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ABSTRACT

Rapid development in nanotechnology and wide spusadof nano products increased probability of thelease
in aquatic and terrestrial ecosystems. Unique prtipse of nanomaterials and ambiguity in their tréorgnation,
reactivity and toxicity put a new challenge in frad scientists, government regulators and puldikeholders. In
addition vital importance of soil microorganismssoil as well as their diversity and lack of cldarestigations
about nanomaterial toxicity or other negative imggaon soil microorganisms show the necessity faerattention
in this issue. Therefore the research communitydside focus on understanding the reactivity, mbhilfate,
persistence and effects of nhanomaterials in terigdsecosystems. This paper is trying to discusmemegative
impacts of synthetic nanomaterials on soil micr@origms.
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INTRODUCTION

In recent decades, the interest in environmengaleis has increased very quickly. Not only scientistit also other
active members of the society (i.e., politiciamgjustries, general public), have paid much attentioall aspects
related to environment, in general, and environnpeotection, in particular. Engineered nanomatsrfBNMs) like
other types of industrial products may enter tharenment through intentional and unintentionakesles such as
atmospheric emissions and solid or liquid wasteastrs from production facilities [53]. They have qtally
negative impacts on human health and the environfddh This potential results from several propstthat may
permit mobility in the environment, coupled withetheactivity and potential toxicity of some ENP4][3The rapid
onset of damage in organisms in different compamtmef environments and ongoing funding and devaleqt of
nanomaterials has worried some scientists, poliaikears, members of the public and industry and itovesabout
their potential impacts on the health and safetyaih humans and the environment, and has letetd¢irelopment
of the new field of nanotoxicology [25].

Nanotechnology and Nanomaterials:

Nanotechnology is a collective term that implies tapacity to design, characterization, productom, application
of structures, devices, and systems at a nanorsedd®. Nanotechnology thus has potential applinatio a wide
range of sectors, from energy (production, catalysiorage), materials (lubricants, abrasives,tpatites, sports
ware), electronics (chips, screens), optics, reatexni (pollution absorption, water filtering, digetion), to food

(additives, packaging), cosmetics (skin lotions and screens) and medicine (diagnostics, drug ety This

width reflects a diversity of materials that arewoll be used in the different applications [17]id estimated to far
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exceed the impact of the industrial revolution @@rojected to become a $1 trillion market by 2@t employ
about 2 million workers [48] and currently,accoglito conservative estimates more than 800 conspnoeiucts
containing nanoparticles or nanofibersare alreadyhe market anda number of others are still to ed88].

Ecotoxicity of nanomaterials:

As a consequence of the increasing production ofsNi¥l all types and the potential for their rele@sethe
environment, their toxicity needs to be addresbedoing so, it is necessary first to determineftite and behavior
of manufactured NMs in the environment.

Three aspects seem important when assessing tletioipENPs as pollutants ending up in the enviremim

1) Mobility: for environmental exposure it is important to éa@mpirical data or procedures to predict the
persistence and mobility in air, soil and water ahidity to move or from one recipient to anothExamples of
parameters that may be needed to make predictinnengironmental fate is chemical factors like agson
capacity, degree of aggregation, photolytic degradadispersability, interactions with soil patés , tendency of
nanoparticles to aggregate etc. it is still an ogpeestion whether we can expect to find individoe¢ nanoparticles

in the environment [35].

2) Modification; how and to which extent ENPs are modified by aohtwith the environment (and the
consequences of such modifications on ecotoxicityrmobility). In the environment, one should of rmconsider
exposure and toxicity to variety of relevant orgams, including the modifying effect of their livirgnvironment
(soil, sediment, water), which is why environmenigk assessment is a far more complex task whiah depend
on e.g. scientific consensus on which test systmsenvironmental parameters that need to be iadl{d7].

3. Ecotoxicity: The final issue to be considered in the contéxdrvironmental exposure is to what degree various
nanoparticles are taken up by biota, whether theyretabolized or degraded, and at which ratesdahegxcreted
and the possible harm that ENPs can cause to ergadiving in water, sediments and soils that theter [17]. As

a consequence the term “nano(eco-)toxicology” hasnbdeveloped as a separate scientific discipliite the
purpose of generating data and knowledge about &ffdsts on humans and the environment [31].

Ecotoxicity measurements are conducted on diffarephic levels including microorganisms, plantssértebrates
and vertebrates, and test systems have been dasthfor some organisms and for some exposureitoams But

there are of course a far wider range of envirortailgrrelevant organisms living in nature that aremay be used
in non-standardized methods to test whether a anbsthas harmful effects on organisms or processése

environment. For example, antibacterial effectc@fium oxidenanoparticles astaphylococcus aureusnd zinc

oxide nanoparticles dnisteria monocytogendsas been identified by researchers [1] [28].

Soil microorganisms are the largest unexplored rvese of microorganisms on the earth. Considerihgirt

importance functional role for biosphere, a greaaldof research is necessary before observed effent be
extrapolated to higher organisms such as mammd]s Although there are some indications that nartapes in

the environment may have undesirable antimicrabiifacts, it is impossible to say at this time wtigks posed by
nanoparticles are relevant and possibly of condernorganisms in the ecosystem [46]because thezemamy
unknown aspects about them in relation to envirartraad living organisms.

In spite of importance of ecotoxicity studies of Ed\l few have taken into account the modifying@a# of NMs
on soil, sediment and water constitudhican be due to the reason that the methoddamis for such task have
not been well developed yet [4] and also they haweh diverse properties and behaviors that it jgossible to
provide a generic assessment of their health amolommental risks [24]. The shape, charge and sfzdifferent
particles can influence their kinetic (absorptidistribution, metabolism and excretion) and toxioperties [10].
Furthermore many transformations, e.g. reactionh wdtomacromolcules, redox reactions, aggregatiary a
dissolution, may occur in both environmental amuldgical systems. These transformations and otlileaker the
fate, transport and toxicity of NMs [8]. As a cogaence, even NMs of the same chemical compositiiohwhave
different sizes or shapes can have vastly diffei@xitity [38].

Nanomaterialsin relation to soil constituents:

The modification of ENPs after entering in contadth environmental matrix constituents, like ionstural
colloids and other charged surfaces are likely ffeca not only mobility, aggregation etc., but altm modify
toxicity characteristic§20].There are many parameters that effect ecatyxaé ENPs which should be considered
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in researches on ecotoxicity of NMs. These parametary from NM physico-chemical characteristicetpected
environmental concentrations to fate and transpmthanisms. The environmental implications of dibyiwill
also depend upon the ecological composition anettstre of complex microbial communities. Interaotiof an
ENP with e.g. a charged surface of a larger parttaluse them not be available for absorption irséime way or to
the same extent as a freely suspended ENP, regdéfliess bioavailable. Consequently, a far lowepasureto
ENPs may be observed in an environmental matrixpeoed to what is experiencadvitro [17].

Practically nothing is known about how ENPs intéraith soils and sediments [30]. Of particular xelece to
manufactured NMs, soil colloids and other porouglimenay facilitate the movement of contaminantsaiis and
other porous media. Consequently, they may affectdegree of toxicity of manufactured NMs. Soil et
environmental matrix that is richest in natural oarticles, both as primary particles and agglotesfaggregates.
This is due to constant physical/chemical weatlyeaind re-arrangement of its geogenic constituemipled with a
high biological activity that transform both deadyanic matter and minerals. Sediment and soil doestts, like
clay and organic matter have large specific surfaceas (typically around 300-500%g), and a high
electrochemical surface charge that is likely tdkenhem interact with charged particles, like m&NPs. Natural
organic matter in water, sediments and soils alswtain hydrophobic domains that are likely to iat#rwith
hydrophobic ENPs, like fullerenes and carbon naies (CNTs). For example , the intraction betweéfsNind
humic substances (HS) including natural organidenaesult in a nano scale coating of NMs, analsgo protein
coronas in mammalian systems ,that drastically gbatheir aggregation ,deposition and toxic prog=i8] .While
some constituents retain hydrophilic, polar substan others strongly bind hydrophobic, non-polamgounds.
Some ENPs, such as fullerenes and carbon nanat@biEss), are non-polar and do not easily dispersdigsolve in
water. In this manner they may resemble commondpfisbic organic contaminants, like polycyclic ardima
hydrocarbons (PAH) [17].

As described above, soils and sediments are congmeous media that are likely to constitute natdoafriers
against transport and remobilization of ENPs. Tdte ind bioavailability of ENPs dispersed in thegsgems thus
strongly depend on the filtering properties resgitfrom these conditions [36]. The organic and mahehsio-
chmical compositions and structural heterogeneitpadural media is complex and must be taken icoant to
understand the transport and fate of nanoparticider natural conditions [17].

Environmental factors like pH and ionic strength t@yether with the physical-chemical propertidsycture and
concentration of ENPs [39] may determine whethey thre bound within or transported out of soils aadiments.
However, interactions with dissolved constituentsyralso affect their mobility. As described pre\sty dissolved
organic matter is a constituent of both surfaceevgafind soil and sediment, and has recently bemmrsto interact
with CNTs in a way that may enhance their dispersiod transport [13].

Zeta potential, i.e. the diffuse surface chargeamsmportant characteristic of colloid stabilityaynlink to the

chemical nature of the dispersed nanomaterials tanthe properties of the continuous phase (pH,tidi

temperature and inter atomic distance between ©th#ls measure gives good information on nanorizser
mobility, aggregation rates and interactions withfaces: when its value approaches 0 mV massiveeggtion

occurs. Moreover, for magnetically charged parsicthe dipole moment is a key feature in their abi@rization

and appears to be related to the toxicity potefRi].

Furthermore, an interesting issue is how redoxsframations may influence the transformation ani faf

engineered nanoparticles [51]. Redox reactions rotca wide range of environments, and are importanthe

degradation of organic matter, for generation afrgg by chemolithotrophic organisms, and for thecjpitation

and dissolution reactions that influence sequestratnd mobility of metals. To what extent nanomiate will be

transformed by redox processes in the environmahthaw these processes may influence toxicity beohazards
of various nanomaterials is still an open quesiiat)

Using soil microorganisms

as case study in nanoecotoxicology:

Apart from microorganisms, there are many very uisafganisms from different environments that mayused in
ecotoxicity testing. In water it may be pertineotuse free living (pelagic) organisms or organisrnd) on or in

sediments (benthic organisms) depending on whegestlspected harmful agent is found. Further it rbay
interesting to use organisms of different troplkeeell (from different steps in a food chain), fronmgary producers
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to grazers and predators, as some environmentiitgomis may accumulate in the food chain (biomagatifon)
[17].

Microorganisms are of great environmental imporéabecause they are the foundation of aquatic amesteal

ecosystems and provide key environmental servenagimg from primary productivity to nutrient cydjrand waste
decomposition [41]. Microorganisms (mainly bactekat also fungi, protozoa and algae) play a vergdrtant role
in maintaining soil health, ecosystem functions. (egtrient cycling) plant nutrition and plant grdwpromotion

[17].

Therefore, selection of soil organisms for ecotibxistudies can be done based on specific moflexmosure
(contact, ingestion, and prey preferences), spebkdbitats (surface, shallow or deep sub-surfaeted or anoxic
environments, etc.) or specific functions (denitgfion, bioperturbation, etc.) [17].

Bacteria form symbiotic relationships with legunvaisich provide a major source of fixed nitrogen bmth these
and other plants. Denitrifying bacteria play an artgnt role in keeping waterways clean by removiitgate from
water contaminated by excessive fertilizer use.t&# form symbiotic relationships with all animdétem insects
to humans. Many of these bacteria aid their aninuaits to digest food, others perform more unusuattfons.
Consequently, understanding toxicity of NMs to ralmes is important to evaluate the potential impattdMs in

the environment.

Furthermore, microorganisms are convenient (maest)organisms because they grow rapidly and axpensive

to culture; have a high surface-to-volume ratiokimg them sensitive to low concentrations of tostibstances; and
facilitate studies at many levels ranging from agkt biochemical reaction in bacteria to complersystems

containing a diversity of microorganisms [41]. Alsbis highly likely that bacteria will influencBlMs fate and

behavior .Microorganisms (mainly bacteria, but disogi, protozoa and algae) have the advantagetliest are

ubiquitous and highly diverse (filling a range afhitats and functions), small (permitting miniated tests) and
with short generation times (permitting rapid tgsfdso, they are in immediate contact with liquigisd surfaces
and absorb nutrients and other molecules from #reiironment directly through their cell walls [17]

Many microorganisms are also easy to culture, asg to extract DNA from. The latter permits ideotifion based
on sequencing of DNA and more importantly to ddserivhether or not (or to which extent) certain gergdated to
toxicity protection or stress have been activatééntification of multiple microorganisms in a slagsample
through molecular methods (DNA or other) permitstasdescribe the composition (or diversity) of cdexp
microbial communities and changes in compositioa thua suspected harmful agent [48].. Measurenwdrgsich
changes are often far more sensitive than testedbas isolation, pure culture and testing of indial
microorganisms [41].

Microbial ecotoxicity tests can investigate surVjveeproductive capacity, and mutation as well as hethal
toxicity endpoints [17]. Calculation of a minimaihibitory concentration or minimal bactericidal centration
offers a standardized method to compare the lolggst of toxicant that prevents bacterial growth tlee minimal
inhibitory concentration or that actually reducd®e tnumber of viable cells for the minimal bactetédi
concentration. In bioluminescent tests, diminishéoluminescence of certain bacteria, suchVéwio fischerj
suggests that the test substance has antimicrediialty [16].

M echanisms of nanomaterials Toxicity:

The characteristics of NPs that influence toxiditglude size, surface area, morphology, and disisoluTo date,
screening studies using in vitro approaches hawergbd toxicity from metal NPs at lower concentnagi than
toxicity from carbon-based NPs [7].

While toxicity mechanisms have not yet been congbyetlucidated for most NMs, possible mechanisntuote
disruption of membranes or membrane potential, aiod of proteins, genotoxicity, interruption of ezgy
transduction, formation of reactive oxygen specsl release of toxic constituents[55]. These toximechanisms
may result from various factors such as: high se&farea to volume ratio, surface charge, hydromhabid
lipophilic groups may allow them to interact wittopeins and membranes, complementary effects afstauctures
which cause inhibition of enzyme activity, bioacadation and chemical composition which increaseirthe
reactivity [33].
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However, unintentional toxicity mechanisms can B&cdlt to isolate and vary widely even within tlsame class
of NM, such as fullerenes or nanosilver. For examplllerol (C60) [OH]x, (the hydroxylated form @260)

generates singlet oxygen and can behave as a potielizing agent in biological systems but it ist moticeably
cytotoxic [34]. Coating C60 with polyvinyl pyrroliche produces a NP that generates singlet oxygercdinacause
lipid peroxidation and other cell damage [18]. IStither studies with fullerene water suspensiorS6@) have
shown antibacterial activity in the absence of ligh oxygen, negating the exclusive influence ofgkt oxygen
[21]

Certain NMs such as quantum dots cause toxicitatterial cells by releasing harmful componentshsas heavy
metals or ionswhich they have in their core(ie: €dSdTe, CdSeTe, ZnSe, InAs, or PbSe) and in galis(ie:
CdS or ZnS). Less is known of the stability of cfuam dots in the environment, other than that hatd are likely

to be quite long (months, years) and vary with phic conditions [43]. The soil-dwelling amoelactyostelium
discoideumhas been shown to incorporate avidin and conjug@@8e-containing quantum dots by endocytotic
pathways [15]. Evidence that quantum dots may emtside variety of cell types by endocytosis raiagsotential
concern for their long term effects, especiallyttaesy may be retained within different tissues arghos for some
time [11].

The toxicological interactions between NMs and @irtt are related to either the NM physically intéirey with
proteins or the NMs producing ROS (Reactive Oxy@gecies) or other damaging radicals. The generation
reactive oxygen species (ROS) is an important ityxinechanism of ENPs. ROS include oxygen radibalse one

or more unpaired electrons: such as superoxidengide’), peroxide (@), hydroxyl radical (-OH), and singlet
oxygen (1Q). They are e.g. formed in mitochondria as oxygemneduced along the electron transport chain. But
despite their beneficial activities, radicals passan unpaired electron, which makes them highdgtiee can
clearly be toxic to cells and there be able to dgamd 7], cell membranes, cellular organelles, akcromolecules
including lipids,, proteins, and nucleic acids @néd in DNA and RNA [12]. Severah vitro studies on the
toxicity of ENPs have shown generation of ROS, bygTiO2 [19] and fullerenes [37]. On the other iarome
authors have found that ENPs, including e.g. faliess, may alsprotectagainst oxidative stress [3]. This apparent
dichotomy underlines the need for research on remtiofe-cell interactions and mechanistic aspedtENP
metabolism in organisms and specific cells [17].

NMs that generate ROS can damage iron—sulfur ckugteat behave as cofactors in many enzymes, lgdadin
Fenton chemistry that catalyzes the production @faROS generation [14]. Reactive oxygen specipsatso lead
to the formation of disulfide bonds between sulfontaining amino acids, thus disturbing the streectand function
of the protein [41].

Silver NPs and titanium dioxide are among the basiied NMs with respect to microbial toxicity. $umaterials

are established as antimicrobial agents, and tlagiocrystalline forms may act similarly [26]. SiviéPs may cause
toxicity via multiple mechanisms but actual meckamiby which silver nanoparticles interfere with tegi@ is as

yet unclear. Morones et al. (2005) reported sevpoakible causes: Silver NPs adhered to the sudhee the

membrane properties, therefore affecting the pebitigaand the respiration of the cell; they camptrate inside
bacteria and cause DNA damage, and they can rei@eseAg_ ions.

Some researchers suggest that silver nanopartlelesge bacterial cells by destroying the enzymaistthnsport
the cell nutrient and weakening the cell membraneet wall [40]. In their study oE. colibacteria, they found that
nanosilver damaged and pitted the bacteria’s callsvand accumulated in the cell wall, leadingrioréased cell
permeability and ultimately cell death. coliis often used as a model for gram negative bactsuiggesting that
these results could be more broadly relevant. Hewesther researchers believe nanosilver desttwysability of
the bacteria’s DNA to replicate. It is believedttsilver ions interact with thiol groups of pratgj resulting in
inactivation of vital enzymes [6]. Degradation gfdpolysaccharide molecules, forming pits in themheane, and
changes in membrane permeability due to nanodilaee also been reported [40].

Interactions of NMs with nucleic acids have appimas in DNA labeling or DNA cleavage. Nucleotidesn be
tagged with NPs, such as quantum dots, which aletbeeting agents for bioimaging applications [5k #ith NMs
that are made to traverse the cell membrane, ikited\Ps can be modified into non viral NP genagfaction
vectors to carry genetic information into the ¢BR]. Quantum dots can also nick supercoiled DNA T8tanium
dioxide NPs, such as those used in sunscreeneatlyidamage DNA because of ROS production, whah lead
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to DNA strand breaks, cross-linking, and adductghefbases or sugars [49]. Cerium dioxide NPs rhagnselves
be transformed after contact with living cells, dixe membrane components involved in the electransport
chain, and cause cytotoxicity [45].

Photosensitive metallic and metal oxides that gereROS as well as fullerenes are used for photodic
therapy, targeting cells and DNA [50]. In contrsthe beneficial applications of NM—DNA conjugatjdullerenes
have been reported to bind DNA and cause deformatidhe strand, adversely impacting the stabditg function
of the molecule [54]. Photosensitive fullerenes ckrave double stranded DNA on exposure to ligthoagh this
is highly dependent on the type of the fullerenevagive [42].

Electron transport phosphorylation and energy ttaoon processes may be disrupted if membrangrityeis
compromised or if a redox-sensitive NM contacts reme-bound electron carriers and withdraws elastfoom
the transport chain. Fullerene derivatives have lveported to inhibiE. coli respiration of glucose [23].

These data and similar literatures highlight thedhéor more information on the interaction of NP&hwsoil
components and more quantitative assessments of regagpn/dispersion, adsorption/desorption,
precipitation/dissolution, decomposition, and mibpilof manufactured NPs in the soil environment.isTh
information will aid the interpretation of terrdsirecotoxicity test data and will inform the cartgrotocols for the
assessment of the ecotoxicity of NPs in sails.

REFERENCES

[1] Arabi, F., Imandar, M., Negahdary, M., Imandar, Workamani, M., Akbari, H., Fazilati, M., ScholdResearch
Library, Annals of biological resear¢l2012,3, 7, 3679-3685.

[2] Brant J, Lecoanet H and Wiesner M Bournal of Nanoparticle Researc?005, 7, 545-553.

[3] Daroczi B., Kari G., McAleer M F., Wolf J C., RodeU. and Dicker A P.Clinical Cancer Researc¢t2006,(12)
7086-7091.

[4] Davies J., 2007; EPA and Nanotechnology: Oversifit the 21st century. Project on Emerging
Nanotechnologies 9 M&3007, Washington DC. Available at http://www.nanoteatjpct.org.

[5] Dubertret B., Skourides P., Norris D J., Noireaux Btivanlou A H., Libchaber A. Science2002, ,298,1759—
1762.

[6] Feng Q L., Wu J., Chen G Q., Cui F Z., Kim T N.nKJ O,J Biomed Mater Re2000, 52 , 662—668.

[7] Grabinski C, Hussain S, Lafdi K, Braydich-Stolle &¢hlager JCarbon 45:2828-2835. doi: 10.1016/ j.carbon.
2007.08.039

[8] Gregory V.Lowery , Kelvin B. Gregory, Simon C. ApteJamie R. Lead .Environmental Science and
Technology2012,46, 6893-6899

[9] Green M., Howman EChem Commuyr2005, 1, 121-123.

[L0]Hagens W., Oomen A., de Jong W., Cassee F., SipRégul Toxciol Phamarc@007, 49, 3, 217-229.
[11]Hardman, R. A. Environ. Health Perspect2006, 14, 165-172

[12]Hoffmann M., Holtze E M., and Wiesner M R. , , Me@r Hill, New York.2007; pp 155-203

[13]Hyung H., Fortner J D., Hughes J B. and Kim J-lEnyironmental Science and Technolpog§07, 41, 179-
184.

[14]Imlay JA. ,Annu Rev MicrobioR003; 57:395-418.

[15] Jaiswal, J., Mattoussi, H., Mauro, J. And Simon, Nat. Biotechnal 2003,21,47-51

[16]Jennings V L K., Rayner-Brandes M H., Bird D Water Res2001, 35, 3448-3456.

[17]Joner, E. J., Thomas H and Carl E A., NorwegiatuBoh Control Authority Report no. TA-2304, 2007
[18]Kai Y., Komazawa Y., Miyajima A., Miyata N., Yamagli Y. , Nanotubes and Carbon Nanostructures
,2003,11,79 - 87.

[19]Long T C., Saleh N., Tilton R D., Lowry G V. and Meesi B. Environmental Science and Technolg206

, 40, 4346-4352.

[20]Lyon D Y., Fortner J D., Sayes C M., Colvin V L.ughes J B. Environ Toxicol ChenR005, 24, 2757-2762
[21]Lyon D Y., Thill A., Rose J., Alvarez P J J. , M@&®r-Hill, New York, NY, USA,2007, 445- 480.

[22] Malvindi A M., Carbone L., Quarta A., Tino A., Maar.., Pellegrino T. , Small008, 4, 1747-1755,
[23]Mashino T., Nishikawa D., Takahashi K., Usui N.,nYai T., Seki M., Endo T., Mochizuki M.Bioorg Med
Chem Lett2003,13,4395-4397.

[24]Maynard A. Nanotoday2006,1, 2 , 22-33

91
Scholars Research Library



Gohargani Jafar et al Annals of Biological Research, 2013, 4 (1):86-92

[25]Michael G. Tyshenko, and Krewski Dint. J. NanotechnoR008, 5, 1143

[26]Morones J R., Elechiguerra J L., Camacho A., Holt Kouri J B., Ramirez J T., Yacaman M J. ,
Nanotechnology 2005 ,16, 2346—-2353.

[27]Murray C B., Sun S., Gaschler W., Doyle H., BetlEyA., Kagan C R., |BM Journal of Research and
Development2001 , 45, 47-56.

[28] Negahdary, M., Imandar, M., Fazilati, M., Parsia8a, Rahimi, Gh., Rad, S., Saeed, R., Scholarsdresa
Library, Annals of biological researct2012, 3,7, 3671-3678.

[29] Oberdorster E. Environ. Health Perspec004, 112, 1058-1062.

[30]Oberdérster E., Zhu S Q., Blickley T M., McClell&@reen P., and Haasch M LCarbon 2006 , 44, 1112-
1120.

[31]Oberdorster G.Environ Mol Mutagen2007 ,48,532.

[32] Oberdérster G., Oberdoérster Bherddrster J, 2005,113, 823-839

[33]Poonam T., Sheefali ,M., Scholars Research Libiaey,Paharmacia Lettre2011 3,2,389-403.

[34]Pickering K D., Wiesner M R.Environ Sci TechnoR005,39 , 1359-1365

[35]Robichaud C O., Tanzil D. and Wiesner M R.. In Eonimental Nanotechnology. Applications and Impadcts
Nanomaterials. Eds. M R Wiesner and J Y BotteroGkéav Hill, New York.,2007, 481-524.

[36]Ryan J N., and Elimelech MColloid Surface1996,107, 1-56.

[37] Sayes C M., Gobin A M., Ausman K D., Mendez J., Wils. and Colvin V L.Biomaterials 2005, 26, 7587-
7595.

[38] Sayes CM., Wahi R., Kurian P., Liu Y., West J., mas K., Warheit D., Colvin Toxicol Sci. , 2006, 92,1,
174-185.

[39] Schwarzenbach R P., Gschwend P M. and Imboden ErMironmental Chemistry. John Wiley and Sons, New
Jersey003.

[40]Stephen j. Klaine, pedro j.j. Alvarez, graeme Etl@a Teresa f. Fernandes, Richard D. Handy, Delirlayon,
Shaily M., Michael j. Mclaughlin, and Jamie HEnvironmental Toxicology and Chemistgp08 , 27, 9, 1825—
1851.

[41]Sondi I., Salopek-Sondi BJ,Colloid Interf. Sci.2004, 275, 177-182.

[42] Takenaka S., Yamashita K., Takagi M., Hatta T.,ges@.,Chemistry Letter,s1999, 4, 321-322.

[43] Tamara G. ; Royal Commission on Environmental RiolluStudy of Novel Materials: Toxicology literatur
review, Final report, March008

[44] The Royal Society and the Royal Academy of EngimgeMNanoscience and Nanotechnologies: Opportsnitie
and Uncertainties. London, UR004.

[45]Thill A., Spalla O., Chauvat F., Rose J., Auffan, Mank A M. ,Environ Sci TechnpR006, ,40, 6151-6156.
[46]Van Zijverden, M., Sips, A.J.A.M. (ed.)., RIVM Rep@009; 601785003,http:// www.rivm.nl

[47]Vicki, S. et al.Science of Total Environmer2010,408, 1745-1754.

[48]Vijendra k M., kumar A.Digest Journal of Nanomaterials and Biostructur2®09, 4, 3, September, p. 587 -
592

[49]Wakefield G., Green M., Lipscomb S., Flutter Bater Sci Technd?004; (20) 985-988.

[50]Wang S Z., Gao R M., Zhou F M., Selke Mournal of Material Chemistry2004, 14,487— 493.

[51]Wiesner M R., Bottero J Y.2007; Nanotechnology and the environment, Applicati@msl Impacts of
Nanomaterials. Mc- Graw-Hill, New York, NY, USA, [3-14.

[52] Xiang J J., Tang J Q., Zhu S G., Nie X M., Lu H Bhen S R., Li X L., Tang K., Zhou M., Li G Y.. I®N
PLL. Journal of General Medicin003,5,803—-817

[53]Zhang W-X., ElliottD W. Remediation2006, 16, 7-21.

[54]Zhao X., Striolo A., Cummings P TBjophys J2005, 89, 3856—3862.

[55]Zharov V P., Mercer K E., Galitovskaya E N., Smeitk S.,Biophys J2006; (90): 619-627.

92
Scholars Research Library



