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 Provide agreed ways of:

Naming, describing and specifying

Measuring and testing

Managing e.g. quality and environmental
management: ISO 9001 and ISO 14000

Reporting e.g. proposed ISO 26000 (Social
Responsibility)
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* International Standardization Organization

Non-governmental organization of some 148 national
standards bodies and 550 international or regional
liaison bodies.

Delegates nominated by national standards bodies or
liaison organizations develop ISO standards through
a rules and consensus-based process.

ISO standards are voluntary.
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e |International Electrotechnical Commission

Leading global organization that prepares and
publishes international standards for electrical,

electronic and related technologies.

|IEC standards are voluntary.
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« Nanotechnology is being applied globally, to meet
specific needs in new products, materials, systems, and
processes and will impact many areas, including
medical, forestry, construction, transportation,

agriculture/food, electrical/electronics and materials.
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 The development of standards will support research,
commercialization and trade in materials and products at
the nanoscale, stimulating growth through the
commonality of metrics and terminology.

 These standards will also support the development of
appropriate national and international regulations,
Including guidance documents.

 These regimes will provide certainty and confidence for
workers, consumers, manufacturers and users alike.
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 Many of the documents produced will be anticipatory
(developed ahead of the technology that act as “change
agents” and guide the market).

« Nanotechnology is still in the early stages of
development and evolution.
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e Major international Standards Developers in nano-related
standards:

— IS0, IEC, ASTM, IEEE

e Majority of countries
— relying mainly on international development of nano-standards

e Some countries provide starting national documents:
— BSI (UK) has fed national work into the int’l forum
— China feeding selected national work into int’l forum
— Taiwan, Korea, and others too
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There are over 30 active nano-related standard development
work items underway at ISO and IEC:

— Technical reports - informative compilation of current
knowledge and best practices

— Technical specifications — consensus on technical
matter that is still evolving

— International standards — normative requirements with
International technical approval

10
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ISO/TC229 Technical Committee
Nanotechnologies

formed in 2005 Chair: UK; Secretariat: UK

JWG1: Terminology and Nomenclature (Canada convenor)
JWG2: Measurement and Characterization (Japan convenor)
WG3: Health, Safety and Environment (USA convenor)
WG4: Material Specifications (China convenor)

11
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Participating Countries
Argentina

Australia

Austria

Belgium

Brazil

Canada

China

Czech Republic
Denmark

Finland

France

Germany

India

Iran, Islamic Republic
Israel

Italy

Japan

Kenya

Korea, Republic of
Malaysia

Mexico
Netherlands
Norway

Poland

Russian Federation
Singapore

South Africa

Spain

Sweden
Switzerland
UK

USA

Observing Countries
Egypt

Estonia

Hong Kong, China
Ireland

Morocco

Slovakia

Thailand

Venezuela
12
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e Support the sustainable and responsible development of
nanotechnologies,

« Facilitate global trade in nanotechnology-enabled
products and systems,

» Improve quality, safety, security, consumer and
environmental protection, together with the rational use
of natural resources,

 Promote good practice in the production, use and
disposal of nanomaterials and nano-enabled products.

13
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IEC/TC113 Technical Committee

Nanotechnologies - Electrical & electronic products and
systems

formed in 2006 Chair: USA; Secretariat: Germany
JWG1: Terminology and Nomenclature (Canada convenor)

JWG2: Measurement and Characterization (Japan convenor)
WG3: Performance Assessment  (Germany convenor)

14
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Nanotechnology standardization for electrical
and electronic products and systems

— standardization of components, intermediate
assemblies, products, and systems created from
nano-scaled materials and processes,

— attention to properties and functions electrical or
electro-optical in nature,

— Including assessment of performance, reliability, and
durability in support of continuous improvement at all

stages of the value adding chain.
15
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o |ISO/TC229 meets twice a year (since 2005).

 |[EC/TC113 meets once a year, every other meeting
jointly with ISO/TC229.

 More use of Internet-based teleconferencing and email
correspondence to advance work between in-person
meetings.

16
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 Work items follow a defined, internationally-accepted
standards development process.

* Volunteer experts participate
— to openly discuss, develop, and draft science-based documents,
— to comply with the scope and intent of each work item,

— to reach consensus.

17
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« Terminology

« Nomenclature

« Tools and Measurements for Characterization
 Toxicity/Hazard Potential

 Risk Evaluation Framework

e Occupational Exposure

e Environmental Protection

e Product Safety

e Commercialization and Trade

18
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First standards completed in 2008

TECHNICAL ISO/ITS
SPECIFICATION 27687

Flrst zdition
2008-D8-15

Nanotechnologies — Terminology and
definitions for nano-objects —
Nanoparticle, nanofibre and nanoplate
Nanaoteshnologies — Terminclogie ef definitions relatives

FUx nano-objels — \parficule, af

Refarence number
ISQUTS 27637:2008(E)

©130 2008

TECHNICAL ISO/TR
REPORT 12885

Nanotechnologies — Health and safety
practices in occupational settings
relevant to nanotechnologies

Nanaofeshnolegies — Pratiques de sécurité dans fes amangemenis
professionnels relatifs aur nanotechnologiss

Reference number
ISCITR 12835:2003(E)

€120 2008
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1 Terminology — nano-objects — nanoparticle, nanofibre and nanoplate
(Technical Specification published by ISO Aug. 2008)

2 Terminology framework

3 Terminology - carbon nano-objects

4 Terminology — core terms

5 Terminology — nanostructured materials

6 Terminology — bio-nano interface

il Terminology — medical, health and personal care

8 Terminology — measurement/instrumentation

9 Terminology — nanomanufacturing processes

10 Framework for nomenclature model for nano-objects

(new work item proposal)

20
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 Develop a base of terminology and definitions for
nanotechnologies for effective communications;

* Provides common language for
 effective communications,
o classification work,
e toxicity analysis,
 health studies, and
e frade among nations.

21
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Published definitions
in 2008:

 nanoscale

e nano-object
e nanoparticle
e quantum dot
e nanoplate

e nanofibre

e nanorod

e nanotube

e nanowire

Sample terms being defined

Other definitions soon to be

published
fullerene

nanocone
nano-onion
nanoribbon
carbon nanotube

single-wall carbon
nanotube

multiwall carbon
nanotube

carbon fullerene
carbon nanofibre
graphitic nanofibre
carbon nanohorn
carbon nano-onion
carbon nanopeapod
carbon nanoribbon

cup-stack carbon
nanotube

and more definitions to come

22
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 Naming system for nanomaterials for regulatory,
commercial and research needs:

* means to differentiate amongst nanomaterials,
o allow correlation of hazards,

« contribute to workplace safety, protect human
health and the environment, and

e Support communications.

23
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Measurement and Characterization

Use of TEM for Single Wall Carbon Nanotubes (SWCNTS)

2 Use of scanning electron microscopy (SEM) for SWCNTs

Use of near infrared-photoluminescence/ fluorescence for SWCNTs
4 Use of ultraviolet-visible-near infrared absorption for SWCNTs
5 Measurement methods for Multi-wall Carbon Nanotubes (MWCNT)
6 Use of Raman spectroscopy for SWCNTs
7 Use of evolved gas analysis/chromatograph mass spectrometry-SWCNTs
8 Use of thermo gravimetric analysis (TGA) for SWCNTs
9 Guide to nanoparticle measurement methods and their limitations
10 Measurement methods for MWCNTSs
i1, Guide to methods for nanotribology measurements
12 Meso-scopic shape factors for MWCNTSs

24
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e Standards for measurement, characterization and testing

— Including metrology and reference materials to support
Industry and commerce,

— test methods for toxicity and risk assessment,

— measurements of properties and calibration for useful
and accurate exchange of information,

— globally-based test methods to enhance optimal
movement of products among trading countries.

25
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1 Health and safety practices in occupational settings relevant to
nanotechnologies — Technical Report published by ISO Oct. 2008

2 Endotoxin test on nanomaterial samples for in vitro systems

3 Generation of nanoparticles for inhalation toxicity testing

4 Monitoring nanoparticles in inhalation exposure chambers for inhalation

toxicity testing

5 Guidance on physio-chemical characterization of engineered nanoscale
materials for toxicologic assessment

6 Guide to safe handling and disposal of nanomaterials
7 Nanomaterial risk evaluation framework
8 MSDS for nanomaterials

26
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— Evidence suggests that
because of their small size,
nanoparticles are able to
cross cell membranes and
Interact with sub-cellular
structures (NIOSH, 2006)

— Evidence that nanoparticles
can cross the blood brain
barrier via the olfactory nerves

27
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* Physio-chemical parameters of nanomaterials need to be
characterized to address

— relative toxicity/hazard potential,

— toxicological assessment methods, and

— Screening technigues/tests.




) Guidance on physio-chemical

characterization for toxicologic
= assessment
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One ISO/TC229 WG3 work item:

|dentify physical and chemical qualities of nanomaterials
that may have an impact on toxicology of nanomaterials,

1. Agglomeration Shape
state/aggregation/ Solubility
surface area Stability

2. Composition

3. Particle size/size
distribution

4.  Purity/Impurity

Surface chemistry
Surface charge

© 0 N O O

29
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Basic Characterization
JWG 2 of
ISO/TC229 : ISO/TC229 and
Basic Metrology IEC/TC113

Toxicological Testing Methods Particle Measurement Techniques

Toxicity Rating/Hazard Rating Exposure Assessment Methods

Risk Assessment
Toxicity X Exposure = Risk

Exposure or Environmental
Controls Based on Risk

Best Practices




Risk Evaluation Framework

e A risk evaluation framework for nanomaterials

— for common application among countries, thereby
reducing potential barriers to trade,

— to ensure risk evaluation criteria has been met.




@

®

cmnmnsioaros O ccuUpational Exposure

ASSOCIATION

.-—""'-.-.-—-'_.__ __-_‘__---""‘—-.

 Development of health and safety practices for
nanotechnologies.

« Effective controls for the workplace, where needed,
documented In standards to address risks

— through engineering techniques,

— administrative means, and
— If necessary, personal protective equipment.

32



Precautionary approach

— No current threshold limits for materials
(BSI and NIOSH have attempted to make some recommendations)

— ‘Precautionary Principle’

* No Iinformation, no risk assessment yet
— take all precautions reasonable
— err on the side of caution
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Local Ventilation
Lab Hood connected to Hepa Filter

Gloe Box

34
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e Standards to refine and strengthen the link between
physico-chemical properties of nanomaterials and the
physical world interaction.

* Providing protocols, procedures and guidance to
prepare, disperse, use and dispose of nano materials
and nano-enabled products.

35
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Water Useful Airborne Solid Other
effluents co-products  emissions wastes releases

I .t t 1

OUTPUTS:

Raw material Material Manufacturing Use Waste
acquisition processing management

recycle remanufacture

| I

INPUTS: materials energy
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Work Items

1 Nano-calcium carbonate

2 Nano-titanium dioxide

3 Guidance on specifying nanomaterials

4 Guidance on labelling of manufactured nanoparticles and products containing
manufactured nanoparticles

Possible future work items for:

* Nickel

e Zinc Oxide

» Silicon Dioxide

» Cadmium Sulfide

e Quantum Dots

Carbon nanotubes

materials or generic groupings




Product Safety

e Standards for
— quality
— safety

to assist the development of market confidence in new and
Improved products.
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e Standards for materials and products in specific
applications to identify

— characteristics of materials and processes,
— assess performance, reliability, and durability.

e To ensure compatibility (comparability) between materials
of different sources.

* Facilitate communications between buyers, sellers and
regulators of raw and intermediate materials.

39
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IEC/TC113: Value Adding Chain
for Nano-Electronics

KCCs

Nano Enabled Product

System Integration

[}

Nano
Subassembly

t

Nanoscale
Driven
Failure
Modes

Nano
Materials &
Processes

|

Reliability

N_ano
Science

Subassembly
#1

Subassembly
#N

TC 113's role inside IEC

KCC: Key Control Characteristic

41
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) Nano Enabled Product
FED panel 1
Anode "J\Jk ! T I ,‘M A ITO Glass
Plate
T I s System Integration
CathoLe T LT s f Emitter ‘
Plate substrate I I I
Nano Subassembly Subassembly
Subassembly #1 #N
Nano
Materials & |:>
Processes
Nano :
Science Key Control Characteristic:

An electrical property
describing the CNT raw
material for this application 4,
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Nanotechnology Standards
in IEC/TC 113 - JWG1

Nanotechnology

A\ 4

Terminology and
Definitions
JWG 1

80004-xx: Terminology for
Nano-electrotechnical products and
systems (new work item proposed)

\ 4

80004-yy: Terminology for
Nano-optics and nano-photonics
(new work item proposed)

Other JWG1 work items jointly and in
parallel with ISO/TC229

JWG1- Terminology and Defi
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Nanotechnology Standards
in IEC/TC 113 — JWG2

Nanotechnology

v

Basic Measurements
and Characterization
JWG 2

A 4

62622 Artificial gratings used in
nanotechnology: Description and
measurement of dimensional quality
parameters

A 4

Other JWG2 work items jointly and in
parallel with ISO/TC229
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Nanotechnology Standards
in IEC/TC 113 - WG3

Nanomanufacturing

\ 4

Material
Specifications
WG 3

* 62565: Guideline for carbon nanotubes
specifications for electrotechnical
applications

\ 4

Equipment
Specifications
WG 3

\ 4

Process
Specifications
(WG 3

—

IEC 62624:2009 / IEEE 1650:2005
Test methods for measurement of
electrical properties of carbon nanotubes

589 IEEE  -re-published Aug. 2009

A 4

Key Control
Characteristics
WG 3

* 62607: Nanomanufacturing — Key control
characteristics for carbon nanotube film
applications — Resistivity

» Large scale manufacturing of
nanoelectronics
(new work item proposed)

WG3 - Performance Assessment

45
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Reliability
and FMEA
WG 4

Nano-subassemblies
and devices
WG 5

 Product Design
~ WGH6
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ssoewmow—international nano-standards

STANDARDS FOR CANADA - .
NANOTECHNOLOGIES In Can a.d a
‘Canadian Advizery Commites (CAC) IBIITCEN, Hansteohralagics

‘Canatian SubCommittes [CAC)H ECITCT L, Hansteohralagy standardization for
‘ebeptrieal and eleoiron produsis and sysiens

e
CARNARIAN STAHDARDS

Information for potential committes members:

* Has a national committee that
e e ! mirrors the structure Of the

Canada and over 228 other countri=s, ane dew=ioping science-tased siandants o0 bulld worid marke=ss for
ranomaterials, nano-based components and produecs. Kanot=chnologles witl #nd applicadon in medical,

e —m— international committee

e Invites new mambers Tor Canada’s 1IS0TC22% and IECTE112 nabional nanofschnologlas commitbaes
En part of this Imporiant waork, Along with ower 50 cwrrend membars that represent a wide rangs of nano-
saotors, Intereciz, and geographioal arsas.

.
rizmistiona: smnzants are e Saws for resemabi, SEcurats excrangs of Imsrmatan among Tading bons, ° P rovi d es comme ntS an d expe rtS
Providing & means 1o Characterizs and sstaniion rEgUnemeants for DPOAUCS, Drocssses, and sysisms. For
ranotechnologles, a chalengs exists, o ensure fe maxmem polertial of this technology B harnessed, whie
making cerisin fhat soclal, eihical and safety lssues ar= properly addressed Standants, developed by wolunibser-
member commitsss, can seres as a foundation for reguiations. As well Bz recognized that a competthee f r ISO nd I EC rk
advaniage wil go o Indushi=s demonsirating compliances with onsensus-based standands. O a WO
At e Imizrnational level, In 2005, Carada secured $e comeenorshio for one of three working groups of
SHTCIZS, specfically Widd, Tarminclogy and Homenolaturs. This ks a highly visbis role for Cansca, In

complement with WEE Measursment and Charactierization foomeened by Janan), and WG, Health, Satsly
and the Exvvironment [comeened by The Unbed States)

Canadian Mandards Assoclation, sccredted by Sandands Souncl Canaeda, 1z the primany Taclbrtor for
Canata’s nanciechnologies commitizes, which proside a cobestee, coentry-wide national forum for discussion,
Ingest, and participadon In Intemadonsl siandanization work. Standands deveioped Im=mationally may be
adopted’adapted for use as Natonal Standards of Canada

Other ISO/IEC member countries:

Canada’s commitiss members review Inlsrnaticnal deafs and documens on an Imemet-based online workspacs
Commens from memibers ane received and complied Ino single nafonal poshions for Canads, and ane sent
elecronizaly o 150 or IECTs oentrl ofice. Then review of Input from all memier counries ocours. The majorty of
Canada’s members parficipais online and atiend In-Canada mestings, heid byplcally taice a p=ar, In person or by

e e o « Contact your National Standards

and members, duing deveiopmen: of standands, Can ensure Al Canaca’s siakehoider nesds ane mst now, and
fior the fulure.

et i A TG o 5 51 i, e o Body for further information

Imiormadon o Eran Haydor, 7 Eng., Canaclan Slandasds Assodadon at bran haydondSosa ca, o cal
4AE-T4T-4006 for further Informmation. Thank you

T Simg i s oF e e St e Lminion
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