoredforfutureuse.

Roofrainwaterharvesting,whichistheactofdivertingprecipitationwaterfrom aroof

intoareadystorage(Kirisitsetal.,2011),isatraditionalpracticeinurbanandrural

areasinNigeria,becauseofthestressandproductivetimeinvolvedinobtainingwater
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from distantstreamsandrivers.Evenwiththegrowingpopularityofwaterwellsinrural

areasandboreholesinurbanareas,roofrainwaterharvestingseemednottobeathing

ofthepastamongthepopulace.Thequalityofthisroofharvestedwaterisofconcern

asthiswateriscapturedandstoredforpotableusesuchas;drinking,cookingandother

domesticpurposes.Therefore,possiblecontaminationofthiswatersourcehasbeen

observedasoneofthemostcriticalenvironmentalqualityissues(Nosrati,2017).These

roofrainwatercontaminantshavebeenrecognizedtoemanatefrom varyingsources,

including;atmosphericcondition and scavengesfrom aerosols,gasesand volatile

particles;wash-offofparticlesdepositedonroofsurfacesaswellasdegradationof

roofmaterial(Nosrati,2017).

Studieshaverevealedthatwaterharvestedfrom roofscanbehighlypollutedbyheavy

metalsandbacterialpathogens,whichposesaserioushealthrisk(Ahmedetal.,2008;

Simmonsetal.,2011).Ithasalsobeenreportedthatroofmaterialtypeaffectsthe

qualityofharvestedrainwater(Karisitsetal.,2011;Nosrati,2017;Leeetal.,2012;

Chaplotetal.,2018).InastudyconductedbyChaplotetal.(2018),inSouthAfrica,they

notedthatwaterharvestedfrom metallicroofsandconcretefloorscontainedheavy

metalshighabovestandard(WHO,2011)recommendations.Kirisitsetal.(2011),in

anotherstudyinvolvingfive(5)roofingmaterials(Asphaltfiberglassshingle,Galvalume

metal,Concretetile,CoolandGreen),reportedthatrainwaterharvestedfrom anyof

theseroofingmaterialswouldrequiretreatmentforpotableuseafterconsiderable

quantityofinitialfirst-flushdiversion.Theirstudyalsoshowedthatrainwaterfrom

metalroofstendstohavelowerconcentrationsoffecalindicatorbacterialcomparedto

others.Inasimilarstudyoffour(4)roofingmaterialtypestoascertaintheeffectof
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roofingmaterialonchemicalandmicrobiologicalqualityofrainwater,Leeetal.(2012),

reported thatgalvanized steelwas found to be the mostdesirable forrainwater

harvestingapplications,whichmettheKoreanguidelinesfordrinkingwaterquality.

Multivariatestatisticaltechniquessuchasprincipalcomponentanalysis(PCA),factor

analysis(FA),discriminantanalysis(DA),andclusteranalysis(CA)areconsistenttools

widelyemployedinevaluationofsurfaceandsubsurfacewaterquality(Singhetal.2005;

Papatheodorouetal.2006;ShresthaandKazama2007;Omo-Iraboretal.2008;Kvítek

etal.2009).However,Nosrati(2017)inhisstudy,reportedPhosphateandNitrateasthe

mostsensitiveparametersforbitumenandmosaictileroofmaterialandcouldbe

employedinwaterqualitymonitoring.Theyalsoemployedacombinationofmultivariate

statisticaltoolsingroundwaterqualityassessment(NosratiandVanDenEeckhaut,

2011).Theuseofwaterisveryvitalforgrowthofman,securityoflivestockandother

livingorganismswithinanenvironment,thereforeitispertinenttoassessthequalityof

waterconsumedbytheinhabitantsofUmuahiaTowninordertopreservelivesandthe

well-beingoftheusersofrainwater.Arenewedinterestinrainwaterharvesting(RWH)

hasemergedasaresultofescalatingenvironmentalandeconomiccostsofproviding

waterbycentralizedwatersystem orbywelldrilling.Rainwaterharvestinghasthe

potentialtosupplementgroundwaterextractionsinUmuahiametropolisowingtothe

growingpopulation,hence,theneedtoensurethatresidentsareintimatedonthequality

ofthewatergottenfrom theirrooftops.From availableliterature,multivariatestatistical

techniquehasscarcelybeenappliedasatoolinassessingandmonitoringharvested

rainwater.Therefore,theaimsofthisstudyare:(1)Toassessthequalityofrainwater

from differentcommonresidentialroofingsheetsinurbancityofUmuahia,AbiaState.
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(2)Todetermineanindicatorthatcouldbeemployedinwaterqualitymonitoringof

harvestedrainwaterfrom theroofmaterials(corrugatedzincandAluminum)inNigeria.

2.MATERIALSANDMETHODS

2.1Studyarea

UmuahiaisthecapitalcityofAbiaStateinSoutheasternNigeria.Itislocatedalongthe

railroadthatliesbetweenPortHarcourttoitssouthandEnugucitytothenorth.Itisa

developingtown,moreofanadministrativethancommercialcity.Theactivitiesofthe

breweryandceramicscompaniesareconsideredthemajorcontributingsourcesofair

pollution.According to the 2006 census,Umuahia has a population of359,230

inhabitantspredominantlyofIgbotribe.TheclimateatUmuahiaisclassifiedastropical

withmanymonthsoftheyearexperiencing significantrainfall;greaterpartofits

vegetationismadeupofforest(tropicalvegetation).Precipitationaverages2153mm

andislowestinDecemberwithanaverageof15mm andatSeptemberwithanaverage

of322mm (WeatherSpark).A surveyoftheurbanareasofUmuahiarevealedthat

corrugatedzincandaluminum sheetsarethedominantroofingmaterialtypeusedfor

residentialhouses.Ourchoiceofthestudylocation(Fig.1)wasinformedbytherecent

activationofbreweryactivitieswhichcontributetoatmosphericpollutioninthearea.

Roofrainwatersampleswerecollectedfrom tworepresentativeroofs(corrugatedzinc

andaluminum sheet)inthestudyareaforqualityanalysis.
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Fig.1StudyareamapshowingUmuahia-NorthL.G.AinAbiaState

2.2Samplingandsamplingtechnique

We collected three samples each from residentialhouses with aluminum and

corrugatedzincroofsoffairlysameageinusageinurbancityofUmuahia.Firstsample

(first-flush)wascollected atthestartofrainfall,whilesubsequentsampleswere

collected15minsafterat5minsintervalsandlabelledaspost-flush(PF)samples.Any

samplescollectedduringrainfallperiodslessthan30minswerediscarded.Sterilized

300mlbottleswereusedforsamplecollectionandsenttothelaboratoryforquality

analysis.Atotalof36sampleseachfrom urbanhousesweretakenduringsixrainfall

events,withinthemonthsofJune(3events)andJuly(3events)whenprecipitationwas

atitspeak.Waterqualityparameterswereanalyzedinthelaboratoryusingstandard

procedures.

Temperaturewasmeasuredwithconventionalmercurybulbthermometer,pH was

measuredwithacolorimeter(Hannainstrument,H19298),Electricalconductivity,EC

was measured with a conductivity meter (model:DDS-307),Bicarbonate was

determinedbytitrationwithH2SO4,Nitrate,PhosphateandSulphateweredetermined

usingAtomicAbsorptionSpectrophotometer(Buck210VGP,USA).

2.3Statisticalanalysis

Multivariate statisticalanalyses were conducted on the measured waterquality

parametersdata.Preliminarystatisticsfornormalityandsuitabilityofthedataforfactor

analysiswerecarriedout,andMann-WhitneyU-test(non-parametric)wasappliedto

examineforsignificanteffectsofrooftypeandsamplingtimeregime(first-flushand
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post-flushrunoff)onindividualwaterqualityparameters.Additionally,Kaiser-Meyer-

Olkinvalueof0.65andBartlett’stestofsphericityhavingachi-squarevalueof211(p<

0.001)confirmedthefitnessofthedataforfactoranalysis(FA).Also,waterquality

parameterswereconvertedintostandardizedvariablesbeforeapplyingFAtogroupthe

waterqualityparametersintostatisticalfactorsbasedontheircorrelationconstruction

usingprincipalcomponentanalysisforthedetectionandselectionofanappropriate

waterqualityindicator.Standardizevaluesservedtoremovetheeffectofdifferencesin

measurementunitsforthecalculationoffactorloadings.

Eigenvaluesarethemeasureofvarianceexplainedbyeachfactorandfactorshaving

eigenvalueslessthanone,explainedlessvarianceinthedataset(Nosrati,2017).We

considered factors with eigenvalues greaterthan one and subjected same to an

orthogonal(varimax)rotationtominimizethenumberofvariablesloadinghighlyon

eachfactor.Additionally,communalitiesofindividualwaterqualityparameterforfactor

modelwerecalculatedtodeterminetheproportionofvarianceineachwaterquality

parameterexplainedbytherotatedsolution.Wheninterpretingvariableaffinitytoeach

factor,wemarkedwaterqualityparameterswithlowcommunalitiesaslessvital.

Furthermore,factorscoresforeachsamplesetwerecalculatedandusedtoconduct

ANOVAtoexaminesignificantdifferencesamongroofmaterial/samplingtimeregimes.

Significantfactorswereretainedforfurtheranalyses.Discriminantanalysis(DA)was

finallyconducted to selectfactorsthatweremostdiscriminating among theroof

type/samplingtimerunoffcategories,likewisethedominantwaterqualityparameters

constituting the factors.Allstatisticalanalyses were performed using IBM SPSS

Statistics20software.
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3.Resultsanddiscussion

3.1Effectofroofmaterialsandsamplingregimeonroofharvestedwaterquality

Theresultsofthedescriptivestatisticsofthewaterqualityparametersfrom two

differentcommonroofmaterials(usuallyusedforresidencepurposes)withrespectto

samplingtimearepresentedintable1.Sampleswerecollectedat5minutes’interval

afterthefirst-flushforeveryrainfallevent.AveragepHvaluesoffirst-flushandpost-

flush samples forthe two rooftypes were approximately same and within the

permissiblelimitoftheNigerianStandardforDrinkingWaterQuality(NSDWQ,2007).

Waterqualityparametersvaluesoffirst-flushwereobservedtobehighercomparedto

post-flushforthetworoofmaterials.However,Hardness,TSS,Sulphate,Nitrate;and

Sulphate,TSS,Chlorine,ECfollowedacontrastingtrendforAluminum andCorrugated

Zincroofsrespectively.ThisisfairlyincontrastwithresultspresentedbyNosrati(2017),

whichshowedhighervaluesinallwatervariablesofthefirst-flushsamplecompared

withtheposteriorrunoffsample.Thisdifferencecouldbeasaresultofthehigh

pollutionofthestudyareaasindicatedbyNosrati(2017).Allwaterqualityparameters

valueswerefarbelow therecommended orallowablevaluebytheWorld Health

Organization(WHO)andNigerianStandardforDrinkingWaterQuality(NSDWQ)except

forBicarbonatewhichcouldnotbecompared.

TheresultsoftheMann-Whitneytestcarriedouttoobservetheinfluenceofrooftypes

onselectedwaterqualityparametersbeingthedependentvariablearepresentedin

table 3.The resultrevealed thatsamples from corrugated zinc exhibited higher

hardnessvaluethanthatobtainedfrom Aluminum roof.Additionally,alkalinity,total

suspendedsolids,totaldissolvedsolidsandphosphateparametersofthetworoof
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materialsweresignificantlydifferentat5%level,whileotherwaterqualityparameters

showednostatisticalsignificantdifferenceamongtheroofmaterials.Thisisalsoin

contrastwith the observation ofNosrati,(2017),which stated thatno significant

differencebetweenroofmaterials(BitumenandMosaictile)inallthewaterquality

materialstestedat1% levelexceptforpH andsuggestedfurtherinvestigation.The

observationinmyopinioncouldbethatthetworooftypesperhapsmaycompriseof

similarmaterialconstituent.Morrowetal.(2010),notedthatelementalcompositionof

roofharvestedrainwatercanvaryatdifferentpointsofharvestingsystem.Theyalso

revealedthatconcretetileandcoolroofsproduceharvestedrainwatersimilartothat

from metalroofsindicating thatthese roofing materialmayalso be suitable for

rainwaterharvestingapplications.

Furthermore,sametestwascarriedouttocheckforwhichvariable/parametersthe

averagevaluesofthefirst-flushandpost-flushrunoffsignificantlydiffer(Table4).All

otherwaterqualityparametersexhibitedhighsignificantdifferencesinmeanvalues

apartfrom pH,hardness,electricalconductivity,phosphateat5%level(Table4).This

showsthatfirst-flushandpost-flushrunoffhaveasignificantinfluenceondomestic

waterqualityparameters.Thetestalso revealed thatwaterqualityparametersin

individualroof materials were greatly affected by the sampling time.These

observationsareinlinewiththatreportedbyNosrati(2017).Also,theseresultssuggest

thatthesulphate,nitrateandBicarbonateeachpresentsaprospectivepropertyfor

waterqualityassessmentwithinthestudyareasincetheydisplayedhighersignificant

contrastsbetweenthetwosamplingregime(first-flushandpost-flushrunoff).
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Table1.Descriptivestatisticsofwaterqualityparameterswithdifferentroofmaterials/runoffsamplingregimes(n=36)andtheirallowablevalues(WHO&NSDQW)

Water
quality

Aluminum FirstFlush Aluminum Post-Flush CorrugatedZincFirstFlush CorrugatedZincPost-Flush WHO NSDQW

parameters Mean Max. Min. StD Mean Max. Min. StD Mean Max. Min. StD Mean Max. Min. StD

pH 6.59 6.8 6.4 0.13 6.625 6.8 6.5 0.121 6.57 6.7 6.5 0.09 6.5 6.5 6.8 0.97 6.5–

8.5

6.5–

8.5

Alkalinity 39.32 31.014 8.140 0.99 35.731 45.12 30.44 5.023 30.07 31.00 29.31 0.51 29.37 30.83 26.1 1.14 500 -

Hardness 14.76 15.987 13.11 1.00 18.954 23.47 12.93 5.023 32.38 33.08 31.45 0.53 21.99 31.97 13.54 8.11 300 150

TSS 25.366 27.106 24.41 0.936 41.398 58.541 23.02 5.439 41.55 50.03 35.78 4.27 45.03 68.75 35.12 12.52 250 -

TDS 23.382 24.24 25.75 0.754 15.166 18.103 12.75 2.053 15.07 15.67 13.25 0.84 15.11 16.73 13.22 1.44 500 500

EC 0.16 0.26 0.11 0.054 0.13 0.22 0.12 0.22 0.15 0.2 0.12 0.03 0.17 0.26 0.11 0.06 1000 1000

Chloride 22.59 24.24 22.15 0.75 15.73 16.96 14.02 1.05 17.21 19.83 15.74 1.32 19.26 23.09 16.13 12.97 250 250

Sulphate 8.69 10.06 8.12 0.69 13.218 16.88 9.89 2.964 9.74 11.23 9.11 0.74 11.42 13.20 9.01 1.89 200 100

Nitrate 0.979 1.207 0.81 0.136 2.104 2.74 1.59 0.51 1.55 1.92 1.39 0.17 1.52 1.74 1.38 0.10 50 50

Phosphate 0.489 0.57 0.42 0.05 0.430 0.758 0.163 0.28 0.72 0.79 0.61 0.066 0.58 0.76 0.15 0.26 0.05 -

Bicarbonate 921.34 974.56 890.51 32.07 739.6 829.38 650.01 41.918 894.22 900.76 880.48 7.02 784.77 997.48 452.82 200.39 - -

Table2.Correlationcoefficientsofwaterqualityparameterswithindifferentrooftypeandsamplingtimeregime
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Waterquality
parameters pH TSS Cl EC Sulphate Nitrate Phosphate Bicarbonate Alkalinity

pH 1.000

TSS(mg/l) -.066 1.000

Cl(mg/l) -.084 -.060 1.000

EC(μS/cm) .125 .147 .478* 1.000

Sulphate(mg/l) .040 .718* -.126 .024 1.000

Nitrate(mg/l) .091 .645* -.507* -.206 .837* 1.000

Phosphate(mg/l) -.177 -.483* -.227 -.255 -.567* -.442* 1.000

Bicarbonate(mg/l) -.088 -.503* .137 -.145 -.432* -.401* .441* 1.000

Alkalinity(mg/l) -.014 .372* -.385* -.260 .679* .737* -.487* -.309* 1.000

Hardness(mg/l) -.320* .235 -.333* -.376* -.046 .184 .350* .162 -.009

*Significantcorrelationat0.05level
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Table3.ResultsofMann-Whitneytestthatcomparedwaterqualityparameterswithin
aluminum andcorrugatedzincroofmaterials(n=36)

Waterquality Mean

Parameters Aluminum Corrugatedzinc U-value p-value

pH 6.61 6.57 149.0 0.332

Alkalinity(mg/l) 33.37 29.63 87.5 0.007

Hardness(mg/l) 17.41 25.82 72.0 0.002

TSS(mg/l) 35.49 43.75 99.0 0.017

TDS(mg/l) 18.19 15.10 111.0 0.042

EC(μS/cm) 0.14 0.10 150.0 0.380

Chloride(mg/l) 18.26 18.51 157.0 0.493

Sulphate(mg/l) 11.55 10.80 170.5 0.872

Nitrate(mg/l) 1.69 1.53 146.5 0.321

Phosphate(mg/l) 0.45 0.63 97.0 0.015

Bicarbonate(mg/l) 806.60 825.09 149.0 0.358

Table4.ResultsofMann-Whitneytestthatcomparedwaterqualityparameterswithin
runoffsamplingregime(n=36)

Waterquality Mean

Parameters FirstFlush Post-Flush U-value p-value

pH 6.57 6.60 151.0 0.570

Alkalinity 29.70 32.55 105.0 0.056

Hardness 23.57 20.48 109.0 0.074

TSS 33.46 43.21 98.0 0.034

TDS 19.23 15.14 88.0 0.015

EC 0.16 0.15 137.0 0.347

Chlorine 19.9 17.50 84.0 0.011

Sulphate 9.22 12.32 40.0 <0.001
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Nitrate 1.26 1.81 40.5 <0.001

Phosphate 0.61 0.51 141.0 0.414

Bicarbonate 707.78 762.22 46.0 <0.001

3.2Determinationofwaterqualityindicatorforharvestedroofrunoff

Consideringresultsintable2,whichshowsthecorrelationmatrixforten(10)water

qualityparameterswithsignificantcorrelations(p<0.05)observedamong22of45

waterqualityparameterpairs.Theselectedwaterqualityparametersemployedinthe

studyare;pH,Alkalinity,Hardness,TotalSuspendedSolids(TSS),TotalDissolvedSolids

(TDS),Chlorine,Electrical Conductivity (EC),Sulphate,Nitrate,Phosphate and

Bicarbonate.Nosrati,(2017)reportedsignificantcorrelationsamong10of21water

qualitypairsforseven(7)waterqualityparameters.TSShadthemaximum numberof

correlationsamongwaterqualityparametersfollowedbyChlorineandSulphate.TSS

hadapositivecorrelationrangingfrom 0.37– 0.72.Sulphatehadfewernegative

correlationsthanChlorineforallwatersamples.TSSpositivelycorrelatedwithSulphate,

Nitrate,Alkalinity,andanegativecorrelationwithPhosphateandBicarbonate.Thelarge

numberofcorrelationsobservedamongthewaterqualityparameterssuggeststhat

theycanbearrangedintohomogenousgroupsofvariablesbasedontheircorrelation

patterns(Nosrati,2017).Hence,theseparameterscouldbeemployedasindicatorof

waterqualityforroofharvestedrainwater.

Resultsoftable5offactoranalysisperformedonstandardizedvaluesrevealedthat

eigenvaluesgreaterthanoneforthefirstthreefactorsexplainedover72%ofvariancein

themeasuredwaterqualityparameters.Consideringthecommunalitiesoftheindividual



15

waterqualityparameters,thesefactorsexplainedover70%ofthevariabilityobserved

amongthetenwaterqualityparameterswithexceptionofpH,EC andBicarbonate.

Consequently,theseparameterswereregardedasleastimportantasaresultoftheir

lowcommunalitiesvalues.

Examiningloadingconstructoftheparameterstothethreefactors,factor1hadhigh

positiveloadingsforSulphate,Nitrate,TSS,Alkalinityandhighnegativeloadingsfor

PhosphateandBicarbonate(table5).Thesecondfactorhadhighnegativeloadingfor

ChlorineandEC,andfactor3hadhighloadingforpHandHardness.Itisimportantto

statethatTDSwasremovedfrom theanalysisbecauseitwasnotquiteclearwhich

factoritcouldbeassociatedwithasaresultofitscross-loading.Also,factorloadings<

0.3weresuppressedandexcludedfrom thetable.

Factor scores were used to test for significant differences as regards roof

type/samplingintervalsusingANOVA.Apartfrom factor3,theothertwofactorsvaried

significantlywithrooftype/runoffsamplingtime(table5).Meansoffactorscoresfor

factor1werepositiveforaluminum/post-flushandcorrugatedzinc/post-flushrunoff,

and negative for aluminum/first-flush and corrugated zinc/first-flush. Also,

aluminum/postflushhadlargervaluethancorrugatedzinc/post-flush(table5).

FollowingtheresultofANOVA,factor3wasexcludedasavariableinthesubsequent

DA.Discriminantanalysiswasconductedwiththerooftype/samplingtimeasgrouping

variableand factors1 and 2 asindependentvariables.Considering thecanonical

discriminantfunctioncoefficients,itrevealedtheweightingsattributedtoeachfactorto

maximizedifferencesbetweengroups.DAofthetwofactorsshowedthatdiscriminant

coefficients(Eq.1)accountedfor>56%ofthevariance(p<0.001).
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Y=0.963 +0.421(Factor2) (1)(Factor1)

Table5.Proportionofvarianceoforthogonal(varimax)rotationandcommunality

estimatesofthewaterqualityparameters

Waterqualityparameters F1 F2 F3 Communality

estimates

pH -0.811 0.67

Alkalinity(mg/l) 0.7151 0.423 0.70

Hardness(mg/l) 0.429 0.748 0.75

TSS(mg/l) 0.827 0.325 0.80

EC(μS/cm) -0.791 0.66

Chloride(mg/l) -0.867 0.77

Sulphate(mg/l) 0.909 0.83

Nitrate(mg/l) 0.838 0.451 0.91

Phosphate(mg/l) -0.739 0.322 0.74

Bicarbonate(mg/l) -0.644 0.44

Eigenvalues 3.8 2.2 1.2

%Totalvariance 38.1 22.2 12.4

Cumulative%variance 38.1 60.3 72.7

ANOVAresults

F-value 4.538 25.320 0.660

p-value 0.04 <0.001 0.422
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Meanscoresofroofmaterial/samplingtimeregimes

Aluminum/first-flush -0.919a -0.926a

Aluminum/post-flush 0.756b2 0.779b

Corrugatedzinc/first-flush -0.457ab 0.406b

Corrugatedzinc/post-flush 0.046ab -0.476ab

1Boldvaluesindicatesstrong(>0.7)loadings

2Differentsmalllettersineachcolumnindicatethatscoresaresignificantlydifferent

at5%levelbasedonTukeyHSDPost-Hoctest

Observingthevaluesofthediscriminantfunctioncoefficientsin(Eq.1),factor1wasthe

highestcontributor.Thus,factor1wasmostdominantindiscriminatingbetweenroof

type/samplingtimeregimes,andconsideredasthemostessentialfactorapplicablefor

assessingwaterqualityindicator.Waterqualityparametersconstitutingfactor1are;

Sulphate,Nitrate,TSS,Phosphate,Alkalinity,Bicarbonate.

Discriminantanalysiswasfurtherconductedontheindividualwaterqualityparameters

comprising factor 1.The canonicaldiscriminant coefficients of water quality

parameters thatconstitute factor1 revealed thatSulphate,followed by Chloride,

Hardness,Nitrate,TSS,PhosphateandEC werethemostimportantdiscriminating

waterqualityparametersamongroofmaterial/runoffsamplingtime(Eq.2).

WQI=1.09 +0.93 +0.76 +0.40 -0.343 -0.341(SO2-

4
) (Chlorine) (Hardness) ((NO

-

3)) (TSS)

(2)(PO3-

4
)
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However,themostdominantandsensitivemeasuredwaterqualityparameterswere

SulphateandChloride(Eq.2).SulphatewasnotcorrelatedtoChloride(r=–0.126;table

2).Therefore,bothparametersdisplayedhighpotentialforobservingandassessing

variationsinwaterqualitywithchangesinroofmaterial/runoffsamplingtimeforroof

harvestedrainwaterwiththestudyarea.

Conclusion

Waterqualityassessmentwasconductedonrainwaterharvestedfrom two(Aluminum

andCorrugatedZinc)roofmaterialswidelyusedforresidentialhousesinNigeria,using

UmuahiainAbiaStateascasestudy.Theselectedwaterqualityparametersassessed

inthestudyare:Sulphate,Nitrate,Chloride,Phosphate,Bicarbonate,Alkalinity,Electrical

Conductivity,pH,TSS,TDSandHardness,whichconcentrationswerecomparedwith

recommendedguidelines(WHOandNSDWQ).Allmeasuredwaterqualityparameters

werebelow recommendedguidelines,butconcentrationsobservedinallfirstflush

sampleswerehigherthanpost-flushsamplesforthetworoofs,exceptpHwhichwas

approximatelysameforallsamples.Theresultsalsoshowedthatsamplinginterval

(firstflush and post-flush)was the mostinfluencing factoron the waterquality

parametersandshouldbeconsideredinrainwaterharvesting.Althoughroofmaterial

hadsignificanteffectonafewwaterqualityparameters,theroofmaterialsinvolvedin

thestudycouldberegardedasappropriateforrainwaterharvesting.Sincebiological

qualityassessmentwasnotinvolvedinthestudy,treatmentoftheharvestedrainwater

isrecommended,asbiologicalcontaminantsmaybepresentinthesamplesandtheir

levels mayexceed guidelines.Overall,this studyhad established thatapplying a

combinationofstatisticaltoolscouldserveasausefulprospectforassessmentand

selectionofsuitablequalityindicatorforroofrainwater.Also,from theresultofthis
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study,itcouldbeinferredthatambientairqualityofthefocusenvironmentisconducive

enoughfortheresidents.Lastly,sincemoststudiesonroofharvestedwaterquality

werefocusedonurbanareas,andagain,sincetheambientairqualitywidelydifferby

location,additionalstudy,wesuggestcouldbeinvestigatingthesensitivityofthe

selectedwaterqualityindicatorsforotherregionsespeciallyruralareas.
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