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Developments in Nanotechnologies Regulation and Stas@ti0o

Executive Summary

The umbrella terms of nanoscience araghotechnologsare still not precisely defined,
however, one thing which is cleaand whichall definitions share, is thambition to
understand and control the fundamental structure and behaviour of matter at the atomic
and molecular level. The realm of nanotechnmst generally agreed to lie within the
range of 1 and 100 nanometrésfurther restrictionof the definition of nanoscience
andnanotechnologies that new functionalities are made available by manipulation of
matter at this scale or through specifes of the nano dimensions, where the physical,
chemical and biological properties of materials differ from those of the bulk matter.
Nanotechnologiepromises advances in controlling and manipulating mattematid

this promise a vision ofiovel ways ofcreating anddeveloping a new generation of
products with original features, performances and functionalities.

In the main, nanoscience aménotechnologiesvill form part of microsystems and
macro devices or materials and thus is termed an enablen@fations.This enabling
character promises to augment innovations in a wide variety of industrial sectors, but
creates difficulties in the development of regulations because it is generally part of a
system of element3hus nanoregulation is an entangrhof nanespecific and sector
specific regulatiorand standards.

Over the past 10 years, anticipation has been rife around the potential benefits
nanotechnalgies may bring, leading to large resources being poured into the emerging
area. Equally anticgtion on potential risks of nanotechnologies have become
increasingly high on the agenda. With expected risks becoming ever more specific
(observe the shift from broad societal changes to concerns about toxicity, privacy,
transparency etc.) artie naneemabled products on the market increasing at a rapid
pace, the need to embrace the complexities of regulafiornotechnologies as they
emerge has become apparent.

With little alignment in regulatory stances from the many potential stakeholders,ghere i
a general feeling that a regulatory framework needs to be in place both to enable and
checkdevelopments imanotechnologiet® create socigt beneficial technologies.

This report gives a brief overview of the present situation nanotechnologies
requlation. As part of the ObservatoryNANO project, it is an evolving document, to
keep pace with the changes in the regulation landscape (and governance more broadly).

Several factors, briefly indicated below, are making the implementation of effective
regulatory schemes complex:

! These are mirrored itEngineered Nanoscale Materials and Derivative ProdRetgulatory
Challenges, US Congressional Research Service (CRS) report, (January 2008)
http://www.fas.org/sgp/crs/misc/RL34332.pdf
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e The wide variety of materials and applications under the umbrella term of
nanotechnoloigs

e The limited knowledge o thetoxic effects ofnanomaterialsn living systems
and their transport in living and environmental systems

e The proprietary nature of information on novel nanomaterials making access to
relevant information a difficult issue

e The lack of harmonised standards or guidance

e The potential inadequacy of statutory authorities

Much of the c¢oncer gneeredharopadiclesieddheioeffect§idnr e e 0
environmentandhealth andsafety(EHS) during their entire life cycl€ombined with

the ethical, legal and social aspects (ELSAhahotechnologieR&D, the question of

what could be an integratednotechnalgiesgovernance approach is rapidly becoming

one ofthe most discussed topic in thanotechnologiesrea.

In spite of this attention, specifftegulabry actions for nanotechnologyglated products

are still rare In some cases, studies on nanotechmetoin specific sectors show that
existing regulatory schemes should be adequate (such as for medical technologies)
although there is still a request for improved EHS data. In ahses there is less
agreement for example in the area of cosmetics).heTEuropean Commission also
shows this, highlighting that, with the necessary adaptations for nanotechnologies,
existing regulatory schemes can go some teaggulatingthis emergingfield without
constraining growth too muchvVith this in mind, the focus more on the improvement

of instruments to ensure compliance with existing legislation.

Addressing these issues properly is essential and many countries with active
nanotechnologieRTD are promoting initiatives which highlight the needs for tailored
standards and regulation, and the development of expertise and technical capabilities to
cope with the proliferation of nanotechnologies. There have been a number ofsreview
of regulatory regimes, identifying actions and priorities, (in the main) adviaing
increasein funding for research aiming to better characterise nanomaterials and
understand theiEHS effects.

In the last year, results of these reviews have prompted an in depth debate within
regulatory authorities and stakeholders, including cetiety, that in some casbave

led to the adoption of specific regulatory actions improving the applicability of existing
provisions to nanomaterials and naretated products.

In Europe,within the European Commission different Technical Committees @n

Agencies have published scientific opinions and reviews of regulation with respect to
nanotechnologieand a number of them have created dedicated working groups to this
end.Most of these activitieBave been summarisgdt he r eport ARA#QguUl at c
N a n o ma t pablished h 3ude 2008 This concludedhat the current EU legislative
frameworki cover s i n principle the potenti al h
rel ation t o, butarecogmses thaturreni regulations may nedd be

modifiedas the scientific knowledgm nanomaterials increases.

2 http://ec.europa.eu/nanotechnology/pdf/comm_2008_0366_en.pdf
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This position has been challenged by a-boringresolution adopted in April 2009 by
the European Parliament, following a detailed report on nanomaferéssnted byhe
EuropearParliament's Environment Committ&éhe resolution asks for tighter controls
on nanotechnologiesn particular with respect to legislation on chemicals, food, waste,
air and water, workers protection.

In response, the Commission will review all relevigislation within 2011 with a
view to propose regulatory change whenever necessary and to develegpaaific
instruments for the implementation of regulatidhe recent recast of the EU cosmetic
regulation and the egoing discussion on the novel fooeulation are also taking into
consideration the position of the EU Parliament.

Though on regulatory matters, the European merstates tend to follow the inputs
from the EC, several countries have activities at the national level of theiFoavrte,
Germany, Switzerland, the Netherlands UK, Austria, Norway have beerthe most
active in this area, with commitment at institutional level to deepen knowledge on EHS
and regulatory issueMost of the other European Countries have also started activities
on nanoregulationmainly with respect to REACH and occupational and health safety
aspects of nanomaterials.

Looking beyond Europe, thdSA, Canada and Australiahavealso beenactive for
several years. EHS and regulatory issuesegeivingincreasing resources within their
national strategies fonanotechnologiesand regulatory agencies anther interested
bodies are becoming more proactive in coping with the complexity of nanoregulation.
Canada and Australian particular explicitly identify the need tadopt a precautionary
approachandthey have growingnvolvementfrom regulatory authoritiesn different
sectors to provide guidanead adapt regulation in view n&notechnologies

With regardsto Asia, the present document repotite situation inChina, Japan,

India, Taiwan. None of these countries is planning specific regulatory actions for
nanotechnologiedut they are generally quite active in the field of standardization and
have all established specific working grewi institutional level on nanomaterials, in
particular regardingoccupational and health safety aspecfaiwan has hadthe
NanoMark certification schensnce 2004

Generally, Asian Countries are looking at legislation developed in Europe (and USA) as
a benchmarkfor the development ofheir own. Particular attention is given tché
debate on REACHNd nanomaterials.

At the moment, related regulatory regimes under investigation refer to:
e chemicals and materials

cosmetics

foods

occupational health andorker safety

environmental safety,

medical devices and pharmaceuticals.

Existing regulatory provisions regardinthemicals and materialshave begun to
include nanomaterials in their listings and the requirements to monitor/control the
introduction of then into the market.
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Various regulatory agencies in Europe (EC/ECHA), USA (EPA), Cartagkaronment
Canada and Australia (NICNAS), are consideringsuch specific notification
requirements.

REACH (Registration, Evaluation, Authorisation and RestrictidnGhemicals), in
particular, which regulates in Europe the production, use and commercialisation of
chemicals, isat present, the most compelling legislation for nanomatemdtisough
questions still remain in some quarters concerning its effectivemegarticular in
relation to threshold levels and exemption of particular materials.

In March 2008, ECHA (European Chemicals Agency) established for this purpose the
Competent Authorities Sub Group on Nanomaterials (CASG Nari®.Sub Group
published twatechnical guidelines and has launched in 2010 three projects devoted to
the application of REACH to nanomaterials (to be ended in 20I®)se activities,
together with the end of the first registration phase, will provide the badartber
specific regulatory action for nanomaterials within REACH

The way nanomaterials will be considered in REACH will influence also regulatory
actions at national level, in particular in countries suckrasce, Austria and Norway
that are considering to niroduce notification and registration mechanisms for
nanomaterials (though they would generally prefer to avoid any kind of duplication with
REACH procedures).

In the US, nanomaterials fall under TSCFRokic Substances Control Aaij the EPA

which is the US equivalent of REACH and regulates chemicals. Howéwere isa big
difference between the two regulatory schemes. REAEliresthe producer(or
importer) to demonstrate that a chemical is safe before it enters the market, whilst
TSCA placesrespomibility on the regulators to prove that a chemical is harmful before

it can be restricted or removed from the market. An agreement for a common
internationalapproach is fundamental to avoid barriers and mismatches.

In effect, sincemid 2009, EPAhas ber evaluating a series of actions to ensure an
appropriate regulation of nanomaterials within TSCA, including specific notification
and registration procedures for nanomateridésticular attention is devoted to carbon
nanotubes.

The recent (April 2010%lebate of the U.S. senate on the Safe Chemical Act of 2010,
includes a proposal for a reform of the TSCA that would introduces relevant changes to
this statute and could lead to an approach similar to the one used by REACH (burden of
the proof on the proaer).

In November 2009,he Council of the European Uniorrequestedhe update of the
European Regulation on Cosmetic Products to include a specific definition of
(insoluble) manufactured nanomaterials and requirements for notification, labelling and
reporting of all productscontaining these kind of nanomaterials. A similar initiative
concerningfood regulation is under discussiom partcular the labelling of foodstuffs
containingnanomaterials

Www.observatorynano.eu 8
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Regardingoccupational health and workers safety most efforts are devoted to
evaluating and adapting the existing risk management methods, and to develop
appropriate  guidance for thehandling and disposal of engineered
nanoparticlestanomaterialsAlmost all countries survexd have research activities and
have established specific working groups at institutional level on these topics.

Reference documents have been produced bWé#tenal Insitute for Occupational
Safety and HealtfNIOSH) in USA,the German Chemical Industry Associat{MCl),
the Federal Office of Public HealtiFOPH) in Switzerland, thénstitut de recherche
RobertSauvé en santé et en sécurité du traffREST) in Canadamong others.

The lack of appropriate measurement and monitoring tools, of detailed information on
hazards and exposure levels and use of nanomaterials are evident challenges to provide
comprehensive indications on these matters.

With respect tomedical devices and pharmaceuticals products, the existing
provisions are generally considered adequate for -nglated products, due to the
detailed authorisation procedures required, but a case by case approach in the evaluation
and authorisation procedureseisvisaged to take into account their peculiar properties.
One issue is the blurring of regulatdygundariedor advanced nanotechnologieBoth

sectors are active at a European level in following statethe art, discussing the
consequences of developnts in nanomedicine for risk assessment and are developing
guidance

Al ongsi de t he A har doregutadry appradchie® mre bemmg h e r
implemented or developedgrimarily addressg the safe use of nanomaterials. In
particular reporting schemes (stewardship programmes) andluntary measures

(code of conduct, risk management systems).

Examples of the first instrument are the initiatives of USAA and UKDEFRA, or

others carried out at EC level (EFSA), in Germ@dBA-VCI), Australia (NICNAS)

Taiwan (Nanomark)Most of the attention is currently focused on regulatory triggers
(e.g threshold levels) and classification issues, thus on the ability to regulate and
control the introduction and use of nanomaterials and -nelaged products into the
market. These initiatives are extreméhyportant to build a firm knowledgbaseto
support policy and regulatory decisions, and for this reason also under consideration are
mandatory reporting schemdey example in countries suck &anada and France.

A unique source of reference on this matter is provided gpartfrom the OECD
Working Party on Manufactured Nanomaterials (OECD WPMN, Steering Group 5),
which recentlywas madeoublicly available. The document provides a detailed review
and comparison of information gathering schemes arfdthe applicability to
nanomaterials of registration and notification procedureseveral different regulatory
regimes.

Codes of conduct anrisk management systems are measures that can have a
important role to cope with current uncertainties about the impact of nanotechnologies
during the redefinition of existing hard regulation and to raise trust on their use, through
creatirg a culture bresponsibility.

Www.observatorynano.eu 9
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The most relevant example of code of conduct aiming to contribute to this culture of
responsi bi |l i Code af Londudt dor rEsPonsifle nanoscience and
nanotechnol ogi es r e s e whicle Iprovideg Pprintiples aandy 20C
indications that should guide the reseasddivity in this field. Its objectives are far

reaching and among the principles that must be respected of particular relevance are: (a)
Sustainability, (b) Precaution (c) Inclusiveness and (d) Accountability.

The ECis actively promoting the Code and strongly recommends all Member States to
adopt it. A public consultation on the Coees held at the end of 2009 and the
publication of thdirst revision of the Code is expectednid 2010.

In addition, based on the mant uncertainty in the regulatory situation, some
stakeholders, mainly at industrial level, have developed (or are developing) their own
risk management systemsdefining best practises and procedure for safety control and
handling of nanomaterials in cgpational settings. The DuPont/Envrionmental Defence
NanoRiskFramework and the CENARIOS risk management and monitoring system, are
two examples of this approach.

The availability of appropriatestandards to name, describe, specify, measure and
charactese nanomaterials is pivotal to implement an appropriate regulation for
nanotechnologyelated products.

Currently, it is thelnternational Standards Organizatid®@) Technical Committee

(TC) 229, in conjunction withhe International Electrotechnicalddhmission(lEC) TC

113, thatdirects activities onnanotechnologiestandards at the international level
However,other standard bodies have started to workanmotechnologiesince 2004.
Various ISO Technical Committees, national standards bodies, such as BSI/NT1 in UK,
SAC/TC279 in China, ANSNSP in USA, and Standard Developing Organisations
such as ASTM and IEEE have all produced standards relevanaf@mtechnologies

Most of these activies are in liaison with ISO TC229 and IEC TC 113, analogous to
the work of CEN, CENELEC and ETSlyhichreceived anew mandate from the EC on

the development of standards in nanotechnologies at the beginning of 2010.

ISO TC 229 is orgased into 4 working groups that focus on issues that are crucial for
the development of an effective regulation for nanotechnelelgyed products. In
particular:

e Terminology and Nomenclature

e Measurements and Characterisation

e Health, Safety, anfEnvironment

e Materials Specification

At present mordhan 35 standardsdocuments related to the above themes are under
development, but due to the lengthy procéswill be some time before the matter is
thoroughly addressed. So far ISO TC 229 hadishedthreedocuments:

www.observatorynano.eu 10
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e |SO/TS27687 (Technical Specificatiorjerminology and definitions for nano
objects- Nanopatrticle, nanofibre and nanoplates;

e |ISO/TR 12885 (Technical RepyrtHealth and safety practices in occupational
settings relevant to nanotedlogies.

e |ISO/PRF TS 800048 (Technical Specification)
Nanotechnologies Vocabulary-- Part 3: Carbon narobjects

The work on standards developed quite rapidly in the last year, with different
documents that reached the approval or publication stage, some new work
proposas. Most of work underway is related to terminology, nomenclature,
measurement and characterization of nanomaterials.

A contribution to the standardisation activities, will also be made bgitie Steering
Groups of OECD WPMN who are gathering reference data and information on
characterisation and safety of nanomaterialsd liaise with ISO TC 229 and other
relevant authorities

In particular, in the OECD sponsorship programme, launched in 2007 (Steering Group
3), several couniesare sharing the testing of a representative set of manufactured
nanomaterials. More than 30 countries worldwide are currently participating to OECD
WPMN and most of them are also actively aged in the sponsorship program.

As an outcome of the 8t part of the sponsorship program (now concludbe)
Working Party agreed a priority list of 14 nanomaterials for testfhgsed on materials
which are in or close to commerce) as well as a list of 61 endpoints for which they
should be testedduring the implementation stage (from 2009 to 2012), the main output
of the projecwill be to develop characterisation dossier for the substances identified.

In conclusion, the activity linked to nanoregulation is increasing in intensity across the
globe nevertheless, given the gaps in the scientific knowledge and the different
positions and stances of regulatory agencies around the world, it seems unlikely that
new laws specific fonanotechnologiewill be introduced in the short term.

The demand talarify the existing uncertainties and, at least in some cases, of specific
provisions, is mountingWhile in the period considered by the *1year Report
(2008/mid 2009)the focus was mainly on the analysis and review of existing
legislation, in the lasyear the debate was geared around the first attempts to introduce
adjustments for nanomaterials in regulatory provisions in EU and some other countries.
The most relevant example of this action is the recast of the Cosmetic regulation in EU.

The adjustment/amendment to the existing legislation discussed, relates to the inclusion
of a definition of nanomaterials, improved notification and registration procedures,
specific guidelines for safety assessment, labelling and inventories of the nesecof
related products.

 Nanomaterials indicated by OECD WPMN aSévernanoparticles, Iron nanoparticles, Carbon
black, Titanium dioxidé&luminium oxide, Cerium oxide, Zinc oxide, Silicon dioxide, Polystyrene,
Dendrimers, Nanoclayd.2]
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While some authorities are more oriented toward amendments of legislation, also in the
form of mandatory reporting schemes, oiyaefer to consider the option of voluntary
measures or a combination of both.

However, the numbesf countries (and regulatory provisions) in which authorities are
planning to introduce such changes in the near future is still limited.

There isalsoa strong position, shared by some authorities and industnegxiting
legislation,though not spefic for nano related products, is capaldédealng with any
potentialrisks

Nanoregulation requires a dynamic approach: it must adapt to the evolution of the
scientific knowledge, to the increase of applications, to the concern and attitude of
current and potential stakeholde@ntinuous research, cooperateomd productive and
constructive dialogue are key to suppuytnanotech development and to build justified
trust among stakeholders, including civil society.

The productive mixing of hd and self regulation approaches seem an appropriate
option in the shofterm.

Finally, another important poing highlighted bythe analysis of the existing situation.
Exceping internationalstandards and the work within OECihere is no concerted
effort aimedat elaboraing common ruledgor nanoregulation that could be shared at an
international level. The various countries active in nanoregulation have initiatives
independent from each other, although in Europe the situation is less dispartite and
EC is activéy fosteing collaboration

The Code of Conductf largely adopted among the Member States, could be the first
step in determining a common ground for research whilst REACH provides a certain
degree of coherence for product developmenigast on nanomaterials. However, the
development of a regulatory framework accepted at global level is a necessaity goal
have common tdacilitate trade and avoid regional divid€hus the promotion of
international cooperation imanoregulation is fundamental.

To cite the conclusion of the Nanotechnologies for sustainable development
Conference, Brussels (12 November 200f) Fut ur e devel opment s
standardisation shoulénsure safety antransparency and thus plic trust on one
hand, and give to industry sufficient certainty the other hand, without stifling
innovatioro.

* http://ec.europa.eu/nanotechnology/pdf/swegligksicency-eventsummary_en.pdf
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1 Foreword

fThe benefits of nanomaterials can only be realised within a clear regulatory
framework that fully addresses the very nature of potential safety problems relating to
nanomateri al so

Nanotechnologies are cressctional technologies that exhibit an extregniebad range
of applications, promising novel and radical innovations in different industrial sectors
and spheres of human life.

These technologies are characterised by a high degree of innovation dynamics, as
confirmed by the ObservatoryNano projectiaties and results. The impatbday is
generally in terms of incremental improvements of the characteristics and performances
of existing products In the medium/long temanotechnologieapplication promises to
realise totally innovative products with unprecedented features and behaviour with
market forecasts in the hundsaat even thousarsbf billions, in a 1015 year horizon.

The source of such high expectationshe peculiar propgies exhibited by the matter

at the nanoscale, and the development of the ability to manipulate and control them. But
these featuresalso raise doubts about the potentially harmful effects of
nanotechnologies on human health and the environment, ané anglication of their
usewith respecto societal issuegelated to their use

The availability of appropriate regulatory schemes that govern the development of
nanotechnologies assuring that this takes place to the benefit of the people, minimising
the risks potentially associated with them, is essential for the success of these
technologies.

The uncertainties related to the definition and behaviour of nanomaterials and
nanotechnologies, their muliectoral character, the lack of appropriate standands
testing procedures, make the regulationariotechnologiea challenging affair.

In all countries involved with nanotechnologieegulation regulation is becoming
more and more a pivotal issueor some time the EQas consideed the matter a
priority. The question is not yet settled, but the fact that nanotechaska@still at an
early stage oftheir development makes it possible to tackley issuesfrom the
beginning and develop a regulatory framework that can asthawesponsible
developnent.

Theaim of this report is to give an overview of the existing situation, the initiatives of
thosein the fields of regulation and standarder nanotechnologiesit national and
international level, and to highlight the key issues relevant for reging
nanotechnologies

® http:/Avww.europarl.europa.eu/meetdocs/2004_2009/documents/pr/763/763225/763225en.pdf
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1.1 Structure of the report and methodology

Structure:
The report has been organised in four parts:

Regulatingnanotechnologies
An introduction to the gaps, challenges and needs related to the regulation of
nanotechnologies arte possible actions/instruments to address them.

Legislation/hard regulation:

An analysis of initiatives and positions of policy makers with respect to the
development of instruments to control and regulate nanomaterials anerefsied
products and tensure the proper level of safety for human health and the environment.
Initiatives of government departments, regulatory agencies and other authorities, at
national and international level, have been analysed. A particular emphasis has been
given to Europan activities.

This sectionis structured on a regional/national basis.

Selfregulation:

Includesreporting schemes analuntarycodes of conduct, prompted by policy makers
to support and complement existing regulation. In the last part a brief sunwhary
voluntary measures activated mainly at industrial level, is also included.

Standards for nanotechnologies:

A review of activities developed since 2004 by international/regional/national standard
organisations, and other organisations such as OECEhdatevelopment of standards

in the field of nanotechnologies.

The first part presents a detailed picture of activibgsthe International Standards
Organisation (ISO), followed by initiatives from other standards organisations and a
focus on Europearfferts on standards in this field.

A description of national standard bodies and standard developing organisations (SDOSs)
dealing withnanotechnologielas been included in the annex of the report.

A detailed bibliographystructuredby sectionsas desched above, is included at the
end of the report.

Methodology:

The report is based on the collation and analysis of information from a set of
representative documents by policy makers and other stakeholders, dealing at different
levels with the developmenbf regulation and standards for nanotechnologies. The
majority of these documents are publicly available.

The search of documents followed two main phases:

First, afew acknowledged sources of informatiaere analysedto identify the most
important orgoing initiatives and documents with respect to the themes considered.
Apart from desk research activities, direct contacts and liaisons of ObservatoryNano
partnerswereused, in particular regarding access to informafiom standard bodies
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(some partnes, including the authors of this report, are members of
national/international standar@¢ommittees Priority sources of informatiomcluded

OECD Working Party on Manufactured Nanomaterials

ISO TC 229 (and other national standdrddies)

European Commission activities nanotechnologiegolicy and regulatiof
Relevant European and international projects on these tHemes

In the second phase, information and documents published by government departments,
regulatory agencies, othauthorities, industry and other stakeholders at international
level were analysedA set of documentproviding information on relevant initiatives

and positions on regulati@ndstandard$n nanotechnologies has been finally selected.

Thiswasusedtojud at e the information from the pr
this new data was confirmed in ApMay 2010.

All information ha been carefully analysed and condensed in the present report.

® A website of the European Commission dedicated to nanotechnology pbésiégen activated in
2008- http://ec.europa.eu/nanotechnology/policies_en.html

" In particular the EU projediramingNano(www.framingnano.elj The Innovation Societyews
serviceon nanoregulatiorhftp://www.innovationsgesellschaft.ch/index.php?pagé=Hbite
International Risk Governance Counattivities fttp://www.irgc.org/Nanachnology.htm),
the Nanotech project of th&oodrow Wilson Center for Scholarsthe USA
(http://www.nanotechproject.org/publications/
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2 REGULATING NANOTECHNOLOG IES

The number and variety of naraehnologyrelated products on the market is increasing.

As these products become more visible, alongside the expectations of enormous
benefits, the concern about the potential risks associated with nhanomaterials and the
impact of this technology on civélociety is coming ever more to the fore.

Specific regulations for nanomaterials and neglated products are still rare, and,
consequently, these applications fall under the scope of existing regulatory schemes
However, the regulation of nanotechnolgies is becoming a key issue, pressing
governments, regulatory agencies, industry and other stakeholders aptadon and
become proactive in defining adequate regulation and risk management strifatires
address the responsible development of ehtschnologies and their applications.
Environment HealthandSafety issues (EHS) and Ethical Legal Social Aspects AELS
arebothinvolved.

At present the main concern about nane | at ed products refers
nanoparticlesand their effects along their entire life cycle, on human health and the
environment, but several factors challenge the implementation of an effective
responsible governance framewdrlEree engineered nanoparticles can be defined as
manufactured matergwhich have all three dimensions in the nanoscale and which are

not embedded in a matrix

Diversity of materials and applications

Many bulk materialsare already manufactured as nanomaterials, with ottarsforns
constantlybeing developed.Each can hae quite differentbehaviours and properties
compared with their bulk counterpartajsingconceris aboutthe adequacy of existing
regulations.

Lack of knowledge about nanomaterials

What has emerged from the different authoritative reviews and stu¢?e3,4] is that
although the body of knowledge is growiragthorough understanding is still lacking
about how the physicadthemical properties of nanomaterials (size, shape, composition,
reactivity, surface area and/or chemistry) deteemtneir biologi@al effects This
situation makes it difficult to evaluate, model and predict their ecological and
toxicological behaviour and consequentlydevelop appropriate risk management and
regulatory options.

Lack of standardization in nomenclature, metrics,and materials

The unique nature ohanotechnologiexhallenges the establishment of standard
procedures to describe, specify and measnanomaterials and producBespite
increasing efforts on these matters, development of basic tools, such as common
nomenclatur&lefinitions, protocols for toxicity testing or for evaluating the
environmental impact, reference materials and standards or instruments for
measurements and characterisatiare still at a very early stage. Without an
international agreemerdn the above matters the definition and implementation of
appropriate legislation will not be possible.

8 as reference, activities of wgpackage 4 of the Observatorytaexplictly refer to these issues
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Proprietary nature of information

An important element of the ongoing activity of nanomaterial development conducted
by private entities is the econaminterest that discourages data sharing. As a
consequence scientists oftdo not have access to information that is needed to detect
patterns in the relationships between toxicity and the characteristics of various
nanomaterials, necessary for buildifgaretical models for testing. Asderlined by
several sources1[4,5], a relevant period of time will be needed to reach a
comprehensive understanding of the behaviour and a quantitative characterization of the
risks posed by differemanomaterials anadpplications.

Risk management and regulatory systems have to deal with this type of uncertainty and
governments, authorities, industry, the research community and other stakeholders are
developing various kirglof instruments to addressnotechnologiesegulation. These
instruments can be synthesised in the following way:

¢ Knowledge gathering(building the evidence basmdsetting prioities in EHS

and EL0).
A number of initiatives have been initiated aiming to increase knowledge on EHS,
and (toa lesser degree) EBSissues In particularto improve methods for risk
assessment and risk management, differentiation and prioritisation of nanomaterials
andnanotechnologieapplications

e Self-regulation / voluntary measures(delivering more effectiveractice$.

Based on the present status of the regulatory situation, authorities, industry and
other stakeholders are developing different types of-reglilation/voluntary
schemes for risk assessmentasure that a basic leval trust through best/god
practice is established among the different stakeholders.

e Ahar do R dagaptingtheiregulatory framewdrk

Regulatory bodies have started to develop expertise and technical background to
cope with nanotechnolagg, evaluating the applicability of existing regulation or the
needs of adapting them. The processild lead to the development of specific
provisions for nanotechnolags Some legislationhasalready introduced specific
requirements for nanomaterials and naelated products, in the form of
amendmerd to existing legislation and/or guidelines for the implementation of
regulatory provisions.

e Transnational efforts (co-ordination innanotechnalgiesgovernancg

Initiatives aiming to define and build an international approach for the management
of nanomaterial risks, and the harmonisation of standards and guidance éave be
initiated by standard bodiegsternational organisatiorend governmest

These instruments are part of a more general frameworkjan cr e ment al appr .
the management afanotechnologieA reasonable approach would follow a number of
chronological stages: knowledge about the current regulatory process procedires an
gaps, acquired from information gathering activities (immediate action), to-multi
stakeholders norms and self regulation (short term action), followed by the
establishment, if needed, of enforced self regulation (medium term) and finally by
legislation {ong term) [6].
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Many of the countries involved manotechnologiedevelopment are taking this kind of
approach, although with varying degseef support and engagemergnd with an
emphasis on evaluating existing regulasiand their applicability to meomaterials.

The increasing participation and efforts devoted to international cooperation, namely the
OECD and ISO activitiegrovidesan invaluable input to improve the knowledge base
on nanomaterials, generally on EHS issues andAgleSoreconditiorfor any regulatory
intervention in this field.

The European Union, and many European Member Siatdegply involved in these

initiatives, and could be considered to leading the development of a common and
effective approach tnanotechnologiegovernance.
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3 LEGISLATION/HARD REGULATION

3.1 European Union

Several initiatives are Ineg promoted by the EC to augment a high level of public
health, safety, environmental and consumer protection, integration of the societal
dimension, development ofastdards and norms, definition of appropriate regulatory
approaches, and international cooperation in the field of nanotechnologies.

The EC strategy for a nASaf e, nanatecknglagiast e d
development and regulation is clgardescribed in the following Commission

communication fimilestoneso [1]:
e 2004: Towards a European strategy for nanotechnology, COM(2004) 338,
12.5.2004

e 2005: Nanotechnologies Action plan, COM(2005) 243, 7.6.2005

2007: Nanosciences and Nanotechnologies:a8tion plan for Europe 2005
20009. First Implementation Report 202607 (2007)

2008: Recommendation on a Code of Conduct, C(2008) 424, 07.02.2008
2008: Regulatory Aspects of Nanomaterials, COM(2008) 366, 17.6.2008
2009 : Second Implementation Rep2@07-2009 (2009)

2010: Action Plan on Nanosciences and Nano technologies-2016 (o be
published)

Among he most relevanEC documents for nano regulation are the Code of Conduct
[2], described in the following paragraph, and the Regulatory Aspedtaraimaterials

[3], which summarises the activs of variousregulatory agencies, related or referring
to the European Commission, that have analysed existing legistaticgeview and
identify gaps in relation to risk assessment methodologies and regulat
nanomaterials and namelated products

The report examines legislation referring to the following sectors:

e Chemicals and materials,
e Health and safety of workers,
e Product requirementsr health and safety of workers, consumers and protection
of the environment:
o Groups of products: plant protection products, biocides, new approach
legislation, cosmetics, aerosol dispensers, medicinal productsaes)d
o Food legislation: general food law, novel food, food contact materials,
food additives, foodupplements, feed legislation;
e General Product Safety Directioa consumer products not covered by specific
regulation,
e Environment: Directives on Integrated Pollution Prevention and Control (IPPC),
major accidents (Seveso Il Directive), water, waate quality, soil protection
andenvironmental liability.
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The report concludedhat he current EU legislative framewoikc over s i n princ
potenti al heal th, safety and envi|3fanch ment a
recognise that current regulations may need tde modifiedas the scientific
knowledgeon nanomaterials increases

Several research needs and prioritiegve been identifiedmainly related to the
improvement of risk assessment and risk management metttogermit existirgy
regulations to be adapmd The implementation of a specific regulation on
nanotechnologiesis considered difficult due, in particular, to the complex
national/supranational regulatory  scenario at  European level.4]. [
Nanomaterials/nanotechnologies are therefore dealt with, in the first instance, by
following current regulatory schemes, reviewed for their applicability to nanomaterials.

This position has been challenged by a-boringresolution adopted in Apr2009 by
the European Parliament [37pllowing a detailed report on nanomaterigtesented by
the European Parliament's Environment Committee:

According to the resolutignin the absence of any naspecific provisions in
Community law and given the dia of appropriate data and methods to asssks
related to nanomaterialsurrent EU legislation is considered inadequate to keep in
check the potential health, environment and safety hazards of nanomaterials.

The resolution asks for tighter contraa nanotechnologiesn particular with respect

to legislation on chemicals, food, waste, air and water and worker protertabading

the application of the 'no data, no market' principle contained in the REACH Directive.
The document :

“Calls on theCommission to review all relevant legislation within two years to ensure safety for
all applications of nanomaterials in products with potential health, environmental or safety
impacts over their life cycle, and to ensure that legislative provisions asicuiments of
implementation reflect the particular features of nhanomaterials to which workers, consumers
and/or the environment may be exposed;

In response, the Commission will review all relevant legislation within 2011 with a
view to propose regulatorghange whenever necessary and to develop-specific
instruments for the implementation of regulatiém.the foods and cosmetics sectors,
provisions for nanomaterials have already been included (see below).

It is evident that safetys becoming increasingly important inanotechnologies
development. In the view of the EGafety should be anintegral part ofany
finanotechnologypasedinnovation strategy , and this shoulofd | mpl
EHS issues from the very beginning of RR&D process

Particularly important with respect to the implementation of regulasdhe work of
the European Commission's Independent Scientific Committee on Emergindeavig
Identified Health Risks (SCENIHR)In 2009 SCHENIR published theScientific
OpinionfiRisk Assessment of Products of Nanotechnol@di@g], which underlineshe

® http://ec.europa.eu/nanotechnology/pdf/swegisssidencyeventsummary_en.pdf
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need to perform risk assessment of nanomaterials on dgasse basis in the absence
of a general approach.

SCENIHR has recently receivedrequestfrom the EC to provide scientific input on
t he devel opment of a Awor ki ng definiti
consistent with international standards and that could be adpated i ndi vi dua
of legislation to fit the specific needs of differenp p | i c. &teipabhcation of a
draft of the SCHENIR opinion, followed by consultation, is expected in Juné®2010

or
I

The current EU regulations provide the most important framework for activities in this
field at national level by the EU Member States. In general, national regulatory agencies
are bound to align with EU regulatory legislation, with the possibility to emeint
specific (more detailed or tighter) regulation at national level.

Nevertheless, a number of European countries are collecting their own information and
developing expertise taddressnanotechnologiedssues Opinions from specific
technical commtees, independent research bodies and other organisations have been
commissioned by national regulatory authorities.

The following sections report some of the major regulatory frameworks and activities in
relation with nanotechnologies, both at Europaad Member States level. A particular
emphasis is given to REACH, considered at the moment as the most compelling
regulation scheme to deal with nanomaterials.

3.1.1 REACH-ECHA

The legislation under which ECHA (the European Chemicals Agency) regulates the
manufacture, placing on the market and use of chemical substances on their own, in
preparations or in articles is covered by REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals), which entered into force on 1 June 2007
(replacing seeral previous legislations and with an eleven year period time for
manufactures to fully comply with it). This regulation complements other current
product regulations (e.g cosmetics, general product safety).

REACH is based on the general principle thatma nuf act ur er s, i mp
downstream users have to ensure that they manufacture, place on the market or use
substances that do not adver sel Bismdafsect h
that under REACH, the burden of proof about the saféty substance is not on the

regulator (as it was in previous EC regulations) but on manufacturers, importers and
producers. This is a fundamental difference withrespect to similar provisions in other
countries as, for example, the EASCA statute that regates chemical substances in

the US (see paragra@i3.1.), where the burden of proof lies on regulators. Theatim
safeguarcthg humans and the environment is enforced by the inclusion of the
Precautionary Principle, that underpins REACH provisians

http://nanotechnology.ciaa.eu/docs/docs/3rd%20Nanotechnology%20Stakeholder%20meeting/Dr_Jea
n-Francois_Roche_Novel_Food.pdf
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Nanomaterialfomeunder REACHregulations,n particular [3, 67, 8]:

e Nanomaterials classified asew materialsare subjectedas any other new
chemical, to a dedicated registration and thus to specific risk assessment
procedures.

e For substancealready on the markéh bulk form and produced or imported at
the nanoscale (natew), if properties or uses of the substancéh@nanoform
differ from those in the bulk form, specific information on properties and uses
have to be updated in the registration dossier, including specific information on
hazardous properties, safety assessment, risk management measecesnbas
the most pdated testing guidelines available). The manufacturer or producer is
in charge of requesting a registration uptiate

Moreover,nanomaterials thdtlfil the criteria for classification as hazardous, as stated
in the fAclassificamigon, elgaballiomg (LhLd, pae
have to be classified and labelled

REACH seems to provide a solid framework to regulate engineered nanomaterials, but
the current lack of knowledge about their physibemical features and effects on
human health and the environment, raise some concerns about its applicability to
products using nanotechnologies Moreover, registration is volurieased, i.e.
registration and risk assessment requirements dependent on the mass of the chemical
manufactured, imported or produced enamnualbasis (1 toneyear threshold level).

This limit may pd some nanomaterials produced in lower volumes outside the
requirements of legislation, casting doubts about its effectiveness in regulating these
materials(note that the limit does not apply to nanoengtls classified as hazhus
basdonthe CLP reguation)

This concern has been raised in reports from the SBENEC Committee, which
stressed that both threshold levels, expressed in terms of mass metric, and existing
testing guidelines (included in the technical specifications for compiling theregigist
dossiers) could limit the validity of REACér nanomaterials.

A specific working group within REACH, named tB®@mpetent Authorities Sub Group
on Nanomaterials)CASG Nano),was established in March 2008 taddress these
issues, with a relevant wo programme for the years 2008 to 2012. Apart from
fostering cooperation within the EU and at international latielaim of CASG Nanas

to deepen the understanding of REACH applicability to nanomaterials, REACH
implementation issues, substance idecdiion, registration of nanomaterials, chemicals
safety assessment and risk managemeowmmunication in supply chain and
information on nanmaterials [T.

' A\When an existing chemical substance, alreadgquleon the market as bulk substance, is introduced

on the market in a nanomaterial form (nanoform), the registration dossier will have to be updated to
include specific properties of the nanoform of that substance. The additional information, including
different classification and labelling of the nanoform and additional risk management measures, will

need to be included in the registration dossier. The risk management measures and operational
conditions wil/| have to be communicated to the sup
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Two documerd reflecting the current state of the discussion on how REACH applies to
nanomaterialshave been publishecso far by CASG Nano (available on the DG
Enteaprise and Industry page on nanomateridls)

e Nanomaterials and REACH
e Classification, Labelling and Packaging of Nanomaterials in REACH and CLP

In order to support the work &@ASG Nano, three REACH Implementation Projects on
Nanomaterials (RIPoNsyerelaunchedn January 201Qtheywill be concluded before
the end of 2012) with the support/coordination of theC Institute for Health and
Consumer ProtectiodRGIHCP, Ispra, Italy:

e RIP-oN1: about Substance Identification of Nanomatetials

¢ RIP-0oN2- REACH-Nanolnfo: aboutREACH information requirements on
intrinsic properties of nanomateriats

¢ RIP-0oN3- REACH-NanoHazExaboutexposure assessments and hazard and
risk characterisation for nanomaterials within the REACH cofitext

From the ongoing worlkf the EC and also activities BtemberStateslevels (see for
example the recent UK government statement on nanotechnolqupesgraptB.2.9 it
seemslikely that at leastthe threshold leved for registration and test guidelines for
nanomaterials will be reviewed

The end of -registrationfof phaste n ifpulkest anceso of REAC
November 2010) willfurnish further information and indications on the level of
applicability of REACH to nanomateria(gven thoughttis first deadlings limited to
substancesproducedmported in volumes greater than 1000 tws per year, or

classified as meeting certaiazard criteria)

A recent report from the Dutch National Institute for Public Health and the Environment
reviews the applicability of REACH to nanomaterials using nanosilver as a casé’study.

3.1.2 Medicinal products (European Medicines Agen®EMA)

Medicinal products are regulated by Directive 2001/83Cthe Community code
relating to medicinal products for human uSke European Medicines Agency (EMA)

is a decentralised body of the European Union, with the responsibility of the protection
and pomotion of public and animal health. EMA is generallgiargeof authorisation
procedures for medicinal products, though only authorisation at national level (or mixed
national, EU authorisation procedures) is feasible in some specific cases.

12 http://ec.europa.eu/enterprise/sectors/chemicals/reach/nanomaterials/index_en.htm
13 http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=9830&dt_code=NWS&lang=en
% http://lwww.safenano.org/REACHnanolnfo.aspx

> http://lwww.safenano.org/REACHnanoHazEx.aspx

18 http://www.rivm.nl/bibliotheek/rapporten/601780003.html
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Medidnal products are subject to specific authorisation procedures, based on
established principles of risk/benefit analysis. A detailed assessment of toxicology and
ecotoxicology and of methodologies used to evaluate toxicity and extensive
postmarketing surveillae is foreseen by current legislation. This applies also to
nanomaterials and naelated products, even if they are not explicitly mentioned in
current provisions.

Nanotechnology is considerég EMA to be one of the emerging fields in science with
gred potential in a wide range of applications, including drug delivery, diagnostics and
regenerative medicinéIn 2006, the agency already publishedeflection paper on
nanotechnologyased medicinal products for human use [9]

In order to assist applings developing nanomedicinal produdts 2009 the EM\ has
established a dedicated 'nano group' within the Innovation Task Force to focus on this
field. The aim of the ITF nano group is to meet with applicants, discuss informally
about bottlenecks in thesdelopment of nanomedicinal products, and explore possible
sciertific and regulatory solution$.In this way allows, in the absence of guidelines,
potential developers of nanomedicine products to interact with the EMA directly at
early stages of the develment process

The ITF nano group is also active in providing scientific and regulatory input on various
EC initiatives and has established links with regulatory authorities in other regions.

It is recognisd that new methods and models might need tdéx@loped for nanoscale
materials, but the careful benefit/risk balance thattbde proven for pharmaceuticals

is considered in general appropriate to evaluate these mat€uatently, there are no
specific guidance documents on nanomedicinal pitsd@&pecific guidance on quality,
toxicology, clinical development and monitoring aspects may be developed in the
future, once sufficient scientific experience has been gained for specifically identified
subtechnologies within the field of nanomedicines.

Potential gaps could arise for novel applicationsnahotechnologiescombining
particular properties and functionalities, for which the applicable regulatory framework
(medicines, devices, combination products, advanced therapies) can not be easily
deermined?’

Currently, the existing authorization proceduresr@dicinal productsre considered
adequate also for namedicine products. Some medicinal products containing
nananateriab have been already granted marketing authorisation by EMA

In Sepember 2010, EMA will hold a workshop to discuss the stétdne-science of
nanomedicine$.The aim of this workshop is to bring together regulatory, academic,

7 http://www.ema.europa.eu/htms/human/mes/emergingtechnologies.htm#Nanotechnology
18 http://www.emea.europa.eu/htms/human/rdglines/itf.htm
19 http://www.rivm.nl/bibliotheek/rapporten/601785003.html

2 http://www.nanesafetyfor-success.eu/nano/Presentations2008/M%20Papaluca
AMALi%20Nanomedicines%200ct%202008%20BrusselsHIA. pdf

L http://lwww.ema.europa.eu/pdfs/conferenceflyers/nanotech_workshop/61768209en.pdf
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and industry scientists to share their experiences with the development and use of
nanotechnoloig@s in Medicinal Products. By fostering the global dimension of the
emerging nanomedicines, the Agency expects to further extend the dialogue
opportunities on the requirements and methods considered acceptable for
nanomedicines and to support the innowatievelopment.

3.1.3 Medical devices

Medical devices are regulated via specific EC Directibesed orthe New Approach
on Technical Harmonisation and Standardisatibte Medical Devices Directive
93/42/EEC(MDD), the Active Implantable Medical Devices Directi@®/385/EEC
(AIMDD) and the In Vitro Diagnostic Medical Devices Directi98/79/EC(IVDD).

The directives contaiEssential Requirementkat have to be fulfilledThe preferred

way to prove compliace with these requirements would be for a manufacturer to
comply with harmonized European standards and/or international standards (which may
include testing), and to implement a risk management system.

A manufacturer has to affix a @Rarking on his pyduct before he can actually bring
the product to the market. Depending on the risk classification of the product, different
conformity assessment procedures, which give a manufacturer the right to affix-the CE
marking, can be followed.

Four classes ofisks are defined, fronow risk class | devicese(g. various typesf
norrinvasive devices) thigh risk class 11l devicesd.g.implantable devices and long
term surgically invasive devices in contact with the heart or the central nervous system).
For hgher risk products, a Notified Body (NB) must be consulted, who has to be
convinced that the manufacturer complies with the Essential Requirements as listed in
Annex 1 of each Directivé-or products of the highest risk class (Class Ill), the NB will
always review thecompletedesign dossier anderify the acceptability of the overall
residual risk of the product by assessing the scientific evidence on safety and
performance/efficacy as provided by the manufacturer. For other products, the right to
affix the CEmarking could also be granted based on an assessment of the
manufacturer 6s gual j tngludingnaan aagsessmeentt on say st er
representative basis, of the documentation of the design of the product(s) cancerned

A report devoted tmanotechnagiesand medical devices has been published in July
2007 [10]by theEur opean Commi ssi onds Working Gro
Technologies, as endorsed by Medical Devices Experts Grodp.

The report concludes that in gendiiame d i ¢ a | d envissuta&ble toelepliwvgh at i o
medi cal devices manuf act.uAt ¢hd same tiniej the n g n
document points out that particular attention must be given to free nanoparticles
(devices where nanoparticles are not encapsulated or bound) aspetifit regulatory
requirements could be required in these cases. Moreoverptéstialdevelopment of

2 http://ec.europa.eu/enterprise/sectors/medieaices/scientifidgechnicalassessment/working
group/index_en.htm
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newor amendedtandards and guidelines, improvementgdatmarketing surveillance
systems, and collection of data and information, by meansspleaific information
gathering initiative, are envisagegdurrently, the group is writing a MEDDEV guidance
document for medical devices utilising nanotechnologies.

A similar position is expressed in the regulatory review published by the European
Commis#on in June 2008, wheré is stated that the Medical Devices Directive

nfall ows, in principle, ri sks ashutofatheat ed w
specific guidance or standards should be developed.

Several indications on ethical and regulgtassues related to the application of
nanotechnologieboth to medicinal products and medical devices are also included in
the report of the AEuropean Group on Ethi
on the ethical aspects of nanomedicine, publishdanuary 2007. [11]

An important issue still unresolved, identified also in other legislations (as in the case of
FDA in USA), regards novel nanomedical products, combining diagnostic and
therapeutics functions. These devices can challenge the cualassification criteria
between medical devices and medicinal proglantd very likely also classification into

the different categories of medical deviées.

3.1.4 Foods (European Food Safety AuthorityEFSA)

The European Food Safety Authority (EFSA) is anepehdent source of scientific

advice and communication supporting the European Commission, the European
Parliament and EU Member States in taking effective and timely risk management
deci sions on risks associated wdanhfeedhe f o
safety, nutrition, animal health and welfare, plant protection and plant health.

A premarket authorisation procedure is foreseen for products under EFSA jurisdiction.
Generally this jurisdiction includes dedicated risk assessment procedomesi¢ted by
Member states or EFSA), while in some cases (as for food supplements and food
additives) regulation stems from the inclusion in lists of specific authorised/non
authorised substances.

Regardingnanotechnologigsthe agency set up axpert waking groupin 2007,

involving people from national food safety authorities. The group launched in early

2008 an Cal | for Scientific Data on Applicati
used i n Fo 6tdcoleat datafor thedsafety of nanomiaie used in foods

and feeds, in particular information related to risk assessment procedures used for
nanomaterials.

2 http://www.rivm.nl/bibliotheek/rapporten/601785003.html
2 http://www.efsa.europa.eu/EFSA/efsa_loehly8620753812_1178678338323.htm
% http://www.efsa.europa.eu/EFSA/Call_Consultation/sc_604_call_for_data_namizisgpdf
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Following this initiative, EFSA published first a draft and then, in February 2009, a
final scientific opinion on the potential risks lated to the application of
nanotechnologiem food and feed safety and the environment [32].

The opinion highlights that the regulatory frameworks for food and feed are appropriate
but cannot be exercised to their full extent until methods are dedetopgetect and
measure nanomaterials in food, feed and biological tissues, and that a better
understanding of exposure and toxicity is needed. These are seriousrsafudt the
regulation of nanotechnologies in food and fé&ed.

Regarding regulatoryequirements, the opinion also recommends to include into the
current definition of nanoscale materials the additional metric of specific surface area.

Following requests by the EC, EFSA has reviewed existing data on two applications of
nanomaterials inhie food industry and found: insufficient data to assess the safety of
silver nanoparticles in silver hydrosol; and concluded that there are no toxicological
issues concerning the use of titanium nitride nanoparticles in plastic drinks bottles. In
November2009, the EC requested that EFSA produce guidance on how risks associated
with engineered nanomaterials could be assessed in applications in food, feed, food
supplements, and food contact materials. The first draft will be published and open to
public corsultation in July 2016

Several of these issues have been discussed within the EU Parliament (Committee on
the Environment, Public Health and Food Safety) a report to the European
Commission (March 200%hey clearly asked for amendments in regulgtprovision

for foods including: introduction of a specific definition of nanomaterials, labelling,
stricter requirements for risk assessment of products containing nanométerials.
However, considering the number of amendments proposed (1332 in tatathean
imminent European Parliamentary elections; the report wasafeed in November

2009 to include just under 800 amendments. Of those pertaining to nanomaterials only
the requirement for labelling of foodstuffs was retained. These amendments were
debded by the Committee in March 2010, and accepted by 52 votes in favour, 2 against
and 5 abstentions. Parliament will have a first reading of the amended proposal for new
regulations in food labelling in May 2010, after which the Council will adopt its
postion, before the proposal is again debated in the Environment Comfhittelf.
adopted the EWovel FoodsRegulation is expected to enter fully into force in 2012.

To date, dietary supplements containing nanomaterials originating from US have been
bannel in two Member States (Slovenia and Finlatd).

% http://www.efsa.europa.eu/EFSA/efsa_loehlky8620753812_FAQNanotechnology.htm
" http://www.efsa.europa.eu/en/sctopics/topic/nanotechnology.htm

%8 http://www.europarl.europa.eu/news/expert/infopress_pages2898082-03-13-911-
200903241PR524923-03-20092009false/default_en.htm
http://www.euractiv.com/en/science/mepacktougherrulesnanotechnology/articté 81695

29 http://www.europarl.europa.eu/meetdocs/2009_2014/documents/envi/pr/795/795512/795512en.pdf

30 http://www.europarl.europa.eu/news/expert/infopress_pagef0674074-03-12-911-
20100315IPR706135-03-20102010falsddefault_en.htm

%1 https://webgate.ec.europa.eu/ragfhdow/portal/index.cfm?event=searchResultList
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Alongside EFSA a number of international fora for explorationasfotechnologieand

food safety are emerging. For example the Joint FAO/WHO Expert Meeting on the
Application of Nanotechnologies in the ¢tband Agriculture Sectors: Potential Food
Safety Implicationsthat tookplace in June2009 broughttogether many experts to
consider the status of knowledge of exposure, hazards and regulation of
nanotechnologies in the agrifood sect¢a detailed reparof the meeting was published

at the beginning of 2019 .

3.1.5 Cosmetics

The existing regulary system for cosmetics isurrently based on the Cosmetics

Directive Council Directive 76/768/EEC)he Directive places full responsibility for

t he prsafetyuon thé manufacturer or importer of the cosmetic product, who ha

to assess the safety of the product before placing it on the market, through a
documented risk assessment. No-rar k e t verification of t h
assessment by a thirdnpy is foreseen.

Control over certain ingredients and their use in cosmetics is provided in the form of a
number of positive and negative lists of ingredients, through which the use of particular
substances may be prohibited, restricted or expresshpwap (including in particular
substances used for Utltering).

The European Commission Scientific Committee on Consumer Products (SCCP)
publ i shed on March 2008 an #AOpinion on
Pr o d &.dntthlescstudy, the SCCP dikes nanoparticles into two grougs:soluble

and/or biodegradable nanoparticles; and 2) insoluble parfidlesSCCP states that

Aconventional ri sk assessment methodol ogi
whereas for the insoluble particles otheetrics, such as the number of particles, and
their surface area as wel |l aidentifyifgeaiclear di st r

knowledge gap on risk assessmertinsoluble nanomaterials. It also underlines jthat
regarding the ban on animal tesfiwith respect to cosmetics, required by the Cosmetic
Directive, at present there is no validated methodology for nanomaterials.

The Opinion concludeghat it is necessary tgeview the safety of insoluble
nanomaterials presently used as -filiérs in sunscreens (up to now considered the
main application of nanomaterials in cosmetits).

Another important initiativavaslaunchedn 2008by the International Cooperation on
Cosmetics Regulation (ICCR), with the aim of harmonising current approaches to
cosmetic regulation, in particular in the casenahotechnologies® An ICCR expert

32 http://www.fao.org/ag/agn/agns/filessFAO_WHO_Nano_Expert_Meeting_Report_Final.pdf
% http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_123.pdf

% Details on some of the action undertaken following this opinion, including reviewsam
assessmestof zinc and titanium dioxide, are available at
http://ec.europa.eu/enterprise/cosmetics/html/nanotechnology _en.htm

%|CCR isan international group of cosmetic regulatory authorities from the United States (Food and
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working group fornanotechnologiebas been established to develop a definition and
inventory of uses afianotechnologiem cosmeticsA meeting of the group was held in

July 2009,with the participation of regulatory authorities from EU, USA, Canada,

Japan and representatives from the cosmetic industsyhor t r eport MfAoutc
International Workshop on Regulatory Issues regarding the Use of Nanotechnologies in
Cosmet i cso0 has beéen recently published

The need to improve characterization and testireghods for safety assessmens ha
been recognisedsthese aré&ey elementsn theregulaton of nanomaterials, whilghe
need tohavea legal definition of nanomateriatsiusedcontrovery across the different
legislatve systemsgonsidered (EU, USA, Canada, Japan).

As a general conclusiomhe workshop report statéisat i risting scientific and legal
paradigms seem to be sufficieatdover nanomaterialdjowever, challenges remain as
they might need to be adapted to the specifaracteristics of such materials

In November 2009The Council of the European Unionrequestedan uplate ofthe
EuropeanRegulation on Cosmetic Productster the approval ahe regulation from
the EU Parliament, in March 2009he updatedext (Regulation (EC) 1223/2009,
[39]), will come into forcen July 2013.

The updated provision includes a definition of nanomateridian insoluble or
biopersistant and intentionally manufactured material with one or more external

di mensi ons, or an internal Str u&dveral e , on
requiremerd for nanomaterialareforesen by the new regulatioin particular:

¢ Notification: any new cosmetic products containing nanomaterials have to be
notified to the EC six months prior to being placed on the market, including at
least the following information (reported from thevisiontext):
o the identification of the nanomaterial inciag its chemical name
(IUPAC) and other descriptors as specified in paragraph 2 of the
Preamble to Annexes Il to VI
o the specification of the nanomaterial including size of particles, physical
and chemical properties;
an estimate of the quantity intendedoe placed on the market per year,
o the toxicological profile of the nanomaterial;
0 the safety data of the nanomaterial relating to the category of cosmetic
productit is being used insuch products
o the reasonably foreseeable exposure conditions.
e Labelling: Al ingredients present in the form of nanomaterials shall be clearly
indicated in the list of ingredients. The names of such ingredients shall be
followed by the word "nano” in brackets

(@)

Drug Adminstration), Japatinistry of Health, Labour, and Welfare) , the European Union
(European Commission, DG Enterprise), and Canada (Health Canada).
http://www.fda.gov/Cosmetics/InternationalActivities/ConferencesMeetingsWorkshops/Internati
onalCooperationonCosmeticsRegulaBiCCR/ucm182661.htm
http://ihcp.jrc.ec.europa.eu/docs/workshop_outcome_july 09.pdf

% The workshop was organisedJaiint Research Centre Institute for Health and Consumer Protection
in July 2009 http://ihcp.jrc.ec.europa.eu/docs/workshop_outcome_julydi9
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e Reporting: a catalogue of nanomaterials used in cosmetductgincluding
those used as colorants, Wilters and preservatives) will be made publicly
available and regularly updated.

This new provision is one of the first regulasaxplidtly referring to nanomaterials,
and introducs a relevant difference between the regulatory situation (for cosmetics and
nanomaterials) ithe EU compared to other legislation, in particular the US.

3.1.6 Restriction of Hazardous Substances (RoHS) Directive

This Directive places restrictions ¢ime use of certain hazardous substances in electrical
and electronic equipmefarticularly heavy metals and certain flame retardankh)s
came into force on the’Uuly 2006, however in the last year there have been a number
of amendmentproposed  the EU Parliament Committee on the Environment, Public
Health and Food Safetiat particularly deal with nanomaterials
e notification oftheuse of nanomaterigls
e astandard fotheidentification and detection of nanomaterjals
e harmonised labelling inEE
e greater scrutiny ofong multrwalled carbon nanotubes (MUWTSs) that are
asbestodike, and nancsilver, with a recommendation for immediate labelling
and possible ban in EEE (electrical and electronic equipment)

On June the™ the committee votedor a ban on nanosilver and loMWCNT, and

said @ther electrical and electronic material containing nanomaterials should be
labelled, and that the manufacturers should be obliged to provide safety data to the
European Commissid@fi. This will now go to a full plenary vote in the EU Parliament

in July, and if passed will lead to a recast of the RoHS Directive. This also has
implications for the WEEE Directive (WastéeEtrical andElectronicEquipmeny.

3.2 European Countries

3.2.1 Austria

Activities devoted to manage the development of nanotechnologies, in terms of
regulationof EHS and EHS issue and EASssues, are growing in AustriaThis is
clearly highlighted by the publication, in December 2009, h&f National Austrian
Action Plan[40], aiming to develop &trategic policy plan for the governance of
nanotechnologieandnanomaterials in Austria

The plan is the result of the joint work dffferent Austrian federal ministriegand
government agencies, including tRederal Ministryfor fiTransport, Innovation and

3" Press release from the committattp://www.europarl.europa.eu/sides/getDoc.do?type=IM
PRESS&reference=20100531IPR75278&fatrXML&language=EN
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Technology, fiLabour, Social Affairs and Consumer ProtectiofiHealtho, fiScience
and Researahand ofan inclusive consultation process involving different stakeholders
andthe public. This process wakeadby the Federal Ministry of Agriculture, Forestry,
Environment and Watévanagement (BMLFUW)

The plan provides a careful analysis of risks and opportunitiesiafotechnologies
focused in areas considerégarticularly relevant to nanotechnology social and
political term®: health (including employee protectidn environment, business,
scienceresearclanddevelopment

Based on this analysis, a sef more tharb0 recommendations for specifictions and
measures tbe taken at nationaEuropean and international lewgasidentified, with
an indicativetimeframe for their adoption (1 to 3 ysarThe implementation of such
measures will be monitored starting from mid 2012.

Recommendations span ovevef fields, through all the areasekcted (p 14, Action
Plan):

e Verifying or guaranteeing an adequate legal framework, including support of
voluntarybusiness activities

¢ Information management, i.e., measures to inform consumers, employees,
employersand the general public, as well ager-ministerial and inter
institutional networking

e Training and building the awareness in the professional world, of consumers, of
thegeneral public and in the educational system

e Creating a solid knowledge base for risk assessment and selective risk
maragement

e Need for research

With regardgo regulation, Austria is closely folbwing theongoingactivities at

European level, and is actively participatinghe REACH CA% Nano working

group.

Moreover, he Action plan emphasiséghe need for a harmonised and coordinated
approach to nanoregulation at EU level, and underlines that nanotedbabknge to be

i e mb e did eexlishing legal frameworks. The need for compliance with the
precaut i on ain gl prpcedadings that dhkespetifically withnanomaterials
and nanotechnologies) as a prthemarletng &f hanarelatedproducts is
also recommended

With respect to REACH, particular emphasis is given to the need of a clear and separate
classification andlabelling of nanoforms of substances having altered properties
compared to their macroform, providing the adequate level of description and
information on risks and effects of the substance considered.

The introduction of specific information about nandenals in Material Safety Data
Sheets is also mentioned in the document as a short term objective.

Austria is participatingn the Sponsorship Programme of the OECD Working Party on
Manufactured Nanomatersal
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A multi-year funding programme on nanosciences and nanotechnolbhg@&A u st r i an
Nano | nhas badn iprevaédy several ministries since 2004, and coordinates
funding and supporting measuresnational and regional levels. This programme will

be one of the main instruments to help the implementation of the Action Plan.

3.2.2 France

The agencies currently collecting information on the implications of nanomaterials and
nanorelated products in France are the French Agency for Environmental and
Occupational Health Safety (AFSSET), with reference to the risks of workers, the

French Food Safety Agency (AFSSA), monitoring food and drinking water, and the

French Health Products Safety Agency (AFSSAPS), monitoring drugs, medical devices
and cosmeticgL2]

Recommendations have been issued different Governmental Committeeand
Agencies,regarding the need for anticipatory and precautionary mesgarbe taken
with respect to nanomaterials and their applications. Among them:

e A Nanotechnologies, Naparticules: Quels Dangers, Quels Risqoes?

Mi nist re de | 6Ecol ogi e et du D®velo
Prévention et de la Précaution, May 2006

e ANanomateri al s: Ef fects on t-hReenclEnvi r o
Agency for Environmental and Ogquational Health Safety (AFSSET), July
2006.

e MRecommendations for assessing the tox
nanoparticle§ French Agency for the Safety of Health Products (AFSSAPS),
Sep 2008°
e Opinion of the High Public Health Council (HaDbnseil de Santé Publiquis)
the French Ministry of Healtli A vrelatif a la sécurité des travailleurs lors de
| 6exposition aux nanotfibes de carboneo,
e AEvaluation des risques | i ®s aux nanoim
pourl'en v i r o n nNAESBET March 2010

In particular, the latter two documents underline the lack of knowledge on potential
risks and the need to implement a precautionary framework for nanomatéfitds.
specific egardé to carbon nanotubes (CN&mphasis igplaced on strict containment
procedures duringesearch, production and uge minimise therisk of aerosol or free
particle dispersionand(workerg) exposure.

Within the broad environmenfiGrenell® project launched in 200Zyhich will form
the basis for the improvementBfenchenvironmental legislatigra critical debatéook

% http://www.nanoinitiative.at/evo/web/nano/378_EN.555F2033347293

®http:/Iwww.afssaps.frivar/afssaps_site/storage/original/application/ac7d242fbecb3c8ab0a7363fbcd9a
dec.pdf

“0 http:/lwww.hcsp.fridocspdf/avisrapports/hcspa20090107_ExpNaa@e. pdf
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place regarding nanotechnologgtween 2008 and 2089A proposal by the histry

for Ecology, Energy, Sustainable Development and Territorial Developarphtitly

referring to nanomaterialsvas finally adopted by the Senate in October 2(09
(Grenelle2 Arti cl e 73, modi fi cat i o.nrhisdegislatbn de de
includes:

e requirements for declaration to authorities of the manufactunmgorting or
the placing on the market of nanoparticle substanicesuding information
abouttheir identity, quantity and uses

e reporting, upon request of the authority, of hazard and exposure infonmati
regarding these substances;

The French ResearcMinistry (Mi ni str e d e Supékenrs et idg lae me n t
Recherchglaunchedhe NanelNNOV planin mid 2009, aiming to develop a strategy

for the innovation in the field of nanotawlogies. The strategy will include indications

and actions to :

¢ Improve coordination of research activities at national level

e Fostertechnology transfer, with a particular attention to Intellectual Property
Issues

e Improve governance of nanotechnologies, promotkmpwledge and
dissemination of informatiothroughpublic debate

e Developeducationand professional formatioto support industrial growth
on nanotechnology

e Supportstrengtheningf nanotechnologgoordination at European level

As indicated by the Grenelle 2 project and also in the objectives of the INAIOV
Plan, the government launched in 2009 a structured public debate about risks and
opportunities of nanotechnologiés

3.2.3 ltaly

Some activities devoted to manage the development of nanotechnologies have been
startedduring the past years in Italywith most of them related to research on EHS
issuesand, ina few cases, to ELS. Within the National Research Programe, the

main source of public funding for nanotechnology research, a certain (small) amount of
the funding is devoted also to these areas.

The attention towasinanoregulation is growing, and some specific initiatives have
been activated at institutional level, in particular regarding workplace sé#taty.is
also closely following the activities ongoing at European level, in partictitar

“L http://lwww.safenano.org/SingleNews.aspx?NewsID=640
2 http://www.assembleaationale.fr/13/projets/pl1965.asp

43 http://www.debatpublimano.orgt
http://www.debatpublic.fr/print.html?id=99&type=debats_mo_ouverts
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application of REACH to nanomaterigléaly participates to the REACH CABNano
through a representative of the Ministry of Health)

The agencies curregtimost involvedn nanoregulatiorre:

e ISPESL (National Institute of Occupational Preventiond aBafety), that
established in November 2008 a Working Group dedicated to Safety of
Nanomaterials at the Workplace (WG fANar

e INAIL (Italian Workers' Compensation Authority, that establisheih 2008the
Working Groupii ldnotechnologies ;

e |SS(National Institute of Health), with specific activities on EHS issues related
to nanomaterials

In the context of the national standardization body (UNI) it has been activated a
commission dedicated to Nanotechnology (Technical Commissio22-
Nanotechnologies), which mirthe activity of ISO TC229.

Italy participatesn OECD WPMN with delegates from ISS and INAIL.

The INAIL WG is providing input to the Ministry of Health to evaluate the definition of

a reporting scheme for nanomatésiaThe preparation ofhformation sheets for the
management of risk in the production and handling of nanomaterials and of
documents to support "dossiers" for nanoscale substances under REACH are among the
other expected outcomes of the WG.

The ISPESL VG is preparing, with the contribution of selected experts at national level

and basdon stakehol defiVhi ten®®alpeat oomn,engi neer
and occupat i onBhedotumenthatis planhetl ® be psibdishedmid

2010,will represent the basfor next actions in this field.

3.2.4 Norway

Activities and attention on nanoregulation are increasing in Norway. sfrhggic
research programmen N&N of the Research Council of NorwagNANOMAT),
supports specific research activitien EHS and ELS, while some regulatory agencies
have an incrased commitment on these matter

The Climate and Pollution Agency @irectorate under the Norwegian Ministry of the
Environment, formerfiNorwegian Pollution Control Authorit$§FT0), the Norwegian
Labour Inspection Authoritgand theNorwegian Institute of Occupational Healtrave
established a working group devoted to workplace safety related to nanotechnologies.

“4 Not justa compensatiomuthoritybut a global protection system for all workétg://www.inail.it/
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The Climate and Pollution Agency artie Norwegian Institute for Agricultural and
Environmental Research (BioForsk) have published in 2007 the ie@om vi r on ment &
fate and ecotoxicity*of engineered nanopar

The Norwegian Board of Technolod§ypublishedin 2008 thereportiNanomaterials,

risk and regulatioon (A Nanomateri al er , ,rekesutide summay r e g u
available in Englist), providingthe Governmenwith a series of recommendations on
nanoregulation, including:

e Set clear commitments to what information industry mustigewith respect
to risk assessment of nanomaterials
¢ Implement mandatory registration in order to monitor the use of nanomaterials
e Extend producer responsibility through the whole life cycle of a product
¢ Knowledgebased management, increasing researchH E

The Climate and Pollution Agendyg in charge of managinthe Norwegian Product
Register, the central register for chemical products in Norway.

Following this report, in June 2008e agencylecided tantroduce into the procedure
for declaration to the Produd®egister a specific panvith information related to
nanomaterials in chemical products.

This initiative will help to collect (on a voluntary basis) information on the use and
markeitng of nanomadrials It is intended to supplement and integrate (not to duplicate)
requirements foreseen by REACH.

3.2.5 Germany

Responsible development of nanotechnologies is amongst the priorities of the Nano
Initiative Aktionsplan 2010 [13], launched by the Federal Gowemt in November
2006 to provide a single stegic frameworkor the development of nanotechnology at
national level.

In 2006, the Federal Institute for Occupational Safety and Health and the German
Chemical Industry Association (VCI), conducted a syrwithin the chemical industry

on occupational health and safety in the handling and use of nanomaterials. This formed
the nucleus of what became, in 2007, the report on the "Guidance for Handling and Use
of Nanomaterials at the Workplacg8].

Specificactions related to evaluation and improvement of knowledge about EHS issues,
the development of guidance for the implementation of existing regulation and for
dialogue amongst stakeholders on the risks and benefits of nanotechnology have also
been exploré. Among the research activities on EHS, one of the most relevant in the

“S http://www.klif.no/publikasjoner/2304/ta2304.pdf
“8 http://lwww.teknologiradet.no/FullStory.aspx?m=116
7 http:/lwww.teknologiradet.no/Nano_abstract_nflkwW.pdf.file
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period 2006-2009 was the project Nanocare, now concluded with the publication of a
final report®.

The government strategy has been condense
of nanomaterials Re s e a r ¢ h,puBlishedain Decemaer 2007 [14].

With regard to nanoregulation, the Federal Environmental Agency (UBA) released in

2007 an expert report [15] which covered the current EU and German regulatory
framework in relatiorto nanotechnology (with a particular emphasis on environmental
aspects)Regulatory gps were identified that exssat European and national level in
connection with Ananotechnol ogieso and pos

However following this report, the German government concluded that no changes in
the legal framework were necessary at that staéingthat the available instruments at
National and European level, as well as the flexibility of these regulatory frameworks,
pemit appropriate responses to new scientific results or events linked to materials on
the nanoscale. Eventual changeghe regulatory provisions for specific cases should
be made only after common international definitions and appropriate analyticébtools
risk assessment have been developed.

One of the actions included in the AktionsPlanthe development of a structured
dialogueon potential risks and opportunities of N&N. This dialogue was satitlpthe
establishment of the German Federal Governt's NanoKommission, led bthe
Federal Ministry for the Environment (BMUThe first part of the programe (2006
2008) was structured in 3 working groups devoted to discuss and plevelo
recommendationwith respect to three areas

e Opportunities for Hedft and Environment
¢ Risks and Safety Research
e Guidelines on the Responsible Use of Nanomaterials

More than 30 dialogue meetingwere held during this periodA set of
recommendations and actiowsasprovided in each of the three areas and detailed in a
report published in 2009 [41E6glish versionMay 2009).

The last area was intdad to provide indications to complement existing regulatory
measures (in particular REACH and other induspgcific EU directives) thafi wh i | e
in principle applyingtmanomat eri al s, malkiveiieedet pr beciap
regarding the responsible use of nanomatehial® been identified:

¢ Definition and disclosure of responsibility and management (good governance)

e Transparency with regard to nanotechnolegjevant information, data and

processes

e Commitment to dialogues with stakeholders

e Establishment of risk management structures

e Responsibility within the value chain

“8 http://www.nanopartikel.info/fileadmin/user_upload/Publikationen/NanoCareFinalReport.pdf.
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Quite interestingly, the dialogue was not able to reacbnaensus abosbme relevant
regulatory issuesthe need for mandatory notification to authorities and/or public
disclosure of information on use and safety of nanomaterials, and the possibility to ban
production and marketing of nanomaterials having a potential (nettased) high

risk.

The second part of the prograra (20092011) will be devoted to monitor and review
the implementation of these recommendations. This process could also lead to the
definition of specific regulatory actions for nanotechnology.

3.2.6 UK

The UK has been very active on actions and initiatives related to nanotechnology
regulation. After the publication of the Royal Society/Royal Academy of Engineering

report in 2004, the Government published a response to the issues raised by the
document andestablished aMinisterial group to coordinate the national research and

policy strategy on nanotechnologies, with particular emphasis on EHS issues. Activities

are detailed inthe evi ew of government 6s progress o
research [16] (March 2007) by the CST and the NRG®efra document
ACharacterising the potential 1Tra Segred pose:
Government Research Reporto (December 2007

Reviews of the regulatory framework in relation to the various applicagiciors have

been commissioned or supported by UK agencies wgtitential regulatory
responsibilities for nanomaterials particular, the Health and Safety Executive (HSE)
(February 2006), Defra (March 2006), whose activity has already been described, the
Food Standards Agency (FSA) (March 2006) and the Medicines and Healthcare
Products Regulatory Agency (MHRA) (September 2006) [17]2009, HSE issued
guidelines on the safe handling of carbon nanotiilzesl Defra asked for specific
guidance on nano silvérom the Advisory Committee on Hazardous Substarices.

The UK also reflected on gaps in the regulatory framework in the 2007 report by the
Centre for Business Relationships, Accountability, Sustainability and Society (BRASS)

at Cardi ff U n iOvervievs of thg Frgmevdoilk of iCArrent Regulations
affecting Devel opment and Marketing of Nar

Following these analyses the UK government published in February 2008 [19] a
ARStatement by t he UK Government about
nanoregulation, the document explicitly states thath e e xi st i ng regul at
is broadly adequate, although there is the potential for engineered nanoscale materials

to fall out side regul atory andmttroordrneitre cer
whether there is a real regulatory gap, we need a better understanding of the potential

risks and thus of the adequacy of the risk assessment models that sit within the existing

|l egi sl ationo.

“9 http://lwww.hse.gov.uk/pubns/web38.pdf
%0 http://www.defra.gov.uk/erikonment/quality/chemicals/achs/documents/agportnanosilver.pdf
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In 2008 the UKgovernment commissioned a consortium led by the Institute of
Occupational Medicine (IOM) to report on international advances against
recommendations for EHS research in the
research objectives reviewed, and in relatiorthe four task areas of the NRCG, the
EMERGNANO report found many gaps, and a greater number of projects focused on
human health and exposure compared with environment and characterisation.

The UKOG6s strategy f or n aeviewee aghimio 0099,y was
through three separate (but intieked) initiatives: TSB (Technology Strategy Boatd)

mini-IGT (Innovation Growth Tearmand BIS (Department of Business, Innovation

and Skills which evolved from BERR and DIUS). In terms ofregulation the UK
supports EU initiativeshycarsoenevapprisacphr otmo
the risk and suitable use of individual nanomaterials in food and food contact materials.

At the same time the UKOs Hyy Beteet Canimittdeor d s
consulted widely with stakeholders through a series of hearings and written submissions
on the t@ic of nanotechnology in foodThe report (published early 2010)
recommended that the UK government support amendments to EU legislatitsute

that all nanomaterials used in the food industry fall within its rémitlt also
recommended agreement on a definition of nanomaterials and their unique properties,
that the FSA formally review legislation every three years to ensure it is fiufpose,

that voluntary codes of conduct be supported by government and that the FSA create a
publicly accessible database listing all food and food contact materials containing
nanomaterials. The UK government subsequently responded to this repafyirgent

areas in which it was taking action and recognising others where further activity is
required, for example the FSA is funding specific research into the behaviour and fate
of nanoparticles in the gut while other agencies (such as the National keaaltgy
Research Centre) are looking at risks from inhaled nanoparticles and from surgical
applications?

The UK government has looked at wider societal issues and in 2009 Defra funded
BRASS to i nvestigat e 60t he nat ur @ogieand ap
industries of corporate social responsibility in the context of safeguarding the
environment a r’’d Thib repod found thad Whilehtbere was variation

based on company size and level of commercialisation that the majority of those
interv i e wagedengaged with precautionary approaches to risk in the workplace,

driven by existing regulatiods.The UK government is continuing to advance
consultation and expert input to policy through the establishment of a Nanotechnologies

*L http://randd.defra.gov.uk/Document.aspx?Document=CB0409 7911 FRP.pdf

2 http://www.innovateuk.org/_assets/pdf/CorporBisblications/NanoscaleTechnologiesStrategy.pdf
%3 http://www.matuk.co.uk/docs/Nano_report.pdf

> http://www.bis.gov.uk/assets/biscore/corporate/docs/BABnanotechnologiestrategy

%5 http://www.publications.parliament.uk/pa/ld/ldsctech.htm

*% http://www.parliament.uk/documents/upload/GovResponseNandF.pdf

> thttp://www.brass.cf.ac.uk/projects/Resource_and_Technology Management/resudirce
technologymanagementfor-sustainability-Nanotechnologieand CSR.html
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Leadership GrougNLG), to replace the NRCG, which will be chaired by a Minister
from BIS.

The UK Government plans to continue to keep the regulatory situation under review as
research results and other evidence become available, and will support in particular the
devebpment of guidance and other advice tools to respond to any potential risks posed
by nanotechnologies.

The Government also underlines that at the momentr e e manuf actured n
and nanotubes, rather than fixed to or within a material NP, aremthgr source of
concerns related to health and environment

Finally, the UK has been playing a leading role in international fora, such as the ISO,
CEN and OECD activities on nanotechnology. The British Standard Institute has
published a numbepf UK standards that will represent relevant inputs for the
development of European and International standards.

3.2.7 The Netherlands

Nanotechnologies are considered a very important subject in the Nethettarts.

gover nment paper entitl ed-wwKidemingegtr soit sidbe
[ The Dut ch government 6 s -virons ismall toogreatf nano't
( Net herl ands 6 [g0) vhe Dutah ggoveérnmen €13 ®ut its vision on
nanotechnlogies. The view is expressed in this document that nanotechnologies could
become a O6major driverd of the knowl edge
recognised that signals are coming from the scientific community that the application of
these ¢chnologies could pose certain risks to man and the environment.

The position adopted in the Netherlands is that these risks should be treated with
caution, care and common sendeh i s IS in line with the
nanotechnologie voor dgezamdheidd [Health significance of nanotechnologies] by the

Health Council of the Netherlands (2006). The current substances policy and risk policy

in force, as formulated in the policy doc
rationally with risks] (\ROM, 2004), provides the framework for this. The following

basic principles apply:

e transparent decisiemaking;

e defining responsibilities (authorities, citizens, manufacturers, scientific
community);

e public consultation at an early stage in decisiwaking;

e balancing hazards and risks against costs and benefits to society;

e taking into account the accumulation of risks in decismaking.

In addition, the Risks of Nanotechnology Knowledge and Information Centre (KIR
nano) was set up at RIVM at the requafsthe government.

The government paper on nanotechnology also recommended setting up an Observatory
to monitor the potential risks of nanotechnology to humans and the environment.
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Against this background the Risks of Nanotechnology Knowledge and Informat
Centre (KIR nano) was set up on 1 January 2008 at the Dutch National Institute for
Public Health and the Environment (RIVM), financed by and reporting to a number of
Ministries.

According to the Dutch Action Plan Nanotechnolof$l], the government Iso
considers it importarto develop knowledge about the risks of nanopartidiesational
strategic research agenda was developed at the request of the government, which has
recently resulted in a substantive research programme with a considerable part
dedicated to risk research. Before tlsisyeral pilot studiewere alreadyinitiated, some

of them in cooperation with other countries~urthermore,a "Stakeholder group
Nanotechnology Risks" with the business and social organizations has beenstarted

the aim of sharing available information

Also ELSA is considered an important subjebb. address this at a national level, a
6Commi ssi e Maat schappelijke Di al oogo [ Co
installed in 2009.

The Netherlandsare very actie in international groups and committees. They
participatein the CA subgroup of nanotechnology under the REACH authoyi@&sCD
WPN, WPMN and a number of subgroupEhey also participate in the REACH
Implementation projects and in the OECD Sponsorshaggramme. They have active
members of ISO working groups and serve on EC, EMA, EFSA, ILSI, SETAC and
SCENIHR working groups.

3.2.8 Switzerland

The Swiss action plan on ARi sk Assessmen
Nanomaterials 200@ 0 0 9 0 wa s shringi20Q56 by thde Federal Office for the
Environment (FOEN) and the Swiss Federal Office of Public Health (SFOPH), with a

panel of experts including representatives from different Federal Offices, and industry

and academia representatives.

Following a sgcific studyof the current state of knowledge about the potential risks of
manufactured nanoparticl§&?2], it was concluded that theweasnot yet sufficient basic
information on the scientific nature orechanismgor a conclusive risk assessment of
naroparticles to be carried out, let alone to be regulated appropriateBwitzerland,

the basic legislative prerequisites to regulate manufactured nanoparticles are in place,
but it will be necessary to adapt ordinances, norms and guidelines. For instatezl

of using threshold values for mass, new parameters such as surface area/volume will
have to be considered. The Swiss regulations employ various tools such as
authorisation, sel§upervision, positive and negative lists, the obligation to provide
information and limits for emissions.

Several concrete actions in the area of research (national research programmes),

communication and risk assessmevdre proposed to, and adapted by, the Federal
Council in April 2008
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Different Ministries and govemmental agenesagengesare involved in the preparation
of guidelinesand indications concerning nanoregulatibhe onesvhich are closest to
publication and/or implementation are

e the Precautionary Matri¥: a screening tool intended to support trade and
industry to identify possible sources of risk in the production, use and disposal
of synthetic nanomaterials, on the basi<urrently available knowledgé.ead
agencies are thieedera Office of Public Heah (FOPH) andthe Federal Office
for the Environmen(FOEN).

e Guidelines for safe and sastable disposal of nano wastes. Lead agency is
FOEN

e Guidelines for the provision of safety information along the value chain
particular to include information on nanomaterials in Safety Data Sheets
(MSDS). Leadagency is theSwiss State Secretariat for Economic Affairs
(SECO)

e Review of he hazardous incident ordinance (HHQgad ageng is the Federal
Office for theEnvironment (FOEN)

The SwissFederal Councivill make an assessment of the results of the Action Plan
and of the need for legisiaé action with respect tonanufactured namoaterials and
their application and it is expected to reporthe results of tls analysisto the
SwissSwiss Parliamenin 2012*. The review will also take into account regulatory
developments on nanotechnologies at European level.

3.3 USA

As stated in the December 2007 NNI Strategic Plan, one of the fous godhe

National Nanotechnology InitiativeNNI) istoi suppor t responsi bl e
nanotechnol ogy that considers the technol
broader societal dimensionsbo

Over the last five years the level of investnsenh this theme withm the NNI has
continuouslyincreagd, with most oftheresourcegoingto EHS issuggo support work
on standards developments and (to a lesser extenthAERS interesting and detailed
review of activities and progresses on responsible development Witins provided
in the recent PCAST rep6it

%8 http://www.bag.admin.ch/themen/chemikalien/00228/00510/056226/index.html?lang=en

%9 http://www.innovationsgesellschaft.ch/index.php?section=news&cmd=details&newsid=294
http://www.parlament.ch/D/Suche/Seiten/geschaefte.aspx?gesch_id=20094170

% PCAST reportReport to the Resideniand ongresn the third assessmenttbe National
Nanotechnologynitiative, March 12, 2010
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The Nanotechnology Environmental and Health Implications (NEHI) Working Group
(established in 2005) is in charge of coordinating the efforts related to understanding
potential risks of nanotechnology of thdfeient agencies involved in the National
Nanotechnology Initiativé® (currently tere are more than30 US agencieswith
activities related to EHS issyes

NEHI prepar ed -Stradtegy for emgnatachnologyNdated environmental,

health and safety e sear cho ( Febr uar ythe2cOntmBrent ari3 | , u
increasing activities of research in this field from the NNI. The strategy identified five
priority areas for EHS research, and the related coordination agencies:

e Instrumentation, metrology dnanalytical methods National Institute for
Standards and Technology (NIST)

¢ Nanomaterials and human hedltNational Institutes of Health (NIH)

¢ Nanomaterials and the environment, Environmental Protection Agency (EPA)

¢ Human and environmental exposuresessmenti National Institute for
Occupational Safety and Health (NIOSH)

¢ Risk management method$-ood and Drug Administration (FDA) and EPA

With reference to regulation, theDA, EPA, the Occupational Safety and Health
Administration (OSHA), the Consumer Product Safety Commission (CP&),
NIOSH are all actively exploring EHS implications, risks and possible needs for
regulations in their fields of operatiprand so would be ¢ected to regulate
nanomaterials, products and processes

The Federal Nanotechnology Policy Coordination Group (NPCG) addresses policy
issues on nanotechnology that affect multiple federal agencies, with the aim of
developing a coordinated approach taastachnology regulation at federal level.

There followsa brief overview of the main activities on nanotechnology regulation
from these Federal Agencies, but as a general remark it can be anticipated that some of
these agencies have reviewexisting enwronmental, health, and safety statutes for
nanotechnologyandhave concluded that present statutes provide adequate authority for
regulators on nanotechnology, or at least the existing scientific evidence is not sufficient
to justify the development of a specific regulatién

®1 http://www.nano.gov/html/society/NEHI.html

As reference, in the memorandum i ssued in Novembe
Nanotechnol ogy Environmental, Heal th, and Safety O
-iThe Feder al g 0 Vv e r n me isthét existingstatutayratithontiescire adedquatentad i n g
address oversight of nanotechnology and its applicationsiithsandeveloping area, as new

information becomes available the Federal governmentagaipt or develop additional oversight

approachesas necessary, to address the areaafotechnology.

[ €]

- Regulation should focus where need exists and where scientific information supports action (e.g.
targeted to specific groups asiredtsalllaGc s@pprodaamater i a
[ é]

- Decisions should be based on the best reasonably obtainable scientific, tedtooaimic, and other
information; o
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Nevertheless, as in Europe, it is getly recognised that regulatory agencies should
develop specific guidelines in order to facilitate the application of existing statutory
requirements to nanotechnology.

3.3.1 EPA

The EPA strategy on nanomaterials is described in the E&#otechnologywVhite

Paper [24] published in February 2007 and the Nanomaterial Research Strategy (NRS),
developed by The Office of Research and Development (ORD)sanddin its final
version in June 200025].

The four main researctthemes identified in the2009 document relevant to
nanomaterials aredentifying sources, fate, transport, and exposure; understanding
human health and ecological effects to inform risk assessments and test methods;
developing risk assessment approaches; preventing and mitigatksg ris

The am of NRS is to guidehe research on risk assessment and risk management of
nanomaterials in suppotb EPA regulatory provisions, through specific-House
research activities and coordination and collaboration with other relevant federal
agendes. Moreover, a key action underlined in the documeriésparticipation in the
OECD Testing Progranme, through co-sponsoring testing on a numbesf
nanomaterial§’.

The document, and a recently launched dedicated wéhdii@ve also the purpose of
keeping the publimformeda bout EPAGs acti vities and dec

According to these documents, the skaguconsidered most relevaot evaluate and
manageherisks associated with nanomaterials aadoproducts are:

e Toxic Substances Control Act (TSCA)Xhemicals,

e Federal Insecticide, Fungicide and rodenticide Act (FIFRRésticide

e Clean Air Act (CAA), Clean Water Act (CWA), Safe Drinking Water Act
(SDWA) 1 Environment

e Comprehensive Environmehtd&Response, Compensation, and Liability Act
(CERCLA)T Environment

e Toxics Release Inventory Prograr&nvironment

So far, most of the debate has centred on the regulation of nanotechnology related to the
EPA-TSCA statute, analogous REACH in Europe, and briefly described in the next
subsection.

%3 EPA is contributing to the OECD sponsorship program on fullerenes, simdjied carbon
nanotubes, mukwalled carbon nanotubesijver nanoparticles and cerium oxide. Considering
also the other federal agencies, US are testing also iron, carbon black, titanium dioxide,
aluminum dioxide, and dedrimers

% http://www.epa.gov/nanoscience/
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In 2007, EPA has also launched a Nanoscale Materials Stewardship Program (NMSP),
to gather information by manufacturers on nanoproducts they are making and about any
associated health or environmental riskg sisk management practicésee paragraph

4.3.

3.3.1.1 EPA-TSCA
TSCA cover regul atinecesof a s this BimMasdlahsymies t :

organc or i norganic substance of a particul
combination of such substances occurring in whole or in part as a result of a chemical
reaction or occurring in nature, and (ii)

The statte makes a clear distinctidmetweenexisting substanee having the same
Amol ecul ar identityo of substance I ncl uo
l nventoryo, and new substances (not incl uc

Nanomaterials classified as new substarare subjected, as any other new chemical, to

a premanufacture review process (pranufacturing notificatioi PMN), to identify

and assess risks of the substance considered. Even though the definition of substances is
considered by the agency broad enough to include nanomaterials, and thus to regulate
nanomaterials under TSCA, one observer argued that many nanaisateay be
classified as ARexisting substanceso, hav
material in a macréorm .

In the view of EPA, it still has the authority to review and regulatenomaterials
through a procedur e rcwlldsed( SINUR)NG ,f i & amdt inf
companies in case of any significant new use of existing chemicals. Under SNURs the

EPA can require premarket notification essentially identical to those required for new
chemicals.

Apart from the debate on the atyil of the statuteto distinguish nanomaterials from
conventionaisized materials, issues similar to other regulativewe been highlighted
regarding application of TSCA to nanomateriafs particulathe presence of threshold
levels based on mass/volumeetrics and lack of adequate risk assessment and risk
management methods for nanomaterials, that challenge the application of current statute
requirements [27, 28, 29].

A particular area is that of carbon nanotubes, for which EPA issued a specific Federal
Register notice (October 2008), clarifying tRaeCNTs ar e consi dered d
substances from graphite or other allotro
[26].

Since January 2005, EPA has received and reviewed morel@taohemical pre-
manufacturing notifications (PMNfpr nanoscale materials, some considered as new
chemicalsothes treated through the SNUR procedure.

% EPA recently announced that is taking intmsideration a review dhe procedure to decide whether
a nanoscale substance is a new or existing chemical for purposes of TSCA [45]
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The following general principlesave been adopted with respect to substasgbgect
to PMN®;

¢ limiting the uses of the nanoscale materials;

e requiring the use of personal protective equipment, such as impervious gloves
and NIOSH approved respirators;

¢ limiting environmental releases;

e requiring tessto generate health and environmental effects data.

A series of further actions are currently under evaluagbnEPA to ensure an
appropriate regulation of nanomaterials:

e Proposal of changes toSNUR related tospecific substances already listed in
TSCA Inventory requiring manufactures to submit a Significant New Use
Notice (SNUN) before manufacturing, importing or progegshis substance.
Information that will be required in the SNUN will include data on use,
characterization, production volumes, w# and exposure of thepecific
nanomateria considered by the SNUR.

e Proposal of an information gathering rule for nanomaterials, requiring
manufacturers the submission to EPA of information about manufacturing and
use of nanomaterials, under the smt® (a) of TSCA'.

e Proposal to develop a test rule(under section 4 of TSCA), requiring
manufactures to develop and submit data on the health and environmental
effects of specific nanomaterials.

Two SNURs regardin@ingle Wall Carbon NanotubeS\WCNT9 andMultiple Walls
Carbon Nanotubes MWCNTs) are currently under dscussion, introducing
requirements to perform specific toxicity test and to ensure the use of protective
equipment in compliance with NIOSH guidelines on these substé&nces

SNUR for ranomaterials will be issued by EPA on a case by case basis, gipeniic
indicatiors depending from the substance considerfied éxample,different SNURs
could be issued ador different types of the same nanomaterial)

Therecent (April 2010) debate of the U.S. senate on the Safe Chemical Act of 2010,
includes a proposal for a reform of the TSCA that would introduce relevant changes to
this statute and would also affect regulation of nanomaterials (even though
nanomaterialsvere not explicitly mentioned in the debate).

% http://www.epa.gov/oppt/nano/

“ATSCA Section 8(a) gives EPA t hemahufadumedss aut hor
(includes importers) and processors of chemical substances to maintain records and/or report
such data as EPA may reasonably -require to
http://www.epa.gov/opptintr/chemtest/pubs/sect8a.html

%8 http://edocket.ecess.gpo.gov/2009/EB6818.htm
% http://www.bdlaw.com/new$27.html#_ftn13
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One of the most important points regards the proposal to shift the burden af that
chemicalis safe from the regulatory authority (EPA) to indusifpiswould represent a
significant step towards the REACHmpach™.

3.3.2 FDA

The FDA has broad regulatory authority over a range of products, such as drugs and
devices for humans and animals, and biological products for humans.

The FDA established in 2006 annt er n a l AFDA Nanotthataime ol ogy
to determinewith the amof ir egul at ory approaches that
development of innovative, safe, and effective H#&plated products that use
nanot echnol &.Jlye stmetureeof the & dsls Force includes linkdifterent
internalcompetence centres relevant for nanotechnologies, such as the FD& @amtr

Food Safetyand Applied Nutrition, Drug evaluatioandresearch Veterinary Medicine

and Devices and Radmgjical Health, Dxicology,etc.

The Task Forceeleased a report iruly 2007 [30] reviewing activities and authority of
the agency with respecb tnanerelated productsand is currently cehairing with
NIOSH the NEHI working group omew test methods/protocols to define safety of
these products.

The FDA regulates prodte on a "produeby-product” basis, the main statutes being
the Federal Food, Drug and Cosmetic Act (FFDCA) and the Public Health Service Act
(PHA). The ability of FDA provisions to regulate nanomaterials varies depending of the
different approval procedes foreseen for different type of products. Three categories
are considered:

e Products subjected to pnearket approva(pharmaceuticals, highsk medical
devices, food additives, colours, and biological products)

e Products subjected tBost Market Survegince(as foods, cosmetics, radiation
emitting electronic products, and materials such as food additives and food
packaging).

¢ A third mixed category gbroducts subjecttpr e mar ket .Afacceptanc

The 2007 Task force report alegumtefoupdodudts t h a't
subjectto premarket approvalwhile manufacturersare not required to submit data

prior to marketing, the ability of FDA provision may el e s s ¢ o mithisesh en s i v
the case for productiske cosmetics, food additives and dietary supplements, where
nanotechnology is increasingly applied).

"http://www.innovationsgesellschaft.ch/index.php?section=news&cmd=details&newsid=326&teaserld
=11

http:/imww.fda.gov/SenceResearch/Special Topics/Nanotechnology/Nanotechnology TaskForce/defa
ult.htm
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In particular, the fact that nanomaterials properties change depending on their
dimensions has been underlined as one of the nchmlenges in regulating
nanotechnology, compared to other emerging technologies. This is due to the fact that
while size may affect the efficacy of namelated products, most of thexisting
reporting and notification mechanisms within the FDA provisionay not require
specific information on particle size.

As is the case for European legislation, thassification of medical devices having
multiple andfunctions (e.g. theranostic devices) is a critical issue.

Analogous to other regulatory frameworksjssues related toexposure using
mass/volume metricappropriatenesef toxicological data and testing protocols have
alsobeen underlineds critical factors in regulating nanomaterials

The agency has initiated several collaborations with public axdte organisations to
develop methods and data with respect to the environmental, health and safety issues of
nanomaterials in response to the gaps outlined above. In particular the FDA is working
with the National Institutes of Health, NIST and is aefyvinvolved in the OECD
nanomaterial testing programme.

The general approach to nanoregulatadnFDA, that existing regulation adequately
covers nano forms of substances, has been recently confirmed kBgéheyon
different occasiondt seems also that, considering the curgate of knowledgethe
agencieswill not adopt a definition of nanomaterials, considering it would be too
restrictive to adequately regulate nanomateffals

3.4 Australia

The Australian Governmenitroducedat the end of 200& comprehensive national
framework to guide the safe and responsd#eelopment of new technologies, called
the National Enabling Technologies Strategy, including activities previously related to
the Australian National Nanotechnologyr&egy

Some of the goals outlined by the strategy are particularly important wjgkctet
nanoregulatio:

¢ A National approachcoordinating activities at government level and supporting
collaborative dbrts among stakeholders on the development of
nanotechnologies (including issues related to nanoregulation, EH3,)ELS

e Balancing risk and rewardincluding support toregulatory agencies to
continually reviewfithe regulatory frameworks, processes and capabilities to
provide efficient, robust and aptable regulation of nanotechnologe&s

"http://tacd.org/index.php?option=com_content&task=view&id=146&Itemidrd
http://ihcp.jrcec.europa.eu/docs/workshop_outcome_july 09.pdf
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e Developing measurement capabiliteesd standards in the field of
nanotechnologyandother enabling technologies).

Within the National Enabling Technologies Strateghe Health, Safety and
Environment (HSE Working Group has been set up #malyse the impact of
nanotechnologyand other enabling technologies) national regulatory frameworks,
coordinate all relevant regulatory agencies efforts (including standards Australia)
mantain communication witlstakeholdersand supportinternationalengagementn
nanotechnology regulationSpecific funds to relevant government agencies have been
allocated to undertake activities on these topfarong theseagenciesare National
Industrial Chemical Notificationand Assessment Scheme (NICNAS3afework
Australia, Food Standards Australian New Zeala(flSANZ), Therapeutic Goods
Administration (TGA), Depattment of Environment, Water, Heritage and the Arts
Departmentof Innovation, Industry, Science and Resegacti Depattmentof Defense.

Three reference documenovide relevant background to the strateg
regardsvith regardto nanoregulatio:

e A Review of Possible Impacts of Nanotechnology on AustraRe&gulatory
Frameworkgthe Monash Reportjuly 200g33]

e The Australian Government Approach to the Responsible Management of
Nanotechnology, July 20(84]

e The National Nanotechnology Strategy (NNS) Annual Report 2087
Australian Office of Nanotechnology, Jan 2(39]

The general conclusion of thesecdmentdhas beenhat there is no immediate need for
major changes to existing regulatory frameworks, even though there are potential gaps
in different regulatory areasHowever, these gapshould be considered in detail by
regulatory agencies in orderdefine possible amendments.

These gaparesynthesisd asynthesisd in six points[33, 35 42:

1) Distinction betweemew' or existing' substances groducts,

2) Regulatory triggers based on weight or volume,

3) Knowledge of presence or implications of presence of nanomaterials,

4) Adequacy of risk assessment protocols and conventional techniques,

5) Research andevelopment exemptions,

6) Risk assessment processes and protocolsmietia international documents
(wherespecifically applicable to Australian risk assessment procgsses

A relevant activity on nanotechnology is-going within different national regulatory
agencies aiming teespond tdhese gapand assure an adequate regulatory framework
for nanotechnolgies.

NICNAS (National Industrial Chemical Notification and Assessment Schéhee,
regulatory authority responsible for industrial chemicals) has establishétd GNAS
Nanotechnology Advisory Group (NAG) to define strategic approaches to address
regulatey and safety impacts of industrial nanomaterials

"3 http://lwww.nicnas.gov.au/Current_Issues/Nanotechnology/What_Is_NICNAS_Doing.asp
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As in otherprovisions,regulatory requirementsnder NICNASdepend on whether a
chemical is considered a fAnewanclwédmthe c al
Australian Inventory of Chemical Substances). Depending on a set of exemptions,
permits and certificatedor new chemicals are generally subject to -prarket
assessment , while fAexisting chemical so
chemicals) candintroduced in the market withorgview ornotification.

NICNAS starteda consultation among stakehold@rs2009 to introduce a regulatory
reform of industal nanomaterials. The reforrfdetailed inthe reporti Pr op o s a l

Regulatory Reform of Industi a | Nanomaterials Public Di

2009 proposs a series of short to long term actions tackling most of the gaps
underlined above:

e Regulation of nandorms of new chemicalexclusion of any exemptions for
nanomaterials, assurimpe-market assessment of all nanomaterials classified as
new chemicals

e Regulation of nandorms of existing chemicalsdeveloping a reporting

programme for nanomaterialsi c o mmenci ng on a vol unt

progressing to mandatory onodf use specific e por;t i ng o

e Developing, in the long term, an integrated approach for industrial
nanomaterials within the NICNAS framework.

The proposal specifies that a mandatory reporting scheme would require relevant
legislative changes and thus could only be comsiias possible medium to long term
options™.

f

(

While the first consultation phase is now

the options proposed and a further consultation steps will be undertaken before
implementing the refornfa decision is gectedduring2010)

With regard to the reporting of nanomaterials, NICNABas in the past few years
issued two voluntary callto Australian industry to collect informatiaboutuses and
guantities of nanomaterials imported or manufactured for research or industrial
purposes. The results of the last Call (2008) should be made public shortly.

Safe Work Australia has developeda Nanotechnology OHS Prograito ensure
appopriatecontrol and regulation of nanomaterials in occupational gattin

“The document fAProposal for Regulatory Reform of

Paper o, November 2009, includes a model for
progr amo

"http:/lwww.safeworkaustralia.gov.au/swa/HealthSafety/EmerginglssarstBchnology/Nanotechno
logyOHSProgram.htm
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Specific actions are foreseen for tidentification of hazards related to nanomaterials,
development of exposure measurement capability, evaluation of the effectiveness of
workplacecontrols for preventing exposure to engineered nanoparticles

The Agencyhasrecentlypublished a literature review GhEngi neer ed -Nanoma
Evidence on the Effectiveness of43ahNdis kpl ac
currently working oraiCode of Practice for Safety Data She@BSp, including nor

mandatory parameters specific for nanomaterials.

The Australian Pesticide and Veterinary Medicines Agency (APVMA) published in
December 2008 sastrategy for nanotechnology, with a commitment to develop
appropriate administrative processo deal with nanotechnolod¥

I n 2008 the AgencCal fa linfoonatidnd WNanorhagedals an @ i
Agricultural or Veterinary Chemicals, or Agriculturaor Veterinary Chemical

Product® , maki ng an assessment of current
nanotechnology. Theonclusionwas that there were no products in 2008 registered

using nanomaterial§.he Agency is supporting further initiatives to monitoe wuse of
nanomaterials.

3.5 Canada

The Canadian government has supported several initiatives at the research and policy
level towards a safe and responsible development of nanotechnology, recognising that

Afa bal anced, st ewar ds hi the respopsible emtcoductionsof ne e d
nanotechnol ogy t'o Canadian societybo

Canada is currently applyinthe existing regulatory regim® nanotechnology, but

several actions have been put in place, in particular regarding chemicalsheand
government hasat excludedthafinew approaches may be nece
keep pace with thé& advances in this area.

A precautionary approach is generally envisaged, as is also clearly underlined in the
2007 report commissioned by the Government to the Coah€hlnadian Academies,
to assess the state of health and safety in nanotechnology [31].

Following consultation in a dedicated mwdtakeholder workshop, the Federal
departments of Health Canada (HC) and Environment Canada (EC) published a
proposal in Segember 2007 for a regulatory framework for nanomaterials under the
Canadian Environmental Protection At§99™ .

"8 http://www.apvma.gov.au/nanotech/nanotech.shtml
" http:/lwww.hesc.gc.ca/dhymps/brgtherap/activit/ti/nt_factsheet_fichedocumentaiemg.php
"8 http://www.hesc.ge.ca/dhymps/brgtherap/activit/fi/nt_factshet_fichedocumentaireng.php

In the motivation of the proposal isstaftdMa n o mat eri als present challeng
regulatory framework under CEPA 1999 because their novel properties may give rise to new
effects andehaviours which may lead toacts on human health and the environment. The
current data requirements for "traditional" chemicals and polymers may not be appropriate to
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This document provigsthe basis for regulatory actions on nanotechnology in Canada,
in particular [12]:

e Canada is actively participatingn the OECD and ISO initiatives on
nanotechnology, andt is chair of the ISO TC 229Norking Group on
Terminology and Nomenclature (WG1)The resolution of standard
nomenclature and terminology onsideed a priority action, as a bas to
support theegulatoryframework for nanomaterials

e Several communication and information activities toward industry and the
public, with respect to regulatory responsibilities under the current legislative
regime have been conducted in the last years [12, 31].

e Regardhg regulation of chemicals and polymers, EC issuadl@ly 2007) an
advisory note informing manufacturers and importers of nanomaterials of their
regulatory responsibilities for nanomaterials under thew Substances
Notifications Regulations (Chemicaland Polymers),within the Canadian
Environmental Protection Act, 1999 (CEPA 1999). The note provides
indications on which nanomaterials are subject to the current regulations,
explicitly mentioning examples such as fullerene and titanium didXide.

e EC and HE are expected to launch a mandatory survey on nanomaterials, under
the Canadian Environmental Protection Act, 199@tute The objective of the
scheme will be to collect information from industry abonainomaterials
imported or manufactured ab®\a threshold of 1kg, including R&D material
information on use, volume of production, type, chimastics and toxicological
profiles, available best practicets].

Regarding occupational safetgmerelevant actions have been undertaken:

e The reportiBest Practices Guide to Synthetic Nanoparticle Risk Management
published by the Institude Recherche Robe®auvé en Santé et eég@irité d
Travail (IRSST) #4]

¢ In relation to the legislation on hazardous products (HR&zardous Products
Act, administered by HA), a working group devoted to nanotechnology has been
established within the Workplace Hazardous Materials Information System
(WHMIS). The WG activity aims to develop hazard criteria, guidelines and best
practices and investigate needsifaplementing nanomaterials information into
Material Safety Data Sheets (MSDS).

permit adequate risk assessments of nanomaterials. Therefore, Environment Canada and Health
Canada are proposing aapproach for the development of a regulatory framework for
nanomaterials under CEPA 1999 http://www.ec.gc.ca/subsnouveHles
newsubs/default.asp?lang=En&n=FD117B&0

8 http://www.hesc.ge.ca/dhymps/brgtherap/activit/fi/nt_factsheet_fichedocumentaiemg.php

81 as in other statutes, regulatory requirements depends from the inclusion into positive/negative list of
substances. The problem regarding nanomaterials is whether they are considered similar to their
macroform (thus as sabgeatiospedfinrgview)ortas hew substancés n o t
(subject to specific risk review).

The advisory note can be foundhttp://www.ec.gc.ca/subsnouvelles
newsubs/default.asp?lang=En&n=D179F162
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e CSA Standards established in May 2009 a Technical Committee on
Nanotechnologies Occupational Health and Safety to follow work of ISO TC
229 and to produce a national stamdan OHS of nhanomaterials.

Several other activities with respect to research to understand EHS amdl ELS
implications of nanotechnology are underway in Canada, as outlined in the
documentatiorirom the Council of Canadian Academies and OECD [31, 12].

Very recently March 2010) the Canadiaklouse of Commonsliscussed a possible
amendmentto the Canadian Environmental Protection Act, that would introduce
measures such aspre-market review of all nanomaterials and nanoproducts and a
public inventory oftheir use, and thus, in the view of the proponents, would provide a
more precautionary approach to the regulation of nanomat&rials.

3.6 China

China has historically used legislation developed in other countries (notably US and
EU) as benchmarks for the despinent of its own. In 2000, China established a
National Steering Committee for Nanoscience and Nanotechnology (NSCNN) to
coordinate national N&N research, however this excludes the regulatory agencies listed
below.

Several Chinese agencies have a rolegulating nanotechnology, the most prominent
of which are: Ministry of Environmental Protection (MEP), State Administration of
Work Safety (SAWS), State Food and Drug Administration (SFDA), and
Standardization Administration of China (SAC). All chemicalast be listed on the

0l nventory of Existing Chemical Substanc
(Il ECSC) 6. Manufacturers or i mporters o f
requirements set out I n 2003 regul ati ol
Administrat on o f New Chemical Substanceso. Fin

importing are applied to those organisations which fail to comply with the regulations.

In early 2010, the legislation was further adapted to bring it in line with REACH,
requiring information on risk assessment and management (for human health and the
environmentf> | n t he new | egislation O6OMeasures o
New Chemical Substancesd (or "dctdberr201@,) , du
chemicals will be classd#d into three categories: general new chemical substances,
hazardous new chemical substances, and key hazardous new chemical substances.
However, there is concern amongst observers that potential regulatory gaps will be
difficult to manage, as enforcemeantthe remit of local and regional government, and

not one single national agency.

8 http://lwww.canadaviews.ca/2010/03/10/ndemocrattablesnanotechnologspill -for-the-21st
century/

8 China updates chemical legislati@®hemistry World, 01.04.10)
http://www.rsc.org/chemistryworld/News/2010/April/01041001.asp
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SFDA revised its medical devices regulations in 2006 to take account of those which
include nanoscale biomaterials or silver, requiring manufacturers or importers to
provide more detailed premarket approval information.

China is an active participant in international standardisation, chairing working group 4
Omaterials specificationsé of | SO TC 229.
pioneers of standards in r@achnology, publishing 22 national standards since 2004

from four different agencies: SAC, AQSIQ (General Administration of Quality
Supervision and Quarantine), NDRC (National Development and Reform Commission),

and CATI (China Association of Textile Infut r y ) . Of these 17 are
nanotechnology standardization activities are overseen by the SAC National Technical
Committee 279.

3.7 India

I ndi ads Department of )Spari ¢ the MinistyrotdSci@heec h n o |
and Technology, launched a national Nano Science and Technology Initiative (NSTI) in
2001, which evolved into the &édNano Missi ol
to nanotechnology, and while it is likely that DSwill play a role in future
developments, its role is not that of a regulatory agency. The other key regulatory
players include: the Ministry of Environment and Forests (MoEF); the Ministry of

Health and Family Welfare (MoHFW); the Ministry of Chemicafgl &-ertilisers; the

Ministry of Consumer Affairs, Food and Public Distribution; the Ministry of Commerce

and Industry (MoCl); and the Ministry of Employment and Labour (MoLE).

NIPER (the National Institute of Pharmaceutical Education and Research) has
programmes developing regulatory guidelines for the approval of nanotechnology
enabled pharmaceuticals. The Bureau of Indian Standards (BIS) is also planning to fund
toxicology studies on various nanomaterials including titanium dioxide, zinc oxide,
silver aad carbon nanotubes. Other Indian institutes involved in standards and
regulatory policy, that may influence the development of new regulations relating to
nanotechnology include: the Central Food Technology Research Institute (CFTRI), the
Central Drug Stadard Control Organisation (CDSCO), the Food Safety and Standard
Authority of India (FSSAI), the National Environmental Engineering Research Institute
(NEERI), the National Chemical Laboratory (NCL), the National Physical laboratory
(NPL), the Indian Counkt of Agricultural Research (ICAR), the National
Environmental Protection Authority (NEPA). The issue is further complicated by the
fact that some regulatory activities are the responsibility of individual states (e.g.
health), while others are enforcedaatational level (e.g. environment).

BIS is the Indian member to ISO TC 229, and has established a mirror group (MTD 33)
to support international standardisation in nanotechnologies. However, it does not take
an active role in either of the OECD workiggpups.

Civil society in India is beginning to take an interest in the responsible development of

nanotechnologies. The Energy and Resource Institute (TERI) is one stfoln-adfit
organization actively engaged in the public debate. It has callednfendments to
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existing legislation and the formation of an expert committee to oversee the evolving
regulatory process.

3.8 Japan

At the institutional levelthe Ministry of Economy, Trade and Industry (METI) is
conducting a 5 year project on toxictgst protocols and risk assessment methodologies
for manufactured nanomatesalcoordinated by théNational Institute ofAdvanced
Industrial Science and Technolog&l$T), and the National Institute of Occupational
Safety and Health Japan (JNIOSHas steed a three/ear project on exposure to
manufactured nanomaterials at the workpld@. [

Within the activities of the former project, AIST published in December 2009 the
following documents (the English version is availablgr@AIST websité?) :

e Interim reports on the risk assessment of three nanomaterials, "Titanium Dioxide
(TiOL)", "Fullerene (Gg)" and "Carbon Nanotubes (CNTs)",

e An accompayningAccompgying brochure "The Principles and Basic Approach
to Risk Assessment of Manufactured Nanomaterials (interim version)"

The reports focus on risk management measures to controledodeexposureto
nanomaterials

As in most of the other countriesnanomaterials are regulated under the existing
regulatory frameworks for conventional substances and products, andesk&pan
authorities do not seem to be oriented to introduce any regulatory changes for
nanotechnologies, at least in the near future

However, in the current regulatory system, the Chemical Substance Control Law
obliges manufacturers to notify the government about nanomaterials if they are new
chemicals subject to the law, and some notifications concerning fullerene derivatives
have been dumitted under the small quantities exemption bé thew chemical
notification. [13

The Ministry of Economy, Trade, and Industry (METI) and tMéistry of the
Environment (MOE) have both established specific working groups dedicated to
nanomaterialsafety.

METI organised at the end of 2008 a preliminary survethersafety of nanomaterials

in occupational settings and made an assessment of existing good practices for the
handling of nanomaterials. Results of these activities have been condemsezport
(published in March 2009)ointing out potential risks in nanomaterial manufacturing
andprovidingvoluntaryguidelinesfor the handling of nanomateridfs

8 http://www.aistriss.jp/main/modules/product/assessment.html

8 Report on Current Developments/ Activities in Manufactured Nanomateériasr de Table,
OECD WPMNIJ[45], http://ihcp.jrc.ec.europa.eu/docs/workshop_outcome_july 09.pdf

% http://lwww.safenanomg/SingleNews.aspx?NewsID=641
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The Ministry of Health, Labar, and Welfare(MHLW) published nanotechnology
guidelines related taorkersandwill soonissuea further set on medical practices and
pharmaceuticalpl5].

Japan participates in the work of OECD WPMN and ISO TC 229 (in partitusathe
converer of the Working Group on Measurememtd CharacterizatiotWG2)

3.9 Taiwan

The Taiwanese government launched a dedicated National Nanotechnology Programme
(NNP) in 2002, with a focus on industrial technologies and commercialisation.
However, Taiwan also recognises the need to develaptechnologies in a responsible
manner, as underl ined i n Phase (. of t h
Protection Administration (TEPA) recognises the need for EHS research and in
Tai wand6s Science and TechR0olR)owpere rd@aecti el o p m
ethics for new technologies (such as nanotechnology) are explicitly menti&hed.

All chemicals are regulated by the Council of Labour Affairs (CLA), however in 2008
updates to the existing regulations were proposed to ensure that greater infoonatio
chemical risks were required to be disclosed by manufacturers and importers. The
Safety and Health Technology Centre (SAHTECH) has been tasked with drafting
notification guidelines for the CLA, and
TEPA also phys a role in regulating chemicals through the Toxic Chemical Substances
Control Act.

Taiwan launched the first certification scheme for nanotechnology products in 2004.
The Nanomark Certification System is admiragtd by the Industrial Technology
Research Institute (ITRI) and is a voluntary scheme that aims to increase public
confidence in nanotechnology products, by ensuring quality and safety. By the end of
2009 some 467 products from 24 companies were registered under the Nanomark. The
scheme doesot cover cosmetics or pharmaceutiéals.

The Taiwan Nanotechnology Industry Development Association (TANIDA), which was
formed in 2004 and has 57 industrial members, contributes to the development of
regulations and helped to establish the Taiwan Nahotdéegy Standards Council
(TNSC) in conjunction with the Bureau of Standards, Measurement and Inspection
(BSMI) and ITRI. TNCS contributes to international standards, as a member of ISO TC
229.

8 Taiwan's Strategic Plan for Responsible Nanotechnology ¢2008)
http://www.epa.gov.tw/FileLink/FileHandler.ashx?file=13491

8 http://web1.nsc.gov.tw/public/Attachment/91214167571.PDF
8 http://www.nanomark.com/http:/proj3.moeaidb.gotw/nanomark/Eng/
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4 SELF REGULATION

Selfregulation initiatives have an imgant role in the short/medium term to deal with
the current uncertainties and ambiguity about the regulatory situation for
nanotechnologies. They can support disclosure and sharing of information, definition
and dissemination of guidelines and best pcasti provide common principles and
values and facilitate trusetweendifferent current and potential stakeholders.

As clearly stated in the general objectives of most of these initiatives, their aim is not to
replace regulation or any other legislatieguirement but instead to help complement
them.

Policy makers, and also other stakeholders, have developed varioa®kiraluntary
measures [24s indicated below

Reporting schemes:

These instruments are used by regulatory authorities to collect information from
industry regarding the manufacturing, production and use of nanomaterials, requiring
information such as material specifications, production volumes, risk assessment and
risk management data and methods, etc.

They can aid the gathering of information and increase the knowledge base on
nanomaterials and enable the development of a firmer evidence base for
regulatory/policy decisions. These are generally related to specifigsipmy (e.g.
chemicals) and they can be voluntary or enforced by legislation.

Codes of conduct

Regulatory authorities and other stakeholders have proposed or implemented voluntary
codes of conduct, defining values, principles and preegi for a safe ahresponsible
development of nanotechnologiedlthough they generally have a nrbimding
character, there could be a degree of liability related to the subscriptisnch
documents. The main purpose, however, is to provide a common refererineraade

the level of trust and confidence amongst stakeholders.

Management frameworks and accreditations

These instruments are generally adopted at the industrial level, to increase the level of
safety in relatiorto the manufacturing, production and usenanotechnologies.

They provide guidelines and best prees in risk management and in EHS issues. They

do not have a regulatory role, and, as in the case of accreditation, can work similarly to
product quality certification systems.

Some of the mosmmportant examples of these four measures are describely fmief
brief belowparagraphs

% with regardto reporting schemes and more in general the issue of understanding the ability of
existing legislation to identify the use of nanomaterials, an in depth reviaboot 24 different

legislationss provided intherecentiyu bl i shed OECD reports: AAnal ysi
Gat her i nga h diabfeiofdCompariescibnf or mati on Gat hering Sche
paragraph4.4).
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4.1 EC Code of Conduct

The EC hadbeenvery activefor sometimein promoting nanotechnolags and has paid
particular attention teersure that the development of narchnologes takes place
within a culture ofresponsibility protecting the safety of European citizens and
safeguarding the environment (4). In 2008 (" of February), the EC recommended
the adoption of a Code of Condu¢CoC) for responsible nanoscience and
nanotechnologiesesearch [1].

The Code is based on a set of princiglescomprising amongst otheprecaution,
inclusiveness and sustaibility and provides a series of guidelines on actions to be
taken, priorities, prohibition, restrictions or limitations, to assbessafe development

of nanotechnology.

The CoC covers all N&N research activities, at the European level, and is dargete
fiMember States, employers, research funders, researchers and more broadly all
individuals and civil society organisations engaged, involved or interested in
nanosciences and nanotechnol ogies (N&N) r e

The Code is a political sign# all Member States which have beeriormally asked to
adopt it, and a recommendation to all other stakeholders.

Stakeholders can implement, or support the implementation, of the CoC according to
their activities, role and level of responsibility. Therefore theteat and degree of
implementation will strongly depend on the way the general principles of theafeoC
translated into concrete measutes

However, he reaction so far has been tepid and initiativegpknenedto promote the
implementation of the Ced

In particular, the EC launched in January 2010 the two year FP7 piodet n o Code: a
multistakeholder dialogue providing inputs to implement the European Code of

Conducts for Nanosciences® & Nanotechnol ogi

The djective of ths project isto improve and strengthen awareness of the CoC,
promoe trust building among stakeholders and, as an ultimate goal, develop a
framework to support the further articulation and wider applicabbnthe CoC.
Nanocode involves partners from eighiropean Countries (Germany, UK, France, The
Netherlands, Italy, Spain, Switzerland, the Czech Republic) and two Associated
Countries (South Africa, Argentina)

The EC opened a public consultation on the CoC, between October 2009 and January
2010, in ordeto receive input from all people and organisations involved or interested

. The seven CoC principles araeaning, sustainability, precaution, inclusiveness, excellence,
innovation, accountability

92 EpP7 workprogramme 2009Capacities Science in Society
ftp://ftp.cordis.europa.eu/pub/fp7/docs/wp/capacities/capacities_intro_wp_200901_en.pdf

% http://www.nanocode.eu/
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in N&N research in Europe (research, policy makers, industry, media and civil society
organisations).

Following this consultation a revision of the CoC is plannedridr2010.

4.2 DEFRA VRS (UK)

The UKO6s Voluntary Reporting Scheme (VRS)
launched in September 2006 and concluded in September 2008 [6,7,8]. The VRS was
targeted at any company or organisation involved in the manufacturing, usage,
importing or management of wastes consisting of engineered nanoscale mdterials

Information requested included any data on: uses, benefits and exposure pathways,
physicachemical properties, toxicology, ecotoxicology and risk management practices.
A data eporting form was provided, however only 13 submissions were received at the
end of the programe, most of them from industry.

The large amount of information requested, confidentiality issues and also the resources
needed to participate (in particulaithv respect to SMES) are amongst the reasons
identified by DEFRA for low participatiom the VRS®.

The final VRS evaluation has not yet been made public, however the UK government
has already expressed its commitment to continue and improugefta is also
currently reconsidering whether the VRS should include products containing
nanomaterials (in addition to free nanomateriadytions for mandatory initiatives are
alsounder evaluation [17].

Inputs from the work of WPMN Steering Group Sef#®rting Schemes and Regulatory
Programmes) will also be used to this end (paragsaf)h

The Government believes that a revised version of thereaeporting scheme will
address the O0simple checklist6é approach s
greater partnership to develop our understanding of the science. Thisimdulie

details of manufacturers and importers, information omtjiess produced antiow

they are used in wider industry.

In doing this, it will also be important to keep in view the requirements of RE/AGH

ideally assist the nanomaterials indystrn o0 b @i Ibdiidgged to a fut
nanomaterials regim@vhich may well include a reportingequirement), rather than

creating additional burdens

The Government has not yet reached17a ynal

“AFor the purposes of the Voluntary Reporting Sch
that are free at acnyyclset.aogel 60]f a productds I|ife

% http://www.defra.gov.uk/environment/nanotech/pdf/rrageting16081006.pdf
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Worki s currently ongoing to deyne in more
introduced.However, if a revised voluntary scheme is initiatliferred and industry

does not respondhe Governmentill re-assess its consideration of a mandatory
schemeThe Government will also review its existing structures and mechanisms for
sharing[18]i nf or mati on and for stakehol der enga
t o u c h 6of encawraging researchers and companies to provide early evidence of
developmentsvithout compromising their commercial advantage.

4.3 EPA-NMSP (USA)

The US Environmental Protection Agency (EPA) launched on January 2008 the
Nanoscale Materials Stewardship Program (NMSP) [3, 4], under the Toxic Substances
Control Act (TSCA) statute devotéd chemical substances (paragr&gb1.).

The results of the first evaluation period have been condensed in a report published in
January 2009he programmeencedin January 2010

The main objectives of NBP were togather data and information from manufactsye
importers, processors and users of nanoscale materials (but also researchers are invited
to participate), to promote testing of mamaterials, to identify and encourage
development and use of risk management practices in developing and commercializing
nanoscale materials.

The data collected will help to improve the knowledge base for future work and
regulatory developments

The \SMP isbased on the ATSCA I nventory Statu
supporting document giving indication of substances included in the progrgih®.

There are two levels of participation, basic andlepth. In the former, the agency
requires onlysubmission of information on nanomaterials, whilst in the latter active
engagement (Asponsorshipo) with the agen
materials is foreseen.

Under the basic programme information to be submitted includes physical and
chamical properties, hazard, exposure, use and risk management practices or plans
regarding the nanoscale materials considered.

As of December 2008, EPA received submissions under the basic pnogfeom 29
organisations, covering more than 123 nanoscaléemals, and has involved 4
companies in the idepth programme[3].

Even though patrticipatiom the prograrme has been far below initial expectations, the
EPA considers the amount of information collected a valuable contribution to the
assessment of esting regulatory procedures for nanomaterials.

®fANanoscal ¢atara ditler nevadr existing chemical substances (as determined by the
status of the substance on the TSCA Chemical Substances Inventory) can be included in the
program. See TSCA Inventory Status of Nanoscale Substar@esn er al Approach (20

http://www.epa.gov/oppt/nano/nmspventorypaper2008.pdf
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Increasing both participation and the amount of information provided by participants (in
particular with respect to hazard and exposure data) are among the future needs
underlined in NMBP interim report.
Somerelevant issues are reportéd,the form of open questions the conclusions of
the document [3]:
e What are the characteristics of nanoscale substances that should be
considered in risk assessment and risk management;
e Which, if any, regulatory changesagnbe needed to address nanoscale
materials; and
e What further risk management practices are appropriate for nanoscale
substances?

4.4 Other initiatives

4.4.1 BASF

The patrticipation of companies in developing scientifically ¥@linded databases for

the evaluationof potential risks and the advancement of product related testing and
assessment methods is regarded as being important for the promotion of
nanotechnologyelated productsAs a resultseveral manufacturers of nanomaterials
have elaborated their own cexlof conduct.

A relevant example is the Code of Conduct put in place by BASF [12wb&ih isa
voluntary commit ment to guide I n a resp-¢
employees. The Code is based on 4 principles: protection of employees, casiather

business partners; protection of the environment; participation in safety research; open
communication and dialogue.

Among the commitments included in the CoC:

e identification of sources of risks related to the use of nanomaterials and
definition ofappropriate measures to eliminate them;

e Careful risk management of nanotechnology processes and products;

e Development oBlnEHS database and continuous improvement of preloased
testing and assessment methods;

e Openness to collaboration for the estdishent of riskappropriate, solid
standards and to relevant legislation;

e Marketing of products only if safetg guaranteed on the basis of all available
scientific information and technology;

e transparency and engagement in dialogue initiatives, committoedisclose
new findings to authorities and the public.

BASF keeps an upp-date website dedicated to nanotechnology and safety aspects of
nanotechnology.

7 http://www.basf.com/group/corporate/en/content/sustainability/dialogdéinguewith-
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4.4.2 CENARIOS

CENARIOS® [9] is the first certifiable risk management and monitoring system
specificaly adapted to nanotechnologies. The system has been developed by TUV SUD
(Munich, Germany) and the Innovation Society (St Gallen, Switzerland) and is already
being used in practice.

The system uses four I ndi vi dual | yRisk ombi n

Assessment o, ARi sk Monitoringo, Al ssues
the latest findings from science and technology as well as societal, legal and market
related factors into risk management.

The system is therefore especially sugaio take control of complex technology risks
under conditions of high uncertainty and highly dynamic markets.

An annual certification is foreseen to guarantee the adaptation of the latest findings in
science and technoloy

4.4.3 Du Pont Nano Risk Framework

The NANO Risk Framework [10] is a practical risk assessment guide developed by

DuPont and Environmental Defense, providing a procedure to enable the development
of data profiles of nanomaterials properties, inherent hazards, and exposure potential.
The NANO Risk Framework puts a strong focus on toxicity and also requires the user to

perform such test$l is therefore suitable for large companies.

Sharing of information, transparency and accountability of risk management procedures
are considered as keglements to build confidence among stakeholders on
nanotechnology.

The procedure is based on six stefescribe material and expected application; profile
lifecycle(s); evaluate lifecycle risks; assess risk management; decide, document, and
act; review ad adapt.

An updated website with all information regarding the framework and its application,
including case histags of specific nanomaterials, is available for referéhce

4.4.4 German Chemical Industry Association (VCI)

In 2006 the VC] representing over 90% of the entire German chemical industry, with
the GermarFederal Institute for Occupational Safety and He@huA) conducted a
survey on occupational health and safety in the handling and use of nanomaterials

politics/nanotechnology/index
% http://www.innovationsgesellschaft.ch/index.php?page=88
% http://www.nanoriskframework.com
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among its members. Rdts of the surveywere condensed in a brief public report
published in 2008 [20].

The survey focused on occupational safety, aiming to collect information on the number

of companies producing, using and processing hanomaterials, the type of nanomaterials

the volumes of production, the number of workers involved, hazards and exposure data
andprotection measures.

Approximately 50 companies responded, but, in the view of VCI, the number of
respondents was limited by the restriction criteria adopted iqubstionnairé®.

The questionnaire has been considered an important step to have a first overview of the

use and production of hanomaterials in Germany, even though more information has to

be collected in order to makéa gener al a s s e s sxposunet witho f amia
activities involving nanomaterial so.

Based on the results of the survey VCI published in 2007Ghiédance for Handling

and Use of Nanomaterials at the Workplag8] and in March 2008 the more general
reporti Responsi bl e RBr @dudNtainobld red i &d s 0

These documents provide detailed guidance on the handling and production of
nanomaterials, including indications with respect to regulatory compliance with
REACH and examples of safety data sheets for nanomatétials

The GermanFederal Institute for Occupational Safety and Health (Bauéjnsently
planning to updatthis data with a newurveydevoted taccupational safetgelated to
nanomaterial§45].

4.45 1G DHS

The first example of code of conduct related to nanotechnology usage in consumer
productswas published in April 2008 by Switzerland's food and packaging retailers
association, |G DHS [14].

The Code contains obligations for IG DHS members, regarding personal responsibility,
procurement of information and information for consumers.

Organisations signing the Code have to consider product safety as a first priority,
placing on the market only productsat aresafe according to the best available
knowledge. They are also respdnsifor providing open information to consumer

about naneelated products, in particular ensuring thiatpr oduct s descri
employing nanotechnologies actually contain components and/or modes of action
corresponding to these technol ogi eso.

19 The questionnaire asked for informationrelatei®y nt het i ¢ nanoparticles ma
powders which have, in at least two dimension, an extension of under 0.1micrometre, as well as
their aggregates and agglomera¢esandiact i vi ti es i nvolving nanomat
or processing)Pafgt, ccferented[20g/ year 0

1% hitp://www.baua.de/en/Topidsom-A-to-Z/Hazardous
Substances/Nanotechnology/Nanotechnology.html
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The Code als indicates requirements for manufacturers and suppliers, both in the form
of company specific requirements and product specific requirements.

Signatories are expected to require producers and suppliers to provide all the
information necessary to evaludtee safety of a product. In order to commercialise
their products, producers and suppliers havprawvide information on the benefits of

the nanerelated product compared to conventional products, specific properties given
by the use of nanotechnologgchnical data (material specification) and potential risks
for humars and the environmen?.

4.4.6 Responsible NanoCode

In the United Kingdom the Royal Society, together with other institutions, has
developed a code of conduct, the Responsible NanoCode, launched in October 2008,
targeted at a variety of stakeholders, such as companies, retailers, research laboratories,
universities, private goublic funded bodies.

The Code [15,16] is the result of detailed preparatory work, including inputs from a
wide range of stakeholders and a detailed public consultation process of the draft of the
document. An accompanying documenti Ex a mp | e s aftt iGoeodd dPirv
suggestions on concrete measures to be taken in order to implement the principles of the
Code.

It is meant as a tool to provide advice, giviemgindication d the strategic issues that
organisatios need to address with respect to econoamnd societal effects of their
activities in the field of nanotechnology. Besides commercial and scientific/technical
questions, ethical issues are also considered.

The Seven Principles of the Code dreard accountability, stakeholder involvement;
worker health and safety; public health, safety and environmental risks; social and
ethical implications and impacts; responsible sales and marketing; engagement with
suppliers

The design process of the Codeexpected taontinuethroughthe engagement and
monitoring of organi sations applying the
further inputs to improve and refine the documént

To date the Responsible NanoCode has not been fully implemented, however one of the
original partners (CPI) has developadurther scheme, AssuredNano, as a means to
achieve this (see below).

102 http://www.innovationsgesellschaft.chédiia/archive2/publikationen/Factsheet_CoC_engl.pdf
193 http://www.responsiblenanocode.org/
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4.4.7 AssuredNano

This UK-based initiative is a collaboration between the Centre for Process Innovation
(CPI) and the Institute of Occupational Medicine (1PNt offers manufacturers and
suppliers of nanomaterials and devices containing nanomaterials an accredited scheme
of best practice in EHS aspects and safe handling of nanomaterials. Organisations are
audited annually for compliance with the scheme, wischnderpinned by a regularly
updated database of EHS knowledge and best practice.

The scheme provides industry with support regarding the characteristics of different
nanomaterials, managing and minimising risks, and accidental exposure; and assessing
the life-cycle of products containing nanomateriats.

194 http://www.assurednano.eu/index.php
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5 STANDARDS FOR NANOTECHNOLOGIES

Due to the innovative production processes enabled by nanotechnologies and the
peculiar behaviour of the matter at the nanoscale, the system of written and physical
standards established for the macroscopic and microscopic world, cannot easily be
scaled dwn to the nanoscopic world.

Nanotechnologieencompass different research fields and find their way anlarge
variety of sectors and markets and this challstige definition of standards.

The development of appropriate standards is mandatory uciatrareas, such as
terminology and nomenclature, metrology, environmental, health and safety (EHS)
issues With the increas® number of nangelated products and applications, an
increagdneed for product specific standards can also be expected.

As reprted in the previous sectiortherearesignificant effors underway to elaborate

a regulatory framework to address many of the aspects related to the use of
nanotechnoloigs, but it is largely acknowledged that there is the need to improve
technical guilance documents used fille application and implementation of existing
regulatory frameworks, as well as to develop new ones. Standards play a crucial role in
this process.

A structured activity on standards for nanotechnolggstartedin 2004, withthe first
national Technical Committees (TC) devoted to this field, set up in China
(SAC/TC279), UK (BSINTI/1) and U.S.A. (ANSNSP).

5.1 The activity of ISO TC 229and IEC TC 113

Given their international reach, the acie® most relevant for standardisation for
nanotechnologsis certainly thatofthosefrom the International Standards Organisation
(ISO), which in June 2005 formally established %O TC 229Nanotechnology
dedicated to norms and standards not relatedeteléctrical/electronic field and that of
the International Electrotechnical Commission (IE@hich in June 200@stablished
the IEC TC 113- Nanotechnology for electrical anglectronic products and systems
for the development of technical standardthise specific fields.

National bodies of more than 32 countriaee membersof the Nanotechnology
Technical Committees of ISO and IEC, and specifiational committeesfor
nanotechnology have been established in most of these countries.

As previously poted out, ISO TQ29 and IEC TC 113 represent the main reference
for standard in nanotechnologies but, as will be describetbw, there are also several
other subjects involved in the development of standards relevant, or related to,
nanotechnologies tathe national/regional/international level. (A list of the main
standards organisations dealing with nanotechnologies is repo/Aedéx|)
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The full understanding of the behaviour of matter at the nanoscale is still in its infancy,
and there are sevérfandamental issues that still need to be investigated, such as tools
and methods for describing, measuring, and testing nanomaterials. Most of the current
activities in standards are dedicated to these basic, transversal activities, and are still not
product or sector specific.

This is also indicated by the scope of ISO TC 2R®: standardization in the field of
nanotechnologies that includes either or both of the followhg

e Understanding and control of matter and processes at the nanoscale, typically,
but not exclusively, below 100 nanometres in one or more dimensions where the
onset of sizelependent phenomena usually enables novel applications,

e Utilizing the properties ohanoscale materials that differ from the properties of
individual atoms, molecules, and bulk matter, to create improved materials,
devices, and systems that exploit these new properties.

Specific tasks include developing standards for: terminology amghenclature;
metrology and instrumentation, including specifications for reference materials; test
methodologies; modelling and simulations; and scidmesed health, safety, and
environmental practices.

Within 1ISO TC 229, the wide spectrum of issued#ofaced has been organised in 4
Working Groups (WG) [1]:

JWG 1 - Terminology and Nomenclature
JWG 2 - Measurement and Characterization
WG 3 - Health, Safety and Environment
WG 4 - Material specification

Considering that topics related to terminology, nomenclature, measurement and

characterisation are (generally) not application specific, there has been an international
agreement to join the efforts of ISO and IEC on these themes, and thus JWG 1 and JWG
2 are joint ISO/IEC working groups.

IEC TC 113 has also established a third WG (IEC TC 113 WG 3: performance
assessment) specifically devoted to #msessment of performance, reliability, and
durability related to the nanotechnoleggabled aspects of cgmnents and systems in
theelectrical and electronic field

Several other liaisons have been established within ISO Technical Committees.
particular those TC dealing with different micro/nano measuremenéd
characterisation techniques (such as IBD201, ISO TC 202, ISO TC 21Felevant

to this topic are also the external liaisoestablished with the VAMAS (Versailles
Project on Advanced Materials and Standards) and with the BIPM (Bureau International
des Poids et Mesure').

195150 website, March 2009http://www.iso.org/iso/iso_technical_committee.html?commid=381983
196 \\ww.bipm.org/en/events/nanoscale
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Current and potential liaisons for ISO/TC 229

BIOMEDICAL

Figure5.1 Organisations and Committees potentially involved in nanotechnology
standardization / current (inner circle) and potential (outer circle) liaisons for ISO/TC
229107

With respect to WG1, an external liaison is active with the Terminology Committee
ICTNS of IUPAC (International Union of Pure and Applied Chemistry).

Potential risks for human health and the environment are considered Widrking

Group 3. External liaisons have been initiated with the OECD Working Party on
Manufactured Nanomaterials (WPMN) and IEC TC 113. The former organisation has a
relevant activity on these topics, in particular with the launch in 2008 6fE C D
Sponsorsi p program for the testi,magint@ardatioManuf ac
effort for the development of appropriate methods for the testing of a relevant set of
nanomaterials (see paragrapl). The end of the first phase of this programis

planned in 2010 (when the identification of a set of physlwamical properties

relevant to EHS risk assessment is planned). The results will be valuatestgport

of the ongoing work on standards.

The latter organisation, IEC TC 113, plays ananmi role in this WP. Indeed, for
electrotechnical products, the risk for environmental and human heaffeanerally

lower than for other nanelated products, both because nanomaterials are generally
embedded i n a i ma s rdoring n@amufatatiogc and us@and | e a
manufacturing is performed in controlled environments [2].

YWpicture from the presentation AAdding value to r
standardizationo, Dr Peter 3baant BSJNTZlhai r man | SO
Nanotechnologies standardization committees, EuroNanoForum, Prague, 5th June 2009
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Within WG3, liaisons are activated also with otA@chnicalCommittes, in particular
dealing with the biological and medical field (such as ISO TC 212 and ISO TC 194).

Working Group 4wasestablished at a later stagemparedvith the other WGs (end of
2007). With nanotechnologly related products already appearing on the market, the
aim is to develop clear specifications of nanomaterials along the different steps of the
production chain to ensure reproducible supply of nanomaterials, crucial for the
industrialization of nanotechnologies. [7].

An initiative to investigate the role of standards with respect to ELSA implications of
nanotechnologies Baas recently been startedyith the establishment of two specific
Task Group within ISO TC 229:

e TG Nanotechnologies and Sustainability
e TG Societal and Consumer Dimensions of Nanotechnologies

Their objective is to provide recommendations to all four TC 229 Working Groups for a
prioritized programme of standardization on these topics.

In 2006 ISO TC 229 undertook a survey to identify standardization needs and the first
priorities for WG1, WG2 and WG8n which ISO TC 229 is working. The result is
indicated in the following tablgt, 5, 6].

JWG 1 JWG 2 JWG 3
Terminology and Measurement and Health, Safety and
Nomenclature Characterization Environment
Chair: Canada Chair: Japan Chair: USA
Priorities: Priorities: Priorities:
A\lanotechnology AEngineered nanoparticles AControIIing occupational
A\lanoprocesses ACoatings/nanostructured exposures to nanomaterials
ANanoproduction materials Abetermining relative
Aanomeasurements Acarbon nanomaterials toxicity/haz_ard potential of
ANanomaterials ABasic metrology nanomaterials
Kevices and applications AToxicoIogic_aI screening of
nanomaterials

A roadmap of activities has been defined (and is constantly updated) for each of the
workpackages. A snapshot of the strategic roadmap of workpackagepbiited in the
figure below.
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standard organisationsuchas regional standasarganisationdike CEN, CENELEC
(in this case the standard will have a European, not international extension). Among

them:

ISO/PAS Publicly Available $ecification(defines terminologies)
Technical specifications (TS)technical matter still evolving (normative
document presented wieethe stat®f-the-art is not yet stable enough for
preparation of a standard)
Technical reports (TRYor information and transfer of information, current best

practices

International standardmternational technical approval
International Workshop Ageenent (IWA) an ISO document produced through

workshop meeting(s) and not through the technical committee process.

These documents have different levels of relevamcEurope a special situation exists
for sectors regulated under thes@a | | e dA p @ N @ @ectdindull standards (EN
European Standards) caget the qualificationih ar moni z e d, whithaismdar ds

acknowledged by publication of their number in the Official Journal of the European

Community. Harmonised standards give the presumpmtfaconformity with relevant,
specifiedregulatory provisionswithin the limits of the scope of the standafthese
kinds of documents should be developed only with the maturity of a technology, based
on well established methodasstrumentation and consdéted experience.

Since most nanotechnology materials and products are still at an early stage of
development, technical specifications (TS) and technical reports (TR) are generally the
most appropriate documerasgailablé®.

Ypjcture

from

t he

Dr Pet

presentation
standardizationbo,

AAddi ng

er Haand BS| NTICLh a i

v al

ue
rman

Nanotechnologies standardization committees, EuroNanoForum, Prague, 5th June 2009
199 At present, amendment to European Standards in relation with nanotechnologies are already
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Both TS and TR are valuahiestruments from a regulatory point of view, because they
can provide fibest available optionso to de

Also other non binding technical documents, such as ISO/IEC PAS (Publicly Available
Specification), IWA and other tgs of documents from regional/national standard
bodies, can provide important (and-tgpdate) references to industry, policy makers and
all other stakeholders. [3]

The activity of ISO is based on consensus and therefore the process for defining
standardsis cumbersome and time consuming, neverthel&sste is a genuine
agreemenamong stakeholders that the work of international standard setting bodies is
crucial in ensuring that the full potential of nanotechnology is realised.

At present there are mmthan35 standards documents under development within ISO
TC 229and they are mainly focused on:

e Terminology and definition for nanomaterials and nanomanufacturing, in
particular framework and core terms, carbon nanomaterials, bionano
applications

e Measurement and characterization of nanoparticles, in particular carbon
nanotubes

e Development of protocoldor toxicity testing of nanomaterials

e Safe handling and disposal of manufactured nanomaterials during
manufacturing and occupational health issues

e Specification of manufactured nanomaterials, in particule&nium dioxideand
calcium carbonate

Some of these documents are close to the final approval staggwo have already
been published:

e Technical SpecificationlSO/TS 27687
Terminology ad definitions for nan@bjects- Nanoparticle, nanofibre and
nanoplatelets
Al SO/ TS 27687:2008 | ists unambiguous t e
particles in the field of nanotechnologies. It is intended to facilitate
communications between organizatiomsl andividuals in industry and those
who interact with them. o

This Technical Specification is part of a series of documents in preparation, that
will take thNanotechmlegied ¥ 00@bul aryéo. The f
thesestandarddgs reportedbelow

considered in the medical device sector.
10 http://www.iso.org/isdso_technical_committee.html?commid=381983
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e Technical report ISO/TR 12885

Health and safety practices in occupational settings relevant to nanotechnologies

A I SO/ TR 12885:2008

f ocuses

on

engineered nanomaterials. It does not address health and ssfegs or

practices associated with nanomaterials generated by natural processes, hot

processes and other standard operations which unintentionally generate

nanomaterials, or potential consumer exposures or uses, though some of the

information in ISO/TR 2885:2008 might be relevant to those aredse of the

information in ISO/TR 12885:2008 could help companies, researchers, workers

t he

0OCClL

and other people to prevent adverse health and safety consequences during the
production, handling, use and disposal of maetidred nanomaterials. This

advice is broadly

The following table shows a list of the main-going activities at ISO TC 229rdered

applicabl e

according to theistage of development and including angarison with the situatioim
April 2009. Some of them are already classified as Technical Specification (TS) or

Technical Report (TR).

Compared tdApril 2009 4 standards have reached #pprovalpublication stagel has
moved from the Committet® the Ehquiry stage8 havemoved from the Preparatory to
the Ehquiry stage an® new standards documents have been propdgest of these
documents are related terminology,nomenclaturemeasurement ancharacterization

of nanomaterials (in particat carbon nanotubes).

With regardgo risk assessment and risk managemieéms worth noting that a standard
skishowatl uati o

work about the definition of@a Nanomat eri al s Ri

the Committee stage and in the last year a new documenatenial Safety Data Sheet

(MSDS) for nanomaterialsas been proposed.

acr oss

Standard and/or project *** Stage code | Stage code at
at April 2010 April 2009
PUBLICAT |
ON STAGE
ISO/PRF TS 80004
Nanotechnologies Vocabulary-- Part 3: Carbon narobjects 60.00 20.99
APPROVAL
STAGE
ISO/PRF TR 11811
Nanotechnologies Guidance on methods for nanotribology 50.20 20.00
measurements
ISO/FDIS 29701
Nanotechnologies Endotoxin test on nanomaterial samples for i 50.00 40.20

vitro systems- Limulus amebocyte lysate (LAL) test

1 Eor a detailed explanation of :

a r

- the development stages of a standard document (international harmonized stage codes) please see:

http://www.iso.org/iso/standards_development/processes_and_procedures/stagpsiotésta

ges_table.htm

- type of ISO deliverables during the approval process of a standard document (IS, TS, TR, etc)

http://www.iso.org/iso/standards_development/processes_and_procedures/deliverables/deliverab

les_schem&.htm
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ISO/PRF TR 11360

Nanotechnologies Methodology for the classification and 50.00 none
categorization of nanomaterials

ENQUIRY

STAGE
ISO/DIS 10808
Nanotechnologies Characterization of nanoparticles in inhalatior] 40.99 40.20
exposure chambers for inhalation toxicity testing
ISO/DIS 10801
Nanotechnologies Generation of metal nanopatrticles by 40.99 30.99
evaporation/condensation method for inhalation toxicity testing

COMMITTE

E STAGE
ISO/DTR 12802
Nanotechnologies Terminology-- Initial framework model for 30.60 30.20
core concepts
ISO/DTS 11888
Determination of mesoscopic shape factors of multiwalled carbo| 30.60 20.00
nanotubes (MWCNTS)
ISO/DTS 11308
Nanotechnologies Use of thermo gravimetric analysis (TGA) in | 30.60 20.00
the purity evaluation of singlealled carbon nanotubes (SWCNT)
ISO/DTR 10929
Measurement methods for the characterization of anatied 30.60 30.60
carbon nanotubes (MWCNTS)
ISO/DTS 10868
Nanotubes Use of UM-Vis-NIR absorption spectroscopy in the 30.60 20.99
characterization of singlealled carbon nanotubes (SWCNTS)
ISO/DTS 10867
Nanotubes- Use of NIRPhotoluminescence (NHRL) 30.60 30.60
Spectroscopy in the characterization of singhdled carbon ' '
nanotubes (SWCNTSs)
ISO/DTS 10798
Nanotubes- Scanning electron microscopy (SEM) and energy 30.60 20.99
dispersive Xray analysis (EDXA) in the charaterization of single ' '
walled carbon nanotubeS\WCNTS)
ISO/DTS 800041
Nanotechnologies Vocabulary-- Part 1: Core terms 30.20 20.99
ISO/DTR 13121
NanotechnologiesNanomaterial Risk Evaluation Framework 30.20 20.00
ISO/CD 12025
Nanomaterials- General framework for determining nanoparticle| 30.20 20.00
content in nanomaterials by generation of aerosols
ISO/DTS 11251
Nanotechnologies Use of evolved gas analysiss chromatograph 30.20 30.20
mass spectrometry (EGECMS) in the characterization of single ' '
walled carbon anotubes (SWCNTS)
ISO/WD TS 10797
Nanotubes- Use of transmission electron microscopy (TEM) in | 30.20 20.99
walled carbon nanotubes (SWCNTS)

PREPARAT

ORY STAGE
36ISO/AWI TS 800047
Nanotechnologies Vocabulary-- Part 7: Medical, health and 20.00 20.00
personal care applications
35ISO/AWI 800046
Nanotechnologies Vocabulary-- Part 6: Nanoscale measuremen] 20.00 20.00

and instrumentation
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http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=55967
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46130
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46129
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=51765
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=50969
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=50357
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46424
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46247
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46245
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46128
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=51240
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52976
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=51162
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=50339
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46127
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=51962
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=52333



































































