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ABSTRACT

Rapidindustrializationhascontributedimmenselytothedischargeofheavymetalsintoreceivingwater
bodiesuntreated.Thequantityofheavymetalspredictioninindustrialwastewaterisveryessential
beforetreatmentsothatthequantityispreciselyremoved.Thisarticleformulates,simulateandevaluate
apredictivemodelthatmimicselectrochemicaltreatmentofleadandcadmiumionspresentinpaint
industrialwastewaterusingartificialneuralnetwork.Thepredictivemodelwasformulatedusing
FuzzyLogictoolboxinMATLABandthesimulationwasdoneintheenvironment.Theprediction
of themodelwasevaluatedbycomparing thepredictedquantityof lead ionsandcadmiumions
withtheresultoftheexperimentalworkinthelaboratory.Thearticleconcludesthatthedeveloped
predictionmodeldemonstratedveryhighpredictionaccuracyinpredictingthepercentageoflead
andcadmiumionspresentinpaintswastewater.
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INTRoDUCTIoN

Theaccumulationofheavymetalsinhumanenvironmentisresponsibleformanyoftheglobalhealth
challengesoftoday.Thisisbecauseheavymetalsarenon-biodegradableandcarcinogenic.Therapid
increaseinindustrializationhasbroughtaboutanenormousamountofwastewaterwhichcontain
veryhighquantityofheavymetalsaspollutants(Somsaketal.,2016;Wolfovaetal.,2013).Heavy
metalsarehighlytoxicwithdensityofaboutfivetimesthatofwaterandalsocanpenetratethehuman
bodythroughvariouswayssuchasingestion,absorption,anddermalcontact.Thepresenceofthese
metalsintheenvironmentalsoaffectsotherlivingorganisms,forexampletheproductionandquality
ofcrops,thequalityoftheatmosphere,aquaticanimals’healthandthelifeofhumans.Examplesof
heavymetalsincludebutnotlimitedtoLead,Zinc,Iron,Mercury,CadmiumandArsenicmetals.
Amongthesemetals,LeadandCadmiumarethemosttoxic,andtheyarereadilyavailableinthe
environment(Sardaretal.,2013;Singanan,2011).Leadisamicroelementthatisnaturallypresentin
traceamountinallbiologicalmaterialssuchassoil,water,plantsandanimals.Itisoneoftheoldest
metalsknowntomanwhichiscapableofcausinganextensiveenvironmentalcontaminationand
healthproblemsintheworld(Naja&Volesky,2009).Leadwhenexposedtohumanbodycancause
damagestothevitalorgansofthebodysuchas,kidney,brain,liver,bones,reproductivesystem,
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nervoussystemandgastrointestinalsystem(El-Wakiletal.,2014).Theimportantsourcesoflead
poisoningintheenvironmentincludeLeadbasedpaint,Leadpipes,Leadcrystal,mining,refining,
soldering,ceramics,leadacidbatteries,jewelrymaking,volcanicactivity,geochemicalweathering,
electronicwaste,gasoline,andbuildingmaterials(Tiwarietal.,2013).ThesourceofLeadionsinto
thewaterbodyinNigeriaisfromtheproliferationofpaintcompaniesevenintheruralareas(Onugbu
etal.,2013;Mahreetal.,2007).Cadmiumisasoftsilverywhite,slightlymalleableandeasilyfusible
metallicelementthatisfoundnaturallyintheearthcrust.Cadmiumishighlytoxicatextremelylow
andhighlevelsinmanandanimals.Thisisbecauseofitsabilitytoaccumulatequickly.Cadmium
isreleasedfromvarioussourcessuchaselectroplating,soldering,paints,weatheringofrocks,waste
incineration,batteries,televisionsets,ceramics,yellowpigments,photographic,insecticides,alloys
ofcopper,fuelcombustion,andagriculturalproducts(Kabiretal.,2014).TheeffectsofCadmium
poisoningintheenvironmentcanalsoleadtoveryseriousdamagehealthhazards.LikeLead,itcould
alsoleadtothekidney,renalfailure,highbloodpressure,bonedemineralizationandlungcancer
becauseofitscarcinogenicproperties(Ismailetal.,2009;Järup,2003).

TherecentgrowthinindustrialactivitiesespeciallyinthePaintsindustryinNigeriaisapossible
treattothehealthofNigerians.ThisisbecausemajorityofthePaintindustriesinNigeriaaresited
withinresidentialareaswithlittleornoregulationonhowtheireffluencesaredischargedintothe
nearbystreamsorwaterways.Whenthesewastesfindtheirwayintothehumansystem, through
contaminatedwater,terminalillnesssuchascancer,kidneyorliverdiseasesoftenensue.Itshouldbe
notedthatthereissomecorrelationbetweentheincreaseinterminaldiseasesandthenewindustrial
activitiesinNigeriaduetothereleaseoftheireffluence,whichareeitherpartiallyornottreatedat
all(Olaoye&Oladeji,2015;Egwuonwuetal.,2012;Onuegbuetal.,2013).Theseterminaldiseases
andassociatedillnessesimpartnativelyonsocial-economicdevelopmentofanation.Theaffected
individualswhoareintheirproductiveagehavetheirman-hourwithdrawnfromnationalproductivity
andthecostofmanagementofthesediseasesisdetrimentaltonationaldevelopment.So,thehealth
ofindividualsinanationcontributesignificantlytothedevelopmentofthenation(Mathiasetal.,
2013).Healthiswealthforindividualsandthenationcollectively(Odrakiewicz,2012;Consolata,
2017).Theconceptofnationaldevelopmentofanationunderscoresaneffectivehealthdelivery
systemwhichisstronglyrootedindiseasesprevention.Diseasespreventionisaneffectivemeans
ofensuringahealthyandproductivesociety.Tohandletheaforementionedchallenges,thisstudy
proposesanartificialneuralnetworkmodelthatwillbeusefultopredictthequantityoftheheavy
metalthatarepresentinanywastewaterbeforetheirremoval.Theproposedmodelmimickedthe
existingelectrochemicalprocesstopredictthequantityofleadandcadmiumionsthatarepresentin
industrialwastewater.Thismodelwillalsobeusefultoaidthedeterminationofthequantityoflead
andcadmiumionspresentinthewastewaterbeforethetreatmentoftheeffluence.Thisiswiththe
aimofremovingentirelypollutantsfromthewastewaterwhichwillultimatelyminimizessocietal
healthhazards.Theproposedmodelwillassistmanufacturingcompaniestodeterminethequantity
ofheavymetalspresentineffluence,beforeexperimentalworksaredoneinthelaboratorytoremove
themetals.Also,itservesasaguidingtoolfortheDepartmentorgovernmentalagenciesinvolved
inassessingthedegreeoftreatmentofeffluencefrommanufacturingcompaniesbeforesuchwater
isdischargedtowaterwaysforhumanconsuption.Thenextsectionpresentsexistingworkinthis
area.Sectionthreethendiscussesourartificialneutralnetworkmodel,whilesectionfourexplains
ourdatacollectionandmanagement.Thesimulationresultispresentedinsectionsix,whilesection
sevenconcludesthepaper.
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