INTRODUCTION TO NANOTECHNOLOGY

& EFFECT OF NANOMATERIALS ON
ENVIRONMENT & HUMAN HEALTH




INTRODUCTION

Nanoetechnology has emerged as a growing| anadl rapidly,
changing field. New: generations off nanematerals will evolve,
andwith' then new: and: pessinbly: Unioreseen: envienmenial
ISSUES. Tihere are culrently anouit 800! preducts In the market
that have heen| develeped using nanotechnelegy.Oul economy.
Will e ncreasingly affiected By NaneiecnNoloagy. as More
preducts containing nanematerals meve: from researchranad
development Inter production and cemmerce.According ter a
prediction by 2015, nanetechnology will'be a'$ 3 trillien a year
glohallindustny. 'Se ene canl estimate that due 1o, manufacture
Off these huge' gquantity: off materials heow much naneparticles
are emitted and pelluting the: envirenment.




General populatien exposure may: 6Ceur fem
envirenmental release from the production and uUse ofi
Ranematenals.Ne data lnaverbeen identified guantii/ing
the releases, of naneparticles’ ffem mdustiial PreCEeSSes ol
the fate off naneparticles; after release: nte the
envirenment.lHewever due: te) the small size ofi
nanepartcies, taey will-likely:stay: airoerne for a
supstantial Ionger time: than! ether types of particulate.

The most likely pathway. fer general pepulation
exposure: frem; release from industrial processes; Is direct
Inhalation eif materials released nte) the air during
manufacture.




Wihat Is nanotechnolegy?

Nanotechnology IS defind by a unit ofi length, the
nanemeter wnichi s eguall ter 1072-9 m.. Ilfhe werd namno
means “dwarf and s, useadl fier a billienta:

On this scale; a diameter of stirandl eff numan RaliFis
reughly: 75000 nm and ene Wwoeuld require te; 10
ydregen atems to lierenditer end to: make 1 nm.

Nanoetechnology WAICH may: sound new: to oul: ears,
as been the toeol eff nature: since the Beginning .

The sea shells,pigments on the Wings ei heautiiul
putterfly,wenderdul shades oni the: fifesh [eses and
Various, ether amazing flewers and birds; are: all
manifestations: ofi nanotechnolegy which may: be said
10 be nothing but the art of nature.




Withi the advent of nanotechnoelogicall instruments like
STV and AEN, we hiave: the reguired namnoe-vision and Is

POSSIPIE NeW. 16! SEe and manipulate atems and molecule
e obtaining desired resulis.




Tools In Nanotechnology

Basically there are two teols fier measurement at nanoscale:
1. STMI(Seanning Tiunneling MIcrescepe)

2. AEM (Atemic Force MICrescope)

STM (Scanning Tunneling Microscope):

STiMiwas; invented in 1981 by Binning & Rehrer wiho shared
the Noble prize i physics with Ernst Ruska.

I an STV, a metal prebe With a peini Se

fine that Its tip Is'a single atom Is; brought R et hugn i o,
: Lo
close to the surface of a conducting 1Tz
or semi-conducting material. i1 [ —

2= - CHHHy
@'z currentamplifier  and scanning unit
g

\When a voltage of only: 10 mV. or se: s
applied hetween the prebe and: the
surface,electron can tunnel acress
the gap between them,If the gap
petween them Isi small enough,a
nanometer or teo.

and display




STMican lbe used for atom manipulation
Which was accidentally discovered by
Eigle and \Weilssiwhile studying the
Abserption and erderng off Xenon

O/ a platinum suriace.

They found that the proke tip may.
e USed e controel a pesition; eff an
atem onl the tep of the suiface
called “Adatem.

Atemic Eorce Micrescope:

EGr topegraphicaliimaging, anether type: of
Microscope AEM or Scanning Force Microscope (SEM)IIS
Commonly used .




I this type of micrescepe,the interacting force between
probe and sample Is measured as an indication of
sample prebe distance.

SINCE Ne) cUrrent IS InVoelved It caml Iimage: both
conducting and insulating surfaces. Fhis S| 1its majer
advantages ever SVl

FhIs; Is Itst major advantages ever STV hewever: Its
[esplution’ s I generali net as; highs as; STV

he proke of an AEMIIS eften called a cantilever.




Nano-Revelution

Nano technelegy leads te “lndustral Revelutien 11

A develepment ofi nanetechnology. Isiexpecied to
clhianges results inf every discipline of science anad
technelegy.

It wWill-new be pessible te) synthesize: a materalwith
mechanical,electrenic,biclegical and chiemical properties
rfeguired for specific needs.

This will lbecome! fieasible hecause: of the achievement ofi
the capanility ter Bullt submICren: structures: having
Inaividualimelecules anel atems at desired pesitions Wit
Aanemeter precision.

This nanotechnolegical Innevatien will lead te
fundamentall disceveres & development in all seientific
areasi such as medicine,genetic engg.,biotechnology,
guantum: physics, and environmentall engineering.




Benefits 1'e Mankind

Early detection of Viruses by nanesensers.
Victery over diseases like cancer and AlDS.
largeted drugl delivery.

Biocompatinle: erthopacdics implant:

iHealthler and Ionger span of life.

Pollutionriree technoelogy.-

Cheap and plenty: of eneray.

Thisiwill lead to peace and Prespenity: on: eart.




Euture Scenario Off Nanotechnology.

Year
2010

2015

2020
2025
2060

Projected! Scenario
Nanotechnoelegy willbe visible
EVERWREre
AdVANGES, I Raneelectronics and
Computers.

Nanematernals in: plenty:
Nanoetechnelegy eneray: Vear.
Nanoeroenotics.




Wihat are nanoparticles?

A nanoparticle 1s a micrescopic particle: Whose size Isi measured: in
nanemeters. IS defined as a particlerwith atleast ene dimension
less| than 100 nm.

The properties off materals changes as thelr Size' appreaches; the
nanoe-scale e.g. the hending of bulk cepper (Wike, rbhoen etec )
GCCUrS WIthr the moevement off cepper atems/clusters at about 50 nm
scale. Copper naneparticles smaller than S0 Am are censidered
superhardimatenals that dor net exhibit the same malleability and
ductility: as bulk copper.

TVpes ol naneparticles:
Naneparticles fallsiinter 3 major groups;
1. Natural naneparticles.
2. Incidental naneparticles.
3. Engineered naneparticles.




1.Natural Nanoparticles:

Naturally: ececuring nanomaterals suchi as voelcanic ash,
magnetetactic vacteria, mineral composites and ether
exIsts; In eur envireonment.

2. Incidental Nanoeparticles:

\Waste nanoparticles preduced as a result:of seme
InAUStHal’ precessses ane Incidentall naneparticlies:

3.Engineered Nanoeparticles:

These are the naneparticies WhICh are: purpesely
produced by the manufactirnngl and: preduction
Precesses off nanomaterals e.g. nanotulbes, gquantum
dots etc.




Environmental Application Of
Nanoeparticles

Researncher have extracted Phoetesynthesis protein from spinach
chloreplast anadl coated! them with nanofilms that converts sunlight
Inte) electrical energy, Which enerday: may. leadl te; energy’ generating
films and coatings:

Anether example oft converging technelegy: Is the develepment of
Nane-Mmeter sized Sensors devices that can detect Specific
compeunds with i the: natural envirenment.

Chiore-erganics are a major class off contaminants at Waste sites
,and several nanomaterials have been applied te aid In thelr
remediation;. Zere-valent iren has been used suceesstully in the past
10 remediate the groundwater by the censtruction of permeanie
reactive barrier (Iren wall) off zero valent 10 te Intercept and
dechlonnate chiernatead hydrecarhons suchi as trichloreethylene in
groundwater plume.




Current average overall energy less in transmission; lines
IS 7%. Power transmission could be improeved: by using
carbon nanetubes (fig.l) that provide better conduction
off large guantities of high veltage: electricity: than
COPPEr Wikes;, at one-sixti the weight.

Proctor & Gamble sy using| titanitm; exide (1102)
nanoparticles te; previde transparency. ini sUnscreen
lotions, asa less texic alternatives, In ther erganic
molecules:

Htanitums diexide and zIne exide’ as nanematerals have
BEEN SeWN o effectively catalyze lheth the reduction of
nalogenated chemicals and oxidation) off Varieus other
pollutants; and heteregeneeus photecatalysisinas veen
used for Water purfication; off treatment systems.

Nano titanium dioxide (nane-To2) particles are heing
Incorporated inte bullding materials such as cement and
surface coatings Ini erder to reduce ampient air nitrogen
oxide (NOx) levels.




Teday It Is technologically feasible tor manufacture,
programmanle nanoefilters that eliminate the pressure
requirement for desalinization; and: reduce the: expenses
Py 99%, meaningl the: end of- Water shoertages in ard
regions. It could alse alter regional envirenment: and
CONVEINLS deserts) tor forests by remoeving large ameunt of
firesh water from the oceans. (Postulated! by Mulhale)




Ecologicall Effect Off Nanoparticles

Naneparticles may: affect aguatic or terrestrial orgamnisms
differently larger thamn particles ol the same materials.

Cheng (2005) reperted that aggregates of single walled
carbon nanetunes;added tor zebrafishr embryos reduced
Ratching rates at 72 ReuKS; Buit Y. 77 NeUIS Pest
fertiization all embry/es in the treated group: had
natched:

Nanomatenals may: be effective hactercidall agents
against heth gram pesitive and grami negative bactera 1n
grewih media.

Eer terrestrial mammals, texicity test data onl rats and
mice optained’ for human health risk assessment: should
pe considered.

Yang and Watt (2005),repoerted that aluminium
nanoparticles(13 nm) slowed roet grewih in seil
medium. Species test included commercially:




Important species like corn, cucumiber, soyabhean, cabhage
and carrot. Larger alumina particles(200-300 nm) did not
slow. reet growith, Indicating that the: alumina ltseli: Was: not
causing the toxicity.

Effect On Human Health:

Some nanemaitenals have anility ter enter animal tissues: by,
passing threugh cell membranes; er cress the blood-hrain
Parrer.

Inhaled naneparticles may: become ledged!in the IUngs.

Nanomaterials have: a greater risk ofi Being alnsered vy
skin than macre-sized particles.

Nanoparticles affect the cardiepulmenany system ofi Auman
BEINg.




Nanoparticles of titanium dioxide and zinc oxide used In
large numMBers of cosmetics, SUNSCHeens are photoactive
producing free: radicals and causing DNA damage to
Auman; skin cells when exposed! ter UV light.

500 nm 102 particles have enly a smallfability tercause
DNA: strand hreakage; 20 nm; particles; ofi o2 are
capalle eff causing complete destruction ofi SUper-colled
DNA:.

Nanoparticles may. access to the bleod! stream threugh
Inhalation er Ingestien and even| via skin: alnserption,, I
the skiniIs' damaged.

Unlike larger particles;, naneparticles may: e transperiead
Within the cells;and may: e taken; ups by cell
mitechendra and the cellfnucleus,where they: can Induce
major structural’ damage to mitechenana, cause DINA
mutatien, and even ,results in cell deatf.




Once In bloed stream, nanomaterals can be transported
around the bedy and are taken up: by ergans and tiISSUues
Including the brain, heart, liver, kidneys, spleen, one
marrow: and Nerveus; system.

he majex distrlkution sites for naneparticles appeared
1o e the Liver, fiellowed by spleen. Diseases of the liver
sugg@ests' that ther accumulatien off even harmless foreign
matter may Impair its function anal results 1n; harm.

Carben nanetubes have Deen snown te cause the death
off Kidney: cells and te inhilit further cell growii.







Conclusion:

The effiect ofi naneparticles When they have enteread
the cells are largely, unknewn.

There are a variety of studies geing en Inte the health
and envirenmental Impacts, ofi many.: applications of
nanetechnelogy’ and It IS IR eVeryene's interest te
ensure that any new: cempound is fully: characterzed
and the long term| implications studied before It IS
commercialized.

Whenithis fiermmref moelecular engineering
(Nanetechnolegy) Isiachieved, it will results in a
manuiacturng revelttien With: more promising fol
seclety than the computer revolution.

Lastly’ I hope that this technology. Il future: gives: Us
“clean and green environment” which Is the ultimate
goal off an envirenmentalist.




THANK YOU
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