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ABSTRACT KEYWORDS
Nanotechnology ant its applications has emerged as one of the central Nanotechnology;
new technologies in the 21% century. In the last decade thousands of Nanomaterials;
scientists and technologists are employed in this area, a great number of Toxicity;
patents and scientific publications have been published A large number of Cytotoxicity;
new nanotechnology products have flooded the market of the developed Human health;
world and inevitably large amounts of money are invested in Research & Environmental pollution;
Development inthe most advanced technologi cal nations. Future prospects Nanoecotoxicity.

indifferent fiel ds of nano-applications seem unlimited and its high potential
will affect our daily life, our health and the environment in the years to
come. Nanomaterialsfound applicationsin the fields of consumer products
(cosmetics, textiles, diagnostic materials, personal care products, paints,
etc), food, energy, medicines, computers, portable telephones and a great
variety of other scientific fields. But in recent years, scientists and
environmentalists are thinking about possible hazards to human health
resulting from nanoparti cul ate exposuresin theworking environment, after
contact with consumer products and through environmental pollution. The
requirements for appropriate health risk assessment and safety regulations
of nanomaterialsarebeing explored. Also, environmental pollution and the
fate of nanomaterialsin the natural environment, especially in the aguatic
environment, are some of the great concerns to scientists and
environmentalists. In this paper we present an overall review of the current
state of knowledge related to toxicity and human health risk of the
engineered nanoparticles. The review presents the latest research papers
on new challengesfacing scientists and technol ogists with nanaomaterials.
Furthermore, the review examines the future requirements for making
nanotechnology safe for the consumer, the industrial worker and less
polluting for the environment and the ecosystems. Based on the current
toxicological results, scientists provide a proposal on how risk assessment
in the nanofield could be achieved and how it might look like in the near
future. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Nanotechnol ogy isthetechnol ogical revolution of
the last decades that deals with the manipulation of
matter on an atomicand molecular scalefor fabrication
of macroscale products*3. Nanosca etechnol ogiesre-
fer to the broad range of research and applications
whosecommon traitisextremely small size(1to 100
nanometers, nm) and productswith specia physico-
chemical characteristicsand quantum mechanical ef-
fectd®4,

Nanotechnol ogy becamean important industrial
sector inall industrialized countries. In 2000 for the
first timethe USA government established the Na-
tional Nanotechnology Initiative (NNI) to serveasthe
central point of communication and collaboration for
all Federal agencies engaged in nanotechnology re-
search, bringing together the expertise needed to ad-
vancethisbroad and complex fid d®. The USA through
NNI hasinvested 3.7 $ billion in nanotechnology re-
search, the European Union countries 1.2 $billionand
Japan 750 $ million (in the period 2004-2005). In
2009 Russiaannounced that will channel 318 billion
rubles ($10.6 billion) into development of
nanotechnology by 2015, The Annual Global
Nanotechnol ogy Research Funding report estimated
that theworld’s governments currently spend $10 bil-
lion per year, with that figure set to grow by 20% over
the next threeyears, while China (2011) will spend up
to US$2.25 hillionin nanotechnol ogy research. World-
wide stati stics showed that thetota government fund-
ing for nanotechnology and nanomaterias’ research
will be $65 billion, risingto $100 billion by 2014, A
recent conference report showed that corporations
andinstitutional investorsfor nanotechnology R& D
spent 9,2 and 9,7 US$ billionsrespectively, and gov-
ernments spent 8,4 and 8,2 US$ billions (2009-2010).
The sectorsthat areleading the nanotechnology R& D
aretransportation and aerospace, nanomedicine, elec-
tronics, energy, materials, food and food packaging,
etcls,

Inthelast decade, nanotechnol ogy applicationsand
nanomateria scontinueto evolverapidly and theover-
all market for new nanoproducts is growing. The
Woodrow Wilson International Center for Scholars
(WWICS) inthe USA established aProject on Emerg-
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ing Nanotechnologies (April 2005). The Project was
dedi cated to hel ping ensurethat as nanotechnol ogies
advance, possiblerisksareminimized, publicand con-
sumer engagement remainsstrong. The Project identi-
fied alist of morethan 1,000 nano-enabled products
currently onthemarket containing informetion on prod-
uctsfrom over 20 countries®.

Engineered Nanomaterials (ENMs) can enter the
marketplace asmaterid sthemsaves, asintermediates
that either have nanoscal e features or incorporate
nanomaterials, and asfinal nano-enabled products¥.
Nanomaterial s can generally be organized into four
types: @) Carbon-based materials: composed mostly
of carbon, spherical (fullerenes), liptical, or tubular
inshape, b) Metal-based materialsinclude nanoscae
gold (Au), nanoscalesilver (Ag), and metal oxides,
suchastitanium dioxide (TiO,). Also quantum dots,
c) Dendrimers. nanoscale polymers built from
branched units, which can betailored to perform spe-
cificchemical functionswithinterior cavitiesintowhich
other molecul es can be placed, such asfor drug deliv-
ery, d) Composites. Combine nanoparticleswith other
nanoparticlesor withlarger, conventiona-scal e mate-
rias?.

Variousfieldsof consumer products have been af-
fected by introducing ENMssin: cosmetics, textiles, food
contact materials, improved diagnosisand treatment
(drug ddivery systems) of al kindsof diseases. Inad-
dition, novel technol ogiesapplying ENMsareexpected
to beinstrumentd inwasteremediation, in the produc-
tion of efficient energy storage and advancesin com-
puter sciences'12,

Carbon nanomateridshaveawiderangeof usesin
vehicles, sports equipment and integrated circuitsfor
electronic components. Nanoscale cerium oxide
(Ce0Q,) isusedin electronics, biomedical supplies, en-
ergy and fuel additives. Nanotitaniumdioxide(TiO,) is
used in sunscreens, cosmetics, paints and coatings.
Nano silver isbeingincorporatedintotextilesand other
materia sto eliminate bacteriaand odor from clothing,
food packaging, and other consumer productswhere
antimicrobia propertiesaredesirable. Nano-scdeiron
is used as optics polishing and as a better-absorbed
iron nutrient supplement, whereasoneof itsmorepromi-
nent current uses is to remove contamination from
groundwater(*,
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ARE NANOMATERIALSTOXIC? CON-
CERNSFOR INCREASED RISKSTO HU-
MANHEALTH

The sudden rise of avast range of applications of
nanomateriasinthelast decade prompted scientiststo
debatethefutureimplicationsof nanotechnology inen-
vironmenta pollution. Asany new technol ogy the con-
cernswereabout environmentd pollution, especidly the
toxicity in aquatic organismsand their environmental
impact in ecosystems.These concernsled to adebate
among advocacy groups, consumer protection agen-
ciesand governments on whether special health and
safety regul ation of nanotechnol ogy iswarranted for
workersand consumerg419,

In the last decade health and safety issues with
ENMsareanew bigissuewith regulatory bodies. In
thepast few years, severd kindsof opinionsor recom-
mendationsonthenanomateria safety assessment have
been published from internationa or nationa bodies.
Amongthereports, thefirst practical guidance of risk
assessment was published from the European Food
Safety Authority (EFSA, May 2011), whichincluded
the determination of exposure scenario and toxicity test-
ing strategy. The EFSA guidance document isthefirst
of itskind to give practical guidance for addressing
potentiad risksarising from applicationsof nanoscience
and nanotechnologiesinthefood and feed chain. The
guidance coversrisk assessments for food and feed
applications including food additives, enzymes,
flavourings, food contact materia's, novel foods, feed
additivesand pesticides?®.

Recently (July 2012) the Scientific Committeeon
Consumer Safety (SCCS) of European Commission
released guidance for assessment of nanomateriasin
cosmetics. A seriesof activitiesin EU marksanimpor-
tant step towards realistic safety assessment of
nanomeaterids. The Commission published the““Guid-
ance on the Safety Assessment of Nanomaterialsin
Cosmetics”. Thedocument wasdrafted by the SCCS
to help the cosmeticsindustry comply with article 16 of
Regulation (EC) No 1223/2009 on cosmetic products
(intoforceon July 2013)17,

In the USA, the Food and Drug Administration
(FDA) regul ates nanotechnol ogy differently. It estab-
lished adraft guidance for industry in June 2011 for
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both “Cosmetic Products” and “Food Ingredients and
Food Contact Substances” in April 2012. These docu-
mentsdo not restrictedly definethe physical properties
of nanomaterias, but when manufacturing changesa-
ter thedimensions, properties, or effectsof an FDA-
regul ated product, the productsaretreated asnew com-
mercial productg™.

Nanomateridsareusedin avariety of FDA-regu-
lated products because of their unique properties, im-
parting potential advantagesto products. Inthe USA
thelaw does not subject cosmetic productsand ingre-
dientsto pre-market approva by FDA. Rather, firms
and individua swho market cosmeticshavealega re-
sponsibility to make suretheir productsand ingredi-
ents, including nanoscae materials, are safeunder la
belled or customary conditions of use, and that they are
properly labelled. FDA monitorsthe useof nanoscae
materialsin cosmetics and keeps abreast of research
intotheir safety9.

Non-Gonvermenta Organizations(NGOs) that are
intheforfront of environmentd protection haveissued
their own studies on nanotechnol ogy. Saf ety i ssues of
nanotechnology productsarein the agentaof concern
for environmenta organi zations. For example, in 2006,
the organization Friendsof the Earth (FOE) released a
report, “Nanomaterials, Sunscreensand Cosmetics:
Small Ingredients, Big Risks.'?. Sincethen, FOE have
rel eased annud reportssharing updating research sudies
on ENMsand alarming risks, which could affect con-
sumers, workersand the environment. FOE gathered a
number of scientificevidenceshowingthat nenomaterids
havethe potential for adverse health effects. FOE ef -
fortswerefocused on ensuring that at the end of the
day (someday) consumerswill begranted therightsand
safe productsthey deserve. These changeswill alow
consumersto havemoreinformation and makehedthier
and moreinformed choices Sincethereare an yet no
definiteepidemiol ogicd studies, the precautionary prin-
cipleisused by NGOsfor the ENMs. Thisapproach
put emphasi son future assessment and update regul &
tionsof new products by most of nationa authorities,
athough the approaches are still caseby case because
of thespecidized featuresand multiple ENM applica
tiong?-,

NGOsin developedindustria countriesof Europe
tend to be more cautious than their North American
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counterparts about the concentration of extens ve power
to nanotechnol ogy industries. Also, themain concerns
of NGOsrevolve around the concentration of power
asaresult of intellectua property regimes, themisuse
of nanotechnology for destructive purposes, thedis-
ruption of existing economic systems, someethical is-
suesrelated to human improvement and privacy, and
negativeimpactson human hed th and theenvironment
by unregulated use of ENM S,

Therecommendationsby OECD (Organisationfor
Economic Co-operation and Devel opment) onthesafety
assessment of nanomateriasispart of the OECD sys-
tem for theMutual Acceptanceof Data(MAD) inthe
Assessment of Chemicals. MAD isamultilaterd agree-
ment which savesgovernmentsand chemical produc-
ersaround €150 million every year by allowing the re-
sultsof avariety of non-clinical safety testsdoneon
chemicals and chemical products, including
nanomaterials, to be shared across OECD and other
countriesthat adhereto the system. For example, Ar-
gentina, Brazil, India, Malaysia, Singapore, South Af-
ricaaswell asal OECD countriesarefull adherentsto
theMAD system®!,

The safety of ENM s has become the concern of
Indian research institutions. Over thelast decadethe
Indian state has strived to establish an adequate foun-
dation for advancing nanctechnol ogy resultingintheex-
pansion of R&D and commercialization of
nanoproducts. A greater focus on technol ogy devel op-
ment hasmeant that India’s engagement with the over-
duebut not less significant risk debate appearsto be
far behind global discourses.

India too has witnessed the emergence of
nanomateria usein productssuch aswater filtersand
other household appliances such aswashing machines
air conditioners and fridges, textiles, cosmetics, per-
sonal care, etc. Thishasdirect ramificationsonthein-
tensity of effortsthat would need to be undertaken to
addressrisksof ENMsat the national level 2528

OCCUPATIONAL HEALTHAND SAFETY
ISSUESOFWORKERSIN THE MANUFAC-
TURING PROCESSESOF
NANOMATERIALS

Engineered nanomaterids(ENMs), aswithdl new
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technol ogies and manufacturing processesin the past,
the earliest and most extensive exposureto hazardsis
most likely to occur intheworking environment. Manu-
facturing workersin nanotechnol ogy-related industries
and small workshops are the ones to be exposed to
nanoengineered material swith nove s zes, shapes, and
physical and chemical properties. Occupationa toxi-
cologistsarethefirst to discover adverseeffectsinoc-
cupationa hedlthand safety of ENMs. Thescientificin-
formation that iscurrently availableon exposureroutes,
potential exposure levels, and material toxicity of
nanomaterialsisvery limited. Thefirst studiesfocused
onthelow solubility of nanoparticlesbecause of their
higher toxicity potentia . Nanoparti cles during manu-
facturing processes can penetrateinto therespiratory
system and through the blood circulation can moveinto
other organs. Studies showed strong indi cationsthat
nanoparti cles can penetrate through the skin. Survey of
thescientificliteratureindicatesthat theavailableinfor-
mationisincompleteand many of theearly findingshave
not been independently verified. Current recommen-
dationsfor ENMsin theworking environment, inorder
tominimizeexposureand hazardstoworkersarelargdly
based on common sense, knowledge by analogy to
ultrafinemateria toxicity, and generd hedthand safety
recommendations. There are strong indicationsthat
ENM s surface areaand surface chemistry arerespon-
siblefor observed responsesin cell culturesand ani-
ma g%,

Studies showed that most airborne Carbon
NanoTubes (CNTs) or Carbon NanoFibers (CNFs)
found inworkplaces (during the manufacturing pro-
cesses) areloose agglomerates of micrometer diam-
eter. However, duetotheir low density, they linger in
workplaceair for aconsiderabletime, and alargefrac-
tion of these structuresarerespirable. So, industria
workersarethefirst to be exposed to nanomateriasat
high concentrationg®.

Thefirst toxicologica studiesfor ENMswere per-
formed inrat and mouse models. Pulmonary exposure
to single-walled carbon nanotubes (SWCNTSs), multi-
walled carbon nanotubes (MWCNTS), or CNFs caused
thefollowing pulmonary reactions acute pulmonary in-
flammation andinjury, rgpid and pers stent formation of
granulomatouslesionsand progressiveaveolar inter-
stitia fibrosisat deposition sites. Furthermore, pulmo-

flano Science and flano Technology

——— 7 e T ot



212

Nanomaterials: Environmental pollution, ecolological risks and adverse health effects

NSNTAIJ, 8(6) 2014

Review C—

nary exposure to nanoparticles can induce oxidative
stressin aortic tissueand increases plaqueformationin
an atherosclerotic mouse mode . Pulmonary exposure
to MWCNTsdepressesthe ability of coronary arteri-
olesto respond to dilators. These cardiovascular ef-
fectsmay result from neurogenic signa sfrom sensory
irritant receptorsin thelung. In addition, pulmonary
exposureto MWCNTsmay induceleve sof inflamma-
tory mediatorsin the blood, which may affect the car-
diovascular system. Intraperitoneal instillation of
MWCNTSsin mice has been associated with abdomi-
nal mesothelioma (thiswasatypica disease of asbes-
tos fibers exposure of workersin the past decades).
However, further studies are required to determine
whether pulmonary exposureto MWCNTscan induce
pleurd lesionsor mesothelioma®y.

The adverse health effects in workers of
nanotechnol ogy industries becamerecently aconcern.
toNIOSH (Nationa Institute of Occupational Safety
and Hedlth, USA), whichistheleading federa agency
conducting research and providing guidance ontheoc-
cupational safety and healthimplicationsand applica
tions of nanotechnology Additionally, NIOSH recom-
mended that engineering controlsand persona protec-
tive equipment can significantly decrease workplace
exposureto CNTsand CNFs. Considering the avail-
abledataon hedlthrisks, it gppearsprudent to devel op
prevention strategiesto minimizeworkplace exposure,
such asenclosure, exhaust ventilation and respiratory
protective masksor respiratorsand worker training for
good handling practices®d. NIOSH hasalso created a
field research team to assessworkplace processes, ma-
terials, and control technologies associated with
nanotechnol ogy. But, much researchisstill neededto
understand theimpact of nanotechnology on hedth, and
to determine gppropriate exposure monitoring and con-
trol strategies. At thistime, the limited evidence avail-
able suggests caution when potential exposures to
nanoparticles may occurt®,

TheHedthand Safety Executive (HSE) which ded's
with the UK regul atory framework for occupational
hedlth and safety in theworkpl acesiscovering the sefe
use and handling of manufactured nanomaterias. The
Report “Using Nanomaterials at Work™ is a new guid-
ance prepared in response to emerging evidence about
thetoxicity of thesematerids. It isspecificaly about the
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manufacture and manipul ation of dl nanomateriasin-
cluding carbon nanotubes (CNTs) and high aspect ra-
tio nanomaterials (HARNS). It has been preparedin
responseto emerging evidence about thetoxicity of these
materia $34.

In Germany (2011) the Federa Institutefor Occu-
pationa Safety and Health (BAUA, Bundesanstalt fur
Arbetsschutz und Arberitsmedi zin) together with the
German Chemical Industry Association (Verband der
Chemischen Industrie/VVCl), theFederation of German
Industry (BDI) and the Federa Ministry of Education
and Research (BMBF) started asecond survey on oc-
cupational health and safety in the handling and use of
nanomaterials. Theawarenessto thetopic and the sci-
entific and pragmatic approach led to high number of
answersfromindustry, research organisations, univer-
sitiesand stateinstitutiong®!. Also, in 2011 aworking
group consisting of thelngtitute of Energy and Environ-
mental Technology e.V. (IUTA), the Federal Institute
for Occupational Safety and Hedlth (BAUA), the Ger-
man Socia Accident Insurance Ingtitution for the Raw
Materidsand Chemical Industry (BG RCl), the Insti-
tutefor Occupational Safety and Health of the DGUV
(IFA), theTechnicd Univeraty Dresden (TUD) and the
German Chemicd Industry Associaion (V Cl) published
the document ““Tiered Approach to an Exposure Mea-
surement and Assessment of Nanoscale Aerosols
Released from Engineered Nanomaterialsin Work-
place Operations ™39,

Also, the competent authoritiesfor protection of
workersand theenvironment in Germany with the Fed-
eral Environment Ministry developed the idea for
amending the REA CH regul ation of the EU because
thereisneed for better identification and assessment
for potential hazardsarising from nanomateriasinthe
future®™,

CONSUMER PRODUCTSWITH ENMSAND
POTENTIAL FOR EXPOSUREAND TOXIC
EFFECTSTOHUMANS

Thedevelopment and arrival of novel nano-based
consumer productsin thelast decade hasraised con-
cerns over consumer health and safety. The main
nanoproductsarefood materids, innovativefood pack-
aging, intelligent delivery mechanismsof nutrientsand
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bioactive materials. In theinteresting Report of RIVM
(National Insitutefor Public Health and the Environ-
ment, Bilthoven The Netherlands): “Exposure to
Nanomaterialsin Consumer Products” (Letter Re-
port 340370001/2009, www.rivm.nl) thereisan ex-
tensive catal ogue of nanomateriadsin thevarioustypes
of consumemer products. Thenanomateridsaremainly
in the form of particles, composites, capsules,
fullerenbes, carbon nanotubes, coatings, nanoporous
materilas, quantum dots, nanofibres, nanowires. The
most important ENMsare used: ). food, beverages,
food containers, food supplements, b) electronic and
computers (electronic parts, display, ink, paper, hard-
ware, recording), ¢) household products (cleaning sub-
stances, coatings, adhesives, lighting, filtration, sanita
tion, air purification), d) motor vehicles(cataytic con-
vertors, fud, energy-batteries, paints, air filtration, etc),
€) clothing, textile coatings, shoes, sporting goods, f)
medica products, wound dressing, skin care, biomedi-
cal applications, g) personal care products (oral hy-
giene, etc), cosmetics, sunscreensHowever, inthepur-
suit of delivering more and more patentabl e technol o-
giesand agrest variety uses of nanoparticlesinfood-
stuffsaarmed toxicol ogists. Food regul ators and other
consumer productsrespond to the potential threat of
nanomateria sguided by toxicity studies™.
Widespread application of nanomaterialsfor con-
sumer products confersenormous potentia for human
exposureand environmental release. Technological de-
velopmentsin nanoproducts and applications are out-
pacing research of human health and environmentd risks
from pollution. Many decades ago theworld had the
exampleof. geneticdly modified organismsandtherisk
assessment problemsrelated to their use., thefuture of
nanotechnology will depend on public acceptance of
therisksversusbenefitsfrom thenanomaterials. Con-
sumers using ENMs can be affected by inhalation
exposure. Especidly, withENMsthat aresmaller than
100 nm diameter and can potentially becomeairborne
particles. These““nanostructured particles” are poten-
tially of concernif they can depositintherespiratory
system of the consumer (nanoparticles have high sur-
faceareaand surface activity). Classesof nanoparticles
can causerespiratory toxicity to consumersespeciadly
for discretenanometer-diameter particles, agglomerates
of nanoparticles, and dropletsof nanomaterid solutions,
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suspensions, or durries®,
Skin or dermal penetration

in (or dermal) penetration is another form of
exposurethat concerntoxicoilogistsfor thevariety of
consumer productswith nanaomaterials. Skin can be
exposed to solid nanoscale particles in cosmetics
through either intentiona or nonintentional means. In-
tentional dermal exposureto nanoscae materialsmay
includethe application of lotionsor creams containing
nanoscae TiO, or ZnO as asunscreen component or
fibrous materias coated with nanosca e substancesfor
water or stain repellent properties. Nonintentional ex-
posure could involvederma contact with anthropomor-
phic substances generated during nanomaterial manu-
facture or combustion“l. Despitethe recent advances,
it isunclear whether nanoparticles can penetrate the
human skin and have any toxicol ogical impact. Con-
cernsregarding dermd penetrationinclude skinor other
organ cytotoxicity, accumulation, metabolism and
ptotoactivation on skin. An exampleof derma contact
with nanoparticles, isthenanoscade TiO,and ZnO (<100
nm) which areincluded in sunscreensbecause of their
ability toblock ultraviolet (UV) light. Itisknown that
TiO, particles bel ow approximately 200 micronsdo
not scatter visiblelight but will still scatter some UVA
radiation. Thustheinclusion of nanoscale TiO, (ana-
tase, rutile) or ZnO in sunscreens hasthe consumer-
desired goal of aclear sunscreen with UV-absorbing
properties. The surfaces of nanocrystalsof TiO, can
generate ROSwhich have the potential for cytotoxic
reactiong*-43,

New scientific developmentsprovidean alterna
tiveby avoiding the generation of ROSincommericial
nanoproducts. For example, anatase TiO, nanoparticles
are covered with inert oxides SIO,, Al O, or zirco-
nium“, Butin generd, studies showed that under UV
irrediation sunscreenswith TiO, produce ROSthat sig-
nificantly depend ontheir composition. Thecontinuous
insituirradiation of TiO, powder, recommended for
cosmetic gpplication, investigated in different solvents
(water, DM SO, isopropyl myristate) resulted inthegen-
eration of oxygen-centered reectiveradica species(su-
peroxide anionradical, hydroxyl radical, etc)“s. Skin
penetration by nanoscale TiO, isanother issueof con-
cern for toxicol ogists. Researchersgpplied TiO, into
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human skin either as an aqueous suspension or oil-in-
water emulsion and eval uated skin penetration. They
observed that TiO, apparently penetrated skin when
applied asan oil-in-water emulsion, and that penetra-
tion wasgreater when applied to hairy skin, suggesting
surface penetration through hair folliclesor pores“,
Another study in human skin provided compelling evi-
dence that nanoparticles can achieve epidermal and
dermal penetration (microsphere 0.5-1.0 um)1. Re-
cent studiesshowed that nanoparticleskinstudiesdis-
play, increasingly, amultidisciplinary character (penetra:
tion, toxicity studies) but their resultsare often contra-
dictory. Toxicol ogistsrecommend standardi sation of
avallabletest systemsand focusing onthecorrelating
phys cochemica nanoparticle propertiesto penetration
potentia 8.

A study showed that UV B-damaged skin dightly
enhanced TiO, nanoparticles or ZnO penetrationin sun-
screen formulationsbut no transderma absorption was
detected“?. A recent review on the subject of skin pen-
etration and dermd or percutaneous absorption of meta
nanoparticlersand their effect on skin (especidly TiO,
and ZnO) presented resultsfrom various studiesthat
contain contradictory dataf>.

Pulmonary toxicity by inhalation

Pulmonary toxicity of carbon Nanotubes (single-
walled NT aregraphitesheetsrolledinto tubes, 1 nmin
diameter and 1000 nm or morein length) have been
studied inrecent years. SomeNT are capped at either
end by haf-fullerenedomesto achieve gresat strength.
Some nanotubes have astrong tendency to agglomer-
ateby van der Wad sforcesintotattered ropes, wheress,
othersremainasafinepowder (muchlikecarbonblack.)
isof great concern for exposure of many workers(in
aerospace and other industries) and for consumersus-
ing miniature el ectronics. Under some conditionsthe
NTs can reach the respiratory system and can pen-
etratedeepintothelung. TheNTstoxicity will dsode-
pend on whether they are persistent or cleared from
thelung and whether the host can mount an effective
responseto sequester or dispose of theNT particles®l.
Nanotubeswereprovedto beat |east astoxic asquartz
(S1O,) and much moretoxic than carbon black (aform
of amorphous carbon from incompl ete combustion of
fuelsthat hasahigh surface-area-to-volumerdtio), with
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someindication of theeffect of meta content ontoxic-
ity. Theredox propertiesof ironin SWNT wereimpli-
cated inoxidative stressand cytotoxicity incell cultures
of human keratinocytes™.

These studiesand other experimentd findingsim-
plicate ENM swith respiratory human risksin thework-
ing environment. Nanomateria sinhaledinto thelungs
(depending ontheir content) are capableof dicitingan
inflammeatory, granulomatous, and fibrogenic response.
Scentistssuggest that permissibleexposureleve (PEL)
for respirable graphite dust (legislated many decades
ago) may beinadequately protectivefor exposureto
SWNTs(singlewall nanotubes). In vivo experiments
with micethat were exposed to airborne nanotubes at
aconcentration of 5 mg/m?, the PEL for respirable
graphite dust, and 40% of the respired nanotubes de-
positedinthe pulmonary region, thelungswould accu-
mulate amass of nanotubes equivaent tothelow dose
within4working daysand amassequivadent tothehigh
dose within 17 working days. Moreover, because
SWNTsweremoretoxic than quartz based on histo-
pathology, assuming Smilar relaivetoxicity in humans,
aPEL below that for quartz dust (0.05 mg/m?) issug-
gested until further characterization of nanotubetoxic-
ity!>. Sometoxicologica invivo studiesused rats, mice
and hamstersthat wereexposed tofine-sized TiO, par-
ticles(300nm), TiO, nanoscalerodsor TiO, nanoscae
dot particles (10 nm) were placed intratrached ingtilla
tiondoses (1to 5 mg/kg) inthebody of experimental
animals. Results have demonstrated no significant dif-
ferences among any of the particle-exposed groups
compared to vehicle controlswith regard to inflamma:
tory or cytotoxic lung responses at any postexposure
time periodg™.

A recent review ontoxicological dataof titanium
dioxide (TiO,) nanoparticlesfocused ontherespira-
tory system, showing theimportance of inhaation as
the primary routefor exposurein the workplace and
for consumer products. Oral exposure mainly occurs
throughfood products containing TiO, -additives. Most
dermal exposure studies (in vivo or in vitro) report
that TiO, do not penetrate the stratum corneum (SC).
Inthefield of nanomedicine, intravenousinjection can
deliver TiO, nanoparticulate carriersdirectly into the
human body. Uponintravenous exposure, TiO, canin-
duce pathologica lesionsof theliver, spleen, kidneys,
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and brain (at high concentration exposures). Thereis
also anenormouslack of epidemiological dataregard-
ing TiO, nanoparticles. Long-terminhaation studiesin
rats havereported lung tumorg™!,

Some other toxicologica studiesinvestigated the
effects of various surface treatments (0-6% alumina
[AlO,] and/or 0-11% amorphous silica [SiO,]) onthe
toxicity of commercid TiO, particleformul ations. Pul-
monary bioassay datafromingtillation exposuresinrats
to TiO, particle-typeformulations (compared to refer-
encebase TiO, particletypes). The TiO, particlefor-
mul ationswith thelargest concentrati ons of both alu-
minaand amorphoussilicasurfacetreatmentsproduced
mildly enhanced adverse pulmonary effectg®.

Asnoted fromthevarioustoxicologicd sudies, the
relevant inhal ation dosimetry in risk assessments of
nanoparticles may be surface areaor particle number
rather than mass per volume or per body weight, al-
though the complexity of other propertiespreclude gen-
eralizationsto al nanoparticled®’. Despitethiscom-
plexity, some patterns areemerging for the more stud-
ied nanomaterial substances. The primary mechanism
of action by inhalation or dermal routes appearsto be
freeradical generation and oxidative stress associated
with surfacereactivity. Oxidative stressassociated with
TiO, nanoparticles, for example, resultsin early inflam-
matory responses such asan increasein polymorpho-
nuclear cells, impaired macrophage phagocytos's, and/
or fibroproliferative changesin rodents™.

Although most toxicological studies with
nanomateriashavebeeninvitro, or short-terminvivo
studiesinvolving unnatural ddivery (e.g., intratrached
ingtillation) inlimited speciesand typesof nanoparticles,
the Nationa Toxicology Programisplanning short and
long-term studies, indudingord, dermd, andinhdation
exposures for some nanoparticles (http://ntp-
server.niehs.nih.gov/files/nanoscal e05.pdf).
Nanomateria research and risk assessmentswill ulti-
mately need to address multiple potential health effects
including cardiovascular, carcinogenicity, reproductive/
developmental, immunological, and neurologica™. A
review (2010) summarised the main concerns of ad-
verse effectsto health caused by acute or chronic ex-
posure ENMsin therespiratory system. Thelungis
one of themain routes of entry for ENMsinto the hu-
man body and once enter theinterstitial air spacesare

= Review

quickly taken up by alveolar cells. Thereview high-
lighted thedifferent aspectsof lungtoxicity resulting from
ENM exposure, such asgeneration of oxidative stress,
DNA damageand inflammation leading tofibrossand
pneumoconios's, and theunderlying mechanismscaus-
ing pulmonary toxicity'®,

Another review (2013) summarized scientificevi-
dence for the potential toxicity and safty issues of
Enginered NanoParticles (ENPs) for therespiratory
system (workersand consumers) andrisk for lung can-
cer after prolonged exposure. M ost studiesshowed that
ENPs can cause pulmonary oxidative and pro-inflam-
meatory geneexpressioninthelungsafter chronic expo-
sureat low doses stressY,

RECENT TOXICOLOGICAL STUDIES: ARE
ENMSCARCINOGENIC?

Thereisaconstant stream of scientific papersin
the last 5 years on the cytotoxicity of engineered
nanomatrialsusinginvitroandinvivo sudiesand other
methodol ogical approaches. Alhough there are physi-
cochemicd differencesof ENMs compared to particu-
late matter, fibrous materialsand amorphousdusts, the
mechanismsof toxicity and cytotoxicity must bevery
smilar. Invitro studieswere performed astandardized
in vitro screening of 23 engineered nanomaterials
(ENM) by adapting threeclassical in vitrotoxicity as-
says to eliminate nanomaterial interference.
Nanomaterial toxicity wasassessed in ten representa-
tivecell lines. Six ENM induced oxidative cell stress
whileonly asinglenanomateria reduced cdlular meta-
bolic activity, but none of the particles studied affected
cedll viability. Results suggested that surface chemistry,
surface coating and chemica composition arelikely
determinants of nanomaterial toxicity. Scientistssug-
gested that accurateidentification of nanomaterial cy-
totoxicity requiresamatrix based on aset of sensitive
cell linesand invitro assays measuring different cyto-
toxicity endpointg®.

Scientists studied the cytotoxicity in vitro of gold
nanoparticles since they are used in many products.
Thesewere 12 nm spherica gold nanoparticle coated
or not with hyauronic acid. Toxicological resultsrang-
ing fromtheeffectsof a10-daysexposureinaninvitro
model with BALB/c 3T3fibroblast cellsshow how 12

flano Science and flano Technology

——— 7 e T ot



216

Nanomaterials: Environmental pollution, ecolological risks and adverse health effects

NSNTAIJ, 8(6) 2014

Review C—

nm spherica gold nanoparticlesareinternaized from
3T3cellsby endo-lysosomal pathway. Other results
showed that gold nanoparticles, though not being ase-
vere cytotoxicant, induce DNA damage probably
through anindirect mechanism dueto oxidative stress.
Coating the gold ENP with hyaluronic acid reduces
cytotoxicity and dowstheir cell interndization. These
resultswill beof great interest to medicine. Gold ENP
(with or without coating) are suitablefor therapeutic
applicationsdueto their tunable cell uptake and low
toxicity®.

A recent review (2012) summarised many invitro
investigations about the toxicology of engineered
nanoparticles. Theeva uation of nanoparticlestoxicity
by in vitro studies gavetoxicol ogistsimportant infor-
mation, especialy intermsof toxic mechanisms. Some
studies showed that some ENPinduce oxidative stress,
apoptosis, production of cytokines, and cell death.
Thereareal so studies of different results, somewith
low and somewith highinfluences, for the sametype
nanoparticle. Theaggregation state and metal ion re-
leaseability of nanoparticlesaffect itstoxicologica cdl-
lular effects. Thisincons stency prompted scientiststo
want standardised methodol ogies®.

Invivo studiesfor nanotoxicity are steedily emerg-
inginthescientificliteratureof thelast decadeto eval u-
ate biologica impact of nanomateria exposurein ex-
perimental animas. Over thelast decade nanotoxicology
methods have mostly relied oninvitro cell-based char-
acterizationsthat do not account for the complexity of
in vivo systems with respect to biodistribution, me-
tabolism, hematol ogy, immunol ogy, and neurologica
ramifications. Effortsin standardizing methodol ogy to
study thein vivo safety of these materialsarecurrently
undertaken by various government agenciesand re-
search organi zationg®!. Someother Invivo studieson
ENMswerefocus ng on nanomateriasfor wideappli-
cationsin medicine, biologica sensing, drug delivery
and biomedica imaging. Experimenta animaswereusd
in these studiesto evaluate the toxicity but also the
biodistribution of ENMsand their in vivo pharmacoki-
netics pathways, depending of the surface chemistry,
shape and sizes. Dataare summarised in arecent re-
view, including thetoxicol ogical debatesonadministra-
tionsroutes, dosesand surfacefunctionalization which
arecritical tothein vivotoxicity studieg®.
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Another important heal thrisk of nanaoparticlesthat
concerned scientistsfor alongtimewastheir potentia
for carcinogenicity. A critical review (2011) for ENMs
carcinogenicity was contacted by aworking group of
the German Federa Environment Agency and the Ger-
man Federd Institutefor Risk Assessment. Thework-
ing group concluded that the potentia carcinogenicrisk
of nanomaterials can be assessed only on a case-by-
casebasis. Thereiscertain evidencethat different forms
of CNTs and nanoscale TiO, particles may induce
tumoursinsengtiveanima models. Thescentistsof the
working group assumed that the mode of action of the
inhdaiontoxicity of asbestoslikefibresand of innalable
fractions of biopersistent finedusts of low toxicity is
very smilar to nanoparticles. For example, itisknown
that nano-TiO, islinked to chronic ROSgeneration and
inflammatory processes (pathwaysfor theinitiation of
carcinogenicity). All epidemiologica studiesoncarci-
nogenicity for avariety of manufactured nanomaterias
arenot sufficiently conclusve. Theexisting databaseis
not adequatefor risk assessment. Some studies pro-
vide evidence of anano-specific potential to induce
tumours, other studiesdid not (possibly dueto insuffi-
cient characterisation, differencein the experimental
design, useof different anima modd sand/or differences
indosimetry). An assessment of the carcinogenic po-
tentid anditsrelevancefor humansarecurrently fraught
with uncertainty. Onthe other hand, certain nano-prop-
ertiessuchassmall size, shapeand reactivity, retention
timeand distribution in the body.aswell assubcdlular
and molecular interactionsmay play arolein determin-
ingthecarcinogenic potentid of thenanomaterid. All of
thesefactorsleave no doubt about the carcinogenicity
of ENPsneed more research and moredetailed epide-
miologica procedures®.

Furthemore, in another review (2012) scientists
andysed aseriesof studiesfor thepotentid of lung can-
cer for exposures to airborne manufactuted
nanoparticles (MNPs). Thereviewers concluded that
low toxicity and low solubility MNPsareunlikely to
pose asubstantial lung cancer risk asthey arenot very
biologicaly active. Probably nanoparticleswithamore
reactive surface can generate ROS and promote in-
flammation more readily. Inflammation could be suffi-
ciently intenseto lead to secondary carcinogenesisvia
the oxidantsand mitogens produced during inflamma-
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tion. Thereissomeevidencefromin vitro experiments
that some MNPs can gain access to the DNA of the
nucleus cause oxidative damage. MNPsthat arefibre-
shaped and have propertiessimilar to asbestosfibers
might poseaspecia cancer hazardtothelungs, pleura
and peritonea mesothelium/®,

NANOMATERIALS AS ENVIRONMENTAL
POLLUTANTS

Thedramaticriseof gpplicationsof ENMsandther
usein electronic devices, consumer products, medi-
cinesand persond care productsinevitably generated
an emerging classof environmenta pollutants. Some
scientistssuggest that existing regul ationsfor chemica
environmenta pollutantsaresufficient to predict ENMs
distribution between environmental compartments (air,
soil and water), some othersbelievethat we need new
rulesto account for the specific propertiesof ENM S,

Over the past decade, researchershavemade sig-
nificant progressin understaning factorsthat influence
thefateand transport of ENMsin environmental com-
partments, especially waste products from manufac-
turingintheaguaticenvironments Environmentdistsfrom
the beginning employed thebasi crulesof toxicologica
monitoring, such asoctanol—water partition coefficients,
solid-water partition coefficients, rate constantsdescrib-
ing reactions such as dissol ution, sedimentation, and
degradation. Thefirst studies showed that ENM s ap-
pear to accumul ate at the octanol-water interface and
readily interact with other interfaces, such aslipid-wa-
ter interfaces. However, ENMs probably do not be-
haveinthesameway asdissolved chemicds, and there-
fore, researchers need to use measurement techniques
and conceptsmorecommonly associated with colloids.
Only afew structure-activity relationships have been
developed for ENMs so far, but such evaluationswill
facilitatethe understanding of thereactivitiesof differ-
ent formsof asingle ENM. Theestablishment of pre-
dictivecapabilitiesfor ENMsintheenvironment would
enable accurate exposure assessmentsthat would as-
sstin ENM risk management!™,

Thiswasan explroratory decade after 2000 of re-
search efforts as far as environmenta problems of
ENMsare concerned. Scientists concentrated on the
environmental methodol ogiesand theanalytical tech-
niques of ENMs, especially fate, transport and
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toxicolologicd effects. Theresultsforced themtoredise
that their studieswere hampered by alack of adequate
anaytica techniquesfot he detectionand quantification
at environmental relevant concentrationsin complex
media Thetraditional andytical techniquesprovedin-
adequatefor the physicochemicd formsof ENMs. The
maj ority of ENMsin theenvironment are presented as
colloidd systemsand the surrounding environment af-
fectsthelr properties, making anaysis susceptibleto
artefacts. Themost pressing research needsat present
for ENMsarethe devel opment of techniquesfor ex-
traction, cleanup, separation, and sample storage that
introduceminima artefacts, increase sengtivity, and add
specificity of anaytica techniques. Scientistsarea so
interested to devel opetechniquesthat can differentiate
between abundant, naturally occurring particles, and
manufactured nanoparticles™.

Experimental analytical techniques showed that
ENMsexhibit sgnificant settling under normd gravita:
tiond conditionsandthey aredsolikely toexhibit sig-
nificantly diminished diffusvities(whencomparedtotruly
dissolved species) inenvironmenta media. Itisknown
thet air/water, air/soil, and water/soil intermediumtrans-
portisgoverned by diffusive processesin the absence
of sgnificant gravitationa andinertia impaction pro-
cessesin environmental systems. For example, inthe
case of significant aamospheric ENMs, nanoparticles
exhibit an atmospheric residencetime of tento twenty
days and atmospheric aggregates (range 105-107" m)
aretheleast likely to deposit inhuman respiratory sys-
tem. Also, ENMs colloidal particles suspensions
showed stability in water and aguiati c exposure assess-
ment modelsproducegreat uncertainty inther resultd™.

Scientists agreed that there are at present scarse
dataon ENMsemissionsand environmental concen-
trations. Oneof thefew availableENMsstudiesinves-
tigated TiO, particlesthat areused inlargequantitiesin
exterior paintsaswhitening pigments. The TiO, par-
ticlesweretraced (roughly 20 and 300 nm) to thedis-
chargeinto surfacewaters. Anaytical eectron micros-
copy revealed that TiO, particles are detached from
facade paints by and are then transported by facade
runoff and aredischarged into natura waters. By com-
bining resultsfrom microscopicinvestigationswith bulk
chemical anays stheresearchersca culated the num-
ber densitiesof synthetic TiO, particlesin therunoffl™,
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Someexperimentd evidenceisavailableonthere-
|ease of nanosized material sfrom commercid textiles
during washing. In one study researchersobserved that
dissolution of Ag-NPsoccursunder conditionsrelevant
towashing (pH 10) with dissol ved concentrations 10
timeslower than at pH 7. However, bleaching agents
(H,0,, peracetic acid) can greatly acceleratethedis-
solution of Ag. The amount and form of Ag released
from thefabricsasionic and particul ate Ag depended
onthetypeof Ag-incorporationintothetextile. These
resultshaveimportant implicationsfor therisk assess-
ment of Ag-textilesand environmental fate studies™.
Another important aspect of lver nanoparticlesistrans
port from antibacterid fabricsinto sweeat. After incuba:
tion of thefabricsinartificia swest, Slver wasreleased
from fabricsto varying extents, ranging from O to about
322 mg/kg of fabric weight.The quantity rel eased de-
pendent ontheamount of glver coating, thefabricqudity
andtheartificid sweat formulationsincludingitspH™.,

Environmentd pollutionby ENMsisnot very well
researched. Thereisahandful of modelling studiesthat
haveinvestigated ENM release to the environment.
Sewage dudge, wastewater, and wasteincineration of
products containing ENM were shown to bethemgor
flowsthroughwhich ENMsend upin theenvironment.
However, reliabledataare particularly lacking on re-
lease during ENM production and applications. Quan-
titativedatalinking occupationa exposuremeasurements
and ENM emissionflowsinto theenvironment areal-
most completely missing™.

Nanotechnol ogical applicationsand their associated
environmenta problemsarereflected inthenumerous
publicationsthelast few years. Here we present ase-
lection of booksfocusing on the environmental prob-
lemsand health and safety issuesby ENM 7742,

NANOECOTOXICOLOGY AND RISK ASSESS-
MENT

Nanotechnol ogy applicationsraised many of the
sameissuesasany new technol ogy, including concerns
about environmenta impact of nanomaterialsin eco-
systems. It isestimatesthat over 1000 manufacturer-
nanotechnology productsarepublicly availablenow and
4-5 new gpplicationsare cominginto themarket every
week. Therapid application of nanotechnol ogy prod-
uctsin thelast decade formul ate the need for anew
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subdiscipline of ecotoxicology that is called
Nanoecotoxicol ogy, withthefirst scientific pgpersstart-
ingin2006. Theecotoxicologica problemsfrom ENMs
and their presencein the natural environment and the
ecosystemsarechdlengingtasksfor environmenta toxi-
cologistsand ecological risk assessment speciailistg®.
In the decade, the scientific discipline ENM
ecotoxicol ogy facestwoimportant and chalenging prob-
lems: @) theandyssof thesafety of nanotechnologiesin
the natural environment and b) the promotion of sus-
tainable devel opment whilemitigating the potentid pit-
falsof innovative nanotechnol ogies. Themost impor-
tant concerninevitably isfocused on the problems of
pollution on the quatic environmental compartments.
Nanoecotoxicol ogy studiesuntil now focused on the
aguatic freshwater speciesand soil organismg®+e,
Also, thenew REACH regulationinthe European
Unionfor environmental safety of commercia chemi-
cals (Registration, Evaluation, Authorization and
Restricition, 2007) promoted a series of
nanoecotoxicology studies. These studiesfocused on
adverse effects of nanoparticles on fish, algae and
daphnids, which areecotoxicological model organisms
for classification and labeling of chemicals. At present
theecotoxicologicd literature contains numerous stud-
ieswhich used abattery of selected test organismsat
different food-chainlevels Unlikeinthepas, onesingle
biotest can not predict ecotoxicol ogica effectsin com-
plex ecosystemsat different levels, so 3-4 testsareused.
Theinitial nanoecotoxicology sudiesfocused onENMs
of TiO,, ZnO and CuO and other materiasthat proved
toxicto severa aquaticinvertebratetest species®.
For example, inlaboratory experimentstheimpact
of TiO, nanoparticleswas observed inthe population
dynamicsand production of biomassacrossarange of
freshwater a gae. Researchersexposed 10 of themost
common speciesof North American freshwater peagic
algaefor 25 days (phytoplankton) to fiveincreasing
concentrationsof n-TiO, (ranging from controlsto 300
mgn-TiO, L ™). Onaverage, increasing concentrations
of n-TiO, had nosignificant effectsonagd growthrates,
Althoughtitanium TiO, nanoparticles could influence
certain aspectsof popul ation growth of freshwater phy-
toplankton, theeffectsareunlikely at environmentally
relevant concentrationg®.
The zooplankton Daphnia magnaisatypical test
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organism that isused in ecotoxicol ogica studies. Sci-
entists combined achronic flow-through exposure sys-
tem with subsequent acutetoxicity testsfor the stan-
dard test organism Daphnia magna. Their results
showed that juvenileoffspring of adultsthat were pre-
vioudy exposed to TiO, nanoparticlesexhibit asignifi-
cantly increased sensitivity, compared with theoffpring
of unexposed adults, asdisplayed by lower 96 hours-
EC,, values. Researchers concluded that
ecotoxicologica research requiresfurther development
toincludethe assessment of the environmentd risksof
nanoparticlesfor the next and hencenot directly ex-
posed generation, whichiscurrently notincludedin stan-
dard test protocol 989,

Soil eartworms test is another standard test in
ecotoxicologicad studiesfor soil pollution. A recent sudy
with earthworms (Eisenia Andrel and Eisenia fetida)
tested thetoxicity of TiO, nanomaterials. Threetypes
of commercially availableuncoated TiO, nano-materi-
aswereused (diameters5,10and21 nm). Expo-
suretest were conducetd to field and to artificial soil
contai ning between 200 and 10,000 mg nano-
TiO, (mg/kg). Results showed no significant effect on
juvenilesurviva and growth and adult earthworm sur-
vival However, earthworms avoided artificial soils
amended with nano-TiO,,. Researchers concluded that
earthworms can detect nano-TiO, in soil, dthough ex-
posure has no apparent effect on survival or standard
reproductive parameters®.

Bivavemolluscsareestablished for biomonitoring
of toxic contaminantsand ecotoxicologica studies(be-
causeof their abundancein freshwater and marineeco-
systemsas suspensionfeeders). Bivavemolluscsrep-
resent aparticularly suitable aguatic model organism
for investigating the effectsand mechanismsof action
underlyingthepotentid toxicity of ENMsinmarinein-
vertebrates Assuspenson-feeders, bivaveshavehighly
devel oped processesfor cdlular interndization of nano-
and micro-scal e particles (endo- and phagocytosis),
integral tokey physiologicd functionssuch asintra-cel-
lular digestion. Researchershave exposed in particular
mussels Mytilus spp at different types of ENMs. The
invivo experimental resultsindicatethat, dueto the
physiological mechanismsinvolvedin thefeeding pro-
cess, ENMsagglomerates or aggregates aretaken up
by the gills and then directed to the digestive gland,
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whereintra-cellular uptake of nanosized materialsin-
duceslysosomal perturbations and oxidative stress®Y,

Another gudy examined theuptake of nanoparticles
by two species of suspension-feeding bivalves (mus-
selsMytilusedulis, and oysters Crassostrea virginica),
which captureindividua particleswith diameter <1lnm
with aretention efficiency of around 15% or more.
Resultsindicated that aggregates of NP significantly
enhancethe uptake of 100-nm particles. Nanoparticles
had a longer gut retention time suggesting that
nanoparticlesweretransported to the digestive gland.
Researcherssuggested that their datatendtoindicatea
mechanismfor sgnificant nanoparticleingestion by ma
rinespecies. Inevitably, thiswiil haveimplicationsfor
further toxicological effectsand transfer of ENMsto
higher trophicleve §%2.

Marine bivalveswere used for tests of toxicity of
gold nanoparticles (AuNPs) that are used in many
nanomaterids. Themarinebivave Srobiculariaplana
wasexposed toAuNPs of Sze(size5, 15and40 nm, at
concentrations 100 ig Au L) for 16 daysunder |abora
tory conditions. at 100 pg. Resultsshowed that thedams
accumulated goldintheir soft tissues. Theresponsewas
metallothione n induction (cysteine-rich, low MW pro-
teinswith cgpacity to bind metal sand xenobiotics) and
increasad antioxidant enzymeactivitiesof catdase (CAT),
superoxidedismutase (SOD) and of glutathione Strans-
ferase (GST). Theseresponsesaretypical of increased
oxidativesressHowever, theresearchersunderlined that
theseeffectswereobserved a adose much higher than
expected inthe environment(®!,

A recent critical review focused on the scientific
literature on carbon nanotubes (CNTSs) in environmen-
tal pollution, especialy from polymeric products. The
review included paperson transport through surface
and subsurface media, aggregation behavioursand in-
teraction with soil and sediment particles, potentid trans-
formations and degradation, and their potential
ecotoxicity in soil, sediment, and aguati c ecosystems.
Thereviewersfrom the data concluded that one of ma-
jor limitation of researchisthequantification of CNT
massesin relevant medid®™.

Research showed that CNTs many influencethe
bioaccumul ation and fate of other pollutantsin environ-
mental systems becausethey have strong sorptiveca-
pacitiesfor metalsand various hydrophobic organic
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chemicas. CNTsmay act inamanner similar to char-
cod or black carbon by sequestering such compounds
and limitingtheir bioavailability and mobility. Itisalso
possi blethat nanotubes could serve as concentrators,
durablesources, and trangportersof suchchemicasinto
organisms, thusexacerbating bioaccumul ation and food
chaintransfer®,

Practica experienceson ecotoxicology researchwith
ENMsaredocumented in another review and reviewers
recommend changesinthe chalenging problemsto as-
Sist researchers. Thereviewersfocused on nano-spe-
cificmodificationsof ecotoxicologicd protocolsandthe
mai ntenance of exposure concentrations. Also, they con-
Sdered genericpracticd issues, aswell asspecificissues
for aguatic tests, marine grazers, soil organisms, and
bicaccumulation studies. They recommend that current
Invertebrate (Daphnia) ecotoxicity tests should account
for mechanicd toxicity of ENMs. Fishtestsshould con-
Sder semistatic exposureto minimizewastewater and
anima husbandry. Theinclusion of abenthictestisrec-
ommended for the base set of ecotoxicity tests with
ENMs. Thesengitivity of soil testsneedsto beincreased
for ENMsand shortened for logi sticsreasong®.

InMay 2012 the European Network onthe Hedlth
and Environmental Impact of Nanomaterisls
(NonalmpactNet) rel eased areport on nanomateridsand
thecollectiveexperience of working at theresearch bench
with ENMSs. Theresearchers-reviewersin thisreport
recommended modificationsto existing experimental
methods and OECD protocols. They provided details
of experimental procedures on electron microscopy,
dark-field microscopy, arange of spectroscopic meth-
ods, light scattering techniquesand chromatographictech-
niques. Thereviewersconcluded that most ecotoxicity

protocol swill require somemodificationg™.

From the presentation of the above selected
ecotoxicological studiesand reportswe can conclude
that for themoment there are many challengesand dif-
ficultiesininterpretation of datafrom ecotoxciological
tests concerning ENM stoxicity towards ecosystems.
Ecotoxi col ogists proposereasonable modificationsand
adjustements of the standard ecotoxicity teststo the
requirements of ENM s physicochemical characteris-
tics.

FUTURE CHALLENGERSFORRISK AS-
SESSMENT OF NEW NANOMATERIALS

Engineered nanomaterialsinthelast decade and
their gpplicationsfor variouscommercid productshave
advanced substantially. Novel materiasat sizeof 100
nm or lesshasbecome one of themost promisng areas
of nanotechnol ogy. Because of their intrinsic proper-
ties, nanoparticlesarecommonly employed in e ectron-
ics, photovaltaic, catalyss, environmentd and spaceen-
gineering, cosmeticindustry and in medicineand phar-
macy. All these new productsforced toxicol ogistsand
ecotoxciologiststo deal with new chalengesconcering
their toxicological assessment.

It hasbeen largely recognised by many scientists
that substantial limitationsand uncertainties makethe
conventiona risk assessment (RA) of chemicdsunfea
sibleto apply to engineered nanomaterials. Thisfact
offersnew challengesin methodol ogical toxicological
apprioacheswhichleavesthe hedlth and safety regula
torsand environmentd lawmakerswithlittlesupportin
thenear futurefor regulating ENM g%,

Thefuturechdlengefacing scientistsfor ENM stoxi-

cologica assessmement have been collected in arecent study, with emphasisfor cosmeticsand textileg 1104,

Nanomaterialsfrom TiO,or ZnO
Silver nanoparticles

Fullerene (Cep)

Pigments

Silicananoparticlers
Hydroxylapatite

Liposomes

Cosmetics(nanomaterialsand their applications)

Silver nanoparticles
ZnOor TiO,
TiO,or MgO
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UV- protection

Anti-bacterial properties

UV- protection

Anti-bacterid (e.g. in deodorants)
Antioxidants, radical scavenging creams
Coloring

Absorbance of ail, long-lasting cosmetics
Toothpaste (remineralizing)

Supply of e.g. vitamins

Self-gterilizing (chemical, biological protection)
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SiO,, Al,O; with special coating
Cermaic nanoparticles

Nanoclay

Nanocellulose

Ferrum (iron, Fe, compounds) or others
Carbon nanotubes (CNTS)

Textiles(nanomaterilasand applications

CONCLUSIONS

The presentation of themost recent studiesand re-
views on the toxicity and ecotoxicity assessment of
ENM s showed that thereare not alerting human health
and safety problemswith nanotechnol ogy gpplications.
However, theemerging toxicologica problemsand un-
certainties dueto the special ENM s physicochemical
characteristicsgive substantial new thoughtsto regula
torsof nationa policiesthat guaranteetheresponsible
devel opment of nanotechnol ogies. The environmental
pollution problemsand impact to ecosystemsby ENMs
are at theforefront of concern of many national and
internationd scientificand environmenta organizations.

Asfar astothereliablerisk assessmentsof ENMs
isconcerned, until now thereisstill theremainingissue
to be resolved of whether or not specific challenges
and uniquefeaturesexist onthe nanoscal ethat haveto
betackled and distinctively addressed, giventhat they
substantially differ from those encountered with
microsized materidsor regular chemicals.

The safety eva uation and assessment of manufac-
tured nanomateria sthat ensure human healthand envi-
ronmental protection are overseen by theinternational
Organization of Economic Co-operation and Devel-
opment. The OECD’s Working Party on Manufac-
tured Nanomaterials (\WPMN) isascientific body that
concentrateson human health and environmenta safety
implications of manufactured nanomaterialsand ams
to ensure that the approach to hazard, exposure and
risk assessment isof ahigh, science-based, and inter-
nationally harmonised standard. Its programme seeks
to promote international cooperation on the human
health and environmental safety of manufactured
nanomaterias, and involvesthe safety testing and risk
assessment of manufactured nanomaterials. Thefuture
priorities for OECD for ENMs are: establishing an
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Water repelent

Abrasion resistancein textiles

Electrical, heat, thermal resistance
Anti-wrinkle properties

Functional textilers (e.g. conductive properties)
Stronger fibers for textiles

OECD database, testing ENM Sfor their health and
safety eva uation, promoting aternativetest methods
for nano-toxicity, facilitatinginternationa co-operation,
deve oping guidance on exposure measurementsand
promoting the environmental sustainable use of
nanotechnol ogy*®2,
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