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Overview

= Nanotechnoelogy: has niany: poetential henefits Put
there are alsoe many: Unknewns as, te the health,
safety and envirenmentalhimphicatieons o
engineered naneniatenalis

We've made manyiiechnelogyimistakes in the

past — we shouldieamrancd e Erght this iime

\We can develep naneiechnelouyaipraayanngs
secial, envirenmentaneeaiiiINERENLS

This takes a new Wiay eirtainking 2ise
technology developmeEnriy SEIERNCE;, aind pPelicy,




What are emerging technologies

s “‘Sclence-based Innevations that have the

potential to createra new Industiy, or transiorm an
existing one.”

Tielecommumicatiens
Energy.

Blotechnelegy
Lightwerght matenials
Bileengineening
ComputaticnalfchenmisSiy;
Nanoetechnoelogy,




Characteristics of emerging technologies

Rapid intreduction
Complex matenals fHlews/multiple Seuices
Broad distrhutien

Uncertainty, Ignoerance; andindetermiacy

o Fate, disthULien; expesSUEleXCIy, PESISience and
pPSeude persisience

Complexity: and range eiinatenials
s Cumulative andinteraciVereiieels

Potential effiects iremiei eve e eSiES
Limited regulatery eVerSIgiiNnNaIyACESES
IHard te study: and ClialidCLeRZENTSES







Two paths — Path One - Reaction

Develop technoelegy without constraints and fix
problems once they oeeur

Wait untilfwe have perfect evidence — prool —
pefore aciing:

Ireat uncertamnty, aneighnerance as; a controllaile
or deniable preien

Treat lack off Imfiermaten; lack @i eVidence of
harm, and! Uncertalnty’ asievidence ol saiety

Define proklemis; as SipINAECHNICARGNES! LA
can be solved by “experts”

Examine only singleropboiSiersElVe aideIENin

Tertiary prevention




Two Paths — Path Two - Precaution

Understand the health, envirenmental and secial
Implications ol a new technelegy: belore it gets
widely introduced usimgnultple disciplines.

Accept uncertainty: and surprise as; part of
dealing Withr complexesystens Wilere 1IgneanRCels
prominent — act oRraccUmulatigrkaewiedge

Design technelegiesamitIRIgRey/ENoMENES
potential health, Saiel s envienimenial
Implications

Define proklens;as spEiaiFecHRICANORIES, el
must include a wide ranedereiisiaikenolders:

L
4

IHave multiple opiliens e acineVerapaniicuiE;
need — focused and Incrementalfdesign




Nanotechnology as an example
of an emerging technology




Definition of nanetechnolegy.

= Theterm “nanotechnolegy” was coined during
the 1970s (o delimeprecesses;smialler than
“microtechnolegiess

Nanotechnoelegy InvelVeseeciSIon Placements
measurement; manipuaieRRPreCESSIRE and
modelingl at the nanesecale
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Figure 2.1. Length scale showing the nanometre in context. The length scale at the top
ranges from 1m to 1071%m, and illustrates the size of a foothall compared 1o a carbon 60
(Cgnd malecule, alse known as a buckyball. For comparison the world is approximately one
hundred million times larger than a football, which is in turn one hundred million times larg-
er than a buckyball. The section from 107m (100nm) 1o 10%m (1 nm) is expanded below.
The lengthscale of interest for nanoscience and nanotechnalogies is from 100nm down to
the atomic scale - approximately 0.2 nm.
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Nanomaterials are Not New

= Most biological processes eecul at the
nanoescale

Combusition pProcesses aaNmany chemical
PrOCESSES) GERErEiCIiERtEdNIaNoScalle
particles; ()9, seelpRarticies, et dust;

welding iumes)

Portions el many convereaiNiaisigel
chemicalSH(CameeRNlacheNIclINEIUIERLS;
silica, etc.) are nanoscale

Indeed|, nanemeaieniaissareNeniicciledsioN
Knewn chiemicalSISUCHIESHCEIgICIiNoI;
Silicon, titamiuim




U.S. Federal National Nanetechnology.
Initiative. Definition

Nanoetechnelegy:Is the undersianding and controllel matter at
dimensions; of roughiy: i tey 10@ nanenieters, Where unigue
phenemena enakienevellapplicationss”

(US Natienal NanetechinelegyimabverZ006)

Researching andidevelepneiechneleeEies thaltwoerkeat the
atomic, moelecularormaciemeleccliaevel oitierscale o
to 100 Ran@meLess

InVeIVing siitcures; deViceS aiuRsSySienisiigaiaVeNioNe!
properties anditRclensHEcalSe eI easeale

Controlling or mampulainginEaleraiSiaisiieratemicleve!

Engineered nanematenalsianeinanemapiidciungng




Nanoematerals are Venry: New

x Nanematerials are manufactured frem knoewn
chemicals such as carbon, iron, silicon or
titanium

However, nanematenals Wave diifierent properties
from bulk chemicals WecalSe i

e Scale

s Surfiace area PERURIRCINNESS

o Quantum: eNects

Tthe physical; chemicalFaneaiolegicalipreoperies

of materials at the nanesecaleradiierin
fundamentall andival Ui ENVEYSHTOI NI RIILE S

It 1S our ability ter measuenianipuaie and
Process at thie nanescaleriyaiis e




Current Investments

= Worldwide gevermment myvestiment teday.
reaches $3 billien annually’and could reach
trillions within adecade;

= Combined woerdwidergeVemment and

corporaie fitnding exececded 86 allieniim
240)0)4!

= U.S. gevernmment nanetechnolegy Ry
funding reached SLGHeIheRNT 2004 meaking
nanotechnelegy thermauen sHargest
government funded seienceNniative




U.S. National Nanoetechnoelogy: Initiative

(www.nano.gov)

Launched in 1997 by President Clinten to
« advance research

 facilitate technoelie@y: transier

o frain a werkienece

o study: seclalfandrenvieRieEntalfeiiecis

Coordinates programsinrdsyederaiiagencles

Eunds programsipriiagenciesWititneNaigest
shiare geing te trevepaiimeERi eiNvEEnse

Funding has grewnirenrSdtormiiieninT £oCy e
just over $1. billlerintEYAZ2006




Nanoetechnolegy Industry.

Industry: Is develeping areund the werld

26 countries havemanetechnoelogy development
programs (Chinahas ave large natienal
program)

Large firms inclitderci=nE PZrbupent; ltel

Over 500 smalifirms alleadyrexisivn irerdnited
States




Examples of Nanomaterials

Fullerenes (Cyg)

Nanotubes

Nanowires




What are the potential benefits of
nanomaterials?

s Functionality:

o Smallf scale’leads teeWWenght; high strengti;
durable matenals

s High ratiey eifstliiacerionmeassileadsiie ncreased
reactivity, and energyatensie),

s Precision preduchenyeadsier g peoiiance;
oW defect apPNCaLoRS
= Envirenmentalfenents
o ReplacementioimoreioMxCRECHREIoEES
* Less material/resource use
s |_ess waste




> 200 Nano-based Products in Commerce

140
125 Product Categories
Analysis: March 8 2006
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Fig. 2. Examples of current consumer products allegedly using nanotechnology. © 2005 David Hawxhurst, Woodrow Wilson
Intemational Center for Scholars (www.nanotechproject.org/consumerproducts ).



Nanematenals in Commerce lieday.

e Sunscreens and Cosmetics

— Nanosized TiO, and ZnO In some
suncreens

— Nanosized Fe, O, in some lipsticks

e Composites

— Carbon nanotubes and fibers In
bumpers and tennis rackets

— Nanoclays in plastics




Nanematenals in Commerce lieday.

e Coatings and Surfaces

— Water repellency
(textiles)

— Anti-bacterial
properties

— Wear and scratch
resistance

— Stain resistance

« Harder/tougher cutting
tools




Medical Applications

= Non-invasive patient imaging
e Several nanepanticle-tased magnetc

resenance imaging (VIRI)ragentsihaveraleady.
peen approvedioreuine clinical use,

* Imaging enithe celluiailevelfsisiiliihasic
research

= Targeted drug delivery
Smaller deses;

Can| reachsiiestifieisaresifauioREIVAANiTCUliG
access (e.g. the brain)

contrel and dieciCEllMEIStCHERMISING
nanematenials

Extend ifetimeniiieN oy HICIHECSE
effecitveness, |oWerioxiCiy,




Medical diagnestic and Menitering

= Analytical tools

= Diagnestics aneldisease prevention

« DNA and pretem vased Can-0n-chip
USIing Nanoeiulpes 2R WIKES 16 detect
HIV andl cancer mpmenvidual cells

= Health moeniterng
* Single moeleculeranaysis

= [ISSuUe regeneratienrancNEepailr
o |mplants




Stages of Nanotechnology Development

Technological Complexity

O

First Generation ~2001: Passive nanostructures

Nano-structured coatings, nanoparticles, nanostructured metals, polymers, ceramics,
Catalysts, composites, displays

Second generation ~Now: Active nanostructures

Transistors, amplifiers, targeted drugs and chemicals, actuators,
adaptive structures, sensors, diagnostic assays, fuel cells, solar cells,
High performance nanocomposites, ceramics, metals

Third Generation ~ 2010: 3-D nanosystems and systems of nanosystems

Various assembly techniques, networking at the nanoscale and new architectures,
Biomimetic materials, novel therapeutics/targeted drug delivery

Q Fourth Generation ~2015 Molecular Nanosystems
\4

Molecular devices "by design”, atomic design, emerging functions




EFuture applications some already
developed

Medical implants
Paints

Fuel cells
Integrated circuitry
Displays

Batteries

Catalysts

Fuel additives
L_ubricants
Machinable ceramics

Water purification and
remediation

Military battle suits
Composites




Materials andl Manufacturng

Ability to synthesize nanoscale building blocks with precision
control on size, composition etc. further assembling into larger
structures with designed properties
Manufacturing metals, ceramics, polymers,
etc. at exact shapes without machining
Lighter, stronger and programmable
materials
Lower failure rates and reduced
life-cycle costs
Bio-inspired materials
Multifunctional, adaptive materials
Self-healing materials




Energy and Envirenment

Energy Production
- Clean, less expensive sources enabled by
novel nanomaterials and processes
(e.g. thin-film photovoltaics)

Energy Utilization
- High efficiency and durable home and
Industrial lighting
- Solid state electronics that reduces total
electricity consumption and cuts
carbon emissions o
Materials of construction sensing changing conditions and in" w4
response, altering their inner structure




Potential Exposures te Nanetechnolegies

In research llalds

IR Industral preductien iacmiiies
In envirenmental eleases

N preducts N CemmERCE

IR Wastes

Workers (particuladyansshyalifcenipnies, and
research labs) at greatesiisieai present; sene
risks to consumers; UknelwnRrenvirenmenial
[ISks




Nanotubes can become Airborne
During Transfer

From review article by C-W Lam et al. 2006. Courtesy of
A. Maynard (NIOSH); P. Baron et al., 2003.



Exposure to Hands

From review article by C-W Lam et al. 2006. Courtesy of A. Maynard
(NIOSH); P. Baron et al., 2003.



Potential Hazards off Nanematernals

= Effective studies, are limited and incempleie

= Hazards depenadron
Smallf size
Surface area
Shape

Chemicall compesimonNcamake oUE oI toXIeC
things)

PUTILY,
Aggregation
Solubility,
Pisselutien and degrardaieiNEuing e ease)
= Size, shape; and strenguicreaieNieVaiiazanEds=

new distraluiiens g HERSUFECENONTTESSRIIGITIE
ieactVity




What We do Know.

Greater surface areas; means, increased
PIGACLIVILY,
Inhaled particles reachralliareas of thie

respirateny tract(leammneriremrultraline
particles)

Particles, cani pass ifedlieeayirain 9 aiiiier i
fiiIshr and seme evidencelviNcsSSa0e Gitvleed=
testis lkanrer

Small size andfsiiapeleauS o apIditpliakeNiie
cells and mere efifeclVeranRSpPoN Lo targel
organs.

Nanematerials may e cafdersi e oLhier;
more toxic molecules; ab




What We do Know.

Bloed and Iympi transperit eXpPeSES; ene malreow,
lymph ReGES, Spleen; eart and centralinerveus
system

Tihere s evidenece eiiniiamniateny
(CardiopulimenayAnilcninauen)andlantEexidauve

[espenses; aswelllasumitecionpdiial diStuicnce
and e)JdRALIVEeSess

@ther effiectsiRrumansaieNess certain

VoSt researchiisioeclsedionManoparic/esuialse
of potential concermrareNdn oSS UaCES;,
Nanoeporeus matenaiSTneaReilins:




Ultrafine Particles vs. Naneparticles

Natural sources: Volcanees, forest
fires

Antropoegenic SeUrCeS: CerKING;
combustion

Tiraverse lungs andiRlerSySIenie
circulatien

[Daniage mitechendie

Tihe smaller themaere daigereus
Cause |arge MUmPENRS Lildealiis
UEPs < 0.1 [umr= 100am

NPS < 100 nm

Could engineered NESHVE e
same preperiies, as; UEEsY,




What We do not Know

Extent te which extrapoelation s predictive

Mechanisnms ol actien  and phaimeKkinENEcS
» Effects on targel ergans
o Approprate deSESHeraSSESSHlaZaldS

Exposulelevels e Werkersrconstiners e the
envirenmeni andfasseEiaieEReiiiecis

Uses and expoesureneientie
Mechanisms el achienranENTeINCIIRELCS:

[Fate, distrihution; persiSiencerand
pPloaccumulatien R therenVviieRieERt




Should we be concerned??

NANOHAZARD NANO HAZARD

Dimitris Deligiannis, Greece Shirley Gibson, 5cotland Kypros Kyprianou, England




Limited research relative to
development budget

NNIl-estimated risk- PEN-estimated risk- PEN-estimated risk-
related annual R&D related annual R&D related annual R&D
(all relevant research) (highly relevant research)

NSF
DOD

DOE

HHS (NIH)
DOC (NIST)
USDA

EPA

HHS (NIOSH)
DOJ

Totals




What regulations are in place to
regulate nanotechnologies?




What regulations are in place to
regulate nanoematerials

= Simple answer: None

= More complex answer: Discussion but net much
action at this; peint

o NIOSH SalelyandiHealiirReseanciiPregran

- EPA

o @Uilmedissues adNEyilRieAauiiiorHiesunde),
existing awWsHnrZees

o VoluntayElepregiEineifianeimaleals
o Speciiic acomeRmnaneSIVver

FIDA — preduct oy pred UGk

CPSC — only WheR prelemisieeEu);

Locall governments = Bere eyane Cahd e,
data collection' reguiaiens




Where does jurisdiction lie for nanomaterials?

140

120

g

Number of Products

Mhardschrulngy Cormm Prodces tuerfony e Dabciedipranc crglnrmuie e s ety © ZO00 A8 s Fssmnend ty Whtow Wiman miaatinins Canisd lor Sehoiars

Potential Oversight Responsibility

Global Products
Analysis: March 6 2006

: = _ _—Food
e R Sunscreen
Cosmetics

Consumer Product Safely Commission Food and Drug Environmantal Prolection Agency
{Consumer Products) Administration {Coatings & Selecl Aulomoliva)




Precaution as a guide to emerging
technologies

Long histery In puklic health

Learning from latellessens;and mistakes, from the
pPASt

German Voersergepnzie
European Unien
Local efforts in the US — WA, OR; MA, CA

\When there Iis; evidencervifpeleruiiNaimy Vet
Uncertamty’ aneuiispaiteremagniiude; take
precautionary: aciion

[tS not Just akeULhans




Wingspread Statement on the
precautionary principle

“When an activity raises threats of

harm to the environment or human
health, precautionary measures
should be taken even If some cause
and effect relationships are not fully
established scientifically.”




Vision and principles fior Precaution

TThe right te ahealthy and lifesustaming
EnVvironment =envirennmentalfjustice

Acting on crediiierearyanwainngs
Choeesing thersaiesifeasipieralieiatiVes
ReSpeRSHNACHNGPEIENLS

Expanding the ranee eiipailiCipanis sk
dEeCISIeNS

Rethinkingl therseienece usediis policy,




Elements of a more sustainable approeach to
nanoetechnoelogy development

Goals:
s Precaution
o Adaptalbity;
o DENn'l ger siuckinrechneloyy;
o Eiexiplermanuiactuimm@linsuitnens

Alternatives assessment

New appreaches e SCIeniiicieseanciir=
Appropriate Science

Pluralist decisionEmakaneNneEels

Ultimately: a respensiliiy teNieaiate
sustainability: cencemsHiorEeechneIoEY,
development, ReiD anuieuliceil0RINIEEESS




Why: Safer Alternatives, Processes

Definition: A flexible, holistic analysis of
alternatives and eppoertunites te; prevent Impacts
firem potentially: hiarmitlf acuvities,

FocuUs on seluiionRsateRisaniperelens,:

Gets US out el neversendimeradiscuiSSIons ol = oW,
%

Allows for a greaterf raneereifigioignatonp and
consideration nrdeciSIOREMeIRNENGCESSES

Stimulates; inneVaieRraRdNEVEnoNn
Multi-risk reduction ORPEUIIUES:




What to consider in Alternatives
Assessment

= The purpose of the activity — need, senrvice/
iunctionality

* [s the nanematenial pant i a product (temmiis
racket) that camn e sukstituted

* Oris it the product — memory units.
« Are all'uses the samez?

UnderstandieyieirtheNmaieniallchaidCleniZe 90 CESS
and lifecycle

Brainston awideNangeroifpuientaifaieiatves o
meet a need eritRcHoN

Implement the hestaliemyatVver=upuersianamgrtie
safiety. measures thal necdrtoNeN P Emenied

Moniter and change couliSe asieeded=conuueus
Imprevement




L

Alternatives
Assessment

Goals and
Measurable Objectives
For example:

Achieve non-toxic
environment by 2020
Use material s that can be
closed loop recycled or
composted into healthy

Guiding Principles
For exarmple:
Prevention
Precaution
Substitution
Life cycle perspective

Deacisionmaking Rules
For example:

Prefer solutions that
eliminate the function of
problematic chemdals
Frefer methods that
present disaggregated
data

Foundation

nutrierits
Use renewable feed-
‘ stocks and energy

Lowell Center

! !

Comparative Assessment
of existing chernicals materials,

Alternatives

Dasign Assessment
for new chemicals, materials,

or products or products
T YR Identify T: t Define Desired ‘s / \SseSSI I Ient
. ¢ fc?;ct?ge is) Attributes -
2 * including environrmental =
: and human hzalth :
Alternatives N 'l attributes, and social -
: e |2 Framewor
Assessment : Characterize End Uses :
Processes N and Functions l +
. +
* *
. ‘L Id +
. antify Alternatives -
n -
Identify Alternatives -
Sﬁlﬁw totargeted end uses Review
c-::antinu:u“s and function Selaction
improverment l _continuous
improvemant

Evaluate and Compare Alternatives
eg. chemicals, materials, or products

3

H
Evaluation Hnl;trnhaar:‘d Social Economic Tachnical
Modules the Justice Feasibility Performance

Environment

R

Salect

and Implement
Preferred
Alternative(s)

EE & FFSE® s F AT
L B BN BE R L B BN B BN B BB I BN NN

= F B F & kSRS SR A L N I B RN S RN L R R B )




Elements of a more cautious approach to
nanoetechnoelogy development

Alternatives assessment

New appreaches Lo SCEeruiceseanch =
Sustainability: Science

Pluralist decisionEmedneNneEels

Ultimately: a respensioniyateyntegate
sustainabiiitycencCeSHnLONIENECHRIGIOPY,
develeopmeni; R&brancied ol CESS




Sustainability Science — A new vision of
science for policy

Methods/appreaches chosen e it the nature
and complexity: el the: proelem: = Hexionity,

Quantitative ana gqualiiatuyve data respected
equally

RISk assessiment nerSepaicied o
alternatives assesSineERiNESe UuenSs)

Use off interdisclipiigay apeiedciesiior e
extent feasible considermeErcumulauwe
effiects, suscepuivierstuEpEPIENeNS:




Sustainability Science (cont)

= More comprehensive uncertainty: characterization
(What we know, den't Kmew, can knew)

= Look at whole elfevidencernclitdimg accumulated
knowledge andijuedgmeni

= Systems o conuRUECUSHNERILENHIING Lo aVold
Unintended consSeqUeEncCESHUEErSiandEalt
Impacts;, anaiidentiiyzeailyAVaiiies




Elements of a more sustainable approeach to
nanoetechnoelogy development

New appreaches Lo selientiiic reseanch —
Appropriate Scienece

Alternatives asSessieEni
Pluralist deciSIoREmedRiuiieEElS

Ultimately: a respensioniyateyntegate
sustainabiiitycencCeSHnLONIENECHRIGIOPY,
develeopmeni; R&brancied ol CESS




Expanding these invelved can Inmprove decisions
under uncertainty

These are public decisions that involve
uncertamity: and contesied Valles

Helps, ensureihaiiveghitguestions are asked
abeUL prekiems

Lay citizens bring a perspective and experience
to the decisien=makineePIeEESS thiai ST ol
pounded Iy diSciPinNeEAEXPERISE

Lay [UdgmeEntSirelechersensiuviiyateonvaluessane
COMMONI SERSE

Increases; thelegitimacyraueliys and .
accountability: el deciSierEnakIng processeé




Bringing new information and perspectives
Into decisien-making

Experiential knewledge — e Workers
Understanding ol EXpoSUiES

Understanding linmts eifSelientiiic models
Critical guestioningreifexpericlaimis/models

Better ipstituionaiiZzauenieiNeyliel/enons
s Secretanes; Off EXPErSIoIteNICLE HIaRFEXPENLS
at predicling complexsuncCeriaNuture eVERiS

Greater consideration ofi values and common-
sense




Potential to improve decisions

Broadening scope o questions asked! of
researnchers — merenterdisciplinany.

Incorpoeraie RSENVaEeRS adieXPEENCE vl a
wider range of “experts”

Expanded rangeeiicholces/opiiens

Imprevelegitimacy anEiaceouidieiiy ol
decisions

* ImprevediadopueEINECHNOICUIESIESS Heal:
— public fren reacuveterpreactve

o But risk communicaimeRNSHOLUSIFEXPENLS
telling the public What terthinii s artive Way
street




Many options on how to regulate
nanematerials

Do Nothing — Wait and See

Immediate Meratentm unuiurther data

et the existing| reguiaterRy sysieni deal Wit it

Voluntary: meEAsUiESs

Develop new: requiateyAleiienoNs

A hybrid
 [ncreasereseanciiupeineNnimedicie]y.

o Immedrate velUniarypnediEniineierasiiiand atery,
as pPessikie)

 [Develop a regulateryisEhemeNoiicnoaieielishs




Possible aspects of a new regulatonry
scheme
= Develop upfrent understanding NOW (centinueus
learning)
Understand USes
Understand expesuies
Understand tepdicity;

Developrway s ioNEPidiyAasSessiiiczaldsianad
calegoerZe USeES = CunCENESSERCORCE]

= Prioritize Uses) el greatesiiconcerniimmediate
actionss on thiese)

= Develop lists eif naneniatenialis Cifcencenn




Additional aspects of a possible new
approach

Regisiration ol nanematenialls
Regular use repoiting and planming reqguirements

Develop risk criteria — flexiility: and openness to
evolving Iniernyatien andreaiyAVaInings

Develop criteraforisaiertnanematerials
R&D funding enrSaieitiianenicieialis

Tlechnical supperioRcompPaMES ENdESIg and
Implenment Saielr PIrEECESSES

Public particlpationimiechiaRiSIns




Technology assessment as a necessary
framework

« Office of Technology Assessment model — social,
health;, environmentallandipoelitical implications of
technolegres

o Congressional researchiaim = created n 1972 “to

provide earyiinadicatiens Gl e prehaele
peneficiallanad adVenrseNmpacts ol the

applications Gl tEChieIeEY,
» 200 empleyeesy Z/siEsHeuiessienal/esearch
o AdViSery panels e evieyonik

o Recommendatens/pelicy CpenSHie eseuice
POOr CoNgress diSEUSSIENS

« Policy frameworks ferintercyencyiappreaches t
emerging technoliegies/coRtanmnenis




Conclusions

= We've made mistakes with technelogies in the
pPast

We have a chanece terdeveliep a potentially,
beneficiall techneleay i aimere cautious and
suistiainapiie WeayMtieNIaVeRENaken s
challenge very seneusiVaves

Precaution Isi't akouisSiopEpigrEchneIoEy, — IS
about Usinglseiences technulouys and pelicy mere
creatively anad Wiselys:

States and |localitiesy hiaVe e op P oL Lo e
the leaders and inReVaterSHEIS anea:




Resources

WWI = Proeject on Emerging Nanetechnoelegies
WWW.nanelechpreject.org

National Nanetechnelogy: inrmatve -
ALtRE//WAWW. N2Re g oM/,

Innovation SeClely, Naneleciinreeci =

nttp://MaaEimnReVatiensyesellSehaitsch/han o regulaien:
Atm

Safer Nanenmatenalis aneiNeneNVapiiZcitninginibauve:=
AttpEE /MW GEERRIITORGETY,

ENE Group = http/mivseicalouerorareny.
UK Royal Seciely = e/ Wi e Crole ik,
Eurepean Nanoieruimr=aues/Maisnaneiouiiredy,

NI@SH Nanetech Prejecis
AttpE//MawWw.Cdic.goNV/meSh/LLNIECST N LECHY,




