NANOTECHNOLOGY

An illustrated public lecture given by Robert Ansien PhD
(28 pages and 4&es))

Robert Anderson first presented this lecture in7200

N.B. Some facts and figures may have subsequendnged.

Sadly, Robert died in December 2008. Teachinghigpassion and his profession. He held a
combined honours degree in Physics and Chemistdyad@hD in Science Education. He wrote for
periodicals and authored 11 books.

Enquiries about his books should be addressedrtnectedbooks@clear.net.nz
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Introducing nanotechnology:

Medical wonder or planetary nightmare?

Small ingnef:.diélzlﬂ‘s with big,risks.
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This sculpture was made using lasers and it i&itlee of work that is now common to the technology going
to talk about - Nanotechnology.



Nanotechnology is set to profoundly change oursliv€he Internet became a self-supporting industf995.
A decade later, many people would have had ditfycuhderstanding the concept.

Nanotechnology is at that same stage today, hileivery near future nanotechnology will be parbwf
everyday vocabulary and will affect almost evenythin our lives.

Nanotechnology is the science and engineeringin§shso small they are measured in billionths wfedre and
are even invisible to some powerful microscopes.

The scientific community generally attributes tlomcept of nanotechnology to the brilliant Nobeysihist
Richard Feynman.
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In his famous 1959 lecturéThere's Plenty of Room at the Bottonfeynman first proposed that the
properties of materials and devices at the nanomatge would present vast future opportunitiege. H
described how the entire Encyclopaedia Britannatdd:be written on the head of a pin, and howthal t
world’s books could fit in a pamphlet and that maek could be built atom by atom.
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What does industry think today?
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“What we are seeing is the
beginning of a revolution, caused by
our ability to work on the same scale
as nature. Nanotechnology wiill
affect every aspect of our lives, from
the medicines we use, to the power

of our computers, the energy
stpplies we require, the food we
eat, the cars we drive, the buildings

ivé& in, and the clothes we wear.
And it will happen sooner than most
people think.”

“By 2010, you won't be able to count the number of businesses
affected by nanotechnology.” 4

What is so special about nanotechnology? The nemlal turns ordinary reality upside down, and tikisery
exciting to those working in this cutting-edge 1@st. When substances are broken into nano-semidIps,
their properties change dramatically, metals mayb® transparent, inert substances may suddentyrtzec
chemically active, and insulators may even begicotaduct electricity. For a given amount of matkms
particle sizedecreases, surface aregreases enormously. Nickel and iridium nanopasitiave an extremely
high surface area, and have found important useataby/sts for a whole host of chemical reacti@msl
chemical cracking applications. So... what do wedrtedook at?

Slide 5 - Issues - solutions - action

ISSUES: - What is nanotechnology?
* What are the benefits?

- What are the risks?

SOLUTIONS

* How soon do we need to prepare?
- Which restrictions will help?

* How can opportunities be extended to all?

ACTION:

« Sign up for the € R Newsletter.
« Support the work of C R N.

* Join the Center for Responsible Nanotechnology. 5

http://www.crnano.org/.

Ok, so let us see what nanotechnology is.
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What is Nanotechnology?

Nanotechnology is the manipulation of matter at the
atomic or molecular level. The term nanotechnology refers
to engineered structures, materials and systems that
operate at a scale of 100 nanometres or less.

To enable us to grasp this
Size, one nanometre is one
billionth of a metre; a human
hair is about 80,000 nm wide.

The overwhelming majority of the general public - and
many in government - remain totally unaware of what the
term "nanotechnology" even means. .

There are many wonderful applications on the horioo the use of nanotechnology. Because of thedtale
we can produce instruments that will be small ehaogwvork in the confines of the human body. Il e
much easier to understand if we look at a scalgrdra of this ultra microscopic world.
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This is a whole new concept. It will revolutioniger world in a very profound way, much the saméhas
industrial revolution did. Because of this we ne#ttt regulation and The Centre for Responsikdadech at
least is a starting point for this. Let us lookwtat nano machines look like.
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So what do 'Nano Machines' look like?
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The amazing world of nano machines s

Using lasers and other technologies, these machiiidse able to carry out enormously difficult kss They
will be able to fit into areas where man has nd&emn before: into blood capillaries, kidney caltsl even our
brain cells. We are talking here of thery, verysmall indeed.

| can illustrate this best with a cartoon.

Excuse me, where's the You just tfrod on I'Ij
l nanotechnology depariment?
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Fourth generation nanotechnology - molecular mantufang - will radically transform our world andeh
people of the early 21st century. Nanotesdly will have a profound effect on our lives.
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The next Industrial Revolution is right around the corner.

Whether that transformation will be peaceful and beneficial
or horrendously destructive is unknown.

Although nanotechnology carries great promise, unwise or

malicious use could seriously threaten the survival of the
human race.

The vision of CRN is a world in which molecular manufacturing

is widely used for productive and beneficial purposes, and
where dangerous uses are limited. «

All this sounds laudable, but, like the promisesnafde of genetic engineering technology, profit aot

consumer interests are more likely to be the dgivorces. Moreover, as this technology progretises
industry is becoming aware that they are virtuaike of regulation.

Nanotechnology is being applied to food and agticel

Slide 11
e Nanofoods

anofoods are currently a US$2.6 billion
r industry that is expected to grow to
US$20 billion by 2010.

_."’“!'T'r"oducfivify and production cost-effectiveness
* Provide better food processing and packaging
* Enhance nutrition and the taste of foods and

* Provide better food safety and quality assurance. 1

The same kind of claims were given by the bioteclustry about genetic engineering technology ana wet
met, and we know that genetically engineered fdw® still not been adequately tested by independen
scientists to satisfy thgrecautionary principlan respect of safety.

7



Let me give you some examples of foods that useteahnology: ice cream containing nanoparticle
emulsions to “improve” texture; “interactive” driskvhich can change colour or flavour; nanocapsules
concocted to smuggle flavours or nutrients intolibdy without any labelling. Kraft, Nestle and léwer all
use nanotechnology in their food products. Thenigther double-edged sword, but this time verylhmuc
sharper and more dangerous than genetic engineering

Slide 12

A scientific double edge sword

Nanotech is expanding at breakneck speed.
The US is investing more money, securing more
patents - more than 1000/pa - and publishing
more scientific papers on nanotechnology than

any other country. BUT this is all expanding

into a regulatory vacuum.

The Centre Eor Responsible Nanotechnology (CRN) is deeply
concerned abBut the potential for abuse of nanotechnology,
and also about™Mhe serious hazards of unwise regulation. 1

We have no form of regulation controlling this rwas express. We may end up with far greater danpan
asbestos or the nuclear industry produced. ttsguctive to look at some of the dangers begintongmerge.
Recent studies highlight dangers; for example, pariles from foods and cosmetics can enter tam brom
the bloodstream and potentially cause health pnoble

| would like to read you a paragraph frdrne Tiniest Sciencan article that appeared in the New Zealand
Listener(24 March 2007):

Speaking of Don Eiglerdescribed in the article as “a grandee of sciewbe, spoke at a recent Wellington
nanotechnology symposium”: “He’s convinced thatatachnology will permeate almost every aspect of
human life. ‘The impact is likely to grow very dnatically. And much of the impact you'll never km@about
because it doesn’'t matter to you if you've got naarticles in your sunscreen. It matters to you yoar
sunscreen works.”

The article speaks like technological evangelisisagnake-oil best. It is all so good and glossg are we
glad to have it! Eigler even says: “We need saspects of nanotechnology to get to the point where
grandmas identify it as nanotech and love it.” Whmn is nanotechnology not identified on packaginom

foods?

Will we get adequate regulatory research and ctihtkow will we handle nano waste? Will the nano
proponents’ promises come to fruition, or are tegigned to attract research funding? How safe is
nanotechnology? Here are some initial findings:

! Don Eigler is a physicist at the IBM Almaden ResgaEentre in the USftp://en.wikipedia.ory
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Nanoparticle health risks - recent studies

* US researchers found nanoparticles in sun creams can potentially cause
brain damage. In test mice, nanoparticles over-stimulated brain cells,
possibly leading to brain damage.

* Once in the body, some nano size particles changed the shape of proteins,
creating a protein similar to that produced in Alzheimer's disease.

- Japanese scientists found nanoparticles in mice moved from lungs into the
blood where they created blood clots.

* Dendrimers are nano drug delivery systems for the body. US researchers
found that they punch holes in cell membranes causing cell death.

* Nano-size-particles were found to traverse through lung tissue in unexpected
ways, gaining access to blood and lymphatic systems 1

Nanotechnology is an industry crying out to bectliyiregulated. As more and more problems arfse, t
likelihood of litigation and lawsuits from seriobsman health problems will arise. But let us labkhe
industry hype...
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The Nano-hype

Evangelists promoting this technology say it's
“essential to the future of humanity” because it holds the
promise of “world peace, universal prosperity, and evolution

to a higher level of compassion and accomplishment.”

fdihail €. Roco and William Sims Bainbridge, editors, Converging Technologies for Improving Human Performance
(Washington, D.C.: National Science Foundation)

In the rush to build this new industry, nanotechnology
engineers have so far neglected to ask, What happens when
nano products are discarded and become nanowaste?
Here we see an exact replay of the nuclear industry. .

The prospect of what do we do with the waste natenads is also significant? David Rejeski of iN@odrow
Wilson International Centréhinks the waste question deserves an urgent angdeesaid, and | quote to you:

“Who knows what happens when you grind this stpffincinerate it or it goes into a landfill? Thgseducts
may be safe in the tennis racket, but all prodhetsome obsolete at some point - if nothing elsalrse they
go out of fashion.”

It is a very important question. Sixty five yedmnn the track, the nuclear industry still has nsveer to their
waste problems.
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Will we have nano waste as we did nuclear waste?

The nuclear industry has
spread its dangerous waste

all over the planet.

¥ Radioactive junk piles of

! astonishing proportions lie
under sea, in the arctic, in
the north and south-western
deserts of the US. .

No one in the chorus mentioned that the US hasrreffextivelyregulated her nuclear Qpetrochemical
industries. The vast majority of chemicals in coenoml use today have never been safety-tested 20/
new chemicals enter the market place each aleaost entirely untesteior effects on human health or the
environment. Is there any reason to believe tiehanotechnology industry will be any differeri@asic
guestions likecan nanomaterials concentrate inside humanisow biodegradable are nanotube-based
structuresurgently need answers.

A substantial sector of the environmental movenmnbmmitted to the “regulatory” approach. Theyda
teams of attorneys and scientists spending milladrdollars trying to impose largely ineffectivegrdations on
this industry. It is a kind of symbiotic danceween the industry and the environmentalists, eaetepding to
be scientific and effective.

Slide 16
Will regulation really work?

The failure to regulate the chemical
4 industry, if replayed by the nanotech
industry, could be even more frightening.

The US Council of Advisors on Science

and Technology issued a lengthy report
% || in March 2005 on nanotech that raised
"% " very serious safety questions.

But so far, the US regulatory system has been even more
Iemenf on nanotech than |'I' has been on petrochemicals.

vark clouds on the techr on. Rachel's Health MNev

Let me illustrate for you just how ‘regulators’ chandle nanotechnology.
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Regulators declared that nanopatrticles of titanouroarbon are no different from a bulk quantitytiinium or
carbon, and so no regulation is needed. Now...dehimk about this for a moment. If there reallgreszno
difference between bulk quantities of a substamcktlhe same substance in nano-sized particleg thauld
be no advantages to nano particles twedefore no nanotech industry.

Here is a simple example of what can occur whearagie becomes nano-sized. Gold is inert in bk, in
the nanopatrticle size it turns blue and binds tmdmu DNA.

This is how regulators handled genetically engiedgaiants. They decided that transgenic crops are
substantially equivalent to their conventional eqient.

You can see that regulators are still clearly agrahletting an industry develop as rapidly asit,ovithout
regard to consequences. Government regulatotsedpmg the nanotechnology industry get products to
market, create jobs, and grow large before wepthiic, notice.

Effective regulation will be impossible after thelustry has grown because vested interests anavalls be
jeopardized, pitting such like against public Healpecialists (who would otherwise be natural gjlieThis
“divide and conquer” strategy worked like magichwigad-in-gasoline, asbestos, and the nuclear indus
among many others, so there is no reason to thimitl ifail with nanotechnology. The money alomaw
pouring into this field, is indicative of the enasas growth envisaged. Let me illustrate this fou.y
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Investment in Nanotechnology

Investment in the industry is forecast to grow to
US$1 trillion by 2015. The US National Science Foundation
estimates that in 2015 there will be two million workers
employed in nanotechnology-related industries worldwide.

Govemment hanotechnology spending $Bn

Other

W United States
N anan
Westem Europe

99 2000 01 02 03

The US is investing more money and securing motenps- more than 1000 per year - and publishingemo
scientific papers on nanotechnology than any atbantry. We can see the focus of the industry ftioisipie
chart...
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NanoTechnology Industry
Focus

Information
Technology
20%

Hybrid Materials
34%

Semiconductor
17 %
Other 10%

MedicalfHealthcare Nano MEMS 11%
8% {Micro-ElectroMechanical Systems)

And this is just the beginning. Just the beginning

Ok, let me give you some idea of the mind-boggfes possible with this technology:

Slide 19 » ” ; ;
! Like nuclear technology and genetic engineering, nano-scale

technology operates at the most fundamental levels of the
physical and living worlds.

Nano robots such as this one -
as big as a red blood cell - can
be used to "work” on various
parts of the human body to
repair or take samples.

£

We can expect that these "nano-machines” will become
more and more common as research progresses.

Nano-scientist, Dr Robert Freitas, designed a smpho device, the respirocyte, that acts as ditiaitred
blood cell. It is made out of pure diamond. ltrikofar more efficiently than a red blood cell, nipshanks to
the massive pressure that can be sustained withiigid diamondoid shell. If your blood were satied with
respirocytes, it would become potentially possfbleyou to hold your breath underwater for hourssrint at

top speed for hours.

With nanotechnology, it could become possible teefolock” the biological processes of any life form

So what other medical miracles can we expect franmotechnology? In the microbiological field, fastance,
antimicrobial dressings using silver nanopartieesproving very effective..

12
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- Nanotech in the microbiological field

Smith & Nephew markets an antimicrobial dressing
covered with nanocrystalline silver. The
nanocrystalline coating of silver rapidly kills a broad
spectrum of bacteria in as little as 30 minutes.

N\mlsmumdnhlbl‘ror'y concentration of ActicoatMIC (ug/ml)

wg/ml = PPM
Staphylococcus aureus 12.5

,  Staphylococcus epidermidis 10.0
E_ Eschericia coli 7.5

\ @ Klebsiella pneumoniae 5.0

“esw=_ Pseudomonas aeruginosa 78 =

1. A patented Technology of NUCRY ST Pharmaceuticals
2.Yin et al, J Burn Care and Rehabil.1999;20:195-2001

This is a powerful weapon against infection, esggcwith antibiotics failing. But what about hdidy waste?
How else can nanotechnology be used in the mefiatd?
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Nanotechnology in the medical field

What are the potential benefits?

« What if doctors could search out and destro
first cancer cells that would otherwise have
tumour to develop in the body?

+ What if a broken part of a ce

replaced with a miniature biolog[& |

+ What if pumps the size of molecules could be implanted to
deliver life-saving medicines precisely when and where they
are needed?

These scenarios may sound unbelievable, but they are the long-
term goals of the nano-medicine initiative that should yield
medical benefits as early as 10 years from now. =

Such ideas could have wonderful possibilities. éaeshers at Harvard University have achieved theate in
sensitivity: the detection of individual viral pates. The group's sensor uses nanowires and eainieally
detect the presence afsingle virus

The most elementary nanomedical devices could &ée tesdiagnose illness. Nanomachines could be
employed to monitor the internal chemistry of theean body. So how could nanotechnology effect our
medicine of the future? Some of the claims arehvimoking at...

13
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So what results can we expect?

* Surgical and diagnostic tools could be elegant and cheap.

* Research and diagnosis could become more efficient.

« Small medical devices could be implanted permanently.
* More medical problems could be prevented.

* New diseases could be stopped quickly.

- Diagnosis and treatment may be semi-automated.

- Some organs may become completely replaceable. -

It is worth taking a moment to look in more detisome of these devices. | mentioned earlieattikcial
red blood cell designed by Dr Robert Freitas calledspirocyte. This is just one of these excitlagices to

aid medicine.

Slide 23

The Respirocyte

The respirocyte - an artificial red blood cell

i

apid

surface sensors

A

Rober‘ Freitas

b

"Exploratory Design in Medical Nanotechnology: A Mechanical Arificial Red Cell," Arfificial Celis, Blood
Substitutes, and Immobil. Biotech. 26(1998):411-430.

The original version of the refereed paper deseglvespirocytes was submitted for publication abék as
April 1996 Let me quote to you the operation and usesigfémarkable device:

14



“Medical Nanomachines will be among the earliegtli@ations produced. The artificial red blood ail
‘respirocyte’ proposed here is a bloodborne sphéfiemicron diamondoid 1000-atm pressure vessdl wit
active pumping powered by serum glucose, able lisede236 times more oxygen to the tissues per unit
volume than natural red cells and to manage &sility. An onboard nanocomputer and numeroumated
and pressure sensors enable this complex devioe temotely controlled by the physician via extdyna
applied acoustic signals.

“Primary applications will include transfusable btbsubstitution; partial treatment for anaemia,
perinatal/neonatal and lung disorders; enhanceoferd@rdiovascular/neurovascular procedures, tumour
therapies and diagnostics; prevention of asphi#jcial breathing; and a variety of sports, vetary,
battlefield and other uses.”

| think you will agree this is really mind-bogglirsguff.

Carrying oxygen to muscles and tissues, this devadd allow us to stay under water for half an hou
more. Here is an artists impression showing tHemifg through an artery

Slide 24

Respirocytes flowing through a small artery

Respirocytes. '

This detailed image shows respirocytes and red blood cells
flowing through a small artery. In the foreground, at left,
we see a close-up of the respirocyte surface. :

Another nanomachine on the drawing board is a @eacepair damaged nerves. This would have it
accident victims with spinal cord or brain damage.

15
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Repairing damaged nerves

Nanerobot at work replacing human nerve cells with
' artificial nerve cells.

This i||us1'r'a'|'es\:D,@f the pos_;_silble future applications

and uses of ndnotechnology in neurobiology.

These are the type of projects that nanotechndogisd scientists are engaged in at places like&on
University and M.I.T. These people are alreadefiathg the meaning of the word miniature. Already
nanotechnologists have built gears far thinner thanman hair and tiny molecular "motoosily 50 atoms
long. But that is just the beginning. Within a fewcddes, scientists predict, they will be creatingnirzes
that can do just about anything, as long as imials | am not joking when | say to you that iethanotech
guys are right, when you call your doctor in theufa he may just reply: "Take two teaspoons ofjaetic
sensors, and call me in the morning."

A further use of nanorobots would be the removaliafses. Just in case you do not know what asvwoks
like, here is an example.

Slide 26 The Virus

An electron microscope shows the virus and its docking sites. =

Our arsenal of antibiotics have shown a declingealing with such menaces. With nanorobots, howeve
may have a much more efficient weapon.
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Self -replicating nanorobots

Imagine an army of tiny robots, each no bigger than a
bacterium, swimm

One platoon takes continuous readings of blood pressure in different
parts of your body; another monitors cholesterol. still others
measure blood sugar, hormone levels, arterial blockages and
immune-system activity, and others devour viral fragments. =

All this is exciting provided we also know how timg them replicating when the job is done. Thertsdical
fields have found near limitless uses for nanoplati Another example is artificial bone compasitew

being manufactured from calcium phosphate nanaas/siThese composites are made of the same maseral
natural bone, yet have strength in compressionléqustainless steel. Already nanomaterials areifig a
place in dentistry as confirmed by my dentist.

Slide 28 Nanotechnology in dentistry

Already composite Amalgams
fillings used in dental

work may contain *
nanoparticulate | 4 {,3 @W)
material. ~_ = < z

Composite Restorations

Have these been tested
sufficiently for human
safety? 2

Potentially, this composite material could be giboiff and swallowed by the patient. The chancestar
would pass harmlessly through the body, but thestemals do need to be scrutinised for health lszar

Another remarkable application is filtration teatunes. US firmArgonide Nanomaterialiave manufactured
a super filter nanofiltration product capable tiefing the smallest particles - even viruses. pédormance is
due to its nano size alumina fibber, which attracts retains even nanosize particles. It is wiobking at the
specifications...

17
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Ulra filtration

This disposable filter retains 99.9999+% of viruses at
water flow rates several hundred times greater than virus-
rated ultra porous membranes. It is useful for sterilization
of biological, pharmaceutical and medicaligéi in
separation, and many other applications.

One use could be sterilizing drinking
water for Third World peoples who
only have access to contaminated
sources of water. x

I've used various filters in my laboratory andakés some imagination to conceive of this levdiltwation.
To be able to filter to this level is staggeringl@emonstrates the power of applied nanotechnology.

So who is paying for the R & D?
Money for nanotech is rolling in. The Nationaltinge of Health recently awarded US$10 milliorBmory
University to establish a cancer nanotechnologgaesh programme. The goal is to develop a nevs dbs

nanoparticles for molecular and cellular imagifidne primary focus being on improving the detectod
treatment of prostate cancer.

So great strides are being made in the medicalsfieBUT - and this is a big but - problems arerow.
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Nanotech problems pile up

Nanotech is already finding its way into products
sunscreens, baby lotions, cosmetics, wrinkle-free
trousers, computer hard drives, and more -
but there has been almost no safety research.

Nanotechnology is enticély unregulated.

The toxicity studies now under way are "a drop in the
bucket compared to what needs to be done,” according
to John H Marburger, US science advisor. a

Rick Weiss, "Nanotech is Booming Biggest in U.5., Report Says," Washington Post Mar. 29,
2005.

We need to understand the potentially catastropmsequences of freely unleashing industrial nahoté&or
example, scientists and policy-makers have warhatvWwtomen are acting as unwitting 'guinea pigstHer
cosmetics industry. Some of our most popular heatd beauty products now contain ingredients
manufactured using nanotechnology. So how soomedoneed to prepare?

Slide 31 -
do we need to prepare?
1omate
sunscreens and
cosmetics:

anotechnology is

g a rich environment

‘cosmetics industry
little real safety
‘taking place. -

For several years, BASF have been among the leadingliers of UV sunscreens based on nanopartles
zinc oxide. Incorporated in sun creams, the spaticles filter the UV radiation out of sunlighBecause of
their tiny size, they remain invisible to the nalee@ and so the cream is transparent on the Jkiese
sunscreens were so successful that by 2001 thegamaidred 60% of the Australian sunscreen market

As | have said, the commercial applications oftdanology are so new it is not subject to any igphec
licensing or labelling regulations. And there sii# concerns over its safety for human use imoetics. Time
will tell, but what will be the consequences?
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What about other industries? It seems the skyadimit for nanotechnology. Toyota recently begamg
nanocomposites in bumpers that makes them 60%efigintd twice as resistant to denting and scratchligs
industry has not been slow to see the advantagesnaitechnology.

Slide 32

Nanotech in the Car Industry

Clarity Defender Automotive
Glass Treatment is an invisible
barrier for windshields. It repels
rain and helps prevent snow, ice,
bugs and tar from sticking.

T

Plastic nanocomposites are used for strong,
lighter, and rust-proof car components.

The US based comparygonidehave created copper nanoparticles that are incatgubinto engine oils to
reduce engine wear. Superb sponges for adsorbihggnts are in production.

Slide 33

Wilson Double Core tennis balls have
a nanocomposrre coating that keeps
: - it bouncing twice |
as long as an old-style ball.

Tyres are the logical extension

of this technology making them
lighter with better mileage and
longer life.

This nanocomposite is a mix of
butyl rubber, intermingled with
nanoclay particles, giving the
rubber substantially longer life.

The textile industry has also welcomed nanotectgyolith open arms. It offers a new way of procegsi
fabric that will revolutionize the clothing indugtrNano-Texa leading US company in the field, developed a
process that makes traditional fabrics resistasptlls that would normally ruin clothing.

20
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Nanotechnology in the Textile Industry

This cotton shirt has been
processed with crease- — _
resistant technology by Grape juice beads ana k”_”'
Nano-Tex, a leading polo shirt treated with spill-

nanotechnology company. resistant nanotechnology.

Material treated with nanotechnology can be engineered to do almost
anything - repel liquids, resist wrinkles, dry fast and breathe. Instead of
using topical treatments, which eventually wear off, the chemicals in
nanotechnology actually form molecular bonds with the fabric. se

There is now a move to produce an artificial matehat will replace cotton. What will happen wtton
growers, especially in the third world? It coulelvdstate their economies. Cotton growers havadyreasted
the failure of GE-cotton, driving many thousandshe Third World to commit suicide because of the
indebtedness in growing it and other transgenipsto

Talking of cloths you may even have already bowigdning cloths made of “micro-fibres”. These nay be

labelled as nanotech products, but may well beave personally purchased one from a New Zealapersu
sized store.

Let us have a look at what other innovative develepts are on track for commercialisation.

! www.organicconsumers.oraww.independent.co.uk
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The Nanodiode

Kodak now produces organic
light emitting diodes (OLED)
colour screens made of
nanostructured polymer films
for use in car stereos and cell
phones.

OLEDs enable thinner, lighter, more
ible, less power-consuming displays,
=wi==4 and other consumer products such as
al f&‘“ﬁ: cameras, laptops, televisions, and other
as yet undrearned of appllca‘l'lons

While LCDs require a light source, OLEDs emit thmivn light. They use less power, take up lessespad
are lighter - all effective advantages over LCBsrry Young, vice president @fisplaySearcha US research
company, forecast that OLED screen sales woulchr$ac billion US by 2006. They did.

What about the engineering industry? This secsraiso been keen to adopted nanotechnology.

Slide 36
Engineering Nanotechnology

Nanodyne make a tungsten- _
carbide-cobalt composite powde
(grain size less than 15nm) that is
used to make a sintered alloy as
hard as diamond.

en used to make cutting tools,
armour plate, and jet engine parts.::

The cutting edge of such tools as these would newstzarp for very long periods of time.

Now let me show you a few other remarkable engingerojects. This next slide is of a parallelflspeed
reducer gear.
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In comparison, how about a complex worm drive as$gPn To give some idea of size recall a blood isell
about 5000 nm!
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If we want to get really complex, we could evengsidar a molecular differential gear.
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Slide 39 . _ .
Nanoen?meered differential gear
f

This molecular differential gear was designed by Dr Eric Drexler
sometime around 1995
P& The gearbox casing is
hidden to expose the
internal gearing

Designer: br Eric Drexler

Mo of components: 7 . : mechanism.
Number of atoms: 8,292 ;

Width: 5.8 nm Height: 5.8 o=’ _ The front and bQCk
nm Depth: 5.8 nm _ Al - shafts rotate in

opposite directions.

Dr Drexler provides the following brief description of the differential
gear: The structure is designed to be built chiefly of hydrogen (white),
carbon (grey), silicon (black), nitrogen (blue), phosphorus (purple), oxygen
(red), and sulphur (yellow) atoms. Such structures are beyond the state of
synthesis today, but their design and modelling is becoming
straightforward. 4

These last few examples illustrate the enormousnpial power of nanotechnology - in medicine, spgdods,
the car industry, engineering and many other fields

But the most frightening aspect of the technologlya@me from the research organizations lookingléfence.
They are working to understand the impacts of nesfotology for military applications.

As | have shown, nanotechnology could provide emaisrbenefits; however, it could also be used by the
military to create weapons of mass destructionweatannot even begin to imagine with a conventiona
mindset. And this would benefit richer, more stifezally advanced countries.

The immediate use can be classified in four maipswa
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The Military Question

Firstly, Nano-materials could cause massive damage to
the lungs like DU dust. This is because of their size;
they can get deep into the lungs; and also because they
carry other chemicals including metals and
hydrocarbons in with them.

Secondly, Nano-particles can get into the body through
the skin, lungs and digestive system. This helps create
free radicals that cause cell damage. There is also
concern that once nano-particles are in the
bloodstream, they will cross the blood-brain barrier. ..




Slide 41

The Military Question

Thirdly, the human body has ds

a tolerance to most naturally-
elements and molecules that |
contact with. It has no natur _
to these novel substances which caf®b
made highly toxic. 4

Fourthly, the most dangerous nano-application use for
military purposes is the nano-bomb that contains
engineered self-multiplying. deadly viruses that can
continue to wipe out a community, country or even a
whole civilization. -

We can see from this that a war involving nanotebédgy would be unconscionable.
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The Military Question

Militaries world-wide are about to embark
upon the use of nano-materials.

Nano-bots and nanotechnologies will make
current Weapons of Mass Destruction look
like Christmas gifts.

Armies of enormous strengths can be .
wiped out without even fighting a single e O
battle. The soldiers may never kncr#ha’r \a -

they have been nano-poisoned. 4

Before we leave the military question | want taeflsi mention a technology closely related to
nanotechnology; synthetic biology (public talk ats@ilable on this website). Synthetic biology basn
inspired by the convergence of nano-scale biologmputing, engineering, and genetic engineeririgeat
micro level.
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Population

emergent properties due to
interactive cel-agents

As Pat Mooney, Director of
H 1}

Cell-Agent E'I_'C G_r'oup saldl, '_I'oday,
within a dffusive scientists aren t just

mapping genomes and

manipulating genes,

GECLE S OO (UL they 're building life from
engineered gene expression ' .
genetic circut el scratch - and they're doing

it in the absence of any

Synthetic Biology system Multiscale modelling societal debate or

regulatory oversight "

Synthetic biology or "Synbio” has been dubbed
genetic engineering on steroids

Scientists predict that within two to five yearsvitl be possible to synthesisayvirus. For example:
* In October 2005, scientists at the US Centres feedse Control recreated the 1918 Spanish flu virus
(Posfair, G et al 2006)caused by the HIN1 virds.
* In May 2006, researchers at the University of Wisto-Madison created a versionEfcoli bacteria
using this new science of synthetic biology.
So just how far can we go with this? It seemsaas$ our imaginations will stretch.

Slide 44
So how far can we go?

Here is science correspondent, David Kestenbaum,
decked out in nano-shades and nano-coated pants and
shirt, with a tennis racket made using carbon
nanotubes. In his left hand? Anti-wrinkle skin cream
that claims to be made out of nanosomes. 4

! It claimed purpose of the recreation was to adeahe ability to prepare effective vaccines angydiin case of a flu pandemic,
urged on perhaps because the H1NL1 virus is retatei®N1, the “bird flu” virus, which became of caro in 2004. In June 2009,
the World Health Organization declared a new stodiH1N1 was responsible for the 2009 flu panderaferred to as “Swine flu™:
that A/HIN1 influenza virus being a subtype of ugfhzavirusA and the most common cause of flu indngn
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It is important to keep informed of these new texbgies. Political systems can be driven by pupi&ssure
which should prompt more stringent oversight. R#gbly, corporate compliant media must not benadlib to
use vested interest as an excuse to hide dubiglisatpns of nanotechnology - or synthetic biolagyany
other new technology. Already signs are comingifgpin-doctors intent on catching the crowd andiggi
public consensus. There are video introductiomsediat children. This directs them to the nanozone
children’s website.
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Set up to "educate” children?

But is there an

ulterior motive? |-
P& TradeMe - New Zeala... | | WebMal - CLEAR Net.,. [TI= Media Convert - fres... A Buy PCLINUS e

: 24 " T
& - - jj Lﬁ) hittp: /. nanozone. orgj

LAy welcome ko the Manozone &y Welcome to the Nanozone (%]

L r
F

Che
=ECK out

NANA T
-L;AJ-'-(..J“.L!»J.;{J:..'_,-@!J

If you have questions about
Nanotechnology you've
come to the right place. Explore

the and learn more.

This is the Nanozone Website and, needless tatssays nothing of the dangers arising from thénedtogy.

Slide 46 NanoKids

e have tobe vigtart INCH
.P‘anoKids

These scientists know that in many parts of the world the have lost the

debate over genetically engineered food and they say they will not lose

the debate over nanotechnology. That is one reason why the industry is
now aiming nanotech cartoons at school children. 4z

You can see, it is essential that we all stay mfedt if we are to make rational decisions aboutribis
technology which will come to effect us all.

27



Slide 47

The number of nanotech patents is
surging, breaking across all industrial
sectors and sweeping up nature, both

living and non-living.

It is the duty of those of us who would
prefer an unimaginable future to an
unthinkable one to take seriously the
responsibility of handling
nanotechnology carefully.

Thank you for listening -
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Some useful sites for research
Centre for Responsible Nanotechnology www.crnano.org

Nanotechnology and Tts Dangers:
Compiled by Professor Ron Epstein

http://online.sfsu.edu/~rone/Nanotech/nanotech.htm
DNA nanoballs boost gene therapy

http://online.sfsu.edu/%7Erone/Nanotech/dna’%20nano
balls.htm

Experts see potential pollution problems

www.smalltimes.com/document_display.cfm?document i
d=3266

Enquiries abouExploding the Myth of Nanotechnololgy Robert Anderson should be addressed to
connectedbooks@clear.net.nz
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