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INTRODUCTEON
blany nomoforms of matter exist nround ws. One of the erliest oano-
sived objects known to us was made of gold. Famday prepmred
colloidal pold @ 1856 sand ealled if divided metals. The term
panvtechiaology was coased in 1974 which obunoately led 1o
discovery of Fullerenes and carbon nasotibes. Mapotechaology 15
enginesring &t the molecular {group of atmms) level It is the
caollective term for a ranges of technologies, techniques mu procesces
that mvolve the mamipulation of matter at the smallest scale {from 1
te 100mm). The classical laws of pliysics and chemistry do naos
readily npply ar this very small scale for two reasens. Firstly, the
electromic properties of very small particle can be wvery differeni
firomn ther larger consins. Secondly, the ratio of the suwrface area 1o
vilume becomes nuch higher, and sice the swface atoms are
generally most reachive, the properies of the materdal change i
texpectad ways. Foo example, wihen siver is nomed oo very small
particles. it tekes on anti-migrobsal propedics while gold perticles
became of amy colowr we chooss. Matwe provides plenty of
examples of matereals with properties at the nanascale — such ag the
dolphin skin o7 the ‘nanednr’ that alleas geckos to walk wp vertsenl
surfnces. The geckos fool pad 35 covered wilh aggregates of hair
formed  from  naoofibres  which  mepart  stiong adbesive
properties Manatechnologists use smilar principles to deliberataly
enginesr 4t the wsiascale te create productd that make wse of these
umssal  popetties. Starting with  sasestructives.  pescarchers
rearange them and fen assembe fimetimal systems that can be
incorporated mio products with unique propertics,
Manotechnology Developmenis
o  Owerall investment in nanotechnology incresssd 1i-fold during
ihis decade, with similar grovath m the nnmber of patents filed m
fhits Figld,

o Adajor public sector B&D indtbatives on nanotecloodogy were
mnounced over the past § vears in the USA, Tapan., Euwopean
Ulnion. China, Korea. Taiwan and UE.

o Lux Begearch (USA) progects that miternationally; private sector
speding will exceed that of govermnents after 2004. Some
1500 comnpanies have aimotmced panactechnalogy RED plans,
of whicly B0% were start-ups.

¢ Global  sales of products  deppved  from  cmerging
ismatectmdogies ae esmmated o escalate 1o over 17533 Il
et anenn i tlse pext ten vears, with between 1 and 2 malloa
new jobs gemesated.

Brief Histery Of Nanotechnobgy

Manofechnology of gold and silver has been fonnd in Ming dynasty

pofiery and slained glass windows in medieval clrches, However,

the origing of iEmoteclmaelogy did oot socur w1959, whes

Richard Fevmman, US phsicist and Mobel Prize winver, presented a

talk 1o the American Phosical Sociesy annnal mcefing entitled

There's Plenty of Focm af the boffome b his {adk, Feynuman

presenied ideas foo creating nanoscale machinss 1o manspalate,

coitodl awd bnage matter at e astomic scale. In 1974, Norie

Tankguehi miredneed the renm “nanstechmslopy” 0 represent exina.

high precision and ulea-fine dimensons, and also prediched

mprovements i mbegreied  circwits,  opioclectronic. devices,
mechinical devices and compuier memory deviees. This i the w0
called ‘top-down approack” of carving =mmaell things from large
stmascures. In 1984, K Enc Drexler m his book Engines of Creation
discussed the fidure of panoteclmology, particularly the creation of
larmer olijects fionm thedr atone e moleculas compoments, the so
called ‘bottam-up aporoach’. He propesed ideas for “oeolecular
nanctechnology’ which is the =i assembly of moleeulss fvto an
afdered and fanctional smwetwe. The mventicn of the scanuing
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tunmelling microscope by Gerd Bionig ia 1981 (IBM Zuiich
Laboratocies), provided the veal rcakihrough and the opporianity fo
mamipulate and image stmacture at the nanpscale Subeequently, the
afomnic fores mucroscope was mvenfed m 1926, allowmng mmagmg of
the struchures af the abomic scale, Another major breakthrough m the
field ol naictechnology ocourted in 1985 wihem Hay Cromw, Robert
Curd and Fichard Smafley anvenied a mew forit of carbon calied
fullesewes (ackyballs), a sngle medecule of &0 carbon - atoms
arraged in the shape of & soccer ball. This lad 1o a Moble Prize
Chemistry in 1996, Since that time, nanotechnology has evolved into
oz of the most promising felds of science, with muln-tallion dodtar
mvestments from the public nnd private sectors and the potential to
erestte mndni-rillion dollar industries in e coming decade.
Unifying Themes OF Nanoteehnology
Becamse nznotecluoloey i classified by the size of dhe inaterials
being developad and nsed, the products of this enginssing can have
little in common with each other — for example fuel cells | fbrics or
dmg delivery devicss. What brngs them fogether is fhe namral
convergenes of all basic sciences (biology, physics and chenmstry) at
the molacnlar level At this level, these diverse fidlds are vmafied by
the foliowing common themes:

s Characterization tools — They are to ba obls to examme md see
the pastiuchues or the boildmg blocks of panomatenals,
chamactenzations foels such as Neay  daffiaction, Elednm
Microgeopy, Scanming Twnelling, Atoanie Faree Microscopy ase
o flal tewnls scioss disciplines.

»  Nanoecale scienee — Becwmise e properties of the materials
chaige i wmexpected ways al the manoscale, the science of
nnderstanding the behaviour of moleenies at this scale is critical
10 the ratiosal design ad comtrel of wancstruchnes for all
pracduct applications

#  Moleowlar Ievel computations — These technologies such as
quapbnn mechanical clonlations, medecular simudations and
statistical mechamics are essenfial to the understanding of alf
nanoscale phensaeon and ooleculsr miteractians.

» Fabrication mmd processing techoology — Many nanopacthicles,
powclers and suspensmns e be directly applied in pains
coainatice, and therapeufice. However, other nanoiaterials g
e assenslded snd fabricated into components ad devaces. In
alelitione, processing techuiguss swch as sol-gel, chemical vapow
deposition, hydrethennal trestoeent, ansd milling are comman
fechniqmes,

Applications Of Nano Technology

Manopowders (ilding blocks of manmuaterzals)

Manopowders comtain particle bess than 100nm in size — 1/10,000®

the thickness of human hear, The physical. chemical and biological

properties of such amall pamicles allow industiry o incorperae
enlnced  finchomalies it paxlocrs, Smoe of the  idgoe
properties of interest to fndistry are eshanced feanspavency fiom
particles being smaller than the wavelength of visible hght, and high
surfice areas fiv enlanced perfonnance oy auface-arca driven
reactions such as catalysts nnd drog solonbilisation. These vimkoguee

properties give fise 10 8 range of new aond anproved matevials with 8

breadth of applications. For example, nanotechnology allows

plasties 10 retain wansparency whila also rakag oo characteristics
sich s retistance to abrasaca. conductivity o LW probection feand

Bi cwamxs or ioetals. MNew medical nasonaternals are being

developed, sach ay synthetic bone and bone convent, as well as drugs

with improved solubility to allow lower dosing, more efficient
delivery smd fewer adverse gide effects. The high surface aress of
nanoparticle are being expoied by industry i catabyst thet inprove
chemical reactums i application such as cleaning op oo exhansts
and potentially fo remnove toxmis fhom e environmenst. For

example, petrolenm and chemical processing companies are usin
nanatucnred catabysts to remove pollatads = 530 Bilkon mdusiey
in 1999 with e potenrtal of $100 billon per year by 2015, Insported
catalysts (llustrate that mmprovements te existma techmology cam
apen up whole new markets — nanosimctured catalvsts look likely o
be A criticnl component in fisally making fael cells n realicy, which
conald framsform our povwer genaration ard distmbotion indnstry
Namomembranes

Nuootechnolgy can address one of the most pressing isswes of the
217 century — safe, clean and afordable water There are 1.3 hillion
people wathout access to safe drmlang water and indications are that
global consmmpaion of water will hikeky to dowble in the mext 20
vears, Fresh water supplies are already Tining the growith off o
cities — Anstrabian eirses such as Swvdney and Perth are conssdertng
wrngtirwater Tense schares to awpavent thed wate supplies. London
5 dvesting £200 million in desalmaton awd Singapore recycles
recycle wastewster! further technobogy desvelopment is ragquire to
make this cost effective and allow it 1o become & more main stream
water supply option, Manomembrane filtration devices that “clenn”
polhaed wader. shiftmg omt bacterin, vimses. hesvy meials and
orgale matertal are beng axplosed by researches of US, Israel and
Aupctralin {at the UNESCO Centre for Membrane Sciepce and
Technology at the University of Mew South Wakes and o Conscrtivm
of CSIRO Divisiens), The key 1o lowering fle energy demancd and
inproving thravglgne fie desalination & dn wnderstsnding haw 1o
selectively separate small molecules, and package these fechnnlogies
for the explotation. Separation. of melecules oocurs eficiently n
ki & ool meinbranes, sucls & e i chaioels that rensove sali
froem blood and the respiratocy aembranes thal tramepart ooyzen ad
carbon dioxide, In order fo reduce the energy requirement for fhis
process, pature provides large surface areas for ihe frapspodt of the
iwnlectiles. A parallel  approach s besmg  deseloped by
nanotechnologists for the production of nancaschatectures for cost-
cffective fluation systems in large-scale water purification. By
brimping science. business and governmen fogelher an this e, i
shomid be feagible fo find napotechnology solutwons to no global
problem and wansform & US5400-n]bon-a-vear water-manngement
indusiry,

Carhon Manotubes

The discovery that e zraphite can be rolled e a eylinder wnil a
dimineter of about obe panoeter  alveady las  fw-renching
consaquences. These stromg bt light ‘carbon manedubes® are being
developed for a raft of uses. such s sensors, fod cells, comprters
el fedenasions, The apphications of nanotubes are set fo expond sven
fiarther wow that resesrclers have found et other matersals besdes
carbom can form nanobes.

Carbom Nanotubes in Bistherapeutici: Nanotecdmalozy 15 & tam
cakplosed to defiive products. processes and properties at the nana
scnle. Recemtly, there have beem ropid advasces in this field
Specificolly, nanotechnology has showm nearly lomitless noved
potential m biomedical (dne and gene delivery) npplications, as mar
ot beedagy iy essentially a very comglen gystem of nand-molecules
Thiz emerges the field of nanomwedicine defined as the manipulation
and confrol of oar ean biological processes thromgh materials
constrcied oo o nane scale. o the nanotechnology aremn, carbam
nanofubes bold the kev to popopedicing, These panotubes are
forumed froo paie carliodi bemcls. 105 well known that C-aloms
esaedly constmiet basically two kinds of covalent bond — Sp° & Sp* —
tlee farmer seen w graplite and the lafer m diamoad.

T types of nanctubes exist in watire — single-wall pasotibes and
multi-wall manoiibes. . These nanotubes. have been employved o
defiver therapsutic molecules selactively to targeted cells and organs
m ¢ safz manner, with low immunogentc response and low toxicity
Thess paootubes are strochares mwade of thin shests of Cyis
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ibenzene) ring carbon rolled wp inte the as the slape of & seamless
cvlinder and are offen capped oo at beast awe end by nsplienical
buckyhall (fullerens) soctures. Ax the single- and mult wmiled C-
nanoinbes are layers of graphene sheets, they possess inferesting
structhural, mechanical and electrical woperties.  Owing to ther
e electrical properties, mnsml swengh b hean condicion,
these mamomibe: are pamiewlacly promusiog panconatersals  fid
budnstrial use.  These light and chemically stable C-namotubes
conduwct heat better than dismond and ave one of the sfrongest
materials nnversally in existence. Also, characteristics of metal or a
semicomdmetor and electticnl propertiss are well exhibitad by these
nnnotabes, All these mpoazing physical ments of nanotibes  have
astoumadead researchers fon nealy every field of science providing
themn promising mew matesial with many potential applications.

A groap of American researcliers hias developad microcapaule -
namembe devices for vanens applications that can be emploved to
device function with a varety of molecales for specific purposes &0
deliver profeins, genes, MAs, drogs and other therapsutics intoe ceils
Trals with admmistration of C-nanotubes fo anmnnd sulbjects hns
showm that these tubes counld be rapidly oleared from systematio
blood civoulation through the renal sxcretion rowts without cansing
noy skle effect or medality mwd wersn™t retained o Aoy of the
reticulomdothelinl system organs. These results have proved the
hiocomgatibility of C-panotubes and cleared way fos potential
clingeal uses withewt sy fear of blobazads  Artificial ecell
mucrocapsisabion 15 o techmique whersin o polvmer membrane
protects  flee cocapsulated  mateials  fosn harsh external
enviroaients, while 2t e same nme allows the melabolisn of
sebected solutes capable of passimg m and ot of the mecrocapsuls,
Several synthetic biopolvners are being used for encapsulation as
leug a5 they are chemically compatible. Thempeutic matenals
produeed  Bsing Wological means (otherapatics), 0 geweral
pimsess felatively short-lives, wlech require appropriate controlled-
release systans for improved release kinetics and berrer dherapeutic
resulis.  Microercapulation facilitates confrolled. susimined and
prolonged release of the therapeutics to achieve optonnm delivery of
the Mmoactive moleculss at the targeted sites. For many bioactiee
ngents non=uiform release of et sifes may offer advantages over
contins release in such cases programined o ngpeved delivery
pricrocapaule sysfeoms can be desipned which allow the rapid and
transient folease of a lberapeutic at e exaet Brget site after &
predeteradied off-relesss period. Modifying the dnig resistznce
e and drug telease rales eses ncreased moouts of e
therapentic renching the diseased sifes to achieve sffective trestment
By means of APA membrane and single-wall C-manoibes. design
of powvel palymeric membeaee Caumpediiba miaocapsile devices Fod
oy Targeted delivery applications bas been achieved.

Carbon MNasotubes — Impregnated Fabric a5 Biosensor: Carhban
nanotnbes are moleculor-scale tubex of graphitic carbea with
ontstandimg merits and are amone the stiffest sod strongest fibres
knowm, and possess remarkable electronic properties. [Individual,
well-formied carbon manotubes are greafly conductrve making them
pramsisg  for applicahions sich as hatery  electrodes  and
microprocessars.  If moleculss iz, Anfibodiss are anchored to their
surface, they can alse serve as very sensitive chemical detgctors:
when an mtibody binds fo ats target, the pancéwbe’s electrical
propeties are mewsaably alteed. For fiese ressins they have
amtracted hiage acadesiic and mdnsiral mieeest, although camanereal
applicatiens bave ben sather slow to develop. primsarly because of
high production costs of the best quality papctabess, One proldem
with C-namotubes is thnt they tend to clump together preventing
them from fmctioning individually, degrading electronic properties
In order to get aroand the probem of chunpimg, oanotubes are
spraved oufo a flat swface m abemate lavers with conductve

polymer, Micholas Eotov, 0 chemical engineer af the UM, in Ann
Aubor, USA. found thar this type o Iaver-by=laver assembly can be
fartlver sumplified for a complex ibree-dimensioal sarface such as a
cotton fhread. Tt was observed that the fangle of fibees provides &
strsctural template allowing simply dip the thresd iote & solution
containing both the polymer and the nanofubes. Glued fo the thread
by the pobymer, the nanolbes form = net with good electrical
properties baving well spoced and overlapped armay, Mumber of
pussibile applications viz. bicsensors 1o safe textiles for mankind are
being explored. These fibres are cheap and sensitive emoogh for
possibie vse m factonies/stores, or even homes, Spot blood loss m
soldiers on remole patrols or fo detect mirboroe allergens or
pathasgens such as mfloenza B arder e make flics nexpensive,
wiork 14 being doge on resable verdans, changing the dhemm=sny so
that e atibodies relesss their farpes after detection and femsdy in
the fabric'.
Cranninm Dafs & Arnficial Atoms
Thess are snall devicss that cootam a tay droplet of free slectrons
They are fabricated m semiconductor materials and heve frpical
dimensions bebween nanwamebers to o few microns, A quasdam dot
can have anyihmng fom a single electron to a collaction of several
thonemds. The physics of quantum dats show many pamllels with
the Belsviow of nahmally ocemring atoms. bt walike deeir wanmal
conmnterparts, quantEn dots can be easiby connected to electrodes and
ate  therefore excellent tools fo study atoonic properties.  The
capability 1o make atificial atoms 15 revoluticnary. The pofential
epolicalions &re cnofmons swcll as counter feit=resistamd inks. pew
bigsensms, quannon electioiies, phosonics and the pessibelity of
tamper-proof dota trmanission. The techmelopy also highlights the
importand regulatory nnd safefy 1ssnes that moest be addressed before
widespresd application of such distuptive technofogies
Maolecular electromndes — cross bar Bfclhes (o veplace silicon chips
Hevdett-Packard — oine of the woald's biggest compubers comipsases
—declared on 1 February, 2005 that it is ou the verge of a revolution
m computer chip technology. They believe that silicon compuier
chips will have reached n technieal dead end o ahont a decade, to be
replicad by timy nanotechnology devices deseribed as “cross bar
Intches”, These moleculbar-scale alieroafives to the ransistor should
dranatically ingrove the performamece of the computers becanse
they are mucl smaller — only 2 or 3 mn in size compared witly B0 mm
for tramiaistars — and they can ore neenory for tnch loagees persods.
The new device conststs of & wire that is crossal by two other wires.
The resubing junchions serve as switches that are only a few atoms
peross and con be programmsd by o repentoble set of elecirical
pulses,
NEW TECHNOLOGIES FOR CLEAN
ENERGY GENERATION
The mereased nesd for more asergy Wikl requre encrmeons growth in
coeTEyY gemeration capaciy. more sccure and diversified energy
sonnoes and a8 swocessfnl strategy fo fake gresnhonse gas emissions.
All the elementary steps of energy conversion take place on the
pticscale, This the develspooet of new aanoscale materials, as
well as methods o characterire, manipmiate, axl assemble themn,
creats zn entirely new paradigm for developing revolationary energy
technologies, A recemt workshop led by the US Department of
Encrgy wdenfified. the followmg arens m which noanosciencs s
expectad o hiave the greatest ingsacl
e Scalabl: methods to cplit water wath simlight for hwdrogen
production
o Fighly sefective catalysts B clean
manafachEing
# Harvesting of solar energy with 20% power efficiency and 104%
lwer cost

AND EFFICIENT

awl  energy-elMicient
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#  Solid-state lighting af 50% of the peesent pows consunyptim
Super-stiong, Hght-werght materials to snpeove efficiency of
cais, airplaies, ale
# Reversible hydrogen storage matarials operating ot amldicag
fempETatures
Power travsrnission lines capable of 1 mgeami fransmizsions
Low-cost fuel cells, hatteries, and soper capacitors tuilt from
nanogrmeneed matesiale
= Mntersals synilsesis and avergy harvesting based on the efficiens
and szlecsive mechanisnes of biolegy
sacial, Ethical And Safety Concerns
The mtroduction of ant new fechoology attmcts debate nbout
potential social, envirommental mid healih unpacis — nanotechnobogy
oo different. While womewe of the furial concens raised  aboat
panviechnology {sach as US nanotechnobopy puru Ere Drexber’s
pradiction of selfreplicating nanomachives of ‘nanorobots’, of the
“grey goo taking over the world”® scenario] can be seen as spoculative
fisturistic lypothesises, it i= valid fo question whether existing
vepubatory frameworks are appiopriate to protect hinians and the
covironundnt fom potential hazards. A relatively smnll pomber of
groups such as Canada™s ETC Group have campaigned consistently
apamst the mtrothection of naotechmology. Greenpesce, while
rocogiizing the poteutial benefits of panoteclmology. bas arged
canfica oo epviromwental occupabion healih and safety grouds
The working gronp considers that the development of a
comprehensive impack and risk malysis amework must be seen as
n high prorty.  This framework muest adept o science-based risk
identification., assessment and mavagement process,
Healih And Esvironmental liapacis
A UK report releassd m 2004 by the royal Society and Eowal
Acndemy of Enginesrmg concloded thot many applications of
panolecinalogies pose no new kel or safery risks, However, soe
nanopariicles — those are fealy mobtle and not corposate twbo &
pustedial — may have the potential fid npegpative health and
cavironoental impacts by virtee of their size of particular chemacnl
properties. The UK report therefore recommendsd that in the
specific case of free nanoparticlss and free nanotubes, existiog
regubstory frameworks nesd to be medified.  Belatively litthe
research bas been published on the homan o eco-toxicdogy of
mEimade naepartcles. ocontrast, mEnoparficles frain  natieal
srces afe everynlwere o the eovicowment aod there are well-
catablished shadies on olyer manmede, amall aickorne partacles, such
s minetal dusis apd carbon som. [t is reasomalde o assiane thas o
least some manufactured nanoparticles may be more tonee per il
of mass thae the bulk toterisl The UK report reconunended that
udll more 15 konown abowt the  epvieommental  iwmpacts of
nasopariicles and nanotubes, release info the envitomment sonld be
mmided, There may also be health risks from the medical application
of papoparticles, for examples o enhancs drug delivery. The
existing regulatory agencies such as the US Food and Drug
Adinmiziration  (FOA)  and  Auewalin's  Therapeitic  Godds
Agdspmistration (TGA) and the Mational |ndusivial Chemdeals
Motification amd Assesmeni Scheme (RICHAS) would be the
appropriaie vehickes 1o address and repulate such risks.
Nansinfruders and toxicityv: Wooren all over the world are domg a
wariety of thngs 1o combat aging. They want their faces to look like
they did & few vears ago, and try all kinds of new teclinologies to
fnsd the Jook of youll, Onz of 1hese wew technologies is being
magketed Loy ome largest manuaciures of beauty products: the new
teclovodiogy is the use of naneparticles in ther cosmetics. paticularly
. asti-nging wrinkle cresms, Mapeoosmetics are s aned becawse
they utilize extremely tiny particles to penetrate the skin far more
than traditionnl anti-sgmg reatments are able o do. Nanotechnology

was ongioally mirocuced to be used in manmade fbres and
meedicinal drugs. Becanse of the abilicy of these particles to bs
abworbed lnro skm cells, questions have arisen conceming the long
term effects of the chennicals being miroduced mte the body, This is
pirticulasly no isswe if the parficles leach imbo body cells or the
blaodstresmn.

Baoth, the British Agsncy, the oyl Seciety (R5), and the Amencan
Agency, the Food and Dmog Admumistration (FDAY bave voiced
concerns about the use of nanotechnology il cosmetic treatiments.
Thess governmentnl bodies are calling for some research into the
lomg tenm effects of these cosmetics m e mcustry, which has been
relvtrvely noregmiated since s concephion, The FDA 15 also looking
e the possiabiny of iwoducmg a system which would require
clmieal fmals and hoensing within cosnedie indusory. Accordmg to
the FDA, wrgent fesenrch is seeded to assess safety coieerds abount
nanopartickes nsed in cosmetics. The RS i5 alse questiciing whether
the partiches are taken o celis, whesher they can enter the blood
siream, and effect of these, The fears arising from the wse of
nonotechoology In cosmetics arg dug fo questions about possible
genetic mntation as a bong term effect. Traditiemally, anti-aging skin
cafe peoduets were designed to bold moismes @ the skin 1y ereating
8 bamier beteeen the skin sad ontede world, Manoparticles in the
new generation of cosmeties do pot work this wey, They are
designe o penetraie the upper favers of the sk and sSunnlaie pew
cell production whicl mwves ddn g pew. plump, snd youthfal
appenrance. Manoparticles make it possiblz to get 0 mualfitude of
chenicals o tye deeper bavers of skin because the chemicals can
be covered by the paticle. Many af these particles would cause
siratation in offver forms and may be stmulating the mner workms by
irritating from the msde, This 15 the nanotechnology secrete fo andi-
aing and anfi-arinkle skin care products, Bazically, i we use these
produets, we will defadsely w22 results, b we do pof Enow what
effects they away have on us i e long .

Bewaze the mext tine you use a cosmetic product to protect the skin
from the =, According to a US sindy. nmoparicles of titaois
(Titamnam dicogide: T} wsed in some sun scrssns can danage
bram calls. Led by Bellinn Veronesn of the Notional Health and
Evvironmental  Effects Research Laboratory (WHEEE) of the
Evvirommental Protection Agency (EPA), the study was pulblished
alive on Juse 7 (2006) n Envirenrental Sceance & Technabogy.
The researdhers studied dee effect of titaiia nancperticles on culfine
of wioase microglia (specialisad cells diat protect the brain Gom
mivading microbes or foreign particles by engnlfing fhem The cells
then release “free radicals’ known as reactive oxyen speciss (ROS)
to tum up the mvading substmes. It wos found that the titonin
particles provoke the celle to masnfhcture and relzase BOS g
protenged mamiser. Thougph protecfive in the shor term, ROS
vibeasad ina sustaimned mamna could sabject in e brads oo oxsdative
stress — thonght to be the canse of discases like Parkinsoi's &nd
Alzheimer's.

Hundreds of nanoparticle contadning producis are reléased b the
market every day and it i assomed that they will ba safe becansa
larger grams of those chemals are safe. Bt this sssmmplion canme
be gramted. wamn researchers. O the other hand, it shoald ned be
sssumed fhat all nane-particles used in consmmer products such fs
toothpasies md cosmetics are bacmfial, Titanin 15 o whide pigment
used o pamts, and 5 generally conswlered non-toxic, It has loag
bieen wsed o many face cieams becanse of s abiliy 1o alsaih
ubtravaoded light and appesr mapspareni ather than whete. Titamaa
napoparticles have also betn used to sposd up the depradation of
environmentnl contaminmits m the presence of light Experts fitamin
i Sun CTeams may trigger similar renction in the presence of mm
light, which may harm the skin, But according to n German stidy,
tifans resains Hocked o the wpper laver of skin. Researchers
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bhowever, warn thal nanoperticles may travel around  natural
eaviroomeants, incheling the humm body, m ways different than
higger parficles do and mey sven enter the bmim from the
bloodstream, Tt &5 =ud fhat nsk from such particles shookl be
nssessed as i they were new chemnicals,

Froan siobcreens, aimEsaptics T medicines, anificially engmesred
pagoparticles are wital for maneroEs  codsumer  apd  Adnsirial
products. Of & nanometrs's size. these particles are of silver, gold
titnnun  dioxide awd olher elements and composwds. While
nanofeciinnlogy hins beonome the latest mirzword in science. a group
of ressarchers has expressed comcern that nanoparhicles could be
catermg the food cham, Wanopertictes are relensed ioto the
envirooment thronghy the products they are wied in. for instance,
when someone washes face after having spplied aieeresn, the
creain gets wislied down s so do the aenoparticles infired inosuch
creains, These nanopurticls are taken up by species at bwer levels
of the food cham From there, the pollufants move inbe organisms
that fe=d on those species, acoording to o team of researchers led by
Patnica Holden of Donald Bren School of Envirommental S<isnce
aad Management University of Califorain, Sawta Barbaga, i the
ELS

While exploning namcparticle absorphion 1n 8 mecrobial food cham,
the researchers observed that nemoporticles of cadminm  and
selemimm were emtermg  bactensn  Psewdomonas  aemgmosa and
acengmilatmg o theny Wihen the bactena fhil prey 10 a Idghes
argaiism. protozen called Tetrabnmena therasophilia, nanoeparticles
maved too. Sined cach peotozean pradstar foods i thousands of
baceeria, the amout of nanoparicles was higher in Tetralymena
thermnophilia. Whien quantifisd, the concentration was approctmately
five times higher in the predator than the prey. “This result, called
biomagmfications, miples that the next mganism e food chan
weoaild liave meore nanopamickes,” stared Holden

Cronmentiog o the snsdy, published m the Jamary issue of Mature
Mapofechuology, Micholes 5 Fisher, profieases a1 Sclwol of Manns
aod Atmospheric Sciences, Sfate University of Mew Yook i the US
siatad. “This study = strikmg since ot shows evidence of
biomagnification 10 @ ampée, short food chan.™ Ressarch doas by
olber scientific groups has sbhown et metals like alominoun and
even gold can be biomagnified acoss food Claing & nanogarnicles
For wstrasce. m a study conducted by the Unrversity of Eenmcky m
the US lead rosesscher Paul M Bestscl and colleapues exposed
toehaceo plas fo gold nareparticlss and thes allowed herbivorous
todscen homewarins te feed o e, The predaors acciunulared the
nanoparticlss at concentrations six times than these measored m the
plants, according to the study published m the December 2010 1s5ue
of Biviroumnental Science and Tedmology Studies Research.

Thesa experiinents slowy that acans, the topinost consumness @ e
food cham, are likely to face a high degree of biomapnification
implving o metal overlosd apd subsequent fotcity, “As far os
imdmstrial procdiocts are concemad, it s important to control the
random relense of nanomaterials from menudbchuma sites mto the
surpounding environment. and minonese  mamidachaing worker™s
exposwre,” statel Fiolden, she added, “The sciemtific should atwo
decide on what dsign criteria woald make sngineersd nmeomaterials
envirenmentally compatible. At present, nanoparticlss are designed
keeping m mind thetr fimctionality.” David Buchwalter, coordmator
of  enviiomoeital toxicology  concenmation, departmeet  of
snvironbental and melscilar toxlcolopy, Noh Caslim State
Umaversty e US. 18 mot copvinead with the paped’s conclusion
He stafed. “one canmot call things broamgnafication just basass e
lewel of the food chain has higher copcentrations tham another™
blost people sgree that at feast two mmocessive steps in thie cham with
meTensing soncentration of biamagnifications are needed, e mdded”,

Sacial And Ethical Tssnes Arising From Namofechnology-Based
Pranlucis

As with any new rechnology. conmol over its wse and distribntion of
benefits, miher then the fechmology itself, wall determme the socinl
impact of panoteclmologies rather than e reclmology itsslf
Nanotechnology  does not opemafe  mdependently  of  other
techmological developments (1CT, medicine, materials, snergy, efc. ),
so that msremental advinces made in oaaotechoology may have
mapyr mfloeeces in otha areas. It s difficult to predict social and
ethical implications of this convergence of varios technologies,
which are hkely to hold a range of positive and possibly negative
outcomeas, I8 15 also difficult to envisage the soctol mmpacts of whit
will e commnmercial decizpons alout the use of nacdechnology and
siness declsiong sbout how products are marketad The working
gronp believes social ses peed to foens on enabling coinemumity
debate and chidee. the sconomic unpact of specific applicat=ns,
inappropriate nse of techmology, equity and legal asd regolatory
frameworks. Some specific sxamples of potential social and ethicad
impncts are s follows:

Drneloping Wik | Cleand: sl walet, | A Cmedivade’ Letivism

Appli cations Envmonimenal Remedation, | rehand poor nations
Cheaper Madcines

Smrvelllance  ond | Improved  bosmess  and | Compromesed pracy

Dhits Oailsmnig Sarvee Doy

Dt Bstter Earfty mammg of | Persomal and  nabiopad
Theoaie:  and Diefenes | ssvurity feesis

| Capabilities —1

Eiotechnoloay Improved drug delnery and | Healih ks, 100 inasive
Dhaease Tremtment :

These Bw exampies illustrate the sulstantial scial sl sonmnic
benefit that namofechoology should bong. but alse the potential
negative otemmes acress socisty and to both developed amd
developing natms

Although many of these concerns are still hypothetical. technical
s aticnts teabd to develop fester i all dee stabelsodders can keep
up with. For these ressons, mtemational policy formmlation and
puldlic educarson oo nanolechnology mwst e given high prionty, For
this tedson, the 15 Matkonal Nanolechiology Inftative mcluded
fasding for gesemch on ethical, socdal and legal aspects of
nnnctechnology. To consader these and related 15sipes. the UISA held
a inrernational. mostly govemanenial, conference. in 2004 on
responisable reseach i panotechaology, wiich agresd 10 wet ap a
“Preparatory Growp', oi which Anstealia is a menber. The groap is
tasked 10 ooplore possible actions. mechanisms, thuing, fnstitutional
frameworks and principles for an  imternational dinlogoe  and
cooperntion b occar oo this m estoblished int=mational fonams
mchuding the TECD's Global Science Forum. Awustralia also
participses i ofher relevant forwms such as the OECD Joind
bfeeting of the Chemnicals Commdstes and the Working Party on
Chemicals, Pesticedes and Baotechuology: and the intematiooad
Programn o Chenical Safety.

Copsideration of how to best boild pabic awareness bas alresdy
begun. In Europe in particelar, there has besn recoguition of the
nezd to avesd repetiticn of the past mistakes associated with public
engagzeunt on the issae of genctically-modified foods, A key poms
taken up by independent gronps such as TEMOE 4o the VR and by
poveriunent ageneies swch as the Insh Coumed far Seience
Technology amnd Tmsovation, 15 fhe need o establish pubbic formms. It
is realistic bowever W expedt fhe genernl public o keep abreast of
the expanding wave of innovation in nanstechnolegy, and public
vigas will rely hesvily on informestion coaveyed by the scientific
coinsnmaty ad the media, Foo their pan. the scientific coinmumity
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needs to be mindfinl that the challenges they perceive may net motch
those perceived by the wider commumunity and that pamow utilization
appronches may not deliver an acceptabls cutcome 1o the public,
Presmmptions On The Global Nanotechnology Scene
Mo ove could have predicted that the mvention of the scanning
mmedling microscope o 1981 would Taich a revolotionay mew
techiwedogy that could bte as stmuficant as electricity or the
vticrochip, transform whole industry sectors and generate produet
sabes ewceeding USE? million by 2003, Like awy other dismuptive
tectmodogy. nanotechnology offers hoth risks and rewards. The
global developments m this field offer mmportant lesions for
Austrnlia, notably:
# {ilobal developmients in nanotechnology will certinly impact on
marry of Avstralia’s mos impartant fraditional indhestry sechors
»  MNanotechnology has real potential to trensform the way we live
# Cpllaboration oo a glohal scale wall ke eszential to realise the full
putentsal of thas maltidiscipluveay scienes
s In view of the masave global investment m panotechnology,
Indaa will meed 10 nvest strafegically fo ensime We Can nskMLEn &
competntive posation
The challenge for India and mdesd globally, over the next decade 15
to emsure that fhe fizll potential of s excifing technology can be
bamessed. while ensuring that the wocial, ethical and safety issues
are properly addressed,
PUBLIC AWARENESS
A giwrvey  of commundry perceptiond  comanisstoned by the
Departiment of Indwstry, Towrism and Resources indicated that 46%
of respondents had heard of nanotechmology (mostly from news
stories of television, and i the contexl of miniatueisation) bat ooly
2% could name powsible applications (electronic, compuiers and
eovironiental). Only ane 0 two per cent of respondents saw
benefits o had concerns alout nanotechnology specifically. ln
coitrast, o the in the cowtrast of advapsces in science and
tectmcdogy m peneral, 58% per cant of responddents saw bemefits
firom notechnology | mprovements in health care nad quality of
life) comypared o 18% who hsd concerns {mostly loss of privacy.,
adverse enviroumental fmpacts and unforeseen side effecis). The
suvey also fowd that 19% of respandents wizhed o be conelted
about nanetechnolegy developments, mostly i the coatext of
generel advances in sciarce snd technology. It was [2lt thet adequate
resmrees and infrastmchoe are requirsd fo engags the community in
nanciechnology 1ssees and that public education programs wvedving
“credible’  advecates openly addressing public concems and
onlimineg ey issues should be implemenied. S concems melude
itrusions inte privacy and loss of personal fresdoms from sscurity
MLERFwEs
A made] bouse (The Mapohowse) jointly developed by CSIRC and
the Unsversaty of Technology Sydney with seed fincing from the
Auvstraleday  Geoverginent Depertment of ladustry, Toordsn  and
Resources, shows how new materials, products and processes

emerging from nanotechnobogy research emd development might be
applicd bo our Bving svstem The Nanohomese has an energy-efTicient
cadianive coolimg paiar as the onter surfsce of some of the roofing
material, which becomes a coolmg element rather than a source of
unwanted best gain. Other featurss are sustamability, self-cleaning
glnss_cold lighting systens and dys-=sensitisad solar cells’
CONCLUSION
Minescience and nanoteshnologies are starting to bave an mpact on
owr everyday Lives with the poteniial to become inportan drivers for
mternational competiivensss, It is possible nanotachnodogy will
transfoam inamstream Indian mchestries as well ps craate whole new
mdusties  through  dimmptive  technologies, India now hins
snlstantive research and an amerging SME nanoiechinology secior
In addition some nsainsresn ndian sikesses bave developed
coinprelvensive aaitofechrolopy stratepies. In is elobally conetitive
in particuler arsas as evidenoad by world-leading technologies being
developed for diagnostic devices, nmomaterials, and - quanfom
computing and energy storage Omr nanofechnnlogy K&D = alresdy
making significont coufribubions to mainstrenn mdostry, and hding
mdustry wiall become secreasingly reliand oo nanotechnology
solutiis over e mext 5-10 years. If India i fo remain o globad
prayer in the development of panotechoology-based owdusiries we
st underatand thet sasotechsology will beoome more expensive,
complex, and amitdisciplinary and disperserdd. To capifalize on ihe
opportiEties offersd by nanotechinolooy the challenge 14 o enhaice
the coordmation of India"s narctechnelopy effort and the strategc
coicentration of resources. It is identifiad the need fir governimms
andl nem=govermnent mddatves 10 catalyse the ssgnificant effints i
Inden. Long teroy support of Liedia findanpents] nanoscience research
will be required as well a5 some consobidafion and clnstering of
research effiort,
Bdechaitsans -are needad To sopport and stirengthen hinfa's fledging
nanctechiology industry s well a5 enbance industry lsks wth fhe
public rescarcly seceor. The conpetitiveness of Indian mdustry will
also reguire & full complemvent of infrastrectre — characterisation
toods.  namoscale  sciemce, medecnlar level compudstions  and
fabricaticn and processing technology. o Inck of prototypmg facility
is o perticnler impediment fior mdostty development, It s coocial that
we have in place the appropmate fameworks for coordisarion,
regulation, trammge and education to ensure successful mdustey
uptake and to eddress the tsnes af the sesearch. mdustry and
commumity levels. The developmeant of a comprehensive Dopact and
risk finmesworks nuest be seen as a high prioriny.
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