
i

HUMANHEALTHRISKASSESSMENTOFSOMEHEAVYMETALSIN

COSMETICPRODUCTS

BY

AHMEDZINNATROMOKE

HND/23/SLT/FT/0069

APROJECTSUBMITTEDTOTHEDEPARTMENTOFSCIENCELABORATORY

TECHNOLOGY(CHEMISTRYUNIT),INSTITUTEOFAPPLIEDSCIENCES(IAS),

KWARASTATEPOLYTECHNIC,ILORIN,KWARASTATE

INPARTIALFULFILMENTOFTHEREQUIREMENTSFORTHEAWARDOF

HIGHERNATIONALDIPLOMA(HND)INSCIENCELABORATORYTECHNOLOGY

JUNE,2025

CERTIFICATION



ii

Thisistocertifythat,thisprojectworkwascarriedoutbyAHMED ZINNAT

ROMOKE,HND/22/SLT/FT/0069,astudentofChemistryUnit,Departmentof

ScienceLaboratoryTechnology,InstituteofAppliedSciences(IAS),KwaraState

Polytechnic,Ilorin.

………………………. …………………….

DR.JAMIUW. Date

ProjectSupervisor

………………………. …………………….

DR.JAMIUW. Date

HeadofUnit

………………………. …………………….

Dr.USMANA. Date

HeadofDepartment

DEDICATION



iii

ThisprojectworkisdedicatedtoAlmightyGodforbeenthereformethroughout

thejourney.



iv

ACKNOWLEDGEMENT

MyprofoundgratitudegoestoAlmightyGodfortheprivilegegiventometo

completethisprojectwork;Hehasbeenhelpingmefrom thebeginningtillthe

endoftheprogram.

Myspecialgratitudegoestomyeverkindnessandlovingsupervisorinpersonof

Dr.JamiuWasiuforhisadvice,thoroughsupervision,moralsupportandwordof

encouragementtothesuccessfulcompletionofthisproject.MayGodAlmighty

continuetopreserve,guideandshowerHisblessingsonyousir.

MyspecialappreciationgoestotheHeadofDepartmentofSLT,andalllecturers

fortheirkindgesture,mayAlmightyGodcontinuetoblessyouall.

Mysincereappreciationgoestomybelovedparentsforbeingmybackboneand

supporter,withoutthem Ihavenopowertobeheretoday.Isincerelythankthem

forbeenthereformeintimeofneeds,encouragement,moralsupport,spiritually

and financially.MayGod enrich theirpurse and grantthem long life and

prosperitytoreapthefruitsoftheirlabour.

Myprofoundgratitudealsogoestomybelovedfamilymember,siblings,friends

and coursemateswho havebeensupporting meinallwaysto makethis

program successful.Maythelordrewardyouallabundantlyandmeetyouatthe

pointofyourneeds(amen).



v

TABLEOFCONTENTS

Titlepage i

Certification ii

Dedication iii

Acknowledgement iv

TableofContents v

Abstract vii

CHAPTERONE

1.1 Introduction 1

1.2 Statementofproblem

3

1.3 Aim andobjectives 3

1.4 Significantofthestudy 4

CHAPTERTWO

2.0 LiteratureReview 5

2.1 Toxiceffectsofheavymetals



vi

6

2.2 Carcinogeniceffectsofheavymetals

11

2.3 EpigeneticMechanismsofHeavyMetals

12

2.4 ComparisonoftheMechanisticAction 13

2.5 Heavymetalsincosmeticsandpersonalcareproducts(PCP)

15

2.6 Heavymetalsintheatmosphere 16

2.7 Heavymetalsingroundwaters,surfacewatersandaquaticbiotaspecies

18

2.8 Heavymetalsinfoodsandbeverages

21

2.9 Heavymetalsinmedicineandhumanfluidsamples

24

2.10 Heavymetalsinsoils

27

2.11 Heavymetalsincrudeoilandoil-contaminatedsites 29

CHAPTERTHREE

3.0 MaterialsandMethods 31



vii

3.1 Collectionofsamples 31

3.2 Materials 31

3.2.1 Digestionofsample

31

3.2.2 Heavymetalsanalysis 31

CHAPTERFOUR

4.0 ResultsandDiscussion 32

CHAPTERFIVE

5.0 Conclusion 34

References 35

ABSTRACT

Many cosmetic products contain heavy metals such as lead,cadmium,

chromium,arsenic,mercury,cobalt,and nickelasingredientsorimpurities.

Recentresearchhasreportedthatthesemetalscaneasilycausemanytypesof

skin problems. The investigated fairness creams varied in their metal
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concentrations,andtheestimatedamountsofleadandcadmium werelower

thantherespectivemaximum allowableconcentration(MAC),accordingtothe

WHO/EUstandard.Theconcentrationsofleadandcadmium arepresentedin

Table1.Thelevelofleadinthesamplesusedrangedfrom 0.001±0.00to

0.0827±0.00.ThelowestvalueofleadwasobtainedinsampleA whilethe

highestvaluewasobtainedinsampleC.Twoofthefairnesscreamsusedhave

cadmium belowthedetectionlevelwhilethehighestvalue(0.0347±0.00)andthe

lowestvalue(0.0017±0.00)wereobtainedinsampleFandsampleC,respectively.

AllthevaluesobtainedarebelowtheWHOallowableconcentrationofleadand

cadmium incosmetics.Thisstudyrecommendscontinuousmonitoringofthis

fieldincludingotheritemsofcosmeticsandtheagenciesthatcontrolthesafety

ofcosmeticproductswillhavetoworkhardtoensuresafetyoftheconsumers

oftheseproducts.Noneofthemetalswerefoundtobeconsideredaspotential

healthhazardsforhumans.

CHAPTERONE

1.1Introduction

Theterm “heavymetals”isusedwidelyto referto agroupofmetalsand

semimetals(metalloids)thathave been associated with contamination and

potentialtoxicitytotheenvironmentandtovariousspeciesoforganisms.They
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havespecificgravitiesgreaterthan5g/cm3orspecificgravityatleastfivetimes

thatofwater,andareknowntoexistnaturallyintheearthcrust(Duffus,2002).

Morerecently,thedefinitionhasbeenbroadenedtoincludenaturallyoccurring

elementswithatomicnumbergreaterthan20(AliandKhan,2018;Alietal.,

2019).

Heavymetalsarebroadlygroupedintoessentialandnon-essentialelements.The

essentialonesincludeiron(Fe),manganese(Mn),copper(Cu),zinc(Zn),cobalt

(Co),nickel(Ni),molybdenum (Mo)and selenium (Se).Theyare so-called

because they are required by living organisms forfundamentalmetabolic

activities.Manyofthem serveascofactorsthatarefunctionallyandstructurally

importantforenzymesandenzyme-catalyzedbiochemicalreactions,andthisis

trueformanylifeforms.However,thepresenceofthese‘essential’metalsabove

certainlevelsinorganismsresultsindeleteriousphysiologicaleffects.Thenon-

essentialheavymetalshavenoknownbenefitstothelivingsystemsandmany

ofthem aretoxicatlowconcentrations.

Non-essentialheavymetalsincludelead (Pb),cadmium (Cd),mercury(Hg),

arsenic (As),tin (Sn),aluminium (Al),silver(Ag),gold (Au),antimony(Sb),

bismuth(Bi),palladium (Pd),platinum (Pt),vanadium (V),strontium (Sr),tellurium

(Te),titanium (Ti),Uranium (U),andchromium (Cr),particularlythehexavalent

form (CrVI)(Tchounwouetal.,2012).Concernsaboutheavymetalsarisefrom
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thefactthattheymayfindtheirwayintothefoodchain,throughbioaccumulation

inplantsandPage2/34animalspecies,ortheymaycontaminatedrinkingwater

sources.Thelatterisparticularlythroughdevelopingnations(e.g.Nigeria),where

manyruralcommunitiesdependonopenandunprotectedsurfacewatersources

fordrinking,domestic and recreationalpurposes.Toxicityeffects ofheavy

metalsmanifestinvariousforms.Forexample,theabilityofCutochange

betweenCu(I)andCu(II)oxidationstatesinlivingsystemsenablesittofunction

ascofactorformanyoxidativestress-relatedcuproenzymessuchassuperoxide

dismutase,cytochromeoxidasesandferroxidases.However,thisabilitytotransit

betweenoxidationstatesalsomakesCutoxic,sincetheprocessmaygenerate

superoxideandhydroxylradicals(HarveyandMcArdle,2008;Stern,2010).Thus,

excessiveexposuretoCucausecellularandtissuedamages,resultinginWilson

diseaseinhumans(Tchounwouetal.,2012).Pbexertsitstoxicityeffectby

mimickingandinhibitingCaions,andbyinteractingwithproteins.Ittherefore

affectsthecentralnervoussystem and vitamin D metabolism,and causes

reproductiveimpairments,brainandkidneydamages,aswellasgastro-intestinal

diseases(Floraetal.,2006;Wanietal.,2015).Thevastmajorityofheavymetals

arepresentnaturallyintheenvironment.However,thepublicandenvironmental

healthconcernsassociatedwiththem stem mainlyfrom thelevelsintroducedby

anthropogenicactivities.Heavymetalsemanatefrom industrialeffluents,mining,
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smelting ofiron,combustion offossilfuels,waste and biomass burning,

manufacturing,useanddisposalofelectronicgadgets,andahostofother

humaninitiatedprocesses.Whilemanyoftheseactivitiesalsogooninthe

developed nations,as they do in the developing economies;the poor

enforcementofenvironmentallaws,coupledwiththeindiscriminateproliferation

ofsmall-scalemanufacturing businessesand thelackofefficientrecycling

programme, makes the environment in developing nations particularly

susceptibletoheavymetalscontamination.

InNigeria,fairlyrecentcasesofheavymetalspoisoningandpotentialsignificant

pollutionbyheavymetalsmaketheircontinuousmonitoringworthwhile.The

largestknownincidenceofleadpoisoninginhistory,killing163people(including

111children),tookplaceinZamfaravillages,NorthernNigeriain2010(CDC,

2016).Unauthorizedandillegalminingofgoldores,apparentlycontaininghigh

levels ofPb,caused widespread contamination ofsoiland drinking water

sourceswithPb.HighconcentrationofPbwasdetectedinthebloodofchildren,

many ofwhom had suffered from headaches,vomiting,abdominalpains,

seizuresand death (Orisakwe etal.,2017).More recently,artisanalmining

operations,similartothatinZamfarastatehavebeenspreadingacrossthe

country,andarecentinvestigationsuggeststhatabouttwomillionpeoplein

SouthwesternNigeriamaybeatriskofPbandHgpoisoning(Vanguard,2021).
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Beyondartisanalmining,thereispotentialfortoxicmetalsemanatingfrom

variousactivitiesinthecountrytoenterthefoodchain,leadingtosignificant

chronic/long-term human exposure.This necessitated numerous individual

studieswhichdeterminedheavymetalsinallkindsofsamples.

1.2Statementofproblem

Withmanynewproductsreleasedintothemarketeveryseason,itishardtokeep

trackofthesafetyofeveryproductandsomeproductsmaycarrycarcinogenic

contaminants(PeterandViraraghavan2005).Thereareconcernsregardingthe

presenceofharmfulchemicals,includingheavymetals,intheseproducts.Many

cosmeticproductscontainheavymetalssuchaslead,cadmium,chromium,

arsenic,mercury,cobalt,andnickelasingredientsorimpurities.Recentresearch

hasreportedthatthesemetalscaneasilycausemanytypesofskinproblems

(NesterenkoandJones1997;Sainioetal.2000).

1.3AimsandObjectives

Theaimsofthisresearchistoassesshumanhealthriskofsomeheavymetals

incosmeticproducts.

Thespecificobjectivesare:

1.Todeterminethelevelofleadinsomeselectedcosmeticproducts.

2.Todeterminethelevelofcadmium insomeselectedcosmeticproducts.

3.Tocomparethevaluesofleadandcadmium insomeselectedcosmetic
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productswithWHO-recommendedvalues.

1.4Significanceofthestudy

Theuseofsomeheavymetalsincosmeticshasbeencontroversialduetothe

biologicalaccumulationofthosemetalsandtheirtoxicityinthehumanbody.In

mostcountries,itislegallyprohibitedtouselead,arsenic,andmercuryinskin

cosmeticproducts.Itisalso reportedthatthesemetalscancauseallergic

contactdermatitisorotherskinproblems.Sincetheissueofheavymetalsas

deliberatecosmeticingredientshasbeenaddressed,attentionisturnedtothe

presenceofthesesubstancesasimpurities.Astheuseofcosmeticproductsis

increasingrapidlyinNigeriaandvariouschemicalsincludingtheheavymetals

areusedinthecosmeticswhichposehealthrisktoconsumers,theaim ofthe

presentstudyistoassesstoxicmetalslikelead,cadmium,chromium,and

mercuryinsomefairnesscreamshighlyusedbythepeopleandtheireffecton

humanhealth.
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CHAPTERTWO

2.0LITERATUREREVIEW

Heavymetalshaveharmfuleffectsonhumanhealth,andexposuretothese

metalshasbeenincreasedbyindustrialandanthropogenicactivitiesandmodern

industrialization.Contamination of water and air by toxic metals is an

environmentalconcernandhundredsofmillionsofpeoplearebeingaffected

aroundtheworld.Foodcontaminationwithheavymetalsisanotherconcernfor

humanandanimalhealth.Concentrationofheavymetalsinwaterresources,air,

andfoodisassessedwiththisregard(Mousavietal.,2013;Ghorani-Azam etal.,

2016;Luoetal.,2020).Metalsamongtheotherenvironmentalpollutantsmay

alsooccurnaturallyandremainintheenvironment.Hence,humanexposureto

metalsisinevitable,andsomestudieshavereportedgenderdifferencesinthe

toxicityofmetals(Vahteretal.,2007;Tchounwou etal.,2012).Theymay

frequentlyreactwithbiologicalsystemsbylosingoneormoreelectronsand

forming metalcationswhich have affinityto the nucleophilicsitesofvital

macromolecules.Severalacuteandchronictoxiceffectsofheavymetalsaffect
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differentbodyorgans.Gastrointestinalandkidneydysfunction,nervoussystem

disorders,skin lesions,vasculardamage,immunesystem dysfunction,birth

defects,andcancerareexamplesofthecomplicationsofheavymetalstoxic

effects.Simultaneousexposuretotwoormoremetalsmayhavecumulative

effects(FernandesAzevedoetal.,2012;Cobbinaetal.,2015;Costa,2019;Gazwi

etal.,2020).High-doseheavymetalsexposure,particularlymercuryandlead,

mayinduceseverecomplicationssuchasabdominalcolicpain,bloodydiarrhea,

andkidneyfailure(Bernhoft,2012;Tsaietal.,2017).Ontheotherhand,low-dose

exposureisasubtleandhiddenthreat,unlessrepeatedregularly,whichmaythen

bediagnosedbyitscomplications,e.g.,neuropsychiatricdisordersincluding

fatigue,anxiety,and detrimentalimpacts on intelligence quotient(IQ)and

intellectualfunctioninchildren(Mazumdaretal.,2011).Thefactthatseveral

metalshaveemergedashumancarcinogensisanotherimportantaspectofthe

chronicexposure.Whiletheexactmechanism isunclear,aberrantchangesin

genome and gene expression are suggested as an underlying process.

Carcinogenicmetalssuchasarsenic,cadmium,andchromium candisruptDNA

synthesisandrepair(Clancyetal.,2012;Koedrithetal.,2013).Thetoxicityand

carcinogenicityofheavymetalsaredosedependent.High-doseexposureleads

toseverresponsesinanimalandhumanwhichcausesmoreDNAdamageand

neuropsychiatricdisorders(Gorinietal.,2014).Thetoxicmechanism ofheavy
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metalsfunctionsinsimilarpathwaysusuallyviareactiveoxygenspecies(ROS)

generation,enzymeinactivation,andsuppressionoftheantioxidantdefense.

However,some ofthem cause toxicities in a particularpattern and bind

selectivelytospecificmacromolecules.Differenttoxicmechanismsofheavy

metalsincreaseourknowledgeontheirharmfuleffectsonthebodyorgans,

leadingtobettermanagementofanimalandhumanpoisonings.Weaimedto

review theliteratureonthetoxicitymechanismsassociatedwithheavymetals,

whichwillincreaseourknowledgeontheirtoxiceffectsonthebodyorgans,

leadingtobettermanagementofthemetalpoisonings.

2.1ToxicEffectsofHeavyMetals

2.1.1Mercury(Hg)

Mercury(Hg)isfoundinair,water,andsoilandexistsinthreeforms:elemental

ormetallicmercury(Hg0),inorganicmercury(Hg+,Hg2+),andorganicmercury

(commonlymethylorethylmercury)(LiR.etal.,2017).Elementalmercuryis

liquidatroom temperatureandcanbereadilyevaporatedtoproducevapor.

Mercuryvaporismorehazardousthantheliquid form.Containerbreakage

causesHg0 spillsandinhalinglargeamountsofHgvaporcanbefatal.Organic

mercurycompoundssuchasmethylmercury(Me-Hg)orethylmercury(Et-Hg)

aremoretoxicthantheinorganiccompounds.Theorderofincreasingtoxicity

relatedtodifferentformsofmercuryisdefinedasHg0 <Hg2+,Hg+ <CH3-Hg
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(Kungolosetal.,1999).Mercurycompoundshavemanyapplicationsinmining

forexampleextractionofgoldandsomeindustrialprocesses.Inlampproducing

factories,Hgisusedintheproductionoffluorescentlightbulbs.Me-HgandEt-

Hghavebeenusedasfungicidestoprotectplantsagainstinfections.Moreover,

mercuryhashadmedicinalusesinthepast,butsuchdrugshavebeenreplaced

by safer pharmaceutical medicines. Some examples are chlormerodrin,

merbaphen,and mercurophylline (alldiuretics) and phenylmercury nitrate

(disinfectant).Besides,some skin lightening creams and some soaps are

mercurypolluted.Mercurychloride(HgCl2)isoneoftheactiveingredientsofskin

brighteningcreamswhichareusedtoremovefrecklesandspotsoftheskindue

to excessive accumulation of melanin.HgCl2 inhibits tyrosinase activity

irreversibly,anenzymewhichfunctionsinmelaninformation,byreplacingthe

coppercofactor(Chen etal.,2020).Further,a mercury-containing organic

compoundcalledthimerosalhasbeenusedasapreservativeinmultidosevials

ofvaccines.Hg0 (vapor)isreadilyabsorbedfrom lungs(80%)anddistributed

throughoutthebody.Hg0 canpassthebloodbrainbarrier(BBB)andplacenta;

thus,its neurotoxicity is higherthan inorganic Hg which passes through

membranesataslowerrate.Hg0isoxidizedinthebodytoproducedivalentHg

(Hg2+).Hg0 (liquid)isslightlyabsorbedfrom thegastrointestinal(GI)tractand

does not appear to be toxic. Inorganic Hg is concentrated in the
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kidneys—reabsorbedfrom proximaltubulesasCys-S-Hg-S-Cysorbasolateral

membranebyorganicanionstransporters.InorganicHgcannotpasstheBBB

and placenta.Organic Hg is easilyabsorbed from the GItract(95%)and

distributedthroughoutthebody.CH3-Hgisboundtothiol-containingmolecules

suchascysteine(CH3-Hg-Cys)sothatitcanpasstheBBB.Hairisconsideredas

anindexofHgexposuresinceCH3-Hgisaccumulatedthere.Otherthanhair,Hg

isexcretedinurineandfeces.CH3CH2-Hgfollowssimilarpharmacokineticsto

CH3-Hg(BridgesandZalups,2017).
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2.1.2Lead(Pb)

Leadisaharmfulenvironmentalpollutantwhichhashightoxiceffectstomany

bodyorgans.Even though Pb can beabsorbed from theskin,itismostly

absorbed from respiratoryand digestive systems.Pb exposure can induce

neurological,respiratory,urinary,andcardiovasculardisordersduetoimmune-

modulation,oxidative,andinflammatorymechanisms.Furthermore,Pbcould

disturbthebalanceoftheoxidant–antioxidantsystem andinduceinflammatory

responses in various organs.Exposure to Pb can produce alteration in

physiologicalfunctions ofthe bodyand is associated with manydiseases

(Josephetal.,2005;Jacobsetal.,2009;Kianoushetal.,2012).Pbishighlytoxic

whichhasadverseeffectsontheneurological,biological,andcognitivefunctions

inthebodies.Theinternationallevel-of-concernforPbpoisoningis10 μg/dlin

theblood(Burki,2012;Kianoushetal.,2013).Adulterationofopium withPbhas

beenconsideredasathreattohumanhealthinrecentyears(Kianoushetal.,

2015).

2.1.3Chromium (Cr)

Chromium (Cr)isfoundintheearth’scrustandseawaterandisanaturally

occurringheavymetalinindustrialprocesses(Tchounwouetal.,2012).Crhas

multipleoxidationstatesrangingfrom −2to+6,inwhichthetrivalentand

hexavalentformsarethemostcommonstableforms(Shekhawatetal.,2015).
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Cr(VI)isrelatedtoaseriesofdiseasesandpathologieswhileCr(III)isrequired

intraceamountsfornaturallipidandproteinmetabolism andalsoasacofactor

forinsulinaction(CefaluandHu,2004;Achmadetal.,2017;Vincent,2017;

Vincent,2019).BasedontheInternationalAgencyforResearchonCancer(IARC)

report (2018),hexavalent chromium has been classified as a group I

occupationalcarcinogen(Loomisetal.,2018).Inthiscontext,ameta-analysisof

973,697workersinvolving17standardizedincidenceratios(SIRs)from seven

countriesandfourkindsofoccupationsfoundthat11,564ofthem hadcancer

(Dengetal.,2019).Theprimaryrouteofexposurefornonoccupationalhuman

populationsoccursviaingestionofchromium containingfoodandwateror

dermalcontactwith products containing chromium (Nickens etal.,2010).

Furthermore,metallurgical,refractory,andchemicalindustriesreleasealarge

amountofCrintosoil,groundwater,andairwhichcauseshealthissuesin

humans,animals,andmarinelife(Fangetal.,2014).Crcancauseavarietyof

diseasesthroughbioaccumulationinhumanbody.Thisrangesfrom dermal,

renal,neurological,and GIdiseasesto thedevelopmentofseveralcancers

includinglungs,larynx,bladder,kidneys,testicles,bone,andthyroid(Fangetal.,

2014).

2.1.4Cadmium (Cd)

Cadmium (Cd),althoughrare,occursnaturallyinsoilandmineralssuchas
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sulfide,sulfate,carbonate,chloride,andhydroxidesaltsaswellasinwater.High

levelsofCdinwater,air,andsoilcanoccurfollowingindustrialactivitieswhich

could be a substantialhuman exposure to Cd.Moreover,the ingestion of

contaminatedfoodwillcausemajorexposuretoCd.Cdexposuremayalsooccur

through smoking, which is capable of elevating blood and urine Cd

concentrations.Presence ofCd in contaminated watercould disturb the

necessarymechanismsinthebody,possiblyresultinginshort-term orlong-term

disorders(Jiangetal.,2015;Richteretal.,2017;Caoetal.,2018).Cdisclassified

bytheInternationalAgencyforResearchonCancer(IARC)ascarcinogenicto

humans(Group1)(Kim etal.,2020).OccupationalexposuretoCdmayoccurin

alloy,battery,andglassproductionandinelectroplatingindustries.Duetothe

importanceofthesubject,Cdlevelintheairisroutinelymonitoredinsome

countries(Cancer,1993).Rice,grains,andseafoodhavebeenfoundtobe

pollutedbyCd(Chunhabundit,2016);nonetheless,afteroralintake,asmall

portionofCdisabsorbed.Tragically,theoutbreakofItai-itai

diseaseinJapanwasduetothemassCdcontaminationoffoodandwater

supplies.Thepatientssufferedfrom painfuldegenerativebonedisease,kidney

failure,and theGIand lungsdiseases(Nishijo etal.,2017).Unlikelow GI

absorption,Cdismoreefficientlytakenfrom thelungsviaindustrialdust.Acute

orchronic inhalation ofCd in industrialareas mightlead to renaltubular
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dysfunctionandlunginjuries.Cdbloodconcentrationinsmokersisalmosttwice

higherthanthatofnonsmokers.Batáriováetal.(2006)foundCdbloodlevelsof

0.4against1.3 μg/Lfornonsmokersvs.smokersinadultpopulation(Batáriová

etal.,2006).Thisseemsto berelated to thenatureoftobacco plantsto

accumulaterelativelyhighCdconcentrationsintissuesespeciallyintheleaves

(Proshadetal.,2020).

2.1.5Arsenic(As)

Arsenicasaharmfulheavymetalisoneofthemainriskfactorsforthepublic

health.SourcesofAsexposureareoccupationalorviathecontaminatedfood

andwater.Ashasalonghistoryofuse,eitherasametalloidsubstanceorasa

medicinalproduct.Itisnotoriouslyknownasthekingofpoisonsandpoisonof

kings(Guptaetal.,2017).Asispresentasacontaminantinfood,water,and

environment.Arsenicexistsintheformsofmetalloid(As0),inorganic(As3+ and

As5+),organic,and arsine (AsH3).The orderofincreasing toxicity ofAs

compoundsisdefinedasorganicarsenicals<As0 <inorganicspecies(As5+ <

As3+)<arsine(Shahetal.,2010;Sattaretal.,2016;KuivenhovenandMason,

2019).PrimaryAs absorption is from the smallintestine.Otherroutes of

exposurearefrom theskincontactandbyinhalation.Followingdistributionto

manytissuesandorgansinthebodyincludingthelungs,heart,kidneys,liver,

muscles,andneuraltissue,Asismetabolizedtomonomethylarsonicacid(MMA)
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anddimethylarsinicacid(DMA)inwhichthelatteristhepredominantform inthe

urinaryexcretionofAs(DelRazoetal.,1997;Ratnaike,2003).Acuteandchronic

Astoxicityisrelatedtothedysfunctionsofnumerousvitalenzymes.Similarto

theotherheavymetals,Ascaninhibitsulfhydrylgroupcontainingenzymeswhich

leadstotheirdysfunction.Moreover,Asinhibitsthepyruvatedehydrogenaseby

binding to the lipoic acid moiety ofthe enzyme.Pyruvate dehydrogenase

inactivationcanblocktheKrebscycleandinhibitsoxidativephosphorylation.As

aresult,ATPproductiondecreases,resultingincelldamage(Shenetal.,2013).

Furthermore,thedamageofcapillaryendothelium byAsincreasesvascular

permeability,leadingtovasodilationandcirculatorycollapse(Jolliffeetal.,1991).

2.2TheCarcinogenicityofHeavyMetals

Themechanism ofcarcinogenicityofheavymetalsisunclearandcomplicated.

Carcinogenicityofsomeheavymetalsisassumedtobeduetotheirbondingto

regulatoryproteinsthatareinvolvedincellcycleregulation,DNAsynthesisand

repair,andapoptosis(Kim etal.,2015).Besides,toxicogenomicinvestigations

highlight the characterization of gene expressions after metal toxicity.

TranscriptionfactorssuchasActivatorProtein1(AP-1),NuclearFactor-kappaB

(NF-κB),andp53aretargetsforCdandAs.Asaresult,controllingtheexpression

ofprotectivegenesfailed,leadingtouncontrolledcellgrowthanddivision(Valko

etal.,2005).AfewstudieshaveexaminedRasproteinsmutationsorincreased
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activationincarcinogenicheavymetalsexposure.Ngalameetal.(2014)showed

overexpressionofRasinhumanprostateepithelialcellsfollowingAsexposure.

Inanotherstudy,theelevationofthelevelofERK1/2,aswellastranscription

factors jun and fos,was observed in vitro by Cd.Cr(VI)also induced

overexpressionofjuninculturedcells.ThemutatedRasproteinlosesitsability

tobeinactivatedandthekinasecascadeisnotturnedoff.Besides,intensified

junandfosoractivatedERK1/2continuesrepeatedlythegeneexpression.Thus,

a permanentlyactivated signaling pathwayresultsin continuouslyactivated

proliferation,leadingtoincreasedtumorformation(Zuoetal.,2012;Ngalameet

al.,2014;Ataeietal.,2019).

ArsenicisshowntoinhibitDNArepairbyinhibitingpolyADP-ribosepolymerase1

(PARP-1),aresponsibleenzymeforDNA breakrepairprocesses(Dingetal.,

2009).Resistancetoapoptosisduetoheavymetalsexposurebreaksdowna

basic celldefense.It has been shown that Cd can induce malignant

transformationoftheprostateepithelialcelllinethroughincreasedapoptotic

resistance.ApoptoticresistanceisattributedtotheoverexpressionofBcl-2and

disruptionofaspecificpathwayofapoptosisknownastheJNKpathway(Quet

al.,2007).AlteredexpressionofgenesinvolvedinapoptosisandDNArepairis

proposedforresistancetoapoptosisinducedbyCr6+ (Pritchardetal.,2005).

Moreover,hexavalentCrcausesDNAdamagebyinactivationofDNAligase,DNA
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polymeraseβ,andPARP-1.DeficientDNArepairduetoCrleadstochromosome

instabilitywhichisakeymechanism ofCr6+-inducedcarcinogenesis(Wiseetal.,

2018).

2.3EpigeneticMechanismsofHeavyMetals

Heavymetalscanpromoteepigeneticalterations,includingDNAmethylationand

histonemodification.Hg,Pb,Cr,Cd,andAsarecapableofDNAmethylation.

Besides,Hg,Pb,Cr,andAscanmakehistonealterations.However,thereareno

dataavailableforCdtoinducehistonemodifications.Ontheotherhand,onlyCd

and As are reported to mediate expression ofnoncoding RNAs,another

molecularmechanism ofepigenetic regulation.The exactmechanism of

epigeneticchangesduetoheavymetalsexposureisnotfullydetermined.It

seemsthatincreasedexpressionofprotooncogenesandsilencingoftumor

suppressergenesviaintracellularROSproductionaretheunderlyingcauses

(Chengetal.,2012).DNAmethylationiswellknowntoinhibittheexpressionof

sometumorsuppressors.Asaresult,changesingeneexpressionresultinthe

alteration of the cellular division process and facilitation of malignant

transformationofcells(LiandChen,2016).Epigeneticdysregulationsinhuman

bronchialepithelialcellswerereportedfollowingCr6+ exposure.WangZ.etal.

(2018)foundincreasedlevelsofhistoneH3methylationmarks(H3K9me2and

H3K27me3)andhistonemethyltransferases(HMTases)(WangZ.etal.,2018).
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Huetal.reportedCr-inducedmethylationofthep16gene,atumorsuppressor

gene,inthesamecellline(Huetal.,2016).Similarly,epigeneticchangesmay

attributetotheCdandAstoxicandcarcinogeniceffects.DNAmethylationas

wellasspecifichistonemodificationmarksareassociatedwithexposuretoCd

andAs(Baileyetal.,2013;Sandersetal.,2014;Xiaoetal.,2015;Maetal.,2016).

2.4ComparisonoftheMechanisticAction

Sincetherearemultiplecellulartargets,themechanism underlyingthetoxicityof

toxicheavymetalsiscomplicated.ItisunderstoodthatHg,Pb,Cr,Cd,andAs

commonlyexerttheirtoxicitythroughsimilarpathwaysincludingROSgeneration,

weakeningoftheantioxidantdefense,enzymeinactivation,andmultipleorgan

toxicity.Forinstance,glutathioneperoxidaseandreductaseareknownenzymes

whichareinactivatedbythesefivemetals.However,somemetalsselectively

bindtoaspecificproteinasauniquemechanism ofthatmetal.Forexample,Pb-

inducedanemiaoccursviatheinhibitionoftwoenzymesofhemebiosynthesis:

ALADandferrochelatase(Figure1).Theinteractionofproteinphosphatases(PP)

with Cd can be mentioned as anotherexample.Examination ofprotein

phosphatases1(PP1)metalinhibitorsshowedthatCd2+ andHg2+ bothhave

inhibitory effects on PP1 enzyme.However,Cd2+ is likely a potentand

competitiveinhibitoroftheenzyme(Panetal.,2013).Heavymetalscandisrupt

endocrinesystemsbyinterferingmainlywithsteroidandthyroidhormonesin
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human and animals.As an example,Cd,Pb,and Crare known to induce

thyrotoxicosis(QureshiandMahmood,2010).Themechanism oftoxicityof

theseheavymetalsandtheorgantoxicityarepresentedinTable1.

Whiledifferenttypesofmercurycompoundsarefoundintheenvironment,the

organicformsofHgaremoretoxicthantheinorganicspecies.Hgcancause

cognitiveimpairmentand CNS injury.Besides,Hg causesrenaldysfunction

especiallyintheproximaltubulesduetoitspreferentialaccumulationinthe

kidneys.Ithasalsoharmfuleffectsonliverandtheintestine(Kim etal.,1995;

Chengetal.,2006).

TheeffectofproinflammatorycytokinesinthebrainfollowingPbexposureis

inflammationintheCNSwhichinturncausesneurotoxicity(Struzynskaetal.,

2007).Pb has also shown to have hematotoxic and hepatotoxic effects.

Moreover,itposes renaland respiratoryharmfuleffects.Pb-induced renal

toxicitymightleadtonecrosis.Apoptosisinleadtoxicitytakesplaceviathe

inhibition ofBcl-2 and the activation ofcaspase-3 following mitochondrial

cytochrome C release (Liu etal.,2012).Lead neurotoxicity and cognitive

impairmentmightbepromotedviatheinhibitionofNMDA receptorandthe

blockageofneurotransmitterrelease(NealandGuilarte,2010).

Hexavalentchromium hasbeenclassifiedasacarcinogen.Crtoxicitycancause

the lungs and upperrespiratory cancers.Mechanisms ofCrtoxicity and
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carcinogenicityareconsideredasDNA damage,genomicinstability,andROS

generation.FollowingexposureandbioaccumulationofCr,avarietyofdiseases

appeared.Skin,hepatic,renal,reproductive,andneurologicaldisorderscanbe

mentioned(Fangetal.,2014).Moreover,manyothercellularinjuriesandcell

deathasbothapoptosisandnecrosismayoccur(DeFloraetal.,2008).

LikeCr,Cdisalsoclassifiedasacarcinogen.ConsequencesofCdpoisoning

mightbepainfuldegenerativebonedisease,kidneyfailure,andtheGIandlungs

diseases(Nishijoetal.,2017).CdcanbindtoMTandothermetaltransportersin

thesmallintestineandaccumulatesintheGItract(OhtaandOhba,2020).

AlteredmiRNAexpressionduetoCdexposuremayplayaroleinCd-induced

nephrotoxicity(Fayetal.,2018).ApoptosisisassociatedwiththecytochromeC

releaseintothecytosolduetoCdexposure(Pham etal.,2006).

Likechromium andcadmium,arsenicisconsideredahumancarcinogen.Chronic

arsenictoxicityorarsenicosiscausesskinmanifestationssuchaspigmentation

andkeratosis.Arsenicpoisoningmayexertobstructiveandrestrictivepulmonary

diseases.Arsenichasbeenlinkedtocognitivedysfunctionandneurological

problems such as pricking sensation in hands and legs (Lee etal.,2006;

Wassermanetal.,2011).

2.5Heavymetalsincosmeticsandpersonalcareproducts(PCP)

Manufacturers of cosmetics and skin care products often incorporate



xxix

substancesthatcould impartsubstantialamountofheavymetalsonto the

products.Relevantitemstowhichsuchsubstancesareincorporatedincludelip

sticks,bodycreams,sunscreenproducts,talcum andbrownpowder,eyeshadow,

shampoosandconcealers.Forexample,zinc(astheoxide)iswidelyusedin

sunscreens, diaper ointments, moisturizers, shampoos and concealers;

chromium isusedinsomeproductsasacolorant;andironoxidesarecommonly

usedascolorantsineyeshadows,blushesandconcealers(Odukuduetal.,2014).

DespitetheprohibitionofPb,As,Cd,Co,Sb,Hg,NiandCrincosmetics,many

producersstillincludecompoundsthatcontainthesemetalsatlevelsabovethe

WHOpermissiblelimits.Usmanetal.(2021)determinedconcentrationsofPb,

Co,Cu,CrandNionvariouskindsofcosmeticproductsinNigeriaandfoundhigh

concentrationsofCoandPbinfacepowdersandeyeshadows,respectively.The

studyalsofoundthattheconcentrationsofCrineyeshadow,lipstickandface

powderswereabovetheUSEPA andUSFDA permissiblelimits.Eneh(2021)

analysedurinesamplesoffemalestudentsinaselectedNigerianpopulationto

assessimpactsoftheuseofcosmeticsontracemetalsabsorptionintothebody.

ThestudyfoundthatthemeanconcentrationofHg,PbandAsintheurineof

studentswhohadconsistentlyusedmake-upwerehigherthanthosewhodidnot

wearmake-ups.Odukuduetal.(2014)investigatedtheconcentrationofheavy

metalsintoothpaste,cosmetics,tissuepapersandhairrelaxers.CdandCr,
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whicharenotpermittedtobeusedinpersonalcareproducts,werepresentat

highconcentrationsupto0.467and0.435µg/g(orppm),respectively,inthe

products.DespitethefactthatZnisanessentialelement,thestudyreported

valuesforZnthatraisesafetyconcernsduetopotentialcumulativedermal

exposuretosuchhighconcentrationsofthemetal.Oyekunleetal(2021)worked

on native black soaps and conventionalsoaps,and reported high Hg

concentrationsof273.6and55.12µg/gmaximum values,respectively,inthe

soaps.Whilenotingthathighlymercuricsoapsareeffectiveagainstfungiand

bacteria,the authors cautioned thatsuch products would only be safe if

restrictedtooccasionalusebyadultsandchildren.Cd,anotherverytoxicmetal,

was also detected in the soaps,although atmuch lowerconcentrations

comparedtothoseofHg.

2.6Heavymetalsintheatmosphere

Heavymetalspresenceinatmosphericairmayresultfrom combustionoffossil

fuel.Theycouldalsoemanatefrom non-exhaustsourceslikewearandtearof

vehiclebrakesandtyres,andfrom ahostofotheranthropogenicactivities

(Anakeetal.,2017).Metalsmayexistinform ofvapourintheair,thereby

increasingthechanceofbeinginhaledbyhumans.Studieswhichinvestigated

toxicmetalsinairinNigeriahavedonesorelativetometalsboundtoparticulate

matters(PM).Uzoekweetal.(2021)investigatedheavymetalspresenceand
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levelsinparticulatematters(PM10)suspendedinairaroundagasflaringfacility

inBayelsastate.Maximum concentrationsofthemetalswere0.197,0.060,

1.280,0.170,0.310and8.233µg/m3forCo,As,Cr,Cd,CuandFe,respectively.

The study concluded thatgas production and flaring did notcontribute

significantlytoatmosphericmetalloadswithinthestudyarea.Ontheotherhand,

Anakeetal.(2017)determinedPM2.5– boundtracemetalsinanindustrial

estateinOgunstateandreportedinhalationexposurecancerrisksforadultsand

children,thatwerewellabovetheacceptablerangeof10−6to10−4,indicating

significantcontributionoftheindustrialactivitiestothelevelsofsuspended

metalsinair.ThestudyalsoreportedthatCuandCrexistintheexchangeable

form andwouldbereadilytransferredtothehumansystem iftheparticulate

matterswereinhaled.Ogundeleetal.(2017)investigatednineheavymetals(Pb,

Mn,Cd,Zn,Cr,As,Ni,Cu,andFe)inairPM aroundironandsmeltingcompanies

inIle-Ife,Osunstate.ConcentrationsofCd,Pb,MnandNiinthesampleswere

foundtoexceedbothWHOandUSEPAguidelinesafetylimits,resultinginthe

deteriorationstatusconfirmedbyvariouspollutionindices.Followingmonthsof

blacksootenveloping the atmosphere in Port-Harcourt,the cityofoiland

refineriesinSouthernNigeria,Kalagboretal.(2019)determinedheavymetalsin

thesootsamplescollectedfrom residentialareas.Concentrationsofallthe

metals were higherthan those in unpolluted controlsamples,while also
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exceedingWHOstandardlimits.Inparticular,CdandPblevelsweresignificantly

highandcancerriskassessmentssuggestedthatchildreninthecitywereatrisk

ofdevelopingvarioustypesofcancers(Kalagboretal.,2019).

Therehavealsobeenreportsofheavymetalspresenceintheatmospherein

NorthernNigeria.Mafuyaietal.(2014)determinedheavymetals(Pb,Cr,Fe,Mn,

Cd,Zn,CuandNi)inrespirabledustsfrom sevenlocationswithinJosmetropolis,

Plateaustate,overaperiodof3months.ConcentrationsofCd,NiandMnwere

found to greatly exceed the WHO recommended limits forthe metals in

respirabledusts.Thestudyattributedthepresenceofthemetalsinthesamples

tovehiculartrafficandwastesincinerationinthecity(Mafuyaietal.,2014).Ayua

etal.(2020)alsoinvestigatedheavymetalsinrespirabledustandPM around

industrialsitesinKano,KadunaandJos.ConcentrationsofCd,NiandPbwere

foundtobeabovetheWHOsetstandardlimitsinsomeoftheareasstudied.The

studyreportedstrongcorrelationbetweenPM andtheheavymetals,thereby

confirmingthatthecontaminantsindeedoriginatedfrom theindustrialactivities.

Thisfindingalsogivescredencetotheuseofsampledair-suspendedPM forthe

evaluationofheavymetallevelsinair,asreportedbymostofthestudies.

2.7Heavymetalsingroundwaters,surfacewatersandaquaticbiotaspecies

Thereviewrevealedthatwaterisoneofthemoststudiedenvironmentalphases,

with respectto investigations ofheavy metals contamination in Nigeria.
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Numerousstudieshaveconsideredthisphasefrom variousperspectivesand

motivatedbydifferentreasons.Forinstance,onlyabout10%ofNigerianshave

accesstocentrallymanagedcleanpipe-bornewater;themajorityofNigerian

homes depend on underground waters,accessed via hand-dug wells and

mechanically drilled borehole facilities (Idowu et al.,2022).Many rural

populationsalsodependonwaterabstractedfrom unprotectedsurfacesources

suchasstreamsandrivers.Thissituation,coupledwithpoorenforcementof

environmentallaws,which potentially exposes these water resources to

contaminationbyvariousindustrialandmunicipalwastes,hasformedpartofthe

motivation formanystudies investigating levels ofheavymetals in water

samples.Additionally,unprotectedandunmanagedstreamsandriversoften

serveasmeansofrecreation(i.e.swimming)topeopleinruralNigeria,withthe

potentialhazardofingestingwaterscontaminatedwithtoxicmetals.

Denkok etal.(2021)determined heavy metals in various watersamples,

includinggroundwaterandfactory-packagedsatchetwater,inJos,Plateaustate.

TheauthorsfoundthatthelevelsofPb,Cd,Cr,andCuwerehigherthantheir

respective WHO allowable limits in drinking water.Adeyemiand Ojekunle

investigatedheavymetalsconcentrationsinundergroundwaters(whichprovide

drinking waterto people)around industrialestates in Ogun state.High

concentrationsofPb,Fe,NiandCrweremeasuredinthesamples,withthetotal
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hazardindex(HI)showinghighriskacrossdifferentagegroups,andparticularly

forinfants.Ontheotherhand,Enunekuetal.(2018)workedonwatersamples

from boreholessitedclosetosomedumpsitesinBeninCity,Nigeria.Basedon

themetalspollutionindicesandtheestimateddailydosagethroughdrinking,it

wasestablishedthatthelevelsofmetalsintheboreholesposednothreattothe

healthofthepeople.

Afolayan(2018)reportedheavypollutionofsurfacewatersinIbadanwithPb,Cd

andFe,duetothepresenceofabatterywastedumpsitefrom whichthese

metalsleachtothesurfacewater.Odebunmietal.(2014)workedonvarious

groundandsurfacewatersamplesfrom differentlocationsinOsunstate,and

foundthatthetoxicmetals(Pb,Hg,AsandCd)wereallhigherthanWHO

permissiblelimitfordrinking water.BecausemanyNigerian homesharvest

rainwaterfordrinking during the rainyseason,Olabanjiand Adeniyi(2005)

investigatedheavymetalscontentofrainwater,comparinglevelsinfree-fallrain

waterto those harvested via rooftops.The studyfound thatthe metals

concentrationswerehigherinroof-harvestedrainwater,withthemetalscontent

reflectingthemetalliccompositionoftheroofingmaterial.However,levelsin

bothwatertypeswerewithinsafelimitsandwerelowerthanthosedetermined

forthe neighboring surface waters,packaged table waters,and vegetation-

interceptedrainwater.Ekereetal.(2014)determinedlevelsofAs,Cd,Hg,Pb,Cr,
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FeandCuinwatersamplesfrom streams,lakes/pondsandhand-dugwellsin

ruralpartsofSouth-EasternNigeria.TheresultshowedthatexceptforHg,other

showedabovethepermissiblelimitofdrinkingwater.Thetotalhazardindexof

themetals,assessedthroughhumanoralwaterconsumption,indicatedthatthe

watersourcesweremostlyofhighrisk.Asanexampleofstudiesthatsoughtto

determineseasonalvariationofheavymetalsinenvironmentalmatrices,Achiet

al.(2021)investigatedlevelsofFe,Mn,Zn,Cu,Cd,Cr,PbandNiinwatersamples

from OgbereRiver,inIbadanSouthwesternNigeria.Significantvariationwas

observedforMn,Fe,Pb,Cr,andCd,withconcentrationshigherinthedryseason

samplesthaninthewetseasonsamples.

Closelyrelatedtostudiesonsurfacewatersarethoseexaminingconcentrations

ofheavymetalsinfishandotheraquaticfauna.Suchstudiesareimportant

becausetheyrevealthelevelofexposureoftheorganismstotoxictracemetals,

which mayalso be passed on to humansthrough the food chain.Indeed,

Nigeriansinruralareasfreelyobtainfood resourcesfrom manyriversand

streams.Also,theuseofcontaminatedwatersforfishcultivationmayresultin

thepresenceofheavymetalsinfishspeciessoldandconsumedlocally.Abalaka

etal.(2020)determinedconcentrationsofheavymetalsinsamplesofClarias

gariepinus(commoncatfish)andSynodontisclarias(mandi)obtainedatKado

fishmarketAbuja(Northcentral)Nigeria.ConcentrationsofCr,Fe,CdandCu



xxxvi

exceededtheirpermissiblelimits,whileevidenceofbioaccumulationinliverwas

obtainedforZn,Cr,FeandCu.ObasohanandEguavoen(2008)studiedheavy

metallevelsinErpetoichthyscalabaricus(freshwaterreedfish)inOgbariver,

Benin city.The authors determined and compared dry and rainy season

concentrationsofCu,Mn,Zn,Cr,NiandPbinthefish.Concentrationsofthe

metals in the fish were allhigherthan in the riverwater,pointing to a

bioaccumulationeffectofmetalsinthisfishspecies.Thestudyalsoreported

thatbothdryandrainyseasonlevelsofCu,MnandNiexceededtheirWHO

permissiblelimitsforthemetalsinfood.Similarstudieswereconductedby

WegwuandAkaninwor(2006),OguguahandIkegwu(2017)andOlagunjuetal.

(2021)onfishresourcesinnew Calabarriver,LagoslagoonandOgbeseriver

(Ondostate),respectively.WegwuandAkaninwor(2006)furtherdemonstrated

thatheavymetalspresence,evenatconcentrationsbelow thosedeterminedin

theNigerianrivers,causeddeathoffishesandinhibitedhatchingoftheireggs.A

numberofstudies(forexampleAiyesanmietal.,2010;AnaniandOlomukoro,

2017;AduwoandAdeniyi,2018;Ogundeleetal.,2019;andAigberuaetal.,2020)

havealsoreportedlevelsofheavymetalsinriversediments,thebottom layer

comprisingsoil,deadanddecayedplantandanimalmaterials,ontowhichmetals

aresignificantlyadsorbedandmaybere-suspendedintothewatercolumn.
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2.8Heavymetalsinfoodsandbeverages

Plantsgrowingoncontaminatedsoilsmaybio-accumulateheavymetalsfrom

thesoilandtranslocateitfrom theroottootherpartsoftheplant.Thisprinciple

isemployedinphytoremediationoflandscontaminatedwithheavymetals.In

Nigeria,ediblecropplantsaresometimesgrownonriverfloodplains,which

receivedepositsofwastesandcontaminants(includingheavymetals)during

flooding events (Maduawuchietal.,2019).Metals from the soilmaythen

transfertovegetablesandfoodcropsgrowingonthefloodplains.Additionally,

ediblecropsandvegetablesarefoundgrowingaroundwastedumpsitesand

factories,withthetendencyoftoxicmetalsbeingtransferredfrom thesoilinto

variousplantparts.

Apartfrom theseroutes,thereareotherpotentialroutesthroughwhichfood

itemsmaybecontaminatedbytracemetals,andanumberofstudieshave

focused on this subject.Akaninworetal.(2006)compared trace metals

concentrations in Nigerian staple food crops (both raw and cooked)from

farmlands in Rivers state,an oil-producing area ofNigeria,to those from

farmlandsinnon-oilproducing(Ebonyi)state.Metalsconcentrationswerefound

tobesignificantlyhigherinthefoodcropsfrom theoilrichregionthaninthe

samecropsfrom thenon-oilstate.Thisresultwasattributedtothenatureofthe

soilintheoil-producingarea,beinghighinorganicmattercontentthatcould
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chelatemetalsinthesoilandfacilitatetheirtransferintothecropplants.Similar

reportofcomparativelyhighheavymetalscontentincropsfrom oil-producing

areawasmadebyWegwuandOmeodu(2010).OlutonaandDaniel(2020)

worked on melon seedsobtained from Northern and Southwestern partof

Nigeria.Heavymetalsdeterminedinthesampleswereoftheorder:Pb>Zn>Ni

>Co>Cd,withallvalueshigherinseedsfrom theNorththanintheSouthwest.

ConcentrationsofPb,CdandNiwerefoundtobeabovetheWHOpermissible

limitsinsampleswheretheyweredetected.SamuelandBabatunde(2021)

performedhealthriskassessment,followingthedeterminationofheavymetals

infoodcropsgrownaroundanabandonedlead-zincminingsiteinTse-Faga,

Benuestate.Highhazardquotientof1714and1.143weredeterminedforPbin

ZeamaysandManihotesculenta,respectively.Thestudyindeedindicatedthat

theconsumptionoffoodcropsgrowinginthevicinityoftheabandonedmining

sitemaycauseleadpoisoninginhumans.Taiwoetal.(2021)investigatedheavy

metalsinsixtysamplesofsnacksand‘fast-foods’inIjebu-ode,Southwestern

Nigeria.The authorsfound thatFe wasmostabundantin the samplesat

concentrationsupto71.25mg/kg(incashewnuts).CancerriskforCoinallthe

foodsamplesexceededtheacceptablelimitof0.0001,suggestingpossible

developmentofcancerbyindividualswhoconsumethefoodsonregularbasis.

GayaandIkechukwu(2016)investigatedlevelsoftenheavymetalsindifferent
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typesofplant-derivedspices(seeds,leaves,bulbs,fruitpodsandrhizomes),

obtainedfrom amarketinKano,NorthernNigeria.Thespicesallhadexcessive

amountsofCoandCu,withmaximum levelsinginger(11.1mg/kg)andAfrican

nutmeg(15.3mg/kg),respectively.Estimateddailyintakeofthemetalsinonion,

ginger,alligatorpepper,Utazi,Ashantileaves,garlic,castorseedsandshallot

wereallabovethetolerablelimitssetbyFAO/WHO.

Apartfrom plant-basedfoods,othertypesoffoodmaterialsproducedinthe

countryhavealsobeeninvestigated.Forinstance,environmentalcontamination

withtoxicmetalsaffectsfodderplants,pasturesanddrinkingwatersources

usedforlivestockproduction.Inparticular,nomadiccattleroamingandrearingin

Nigeriadependonwatersfrom unprotectedriversandstreamsassourcesof

drinkingwaterforcattle,withtheanimalsdirectlyingestingwatercontaminated

withtoxicmetalsandotherchemicalsubstances.Heavymetallevelsintissues

offood animals may therefore provide indication ofthe degree ofmeat

toxicologicalsafety,and the extentofenvironmentalcontamination bythe

metals.Njogaetal.(2021)determinedlevelsofAs,CdandPbin450edible

samplesofmeat,comprisinggoat’skidney,liverandmuscle,obtainedfrom

regularslaughterhousesinEnugustate.Thestudydetectedatleastonetoxic

metalin56%ofthesamples,withthehighestmeanconcentrationsof0.57,0.82

and0.06mg/kgrecordedforAs,PbandCd,respectively.Estimateddailyintake
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forallthemetalsexceededrecommendedsafetylimits.Becausegoatmeatis

commonly consumed in delicacies in Eastern partofNigeria,this study

highlightedthesignificantpublichealthrisksthattheconsumptionofgoatmeats

posestohumansintheregion.WegwuandWigwe(2006)workedonedible

meat/fleshoftheAfricangiantsnail(Archachatinamarginata),sourcedfrom

threegeopoliticalzonesofNigeria-Southeast,SouthwestandSouth-south.The

studyquantifiedCu,Fe,Zn,Ni,PbandCdinthesnailsamplesandreportedthat

theheavymetalsconcentrationswereabovetheWHO limits,particularlyin

samplesgottenfrom highlyindustrialisedenvironments.

Benthicinvertebratessuchasperiwinkle(Tympanotonusfuscatus),mudskipper

(Periophthalmusbarbarous)andSesarmidcrab(Guinearmaalberti)constitutean

importantfood(soup)ingredientinSouthernpartsofthecountry.Odigieand

Olumokuro (2021)determined heavymetalscontentofthesebenthicfauna

species,collectedmonthlyfrom awetlandareainDeltaState,overaperiodof18

months.Apartfrom assessingthetoxicologicalsafetyoftheirconsumption,the

speciesarebioindicatorsthatcouldreveallevelsofbioavailabletoxicmetalsor

otherpollutantspresentintheriversandsediments.Notablemaximum mean

concentrationsofthemetalsmeasuredinthespecieswere349.8,3.46,2.09,

0.41and0.19mg/kgforFe,Cu,Cd,PbandCr,respectively.Suchlevelsofthe

metalsarea causeforconcern,given thewidespread consumption ofthe
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invertebratespeciesinspecialdelicaciesinthearea.StudybyAzietal.(2018)

provideevidencethatheavymetalsareleachedfrom rawfoodsintothecooking

water,whichisoftenconsumedtogetherwithmealsinsouppreparations.

Fewstudieshaveinvestigatedlevelsoftoxicmetalsinbeverages.Iwegbue(2010)

analysedvariousbrandsofcannedbeersinNigeriaandreportedthatPb,Cd,Cr,

NiandFewereabovepermissiblemaximum levelsforthemetalsindrinking

water,whileCo,Al,CuandZnwerewithinthelimits.Iwegbueetal.(2014)

investigated heavy metals concentrations in locally produced alcoholic

beverages,includingraphiapalm wine,oilpalm wine,ogogoro,pitoandburukutu,

mostlyconsumedinruralcommunitiesinSouthernNigeria.Incontrasttothe

resultobtainedforcannedalcoholic(beer)drinks,theconcentrationsofallthe

metalswerebelow permissiblelimits.Thehighconcentrationsoftoxictrace

metalsincannedbeersmaybeduetotheindustrialnatureoftheproduction

process,whichtypicallyinvolvestheintermediateliquorsandfinishedproducts

coming in contact with metallic equipment and machineries,unlike the

productionoftraditionalalcoholicdrinkswhichemployslocalwoodenutensils.

Thepackagingandstorageofbeersinmetalliccansmayalsobecontributingto

theimpartationoftracemetalsontothedrinks.OlutonaandLivingstone(2018)

investigatedheavymetalsconcentrationofnon-alcoholic(malt)drinksobtained

from variousmarketinIbadan,SouthwesternNigeria.ConcentrationofPb,Ni
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andCrwerefoundtobeabovetheirrespectiveWHOlimitsfordrinkingwater.

2.9Heavymetalsinmedicineandhumanfluidsamples

Medicines,beingsubstancesingestedtocureorlessentheeffectsofdiseases

andailments,arenormallymanufacturedunderhygienicconditions.Theyare

alsoexpectedtobeofhighpuritystandards,withtheabsenceornon-detectable

levelsofextraneouschemicalsubstances.InNigeria,asitisinmanydeveloping

African nations,people use orthodox/modern medicines as wellas local

medicines,producedfrom herbsandmadeinform oftabletsormixedbottle

concoctions.AigberuaandIzah(2019)investigatedlevelsofheavymetalsin

someliquidherbalmedicinessoldinPortharcout,SouthernNigeria.Ni,Zn,Co

andFeweredeterminedintheconcoctionsatmaximum concentrationsof0.068,

0.024,0.177and27.1mg/L,respectively(Fewasfoundin100%ofthesamples).

Thestudynotedthatsomeoftheherbalmedicineswerenotapprovedbythe

governmentagencyregulatingtheproductionandsalesoffoodsanddrugsin

Nigeria.This points to the inadequacy ofsurveillance and inadequacy of

enforcementofrelevantlawsbytheconcernednationalagencies.Similarly,

Ndukaetal.(2020)determinedcarcinogenicheavymetals(Cd,Hg,As,Cr,Pband

Ni)in30brandsoflocallymanufacturedpainkillermedicines,randomlysourced

from pharmaceuticalstoresinAnambrastate.Themetalsweredetectedin

variouscombinationsinthesamples,whileNiwasfoundinallthepainkiller
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samples.Thestudyestimatedtotalcancerrisk(TCR)andtotalnon-cancerrisk

(TNCR)fortheheavymetalstorangefrom

7.21×10−13–1.25×10−10and1.51×10−7–5.56×10−5respectively,notingthat

thecontinuousconsumptionofthesepainkillermedicinesputspeopleattherisk

ofheavymetaltoxicity.Nnanemeetal.(2021)workedonorthodoxanalgesic

syrupsfrom pharmaceuticalshopsinIbadan,Oyostate.

Themeanmaximum concentrationsreportedbythestudywere4.12,3.5,0.49,

0.67,0.7and0.91mg/LforNi,Cd,Cr,Zn,PbandHg,respectively.Thesevalues

arehighlyworrisomeandcastsomedoubtsonthecorrectnessoftheanalytical

procedureand processing oftheensuing data.Forinstance,themaximum

valuesreportedforNiandCdinthesyrupsare58timesand1,166timeshigher

thantheauthenticWHOguidelinelimitsforthesemetals(WHO,2017).Onthe

otherhand(thoughveryunlikely),theresultsmaymeanthatthepharmaceutical

syrupsindeedcontainsuchhighlevelsoftoxictracemetals,raisingevenmore

concernsforthehealthandsafetyoftheNigerianunsuspectingpublic.

Thepresenceofheavymetalsinmedicinesand inothersamplessuchas

cosmetics,foodsandwaterprovidegoodpremiseandjustificationforstudies,

whichinvestigatedtoxictracemetalsinhumansamples.Adekolaetal.(2001)

investigatedheavymetals(Cd,Pb,ZnandCu)inscalphairsamplesof900

individualsagedbetween1and40years,livinginIbadanorIlorin,Nigeria.
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Varyingconcentrationsofthemetalsweredetectedinthehairsamples.However,

amostprofoundoutcomeofthestudyisthegenerallyhigherconcentrationsof

PbandCd,foundinhairsamplesofolderpeople(16–40years)thaninhair

samplesofyoungerones,irrespectiveofthelocation.Thisresultprovidesstrong

indication ofbioaccumulation ofheavymetals in human systems,through

ingestionandothermeans.Thefactthatthehairsampleswerethoroughlyand

repeatedlywashedwithsolventsandwaterpriordigestion(Adekolaetal.,2021)

excludethepossibilitythattheheavymetalsweremerelyadsorbed onthe

surfaceofthehairsamples.

AccumulationoftoxictracemetalsinhumanbodysystemsinNigeriawasalso

corroboratedbyfindingsofAkanetal.(2014),whodeterminedNi,Cd,PbandAs

inbloodandurineofpatientsattheUniversityofMaiduguriTeachingHospital

(UMTH),Borno state.Theauthorsfound thattheconcentrationsofmetals

increasedwiththeageofpeople,beinglowestinthe1–10yearsgroupand

highestinthe51–60yearsagegroup.Furthermore,levelsofthemetalsinblood

andurinewereabovethoseindrinkingwatersourcesinMaidugurimetropolis,

wherethepatientsreside(Akanetal.,2014).Verlaetal.(2019)alsoinvestigated

levelsofheavymetalsinurineandbloodsamplesof60childreninOwerri

metropolis,EasternNigeria.

ThestudyfoundPb,Cd,Ni,MnandCrinboththeurineandbloodsamples,with
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concentrationsinbloodbeinghigherthanthoseofurinesamples.Indeed,the

authorsnotedthatthemaximum concentrationsofthemetalsinbloodwere

higherthanthemaximum valuesspecifiedbytheUSAAcademyofpaediatrics

(Verlaetal.,2019).Eneh(2021b)investigatedtoxicheavymetalsconcentrations

inbloodandurinesamplesofacohortof100hairdressersinEnugu,believedto

havebeenexposedtothemetalsthroughregularuseofhairdressingcosmetics.

ExposuretoPbwasimpliedfrom ahighmeanbloodPbconcentrationof17.47

µg/dL.ThestudyalsoreportedmeanbloodHglevelof25.06ng/mL,whichwas

abovetheexpectednormalrangeof10–20ng/mL.MeanconcentrationofNi

(0.49µg/dL),wasfoundtobeabovethereliablevalueof0.2µg/dL.TheseNi

levels were noted to be possiblyresponsible forcarcinogenic effects that

impairedthequalityoflifeofthesubjects,asindicatedbytherateofdizziness,

nausea,vomiting,sleeplessnessandheadaches(Eneh,2021b).

2.10Heavymetalsinsoils

Soilcouldbeimpartedwithtracemetalsthroughweatheringandmineralization

of parent rock materials,as wellas anthropogenic influences such as

industrialisation, mining, indiscriminate waste dumping and automobile

emissions.Particularareasofsoilpronetoreceivinghighconcentrationsof

heavymetalsinNigeriaarethewastedumpsites,servingasreceptacleforall

formsofsolidandliquidwastesandaremostlyunregulatedbyauthorities.
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AiyesanmiandIdowu(2012)reportedhighconcentrationsofheavymetalsin

soilsofthreedumpsitesinAkure,SouthwesternNigeria.Orderofconcentration

ofthemetalswasthesameinthethreedumpsitesoilsandfollowedthepattern:

Cu>Ni>Pb>Zn>Cr>Cd>Co.Highconcentrationsofallthemetalswerealso

detected in edible leafy vegetables (Amaranthus spinosus and Talinum

triangulae)found growing around the waste dumpsites.Eze etal.(2020)

investigated heavymetals levels in fourmajordumpsites in South-eastern

Nigeriaandperformedanassessmentofhumanhealthrisksassociatedwith

metalsatthedumpsites.Thestudyrevealedthatchildrenwereatthehighestrisk

ofexposuretoAs,PbandNi,withtheingestionexposurepathwaybeingthe

majorcontributortoboththecancerandnon-cancerrisks.Electronicwastes,

particularlythecathodeandanodeofbatteriesusedinmanyportabledevices,

containsubstantialamountofheavymetalsandrareearthelementsaftertheir

usefullife(Odegbemietal,2021).

StudybyOfudjeetal.(2014)andIbeetal.(2018)onelectronicsworkshopsand

electronicwastesdumpsitesinNigeriahavedemonstratedthereleaseofheavy

metalsfrom thesematerials.Investigationofheavymetalsinsoilnearabattery

wastes dumpsite in Ibadan,Oyo state by Afolayan (2018)revealed soil

contaminationfactorabove6.0forCd,PbandFe,indicatingexcessiveand

severepollutionofthesoilwiththemetals.Furthermore,thetoxicmetals,Cdand
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Pb,werefoundatconcentrationsabove2.80and40.0mg/kg,respectively,in

maize plants grown nearthe batterydumpsite.Accumulation ofmetals in

vegetables growing around dumpsites is a majorcause forconcern,as

unsuspectingindividualsmayfetchthem forconsumptionorforsalesinopen

markets.

Soilsintheproximityofindustrialsiteshavealsoattractedsomeattention.Two

recentstudies(Olatundeetal.,2020;LaniyanandAdewumi,2020)investigated

heavymetalslevelsofsoilsarounddifferentcementfactoriesinSouthwestern

Nigeria.Heavymetalsconcentrationswerehigherinthesoilsamples,compared

to theappropriatereferencesamplesanalysed in thestudies.Considerable

pollutionandpotentialecologicalriskfrom Cd,Cr,NiandPbwereobservedby

Olatundeetal.(2020)forsoilsamplesaroundIbesecementfactory.Inaddition

totheproximalsoilpollutionwithheavymetalsattheEwekorofactory,Laniyan

andAdewumi(2020)detectedCu,Pb,Cr,CoandNiinvegetablesandrootcrops,

atconcentrationsaboveinternationalmaximum safelimits.Ogundeleetal.

(2021)workedonsoilsamplesfrom bothactiveandabandonedartisanalgold

miningsitesinIle-Ife,Nigeria.Whilevariousmetalsweredetectedinthesamples,

concentrationofPbwasparticularlyhighandanassessmentofcontamination

status via geoaccumulation indices revealed thatthe soils were indeed

contaminatedwithPb.
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Floodplainsoils(adjacenttorivers)arecommonlyusedinNigeriaforcultivation

offoodcropsandvegetables,duetotheiralluvialnatureandtheavailabilityof

waterforirrigationpurposes.Anumberofrecentstudieshavebeenfocusingon

themetalscontentoffloodplainsoils,whichpotentiallyderivefrom materials

deposited by overflowing rivers,themselves contaminated with toxic trace

metals.Maduawuchietal.(2019)investigatedlevelsofPb,CoandCrinthree

floodplainsinSouthwesternNigeria.Thestudyfound thatfluvialdeposition

contributedmoresignificantlytoPbandCocontentsofthefloodplains,with

percentagecontributionrangingfrom 79.3–99% and67.2–85.7%,respectively.

These two metals were also detected in an edible vegetable (Amaranthus

hydridus)harvestedfrom thefloodplains.AnotherstudybyAiyesanmietal.

(2020)determinedthespeciationofmetalsinthefloodplainofOnukunriver,

Ondostate.Cuwasfoundtobeassociatedwiththesoilorganicfraction;Pband

Znexistsinreduciblefractions,whileCrandFeareassociatedwiththeresidual

fraction.ThefindingssuggestthatCu,PbandZnweremostlycontributedby

fluvialdepositiontothefloodplains,whereasCrandFedeterminedinthesoils

weremoreofgeogenicorlithologicorigin.AssociationofPbwithreduciblesoil

fractionandattributiontoanthropogenicactivitieswasalsoreportedbyEbonget

al.(2019).In relation to agriculture,soilofvegetable farms irrigated with

wastewaterhaveshowedhigherlevelsofheavymetals,thansimilarsoilswithno
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wastewaterapplied(Abduetal.,2011).

2.11Heavymetalsincrudeoilandoil-contaminatedsites

Hydrocarbonsandvariousheavymetalsarecommoncomponentsofcrudeoil,

bitumen,oil-bearingrocksandothervaluableearthresources.A numberof

studies have determined heavy metals in crude-oilin Nigeria,to provide

indicationofthesuitabilityofcrudeforrefining,intermsofthetendencytocause

corrosionorpoisoncatalystsusedinrefineryoperations(Onojakeetal.,2016;

AdebiyiandAdebiyi,2015).TheheavymetalspresentinNigeriancrudeoilare

mainlyCu,Mn,Fe,Zn,Pb,Co,Ni,CdandCr(ChineduandChukwuemeka,2018).

Ofgreaterrelevancetothisreview,however,arestudieswhichexaminedheavy

metalsinoilsandsandoil-spillagesites.Anestimated3.1millionbarrelsof

crudeoilisbelievedtohavespilledintheNiger-Delta,theoil-endowedregionof

Nigeria,from 1976 to 2014 (Chinedu and Chukwuemeka,2018).Osujiand

Onajake(2004)workedonsoilsamplesfrom oil-pollutedlandsinObiobiand

Obrikom,Niger-Delta.ThestudyconfirmedhigherlevelsofPb,NiandCuinall

surfacesoils(0–15cm)from oil-contaminatedlands,comparedtonearbyones

whichdidnotreceiveoilspills.Similarly,Nwaichietal.(2016)determinedheavy

metalsinfarm soilsandcropsgrownon4-year-oldcrude-oilimpactedlandsin

UduvwokuandEkore,Deltastate,comparedtonon-oil-impactedlandsinthe

samearea.ThestudyfoundmuchhigherlevelsofCdandCrinoil-impacted
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farmlands than in the controls.Also,edible cassava tubers grown on the

contaminatedlandscontainedCdandCrataverageconcentrationsof0.24and

1.33mg/kg,respectively,exceedingWHO setlimitsforthesemetalsinfood,

whereasthesamemetalswerenotdetectedincassavafrom non-oil-impacted

farmlands.ThisstudyexemplifiestheexposureofhumansinNigeriatoheavy

metals,throughconsumptionoffoodcropscultivatedoncontaminatedsoil

environments.Similarresultsofelevatedmetalscontentincropsfrom oil-

prospectingareasofRiversstatewereearlierreportedbyHartetal.(2005).

AdebiyiandOre(2020)determinedheavymetalsinsandresidues(tailings)of

theNigerianbituminoussandfield.Variousheavymetals,includingCu,Fe,Sc,

Nb,As,V,Mn,Ti,SrandNiweredetectedathighconcentrations,rangingfrom

81.75 µg/g (As)to 9453 µg/g (Fe).Indeed,assessmentofcontamination

revealedveryhighecologicalrisksbythelevelofmetalspresentinthetailings.

CHAPTERTHREE

3.0MATERIALSANDMETHODS

3.1Collectionofsamples

Fairnesscosmeticproductswerepurchasedfrom marketsinIlorin.
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3.2Materials

Kjeldahldistillationglass,Nitricacid,Oxochlorate,Calibratedsamplebottle,

flameAtomicAbsorptionSpectrophotometer,Samples,anddistilledwater.

3.2Method

3.2.1Digestionofsample

Onegram ofsamplewasweighedina250mlKjeldahldistillationglassandwas

wetdigestedusing20mlofHNO3-HClO4 acidsolution(2:1volume)onahot

digestionsystem,heateduntilthesamplesturncolorlesssolution.

3.2.2HeavymetalsAnalysis

Afterdigestionwascomplete,thesolutionofeachsamplewastransferredintoa

100mlcalibratedsamplebottleandthesolutionwasdilutedtothemarkwith

distilled water. Mineralsinthesamplesweredetermined byflameAtomic

AbsorptionSpectrophotometer(VARIANmodelAA240FS,UnitedState).
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CHAPTERFOUR

4.0RESULT

4.1heavymetalanalysis

Theconcentrationsofleadandcadmium arepresentedinTable1.Thelevelof

leadinthesamplesusedrangedfrom 0.001±0.00to0.0827±0.00.Thelowest

valueofleadwasobtainedinsampleAwhilethehighestvaluewasobtainedin

sampleC.Twoofthefairnesscreamsusedhavecadmium belowthedetection

levelwhilethehighestvalue(0.0347±0.00)andthelowestvalue(0.0017±0.00)

wereobtainedinsampleFandsampleC,respectively.Allthevaluesobtainedare

belowtheWHOallowableconcentrationofleadandcadmium incosmetics.

Table1Concentration(mg/kg)ofleadandcadmium inbeautycream samples

Sample Pb(mg/kg) Cd(mg/kg)
SampleA 0.001±0.00 BDL

SampleB 0.0117±0.00 BDL

SampleC 0.0827±0.00 0.0017±0.00

SampleD 0.0022±0.00 0.0133±0.00

SampleE 0.0032±0.00 0.0026±0.00

SampleF 0.0062±0.00 0.0347±0.00

SampleG 0.0671±0.00 0.0084±0.00

WHO 10 0.3
BDL=Belowdetectionlevel
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CHAPTERFIVE

5.1Discussion

Heavymetalshavebeenimplicatedincosmeticsthatarecommonlyusedby

women(Popoolaetal.2013;Ramakantetal.2014).Heavymetalswhichcanbe

absorbedinthebodythroughdermalabsorptionforalongtimemaycause

varioushealthproblems.Thecontentsoftoxicelementsinthefairnesscream as

meansoftriplicatedeterminationaresummarizedinTable1.From theresults,it

canbeseenthattheleadcontentwasfoundtobeintherangeof0.001to0.0827

mg/kg,whereasthelowestamountwasfoundinA codedsampleandthe

highestconcentrationwasfoundincodedCsample.AccordingtotheWHO,the

permissiblelimitforleadis10mg/kg(Sukenderetal.2012),anditisobserved

thatallthe samplescontain lead contentbelow the permissible limit.The

concentrationofcadmium wasfoundinallthesamplesexceptAandB,and

variedfrom 0.0017to0.0347mg/kg.SampleCcontainsthelowestcadmium

concentrationandsampleFcontainsthehighest.AccordingtotheWHO,the

permissiblelimitforcadmium is0.3mg/kg,andallthecosmeticproductswere
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found to contain cadmium concentration lowerthan the permissible limit

(Sukenderetal.2012).

5.2Conclusion

Theinvestigatedfairnesscreamswerevariedintheirmetalconcentrations,and

theestimatedamountsofleadandcadmium werefoundtobelowerthanthe

respectivemaximum allowableconcentration(MAC),accordingtotheWHO/EU

standard.Thisstudyrecommendscontinuousmonitoringofthisfieldincluding

otheritemsofcosmeticsandtheagenciesthatcontrolthesafetyofcosmetic

productswillhavetoworkhardtoensuresafetyoftheconsumersofthese

products.Noneofthemetalswerefoundtobeconsideredaspotentialhealth

hazardforhuman.

Reference

AbalakaSE,Enem SI,IdokoIS,SaniNA,TenucheOZ,EjehSA,SamboWK(2020)

Heavy metals bioaccumulation and health risks with associated

histopathologicalchanges in Clarias gariepinus from the Kado fish

market,Abuja,Nigeria.JHealthPollution10(26):1–12

AbduN,AgbeninJO,BuerkertA(2011).Geochemicalassessment,distribution,

anddynamicsoftraceelementsinurbanagriculturalsoilsunderlong-term

wastewaterirrigation in Kano,northern Nigeria.J PlantNutrSoilSci



lv

174(3):447–458.https://10.1002/jpln.201000333

AchiCG,OmoniyiAM,CokerAO(2021)DistributionofSelectedToxicElementsin

WaterPhasesofRiverOgbere,Ibadan,Nigeria.JEnvironProt12:429–437.

https://doi.org/10.4236/jep.2021.127026 Qual Manage 65–87.

https://10.1002/tqem

AdebiyiFM,AdebiyiAY(2015)Evaluationoftracemetalsandphysicalproperties

ofNigeriancrudeoilsaturatefraction.PetSciTechnol33(12):1322–1330.

https://10.1080/10916466.2015.1065277

AdebiyiFM,OreOT(2020)EDXRFanalysisandrisksassessmentofpotentially

toxicelementsinsandfraction(tailing)ofNigerianoilsands.EnergyEcol

Environ1–13.https://doi.org/10.1007/s40974-020-00175-1

AdekolaFA,DosumuOO,OlaleyeGA(2001)Comparativestudyoftheageand

locationdependenceofsomeheavymetalsinhairofresidentsfrom two

citiesinNigeria.BioscienceResCommun13(2):101–105

AdeyemiAA,OjekunleZO(2021)Concentrationsandhealthriskassessmentof

industrialheavymetalspollutioningroundwaterinOgunstate.NigeriaSci

Afr11:1–11.https://doi.org/10.1016/j.sciaf.2020.e00666

Aduwo AI,AdeniyiIF (2018)The heavymetals/trace elements contents of

sedimentsfrom OwallaReservoir,OsunState,SouthwestNigeria.Adv

OceanogrLimnol9(2):68–78.https://10.4081/aiol.2018.7576

AfolayanAO(2018)Accumulationofheavymetalsfrom batterywasteintopsoil,

surfacewater,andgardengrownmaizeatOmilendearea,Olodo,Nigeria.

GlobalChallenges1700090:1–12.https://10.1002/gch2.201700090

AigberuaAO,IzahSC (2019)pH variation,mineralcompositionandselected

tracemetalconcentrationinsomeliquidherbalproductssoldinNigeria.

Int J Res Stud Biosci 7(1):1–8. http://dx.doi.org/10.20431/2349-

0365.0701001



lvi

AigberuaAO,OgbutaAA,IzahSC(2020)Selectedheavymetalsinsedimentof

TaylorcreekduetoanthropogenicactivitiesintheNigerDeltaregionof

Nigeria:geochemicalspreading and evaluation ofenvironmentalrisk.

BiodiversIntJ4(2):67–80

AiyesanmiAF,IdowuGA(2012)Levelsofheavymetalsinleafyvegetablesgrown

aroundwastedumpsitesinAkure,south-westernNigeria.FUTAJResSci

8(2):27–35

AiyesanmiAF,OguntuaseAA,IdowuGA(2010)Investigationonspeciationand

pollutionindexofheavymetalsinRiverAlasediment,Akure,Nigeria.IntJ

BiolChem Sci4(6):2348–2359

AiyesanmiAF,Oladele MF,Adelodun AA,Idowu GA (2020)Speciation and

bioavailabilitystudiesoftoxicmetalsinthealluvialsoilofOnukunRiverfl

oodplaininOkitipupa,South-westernNigeria.EnvironQualManage1–13.

https://10.1002/tqem.21720

AkanJC,Sodipo OA,LimanY,ChellubeZM (2014)DeterminationofHeavy

MetalsinBlood,UrineandWaterSamplesbyInductivelyCoupledPlasma

Atomic Emission Spectrophotometerand Fluoride Using Ion-Selective

ElectrodeJanuary2014.JAnalBioanalyticalTechniques5(6):1000217.

https://DOI:10.4172/2155-9872

AkaninworJO,OnyeikeEN,IfemejeJC(2006)Tracemetallevelsinrawandheat

processedNigerianstaplefoodsfrom oilproducingareasofRiversand

Bayelsastates.JApplSciEnviron10(2):23–27

Anake WU,Ana GREE,Williams AB,Fred-Ahmadu OH,Benson NU (2017)

Chemicalspeciationandhealthriskassessmentoffineparticulatebound

trace metals emitted from Ota industrialestate,Nigeria.Earth and

EnvironmentalScience68:1–7.https://10.1088/1755-1315/68/1/012005

AnaniOA,OlomukoroJO(2017)Theevaluationofheavymetalloadinbenthic



lvii

sedimentusing some pollution indices in Ossiomo River,Benin city,

Nigeria.FUNAIJSciTechnol3(2):103–119

AnaniOA,OlomukoroJO(2018)Tracemetalresiduesinatropicalwatercourse

sedimentinNigeria:Healthriskimplications.EarthandEnvironmental

Science210:1–18.https://10.1088/1755-1315/210/1/012005

AOAC.(Association ofofficialAnalyticalChemist)(2005).Officialmethod of

Analysisofthe Association ofAnalyticalchemistsinternational,18th

edition.Gathersburg,MDU.S.AOfficialmethods,2005.08.

AyuaTJ,TyovendaAA,SomboT,TikyaaEV,IgbawuaT(2020)FineParticulate

MatterandHeavyMetalsPollutionStatusinAmbientAirofSomeSelected

IndustrialSitesinNorthernNigeria.JGeoscienceEnvironProt8(8):1–13.

https://doi.org/10.4236/gep.2020.88001

AziF,OdoMO,OkorieAP,NjokuHA,NwobasiVN,DavidE,OnuTC(2018)Heavy

metalandmicrobialsafetyassessmentofraw andcookedpumpkinand

AmaranthusviridisleavesgrowninAbakaliki,Nigeria.FoodScienceand

Nutrition6(6):1537–1544.https://10.1002/fsn3.739

ChineduE,ChukwuemekaCK(2018)OilSpillageandHeavyMetalsToxicityRisk

intheNigerDelta.NigeriaJHealthPollution8(19):180905

EbongGA,DanEU,Inam E,OffiongNO(2019)Totalconcentration,speciation,

and source identification and associated health implicationsoftrace

metalsinLemnadumpsitesoil,Calabar,Nigeria.JKingSaudUniv-Sci

31:886–897.https://doi.org/10.1016/j.jksus.2018.01.005

EkereNR,IhedioraJN,EzeIS,AgbazueVE(2014)Healthriskassessmentin

relationtoheavymetalsinwatersourcesinruralregionsofsoutheast,

Nigeria.IntJPhysSci9(6):109–116.https://10.5897/IJPS2014.4125

Eneh OC (2021)Health effects ofselected trace elements in hairdressing



lviii

cosmetics on hairdressers in Enugu,Nigeria. Sci Rep 11:20352.

https://doi.org/10.1038/s41598-021-00022-1

EnunekuAA,MohammedOP,AsemotaOC,AnaniOA(2018)Evaluationofhealth

riskconcernsoftracemetalsinboreholewaterproximaltodumpsitesin

Benin City,Nigeria.J ApplSciEnviron Manage 22(9):1421–1425.

https://dx.doi.org/10.4314/jasem.v22i9.10

EzeVC,OnwukemeV,EnyohCE(2020)Pollutionstatus,ecologicalandhuman

healthrisksofheavymetalsinsoilfrom someselectedactivedumpsites

inSoutheastern,NigeriausingenergydispersiveX-rayspectrometer.IntJ

EnvironAnalChem.https://doi.org/10.1080/03067319.2020.1772778

EzehHN,ChukwuE(2011)Smallscaleminingandheavymetalspollutionof

agriculturalsoils:The case ofIshiagu Mining District,South Eastern

Nigeria. Geol Min Res 3(4):87–104.

https://doi.org/10.5897/JGMR.9000069

GayaUI,IkechukwuSA(2016)Heavymetalcontaminationofselectedspices

obtained from Nigeria.J ApplSciEnviron Manage 20(3):681–688.

http://dx.doi.org/10.4314/jasem.v20i3.23

HartAD,ObohCA,BarimalaaIS,SokariTG(2005)Concentrationsoftracemetals

(lead,iron,copperandzinc)incropsharvestedinsomeoilprospecting

locationsinRiversstate,Nigeria.AfrJFoodNutritionalSci5(2):1–21.

https://10.18697/ajfand.9.1095

IbeFC,OparaAI,IbeBO,AdinduBC,IchuBC(2018)Environmentalandhealth

implicationsoftracemetalconcentrationsinstreetdustsaroundsome

electronicrepairworkshopsinOwerri,SoutheasternNigeria.EnvironMonit

Assess190(12):696.https://10.1007/s10661-018-7023-6

Idowu GA,David TL,Idowu AM (2022) Polycarbonate plastic monomer

(bisphenol-A)asemerging contaminantin Nigeria:Levelsin selected



lix

rivers,sediments,wellwatersanddumpsites.MarPollutBull176:113444

IdowuGA,OlonimoyoEA,IdowuAM,AiyesanmiAF(2020)Impactofgasandoilfi

redpowerplantsonproximalwaterandsoilenvironments:casestudyof

Egbinpowerplant,Ikorodu,LagosState,Nigeria.SpringerNature.(SN)

ApplSci2:1352.https://doi.org/10.1007/s42452-020-3150-0

IwegbueCMA,ArimoroFO,NwozoSO(2007)Studyofheavymetalspeciationin

sedimentsimpactedwithcrudeoilintheNigerdelta,Nigeria.SocietÃ

Chim Italiana97:1143–1155

IwegbueCMA,Ojelum AL,BasseyFI(2014)Asurveyofmetalprofilesinsome

traditionalalcoholicbeveragesinNigeria.FoodSciNutr2(6):724–733.

https://10.1002/fsn3.163

K.Sukender,S.Jaspreet,D.Sneha,G.Munish,AASestimationofheavymetals

andtraceelementsinIndianherbalcosmeticpreparations,ResJChem

Sci2(3)(2012)46–51.

MaduawuchiCO,IdowuGA,AiyesanmiAF(2019)Impactoffluvialdepositionon

potentialtoxicmetalsburdenofselectedfloodplainsinSouthwestern

Nigeria.EnvironEarthSci78(561):1–13.https://doi.org/10.1007/s12665-

019-8574-8

NdukaJK,KelleHI,OgokoEC(2020)Hazardsandriskassessmentofheavy

metals from consumption oflocallymanufactured painkillerdrugs in

Nigeria. Toxicol Rep 7:1066–1074.

https://doi.org/10.1016/j.toxrep.2020.08.009

NesterenkoPN,JonesP.Single-columnmethodofchelationionchromatography

ortheanalysisoftracemetalsincomplexsamples.JChromatogrA.1997;

770(1–2):129–35.

NjogaEO,EzendukaEV,OgbodoCG,OgbonnaCU,JajaIF,OfomatahAC,Okpala

COR(2021)Detection,distributionandhealthriskassessmentoftoxic



lx

heavymetals/metalloids,arsenic,cadmium,andleadingoatcarcasses

processed for human consumption in south-eastern Nigeria.Food

10(798):1–17.https://doi.org/10.3390/foods10040798

NnamonuEI,OdoGE,AjuzieIO,NwaniCD(2021)Proximatecompositionand

bioaccumulationofheavymetalsinedibleAchatinasppinsomeruralagro

-settlements, south-east Nigeria. J Basic Appl Zool 82:62.

https://doi.org/10.1186/s41936-021-00259-2

NnanemeFO (2021)Heavymetalsanalysisofselected analgesicsyrupsin

Ibadan, Nigeria. Asian J Appl Chem Res 8(3):1–8.

https://10.9734/AJACR/2021/v8i3301

NwaichiE,ChukuL,IghoavwoganE(2016)PolycyclicAromaticHydrocarbons

andselectedheavymetalsinsomeoilpollutedsitesinDeltaStateNigeria.

JEnvironProt7:1389–1410.https://doi:10.4236/jep.2016.710120

ObasohanEE,EguavoenOI(2008)Seasonalvariationsofbioaccumulationof

heavymetalsinafreshwaterfish(Erpetoichthyscalabaricus)from Ogba

River,BeninCity,Nigeria.AfrJGenAgric4(3):153–163

OdebunmiEO,OlutonaGO,AkintundeEA,FaboroEO,BalogunOS,OluwaniyiOO

(2014)TracemetallevelsofdrinkingwatersourcesinpartsofOsunstate,

Nigeria. Ethiop J Environ Stud Manage 7(6):635–644.

http://dx.doi.org/10.4314/ejesm.v7i6.6

OdegbemiF,IdowuGA,AdebayoAO(2021)Nickelrecoveryfrom spentnicke-

metalhydride batteries using LIX-84I-impregnated activated charcoal.

EnvironNanatechnolMonitManage15:100452

Odigie O,Olomukoro JO (2021)Bioaccumulated trace metalprofiles of

Tympanotonus fuscatus,Periophthalmus barbarous and Guinearma

(Sesarma)alberticollectedfrom aperturbedfreshwatermangroveswamp

in Warri, Nigeria. J Appl Sci Environ Manage 25(3):439–444.



lxi

https://dx.doi.org/10.4314/jasem.v25i3.20

OfudjeEA,AlayandeSO,OladipoGO,WilliamsOD,AkiodeOK (2014)Heavy

metals concentration at electronic- waste dismantling sites and

dumpsitesinLagos,Nigeria.IntResJPureApplChem 4(6):678–690

OguguahNM,IkegwuMOJ(2017)Concentrationandhumanhealthimplications

oftracemetalsinfishofeconomicimportanceinLagoslagoon.NigeriaJ

HealthPollution7(13):66–72

OgundeleLT,AdejoroIA,AyekuPO (2019)Healthriskassessmentofheavy

metalsinsoilsamplesfrom anabandonedindustrialwastedumpsitein

Ibadan,Nigeria.EnvironmentalMonitoringandAssessessment191(290):

1–10.https://doi.org/10.1007/s10661-019-7454-8

OgundeleLT,Oladejo OF,AkinolaAC (2020)Concentrations,sourceidentifi

cationandhumanhealthriskofheavymetalsintheroaddustcollected

from busyjunctionsinOsogboSouthwest,Nigeria.EQA-.IntJEnviron

Qual38:24–36.https://doi.org/10.6092/issn.2281-4485/9953

OgundeleLT,OluwajanaOA,OgunyeleAC,InuyomiSO (2021)Heavymetals,

radionuclidesactivityandmineralogyofsoilsamplesfrom anartisanal

gold mining site in IleIfe, Nigeria: implications on human and

environmental health. Environ Earth Sci 80(202):1–15.

https://doi.org/10.1007/s12665-021-09494-w

OgundeleLT,OwoadeOK,HopkePK,OliseFS(2017)Heavymetalsinindustrially

emittedparticulatematterinIle-Ife,Nigeria.EnvironRes156:320–325

OlabanjiIO,AdeniyiIF(2005)Tracemetalsinbulkfreefallandroofintercepted

rainwater at Ile-Ife,Southwest Nigeria.Chem Ecol21(3):167–179.

https://10.1080/02757540500151648

OlatundeKA,SosanyaPA,BadaaBS,OjekunleZO,Abdussalaam SA (2020)

Distribution and ecologicalriskassessmentofheavymetalsin soils



lxii

around a major cement factory,Ibese,Nigeria.SciAfr 9:e00496.

https://doi.org/10.1016/j.sciaf.2020.e00496

Olayinka-OlagunjuJO,DosumuAA,Olatunji-OjoAM (2021)Bioaccumulationof

heavymetalsinpelagicandbenthicfishesofOgbeseRiver,Ondostate,

South-western Nigeria. Water Air & Soil Pollutant 232:44.

https://doi.org/10.1007/s11270-021-04987-7

Olayinka-OlagunjuJO,DosumuAA,Olatunji-OjoAM (2021)Bioaccumulationof

heavymetalsinpelagicandbenthicfishesofOgbeseRiver,Ondostate,

South-western Nigeria. Water Air & Soil Pollutant 232:44.

https://doi.org/10.1007/s11270-021-04987-7

Olutona GO,DanielOO (2020)Investigation on organochlorine pesticides

residuesandtracemetalsinmelon(ColocynthiscitrollusL.):Asurvey.

Iranian(Iranica).JEnergyEnviron11(1):26–32

OnojakeMC,OsujiLC,NdubukaCO(2016)Characterizationofbitumensamples

from fourdepositsinsouthwest,Nigeriausingtracemetals.EgyptianJ

Petroleum 26(2):547–552.http://dx.doi.org/10.1016/j.ejpe.2016.08.002

OsujiLC,OnojakeCM (2004)Traceheavymetalsassociatedwithcrudeoil:A

casestudyofebocha-8oil-spill-pollutedsiteinNigerDelta.NigeriaChem

Biodivers1(11):1708–1715.https://10.1002/cbdv.200490129

PeterAL,ViraraghavanT.Thallium:areviewofpublichealthandenvironmental

concerns.EnvironInt.2005;31(4):493–501

PopoolaOE,Bisi-johnsonMA,AbiodunA,IbehOS.Heavymetalcontentand

antimicrobialactivitiesofsomenaturallyoccurringfacialcosmeticsin

Nigeria.IFEJSci.2013;15(3):637–44.

RamakantS,PoornimaS,SapinaJ,MathurHB,AgarwalHC.Heavymetalin

cosmetics.CentreSciEnviron.2014;45:3–28

SainioEL,JolankiR,HakalaE,KanervaL.Metalsandarsenicineyeshadows.



lxiii

ContDermat.2000;42:5–10.

SamuelPN,BabatundeBB (2021)Riskassessmentofheavymetalsinfood

cropsatabandonedlead-zincminingsiteatTse-Faga,Logo,LGA,Benue

State, Nigeria. J Environ Prot 12:624–638.

https://doi.org/10.4236/jep.2021.129038

TaiwoAM,OlukayodeS,OjekunleOZ,AwomesoJA(2021).Thetoxicologicalrisk

assessmentoftraceelements(Co,Cu,Fe,andZn)insnacksfrom Ijebu

Ode,OgunState,southwest,Nigeria.BiolTraceElem Res199:4847–4855.

https://doi.org/10.1007/s12011-021-02576-7

Verla AW,Verla EN,Ajero CM,Lele KC,Stellamarris NO,Enyoh CE (2019)

BiomonitoringofheavymetalsinbloodandurineofAfricanchildrenfrom

Owerrimetropolis,Eastern Nigeria.J Chem Health Risks9(1):11–26.

https://10.22034/jchr.2019.664161

WegwuMO,AkaninworJO(2006)Assessmentofheavy-metalprofileofthenew

CalabarriveranditsimpactonjuvenileClariasgariepinus.Chem Biodivers

3:79–87

WegwuMO,OmeoduSI(2010)Tracemetalcontentsofselectedseedsand

vegetables from oil producing areas of Nigeria. Chem Biodivers

7:1737–1744

WegwuMO,WigweIA(2006)TracemetalcontaminationoftheAfricangiantland

snailArchachatina marginata from Southern Nigeria.Chem Biodivers

3:88–93

World Health Organization (2017) Guidelines for drinking-water quality.

Incorporatingthefirstaddendum,4thedn.WorldHealthOrganisation,

Geneva



lxiv


