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ABSTRACT

Knowledgeofnanomaterialtoxicityiscriticaltoavoidadverseeffectsonhumanandenvironment
health.Inthisstudy,theinfluencesofcrystalmorphologyonphysico-chemicalandtoxicproperties
ofnanoscaleTiO2(n-TiO2)wereinvestigated.Artemia salinawereexposedtoanatase,rutileand
mixturepolymorphsofn-TiO2inseawater.Short-term(24h)andlong-term(96h)exposureswere
conductedin1,10and100mg/Lsuspensionsofn-TiO2inthepresenceandabsenceoffood.Anatase
formhadhighestaccumulationfollowedbymixtureandrutile.Presenceoffoodgreatlyreduced
accumulation.n-TiO2dissolutionwasnotsignificantinseawater(p<0.05)norwasinfluencedfrom
crystalstructure.Highesttoxiceffectsoccurredin96hexposureintheorderofanatase>mixture>rutile.
Mortalityandoxidativestresslevelsincreasedwithincreasingn-TiO2concentrationandexposure
time(p<0.05).Presenceoffoodintheexposuremediumalleviatedtheoxidativestress,indicating
deprivationfromfoodcouldpromotetoxiceffectsofn-TiO2underlong-termexposure.
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INTRoDUCTIoN

Ourunderstandingabouttheenvironmentalandhumanhealtheffectsofnanoscalematerialsisstillin
itsinfancydespitegrowingresearchexploringtheenvironmentalandbiologicalfateandtoxicityof
nanomaterials(Scown,vanAerle&Tyler,2010).Thisismainlybecausethephysico-chemicaland
toxicologicalpropertiesofmaterialsatnanoscaleareacomplexphenomenongovernedbynumerous
parameters.Nanomaterialspossessverylargesurfaces(e.g.,moreatomsperunitarea)owingtotheir
extremelysmallsize(1-100nm),whichevidentlyresultsinlargercontactsurfacesandliberation
ofmoretoxicelementsandionsupondegradation,respectively.Particlesize,shape/morphology,
surfacechargeandmethodsofsynthesisalsoimpartsignificantdifferencesintoxicologicalproperties
ofnanomaterials(Huet.al,2009;Huang,Wu&Aronstam,2010).Moreover,thephysiochemical
conditionsoftestenvironment(e.g.,salinity,pH,temperature,lightetc.)andtheresilienceofmodel
organismmayalterobservedeffects.
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Titaniumdioxidenanoparticles(n-TiO2)exhibitphotocatalyticandantibacterialpropertiesunder
UV-light(Laietal.,2008).Inrecentyears,n-TiO2havebeenextensivelyusedinvariousconsumer
products,includingsunscreens,toothpaste,foodadditives,paints,surfacecoatings,waterdisinfection
anddegradationofpollutantsinairandsoil(Nowack&Bucheli,2007;Battinetal.,2009;Weiret
al.,2012;Jovanovi,2015).n-TiO2isconsideredanaquaticpollutantduetonumerousexterioruses
andapplicationsinwatertreatment.Nevertheless,theinformationaboutsafetyofn-TiO2toaquatic
environments and species is controversial though it is among the earliest nanoscale compounds
investigatedextensivelysofar(Jovanovi,2015).Somegroupsdidnotobserveanyadverseeffects
ondifferentbiologicalspecies(Lovern&Klaper,2006;Laietal.,2008;Aruojaetal.,2009,Zhu
etal.,2011,Fangetal.,2015),whilesomeothersreporteddosedependenttoxiceffects(Heinlaan
etal.,2008;Zhuetal.,2010;Atesetal.,2013a;Mansfieldetal.,2015).Forinstance,n-TiO2was
reportedtobemoretoxictomicroalgaePseudokirchneriella subcapitata(LC50=5.83mgL–1)than
bulkTiO2(LC50=35.9mgL–1)(Aruojaetal.,2009).Incontrast,noapparenttoxicitywasobserved
fromn-TiO2tocrustaceansDaphnia magnaandThamnocephalus paltyurus,andthebacteriaVibrio 
fischeri(Heinlaanetal.,2008),butpreviouslyexposedDaphnia magnaoffspringswerefoundmore
sensitiveton-TiO2(Bundschuhetal.,2012).Similarly,aqueoussuspensionsofn-TiO2werenotacutely
toxicbutinducedoxidativestressonmarineabalone(Haliotis diversicolor supertexta)(Zhuetal.,
2011).Japanesemedaka(Oryzias latipes)embryosshowedprematurehatchingandhighmortality
fromchronicexposureton-TiO2(Patersonetal.,2011).Toxicitytorainbowtrout(Oncorhynchus 
mykiss)variedwiththerouteofexposure(Handyetal.,2008).Directexposureton-TiO2colloids
causedsevereadverseeffectswhereasnoacutetoxicitywasdetectedfromdietaryexposure.

Titaniumdioxide(TiO2)isfoundinnatureinthreemajorpolymorphs;anatase,rutileandbrookite
thatexhibitvaryingdegreesofphoto-catalyticproperties(Liuetal.,2012).Rutileandanataseare
mostabundant.Ofthese,rutileisalsoknownasthemoststableandbenigncrystallineformofTiO2.
Anataseisalessdense,softerformofTiO2thatpossesshighercatalyticactivityowingrelativelylarger
bandgapenergy(about3.0eVforrutileand3.2eVforanatase)whichimpartsmoreoxidationpower
anddeepersurfaceactivityoftheelectronsofanatasethanrutile(Liuetal.,20012;Luttrelletal.,
2014).Theliteratureregardingthetoxicologicaleffectsofn-TiO2clearlyshowthatobservedeffects
varysubstantiallywithconcentration,speciesortestmodels,anddurationofexposure.Inaddition,
inmoststudiesthen-TiO2utilizedwaseitherpurelyanatase(Patersonetal.,2011;Mansfieldet.al.,
2015),purelyrutile(Atesetal.,2013a),oramixtureofrutileandanatase(Zhuetal.,2010;Kim
etal.,2010).Itis,however,difficulttopinpointtheinfluenceofcrystalmorphology(e.g.,crystal
phase)ontheoveralltoxicityofn-TiO2amongtotallydifferenttestenvironmentsandorganisms/
species.Anataseformwasfoundmoretoxicthananatase/rutilemixturetohumanlungepithelial
cells(Hsiao&Huang,2011).DeMatteisetal.(2016)alsoreportedthatanatasepolymorphcouldbe
morepronetodegradationandphysicochemicalstresses(pH,lightexposure)tocausehighertoxic
effects.Therefore,thereisaneedtoinvestigatedifferentcrystalpolymorphsn-TiO2systematically
andsimultaneouslytoelucidatetheirphysicochemicalandtoxicologicalproperties.

In thisstudy,weperformedexposuresonbrineshrimp(Artemia salina)withanatase, rutile
polymorphsofn-TiO2andtheirmixture(anatase/rutile)inanattempttodeterminetheinfluencesof
crystalpolymorphonparticleuptake,degradation(ionrelease),agglomeration,andtoxicity.Inan
acuteexposure,Artemia salinalarvaewereexposedto1,10and100mg/Laqueoussuspensionsof
anatase,rutile,andtheanatase/rutilemixtureofn-TiO2inseawaterfor24and96hunder16hlight
and8hdarkregime.Accumulation(e.g.,totalbodyburden)andfreeTiionlevelsweredeterminedby
inductivelycoupledplasmamassspectrometry(ICP-MS)analysesofexposedartemiaandexposure
medium(seawater) samples, respectively.Toxiceffectswereexaminedbydeterminingmortality
andmalondialdehyde(MDA)levelsasalipidperoxidationbiomarkerintissuesofexposedartemia.
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