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ABSTRACT

Thereisgrowingpublicperceptionthatnanotechnologyproductsareflourishingwithoutsufficient
care for the risks they pose to life, global, and local environments. The transparency of safety
issuesandimpactonenvironmentshouldbetheprimefocuswhileengagingaparticularfieldwith
nanotechnology.Testingofnanoproductsneedstobeenforcedbeforetheyarereleasedtothemarket.
Whethernanotechnologyisgoodorbadfortheenvironmentistotallybasedonthenatureofitsuse
andconsiderationsmadeduring itsapplication.Theuseofnanotechnology inany field requires
greatcare,andanysortofnegligenceislikelytobringnegativeeffectsfortheenvironmentandits
habitats.Recentstudiesshowthatthelackofknowledgeasregardrisksisfoundevenattheexpert
level.Thepresentworkhighlightstherisksassociatedwiththeuseofnanoparticlesandthenecessary
preventivemeasuresforusingthetechnologyinasafeandsoundway.
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INTRodUCTIoN

Nanotechnologies is invariably perceived as the great white hope of the 21st century economy
(Castillo,2013).Ithasbroughtrevolutioninmanyfieldslikescience,engineering,andmedical.In
engineering,variousnanomaterials,devicesandsystemshavebeendeveloped:Theyincludecarbon
nanomaterials,nano-structuredmaterials,polymers,nanocompositesandorganicelectronics(Varadan,
Pillai,Mukherji,Dwivedi,&Chen,2010).Nanotechnologyisreportedtoenhancethelifeofmaterials
exposedtoaggressiveenvironments,provideanti-reflectioncoatingsonphotovoltaiccells,andreduce
friction&wearinautomobiles(Korada&Hamid,2017).Infoodsciences,nanotechnologyisbeing
usedforfoodprocessing,packaging,development,safety,detectionoffood-bornepathogensand
shelf-lifeextension(Singhetal.,2017).Inaddition,ithasalsofounditsapplicationinincreasing
foodnutritionandphysicalandorganolepticproperties(He&Hwang,2016).Nanotechnologyhas
helpedthemedicalscientistsinsynthesizingregenerativemedicinesandnewdrugswithenhanced
targeteddelivery(Shrivastava&Dash,2009).Ithasalsobeenusedasdevelopingsensorsforearly-
statedetectionofcancerinhumanbody(Perfézou,Turner,&Merkoçi,2012;Y.Zhang,Li,Gao,
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Chen,&Liu,2019).Nanobiotechnologyleadstothedevelopmentofpharmaceuticalsandmechanical
devicesatnano-scalefortheevaluationofbiologicalsystemsandtreatmentofpathology(Saadeh
&Vyas,2014):Itisestimatedthatby2030,nanobotswillbestreamingthroughhumanveinsand
arteriesformedicaltreatment(TrevorEnglish,2017).

Incivilengineering,smartcementitiouscompositeswithenhancedperformanceandstrengthhave
beendeveloped(AnwarKhitab,M.Alam,Riaz,&Rauf,2014).Surfacepaintswithenhancedlifeand
resistanttoaggressiveenvironmenthavebeendevelopedandappliedinactualfieldconditions(A.
Khitab&Arshad,2014).Pavementswithanti-pollutantcharacteristicsaredevelopedandconstructed
in Japan,considerably reducing thecitypollutioncausedby thecar-exhausts (A.Khitab,2012).
Nanotechnologyhashelpedcreatingconcrete thathas self-cleaningproperties,knownasphoto-
catalyticconcreteandithasbeenusedintheconstructionofmanyimportantbuildingslikenewjubilee
churchinRomeandpoliceheadquartersBordeauxFrance(Han,Zhang,&Ou,2017).Concretewith
highdamagetoleranceanddamagesensinghasbeendevelopedusingnanoCarbonBlack(M.Li,
Lin,Lynch,&Li,2012).Concretepavementsthatmeltsnowandavoiduseofheavymachineryfor
snow-removalhavealsobeendeveloped,usingnanomaterials(Chen,Wu,Xia,Jing,&Zhang,2018).
Theuseofnanotechnologyinpublichealthisequallywell-recognized:Thenanoparticleshavethe
potentialforthetreatmentofwaterandwastewatertoagreatdegree.CNTs,nanosizedmagnetite,CeO2
andTiO2havebeenconsideredasprimenanoparticlestoremovepollutantsfromwater(Deliyanni,
Bakoyannakis,Zouboulis,&Matis,2003;Mayoetal.,2007;Nawrocki&Kasprzyk-Hordern,2010).

Asamatterof fact,nanomaterialshavegiven toomuch tohumankindand itsblessingsare
countless.Buttheybecomethreatfortheenvironmentanditshabitatswhendischargedinundesirable
quantitiesandinwrongdestinations(Anwar&Khitab,2017).Forexample,whiletreatingwater,
negligencemayleaveundesirablequantityofnanoparticlesinwater;thusinsteadofdoingbenefit,
itmay causeharmful impact on the environment andhealth of consumers. Therefore, the exact
quantificationofnanoparticlestobereleasedinamediumisthefirstresponsibility,theworldshould
careof.

Nanomaterialsmaybereleasedfrompointornon-pointsources.Pointsourcesincludeindustries,
storage units etc. and non-point sources include storm water runoff or wet deposition from the
atmosphere.Exposuretonanomaterialsmayoccurunintentionallyintheenvironmentorthrough
theuseofnanotechnologybasedproductsinourdailylives.Humanexposuretothesenanoparticles
ismorelikelytohappenduringthemanufacturingprocess.However,inhalationofnanomaterials
releasedtotheatmosphereanduseofdrinkingwaterorfoodhavingaccumulatednanoparticlesisalso
possible.Moreover,absorptionbysoilandthentransportationinsaturatedandunsaturatedregionsin
thesubsurfaceisalsopossible.Thisisverylikelytoaffectthegroundwatertable,whichthenneeds
propertreatmentbeforeitisusedfordrinkingandirrigationpurposes(Wiesner,Lowry,Alvarez,
Dionysiou,&Biswas,2006).Furthermore,fromsoil,nanoparticlesmayeasilybecometheelement
ofthevegetation;thusbecomingaserioushealththreattoallconsumersaswellasthehabitat,whose
existenceisequallyimportantfortheconservationofecosystem.Thisconcernseemstobejustified
asbothnaturalandman-madefiltersmightbetoobigtocatchthenanoparticles.

Assizeofnanoparticles isverysmall, theycaneasilystay inatmosphereandcancauseair
bornediseasesandseveralharmfulenvironmentaleffects(Maynard,Warheit,&Philbert,2011;G.
Oberdörster,E.Oberdörster,&J.Oberdörster,2005).Sizeofnanoparticlescanbeassmallasbiological
moleculessuchasproteins.Theycaneasilybeabsorbedandmayreachtheinnerbiomoleculesin
thebody (EuropeanCommission JointResearchCenter (ECJRC), 2003).Availabilityof limited
knowledgeaboutthistechnologyanditsimpactsonthehabitatsisamajorreasontoconsiderrisks
seriously.Itisanemergingfieldatthemomentandnotallnanomaterialshavebeenstudiedindetail
regardingtheirharmfuleffects.So,thereisneedtoadoptwideprecautionsandconsiderallavailable
researchfindingsverycriticallyduringthewholelifecycleofthenano-basedproducts(Dhingra,
Naidu,Upreti,&Sawhney,2010;Semenzinetal.,2019;Wardak,Gorman,Swami,&Deshpande,
2008).Basically,foranymaterialitsexposureandeffectsthroughoutthelifecycleareimportanttobe
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considered:ThishasbeenschematicallyshowninFigure1,whichshowsandintegratesthelifecycle
stagesofnanoparticleswiththeirpathways,transportation,exposureandeffectsinasimplifiedway.

Basedonthepreviousandmostrecentstudies,thisworkisamereattempttodescribethepossible
risksfromtheuseofnanotechnologyandnanomaterialsandsuggestremediesandpreventivemeasures,
sothatthistechnologycanbeusedwithleastimpactontheenvironment,welivein.

LITERATURE REVIEw

Risk
Risk is defined as a probability or threat of damage, injury, liability, loss or anyother negative
occurrencethatiscausedbyexternalorinternalvulnerabilitiesandthatmaybeavoidedthrough
preemptiveaction(Bussinessdirectory,n.d.).Riskscanbebroadlydistributedintotwomaincategories:
Knownrisksandpotentialrisks.Whentherelationbetweenthecauseanditsimpactisestablished,
therisksare‘knownrisks’.Incaseofknownrisks,thesignificanceofdangeriswellknownand
preventioniseasytomake.Whenarelationbetweenthecauseandtheimpactisnotestablished,
therisksarecategorizedas‘potentialrisks’.Inpotentialrisks,thesignificanceandthecertaintyof
dangersisnotknown.

Risksfromnanotechnologyfallinbothcategories.Thoughthepotentialrisksaresuspicious
however,asamatterofpublichealthandenvironmentalsafety,precautionarymeasurementsare
mandatorytobetakenforbothtypesofrisks.

Risk Assessment
CumulativeRiskAssessment(CRA)isaprocessinwhich,scientificandregulatoryprinciplesare
appliedinasystematicwaytoidentifyandquantifytherisks.Itisconsideredasthemostrelevant
systemandisbasedonfourmajorsteps1)Hazardidentification2)Doseresponseassessment3)
Exposureassessmentandlastly4)Riskcharacterization(Hansen,2009;InternationalProgrammeon

Figure 1. Nanotechnology life-cycle stages integrated with pathways, transformation and exposure
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ChemicalSafety&OrganisationforEconomicCo-operationandDevelopment,2015).Itsmainresult
isastatementoftheprobability,whichdepictswhetherhumansorotherenvironmentalreceptorswill
beharmedornotwhenexposedtoapollutantandwhatwouldbetheintensityofthisharm?TheCRA
methodologyisinternationallyrecognizedandemployedbymanywellreputedorganizations,such
asWorldHealthOrganization(WHO),OrganizationforEconomicCo-operationandDevelopment
(OECD),aswellasbyseveralEuropeanandU.S.agencies(Nielsen,Østergaard,&Larsen,2008).It
isconsideredasaveryvaluabletoolfortheregulationofchemicalsincludingnanoparticles.CRAis
alsoafundamentalingredientofthenewEuropeanUnion(EU)chemicalregulationpolicy,knownas
Registration,EvaluationandAuthorizationofChemicals(REACH)(‘UnderstandingREACH’,n.d.).

Hazard Identification
Hazardidentification(HI)isdefinedastherecognitionoftheundesirableeffects,whichamatterhas
anintrinsiccapacitytocause(Hoshino,Hanaki,Suzuki,&Yamamoto,2004;Lovrićetal.,2005).In
2007,428studiesreportingontoxicityofEngineeredNanoparticles(ENPs)wereidentified(Green
&Howman,2005).Inthesestudies,adversehealtheffectsof965testedENPsofdifferentchemical
compositionswereobserved.Itisveryimportanttonotethatthevastmajorityofthereviewedstudies
demonstratesomedegreeofhazardouseffectsonthetestedorganisms.Toxicityhasbeenreportedfor
manyENPs,butformostofthem,furtherinvestigationandconfirmationareneededbeforehazard
canbeidentified.Forproperhazardidentification,datacharacterizationandstandardizedtestsare
mandatory.

dose-Response Assessment
Dose-responseassessment(DRA)isdefinedasanapproximationoftherelationshipbetweendose,
orlevelofexposuretoasubstanceandtheoccurrenceaswellasseverityofaneffect,whichoccurs
(Hoshinoetal.,2004;Lovrićetal.,2005).Thedoseisgenerallymeasuredinmassunits(i.e.,μg,mg,
g),howeverithasbeenconcludedthattoxicityofsomeENPsisnotmassdependentandisinfluenced
byseveralphysico-chemicalpropertiesincludingsurfacearea,morphologyandchemicalcomposition
(Valavanidis,Vlachogianni,Fiotakis,Loridas,&Perdicaris,2013).Somestudiesconductedinpast
usedtheconceptofmassunits,whileothersconsideredthesurfaceareaorothercharacteristicsfor
theassessmentpurposes(Rushtonetal.,2010).

Exposure Assessment
Exposureassessment(EA)isdefinedastheestimationoftheconcentrations/dosestowhichthespecific
humanpopulations(i.e.,workers,consumersandpeopleexposedindirectlyviatheenvironment)or
environmentalcompartments(aquaticenvironment,terrestrialenvironmentandair)maybeexposed
(Hoshinoetal.,2004;Lovrićetal.,2005).Figure2linkseachstageofananoparticlelifewiththe
specificexposureitmaycausetothehumanbeingsandtheenvironment.

In another study, ENP-containing products were divided into several categories (including
appliances,foodandbeverages,healthandfitness,homeandgardenandgoodsforchildren).The
researchersfoundoutthattheexpectedconsumerexposureismoreforproducts,whichfallinthe
categoriesofappliances,home&gardenandhealth&fitness(Jaiswal,Mattoussi,Mauro,&Simon,
2003).

Risk Characterization
ThelaststepofRiskassessmentprocedure is theRiskCharacterization,which isdefinedas the
estimationoftheoccurrenceandseverityoftheharmfuleffectsexpectedtooccurinhumanpopulation
or theenvironmentbasedonthe‘actualexposure’ to thesubstance.Thephasemayalso include
riskestimation.Inthislastphase,alltheinformationwhichiscollectedduringthefirstthreesteps
ofriskassessmentiscombined,weightedandthethentheriskisquantified.Thequantitativerisk
characterization compares thepredicted environmental concentration (PEC)of a chemical agent
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withitspredictedno-effectconcentration(PNEC).ThePNECis theconcentration,belowwhich
theexposure to thesubstance isnotprobable tocauseanyadverseeffects,while thePECis the
prognosticatedconcentrationofachemicalintheenvironment.TheratioofPECtoPNECiscalled
riskquotient(RQ).IftheRQislowerthan1,nofurthertestingorriskreductionmeasuresareneeded
(EuropeanCommissionJointResearchCenter(ECJRC),2003).Ifitisgreaterthan1,furthertesting
orremedialmeasuresaremandatorytoreducetheRQ(EuropeanCommissionJointResearchCenter
(ECJRC),2003;Nielsenetal.,2008).

Riskassessmentofnanoparticlesissoimportantthatscientistshavedevelopedaseparatefieldby
thenameof‘Nano(eco)-toxicology’.Itisanewfieldofresearch,whichdealswiththeengineering
ofnano-devicesandnanostructurestocompletelyunderstandtheirimpactsonlivingorganisms(G.
Oberdörsteretal.,2005).Thereasonbehindthedevelopmentofthisseparatescientificdiscipline
istherequestofanumberofscientistswiththepurposeofgeneratingdataandknowledgeabout
nanotechnologyeffectsontheenvironmentanditshabitats(G.Oberdörsteretal.,2005;TheEngineer,
2015).Thisfieldisstillinthedevelopmentphase,howeveritcanhavesufficientcontributiontowards
theidentificationandassessmentofrisks(Kahru&Dubourguier,2010;Pachapur,Brar,Verma,&
Surampalli,2015;Polonini&Brayner,2015).

NANoTECHNoLoGy RISKS To THE HUMAN HEALTH

Nanotechnology if used properly can have positive effects on the health of humans. Tiny
nanotechnologybasedsensorsarehelpfultodetectcancerinitsearlystages(Perfézouetal.,2012;
Rachel’sEnvironmentandHealthNews,2003;Y.Zhangetal.,2019).Europeancommissionhas
alsotalkedaboutnano-sizedrobots(nanobots),whichmayhavethepotentialtocureseveraldiseases
(RAY,YU,&FU,2009).Goldnanoparticleshavebeenfoundtohelpinearlydiagnosisofheart
attacks(R.Wangetal.,2015).Nano-technological transportcapsulesmakeitpossibletorelease
medicationsspecificallytothetargetorgansonly(Patraetal.,2018;Siegrist,Keller,Kastenholz,
Frey,&Wiek,2007).Justlikeanyotherproduct,ENPbasedproductsiftakenintoxicquantitiesor
appliedtothose,whodonotneeditwoulddefinitelyleadtotheoccurrenceofdisastrouseffects.
Throughouttherecentpast,considerablenumberofpeopleareexposedtothenanoparticles(Kaluza
etal.,2009).In2004,aBritishreport(Aitken,Creely,&Tran,2004)followingestimatesforthe
UnitedKingdomwereestablished:

1. Fivehundredworkersaredirectlyexposedduringnanoparticleproduction, and102,000are
possiblyexposedduringtheirhandlingintheindustriesthatusethem;

2. Within15years,approximately660,000workerswillbeexposedtonanoparticleseitherby
industrialproductionand/oruse.

Figure 2. Life-cycle stages of a nanoparticle integrated with specific vulnerable exposure
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Notallnanoparticlesareequallydangeroustothehumanhealthiftakeninundesirablequantities
eitherbydirectorindirectcontact.Somecanhaveacuteeffectonhumanhealthwhileotherscanbe
fataltothehumanbeingsandotherlivingorganisms.Moreover,upperintakelimitsalsovaryfrom
onenanoparticletotheother.Nanoparticlescanaffectdifferentpartsofthehumanbodyfromskin
tothebrain.Moreover,theirpresenceonmanyconsumablesisverydifficulttofindandusingany
producthavingexcessivequantitiesofnanoparticlescanaffectseveralorganswithinthehumanbody.
Apotentialrouteofinhalednanoparticleswithinthebodyistheolfactorynerve;nanoparticlesmay
crossthemucousmembraneinsidethenoseandthenreachthebrainthroughtheolfactorynerve
(Selvaraj,Gowthamarajan,&Karri,2017).

Studies have shown that inhaling nanoparticles can even affect the central nervous system
(Maynardetal.,2011;G.Oberdörsteretal.,2005).Moreover, theirextremelysmallsize isvery
tangibletoaffecttheskinandeyesofpeopleexposedtothem(G.Li,2004).Ithasalsobeenfound
thatincreasedbreathingrateduetoexercisefurtherpromotesthedepositionoftheseparticlesinlungs
(PeterA.Jaques,2000).Depositionofnanoparticlesmayoccurinthecardiovascularsystem,liver,
brain,testis,spleen,stomach,andkidneys.Thisinturnmayleadtoapoptosisofcells,inflammation
andchangesintheimmuneresponses(Fubini,Ghiazza,&Fenoglio,2010;Maynardetal.,2011;G.
Oberdörsteretal.,2005).

However,thepotentialhazardisalwaysdependentonthetypeandconcentrationoftheparticles,
anindividualisexposed.Someimportantnanoparticlesalongwiththeirpotentialhazardsarebriefly
discussedbelow.

Titania (Tio2)
TiO2nanoparticlesarewidelyusedforavarietyofapplications:Itisoneofthetopfivecommonly
synthesizednanomaterial(Shakeeletal.,2016).Manyprocedureshavebeenreportedforproducing
TiO2 nanoparticles; most commonly used procedures involve the synthesis by hydrolysis and
calcinations(A.Khitabetal.,2018;Pottier,Chanéac,Tronc,Mazerolles,&Jolivet,2001).However,
theseproceduresmightinducetoxicamountsofTiO2intheworkersdealingwiththem.Ithasbeen
found that, nano-sized particles of TiO2 can easily get through the human body via inhalation,
ingestion (food anddrinks),medical injections, outermost layer of the epidermis and somehair
follicles(Lademannetal.,1999;Shah,Shah,Hussain,&Khan,2017). Ithasbeenreported that
TiO2nanoparticlescauseoxidativestress,histopathologicalchanges,carcinogenesis,genotoxicity
andimmunedisruption(Shakeeletal.,2016).Moreover,TheInternationalAgencyforResearchon
Cancer(IARC)hasclassifiedTitaniumdioxidedustasanIARCGroup2Bcarcinogen,meaningit
ispossiblycarcinogenictohumans.Inadditiontocancer,titaniumdioxidetoxicityisalsoassociated
withtheDNAdamage(Fubinietal.,2010).TherisksassociatedwithexposuretoTiO2nanoparticles
necessitatethattheseparticlesneedtobestringentlymanagedtomoderaterisksforhumanandanimal
healthinmanycircumstances.

Carbon Nanotubes (CNTs)
CNTsarewidelyusedincivilengineeringapplicationsspecificallyforgroundimprovement,water
cleaningandairpurification:Itsusetoproducehighperformancecementitiouscompositesandpaints
isalsogrowing(A.Khitab&Arshad,2014).Nevertheless,itsexposuretoconstructionworkerscarries
somerisks.ToassesstherisksofCNTs,severalstudiesonanimalsinlaboratorieshavebeencarried
out.Moreover,advancedintensiveresearchisalsoinprocess.Basedonthedataavailable,someofthe
conclusionsregardingadverseeffectsofCNTstoxicityhavebeenmade;afewofthemarediscussed
here.Onestudyshowedthatcarbonnanotubesmayleadtomesothelioma,alungcancerpreviously
associatedwithasbestosfibers(A.Khitabetal.,2013;ScienceDaily,2011).Withnanotubesbeing
usedinnewtechnologieslikesolarpanels,constructionmaterials,batteries,medicaldevicesand
plastics,theprobabilitythattheywillenterintoourenvironmentisbecomingmorecertain.According
toLam(Lam,2003),ithasbeenfoundthat,singlewalledcarbonnanotubescancauseinterstitial
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inflammationandlesionsinratsandtopicalapplicationofrawsinglewalledcarbonnanotubesto
nudemicehasbeenshowntocausedermalirritation(Murrayetal.,2009).MultiwalledCNTshave
alsoshownsometoxicityinratsandhaveledtosignificantinflammationaswellasdamagetothe
tissues(Carrero-Sánchezetal.,2006;Polandetal.,2008).Moststudiesonthetoxicologicaleffects
ofC60fullerenessuggestthatthesematerialstendtoinduceoxidativestressinlivingorganisms
(Lai,Chen,&Chiang,2000;E.Oberdörster,2004;Zhu,Oberdörster,&Haasch,2006),whichisa
conditionassociatedwiththeoxidativedamageinacell,tissue,oranyorgan,causedbythereactive
oxygenspecies.AccordingtoareportpublishedinScienceDaily,theCNTs,havingadiameterof
10-100nmandalengthof1-10mm,canmakewayfarintothelungsandalveoli,posingaserious
healthrisk(ScienceDaily,2011).ThoughuseofCNTsisrevolutionaryinvariousdisciples,therisks
foundinlabstudieshavemadeitcleartoadoptnecessaryprecautionsduringtheirapplication.

Engineered Zinc Nanoparticles (Zn ENPs)
ZnOENPsarewidelyusedinpigments,photocatalysts,semiconductors,plastics,ceramics,lubricants,
paintsandcoatings(Chaúque,Zvimba,Ngila,&Musee,2014).TheharmfuleffectsofzincENPs
specificallyonhumanshavealsobeenstudied.Afterexperiencingaspecificdoseforacertaintime
period,theindividualsstartedfeelingsorethroat,chesttightness,headache,chillsandfever(Gordon
etal.,1992).Moreover,onestudyonmiceindicatedthatenvironmentalexposuretoZnENPscauses
lunginflammatoryresponse(Sayes,Marchione,Reed,&Warheit,2007).Wangetal.(B.Wanget
al.,2008)alsofoundthatZnENPscancauseseveresymptomsoflethargy,vomiting,anorexia,and
diarrhea,reductioninweightandevendeathinmice.Allthesetestsonanimalshaveunveiledthe
potentialrisksassociatedwithZincengineerednanoparticlesandastheseareusedinlubricants,paints
andcoatings,whichduetowreathingandpassageoftimemaypeelofffromtheappliedsurfaces;
chancesarethattheirtoxicamountmayenterintotheenvironmentandaffectthehumanbeings.

Alumina (Al2o3)
Aluminananoparticles(AlNP)aremoreinflammatoryandtheyalsopenetrateintobrainveryeasily
adoptinganumberofroutes,whichmayincludethebloodandolfactorynerve.Olfactoryneuraltracts
connectdirectlytotheareaofthebrainthatismosteffectedbyAlzheimer’sdisease(Blaylock,2013).
InarecentstudycarriedoutbyZhangetal.,femalemicewereexposedtoAlNPduringpregnancy:It
wasconcludedthattheexposureinducedneurodevelopmentaltoxicityinoffspring(Q.Zhangetal.,
2018).Zaitsevaetal.studiedtheeffectofAlNP,havingdimensions30-40nm,andspecificsurface
areaof113m2/gonhumanbody(Zaitseva,Zemlyanova,Stepankov,&Ignatova,2018):Theyhave
concludedthatAlNPshaveahighdegreeofpotentialhazardtohumanbody.Theparticleswerefound
responsibletogenerateROS(ReactiveOxygenSpecies),damageDNA,depolarizecellmembrane,
resultinmorphologicalchangesandcelldeathandaffectmetabolism.

NANoTECHNoLoGy RISKS To THE ENVIRoNMENT

Nanotechnologyhasthepotentialtoimprovetheinventorystorageaswellasenhancetheabilityto
growathigheryieldsandmorevarietyofcrops(Zahedi,Karimi,&TeixeiradaSilva,2020).Thiscan
beagoodpositivecontributiontotheenvironment.Moreover,nanotechnologybasedimprovements
intheenergytechnologycanreducethedependenceonfossilfuelsbymakingthephotovoltaicenergy
productioncompetitivewithotherenergysources.Thismayimprovetherenewableenergysystems
includingbiomass(Roco&Bainbridge,2005).

Butasexplainedearlier,nanotechnologyifmisusedcanhaveseriousimpactsontheenvironment
andtheseharmfulimpactsontheenvironmentaredefinitelylinkedwiththehabitats.Itismorelike
acycle;nanotechnologymaydirectlyaffectthehumanbeingsoritmayfirstdisturbtheenvironment
thus ultimately affecting the habitats. Sometimes, nanotechnology is used for the betterment of
environmentandcarelessnessandlackofknowledgeleadstomoreharmthangood.Johanssonetal.
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havecategorizedtwotypesofscientistsworkingwithnanotechnology,upstreamorengineersand
downstreamortoxicologists:Accordingtotheirstudy,whiletheformeralwaysdownplayrisks,the
lateralwaysfocusatrisks(Johansson&Boholm,2017).Thismakesthelackofknowledgeevenat
expertlevel.

Wateristhemostimportantmatteronearthnotmerelyforhumanbeingsbutforallcreatures.
Oneof thefundamentalHumanitarianaimsis theprovisionofcleanandaffordablewater to the
community:However,itisstillamajorchallengeforthe21stcentury(Mayoetal.,2007).Inrecent
decades,watertreatmentusingnano-technologicalbasedexpertisehasgainedsignificantattention
ofresearchersallaroundtheworld.Ithasbeenreportedthatthereareabundantchallengesfacedby
water/wastewatertreatmentnanotechnologiesincludingmisuseofnanoparticles,technicalhurdles,
high cost, and potential environmental and human risk (Qu, Alvarez, & Li, 2013). The use of
engineerednanoparticlesandnanomaterialsforwatertreatmentandgroundwaterremediationhas
raisedconcernsforhumanexposure.Theseconcernsarebasedonthefactthatnanoparticleswill
behighlymobileinporousmediabecauseoftheirsmallsize;thusimplyingagreaterpotentialfor
exposureastheyaredispersedovergreaterdistancesandtheireffectivepersistenceintheenvironment
increases(DunphyGuzmán,Taylor,&Banfield,2006).Itisconcludedthatnanoparticlescanenter
intotheenvironmentfromanumberofsourcesbutthemostlikelydoorwaysaresewagewaterand
wastes:AccordingtoSchlichetal.,silvernanoparticlesabsorbedontothesewagesludgecausedtoxic
effectsonsoilmicro-organisms(Schlich,Klawonn,Terytze,&Hund-Rinke,2013).Theproduction
oftherawmaterials,themanufactureofproductswithnanomaterials,aswellasattheendofthe
products’lifecyclegeneratesallthesewastes.Somespecificnanoparticlesandtheirharmfuleffects
ontheenvironmentarediscussedbelow.

CNTs
AsfarasenvironmentalnegativeeffectsofCNTsareconcerned,certainstudieshavebeendonefor
theirevaluation.However,theresultsarecontroversial;somestudieswereevenunabletodetermine
anynegativeeffect,howeverothersdid.Oneoftheimportantparametertofindtheenvironmental
hazardsofnanotechnologyistostudyaqueouscreaturesindetail.Thedataavailablehaveshown
considerablenegativeeffectsontheaqueouscreaturesincludingthefishesandamphibianlarvae
when,exposedtothenanoparticles.AccordingtoDasetal.,riskslinkedwithCNTsaregrowing
viawastewatertreatmentroutesandthereareknowledgegapsintheriskassessment(Das,Leo,&
Murphy,2018).

Actually,carbonnanotubesusuallydonotsettleundertheactionofgravityinwaterthustheyare
regardedassurfacefunctionalizedandtheirextremelyfinedistributioninwaterremainsstable.Such
behaviorpromotestheaccumulationofseveralheavymetals,whichtheninfluencestheirtransport
in the water bodies and in biological systems (Schierz & Zänker, 2009). According to Cornelis
etal.,CNTsdissolvedinwateranddepositedinsoilthroughsewagesludge,aerialnanoparticles
or soil remediationcanprompt toxic effects invariousmicro-organisms (Cornelis,Kirby,Beak,
Chittleborough,&McLaughlin,2010).

Nano-Tio2

Titanium dioxide is one of the most commonly investigated nanoparticles and its impacts on
environmentarewellconcluded(Caramazana-Gonzálezetal.,2017;Shahetal.,2017;Simoninet
al.,2016;Wilson,2018).Researchhascomeupwiththeestablishmentofanumberofstandardized
nanoTiO2testsforfishes,crustaceansandevenalgae.AccordingtoBattinetal.,microorganismsare
verysensitivetonanoTiO2(Battin,Kammer,Weilhartner,Ottofuelling,&Hofmann,2009).Nano-
TiO2showsphotocatalyticbehaviorunderultravioletradiations,whichcausesthedevelopmentof
ReactiveOxygenSpecies(ROS)(F.Lietal.,2015;Xueetal.,2010).Thesespecieshavethepotential
todamagethecellmembraneofseveralmicroorganisms.Manystudieshavealsobeenconducted
forthesimulationofactualconditioninnaturalrunningwatersonthelaboratoryscale,whichhave
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shownthatTiO2nanoparticlesandsmallconcentrationsoflargernaturallydevelopedagglomerates
canbothdamagethecellmembranesoflivingorganisms(Asztemborska,Jakubiak,Stęborowski,
Chajduk,&Bystrzejewska-Piotrowska,2018;Shahetal.,2017).Damagetotheselivingorganisms
isdefinitelyabigthreattotheenvironment.

TiO2nanoparticlescanalsoattachthemselvestothechitinous(aprotectivesubstance)exoskeleton
of the animals leading toobstructmolting,which isnecessary for thegrowth in juveniles.This
phenomenonmaykillsuchanimalsthushavingseriousnegativeeffectsontheenvironmentalbalance
inlongterm.Regardingthisparticularmoltingobstructioneffectinjuveniles,doseofthenano-TiO2
waskeptat0.24mg/literinonestudyandacomparisonwasalsoestablishedbetweendosagesof
nanoandlargerformoftheTiO2particles:Nanoparticlesprovedtobetwiceasharmfulatthisdose
ascomparedtothelargerforms(Dabrunzetal.,2011).

Nanosilver
Theuseofnanosilvertechnologyhasmorerecentlybeenexpandedfrommedicalfield,textilesto
personalelectronicdevicesandappliancessuchashumidifiers,aircleaners,roomsanitizersandwater
purificationunits(Thamilselvi&Radha,2017).Silvernanoparticleshaveantimicrobialproperties
andmayalsohavesomeroletoplayinpreventingormanaginginfections(Salomoni,Léo,Montemor,
Rinaldi,&Rodrigues,2017).However,theiruncontrolleddischargeintheenvironmentisharmful.
Theprimarypathwayfornanosilverintheenvironmentisthewaste-waterwashedoutoftextiles,
cosmeticunitsandseveralotherindustries(Reedetal.,2016).Furthermore,nanosilverinwastewater
hasbeenidentifiedbyaninternationalgroupofresearchersfromdifferentscientificdisciplinesas
oneoffifteenareasofconcernthatcanthreatenbiologicaldiversity(Sutherlandetal.,2011)andit
iswellknownthatbiodiversityisveryimportantformaintainingbalanceoftheecosystem,provision
ofbiologicalsourcesandforsocialbenefits(recreation,culturalvalue,research).Oncebiodiversity
isdisturbed,thewholeenvironmentstartstosuffer.

Microorganismsincludingbacteria,fungiandalgaeareallvitalpartoftheenvironment.They
havetheirownrolesandimportanceinourworld.Forexample,bacteriaarethemostdiversegroup
ofmicroorganisms;althoughsomeareparasiticforthehabitats,mostofthemareeitherneutralor
havebeneficialrelationshipwiththehumans,animalsandplants(Venkova,Yeo,&Espinosa,2018).
Similarly,algaeareasourceofoxygenforaquacultureandnaturalfoodfortheculturedanimals
(Weiss,1952).Itisthereforeveryimportantnottodisturbtheirpresenceuptoacertaindegree.As
theworldisdevelopingdaybyday,thesemicroorganismsaregettingveryclosetolosetheirbalance
intheenvironment.Asfarasnanotechnologyisconcerned,ithasalsoshownsomenegativeeffects
onthesemicroorganisms.

Silverionsfromsilvercompoundsorthose,whichdevelopfromnanosilverparticlesthrough
contact with water are very toxic to several microorganisms including bacteria, fungi and algae
(Hegde,Brar,Verma,&Surampalli,2016).Inadditiontothese,therearemanyusefulorganisms
insoil,therefore,whensewagesludgehavingnanosilverpollutantsisspreadonfields,itnegatively
affects thesemicroorganisms.For fishes andcrustaceans, even lowconcentrationsofnanosilver
areenoughtocauseconsiderabledamageshoweverformammals,thematerialistoxiconlyathigh
concentrations.AccordingtoYinetal.,verylimitedresearchworkisavailableonharmfulimpactson
nanosilveronplants(Yinetal.,2011).However,theavailabledataatthemomentconcludethatthe
growthimpairmentofgrassseedlingsduetocelldamage,whenexposedtonanosilverinabundant
quantities(Budhani,Egboluche,Arslan,Yu,&Deng,2019).

Fe ENPS
Fe ENPs have found wide applications with organic and inorganic coatings for stabilizing their
suspension.FeENPshavealsogainedattentionduetoitssuper-magnetismcharacteristics(Alietal.,
2016):Theyaresuggestedforhyperthermictreatmentofpatientsusinganexternalmagneticfield.
Theyarealsofoundsuitableforcancerdiagnosisandtreatment(X.Zhangetal.,2018).Itisreported
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thatlongexposureperiod(~2days)FeENPsmightleadtocytotoxicityowingtoproductionoffree
radical(Abakumovetal.,2018).Thegrowingapplicationofhighconcentrationofzero-valentFe
NPshasraisedconcernsasregardtheirenvironmentalbehaviorandpotentialecologicalimpact(Lei,
Sun,Tsang,&Lin,2018).Zero-valentironENPsundergochemicaltransformation,whenusedin
environmentalremediationtechniques(W.Zhang,2003).Aftertransformation,theyareoxidizedto
FeOinthereactionpath.Theoxidizedformisreportedtobemoreharmfulthanthecorresponding
freemetals.Samebehaviorisobserved,whensomeothermetalENPsareconvertedtooxidesinair
orwatere.g.Cu,Si.(Morris&Willis,2007).

Al2o3 ENPs
Ithasbeenfoundthattherootgrowthoffiveplantvarieties(corn,beans,cucumber,carrotsand
cabbage)isaffectedbyabriefexposuretoaluminananoparticles(Yang&Watts,2005).Sadiqetal.
(2011)studiedtheeffectofexposureofAl2O3ENPsontwospeciesofmicroalgae,Scenedesmussp.
andChlorellasp.:Theyhaveconcludedthatthenanoparticlesinteractwiththecellsurface,decrease
chlorophyllcontentandhavegrowthinhibitoryeffect(Sadiq,Pakrashi,Chandrasekaran,&Mukherjee,
2011).Doskoczetal.(2017)comparedtheeffectofmacroAl2O3andAl2O3ENPsonthegrowthof
Pseudomonasputida(bacteriafoundinsoilandwaterhabitats)(Doskocz,Affek,&Załęska-Radziwiłł,
2017):Theyfoundthatnanoformishighlytoxicthanthemacroform.

SoCIAL RISKS oF NANoTECHNoLoGy

Terrorism
Therearesomesocialconcernsaboutnanotechnologythatitmayalsoallowustocreatemorepowerful
weapons, both lethal and non-lethal. Some organizations are concerned that the implications of
nanotechnologyinweaponryshouldremaininethicallimits.Theyurgescientistsandpoliticiansto
examinecarefullyallthepossibilitiesofnanotechnologybeforeplanningtouseitinalargenumber
ofweapons.Itisalsoimportanttonotehowuncomplicatedistheapplicationofnanotechnologyin
weaponry.Anyeasilydoableorportableuseofnanotechnologyinweaponscanraisesomeconcerns
forillegaluseofthistechnology.AccordingtoAltmann,newoptionsfornuclearartillerymightalso
includenanotechnologymaterialsextractionandprocessing,weaponsproduction,andperhapsnew
typesofnuclearweapons(Altmann,2004).Useofnanotechnologyforterrorismisnotoutofquestion
asseveralterroristgroupshaveshowninterestinusingpotentialofchemicalandbiologicalweaponry.
AccordingtoI.Puscas,followingthreatsposedbytheuseofnano-weaponsbyterroristgroups,the
internationalcommunityneedstoadaptsolidapproachforregulatingnanotechnology(Puscas,2015).

Privacy
Privacyconcernsnecessitateethicaluseofnanodevices.Asnanotechnologybasedproductsreduce
insize,spydevicestoocanbecomeinvisibletothenakedeyeandevenmoremobile.Thiswould
makeiteasiertoinvadeone’sprivacy.Thesedevicescanevenbeplantedintohumanbodiesandas
technologyisthrivingintherecentera,itwouldnotbeoutlandishtostatethatmindcontrollingmay
bedevelopedtoaffectone’sthoughtsbymanipulatingthebrainprocesses.AccordingtoHoven,nano
technologyhasgivenrisetotheproductionofdevices,whicharecheap,easilyavailableandeven
notclearlyvisible(vandenHoven,2014):HereferstoRadioFrequencyIdentificationTag(RFID)
asadisruptivedevice,affectingprivacy.

However, social risks are never too difficult to cope with; all it needs is to keep the right
informationamongtherightpeopletoavoidanymisuseofthetechnology.Asfarasotherrisksare
concerned,thereisneedtoadoptanumberofspecificremedialmeasureswhicharediscussedinthe
‘RemedialMeasures’section.
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Fire and Explosion Risk
Combustiblenanomaterialpossesseshigherriskoffireexplosionascomparedtothesamematerial
at macro-level. Rate of combustion also increases leading to the possibility of relatively inert
materialsbecomingmorereactiveinthenanometersizerange.Furthermore,combustionleadstothe
dispersionofmaterialsinairandhereagainnanoparticlesoffermoresafetyrisk,whendispersedin
airascomparedtothemacroshavingsamecomposition.Forinstance,nanoscaleAl/MoO3thermites
ignitemorethan300timesfasterthancorrespondingmicrometer-scalematerial(Granier&Pantoya,
2004).AccordingtoKrietschetal.(2014),theenhancedspecificareaofENPsleadstoanincrease
initsignitioncapacityandpyrophoric(capabletoignitespontaneously)behavior(Krietsch,Scheid,
&Schmidt,2014).

REMEdIAL MEASURES

Advancement in Analysis Techniques
Conventionally,itisgoodapproachtomeasurethetoxicityofnanoparticlesintermsoftheirmassand
surfacearea.However,itmayalsobereasonabletodetermineparticlessize,shape,andmorphology.
Conclusionsaboutthetoxicitypotentialofnanoparticlesonhumanbeingsareconcludedfromthetests
carriedoutonanimals.However,itispossiblethatcertainnanoparticlesaffectonlyspecificformof
livingorganismsandtheseanimaltestbasedresultsmayleadtoerroneousconclusions.Moreover,
sometimestestsarecarriedoutonhealthyanimals.Studieshaveshownthatsometoxinsmaynot
beharmfulforhealthyorganismsbutmayhaveruinouseffectsonunhealthyoralreadydiseased
organisms(EuropeanCommissionJointResearchCenter(ECJRC),2003).Thereisneedtobring
newadvancementsparticularlyrelatedtothenanoparticlestoxicitytestsfordetectingtheirpossible
harmfuleffectsonhumanbeings.Longtermstudiesarealsonecessarytodeterminedelayedimpacts
ofengineerednanoparticlesandtohelpdetermineprospectiveadaptivemechanisms.Additionally,
morestudiesonbioaccumulationofENPsinthefoodchainandtheirinteractionwithotherpollutants
arealsomandatory.

Asfarasinstrumentsfortheexposureassessmentareconcerned,thereisneedtobringnew
advancementsbecausenanotechnologiesarediverseand theexposure tonanoparticlesalsovary
widely,somultiplesensorsoperatingunderdifferentconditionsarerequired.Threezonesstandout
asproductivegroundforthisparticularnovelresearch:monitorsforairborneexposure,detectorsfor
waterbornenanomaterials,andsmartsensorsthatcanmeasurebothexposureandpotentialhazards.
Differentcharacterizationtechniquesareavailable,whichcanhelpassessingtherisksassociatedwith
particularENPs(Mourdikoudis,Pallares,&Thanh,2018).

Continuous Research and Education
Nanomaterialsarefrequentlybeingusedacrosstheglobeinmanywayswithoutanyawarenesstothe
end-user.Owingtomanyrisksassociatedwithnanoparticles,theschoolsciencecurriculaneedto
beintegratedwithnanotechnologyconcepts,whicharecloselyconnectedandevocativetostudents
(Ghattas&Carver,2012).Banetal.areoftheviewthatsometopicsrelatedtonanotechnologyshould
beincludedwithinthemiddleandhighschoolcurricula(Ban&Kocijancic,2011).Accordingto
Marikaretal.,majorityofevenundergraduatemedicalstudentslackunderstandingofnano-medicines
and itsunderlyingbiologicalprinciples (Marikaret al., 2014).Past surveys indicate that careful
examinationof theexistingdataandplanningofnewresearchin thisfield isrequired.Research
shouldalsoexaminehowsocialandeconomicforcesaffectallocationofbenefitsandrisks,both
acrosssocialclassesandacrosssocietiesoftheworld.Thereisneedtointroduceseveralworker
transitionprogramsandpostdoctoraltrainingsinthephysicalandtoxicologicalsciences,butmore
importantistoinauguratetrainingsthatcombinespecialtiesinthesocialsciencesandhumanities
withknowledgeofnanoscienceandnano-engineering.Forthecompletionoftheseprojects,thereis
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needtodevelopinfrastructureofnanosciencelaboratories,sharedsocialscienceinformationsystems
andsimulatedvirtuallaboratories.Moreover,severalnewstatisticalsoftwareshouldbedevelopedfor
creatinglinkagebetweennanoparticlesandtheirharmfuleffectstohumanhealthandtheenvironment.

Itisalsoimportanthowearlyariskisidentifiedandstrategyisestablished;itmaysaveadditional
costs, which usually occur for risk remediation once the technology is already in use (Dunphy
Guzmánetal.,2006).Forthispurpose,differentwell-fundedpilotprojectsindifferentcountries
mustbeintroduced.

Rules and Legislations
Mostofthegovernmentregulatoryframeworks,whichareusedtoday,weregeneratedalmost40
yearsagowhen,nanotechnologywasnotintroduced(Paradise,2019).Therefore,theseframeworks
lackthecoverageofmanyuniqueproperties,whicharesolefeatureofnanoparticles.

Inordertomitigatetherisksassociatedwiththeuseofnanobuildingmaterials,specificguidelines
fornanotechnologyshouldbedevelopedatnationalleveltoregulatetheuseaswellasdisposalof
nanoparticles(J.Lee,Mahendra,&Alvarez,2010).Anothersuitableapproachwouldbe toonly
allowprofessionalstoworkwithnanotechnology(Reynolds,2007).Ithasbeenfoundthatthereisno
obligatoryregistrationforanynanoparticleandmostofthecompaniesproducingthenanomaterials
arenotwillingtodisclosetheirproductionvolumes;thisaspectshouldalsobeconsideredcritically.

Inadditiontoallthis,afederalregistryshouldbeestablishedforallcompaniesandorganizations
manufacturing, importing and supplying products containing nanomaterials. It must register the
organization’snameanditsproductscontainingnanomaterialsandallthisinformationshouldbe
madepubliclyavailable.

TheEUregulatoryframeworktakesinnanomaterials:Thelegislationincludesnanomaterials,
addresseslabellingontheproductsanditssafetyassessment.Butnanomaterialsareflourishingso
enormouslywithnewnovelqualitiesandnewbehaviorsthattheirexactsafetyandevaluationisa
questionmark.InUSA,nanomaterialsareregulatedbyFoodandDrugAdministration(FDA)(Smith,
2018).AccordingtoParadise,FDAfacesthreecorechallengeswiththeprogressofnanomedicines:
(1)Adequacyoftheregulatoryframeworkasitisbasedonolddefinitionsofchemicalandmechanical
action,whichmaynotbeapplicabletonanomedicines,(2)Productsmaybeassociatedwithnovel
risks,whichoutclasstraditionalsafetyandefficacyrequirements,(3)Labellingoftheproductsmay
provideinsufficientinformationregardinguseofnanotechnology(Paradise,2019).

Public Awareness and Feedback
Engineers,corporatemanagementandsocietalpolicy-makersmaynotknowverymuchaboutthebest
implementationofthepossibletechnologicaldevelopments,noraboutwhattheindirectorsecond-
ordersocietaleffectsmightoccur;forexample,attheintersectionofnanomaterialsandnano-systems
withbiologicalandecologicalsystems(Roco&Bainbridge,2005).Feedbackfromwell-informed
publicandinternationalpartnershasbecomeessentialforprogressinthisfield.Moreinteractions
betweenscientists,engineers,economists,healthprofessionalsandthepublicareneededtoidentify
andreachtherobustbalancebetweenbenefitsandlimitingfactorsofnanotechnology.

Thereisneedtoinformgeneralpublicaboutthistechnology.Inrecentyears,severalstudies
examinedpublicopinionofnanotechnologyinEuropeandUnitedStates.AU.S.surveyshowed
thatmore than80%of the respondents indicated that theyhadheard“little”or “nothing”about
nanotechnology(cobb&Macoubrie,2004;Sabliov,Chen,&Yada,2015).Inadditiontothis,the
resultsofa2010surveyfoundthatanaverageof45%ofEuropeansfrom32countriessaidtheyhad
heardofnanotechnology(Joubertetal.,2020).AccordingtoasurveyconductedbySenocak,itis
reported that themajorityofTurkishpublic isunfamiliarwithnanotechnology(Senocak,2014).
Thestudiessuggestthatthepublic’sawarenessofnanotechnologyislow,andthatknowledgeabout
nanotechnologyisverylimited.Onewaytocopewithlackofknowledgeistoemploysocialtrust,
whenassessingtherisksofanewtechnology(Lam,2003;C.-J.Lee,Scheufele,&Lewenstein,2005).
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However,therearestillsomepeoplewhoareawareofthistechnologyandtheproductsbasedon
it.Thesepeopleshouldbeinvolvedinfeedbacksthroughvarioussurveyprograms.Theconsumption
ofnanotechnologybasedproductsbyacommunitymustberecordedforstudypurposes.Therecord
mustincludethetype,durationandquantityofproducts,peopleuse.Anyharmfuleffectspeople
experienced due to nanotechnology based products must also be recorded and analyzed. These
measurementswouldfurtheruncleartherisksanduncertaintiesassociatedwiththistechnology.

workers Protection
Theresultsofthesurveys,evenindevelopedcountries,showthattheindustrieshaveaverypoor
levelofconcernabouttheriskstowhichtheworkersareexposed(Castillo,2013).Thecompanies
werefoundtorefusetheanswers,whichdepictedthattheavailabledatawerenotcorrectandthe
workerswerenotsufficientlysafeguarded.

AccordingtoSchulteetal.,forresponsibledevelopmentofnanotechnology,fivecriteriashould
beadapted:(1)anticipation,identificationandtrackingpotentiallyriskynanomaterialsatplacesof
work,(2)assessmentofexposuretoworkers,(3)communicationofhazards/riskstoworkers,(4)
controloccupationalhealthandsafetyrisks,(5)Adaptationofsafedevelopment(Schulteetal.,2014).

Likemanyotheremergingtechnologies,nanotechnologyalsoposesseveralriskstotheworkers
andtheirprotectionremainsakeyissue.Peoplewhoworkinthemolecularnanotechnologyfield
shoulddevelopandutilizeprofessionalguidelinesthataregroundedinreliabletechnology.Persons
dealingwiththenanotechnologyshouldusePersonalProtectiveEquipment(PPE)andgothrough
regularcheckupsforavoidinganyseriousharmfulimpacts.Continuousworkerstrainingisalsoan
importantaspect,whichcouldminimizetherisksofthetechnology.Furthermore,thereisneedto
developspecificproceduresfortheinstallmentofvariousengineeringcontrolsincludingexhaust
ventilationsandgoodworkingpracticesatthoselocations,whereexposuretonanomaterialsmay
occur. Examples of good working practices include cleaning of work areas using HEPA (High
EfficiencyParticulateAir)vacuumpickupandwetwipingmethods,preventingtheconsumptionof
food/beveragesinworkplaces,providinghand-washingfacilities,andfacilitiesforshoweringand
changingclothes(Bortolassi,Guerra,&Aguiar,2019).Exclusionofpregnantornursingwomen
fromthejobsandavailabilityofenhancedmedicalsurveillanceatsitesisalsomandatory.Theseare
verysimplestepsbutcanreduceriskstoaconsiderabledegree.

Suitablestepsshouldbetakentolowertherisksofworkerexposurethroughtheimplementation
ofariskmanagementprogram(Hansen,2009).Riskmanagementprogramsfornanomaterialsshould
beseenasafundamentalpartofanoveralloccupationalsafetyandhealthprograminanyorganization
producingorusingnanomaterialsornano-enabledproducts.

Engineering Control
Engineering control techniques such as isolation of the generation source from the workers to
minimize the interaction and application of efficient exhaust ventilation systems for capturing
airbornenanomaterialscanplayanimportantroleinworker’shealthandsafety.Currentknowledge
indicates that a well-designed exhaust ventilation system with a HEPA filter should effectively
removenanoparticles(Bortolassietal.,2019;Hinds,1982).Furthermore,continuousmonitoringof
nanoparticlesinairusingappropriatedevicesisalsoveryimportanttoavoidanyunnecessaryeffects
onworkers(OccupationalSafetyandHealthAdministration,2013).

development of Models and Robust Systems
ThereisrequirementtodevelopmodelsforpredictingthepotentialimpactofENPsonhumanhealth
andtheenvironment.Thesemodelswouldhelpscientistsforassessingthesafetyofmanycomplex
multi-componentandmulti-functionalnanomaterials.AccordingtoBoraetal.,predictingphysical
propertiesofnanomaterialsrequireinformationoverentirerangeofparticlessizes(Boraetal.,2019).
Thinkingintermsoflifecyclesleadstoacomprehensiveapproachformanagingrisksandbenefits.
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Developingrobustwaysofevaluatingthepotentialimpactsbothgoodandbadofanano-product
fromitsinitialmanufacture,throughitsuse,tothefinaldisposalwillleadtonewmethodologiesthat
wouldbewidelyapplicable(Gilbertson,Wender,Zimmerman,&Eckelman,2015).

Maintenance of workplaces
Buildings, machines and equipment require regular maintenance for keeping the environment
reliableandsafe.Maintenancecanbeproactiveforthepreventionofmachine&structurefailures
orreactivetorepairequipmentorbuildingmodules.Maintenancecanbedoneinavarietyofways
including servicing, inspecting, repairing, adjusting and replacing parts: It is accompanied by
openingclosedproductionunits,replacingfilters,removingpaintsaffectedbynanoparticlesinair,
grindingandsandingetc.Accordingtoaresearchbasedonthequestionnairejointlyconductedby
theJapanNationalInstituteofOccupationalSafetyandHealth(JNIOSH)andtheNationalInstitute
ofAdvancedIndustrialScienceandTechnology(AIST)fromSeptember2007throughtoFebruary
2008,itwasobservedthatmorethan50%oftheoccupationalhealthsupervisorsinworkplacesgave
anotionthatnanoparticlesmaybeleakedoutsideoftheworkplacesduringtheproductionprocess
andworkersmaygetexposedtothenanoparticles(ReportofReviewPanelMeetingsonPreventive
MeasuresforWorkerExposuretoChemicalSubstancesPosingUnknownRiskstoHumanHealth
(Nanomaterials),2008).

waste Monitoring
Asnanotechnologyisrapidlyemerging,therefore,thewasteinrecenteramayhaveconsiderable
amountofnanomaterialsinit,whichcaneasilybecomethepartoftheenvironment.Forexample,
LEDs contain nano-scale coatings of the semiconductor materials arsenic, phosphorus, gallium
andtheircompounds.Therefore,theybelongtothewastecategoryrequiringspecialtreatmentor
monitoring. In particular, the semiconductor material gallium arsenide is very problematic and
couldcreateenvironmentaldamage inanormal landfill (Steinfeldt et al., 2004).Therefore, it is
very important tomonitor thewaste.Solidwastes shouldbepacked inpreservedcontainers for
handlinguntil incinerationorotherprocessing iscarriedout.Gasemissionsand liquideffluents
fromnanoparticleindustriesmustalsobetreatedandfinalreleasesmustbemonitored(Ministryof
EcologyandSustainableDevelopment(MOE&SD),2006).

Recycling
Anapproachforreducingtheundesirablequantitiesofnano-wasteintheenvironmentistorecycle
them.Therecyclingofmacroandmicrowastematerialsisnotanewtopicandmanyindustrialwastes
havebeensuccessfullyrecycledtocreatehighperformingmaterials(Ahmed,Khitab,Mehmood,&
Tayyab,2020;Riaz,Khitab,Ahmad,Anwar,&Arshad,2019).Howeversufficientprecautionsand
considerationsshouldbemadeduringrecycling.Atpresentknowledgeregardingtherecyclingof
nanoparticlesmaynotbesufficienthowevertheschemeseemstohaveveryhighpotentialinitand
ongoingresearchhasalsoshownmanypositiveresults.

Manufacturers of nano-based materials should make plans for the efficient recovering and
recyclingofnanomaterialsintotheproductlifecycle.Theyshouldemphasistheproductionofthose
products,whichalloweasyseparationandre-useofnanoparticles.Thisrecoverycanbedoneusing
avarietyofways,twoimportantproceduresarebrieflyexplainedbelow.

Nanoparticle Recovery Using a Micro-Emulsion
Myakonkayaetal.(2010)workedontheseparationofcadmiumandzincnanoparticlesusingaspecial
solvent.Thesolventisastablemicroemulsionofoilinwaterbutwhenheateditbreaksdowninto
twolayersandallofthenanoparticlesinthesolutionendupinoneofthelayers,whichissimply
separated(Myakonkaya,Guibert,Eastoe,&Grillo,2010).Thetechnologyhasbeensuccessfullyused
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inmanyotherstudies(Lakshmanan,Okoli,Boutonnet,Järås,&Rajarao,2014;Nazar,Myakonkaya,
Shah,&Eastoe,2011).

Nanoparticle Recovery by Cloud Point Extraction
Anotherprocesswasreportedbyanothergroupofresearchersin2011(Nazar,Shah,Eastoe,Khan,
&Shah,2011).Theyemployedatechniqueknownascloudpointextraction(CPE)toseparategold
andpalladiumnanoparticlesfromanaqueoussolution.Thecloudpointofanemulsionisthepoint
whenthetwophasesareonthevergebetweenmixingfullyandformingtwolayers,causingclouding
ofthesolution.Intheirmethod,thenanoparticlesolutionwasheatedtothiscloudpointandlateron
centrifugedfortheefficientseparationofthelayers.Thisledtotherecoveryofnanoparticlesfrom
thesolution.Hadrietal.(2017)investigatedCPEfortheanalysisofAuNPinasoilmatrix,reporting
arecoveryofmore90%(ElHadri&Hackley,2017).

CoNCLUSIoN

Thisworksummarizesthehazardsofnanotechnology(Figure3)andtheremedialmeasures(Figure4).
Theinformationisintendedforensuringtheresponsiblemanagementandcontrolofthepotentialrisks
raisedbynanoparticles.Nanotechnologyisreportedatobeamajorconcernnotonlyforhumanhealth
butalsoforthewholeecosystem.Identificationofmetricsanddevelopmentofmethodsformeasuring,
characterizing,assessingthebehaviorandcharacteristicsofnanoparticleshaveprimesignificance.
Thestudyshowsthatthereisacoordinationgapbetweentheengineersandthetoxicologists:While
theformerconsidernanomaterialsasrevolutionary,thelaterregardaspotentiallyhazardous.

Figure 3. Risks of nanotechnology
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Figure 4. Remedial measures
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