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ABSTRACT 
Theresearchwascarriedouttocomparethepotentialsan

deffectivenessofplant-

basedmaterialsascoagulantsinrawwatertreatment.Al

oeVeraGel,SeedsofMoringa,TamarindandWaterMe

lonwereusedasnaturalcoagulants,totreatrawwater.M

oringaseedspowder,AloeVeragelandTamarindseeds

powderandAloeVeragelandWaterMelonSeedsPowd

erwereprepared.Jartestanalysiswascarriedout,usings

tiringtimeof30minutesand400rpmthroughouttheexp

eriment.Settlingtime,pH,turbidityremoval,percenta

geofcoagulationperformance,TDSandTSSwereanal

ysed.Settlingtimeof5minutes,pHof7.21,finalturbidit

yof21coagulationperformanceof95.3%,turbidityrem

ovalof429NTU,TDSof118mg/landTSSof0.08gwere

recordedforMoringaseedspowder.Also,4minutes,18

NTU,6.93,96%,432NTU,138mg/land0.08gwererec

ordedusingAloeveragelforsettlingtime,finalturbidity

,pH,percentageofcoagulationperformance,turbidityr

emoval,TDSandTSSrespectively.Also,23minutes,7.

31,33NTU,92.5%,417NTU,160mg/land0.32gwerer

ecordedusingTamarindseedspowderforsettlingtime,

pH,finalturbidity,percentageofcoagulationperforma

nce,turbidityremoval,TDSandTSSrespectively.And

34minutes,6.97,49NTU,91.1%,138NTU,138mg/La

nd0.23gwererecordedusingwatermelonseedspowder

forsettlingtime,pH,finalturbiditypercentageofcoagul

ationperformance,turbidityremoval,TDSandTSSres

pectively.Itwasdiscoveredthatalltheplants-

basedmaterials(AloeVera,Moringa,TamarindandW

aterMelonseeds)havethepotentialstoeffectivelyserve

sascoagulantandalsohavethepotentialstoserveasdisi

nfectantsinrawwatertreatment 

Keywords:AloeVeragel,Moringaseeds,Tamarindse

eds,WaterMelonSeeds,coagulationperformance,tur

bidityremoval,SettlingtimeandStiringtime. 

 

I. INTRODUCTION 
Waterisoneofthebasicneedsforlivingorgani

sms(bothplantsandanimals)toliveonEarth.Forhuman

beings,itisnotwaterpersay;butcleanandpureone.Acle

anandpurewateristheonewhichdonothaveanydisease

-

causingpathogensandwhichundergoesproperwatertr

eatmentprocesses,andthusreadyforconsumption(W

HO,2017).Itisvitalforsocietiestohavecleanandpurew

ater,asshortageofit,causeswaterbornediseases,which

arekillerdiseases(WHO,2017).Accesstosufficienta

mountofcleanandpurewaterisvitalforhumanhealthan

dsocioeconomicdevelopment,because70%ofhuman

bodyismadeupofwater(Kulinkinaetal..,2016)Thatis

why,WorldHealthOrganization(WHO,2017),putmu

chemphasisoncleanwaterandisalwaysensuringthatp

eopleinbothruralandurbanhaveaccesstocleanwater;n

otonlyWHO,butgovernmentandprivateorganization

s.Despitethefactthat70%oftheearthiscoveredwithwa

ter,only3%ofthewaterisclean,pureandsafefordrinkin

g(WHO,2011).Thesestatistics,iswhatmakesprovidin

gcleanwatertosocietiesbypoliciesmakersadauntingc

hallenge,becausecurrentlyabout1.1billionpeople(bo

thruralandurban)arefacingandexperiencingtheprobl

emofcleanwatershortage(WHO,2011).Thisroughlya

ffects27%ofworldpopulationandthushighlightingthe

realthreattheproblemiscausing,whichinthelastdecad

edescribedas"GlobalWaterCrisis"(CainandGleick,2

005)and"GlobalWaterScarcity"(UnitedNation,2013

).Failuretoprovidesafedrinkingwaterandadequatesa

nitationservicestoallpeopleisperhapsthegreatestdeve

lopmentfailureofthetwentiethcentury(Gleick,2005) 

Inorganiccoagulantsreferstometalcoagulan

tswhicharegenerallybasedonaluminumandiron.They

areusedinwaterandwastewatertreatment.Duetotheira

vailabilityandeffectiveness,theyarethemostusedcoa

gulant.Theyinclude:AluminumSulphate,Aluminum
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Chloride,AluminumChlorohydrate,SodiumAlumina

te,PolyaluminiumChloride,PolyaluminiumSulphate

(Bratby,2016).Ironcoagulantinclude:FerricSulphate

,FerricChloride,FerrousSulphate(Bratby,2016).Hyd

ratedlimeandmagnesiumcarbonateareotherexamples

ofmetalcoagulant,notbasedonaluminumandiron.Du

etotheireffectivenessandavailability. 

Naturalcoagulantsarederivedfromplantsan

danimalssourceandaregenerallyregardedasorganicp

olymers.Naturalcoagulantsaretoxicfree,biodegradab

le,cheapandavailable.Itwasreportedthat,over50natur

alcoagulantsarebeingreportedforwatertreatment(Sal

eemandBachman,2019).Naturalcoagulantsgainsadv

antageoverchemicalcoagulants,duetovariousreasons

.Amongthemisthat,naturalcoagulantsaresaferthanch

emicalcoagulants.Byusingchemicalcoagulants,there

willbeapossibilityofresiduepresentinthewateraftertr

eatment,whenconsumed,theresidueofchemicalcoag

ulantssuchasalumisharmful,bycausingAlzheimer'sdi

sease(GardeandBuchberger,2017).Ontheotherhand,

residueofnaturalcoagulantisnotharmful.Naturalcoag

ulantsarecheapercomparedtochemicalcoagulants.Th

isisbecauseduringtreatment,chemicalcoagulantslike

alumneedscoagulantaidtoeffectivelytreathighturbid

water,thusmakingitmoreexpensiveanddifficulttobeu

sedinpoorcountries,whereasnaturalcoagulantscanea

silybeextractedfromvariousplantswasteswhichreduc

esthecostoftreatment(Antovetal..,2010).However,fo

rnaturalcoagulantstobeusedatcommercialscale,itmu

stbeabundantandlocallyavailable.Naturalcoagulants

havesomedisadvantages,becauseitincreasestheorgan

icmatterpresent,thusincreasingmicrobialactivity.Nat

uralcoagulantsneedslongersedimentationandsettling

timeandtheremovalefficiencyofbacteriaisnothigh,th

usbringingthepossibilitiesofsecondarybacterialgrow

th(Awadetal..,2013) 

 

1.1STATEMENTOFPROBLEM 
Theusesofinorganicandsyntheticcoagulantsforwater

treatmentiscostlyandhavesideeffecttohealthofpeople

,andnoteveryonehaveaccesstothem.Recentstudiesha

veindicatedanumberofseriousdrawbackslinkedtothe

useofaluminumsaltssuchasAlzheimer’sdiseaseassoc

iatedwithhighaluminumresidualsintreatedwater,exc

essivesludgeproductionduringwatertreatmentandco

nsiderablechangesinwaterchemistryduetoreactions

withtheOH
-

andalkalinityofwater.Inaddition,theuseofalumsaltsis

inappropriateinsomedevelopingcountriesbecauseoft

hehighcostsofimportedchemicalsandlowavailability

ofchemicalcoagulants(Adejumoetal.,2013).Also,mo

nomersofsomesyntheticorganicpolymerssuchasacry

lamidehaveneurotoxicityandstrongcarcinogenicpro

pertiesandbecauseofthis,therehasbeenconsiderablei

nterestinthedevelopmentofnaturalcoagulantswhicha

resafeforhumanhealthandbiodegradable(Ghebremic

hael,2004). 

Ontheotherhand,AloeVera,seedsofMoringa,Tamari

ndandWaterMelonareabundant,cheap,andarealways

discarded.Thisalwaysaddstoenvironmentalpollution

andtheirunderutilization. 

 

1.2JUSTIFICATION 
CleanandPortablewaterisoneofthemajoring

redientsusedintheproductionofmostfoods,especially

softdrinks.Coagulationprocessisoneofthemainstages

fortheproductionofcleanandportablewaterfromsurfa

cewater(rawwater).AloeVeragel,seedsofMoringa,T

amarindandWaterMelonservesascheapest,available,

biodegradableandeasiestsourceofnaturalcoagulantsf

orwatertreatment,especiallyatdomesticlevel.Harnes

singthepotentialofthesenaturalproductswillhelpinre

ducingenvironmentalpollution,whichtheybringandp

roducingacheapandeffectivecoagulant.Peoplelivingi

nruralareas,usesnaturalplantmaterialsforhousehold

watertreatment,thus,assessingandevaluatingthepote

ntialsofplantmaterialsasnaturalcoagulantinadvance

watertreatmenttechnologywillprovidebetterandsust

ainableknowledgeforimprovedhouseholdwatertreat

mentwhichcanalsobetransferredbacktoruralareas. 

 

1.BROADOBJECTIVES 
Thebroadobjectivesofthisresearchistocomparethepo

tentialsandeffectivenessofplant-

basedmaterialsasnaturalcoagulantsinrawwatertreat

ment 

 

1.4SPECIFICOBJECTIVES 

Thespecificobjectivesofthisworkare: 

TocarryoutjartestanalysisforAloeVeragel,Moringa,

TamarindandWaterMelonseedspowder,andcompare

theireffectiveness. 

Toanalyzethephysicalparametersofthewaterafterthej

artest(pH,turbidityremoval,coagulationperformance

,TDSandrateofsettling). 

To analyze the chemical parameters of the water 

after the jar test ( acidity , alkalinity , hardness  and 

chlorides 

 

II. MATERIALS AND METHODS 
2.1SourcesofMaterials 

Therawwatersamplewascollectedattheback

ofZobewatertreatmentplantsamplecollectionpoint.T

heseedsoftheMoringawasobtainedfromanearbyirrig

ationfarmatDutsin-

Matown;theAloeVerawasobtainedatthenurserygard

eninDutsin-

Matown,KatsinaStateNigeria,whilewatermelonseed

swasobtainedatDutsin-Mamarket 

 

2.2.1PreparationofAloeVeraGel 
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ThesamplesofthefreshAloeVera(25–

30cm)longwasselectedandcollectedinapolyethylene

bag,andtakentothelaboratoryintheZobeWaterTreat

mentPlant.TheAloeVerawaswashedthoroughlywith

cleanwaterandcutintopiecesusingrazorblade.Thepie

cesoftheAloeVerawasthengrindedusingelectricblen

dingmachine.Theblendwasfilteredtoseparatethegelf

romthefiberoftheAloeVera.Thegelwasthenintroduce

dintothe500mldistilledwaterandstirredwellusingstir

rerfor40minutes.Thesolutionwasstrainedthroughasi

eveof30mm.ThefiltratewascollectedasAloeVeragel

andstoredinarefrigerator(Amrutaetal..,2017) 

 

2.2.2PreparationofMoringaSeedsPowder 

Theseedsofthemoringawaswashedwithcleanwater,a

ndthendriedusingovenat55degreecelsiusfor4hours.T

hedriedseedswillbegrindedusingpestleandmortar,an

dthepowderedMoringaseedswillbeobtained(Saleem

andBuchman,2019) 

 

2.2.3PreparationofWatermelonseedPowder 

Thewatermelonfruitswasslicedopenusingacleanstai

nless-

steellaboratoryknifetoobtaintheseed.Theseedswasw

ashedseverallywithwater,sun-

driedforaweek,sortedtoremovebadones,shelledandg

roundwithahigh-

speedlaboratoryelectricblender,packedinanairtightc

ontainer.50gofthecrushedseedswaspackedinathimbl

eandplacedinasoxhletextractionapparatus.300mlofn

-

Hexanewasusedtoextractoilfromthecrushedseedinth

ecolumn.Theapparatuswasleftrunningforabout5hrsa

ndstoppedwhentheextractionwascomplete.Thecake

waswashedwithdistilledwatertoremoveresidueofthe

n-

Hexane,driedinanoventillconstantweightandthensie

ved.Thefinerparticleswasusedasthecoagulant(Ezehe

tal..,2017) 

 

2.2.4PreparationofTamarindSeedsPowder 

Thewholeseedsofthetamarindwaswashedseverallyw

ithwater,sun-

driedforaweek,sortedtoremovebadones,shelledandg

roundedtoafinepowderusingalaboratorymill.Alltheg

roundedmaterialswassievedthrough750μmsieveandt

hefractionwithparticlesizeslessthan750μmwasusedi

nexperiments. 

 

2.2.5ProcedureforJarTestAnalysis 
Thejartestanalysiswascarriedoutbyputtingvariousgr

ams(1g,2g,3g,4g,5gand6g)ofAloeVeragelinthesixb

eakerscontainingtherawwater,whilethespeedofthem

achinewasadjustedslowly.Aftervaryingthegramsoft

heAloeVeragel,thespeedwasincreased.Themixtureo

fboththerawwaterandthegelwasstirredataspeedof40

0rpm(revolutionperminute),for30minutes.Thejartes

tmachinewasthenswitchedoff.Thesameprocedurewa

srepeatedforMoringaseedspowder,Tamarindseedsp

owderandWaterMelonSeedsPowderrespectively(A

PHA,2005).Thefollowingobservationsweremadedu

ringtheanalysis: 

Therateofformationofflocs 

Therateofsettlingofflocs 

Clarityofthewater 

2.2.6DeterminationofpH:Procedureof(APHA,200

5)wasused 

2.3.2DeterminationofTurbidity:Procedureof(AP

HA,2005)wasused 

2.2.7DeterminationofTDS:Procedureof(APHA20

05)wasused 

2.2.8DeterminationofTSS:Procedureof(APHA200

5)wasused 

 

2.2.9AnalyticalMethods 

Theeffectsofthesepowderedseedsandgelascoagulant

wasdeterminedbasedontheperformanceofcoagulatio

nactivityandturbidityremoval.Coagulationactivityw

asconductedbasedon(Kukicetal..,2010)whileturbidit

yremovalexpressedinNTU(nephelometricturbidityu

nit)wasdeterminedusingturbiditymeterHACH2100

Q.Equations1and2showsthecalculationsformulastoc

omputethepercentageofcoagulationperformanceand

turbidityremoval. 

 

TurbidityRemoval=InitialTurbidity-

FinalTurbidityTr=Ti-Tf..........Equation(1) 

WhereTr=TurbidityRemoval 

Ti=InitialTurbidity 

Tf=FinalTurbidity 

CoagulationPerformance(%)= ×100%.......

.......Equation(2) 

 

Table showing  the results of Initial parameters of the raw water 

S/No Parameters InitialValues 

1 Odour Objectionable 

2 Colour 20 

3 Taste Unobjectionable 

4 MouthFeel Unobjectionable 

5 OverallAcceptability Objectionable 

6 pH 7.02 
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7 Turbidity 450mg/L 

8 TDS 550mg/L 

9 TSS 2.04g 

10 Hardness 19.8mg/L 

11 Acidity 8.2mg/L 

12 Alkalinity 120mg/L 

13 Chloride 40mg/L 

 

Table 1.Results for Aloe Vera Gel 

Coagu

lant 

Dose 

(g) 

Stirring 

Time 

(min) 

Rateo

f 

Settli

ng 

(min) 

Initial 

Turbidity 

(NTU) 

Final 

Turb

idity 

(NT

U) 

Turbidity 

Removal 

(NTU) 

Coagulation 

Performance 

(%) 

pH TDS 

(mg/L 
 

TSS 

(g) 

1 30 5 450 25 425 94.4 6.69 180 0.01 

2 30 4 450 21 429 95.3 6.72 176 0.01 

3 30 4 450 21 429 95.3 6.83 135 0.06 

4 30 3 450 17 433 96.2 7.01 117 0.13 

5 30 3 450 15 435 96.6 7.10 117 0.16 

6 30 2 450 09 441 98.0 7.23 103 0.16 

 

Table2.ResultsforMoringaSeedsPowder 

Coag

ulant 

Dose 

(g) 

Stirring 

Time 

(min) 

Rateof 

Settling 

(min) 

Initial 

Turbidity 

(NTU) 

Final 

Turbi

dity 

(NTU) 

Turbidity 

Removal 

(NTU) 

Coagul

ation 

Perfor

mance 

(%) 

pH TDS 

(mg/L 
 

TSS 

(g) 

1 30 08 450 27 423 94.0 6.90 134 0.01 

2 30 08 450 25 425 94.4 7.01 134 0.01 

3 30 06 450 23 427 94.8 7.10 122 0.05 

4 30 05 450 20 430 95.5 7.21 107 0.10 

5 30 05 450 18 432 96.0 7.25 105 0.15 

6 30 03 450 13 437 97.1 7.26 103 0.18 

 

Table3.ResultsforWaterMelonSeedsPowder 

Coagul

ant 

Dose 

(g) 

Stirring 

Time 

(min) 

Rateof 

Settlin

g 

(min) 

Initial 

Turbidity 

(NTU) 

Final 

Turbi

dity 

(NTU

) 

Turbidity 

Removal 

(NTU) 

Coagul

ation 

Perfor

mance 

(%) 

pH TDS 

(mg/L) 
 

TSS 

(g) 

1 30 37 450 42 408 90.6 6.80 140 0.20 

2 30 36 450 42 408 90.6 6.82 140 0.21 

3 30 36 450 41 409 90.8 6.92 138 0.21 

4 30 34 450 39 411 91.3 7.01 138 0.25 

5 30 29 450 37 413 91.7 7.05 137 0.26 

6 30 29 450 37 413 91.7 7.25 132 0.26 

 

Table4.ResultsforTamarindSeedsPowder 

Coagul

ant 

Dose 

(g) 

Stirring 

Time 

(min) 

Rateof 

Settling 

(min) 

Initial 

Turbidity 

(NTU) 

Final 

Turbi

dity 

(NTU

) 

Turbidity 

Removal 

(NTU) 

Coagul

ation 

Perfor

mance 

(%) 

pH TDS 

(mg/L) 
 

TSS 

(g) 

1 30 25 450 38 412 91.5 6.92 166 0.30 
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2 30 25 450 38 412 91.5 7.01 166 0.30 

3 30 23 450 37 413 91.7 7.20 162 0.35 

4 30 23 450 30 420 93.3 7.22 157 0.32 

5 30 20 450 28 422 93.7 7.31 155 0.32 

6 30 17 450 28 422 93.7 7.10 155 0.33 

 

Table5.ResultsforChemicalAnalysis(MoringaSeedsPowder) 

Coagulant 
Dose 

(g) 

Acidity 
Removal 

(mg/L) 

Final 
Acidity 

(mg/L) 

Alkalinity 
Removal 

(mg/L) 

Final 
Alkalinity 

(mg/L) 

Chloride 
Removal 

(mg/L) 

Final 
Chloride 

(mg/L) 

Hardness 
Removal 

(mg/L) 

Final 
Hardness 

(mg/L) 

1 4 4 65 55 23 17 11.5 8.3 

2 4 4 65 55 23 17 11.6 8.2 

3 5 3 70 50 24 16 12.4 7.4 

4 5 3 70 50 27 13 12.4 7.4 

5 5.5 2.5 70 50 27 13 12.5 7.3 

6 6 3 70 50 29 11 12.2 7.6 

 

Table6.ResultsforChemicalAnalysis(AloeVeragel) 
Coagulant 
Dose 

(g) 

Acidity 
Removal 

(mg/L) 

Final 
Acidity 

(mg/L) 

Alkalinity 
Removal 

(mg/L) 

Final 
Alkalinity 

(mg/L) 

Chloride 
Removal 

(mg/L) 

Final 
Chloride 

(mg/L) 

Hardness 
Removal 

(mg/L) 

Final 
Hardness 

(mg/L) 

1 3.4 4.6 37.0 63.0 19.0 21.0 10.1 9.7 

2 3.6 4.4 36.5 63.5 19.0 21.0 10.5 9.3 

3 4.1 3.9 60.9 59.1 19.5 20.5 12.7 7.1 

4 5.0 3.0 61.5 58.5 19.6 20.4 12.9 6.9 

5 5.1 2.9 64.0 56.0 20.2 19.8 12.9 6.9 

6 5.2 2.8 64.1 55.9 22.0 18.0 14.2 5.6 

 

Table7.ResultsforChemicalAnalysis(TamarindSeedsPowder) 

Coag

ulant 

Dose 

(g) 

Acidit

y 

Remo

val 

(mg/L

) 

Final 

Acidity 

(mg/L) 

Alkalinity 

Removal 

(mg/L) 

Final 

Alkalinity 

(mg/L) 

Chlori

de 

Remov

al 

(mg/L) 

Final 

Chloride 

(mg/L) 

Hardness 

Removal 

(mg/L) 

Final 

Hardn

ess 

(mg/L) 

1 3.4 4.6 37.0 63.0 19.0 21.0 10.1 9.7 

2 3.6 4.4 36.5 63.5 19.0 21.0 10.5 9.3 

3 4.1 3.9 60.9 59.1 19.5 20.5 12.7 7.1 

4 5.0 3.0 61.5 58.5 19.6 20.4 12.9 6.9 

5 5.1 2.9 64.0 56.0 20.2 19.8 12.9 6.9 

6 5.2 2.8 64.1 55.9 22.0 18.0 14.2 5.6 

 

Table8.ResultsforChemicalAnalysis(WaterMelonSeedsPowder) 

Coagulant 

Dose 
(g) 

Acidity 

Removal 
(mg/L) 

Final 

Acidity 
(mg/L) 

Alkalinity 

Removal 
(mg/L) 

Final 

Alkalinity 
(mg/L) 

Chloride 

Removal 
(mg/L) 

Final 

Chloride 
(mg/L) 

Hardness 

Removal 
(mg/L) 

Final 

Hardness 
(mg/L) 
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1 2.4 5.6 51.7 68.3 13.7 26.3 9.1 10.7 

2 2.2 5.8 51.8 68.2 13.8 26.2 9.6 10.2 

3 2.2 5.8 52.7 67.3 14.7 25.3 10.5 9.3 

4 1.9 6.1 57.1 62.9 16.0 24.0 10.8 9.0 

5 1.8 6.2 57.2 62.8 16.4 23.6 11.2 8.6 

6 1.8 6.2 58.8 61.2 16.8 23.2 11.3 8.5 

 

III. DISCUSSION OF RESULTS 
Table1showedtheresultsforstiringtime,rateofsettlin

g,pH,turbidityremoval,coagulationperformance,TD

SandTSSforthejartestanalysiscarriedoutusingMorin

gaseedspowder.Thevaluesforthesettlingtimerecorde

dwere8minutes,8minutes,6minutes,5minutes,5minu

tesand3for1g,2g,3g,4g,5gand6grespectively.Theres

ultsshowedthatasthemassoftheMoringaseedspowder

wasincreased,thesettlingtimedecreased.Thiswasobs

ervedat1g,whichtook8minutestosettledtheflocsparti

clesand6gwhichtook3minutes.Thisshowedasignific

antdifferenceof5minutes.ThevaluesofthepHrecorde

dwere:6.69,6.70,6.70,6.83,7.10and7.25for1g,2g,3g,

4g,5gand6goftheMoringaseedspowderrespectively.

ThevaluesofthepHindicatedthatasthemassofthepow

derincreased,thepHincreased.Thiswasobservedat1g

where6.69wasrecordedand6gwhere7.25wasrecorde

d.Therewaslesssignificantdifferenceamongthevalue

softhepHrecorded.Thiswasinlinewiththeresultsobtai

nedbyGhebremichealet al..,(2005)andAloeet 

al..,(2012),whobothsuggestedthatpHvaluesofthewat

ersampleswerenotaffectedbyMoringaseedspowder,a

ndthevaluesweremaintainedatalkalinerange..ThepH

increasedwithincreasedinmassofthemoringaseedspo

wder.Theactionofmoringaseedspowderwasduetothe

presenceofsolublecationicproteinsintheseeds.Thissu

ggestedthatinwater,thebasicaminoacidspresentinthe

proteinofmoringawillacceptaprotonfromwater,resul

tinginthereleaseofhydroxylgroupmakingthepHofthe

wateralkaline. 

Thevaluesfortheturbidityrecordedwere:25NTU,21N

TU,21NTU,17NTU,15NTUand9NTUfor1g,2g,3g,4

g,5gand6grespectively.Thevaluesoftheturbidityrem

ovalwascalculatedbysubtractingthevaluesofthefinalt

urbidityfromtheinitialturbidityoftherawwaterwhich

was450NTU.Thehighestturbidityremovalvalueobat

ainedwas441NTUat6gandthelowestrecordedwas42

5NTUat1g.Thisindicatedthat,increasedinmassofthe

powderedseeds,increasedtheturbidityremoval.Thev

aluesofthefinalturbidityrecordedwerewithingthestan

dardvaluesofturbidityfordrinkingwatergivenbyWH

O(2006),where25NTUand5NTUweregivenaspermi

ssibleandacceptablevaluesrespectively.Thisfurthers

howedthat,Moringaseedscanbeadoptedforwaterpuri

ficationandislikelytoreducecostandalsonothreatorfe

arofnegativehealthimpact.Also,thepercentageofcoa

gulationperformancewas98%at6gandlowestvalueva

lueofcoagulationperformancewas94.4%at1g.Thissh

owedthattheMoringaseedspowderwaseffectiveinre

movingturbidityofrawwatersample. 

ThevaluesoftheTDSrecordedwere:180mg/l,176mg/l

,135mg/l,117mg/l,117mg/l,and103mg/lfor1g,2g,3g,

4g,5gand6grespectively.Theresultswereinagreemen

twithMangaleetal..(2012),whoreportedthatTDSvalu

eswerereducewhenwaterwastreatedwithMoringasee

dspowder.TDSistheamountofbothorganicandinorga

nicsubstances,whichcandissolvedinawatersample.T

heinitialvalueoftheTDSrecordedwas550mg/l.Aftert

hejartest,at6g,theTDSwas103mg/l.Thehigherthetur

bidity,thehighertheTDSandviceversa.Also,thevalue

softhetotalsuspendedsolidsobtainedindicatedthat,ast

hemassofthepowderedseedsincreased,theTSSvalues

increased.Thiswasobservedat1gwhichhas0.01and6g

whichhas0.16.Asignificantdifferenceof0.15gamong

thevaluesoftheTSSwasobatained.Thiswasat6g,there

wasstillsomeundissolvedpartilcesinthewater,whichl

eadtoincreaseinmassoftotalsuspendedsolids.Thiswa

salsoinagreementwithReenaandHarsha,(2019)whor

ecordedadecreasedinTSSvaluesascoagulantdoseincr

easedusingPapayaseedspowderandTamarindSeedsp

owder. 

Table2showedtheresultsforrateofsettling,pH,turbidi

tyremoval,performanceofcoagulationperformance,T

DSandTSSforthejartestanalysiscarriedoutusingAloe

veragel.Thestiringtimewasmaintainedat30minutesf

oreachcoagulantdose.Thevaluesforthesettlingtimere

cordedwere8minutes,8minutes,6minutes,5minutes,

5minutesand3minutesfor1g,2g,3g,4g,5gand6grespe

ctively.Theresultsshowedthatasthemassofthegelwas

increased,thesettlingtimedecreased.Thiswasobserve

dat1gofthegel,whichtook8minutestosettledtheflocsp

articlesand6gofthetook3minutes.Thisshowedasignif

icantdifferenceof5minutes.ThevaluesofthepHrecord

edwere:6.82,6.90,7.00,7.01,7.10and7.22for1g,2g,3

g,4g,5gand6goftherespectively.ThevaluesofthepHin

dicatedthatasthemassoftheincreased,thepHincreased

slightly,whichwasobservedat1gwithand6gwith6.82

and7.22respectively.Therewaslesssignificantdiffere

nceamongthevaluesofthepHrecorded.Italsoshowedt

hat,thealoeveragelhaslesseffectonpH.Thiswasattrib

utedtotheorganicnatureofthealoeveragelasreportedb

yAbderrezzaqetal..,(2021).pHisthedegreeofacidityo

ralkanilityofsettledwatersample. 

Thevaluesfortheturbidityremovalobtainedwere:423

NTU,425NTU,427NTU,430NTU,432NTUand437

NTUfor1g,2g,3g,4g,5gand6grespectively.Thevalue
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softheturbidityremovalwascalculatedbysubtractingt

hevaluesofthefinalturbiditymeasuredfromtheinitialt

urbidityoftherawwaterwhichwas450NTU.Thehighe

stturbidityremovalvalueobatainedwas437NTUat6ga

ndthelowestrecordedwas423NTUat1g.Thisindicate

dthat,increasedinAloeveragelincreasedtheturbidityr

emoval.Also,thehighestcoagulationperformancewas

97.1%at6gandpHof7.22andlowestcoagulationperfor

mancewas94%at1gandpHof6.82.Thisshowedthatp

Hplayedcrucialroleascoagulantareassociatedwithele

ctricchargesaccordingtoHussainetal..,(2019).Theres

ultsrecordedwerealsoinagreementwithastudyconduc

tedbyJaouadiet 

al..,(2020),whichshowedthatAloeveragelwasaneffec

tivecoagulantinturbidityreductionandBenaliaet 

al..,(2019)whichprovesturbidityreductionindrinking

waterby71.6%and84.77%frominitialvalueof13NTU

.TheeffectivenessofAloeveragelascoagulantwasbec

auseofthepresenceofcarbonylfunctionandprimaryar

omaticaminesandthepresenceofNHgroupinamidesa

sreportedbyFatombietal..,(2013).Also,thepresenceo

fGlyco-aloe-

modinanthroneandtanninswereresponsibleforthecoa

gulationpropertysimilartoothernaturalcoagulantsasr

eportedbyAboneleet al..,(2019). 

ThevaluesoftheTDSrecordedwere:133mg/l,133mg/l

,122mg/l,105mg/l,105mg/land104mg/lfor1g,2g,3g,

4g,5gand6grespectively.TDSistheamountofbothorg

anicandinorganicsubstances,whichcandissolvedina

watersample.TheinitialvalueoftheTDSfortherawwat

errecordedwas550mg/l.Afterthejartest,theAloevera

gelat6g,wasabletoreducedtheinitialTDSof550to104

mg/l.Thisshowedthat,highercoagulantdosewouldre

movedhigherTDS.TheresultsoftheTDSwereinagree

mentwithMangaleet 

al..,(2012),whoreportedadecreaseinTDSvaluesasthe

coagulantdoseincreasedusingMoringaseedspowder.

Thehighertheturbidity,thehighertheTDSandvicevers

a.Also,thevaluesofthetotalsuspendedsolidsobtainedi

ndicatedthat,astheAloeveragelincreased,theTSSvalu

esinincreased.Thiswasobservedat1gwhichhas0.0ga

nd6gwhichhas0.18g.Asignificantdifferenceof0.17g

amongthevaluesoftheTSSobatained.Thiswasduetoth

epresenceofhighfibrecontentinAloeveragel,whichm

ightnotdissolvedcompletely,andaddtotheTSSvalue. 

 

Table3showedtheresultsforrateofsettling,pH,turbidi

tyremoval,performanceofcoagulationperformance,T

DSandTSSforthejartestanalysiscarriedoutusingTam

arindseedspowder.Thevaluesforthesettlingtimerecor

dedwere45minutes,45minutes,43minutes,43minute

s,40minutesand38minutesfor1g,2g,3g,4g,5gand6gr

espectively.TheresultsshowedthatasthemassoftheTa

marindseedspowderwasincreased,thesettlingtimede

creased.Thiswasobservedat1gofthe,whichtook45mi

nutestosettledtheflocsparticlesand6gofthepowderto

ok38minutes.Thisshowedasignificantdifferenceof7

minutes.ThevaluesofthepHrecordedwere:6.92,7.01,

7.20,7.20,7.31and7.29for1g,2g,3g,4g,5gand6gofthe

respectively.ThevaluesofthepHindicatedthatasthem

assofthepowderedseedsincreased,thepHdecreasedsli

ghtlytoweaklyalkalinerange,whichwasobservedbase

donthesignificantdifferenceof0.91betweenthevalues

recorded.Italsoshowedthat,Thisisbecause,theinitialv

alueofthepHrecordedfortherawwaterwas7.whichinc

reasedslightlytowhen1gofthewasadded,thenat2gthe

pHvaluedecreasedslightlyto,thenlaterdecreasedtoan

dwhen5gand6gwasapplied.pHisthedegreeofacidityo

ralkanilityofsettledwatersample.Thisisinagreement

withtheresultsrecordedbyReenaet 

al..,(2019),whichshowsanincreaseinpHvaluesasdoe

softamarindseedspowderincrease. 

Thevaluesfortheturbidityremovalobtainedwere:392

NTU,392NTU,403NTU,410NTU,412NTUand412

NTUfor1g,2g,3g,4g,5gand6grespectively.Thevalue

softheturbidityremovalwascalculatedbysubtractingt

hevaluesofthefinalturbiditymeasuredfromtheinitialt

urbidityoftherawwaterwhichwas450NTU.Thehighe

stturbidityremovalvalueobatainedwas412NTUat5ga

nd6gandthelowestrecordedwas392NTUat1g.Thisin

dicatedthat,increasedinmassofthetamarindseedspow

derincreasedtheturbidityremoval.Also,thepercentag

eofcoagulationperformancewas91.5%at6gandlowes

tvalueofcoagulationperformancewas87.1%at1g.Thi

sshowedthatTamarindseedspowderwaseffectiveinre

movingturbidityofrawwatersample.Thisisinagreeme

ntwiththeresultsobtainedbyVeenaet 

al..,(2019),whichshowedanincreaseinturbidityremo

val,withincreaseinmassoftamarindseedspowderasco

agulant.Thepresenceofwatersolubleproteinswithlow

molecules,amidesandhydroxylgrouparewhatmakes

Tamarindseedstofunctionasnotonlycoagulant,butflo

cculantasreportedbyEnricoandBernard(2019).Theac

tivegroupwithnegativechargesreleasedintothesoluti

on,therebyreactingwithpositiveionsormetalionsinth

ecolloidalsystem.Thiswouldhelpintheformationofhe

avierflocsandthusdisruptingthecolloidalsystem..The

positivechargewouldreactswithhydroxylionsinthesu

spensiontoneutralizethepHasreportedbyRamadhani

et al..,(2013) 

ThevaluesoftheTDSrecordedwere:166mg/l,166mg/l

,162mg/l,157mg/l,155mg/land155mg/lfor1g,2g,3g,

4g,5gand6grespectively.TDSistheamountofbothorg

anicandinorganicsubstances,whichcandissolvedina

watersample.TheinitialvalueoftheTDSfortherawbw

aterrecordedwas580mg/l.Afterthejartest,,theTDSwa

sreducedto155mg/l.Thehighertheturbidity,thehigher

theTDSandviceversa.Also,thevaluesofthetotalsuspe

ndedsolidsobtainedindicatedthat,astheincreased,the

TSSvaluesdecrease.Thiswasobservedat1gwhichhas

0.30and6gwhichhas0.33.Asignificantdifferenceofa

mongthevaluesoftheTSSwasobatained. 
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Table4showedtheresultsforrateofsettling,pH,turbidi

tyremoval,performanceofcoagulationperformance,T

DSandTSSforthejartestanalysiscarriedoutusingWat

ermelonseedspowder.Thevaluesforthesettlingtimere

cordedwere37minutes,36minutes,35minutes,35min

utes,35minutesand33minutesfor1g,2g,3g,4g,5gand6

grespectively.Theresultsshowedthatasthemassofthe

watermelonseedspowderwasincreased,thesettlingti

medecreased.Thiswasobservedat1gofthepowdered

watermelonseeds,whichtook37minutestosettledthefl

ocsparticlesand6gwhichtook33minutes.Thisshowed

asignificantdifferenceof3minutes.Thevaluesofthep

Hrecordedwere:6.80,6.82,6.92,7.00,7.05and6.90for

1g,2g,3g,4g,5gand6gofthewatermelonseedspowderr

espectively.ThevaluesofthepHindicatedthatasthema

ssofthepowderincreased,thepHdecreasedslightlytow

eaklyalkalinerange,whichwasobservedat1gwith6.80

and6gwith6.90Therewasslightsignificantdifference

amongthevaluesofthepHrecorded.Italsoshowedthat,

hasnoeffectonpH.Thisisbecause,theinitialvalueofthe

pHrecordedfortherawwaterwas,decreasedslightlyto

when6gofthepowderwasadded.pHisthedegreeofacid

ityoralkanilityofsettledwatersamples.Thisisinagree

mentwiththeresultsrecordedbyEzehandOkeke(2017

),whichshowedthatincreaseinwatermelonseedspowd

er,increasethepHofthewatersample. 

Thevaluesfortheturbidityremovalobtainedwere:408

NTU,408NTU,409NTU,411NTU,412NTUand412

NTUfor1g,2g,3g,4g,5gand6grespectively.Thevalue

softheturbidityremovalwascalculatedbysubtractingt

hevaluesofthefinalturbiditymeasuredfromtheinitialt

urbidityoftherawwaterwhichwas450NTU.Thehighe

stturbidityremovalvalueobatainedwas412NTUat6ga

ndthelowestrecordedwas408NTUat1g.Thisindicate

dthat,increasedindoseofthecoagulant,increasedthetu

rbidityremoval.Also,thevalueofcoagulationperform

ancewas91.5%at6gandlowestvalueofcoagulationper

formancewas90.6%at1g.Thisshowedthatwaseffecti

veinremovingturbidityofrawwatersample.Thisagree

dwiththeresultsrecordedbyEzehandOkeke(2017),w

herehigherturbidityremovalwasrecordedathighercon

centrationofdoseofthecoagulant.Thepresenceofhigh

protein,tanninandmineralcontentsinthewatermelons

eedswereresponsibleforthecoagulationpropertiesasr

eportedbyGwanaetal..,(2014) 

ThevaluesoftheTDSrecordedwere:140mg/l,140mg/l

,138mg/l,138mg/l,137mg/land132mg/lfor1g,2g,3g,

4g,5gand6grespectively.TDSistheamountofbothorg

anicandinorganicsubstances,whichcandissolvedina

watersample.TheinitialvalueoftheTDSfortherawwat

errecordedwas550mg/l.At6g,theTDSwasreducedto

132mg/lfrom550mg/l.Thehighertheturbidity,thehig

hertheTDSandviceversa.Also,thevaluesofthetotalsu

spendedsolidsobtainedindicatedthat,astheMoringas

eedspowderincreased,theTSSvaluesdecrease.Thisw

asobservedat1gwhichhas0.20gand6gwhichhas0.26g

.Asignificantdifferenceof0.1gamongthevaluesofthe

TSSwasobatained. 

Table5and6showedthevaluesrecordedforthechemic

alanalysisusingMoringaseedspowderandAloeverag

el,whichshowedadecreasedinthevaluesasthecoagula

ntdosewasincreased.ThiswasobservedinMoringasee

dspowder,where4mg/Land3mg/Lwererecordedforfi

nalacidity,55mg/Land50mg/Lforfinalalkalinity,17

mg/Land11mg/Lforfinalchlorideand8.3mg/Land7.6

mg/Lforfinalhardnessat1gand6gofthemoringaseeds

powderrespectively.Thehighestsignificantdifferenc

erecordedwas5mg/Lforfinalalkalinity,andthelowest

significantdifferencerecordedwas0.7mg/Lforfinalha

rdness.Also,4.6mg/Land2.8mg/Lwererecordedforfi

nalacidity,63mg/Land55.9mg/Lforfinalalkalinity,21

mg/Land18mg/Lforfinalchlorideand9.7mg/Land5.6

mg/Lforfinalhardnessat1gand6geachrespectivelyfor

AloeVeragelcoagulant.Thehighestsignificantdiffere

nceof7.1mg/Lwasrecordedforalkanilityremovalandt

helowestsignificantdifferenceof1.8mg/Lforfinalacid

itywasrecorded.Thiswasinagreementwiththeresultso

btainedbyVeenaet 

al..,(2019)whoreportedthatvaluesoffinalacidity,alka

linityandhardnessdecreasedasMoringaandTamarind

seedscoaagulantswereadded. 

Table7and8showedtheresultsforchemicalanalysisc

arriedoutusingwatermelonseedspowder,showedanin

creaseinvaluesforfinalacidity,withincreaseincoagula

ntdose.Thiswasobservedat1gwhere5.6mg/Lwasreco

rdedand6gwhere6.2mg/Landasignificantdifferenceo

f5.6mg/Lwasobservedbetweenthehighestandthelow

estvalue.But68.3mg/Land61.2mg/Lwererecordedfo

rfinalalkalinity,26.3mg/Land23.2mg/Lforfinalchlor

ideand10.7mgand8.5mg/Lforfinalhardness,allrecor

dedat1gand6gofthecoagulantdoserespectively.Theh

ighestsignificantdifferenceof2.3mg/Lwasrecordedf

orfinalhardness. 

Thevaluesfortamarindseedspowderrecordedforfinal

acidityshowedaslightincreasewithincreasedincoagul

antdose,thendecreasedslightly.Thevaluesrecordedw

ere:3.6mg/L,3.6mg/L,3.8mg/L,3.8mg/L,3.7mg/Lan

d3.7mg/Lfor1g,2g,3g,4g,5gand6grespectively.Also,

thevaluesrecordedforfinalhardnessshowedsimilartre

ndwith7.5mg/Land10.4mg/Lwererecordedat1gand6

grespectively.Asignificantdifferenceof2.9mg/Land

0.2mg/Lwererecordedforfinalhardnessandfinalalkal

inity.Butthevaluesrecordedforfinalalkalinityandfina

lchlorideshowedthatincreaseincoagulantdose,decrea

sethevaluesrecorded.Thiswasobservedat63mg/Land

61.8mg/Land27mg/Land22.6mg/Lforfinalalkanility

andfinalchloriderespectively.Thisagreeswiththefind

ingsofVeena et al..,(2019). 

 

IV. CONCLUSION 
Thereisagrowinginterestintheuseofnaturalc

oagulantsderivedfromplantsmaterials,largelybecaus
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e,theyarebiodegradableandenvironmentallyfriendly.

Thevarietyofplant-

basedcoagulantsincludesAloevera,seedsMoringa,Ta

marindandWaterMelonasdiscussedinthisresearchha

veprovidedpromisingcoagulationactivityandturbidit

yremovalintreatingrawwaterTherefore,itcanbeconcl

udedthatallthefourplants-

basedmaterialscanremoveturbidityinthewaterandinc

reasecoagulationperformance,withlesseffectonpH.B

utaloeveragelandmoringaseedspowdershowedbestp

otentialsandeffectivenessinremovingturbidityandco

agulationperformance,thenTamarindseedspowderan

dwatermelonseeds. 

 

RECOMMENDATIONS 

Thefollowingrecommendationsweremade: 

1.Differentplantmaterialshouldbeusedlikeorangesee

ds,toinvestigateitspotentialsascoagulantagent. 

2.Differentplantsmaterialsshouldbeblendtogethertos

eetheirpotentialsandeffectiveness 

3.Coagulantssolutionshouldbetestedtoseethiereffect

iveness 

4.Furtherresearchshouldbemadeaboutnaturalcoagul

antsofplant-based 

materials 

5.Also,furtherresearchshouldbecarriedoutonhowtor

emovethetastesofthealoeveragelwhichisbitterandwh

ichmayaffectthetasteofthewater. 
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