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1 Executive Summary

There are massive expectations of nanotechnology with many claimed societal benefits. However,
these are only likely to materialise if there is an accompanying gamemsystem that addresses
both the important issues related to their development and the needs for the sustainability and
growth of applications.

In addition to the potential benefits, attention needs to be focused on the potential risks and
concerns arimg from the application of nanotechnologies as well as societal and transboundary
implications. Because of the cresstting nature of nanotechnologies, effective governance requires
a high level of interaction between those who develop, manufacture, sell regulate
nanotechnologybased products, as well as with representatives of civil society, in order to
implement a proactive and adaptive framework capable of supporting the development of these
novel technologies across clear boundaries.

The FramingN#o project was launched in May 2008 with the aim of creating proposals for a
workable governance platform and has been based on three essential pillars of activity:

1 Analysisof existing and ongoing regulatory processes, scignaiey interfaces, researabn
risk assessment, and governance in nanotechnologies;

1 Consultationwith all relevant stakeholdetdo assess attitudes, expectations and needs, and
to define a list of key issues be considered during the deliberative phase of the project;

1 Disseminationof information on the governance of nanotechnologies, including proposals
developed within the project in order to raise stakeholder awareness and obtain further
input to the development of a governance platform.

The resulting FramingNano Governance fBtat, as described in this report, has been proposed to
the European Commission as a tool to support the responsible development of nanotechnologies at
European level and beyond. The Platform provides proposals and guidance at four different levels:

1 Techncal and organisational:prioritising actions and research needs in relation to
Environmental, Health and Safety (EHS) issues and Ethical Legal and Societal Aspects (ELSA),
and defining the roles and responsibilities of the various stakeholders involved:;

1 GCommunication and dialogue:proposing means of effectively disseminating trustworthy
information and channelling stakeholder views into European policy actions;

1 Institutional: suggesting how to manage and sustain European policy for the responsible
developrent of Nanoscience and Nanotechnologidd&(\), and indicating roles and
responsibilities at the level of institutions;

1 International harmonisation:identifying transboundary issues to be addressed at both EU
and international levels.

! Relevant stakeholders were classified into four groups: Regulation & Control (government policy makers, regulator andsstandar
agencies, lawyers); Research (academia, industry); Business (production, retail, insurance andrfthestdal/professional organisation);
People (NGOs, consumer associations, social/ethical researchers, workers representatives)
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Major Barriers andChallenges in Nanotechnologies Governance

The FramingNano Governance Platform focuses initially on the risks and societal concerns associated

with nanotechnologies since these are key to defining a governance framework. Negative aspects

must always howeved S o+ f I YOSR | 3FAyad GK2asS o0SYSTFAOALFT A
the development of nanotechnologies. Therefore, the broader conceptaobtechnologyinduced
changewhich includes benefits, risks and systemic effects, is used here to thaderoposed

governance model.

The level and nature of uncertainties about potential risks (EHS) and societal concerns (ELSA) strongly
RSLISYyRa 2y (GKS d3aISYSNIdAzye 2F YyIy20SOKy2f 2 3¢
active/reactive nanostructures) antype of application. Mst of the issues arising in relation to the
responsible development of N&N are common to any emerging technology. The experiences of the
past can therefore be useful in defining the governance needs of N&N for the future.
bly2iSOKy2f23e Aa adAtft I NBEFGADGSte aez2dzy3é S
mainly the possible harmful effects of ("GhS AN Rl 0 f S0 G FNBS¢ Sy 3IAYySSNB
potentially revolutionary (and beneficial) application§ M&N are under development, and the need

to address these should already amticipated.

S
R

There are still many knowledge gaps in relation to nanomaterials, and important challenges to the
governance of nanotechnologies include:

1 Insufficient scientific knwledge about the characteristics and behaviour of nanomaterials,
including data on exposure and hazards;

1 Lack of common definitions and a standardised nomenclature;

1 Lack of standardized methodologies to assess and manage EHS issues;

1 Difficulties for regudtion to keep pace with scientific developments, new products and
applications, and increasing commercialisation of N&N;

1 Limited exchange of information amongst stakeholders along the value chain and beyond;

1 Uncertainties about public acceptance, resultingm a lack of transparency about EHS and
ELSA issues;

1 Weaknesses in education with respect to N&N.

A number of technical, institutional and communication recommendations to address these
challenges is summarisedAmnex Il

A number of initiatives frongovernments, authorities, the scientific and industrial communities, and
other stakeholders already exist or are being developed to address these proffeamingNano
Mapping Study, 2009)n terms of the assessment of the current regulatory situationgss main
positions persist amongst stakeholders as follows:

1 Nanomaterials are not new materials. The existing regulatory situation is adequate. If
scientific evidence indicates the need for modification, the regulatory framework will be
adapted.
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1 Specificguidance and standards must be developed to support existing regulations but the
existing regulatory situation is generally adequate.

1 Regulation should be amended (on a case by case basis) for specific nanomaterials and their
applications. Above all, whea high potential risk is identified, a precautionary approach
should be chosen.

1 The existing regulatory situation is not adequate at all. Nanomaterials should be subject to
mandatory, nanespecific regulation.

The aim of the FramingNano Governance Platfas to integrate these different positions and to
promote a responsible development of nanotechnologies without hampering innovation and
commercial growth. Regulations for N&N should support safety issues to the same degree as for non
nano materials andnoducts, coping with a certain level of uncertainty which may remain due to the
dynamic character of the evolution of the sector. The Platform, therefore, proposedagtive and
inclusiveapproach in order to be able to address both current and futuseds in nanotechnology
governance.

The FramingNano Governance Platform

From the FramingNano project research it has been concluded that governance and regulation of
nanotechnologies must be considered a dynamic affair which needs to be continuously chdEpite
implies a continuous observation of the statéthe-art knowledge on nanotechnologpduced
change. Also, the relevant stakeholders and the interested public have to be meaningfully included in
the definition of commonly accepted principles, criteand values to be used for the assessment of
these changes. The FramingNano Governance Platform therefore has a number of key objectives:

w Raising awarenesspromoting an understanding of the huge impacts of nanotechnology
induced change and of the convergence of technologies at the nanoscale;

w Defining commonly accepted rulesteveloping a commontggreed assessment methodology
that facilitates prioritisatiorand focus on the key issues of nanotechnotowuced change.

w Advising:reacting in a timely and adequate way to the data gaps and other challenges that the
rapid development of N&N presents;

w Anticipating and adapting:the Governance Platform to trends dndevelopments in
nanotechnologyinduced change, and towards a responsive, innovatigmdly framework;

w Strengthening informed trust: amongst all stakeholders where concerns related to
nanotechnologyinduced change emerge;

w Establishing means afooperation to fill emerging gaps related to access to nanotechnology
induced change on a global level.

The framework and structures envisaged to achieve these objectives should permit the
establishment of a governance process that runs in a continudedlyoop to provide a dynamic,
sustainable governance model capable of coping with the present and future challenges of
nanotechnologiegFigurel).

Two key functions are proposed to put the Platform into operation: Reliberative Paneland a
Decision Making Bod{fFigure2).
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The Deliberative Panel

The Deliberative Parfe(on nanotechnologynduced changes) is proposed to be established as a
structured, permanent group of experts responsible for

1 engaging wit key stakeholders and the public to develop Gommon Assessment
Methodology on nanotechnologynduced changes. This will make it possible to assess the
state of the art and monitor such changes in the light of an integrated set of criteria
(principles andralues) and shape and adapt the Governance Platform as necessary.

1 observing and assessing the statiethe-art in developments and knowledge concerning
nanotechnologyinduced changedbservatory function; and

1 translating this intelligence into visionagctions and recommendations on nanotechnology
governance for decisiemakers(Advisory function;

Examples of criteria that could be established in the context of the Common Assessment
Methodology includethe identification of critical issues, how to determine appropriate -kiskefit
judgements, EHS and ELSA priorities, and the societal desirability of different nanotechnology
applications.

Since these values and principles are expected to be subjedtange and refinement with the
developments of nanoteaiologies, this process must take place on argoing basis.

¢CKS tIyStQad hoadSNDIFG2NE FdzyOlA2y ¢2dzZ R LINRJARS
key developments and advancing knowledgeélation to nanotechnologynduced change, taking

into account the criteria emerging from the Common Assessment Methodology and referring to the
state-of-the-art scientific, technical and soecgconomic information available.

The Observatorywould need to have access to non public data, in particular those arising from
industry,to explore ways to overcome constraints arising fréra confidential character of business
information and intellectual property rights (IPR), and rely on an open informatiorivarelmd freely
accessible database of scientific literature on nanoscience research.

In order to be able to function effectively, the Panel should comprise multidisciplinary experts in
different nanotechnology fields from different countries, with backgrdsi and functions in
academia and research, business, public institutions and civil society organisations. To maintain trust
it isof central importance that such experts are not restricted by conflicts of interest.

The input of laypersons is also impartao ensure the widest representation of societal interests.
The Panel would, therefore, also explore methods to effectively gather such opinions by considering,
in the first instance, the outcomes of the different public engagement initiatives on namobddagy
induced change that are currently in place at national, regional and worldwide levels

To fulfil its observatory activities effectively, the Panel should ideally be structured interalpted
Working Groups (WG) focusing on specific issuegdeklto nanotechnologyinduced change, e.g.

2 A relevant examplésthe International Panel on Climate Change (IPCC)

% The organisation of such initiatives is out of tewpe of the Panel
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technological developments, economic impacts, EHS, ELSA and s&mntigyn issues could also be
structured according to industrial sectors or applications

Based on the outcomes of the Observatory and the imgfuthe Common Assessment Methodology,
the Panelwould fulfil its advisory functionby proposing models, visions and actions relevant for
nanotechnology governande the Decision Making Body (DMB)

The Advisory function would remain with a restricted rhem of experts acting as steering/scientific
committee guiding the development of the Common Assessment Methodology and the activity of
the Observatory function, carried out by a larger group of experts.

Outputs of the Advisory could include, for example, advic®&D and innovation policies, proposals
for the coordination of R&D activities, suggestions for review and adaptation of national regulations
2NJ RSOSt2LIYSyd 27F & a2 Fdlined, and rdethodol&iedifor dadisharning. 0Sa | v R

The Decision Making Body

The Decision Making Body (DMB) psoposed asa board which would be comprised of
representatives of those existing institutions and competent authorities responsible for decision
makingin the different fields affected by nanotechnologies. These representatives would be brought
together in order to share a common understanding of the transdisciplinary nature of
nanotechnologyinduced change and to channel the outputs of the Deliberaffanel into the
relevant decision making processes. The DMB would meet on a regular basis.

Existing decisiomaking structures covering nanotechnologies are scattered widely amongst existing
institutions at all levels of subsidiarity. Depending on the arkapplication (e.g. chemicals, foods,
medical devices, pharmaceuticals, etc.), different governance initiatives and regulatory frameworks
are applied or consulted (e.g. REACH or other application or pragecific regulations) and
decision making is ergted to take place within these existing frameworks as appropriate. These
existing decision making structures must be included in the overall process of the Governance
Platform and their corresponding responsibilities and accountabilities recognisedién tr avoid
unnecessary fragmentation of responsibilities and duplication of efforts.

The relevant decision makers are responsible for the evaluation and implementation of the visions,
recommendations and actions proposed by the Deliberative Panel inm tespective areas of
competence. The overarching challenge for the DMBuld be to evaluate and decideon
recommendations and proposals related to nanotechnology governance, taking account of the
principles and values emerging from the Common Assessment Methodology activities developed
together with involved stakeholders and the broader public.

To maintainan effective and transparent evaluation and decision making process, the DMB should be
subject to aFeedbackfunction which makes its output available to the Deliberative Panel, allowing
validation as to whether the decisions taken address the needs ifgghtby the Commonly
Assessment Methodology.

At the European level, both the Deliberative Panel and the DMB could report to the European
Commission. While decisions are adopted at Member State level, policy implementation will remain
under the responsidily of national Competent Authorities. It is desirable that the proposed
Governance Platform be adopted at international level to facilitate ebmssgler trade and to assure
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that a responsible development of nanotechnologies takes place worldWidpendng on the level

at which the Governance Platform will be implemented (European level, glabal)Deliberative
Panel and the DMBould be hosted by an existing European or United Nations structure, or an
informal intergovernmental organisation.

It is important to note that the Garnance Platform as proposed in this report and graphically
depicted inFigure2 should be regarded as a heuristic solution arrived at on the basis of dialogue
withiy i SNBSaGSR adl {SK2ft RSNAR FyR I RSt AOSNI 0AGBS LINE
The elements and processes described in the Platform, and depictéidurel, are all considered

vital for the governance and responsible development of nanotechnologies. However, while some
suggestions on possible routes forward are offered, the way in which these elements can be
integrated into existing structures, whethey could be hosted, or whether or not completely new

bodies need to be created, is ultimately a political decision and beyond the remit of this Project.

Likewise, implementing some of the recommendations of this report will have significant financial
and organisational implications and, while this is recognised, the manner in which these aspects can
be addressed in detail is also dependent on political decision.

In some ways, an analogy can be drawn in this respect with other processes like standerdizati
which is sometimes viewed by critics as a costly process involving many interested stakeholders but
which, ultimately, is far less costly to society than the absence of such a process.

With regard to the timescale for adoption of the Governance Platfoimplementation of the
technical, institutional and communicatienelated recommendations summarised Amnex liwould

be the short term, immediategoal. These actions are an essential prerequisite to the adoption of a
fully-fledged Governance Platforiim the shortto medium term at global (and not just EU) level,
thereby supporting an effective international harmonisation of governance approaches.

In the medium to long term key objectiveswould include the continuous optimisation and
adaptation of the @vernance Platform to face the challenges posed by emerging, and potentially
revolutionary, applications of nanotechnologies so that full advantage can be taken of them.

The Governance Platform as propossdonsidered to be an essential tdoltranslate the complex

and major current and future challenges in nanotechnology governance, together with those
presented by other converging technologies, into an opportunity and driver for growth for the
benefit of the society as a whole.
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Introduction

2 Introduction

2.1 This Report

Ths document is the final report of thEramingNand=P7 research project and contains the final
proposal of the FramingNan@overnance Platformvhich has been elaborated and refined during
the project

This report includes inputs and comments on the draft Governance Platform gathered during a
restricted Epert Workshop and an International Conference, as well as additional detailed
background information on the project methodologyhe principal basis for theproposd
Governance Platform derives from two-stage Delphi consultation among interested nandiec
nology stakeholdershe outcomesof a dialogue of a multstakeholder workshopThe conclusions

and recommendations in this document represent the result of the entire research of the
FramingNano project and the opinion of the FramingNano project ctingor

Ly GKS 2LSyAy3 O~RHe FarSingNagotGoveriance PIaBring2 NIK So dINR L2 & | €
Governance Platform is presented, which wag tbjective of the FramingNano project. In the
F2tf206Ay3 (Dathingdlie IPlaliled dENENO Governadce | $takehdider Opinions on

Nano Governanéez &42YS 2F (GKS NBaSINOK NBadzZ 6a ¢KAOK KI
nanotechnology goverance are rported in detail.

2.2 About FramingNano

The expectations on nanotechnologies are high, but it is widely shared that the benefits promised
will fully materialise only if there is a governance system which addresses, in a timely manner, the
potential risks and @ncerns associated witkheir developmentto allow growth and technology
exploitationthat leads to sustainable applications.

Given the nature of nanotechnologies, an effective governance approach will have to increase the
level of interaction amongst ttee developing, producing, selling and regulating nanotechnology, as
well as with civil societin general First then it will be possibl® promote a proactive and adaptive
process capable of framing the development of thessv technologies across knowand accepted
boundaries. The establishment of opagransparent, objectiveand trustworthy communication will
alsobe necessafy’.

The FramingNano project, a Support Action developed in response to a call under the Capacities
Sciencein Societyarea in FP7, started in May 2008 and aims ftfame these interfaces intca
workable platform.

As the most urgent discussions are ab&mvironmental, Health and Safety (EHS) issues and Ethical,
Legal and Social Aspects (EL®mted to nanotechnologies, thigroject considers both risks and

* The importance of open governance of scientific research is underlined in the 2009 work programme for Capacities,
Science in Society area, European Commission C(2008) 4566, 26 Aug 2008.

' ONRBFR RSTAYAGAZY ®IFY QNG yOScedidB8I RFS RVIARY R 32 OGS NJ
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concerns. The implications2 ¥ a y | Y 2 A RKIFOSIR2 BEVK Itoy i Sudiderstood and
GFNIF YSRE 2NJ &3 dzh RisoBet of goyetnancel(Rourd, ROOBIisting §overnance
approaches need therefore toe analysed and further developed.

Abroad process is considered vital to ensure that the diverse needs and expectations are adequately
addressed to foster the definition of a set of social, political tuthnical criteria to shape a
governance framework capable of assuring the responsible development of nanotechnologies.

The involvement of a broad variety of stakeholders is fundamental to be@i®dberative research
LINE O°&lbpwirg and facilitating:

w sharing of knowledge and expertise among science and technology researchers and society
researchers, in order to help to integrate societal perspective into the research and

development (R&D)rocess ofnhanosciencest nanotechmologies (N&Y) and to address
sciencesociety interactions as a system;

w increasing awareness of naasearchers (policy makers, civil society orgation, general

public) about N, & 6 dzA f RA Yy 3 (i iK &delNtd uBdetstanOgvaiuats @and manage
N&N issues.

Also, as indicated by the European CommissiGnamingNano consides | A YAy 3 | & Y dzOK
harmonious societal integration of new scientific and technological knowledge as to achieving the
ALISOATAO 202S0O0GAGS 2F GKS NBaSIKNOK AiGasSt T oe

The mainoutcome of FramingNano ithe proposalof a Governance Platfornto the European
Commission, to be adoptedy all stakeholdersto support a responsible development of
nanotechnologies at the European lev&he Governance Platforprovides indication and gdance
for actions over the&eomingyears acting at four different levels:

1 Technical and organisationaprioritising actions and research needs
in relation to Environmental, Health and Safety (EHS) issues and
Ethical Legal and Societal Aspects (ELSA)efining the roles and
responsibilities of the various stakeholders involyed

Trans-

boundary (regUitioRNanG

contigl) 9 Communication and dialogue:proposing means of effectively
Communicaion disseminating trustworthy information and channelling stakeholder
an lalogue . . . .

views into European policy actians

1 Institutional: suggesting how to manage and sustain European policy
for the responsible development of Nanoscience and

NanotechnologiesN&N), and indicating roles and responsibilities
at the level of institutions

1 International harmonisation:identifying transboundary issues to be
addressed at both EU and international leyels

¢ KS LI NI RALBWIAN MBONBAS NOKTCNRIYA { DISY ORBA agda 1 20ARYie ¢2 { OA
FranB ¢ 2 NJ - RISNIWi R @ S- RepSriich &4 BOOWorkshop Governance and Scientific Advice Unit of DG RTD, DG
Research and Tech. Dev., Brussels, 11/2008) (p

"EP7 Work Programme 2007, European Commission C(2007)563 of 26.02.2007
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2.3 What is Governance in Nanotechnologies?

Governance of nanotechnologies is a term that is often used in the context of risk considerations.
However, it is a very broad dralso somkow vague term whicraddressesa number of elements
and perspectives.

According to the European Commission, it originates from the need of economics (as regards
corporate governance) and political science (as regards State governance) foeambrcing
concept capable of conveying diverse meanings not covered by the traditional term "government".

The European Commission established its own concept of governance ilite Paper on
European GovernancéCommission of the European Communiti€f01) in which the term
"European governance" refers to the rules, processes and behaviour that affect the way in which
powers are exercised at European level, particularly as regards openness, participation,
accountability, effectiveness and coherendehese five "principles of good governance" reinforce
those of subsidiarity and proportionality.

According to aVhite Paper on Nanotechnology Risk GoverndRann, et al., 2006principles of

good governance includparticipation, transparency, effectivess and efficiency, accountability,
strategic focus, sustainability, equity and fairness, respect for the rule of law and the need for the
chosen solution to be politically and legally realisable as well as ethically and publicly acceptable.

However, the oncept of governance implies mechanisms, processes and institutions that go beyond
state structuresGiven the nature of nanotechnologies their governance requires collaboration and
coordination between variousinstitutions and stakeholders, and calls for the consideration of
contextual factors such as institutional arrangements (e.g. regulatory and legal framsgwork
coordination mechanisms such as markets, incentives oiireplbsed norms), socipolitical decision
making,culture and perceptiongRenn, et al., 2006)

FramingNandocuses2 y 32 @SNY I yOS 2F NAala FyR O2yOSNya GKI
2NJ a3dzA RSRéxX aAyOS GFf1Ay3 Fo2dzi NR&AlAa ONF GKSNJI
a regulaory framework.Nevertheless, botlbenefits and opportunities are the necessary background

of the debate and thg alwaysneed tobe balanced against each othévloreover, h order to define
aresponsibldrameworkof governancethe process must take intaccount societal issues together

with technological drivers.

Basedon the original plan and the assessment of approaches under consideration for the governance
of nanotechnologies done byh¢ project, the term governancefor the purpose of the project
activities, has been related tohie aforementioned set of topics: technical and organisational issues,
institutional aspects, communication and dialogue, international harmonisation.
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2.4 Major Challenges in Nano Governance

While applications making use of thevel properties of nanomaterials are increasingly being put on
the market, the knowledge aboutanotechnologyinduced change with respect footential health,
safety, environmentalsues ancetthical, legal and societakpectsf these technologies lageehind.

It has clearly emerged that key building blocks are currently missing so that risk assessent
adequate risk managemermtf manufactured nanomaterials and namelated products is currently
hampered by many uncertainties. While waiting for neatadand risk assessment methodology to
be developed and evidendmased rules to emerge, new products making use of such nhanomaterials
appear on the market with no or little regulation or nanospecific testing requirements in place.

In the abovementionedseting, a generalisation of risk assessment findings among different
nanomaterials and applications is not meaningful; a strict 4psease approach is therefore
necessary(SCENIHR, 2009However, considering a rapidly increasing number and variety of
different nanomaterials in use, such casgcaseapproach will be inefficient over time, and means
of categorising applications and nanomaterials according to their potential risk must be found.

Despite the admittedly large knowledge gagusd in the light of a precautionary approachd & | A
I y R aitfuBetis not an adequate option. Since our knowledge will remain incomplete for some
time, and very likely the quest for knowledge will never e(@Brown, 2009) a model of
nanotechnology geernance must be developed and agreed on in order to provide means of dealing
with those gaps and the evolving state of our knowleddewever, this model must also be capable

of identifying what is already known and assemble this knowledge to be usei ety .

The big challenge for regulatoregarding these novel technologiés to ensure a certain level of
safety without stifling innovationThe high level of scientific uncertainty surrounding EHS risks
complicates the evaluation of the adequacy eisting and proposed regulatorgesponses, and
regulationsneed to be flexible to accommodate newly emerging riskinsightswhile assuring the
public that existing product®n the market are safe both for humans and the environment
Nanotechnology regators on both sides of the Atlantic are keen to avoid a situation where scientific
uncertainty amplifies risk perceptions by a sceptical public, as was the casedarthelebate about
genetically modifieglants in foodFalkner, et al., 2009)

Key bariersto be overcome for the governance of a responsible developmemaabtechnologies
are:

lack of knowledge concerning risks

lack of commonly agreed and standardized methodologies to assess and manage
nanotechnologyrelated risks

w inability of regulation to keep pace with scientific discovery, development and
commercialisation of nanotechnologiesd nanaerelated products

w public backlash, resultinffom a lack of transparency abouhe development and use of
nanotechnologies

The aforementionedbarriers influence the design of the governance framewof&r nanotech
nologiesand, together with their steady evolution, make an adaptive and prospective approach
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indispensable. Nanotechnology governance must be regarded as dyaé#faircto readly adapt to
the evolution of knowledgethe applicationsunder consideratiomndvaryingstakeholderattitudes.

Recent debates in the EU and elsewhere demonstrate téainologicaldevelopments cannot take
place independently from the expectations and needs of the $pclaut it has proven difficult to
organise scientific developments according to public expectatiblasvever, because much of the
anticipated potential for nanotechnologies is still at the research stage, considerable uncertainties
also exist regarding their societal impadsd these uncertainties even grow bigger whe more
GOAAA2Y I NBEé RS@St 2 LIk yhairdeadbifityarg addrésge8 OKy 2t 2 3A S a

The societal dimension of nanotechnology research forms an integral part of the integrative,
responsible and safe approach set out by the European Commission in the European Strategy for
nanotechnology (2004), and developed further in thetidgn Plan on nanotechnology (2005) and its

first (2007) and second (2009) Implementation Report. In these Commigsiomunications it is
clearly stated that nanotechnology must be developed in a responsible way, embedded within an
exchange withthe publc and that enables interested people to reach their own informed and
independent judgements (European Commission, 2008). A range of rEla®d initiatives are
seeking to assess the relevant issues and to engage a wider public, to stimulate the bradetal so
dialoguewhich these and other studies call for. This discussion seeks to expose the technological
goals and political decision making to societal expectations and concerns.

Finally, research, development and commercialisation of nanotechnologiaswisridwide affair,
involving highly industrialised developed countries as well as emerging countries. An integrated
governance approach for anticipatory and corrective measures that will have-ti@msdary and
global implications is advocated from mgpgrts.

A more comprehensive overview on the problems challenging the govermdmamnotechnologies is
presented in the background OK I LJGGuiNding the Problem of Nano Governasceand
oStakeholder Opinions on Nano Governance
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3 The FramingNano Governance Platform

3.1 Basic Assumptions

The main goalfathe FramingNano Governance Platform is to enable the responsible development of
nanotechnologiesThe Governance Platform should facilitdke realisation of the beneftthese
technologiespromise, while limiting thig potential risks and remaining seitive to public concerns

and changes induced bganotechnologies The Governance Platform provides a framework of
principles, procedures and responsibilities which indicate how to define and implement a model of
responsible nanotechnology governance indpe.

The European Economic and Social Committee (HE8f@pean Economic and Social Committee,
2009)recommendedhat the European Community initiative on nanotechnolodigsher developed
as to:

w ensure that there is a coherent and udeendly framework into which the various
Community regulations fit;

w set up a permanent European reference structure for N&N and nanomaterials, with a
European focal point for promotion and coordination that also covers the risk assessment
and prevention aspects;

w facilitate structured dialogue with civil society, on a sound and transparent basis, to provide a
united European voice in this field, which is vital to our future on the global stage

Overall, the governance framework is intettito provide means for addressing nanotechnology
impacts on a more integrated level than the cdmsecase approaches applied today. The Governance
Platform therefore takes up the concepts and values which emerged in the last years which should
underpin a malel for an integrated, adaptive, inclusive and transparent process of nanotechnology
governance This will fostera continuous and trusbuilding dialogue between those involved in or
affected by decisions in nanotechnology governance.

Asindicated in segon 2.2, the proposed Governance Platform is intended to act at four strongly
interrelated levels: technical and organisatiofBHS and ELSAY)stitutional (reguation & control)
transboundary, as well as communication and dialogReferring to these areas, the FramingNano
project research has led to the identification of principles and basic assumptions which have to be
considered by theleliberative process fothe FramingNanoGovernance Platfornn the following
areas:

w Responsible Development of Nanotechnologiesdiples in EHS and ELSA

w Communication: Public Dialogue, Information Sharing and Knowledge Transfer
- Public Dialogue: Inclusiveness and Public Esmgagt
- Information Sharing among Stakeholders
- Knowledge Transferdtcationand Professional Formation

w Adaptive and Flexible Governancetafstive Regulation

w QeatingTrust Between Stakeholders
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These topics are discussed in brief in the following paragragestifying some recommendations
emerging from the project research and the FramingNano stakeholder consultations. Details and
results of the corresponding FramingNano Delphi consultation are reported in the background
4 S Ol AQuifiing thet Problem of Nano Governagce | yStakehdider Opinions on Nano
Governancé 0 ©®

3.1.1 Responsible Development of Nanotechnologies: Principles in EHS and ELSA

3.1.1.1 Environmental, Health and Safety (EHS)

Over the past years it has become clear that all stakeholders agrabeoneed for asafe and
sustainable implementation of nanotechnologidssis alsocommonly agreed that thelevelopment

of the sciertific building blocksxecessaryo assesgotential risks of manufactured nhanomateriass
laggingbehind the commercial applicath of these materials As mentioned above,he resulting
uncertainties are considered a major barrier for a sustainable and responsible development of
nanotechnologiesn the long term.

EHS issuesf nanotechnologies were generally considered vanportant in the FramingNano
consultation (see sectioBh.3.1), and at the present stage of development of nanotechnolodies
focus is mainlyn manufacturednanomaterials Although thereare some differences in the priority
ranking given depending on the type of responding organizatiopics such as standardizeahd
validatedtest methodlogies risk assessment and safety in manufacturing and in the laboratery
generallyconsidered centrah a governanceapproach.

Some of the broad uncertainties EHSvhich have been acknowledged in the FramingNano research
include:

missing commoterminology and definitions
methodologies to assess the effects of nanomateiralhie body and the environment

metrology to reproducibly and reliably detect, quantify and characterise nanomaterials in
their environment

information on potential hazardsf manufactured nanomaterials
information on release and potential exposure rositd manufactured nanomaterials

end of life issues of manufactured nanomaterials

€ €& €& €

lack of standards
w adequate procedures in risk management

There seemed to be a consensus the nature and extent o$cientificgapson EHSbut when it
comes to decide how to deal with thexistinggaps and how to prioritise actioria the light of
limited resourcesseveral opinions on how to set priorities in EHS issues emerged.

Overall, it can be concluded that on the basishaf current knowledgesensible prioritisations must

0SS YIRS LG A& GKSNBF2NB NBO2YYSYRSR:=E ¥F2NJ SEI YL
YEY2YFGSNRAIf Az 0 Sl ¢ Snbry deghaRaBl& NI2RNJ O 6 § 8 £ dkoyfRS € ¢ | Yy R
nanomaterials and to focus on those nanomatels where commercial relevance is given and/or
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exposure is to be expected highe€in the other hand, as many of the necessary scientific building

blocks for risk assessment are interdependent and need to be developed in a boptgnocess, a
clear indicéion of EHS research prioritigssnecessary.

Recommendations on general principles and methodological aspects of EHS

1

Roadmap on EH®efine a clear and transparent roadmap (at EU or global level) on developme
EHS research, taking into accountparticular the 1ISO roadmap in this field. The roadmap musi
clear on priorities and actions to be taken (timelimxpected progress and resylts

Observe:Closely monitor developments in the field, through the establishment of specific observ
andassessment procedures (at least at EU level) on EHS developments.

Increase efforts:Strongly increase (financial and human) efforts in research on building blocks fc
assessment of naneelated products, including instrumentations and validated atiedy methods.
Provide incentives for EHS research by considering these issues in public fundingrisk mesearch.

Agree on commonterminology: A commonly accepted terminology is prequisite to the
organization, accessibility and understanding efwknowledge in nan&HS.

Speed up standards developmenidechanisms to facilitate participation to standards activit{€SO
TC 229 and (national) mirror committeasust be explored in order to support work on standar
(incentives and direct financialpports, for participation).

Use existing knowledgeExplore the applicability of existirand newly developedknowledge and
methods e.g. in order to identify critical materials and applications or for the protection of worke
manufactured nanomaterials (airborne nanoparticles).

Precautionary approachMany uncertainties on the hazards of the many differenanuafactured
nanomaterials will persist for some time and make sound risk assessment difficult. Where the |
cannot be properly assessed with current methodologies, a precautionary approach to mir
exposure should be chosen.

Best practices:Develop disseminate, and apply best available practices for the evaluation
management of risks, basing on a precautionary approach. Already existing public and |
initiatives should be carefully examined.

3.1.1.2 Ethical, Legal and Societal Aspects (ELSA)

The importance of ELSAof nanotechnologies wasvidely recognisedas discussed irthe first
FramingNano publication(FramingNano, 2009 However, @art from legal issuedmplicit in
regulationwhich areclosely related to thepplicationof nanotechnologes EL& were considered to
be of lower urgency bthe stakeholdersnvolved in the dialogue.

It turned evidentthat neither ethical issuesior societal concergare clearcut, also because they are
expected to become more relevant with the potential usars misuses ofmore distant, future

(visionary) application of nanotechnologies. Accordingly, they should be treated in a completely

different way than risksrelated to safety’, and t is understandableghat stakeholder opinios on
these issuesare less welldefined than in the case of EHS, and thas difficult to give thee issuea
clearorder of priority.

8 Further insightdnto possible approaches to ethical reflection on the development of N&N are provided by EU projects

such a®.g.DEEPEN, NanoBrRAISEndNano2Life.
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There isa consensu®n the generalprinciples and valuewhich should guide thedevelopment of

N&N, and these generally do not differ much from theesrindicated in th® dzN2 LISy / 2YYA & & .
Recommendation on &ode of Conductor responsible N&N researc{European Commission,

2008b) Particular emphasis is given the principles oftransparencyand responsibility which are

closely related to the need for better informaticabout the properties, behaviouproductionand

useof nanorelated products in order tincreaseconfidencein the safety of N&N

Nevertheless, a clear understandiadpout the ways how to implement theg principlesseems
missing together with concrete responses to the ethical and societal concerns identified. This is
underlinedin the case othe EC Code of Conduct, where improved guidelines and indicatfdrswy

to implementit are considered essentialementsin enablingts widespread application.

Therefore, thoughhte need to properly addreghe ethical andsocietal impact of nanotechnologies

has been ratedmportant by stakeholdersthere have been few or ndear indications for immediate
needsand actionsThe spectrum of the concerns related to ELSA (as identified in the previous phases
of the project (FramingNano, 2009 is ample and includesssues such as the impacof
nanotechnologieson medicine €.g. throughnovel predictivediagnosticy, on information and
communication technology, on theecurity sector (e.g. privacy in relation tonovel surveillance
technologies)on energytechnology and a sustainable econonayn novel naneenabled foodson

animal testing and ancerns about the global impacif nanotechnologie®n poverty andon third

world development

It mustalso be noted that fewif any) of theissues identified are specific for nanotechnologimany

of them are rather specific to (novel) technolodes in @neral, or sectorspecific. However,
nanotechnology magddnew aspectdo SEA &G Ay 3 AadadzSas 6ARSY GKSANI &C
wider public awarenes€noughresources Bould therefore be dedicated to understarahd defire
actionswhichtranslate agreed principles and values into concrete measures.

Recommendations on generakinciples and methodological aspects &LSA

1 Responsibility, transparency, opennessocial justiceand accountabilityhave been identified to be
key principles in theyovernance of nanotechnologies, and these principles must therefore be t
particularly into account for governance actions.

1 RiskBenefitBalance:n order todeterminel y I LILJX A OF (i A &k& Mdst alweyd Belclietks
against the potential berfés, which, in turn, have to be compared with those provided by exis
technologies. The extent at which the objective pursued can be stretched should be indicated.

9 Identification of EL&: Analysisshould focus to single out specific issues apglications, so as to hel|
gather concrete statements and opinions in order to anticipate and proactively address pot
societal risks as well as benefits.
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3.1.2 Communication and Dialogue

This section looks at three different aspects of communicat@ne is to establish and maintain a
meaningful reflexive dialogue by including publics and stakehold@fse second is the
communication of information on hanomaterials among stakeholders, e.g. along the value chain. The
third aspect is abouknowledge trasfer, particularly by educating young people in science and
technology:

w PublicDialogue: Inclusiveness and Publingagement
w Information Sharingamong Stakeholders
w Knowledge transfer: Education an@rofessionalFormation

To be effective, some requirements, in termsaofjieneral methodology and set of principles, should
underpin any dialogue and communication initiatives amongst different groups of stakeholders.
These are:

Communication between the main stakeholders/playsi®uld be fostered

Sufficient means of communicating, and pursuing communication should be prowdgdn
the form of a publicly accessible platform

w Enhance communication of scientific findings and their interpretation in terms of risks rather
than haards

Differentiate clearly between different risks, concerns, hanomaterials and applications

Define clearly the priorities and actions to be taken (timeline, expected progress and results,
failures and achievements)

w Pinpoint clearly roles, responsibilitiaad leadership for all stakeholders in the whole field of
governance of nanotechnology

Maintain the independence of those communicating with the public

Make clear where there are uncertainties in what is knowtowever, the uncertainties
should be seen imelation to what is already known and the fact that uncertainties are
ubiquitous.

3.1.2.1 PublicDialogue: Inclusiveness and Pubkngagement

Since the very beginning of the nanotechnology evolution, most stakeholders have agreed that the
lessons from theejection of genetically modified plants should be learnedisTime the broader

public must benvolvedin and A y Ot dza A @ &vélualiddndilarging2 Fenefits and risks of
nanotechnologies. On the policy side, the aim is to elicit indicatorggoffisiant concern from non
involved members of the public (as opposed to stakeholder organisations) and hopefully also to
promote a sense of involvement and trust.

Several initiatives on public engagement have been activated throughout Europe, bothictaleg
and national level, and a clear commitment on this topic has been declared by the European
Commissionin the case of nanotechnology the public has shown interest to be included in shaping
the development of nanotechnologies. The Deepen FP7 resgajbct therefore urged policy
makers to be innovative in finding ways to ensure the public is given a say in the decaomg
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process, and encouraged them to explore different formatgublic engagemen{Davies, et al.,
2009) Scietal engagement as identified as central to bridging the gap between the development
of nanotechnology and the involvement of society.

Even so, the EC has clearly committed itself to an inclusive approach, although the outcome of such
process is connected with uncertaies. The Council of the European Union therefore invited the

I 2YYA Q@A 2$y @2dzNI 3S LIz f A O RSo6 I {Cdundil yfRhe Edapeas NJ  LJdzo
Union, 2008) and the EESC recommended thatd ( NHzOG dzZNBR RALF € 23dzS 6 A G|
strengthened, 0 a sound and transparent basis, to provide a united European voice in this field,
GKAOK Aa @AGEHE G2 2 (ENopeaizkEdmoBic ang Sodidk Sommified, 2009) a G 3 S

However, theprinciple of inclusiveness has received rattaer ambivalentrating throughout the
project consultation.riclusiveness is seas a fundamental principle to build a proper level of trust
and confidence, to take into account the concerns and ideas of the different players, and to
distinguish between perceived and ta@sks.Many comments indicated that a model for responsible
nanotechnology governance must provide means oluitiog key stakeholders valued for their
commitment to a constructive dialogue hile it is unrealistic to assume to involveet entire public

in the process.

Stakeholders should be aware that public engagement is more than public diallogliee with

recent EC poligypublic engagemergoesfaro S&@ 2y R I aGSYLISNI (dzNE aSyaiy3
constructively takng up representativestaketolder opinionsin the process of decision making in
nanotechnology governanc®ublic engagemertherefore requires an attitude that public opinions

and concerns are genuinely taken into account in the process of governance. Public trust might
become at sike when public engagement is preached but acceptance of nanotechnology is the real

item on the agendaln this casedialogues will be seen as no more than sophisticated opinion
engineering or winde dressing for fixed policies.

The FramingNano projecth identified some key principles that should underlie public dialogue and
the expected public inputsSuch process should lead us to faadommonly acceptedgreement on

a set ofvalues and criterimn how to assess and decide in nanotechnology govemadinese key
principles should bé&aken up andntegrated in the process afanotechnologygovernance.

Recommendations on generalrinciples and methodological aspects Public Dialogue

1 Openness and adaptationpolicy makers, scientists, industry showldmmunicate information in ar
interactive context with publics, and should also be open to changing their approaches in the li
gKEG GKS WwilreQ LIS2LXS KI @S G2 aleéo

1 Followup: people must be aware at the outset of what they can expect to happen inptiiey
process and get feedback on what actually happened. There should be a reasonable influence
policy questions from the dialogue initiatives.

1 Learning curveCommon and effective models of engagement should be developed, in order to .
duplication and overlapping of activities. Awareness should be raised that a dialogue can f
started when all stakeholders in the process have reached a certain basic knowledge level.
learning curve and definition of the point when the dialegcan start must be defined

1 Public information making available to the public clear and transparent descriptions of the appr
to regulation and funding, anticipating benefits, costs, risks and uncertainties
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I Meaning:Methods should be found tinclude tie public in the development of principles, values a
criteria which guide the governing, assessment and decisiaking process on nanotechnologie
Public dialogue on nanotechnologies needs to be firmed and used to explore such criteriawssd v.

9 Trust, not engineered consentthe creation of trust among the stakeholders and the public is key,
the engineering of consent. Policy makers, scientists or industry should communicate informai
an interactive context with publics, and showtso be open to changing their approaches in the li
2F oKFG GKS WitleQ LIS2LXS KI@GS G2 areo

9 Differentiate: Generalised statements on nanotechnologies are usually inadequate. In
communication, the stakeholders need to clearly differentiating betwedferent risks, concerns
nanomaterials and applications.

In terms of inputs from public dialogue are expected:

Societal desirabilityNeeds and advantages of existing and future N&N applications

1
9 Ethical concernsWider ethical concerns related to ugnd misuse) specific N&N applicati?)ns
1 Risk appetite Preferences about the level of tolerable risks ¢hgkefit balance)

1

Values and Criteri#o be used to balance risks against benefits

3.1.2.2 Information Sharing Among Stakeholders

The transfer of data an#tnowledge among involved stakeholders is regarded as one of the key
elementsfor dealing with uncertainties of EHS of nanomateridigroper tools are available, the
efficiency of identifying, assessing, managing and communicating potential risksdrildi&Ncan
greatly be increased

Threemainlevels of possible intervention have been identified during the prdject

1. Inter-agency communicatiormmong different (subjeespecific) authorities, at regional or
international level, and across applicatisactors

2. Information exchange between indstry and regulatory authorities

3. Data sharing along the value chainrkKnowledge transfer among those stakeholders
producing data (industry, researchers) and those further along the value chain (producers,
processorsgonsumers, recyclers.

There is a variety of initiatives on these three areas mainly on an informal basis (such as events and
meetings among regulators and/or with stakeholders). Alsmnesostructured actions, such as
voluntary/mandatory reporting schemesatie been activatedso farhoweverwith a tepid response.
Stewadship actions to improve risknanagement, cooperation and data sharing foanufactured
nanomaterialshave been prompted by single industs or by clusters of indusies (the chemical
industry has been particularlgictive). A central role in cooperation and data sharing is playdtidy

? Such as handling of information, privacy, feetated issues, military applications, global justicel @guity, and the use
of nanotechnologies for human enhancement.

950 far, the attention has been focused to manufactured nanomaterials, more than on nanotechnology in general, mainly
0S0FdzaS (KSe INB (KS Gordeted Rodycd. of 201 aé 2F Yzald 2F ylyz2
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Organization for Economic Gperation (ECD and by the International Organization for
Standardization 8Q.

However common and effective measures to ensuae effective interaction among regulatory
agencies, industry and stakeholders in general are still missing, ivislecknowledged that N&N
introducematerials with new properties which coutdirrently slip through thenet of regulaion and
control.

Authorities lackthe necessary risk data to construct meaningful oversight optiom the other
hand, the industry is often expected to have the necessary (but proprietary) lahaits. report,IRGC
recommend(IRGC, 200®stablishing systematic liaisobstween government and industry to share
risk information and promote socially responsible outcomes, and many problems of losing trust or
public credibility irsectors such afod and cosmetics derive from unnecessary secrecy.

Knowledge transfer amongtakeholders producinghis data (industry, researchers) and those
further along the value chain (producers, processors, consumers, recyclers) is an important aspect of
communication. The definition of data disclosure procedures and making available poltlie data

and information on impacts of nanomaterials represent important issues to be considered in the
governance platform. A balance must be found between the principle of public access to
governmental information, particularly when related to riskshealth or the environment, and the

need to protect proprietary or sensitive data.

wSAFNRAYI AYTF2NXNI A2y 2F O2yadzYSNBR FyR dzaSNaA 27
consumers seemed unequivocaflgcepted among all stakeholdershelcloser theapplication is to

the body of the user, the more important this freedom is usually r&teHowever, the specific form

of how to present such information to the consumer remains controversially discussed. It is, seems

for instance, not clear at alWwhether labelling will allow consumers to make an informed choice,
considering thatthe background information necessary to make such decision wilbaobn the

product labels.

Recommendations on genergrinciples and methodological aspects anformation shaing along the value
chain

i Transparency

I Responsibility and accountabilityEnsure innovation takes place in a safe manner and with the pr
level of (voluntary and mandatory) control and legislative intervention.

9 Avoid duplications: Whenever possibleuse/adapt already existing information requirements a
procedures (including confidentiality settings) under existing regulations (e.g. REACH)

1 Improve knowledge: Mechanisms and incentives should be provided to encourage stakeho
(researchers, industrialists, legislatotts) develop and share data on the use of nanotechnolog
along the value chain.

w Adapt the MSDSEXxplore the possibility to adapt material safety data sheet (M3®apequately
represent the special propertiedf manufactured nanomaterials.

™ This latter request has been (at least partially) answered by recent modifications of the EU Directive for cosmetics
introducing labelling of nanomaterials in this sector. Also in the food sectors some rules related to labelling will grebably
introduced.
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w Strengthen Industry /authorities partnershipsEstablish a permanent communication interfaaéth
a strong effort to include also SMEs. Consider existing industry product stewardship actions an
mechanisms (such as [&tance Information Exchange Forum (SIEF) under REACH, relevant OE
ISO activities.

1 Inter-agency communicatiomeeds to be strengthened by e.g. organising regular meetings (pos
on a formal base) among EU and national regulatory agencies ¢batssectoral, and sector specific
to foster a common understanding and support the definition of common methodologies

w Confidentiality: Explore methods to overcome the problem adnfidential business information B
and intellectual property in data sharing with industry

w Establishopen data repositoriessuch as database on EH&genable industry and researchers to sha
data with regulators, consumers and other businesses on a commonly accepted (and standa
methodology.

I Standards: Support standards and harmonisation activities (financial support to participatiol
standards work)

3.1.2.3 Knowledge Transfer=Education andProfessionalFamation

With increasing commercial importance growing number of people and professionals will get in
contact with practical applications of nanotechnologieghe importance of strengthening
commitmentto provide adequate education at universities and at vocational schindle areasof
both basic and profesional education is acknowledgbyg stakeholders, anthe necessary teaching
and learning materials need to be developed to support teacheraciuiring andmediating the
necessary skills and knowledge on nanotechnologies.

Implementation of nanotechnolags in the basic and professional educaturriculapresents an
opportunity to reach broadectorsof the society and ensure thbuilding of a base oknowledge
necessary to lead an informed discussion on nanotechnologies and their implications.

Recommeidations on generaprinciples and methodological aspecis education

1 School education:Responsible development and application of nanotechnologies is based c
adequate education at schools and universities. Interdisciplinary education and traihiegchers
including topics related to health and safety of nanotechnologies need to be addressed

1 Professional educationNanotechnologies will gain increasing importance in our professional |
Professional education should therefore apply at thimge of the education of professionals,
particular to strengthen the knowledge of professionals in the area of occupstsafiety and health
(OSH)
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3.1.3 Adaptiveand Flexible Governance: Adaptive Regulation

With respect to a few years ago, when thereer& two mutually incompatible views toward

regulation (a seiNB I3 dzf | G AHITA NE & AMBRBND | yR GKS ARSI 27F
on-going reflections and the attitudes on regulatiof nanotechnologiesare broader and more

articulated. However, thereis a general consensus among scientists, policy experts, regulators and

civil society organisations that there are some significant shortcomings in the application of the

existing regulation to N&N.

Explicitregulations for nanomaterials and nerrelated products are still rareNeverthelessit is
agreed that nanomaterials angpplicationsmaking use of nanotechnologiesuld eitherfall under
the scope of existing regulatory schemasbe identified under regulation of all kinds of emerging
technologies For the time being, e identified shortcomingare therefore generallyrather related

to the implementation of the existing provisions in practiten to the scope ofexistinglegislatiors.

In synthesis, the shortcomings include

w mandatory information reporting or safety evaluation requirememtkich are commonly
triggeredby mass (e.g. the annual production volurnrestead of values taking account of the
specific properties of nanomaterials

w the profound lack of (eco) toxicologiaddta and standardised methodologies which prevents
the development of meaningful data on risk assessment (sucbcaspational exposure
limits)

w the lack of validated and standardised metrologies (instruments) to detbetracteriseand
guantify nanomateials makes it difficult to determine actual exposure levels

These shortcomingsand uncertaintiesaffect most of the areas oflegislation and sectors of
applicationgrelated to nanotechnologie@-ramingNano, 2009

While the uncertainties on the potentiaisks of manufactured nanomaterials and nanotechnologies
are expected to remaimelevantand will not befully answeredwithin a short time, agovernance
frameworkmust provide structures to deal with these uncertainties and provide mesmisow to

find practical wayso cometo commonly accepted decisions in risk governance based on meaningful
stakeholder inclusion.

To avoida sterilediscussiod® SO2 YAy 3 Syl y3t SR Ay (RiskB&igeSI09Sy RA y 3
it is thusnecessaryto start a proactive and cooperative process among stakeholderfedter a

dynamic regulatory situation, ready to adapt to the evolution of scientific knowledgd
nanotechnologyapplications but also to changingublic attitudes. Essential elementsedo

1 improvethe knowledge base on the production, use and commercialisation of nanomaterials
and nanarelated applicatios as well agelated EHS issues

91 apply the best available practices for the evaluation and management of riskindgas a
precautiorary approach

1 remain vigilant, defining concrete and effective measures to adapt/improve the regulatory
situation, andmonitor the effectiveness of theiimplementation
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The needfor concrete measures to improve the level of implementation of N&N in thstiex
regulabry frameworkshas been clearly underlined in the project consultation, and is backing the
recent position of the European Parliament which asked the EC to report on the regulatory situation
on N&N within 2011.

The level of confidence in exisf) regulations when dealing with nanotechnology depends both on
the type of product considered and the legislative fework within which it has to comply
(FramingNao, 2009. In regards of priority industry sec®and application areashe attention
seemed to befocused in particular on the following sectors: foods and feedstuffs, cosmetics,
chemical substances, environmental pratien, occupational safety and (apparentlyith lower
urgency to medical devicesind pharmaceuticals.rducts and applicaibns resulting in close body
contact or ingestion are generally rated higliyterms of priority.The areas of textiles, articles of
daily use in general, products especially relevant to children (toys, products for babies), electronics,
and agriculturabpplications also emerged to be sensible areas.

Voluntary measuresd d & 2 T i ¢ NP B dzfalKit NRY¥ 0 NI addptetl inAa2opmbiGedy o6 S
approach although some stakeholders have indicated fears that voluntary measures could be

GF odzaSRE (2 R8nddtody reguidiossSih drdgyto decide which form or regulation is
applied best, the impact of hard law and soft law has to be assessed in the individual case (e.g.
depending on the area of application). Therefore, proper structures to get such fdedivathe

impact and effectiveness of individual forms of rules need to be established within the governance
framework.

Regulatory subsidiarity is an important element to be taken into consideration. It is important to
pinpoint the tendency of European countries regarding regulation and legislation with respbet
directions coming from the European Commission (harnatitia at European levelStakeholders
generally indicatd to prefer a European approach over individual national regulations, and they
tended to favour international regulations at least in a second phase.

Regulatory stability is a concern which has rapdly beenunderlined during the project analysis,

mainly by opinions from industry, fearing that ew&ranging and stricter regulatory requirements
represent a barrier to innovation, comnealisation, and financial investment into new products and
techrologies.

In conclusion, a dynamic character of the governance framework will be necessary in the light of the
many differences of the different sectors of application it must cover, the corresponding differences
in how risks are handled and how regulatiag®m applied, to adapt tofuture generations of
nanotechnologyrelated products and applications expected to present additional or different
challenges for nanotechnology governance andatce into account (changing) public attitude and
responsiveness.

Thete should be a strong interaction between science on the one hand, giving the state of the art of
the understanding, and governance and regulation on the other hand. These two parts need to be
closely linked and updated in the idea of a dynamic approach.
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Recommendations on genergbrinciples and methodological aspects oimstitutional issue§ & K I N.
Gaz2Fdé NBIdA FGAz2y
1 Best practicesApply best available practices for the evaluation and management of risks, basini
precautionary approach

1 Remainvigilant: defining concrete and effective measures to adapt/improve the regulatory situa
and monitor their effective implementatian

I Support existing regulatory bodiesexisting bodies should oversee nanotech regulation, but t
need to be equippedvith the necessary financial and personnel capacity to take up this emel
issue adequately

1 Support SMEsdevelop and make available tools and guidelines which supportigki@dling N&N
(e.g. nanospecific risk management systeary] fulfiling regulatory dutiesconcerningN&N.

Combined approachsupport a combination of mandatory and voluntary measures
Transparency and accountability

Monitor effectiveness Provide mechanisms to monitor effectiveness of voluntary measures

=A = =4 -4

Explore incentives careful design of independent control, increased stakeholder pressure, b
publicity and benchmarks

1 Benchmarks:provide benchmarks and guidance to voluntary measures, in particular the EC cc
Conduct, initiatives, to support and increase partitipa.

3.1.4 Creating Tust between Stakeholders

Trust in regulators and public authorities is considered crucial to gain public acceptance of a new
technology. Consequentlyhé¢ generationof trust among thosalirectly involved in the governance
process, and among those ordffected byit, must be considered a central element in the process of
creating a sustainable governance framework for nanotechnologies.

The current uncertainties and § KS RSt | @ I ¢ idkrdatedihforngaffon hNietiell kod

loss of trust between public authorities, industry and-#08 S NY YSy i | f (IRACED0PA & I ( A 2
This needs to be addressed by the governance platform which must promotebuiilding processes

among the stakeblders. Trust, however, cannot be creatad will. It is the result of stakeholder

perceptions deriving from a variety of factors defining good governancgch asenhancing
transparency, providing meaningful ways of participatibry R NXB & LJ2 Y Rnedl® andDA G AT §»
concerns

The FramingNano stakeholdeconsultation particularly emphasized the important role and the
expectations in policymakers and regulators. Public trust in the ability of public bodies to regulate

N&N for good of society was of paramotintportance. The concepts of inclusiveness, transparency,

public understanding and trustlwaystied to the value of social justicend where all interested
stakeholders are included and invited to engage in thi@&ogue were set against an owtated

concel 2F GSYIAYSSNBR 0O2yaSyilié 6KAOK &aLINJgyddd FNRY
by spreading selected information.
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3.2 TheFramingNano Governance Platform Concept

Only if the broader impacts of nanotechnologies are well understood, appropriatsures actions
and strategiesto manage these impactsan be developed. In order to be able to design an
appropriate framework, irtelligence of the quickly evolving st&aof the art of nanotechnology
induced change is required.

From the FramingNano project research it has been concluded that governance and regulation of
nanotechnologies must be considered a dynamic affair which sieethe continuously adapted. This
implies a continuous observation of the statéthe-art knowledge on nanotechnologpduced
change.

Even sothe relevant stakeholders and the interested public have to be meaningfully included in the
definition of commaly accepted principles, criteria and values to be used for the assessment of
these changes.

The underlying basic assumptioigentified in sectiorB8.1, indicate how todeal with the present and
future governance challenges related to a responsible nanotechnology development in a prospective,
adaptive and inclusive way. This is suggested to be donestablishing a set of capacities and
assigning resportsiities by,

w engaging with the public and stakeholders to agree @pammon Assessment Methodology
on nanotechnologyinduced change. The resulting values and principles will underlie decision
making in nanotechnology governance. This will allow stakehslderelaborate views,
contribute to an informed debate and exert concrete influence in governance and policies of
nanotechnology development.

w establishing anObservatory which continuously overviews and evaluates the relevant
stakeholders, developments arile advancing statef-the-art knowledge about nanotech
nologyinduced change and impact assessment, taking into account the principles and values
which emerge from the Common Assessment Methodology.

w implementing anAdvisory which proactively assessesrerging trends and developments
on the basis of the Observatory aptbpossvisions and actions concerning nanotechnology
governance

w evaluating and deciding othe proposed visions and actiomgithin the existing decision
making structures, but takingtm account the inputs and guidelines resulting from the public
engagement under the process of defining antnhon AssessmentMethodology on
nanotechnologyinduced changeHvaluationand Decision Makinp.

w implementing a orderly feedback function which trgasently documents the decision
making process, makes the results available to the Observatory, the public and the
stakeholders, and which allows to validate whether the decision making process meets the
criteria established in the Common Assessment Metiiogy Feedback.

If these capacitiemnd responsibilities arset up in an interconnecte@nd continuousway, the
resulting process ofnanotechnologygovernancewill be 1) I R LJi A @ SO 22N\WNE é@adi & 05 ¢
provides a framework which allows that neiwformation on or new issues ohanotechnology
induced changeare taken upaccording to the concerns, priorities and principles of the stakeholders,
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2) inclusiveas the relevant stakeholdel@nd theinterested public are meaningfully engaged in the
definition of commonly acceptedrinciples, criteria and value® be used for the assessment of
nanotechnologyinduced change and therefore have a say in defining the basis wimdbrlies
decision making in nanotechnology governanaed3) transparent and trus-building in terms that

the decisions in nanotechnology governance are based on a commonly accepted assessment
methodology which is open for egoing public revision.

Decision

Making

™~

Feedback

e

Evaluation

The
Nanotechnology
Governanee
Continuum

Assessment

Methodology

&

L

Observatory

Figure3: Overview of the process of the FramingNano Govamoe Platform
(FramingNano Consortium, 2009)

The framework and structures envisaged to achieve these objectives should permit the
establishment of a governance process that runs in a continudedlyoop to provide a dynamic,
sustainable governance model capable of coping with the present and futbedlenges of
nanotechnologiesKigure3).

The governance model process is proposedctmsist offive keyelements a / 2 YY2y | 3a4SaaY S
Methodology I bsérvatong, & 9 @ f dzl etidicha/ € ZA yiFéeedbagkRThés@lementsare

linked in a loopto reflect the continuous,adaptive and flexibleapproach to nanotechnology
governanceproposed by the Platform
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3.2.1 Structure of the FramingNano Governance Platform

The implementation of a continuous nanotechnology governance procesh allow addressing
present and future challengés nanotechnology governande a prospective, adaptive and inclusive
way.

Thecontinuous process of nanotechnology governatesintroduced in sectior8.2 and Figure3) is
proposed to be put into operation hiynplementingtwo key structures which underpin the proposal
of the FramingNano Governance PlatformDaliberative Panelnd aDecision Making BodyThe
proposed elementsf the FramingNano Governance Platform agpresented inFigure4 and further
detailed in the following paragraphs

3.2.1.1 The Deliberative Panel

The Deliberative Panel (panel on nanotechnotogluced change) igroposedto be establishedas a
structured, permanent grnop of experts responsible for observing, assessing and advising on the
impacts of nanotechnologies and of convergence at the nanoscale.

The Deliberative Panel will monitor the -going developments and the statd-the-art knowledge
concerning nanotechnofyinduced change bservatory function), and it will translate this
intelligence into visions, actions andecommendations on nanotechnology governantewards
decision makers, thereby advising them on appropriate measures in the governance of
nanotechnologiegAdvisoryfunction).

Nanotechnologies shall be developed and used for the good of society. However, it is not necessarily
evident what risks the giblic is willing to take in exchange for certain benedit:ianotechnologies,
(e.g. in nanomedicine or nanotechnoleggabled diagnostics)

One of thekey challenges for the Pansbnsequentlyconsissin directing its attention towards those
issues whik are identified to be of particular relevance, urgency, controversy or the like by the
affected stakeholdersThe Panel is therefore engaging with stakeholders and the public to elaborate
a Common Assessment Methodologyuch methodologwvill provide an integrated set ofvalues,
criteria, priorities and principles which shouldccording to the stakeholdersinderlie the
assessment of nanotechnologyduced change and the decision making in nanotechnology
governance.

Examples of criteria that could be abtished in the context of the Common Assessment
Methodology include

the social desirability of different nanotechnology applications;
EHS and ELSA priorities to be considered in the research and governance; process

the level of tolerable risk taking iregards of the expected benefits of individual applicatjons

€ €& €& ¢

particular values and criteria to be considered in the assessment process of nanotechnology
induced change

The values and criteridetermined throughthe Common Assessment Methodology will allew
prioritisation of the existing and emerging issues of nanotechneilodyced change and will provide
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guidanceto decision makers by specifying a framework for normative qualification of the available
knowledge and the knowledge gaps to lteessed by tk Panel.

The Panel willaordinate and support the development of tteammonassessment methodology.

This ensures a more deliberative and inclusive approach to policy making process and
nanotechnology governance in generas the public and a variety of stakeholders will be affected by
decisions in nanotechnology governance, such normative dimensions of nanotechiraloggd

change need to be assessed in a msiiikeholder approach rather than just in, e.g., scientificles.
¢CKSNBEF2NBES | GNIyaLl NByd LINPOSRA2NBE 2F Lzt AO Sy-=
of the assessment methodology according to the preferences of the stakeholders and the Phislic.

process must provide means of short term as well agstemic, long term approaches to
nanotechnologyinduced change assessment.

Since these values and principles are expected to be subject to change and refinement with the
developmens of nanotechologies, this process must take place on argoing basis.

The challenge for the | y SObs@riatory function would be to provide continuously updated
intelligenceaboutthe state-of-the-art knowledge of nanotechnolognduced change, to identify and

assess the large field of stakeholders (whether actively ermbadgenanotechnology research,
RSOSt2LIYSyd 2N 320SNYyIy0OS 2NJ 2yte aFFF¥FSOGSReO |
agenda).The Observatorynay be seeras a monitoring and early warning / early listening system,

which provides the best availablmformation relevant to understanding nanotechnolemgduced

change for the development of appropriate measures and actions and for the use of decision makers.

In the process of identifying, assessing and condensing the relevant issues for the Adhsory, t
Observatory will follow the principles, values and criteria provided by the Common Assessment
Methodology Thisensures that issues are taken up based on the priorities and concerns of a broad
range of stakeholders (including the public).

In order to ke able to functioreffectively, the Panelshould ideally be structured intdifferent topic
related Working Groups (WG) foéngon specific issueelated tonanotechnologyinduced change,
e.g. technological developments (TECH), environmental health afiety JEHS), ethical, legal and
societal aspects (ELSA), security and defence (SEC), economic impacts (EG#Diatissues could
also be structured according to industrial sectors or applicati®hs. list of issues (and the allocation

of WGs) is noexhaustive and is expected to be subject to changes over, taméthe Observatory

will direct its attention to those issues which are of identified to be of particular relevance in the
Common Assessment Methodology.

In general, the Observatory should bble to rely on open information archives. One recent to such

an archive is given by the FP7 project ICPC NanoNet which aims to establish a freely accessible, open
publication database on scientific literature on nanoscience research (Nano Ardmiviee first

place peerNBE OA S6 SR f AGSNI G dzNBE aK2dzZ R 0SS O2yaARSNBRI ¢
account. Morewer, in order to avoid IPR and CBI issues for the contributing industry, such database

could be based on properties of nanomaterials rather than on the characteristics ofpnadaocts.

However, as the state of the art of science and technology cannot be ddfinetademia only, a
critical task of the Observatory is to ensure the inclusion of all relevant inputs, which most
importantly also includes data and informati@nisingfrom industry.The Panel will need to explore
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ways to overcome constraints arisingin the confidential character of business information and
intellectual property rights (IPR)

Based on the outcomes of the Observatory and input to the Common Assessment Methodology, the
Panel will fulfil itsadvisory function by proposing modelsvisions and actions relevant for
nanotechnology governande the Decision Making Body (DMB).

The Advisorywould provide advice on how to adequately react in a timely and responsible way to
the gaps and challenges that the rapid and dynamic development of nanotechnologies present to
regulators, decisiomakers and other stakeholders involved, based on principles ahges from
stakeholder inputlt would indicate means of how to adapt the current governance framework to
transformational technologies converging at thanoscale, towards a predictable and innovation
friendly framework.

The Advisory function would renraivith a restricted number of experts acting as steering/scientific
committee guiding the development of the Common Assessment Methodology and the activity of
the Observatory function, carried out by a larger group of experts.

Outputs of the Advisory couidclude, for exampleadviceon

best practices and guidelines to be implemented in internatiémedtional law
coordination of EH&search& development

actions to adjust international/national regulations

improvements of soft regulation / voluntameasures

early warning early listening issues

€ & & & €& €

methodology for data sharing
w indications for responsible R&D and innovation policies

In order to be able to function effectivend to understand the impacts of nanotechnologyd of
convergence at the nascale the Panel should comprise multidisciplinary experts in different
nanotechnology fields from different countries, with backgrounds and functions in academia and
research, business, public institutions and civil society organisa#onsajority of ginions need to

be expressed and different schools of thought should have the occasion to participate in the Panel

It will be of central importance that these experts are not restricted by conflicts of interest and that
they are regarded as fully indepeert and unbiased; otherwise, its work will not be trusted.

The input of laypersons is also important to ensure the widest representation of societal interests.
The Panel would, therefore, also explore methods to effectively gather such opinions by cioigside

in the first instance, the outcomes of the different public engagement initiatives on nanotechrology
induced change that are currently in place at national, regional and worldwide leVhks.
organisation of such initiativefiowever s out of the sope of the Panel
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3.2.1.2 TheDecision Making Bog

The Decision Making Body (@B) is a board which would be comprised of representatives of those
existing institutions and competent authorities responsible for decision making in the different fields
affected bynanotechnologies. These representatives would be brought together in order to share a
common understanding of the transdisciplinary nature of nanotechnelodyced change and to
channel the outputs of the Deliberative Panel into the relevant decisiorinmggkocessesThe DMB

has a threefold responsibility:

w evaluate the proposed visions and actioftaking into accounthe Common Assessment
Methodology) (Evaluation

w decide on the proposed visions and actiobg¢ision Making
w give feedback on the decisionaking process and the resultsegdback

Existing decisiomaking structures covering nanotechnologies are scattered widely amongst existing
institutions at all levels of subsidiarity. Depending on the area of application (e.g. chemicals, foods,
medicaldevices, pharmaceuticals, etc.), different governance initiatives and regulatory frameworks
are applied or consulted (e.g. REACH or other application or pragecific regulations) and
decision making is expected to take place within these existing framies as appropriate. These
existing decision making structures must be included in the overall process of the Governance
Platform and their corresponding responsibilities and accountabilities recognised in order to avoid
unnecessary fragmentation of respsibilities and duplication of efforts.

The relevant decision makers are responsible for the evaluation and implementation of the visions,
recommendations and actions proposed by the Deliberative Panel in their respective areas of
competence. The overaraig challenge for the DMB is &valuate and deciden recommendations

and proposals related to nanotechnology governance, taking account of the principles and values
emerging from the Common Assessment Methodology activities developed together with idvolve
stakeholders and the broader public.

At the Evaluationstage,the actions and recommendations for nanotechnology governaasalting
from the deliberative procesare evaluated and judged according to the terms of reference of the
Common Assessment Maibology (principles, priorities, values, criteria, etc.) which has been
derived from the corresponding public engagement process.

Based on the Evaluation, thigecision Makingcan take placet would beessentialfor the national
competent authoritiesgovernments regulatorsyo participatein the DMB, and té relevant decision
makerswould beresponsible for theamplementation of the visions, recommendations and actions
proposed by the Deliberative Panel in their respective areas of competence. The DMBneet on

a regular basis, e.g. in the context of a conference on nanotechnatdgged change.

To maintain an effective and transparent evaluation and decision making process, the DMB should be
subject to aFeedbackfunction which makes its output available to the DeliberatiRane] allowing
validation as to whether the decisions taken address the needs identified by the Commonly
Assessment Methodology.
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3.3 Implementation of the Governance Platform

The issue of where thost the Deliberative Panel and DMB is ultimately a political one. Depending on
the level at which the Governance Platform will be implemented (European level, global), the
Deliberative Panebnd the DMBcould be hosted by an existing European or United Nations
structure, or an infrmal intergovernmental organisation

At the European level, both the Deliberative Panel and the DMB could report to the European
Commission. While decisions are adopted at Member State level, policy implementation will remain
under the responsibility of ational Competent Authorities. It is desirable that the proposed
Governance Platform be adopted at international level to facilitate cbusgler trade and to assure

that a responsible development of nanotechnologies takes place worldwide.

Recent developmas indicate that the International Conference on Chemicals Management (ICCM)
under the Strategic Approach to International Chemicals Management (SAICM) of the UN
Environment Programme (UNEP) is on the way to be established as the first internationaltdorum
discuss such issues on a truly and entirely global level. It is a-stakéholder approach, which
includes governments and nagoverrmental organisations.

The regular International Conference on ChemicalsiMarS YSy G 6L/ / a0 A &n LI NI
plan. At the second ICCM meeting in May 2009 in Geneva, nanotechnology and manufactured
nanomaterials were discussed as an emerging policy issue, and the Conference agreed to include
adding the issue of nanotechnology and manufactured nanomaterialset@tbbal Plan of Action on

the agenda for the third session of the Conference. This forum might be a suitable place to decide on
global issues of nanotechnology governance.

Alternatively, the International Dialogue on Responsible Research and Developnfent o
Nanotechnology could be considered as the hosting organisation. This dialogue is of informal nature,
aiming to facilitate good governance in nanotechnology and at a development of nanotechnology
that corresponds to the needs of society as a whole. I8 tieispect this dialogue wants to be
inclusive, involving all countries and stakeholders interested in the responsible and sustainable
development of nanotechnology. Issues such as global approaches in nanotechnology governance,
inclusiveness, societal engement and coordinated observatories have been discussed during‘the 3
International Dialogue taking place in Brussels in March 2008 which has been organised by the
European Commission.

Related examples and comparable concepts or precursors of the profgaseernance Platform and
its modules are described Annex I: Precursors and Examples for the Governance Platform

With regard to the timescale fordaption of the Governance Platfornthe implementation of the
technical, institutional and communicatienelated recommendations summarised nnex llis the
short term, immediate,goal. These actions are an essential prerequisite to the adoption ofya ful
fledged Governance Platforin the shortto medium termat global, and not just EU, level, thereby
ensuring an effective international harmonisation of procedures.

In the medium to long term key objectives will include the continuous optimisation addtation
of the Governance Platform to face the challenges posed by emerging, and potentially revolutionary,
applications of nanotechnologies so that full advantage can be taken of them.

Ny
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The Governance Platform as proposed will help todfate the complex and major current and
future challenges in nanotechnology governance, together with those presented by other converging
technologies, into an opportunity and driver for growth for the benefit of the society as a whole.
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Figure4: Overview on the structure of the FramingNano Governance Platform (FramingNano Consortium 2009)




Background Parts

The following parts of this report contain detailed background information which was acquired
during the entire FramingNano project and which formed the basis for the deliberative process
resulting in the proposal for the FramingNano Governance Platform.
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4 Outlining the Problem of Nano Governance

4.1 Nanotechnologies: Assue ofOverarchingimpact

Nanotechnologies are seen amongst the most innovative and pioneering technologies of our time.
Currently, products making use of nanotechnologies and/or manufactured nanomaterials are making
their way to the shelves of the stores thanks also to the facit thanotechnologies can be
implemented in existing products and processes, improving their functionality.

As a consequence of the increasing number of nanotechnelelgyed products that refer to
practically all industrial sectors, concerns about potdntisks associated with them are raising. At

the moment this concern is linked to use of manufactured nanomaterials/nanoparticles and their
effects on environment, health and safety (EHS). Ethical, legal and social aspects (ELSA), though
important, are presently more in the background. Of particular concern to toxicologists and
workplace hygiene experts are especially the w@gradable and insoluble nanoparticles which have

been shown to be able to enter the body through various pathways and exhibit atiena that

have previously not been observed.

A new field of science, called nanotoxicology, is emerging, which deals with effects and mechanisms
of action of nanoparticles on the cellular level and in organisms. Of particular concern to toxicologists
are, besides potential shoterm effects, eventual harmful effects on humans and the environment
over the longterm. This makes it an especially delicate issue, since such effects are difficult to
investigate and only manifest after a long time when conslie exposure might already have
happened.

These fears have led to a viwddéscussiorabout the balance of benefits and risks of manufactured
nanomaterials in recent years. From the course of previous technology debates such as, e.g. nuclear
power or gendically modified organisms (GMO) in Europe, it became evident that multiple factors
can dampen the sustainable and successful development of a new technology such as late
identification of EHS risks as well as missing or late inclusion of the affectezshaiddes. It is
therefore generally perceived that the acceptance of a technology by the broad public is of utmost
importance and a precondition for a sustained development of tecttndogies.

The awareness about the potential risks of nanotechnolaglisrhas dramatically risen in recent
years, not only among researchers, but also within the industry, among lawmakers, regulators,
environmental advocates and (to some limited extent) the broader public alike. It has become clear
to (most) stakeholders wh interests in nanotechnologies that just one major incident with a relation

to nanotechnologies anywhere in the world could trigger international reactions that might not
remain restricted to the specific application it originated from.

Since so many gkeholders are in some way affected by or concerned about nanotechnologies, it has
become evident that some sort of inclusive approach is necessary fodighegue on issues of
governance and regulation regarding manufactured nanomaterials. In the cafiriee ongoing
debate, various stakeholder groups have issued differing calls for adequate risk governance and
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regulation, and questions arose as which regulatory or policy instruments are most effective and
appropriate for managing the potential risks asgted with nanotechnologies.

4.2 Challenges obDealing with the Uncertainty

While applications making use of the novel properties of nanomaterials are increasingly being put on
the market, the scientific knowledge about potential health, safety, environeleethical, legal and
societal effects of these technologies considerably lags behind.

In order for a responsible development of nanotechnologies to work, risk assessment procedures
should be established and the results should subsequently be impleméntiedisk management.

To come to sensible decisions in risk management, stakeholders need to be able to identify
nanomaterials, know the different types of hazards involved, estimate release and exposure, and
detect and measure the nanomaterials in them@sponding surroundings.

How to apply adequate oversight when the state of scientific knowledge is not adequate is one of the basic
dilemmas in developing and applying®2dentury oversight mechanisms. In most cases, the science related to risk
will be primitive and uncertain, but the potential risks will be serious enough so that lack of oversight will not be an
acceptable optior{Davies, 2009)

The key uncertainties include the agreement on definitions and the development of adequate
metrology andmethodology to detect, quantify, characterise and assess hanomaterials:

I) Uncertainties abouterminology anddefinitions. Since there exists no standardised definition of
Gyly2¢3s RAFTFSNBYG aOASYUAFAO | YR NBaaeidsiaeeNE RST
used depending on the regulatory subject and sector of application, rendering communication
O2YLIX AOFGSRd {AyOS ayly2(iSOKyz2ft23e¢ a | airy3ats
imaginary set of possibilities and promises todakfluence at the level of atoms and molecules, a
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A definition of nanoparticles based on their nbolk sizedependent properties is needed to better focus future
research efforts in nanotoxicology, and to compare the results of studies performed on particles of identical
composition(Auffan, et al., 2009)

II) Uncertainties irmetrologies and methodologieso (reproducibly and reliably) characterise and

test nanomaerials and their effects in the body and the environment. Existing analytic methods may

not necessarily be appropriate for determining the distribution, partitioning and persistence of
nanomaterials and nanosystems under various conditions. Although BREBbncluded that
GOdzNNByiGfe I gFhAtlroftS h9/5 FdZARSEAYySa F2N) GKS (S
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for the detection, characterisationna in situ monitoring of nanomaterials, as well as common test
procedures and risk assessment strategies will have to be validated and possibly adapted in terms of

their appropriateness for use with manufactured nanomaterials. Maynard et al. therefor806 2

proposed to develop within one year the necessary strategic programmes that would enable relevant

risk-focused researctMaynard, 2006.

2Maynard et al. proposgto
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The lack of a commonly accepted and validated standardised approach in terminology,
nomenclature, test strategieand other methodologies represents a huge challenge in the process of
initiating a coordinated, meaningful and timely assessment of nanomaterial risks. As long as scientific
studies remain difficult or impossible to compare among each other, the evolangmaterial risk
database will remain fragmentary, and the synergistic effect of standardised tests will complicate
communication and a common approach in risk assessment.

4.2.1 RampingUp Risk Assessment

Some specific hazards have been identified in the contdxtisk for human health and the
environment(SCENIHR, 200%or some nanomaterials, toxic effects on environmental organisms
have been demonstrated, as well as the potential to transfer across environmental species, indicating
a potential for bioaccumation in species at the end of that part of the food chain.

Even if a specific scenario is determined hazardous, for a risk there must be an exposure. Specific
gaps exist on the level of hazard estimation and exposure assessment. For instance on datettion
measurement of nanoparticles at the workplace and in the environment, the estimation of the
amounts of nanomaterials present in products on the market plus the potential release of
nanomaterials from these products into the environment. Finally, infttion on the uptake,
distribution and possible modification of nanomaterials in the environment and within the body, as
well as understanding and predicting the precise caasgeffect chain of nanomaterials interacting

with organisms and tissues is miggi

I) Hazardshave been observed by scientists for various nanoparticles, but it has so far been
impossible to systematically identify causality between the observed hazards and specific physical
and chemical properties. Transformation from dassponserelationships to safe neffect levels or
thresholds is hardly possible. For nanomaterials, mass is not a good measure for description of the
effects. Characteristics as surface and number of particles appear to be a better measure. Apart from
short-term toxicity and exposure, loagrm issues have been reported to be evenly or even more
critical. Finally, there is almost no epidemiologic data available of effects after constant, but low
exposure to certain nanomaterials.

Il) Exposureaelated information isalso reported to be scarce, which can mainly be attributed to the
fact that currently the presence and characteristics of nanomaterials in the work place and in the
environment cannot yet be measured and assessed reliably, and to the fact that the missing
information on where possible sources of emission might be found. In addition, hardly any
information is available on the concentration and form of the nanomaterials in the products and the
potential release of them out of these products.

In abovementioned context, a generalisation of risk assessment findings among different
nanomaterials is not meaningful, a strichseby-case approachs therefore necessar{fSCENIHR,
2009)
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4.2.2 Adapting theRegulatory Framework

The big challenge for regutas of nanomaterials and technologies is to ensure a certain level of
safety without stifling innovation and be sure of social acceptance of the techn(@agyman, et al.,

2009) However, the high level of scientific uncertainty surrounding EHS riskslicatep the
evaluation of the adequacy of regulatory responses, and regulations need to be flexible to
accommodate newly emerging risks while assuring the public that existing products in the
marketplace are safe. Nanotechnology regulators on both sidekeofAtlantic are keen to avoid a
situation where scientific uncertainty amplifies risk perceptions by a sceptical public, as was the case
in the early debate about genetically modified fogehlkner, et al., 2009)

Although the lagging of risk researchhoed commercial exploitation of a new technology can be
explained by the emerging nature of any new technology and that business interests as the main
driver to commercially push a technology, the existing uncertainties in identifying, assessing and
qguantifying risks related to nanotechnologies remain a huge challenge to those in charge of
oversight, control and ensuring a certain level of safety to consumers, employers and the public.
Current regulatory systems are designed on the basiguaintitative cawse-and-effect-relations,

clear thresholds and accepted levels of risk taking. However, many of the necessary prerequisites to
build such evidencbased regulations for manufactured nanomaterials to control their manufacture,
processing, use and disposatdat least in parts) not available yet.

In many current regulatory systems such as those for chemical substances under REACH and TSCA,
regulatory requirements and triggers are established referttnghass based thresholdand annual
production volumes. Due to their tiny size, nanoparticles possess a multiplicatively increased surface

in relation to their volume and mass, which is connected to an increased chemical activity. It is feared
that due to (still) low production Mames of many manufactured nanomaterials, they will slip
through the regulatory net and remain unregulated. The existing mass or volume parameters have
therefore widely been acknowledged to be inadequate in the case of nanomaterials for regulatory
purposes

Among the regulatory issues unddiscussionit has been suggested to review existing regulatory
frameworks regarding their ability to allowdentification of manufactured nanomaterialsfor

regulatory purposes (whether they are able to distinct nanceniais from nornanomaterials and

therefore apply specific rules, if necessary) and whether the current mechanisms of distinguishing
FyR GNBFGAY3I RAFTFSNBYd OKSYAOLt adoadlydsa I NB
substances. The necessaaglaptations of current regulations (e.g. in chemicals legislation) are
currently under debate in the USA and in the EU. Under REACH, however, the distinction between
aySéé yR aSEAaGAYy3IéE OKSYAOLtaxr a o0SAayhleenyYl RS o
eliminated and all chemicals have to be registered, tested and updated regularly.

While some regulatory systems in the cases in which the scientific evidence is not conclusive
6adzy OSNI I AyGeao Fft2¢ NBTSNNRY IreguldtorylactidngINGVO | dzi A 2
models for risk governance have been sought and are currently discussed as alternatives or
complements to existing regulations. Such approaches encompadgntary measures in
nanotechnology risk governanceuch as codes of condudtisk management systems or data

reporting programs. Nevertheless, it remains unclear to what extent such voluntary systems might fill

the gap that is left open by traditional regulations, and at what price, i.e. concerning the question
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whether all or justfew players would participate, and to what extent such voluntary efforts would be
transparent and trustworthy.

Industry advocates have claimed that strict and early regulations in the nanotechnology sector bear

the risk of unnecessary overregulation atieerefore, by burdening immense costs to industries,
innovation and financial investment might be hampere®n the other hand, it is also clear that

regulatory uncertainty might hamper innovation and restrain financial investments to this sector.

Here, toq authorities and regulators need to find the right balance and the appropriate instruments

to support innovation while at the same time preventing unexpected damage from materialising.
bSOSNIKStSaaz a t2y3 | a (KS rapplidhtiaSs canhodial ldastbe2 Ty |y
roughly estimated and included into the risk portfolios and insurance policies of companies, the risk
transfer mechanism through insurance companies will be interrupted.

In the light of the predominant lack of super ordieaegulatory frameworks which would explicitly
address nanotechnologies, some nations and even municipals have begun to implement individual
programmes and measuresn their own initiative,sometimes also encompassimgore stringent
regulations Howeer, it has been criticised that allowing the development ofpatchwork of
individual solutionson the national and municipal level leads on the one side to a complicated
regulatory situation (which is difficult to cope with for manufacturers) and also leadsrteed for

later adaptation, which is resource intensive.

4.2.3 Uncertainties inFuture Projections ofNanotechnologies

Just as the prospected benefits of future nanotechnologies are likely to increase with time, so the
impacts on our lives are also expectedgrow. One widely referenced projection classifies different
YIEy2GSOKy2t23e a3SYySNIGA2yaeg 2F LI AOFdGA2ya | C
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or ultra-thin surface coatinggéRenn, et al., 2008)hich among others enable the manufacturing of
nanostructured coatings, polymers and more reactive catalyBkner, et al., 2009)Second

generation applications include evolving function nanostruetu such as, e.g., reactive
nanostructured materials, which may lead to nanoparticles for targeted drug delivery systems. Both

first and second generation nanotechnologies are currently in the research and/or development and
commercialisation stage. Thirdnd fourth generation nanotechnologies are expected to be
materialised in the more distant future and deal with integrated nanosystems (e.g. artificial organs

built from the nanoscale) and molecular nanosystems (molecule by molecule desigelfor

assembing nanostructures).

In the nature of rapid technological change and unpredictable commercialisation paths, the
uncertainties about the impacts of nanotechnologies increase beyond the second generation of this
model. As applications move towards more coexpldomains where bio information and
nanotechnologies converge, and the scope of innovations increases, societal concerns will move into
more contentious moral and ethical terrains. As technologies converge, a shift may be from risk to
underlying ethicalvalues (Satterfield, et al., 2009)Future generations of nanotechnologies are
therefore expected to exacerbate the governance challenge. For example, the contentious areas of
human enhancement has no EC regulatory framework.
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4.2.4 Ethical,Legal andBroader Societal Impacts ofNanotechnologies (ELSA)

As recentiscussiongn the EU and elsewhere demonstrate, developments in science and technology
cannot take place independently from the expectations and needs of the society. However, because
much of the potental anticipated for nanotechnologies is still at the research stage, considerable

dzy OSNI F AyGAsSa f&a2 SEAaG NBIFNRAYI GKSAN &a20h
developments.

ELSA studies of nanotechnologies have therefore tended to be amticjp@ncompassing a broad
range of topics including the values and goals which drive the research and its priorities, as well as
issues more specific to the emerging applications. The enabling character of many nanotechnologies
means that they tend to ges important new dimensions to existing issues, more than they raise
completely new ones.

Taking examples from various areas of nanotechnology, issues include the social impact of a
predictive approach to medicine, based on rapid and widespread diagrost&; issues of privacy

and surveillance, prompted by the potential of tiny monitoring ideg; novel nan@nabled foods;
justice and equity in access to the benefits of nanotechnologies, thebeiskfit balance for
consumer products using nanoparticles, military uses and human enhancement potential. Legal
aspects include liability, to what extent new regulation is requirgduntary or mandatory controls.

The societal dimension of nanotechnology research forms an integral part of the integrative,
responsible and safe approach set out by the European Commission in the European Strategy for
nanotechnology (2004), and develed further in the Action Plan on nanotechnology (2005) and its
first and secondmplementation Report (2007). In these Commission Communications it is clearly
stated that nanotechnology must be developed in a responsible way, within an diptrguethat
involves the public and that enables interested people to reach their own informed and independent
judgements(European Commission, 2008@ range of ELSA initiatives are seeking to assess the
relevant issues and to engage wider publics, to stimulatebttomder societatlialoguewhich these

and other studies call for. This discussion seeks to expose the technological goals and political
decision making to societal expectations and concerns.

4.2.5 Public Engagement

This commitment of the EC, and some particutember states such as the UK, Germany, France
and the Netherlands, to wider stakeholder and public interaction on nanotechnologies has resulted
in considerable funds spent on dialogue processes in several countries, e.g. through the
Nanotechnology Engagesnt Group in the UKGavelin, et al., 2007dr the study on what consumers
want to know about nanotechnologies in Germany (Grobe, et al., 2008). Different initiatives on public
engagement, such as the recent Deepen project, have shown that the publEnhaserest to be
included in shaping the development of nanotechnologies and urged policy makers to be innovative
in finding ways to ensure the public is given a say in the deqisaiaing process.

Since the very beginning of the nanotechnology evolytimoest stakeholders have agreed that the

lessons from the GMO debate should be learned and this time the broader public must be included
inand A y Of dzid A @Sdebatinihfie Géhdfits and risks of nanotechnologies. Formerly public
communicationwas sgé Fa | 2yS glF& LINPOS&aa o0& ¢gKAOK LIS2 LI
the technology, and it was expected that this would lead to its general acceptance. After the GMO
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debate, it has become more generally recognised that many other factors than Bcierfbrmation

affect the way lay people view new technologies. Most engagement now adopts a more inclusive
approach, which imparts information but presents it as part of a-iway dialogue which aims to

hear from public views and reactions. On the po$e, the aim is to elicit indicators of significant
concern from nornvolved members of the public (as opposed to stakeholder organisations) and
hopefully also to promote a sense of involvement and trdgte latter depends on the extent to
which polices are open to adaptation, which may vary considerably. If not done sensitively,
engagements may risk being seen as mere window dressing for policies which were not prepared to
be changed. Engagement should be done if people are made aware at the outgkatothey can
expect to happen in the policy process and get feedback on what actually happened.

Various studies show that at the present time, the public does not have a strong awareness of the
nature and potential benefits and risks of nanotechnologi€gpically, in response to broad
presentations about nanotechnologies, people see potential benefits but also express concern at
risks from nanoparticles, as well as wishing to be more included in setting poianties (e.qg.
Gavelin, et al., 2007Rehtively little engagement has been done on more specific issues, so far. Thus
while the public has been included in some sort of bascussioron nanotechnologies and their

risks and benefits, ther has been limitedengagement onfundamental and broader ELSA
implicationswhich must also be considered by a Governance Platform. Of particular importance are
issues such as technological enhancement of physical and cognitive abilities, manipulation of living
organisms at the level of living cells, nanoteclugyl in relation to food, issues of data privacy, and

on issues such as access to and distribution of nanotechnology knowledge among different groups of
the world population. Thalialogueon these topics usually takes place mainly at an expert level
which & so far not easily accessible by the public.

A number of studies have noted public concern about the potential of nanotechnology to exacerbate

global inequities. There is a widgp in levels of control and poweamong the countries who are

promoting andimplementing nanotechnology, andhdse who will be impacted by (Renn, et al.,

2006) It is expected that some nanotechnologies might exacerbate the friction between developed

and developing countries, especially the poorer ones, whose priorities anentumgeeds are
YIENBAYyFf AaSR o0& WKAIK GSOKQ 3I2+fa GFNAESGSR Fd Yl
a question of urgency in nanotechnology development how such inequitable development could be
prevented and how the knowledge and potentapbplications of nanotechnologies can take into

account already this grossly uneven global context.

4.2.6 Knowledge Transfer and Education

Other deficiencies can be identified in the approaches to education and the dissemination of
knowledge. As nanotechnologiegain increasing commercial importance and penetrate our daily
lives, an ever larger number of people will be in contact with nanotechnologies and will be using
them in their professional practice.

Despite the increasing importance of nanotechnologies rissearch and development and many
areas of our daily lives, however, there are only very few practeathing aids and learning
materials available to support teachers in mediating the necessary skills and knowledge.
Nevertheless, implementation of natechnologies in the basic and professional education presents
an opportunity to reach broad parts of society and ensure the transfer of certain basic knowledge



Outlining the Problem of Nano Governan{ZC

which is necessary to lead an informed discussion on nanotechnologies and their implications.
Existing initiatives and projects which could fulfil an educational purpose are NanoSMILE (developed
under the EU FP6 project Nanosafe2), nano&me or the Swiss -Clam® project (under
development).

In terms of the technical communication and ttransfer of knowledgeamong stakeholders in the
supply chain, significant deficits have been identified. Nanotechnologies and manufactured
nanomaterials introduce a new category of substances which are not explicitly covered by the
existing systems and therefore cantly slip through the net. Nevertheless, nanospecific information
on the properties and potential risks needs to be available along their life cycle in order to correctly
handle nanomaterials. The currentaterial safety data sheet (MSDSthe standard tol to transfer
information on the risks and the appropriate handling of chemical substances, needs to be adapted
for nanomaterials.

The transfer of safety information between companies (manufacturers), regulators (authorities) and
the public outside theequirements of the MSDS is often hampered by claimsoofidentiality of

data, retaining the development or disclosure of data due to (legitimate) confidentiality reasons.
Although the appointment to the confidentiality of data is not a problem generic to
nanotechnologies only, in the current situation of a lack of reliable and validated data on the safety
of manufactured nanomaterials it is expected to hamper the progress in the validation and the
development of additional health and safety data on mawtifised nanomaterials significantly. It has
therefore been suggested to put the requirement to disclose safety relevant information in legally
enforceable terms and make those who hold the proprietary information legally responsible of those
working with the nanomaterial. The need to keep confidential such information is however
advocated, in particular by industry people.

tdzof AO FdziK2NAGASE IINB FIFOAYy3a G NR2dza dadzy OSNI | Ay
from implementing clear rules and regulations, and which essentially render them incapable at this
time to communicate clear messages of whether certaipligations of nanotechnology are to be

NB 3 NRSR a NXammanicatiénNd aGituatidh ®fudrertaintyepresents a new challenge

to regulators and authorities, and their traditional role of defining rules and penalties based on
(scientific) evideoe is complicated in the case of manufactured nanomaterials as such evidence is
only fragmentary at best or inconsistent. Regulators have therefore been looking for alternative
approaches to fulfil their statutory duties. It is currently under debate wkethe current regulatory
frameworks are of the necessary flexibility to allow such alternative approaches to conventional
regulation, and whether such approaches are sufficiently effective to replace conventional regulatory
processes.

The Organization foEconomic Goperation and DevelopmentQECD}akes a central role in the
process of coordinating information exchange and data development between the developed
nations, for example by coordinating the international efforts to generate toxicity data on 14
nanomaterials currently in use (see sectib2.7and section5.6.3. While the OECEepresents the
foremost and major multhational institution with a direct link to national policymaking engaged in
the nanotechnologies development issue, other institutions of more informal or voluntary character
such as the United Nations Environmerfabgramme (UNEP) and the International Organization for
Standardizationl§Q are also deeply engaged or have recently announced an increased engagement
in this area.
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4.2.7 Coordination,Cooperation andinternational Harmonisation

The research, development andromercialisation of nanotechnologies involves many nations
globally, from industrially highly developed countries to emerging countries, and also many
developing countries have indicated interests in nanotechnologies or launched their own research
and devéopment initiatives. The roles of the different countries in the nanotechnology development
chain are diverse and depend on their development status. It is therefore argued thiategnated
governance approach for anticipatory and corrective measurissnecessary for an emerging
technology that will have trarboundary and global implicatiorfRenn, et al., 2006)

Coordination of policy at national and international levels may be significantly challenged by the
increasing list of government departments danagencies involved with nanotechnologies.
Traditionally, regulatory organisations and measures fasgmented by the area of jurisdiction
(subject), type of regulation (product, process, etc.), intervention levels and national and
international harmonisabn of assessment and management procedures (or the lack théte®his
however makes it difficult to implement lifeycle considerations for chemicals and products, and in
particular concerning nanotechnologies which are used in a variety of sectorbcatioms and
industries, such fragmentation of regulatory authorities and controls makes it difficult to implement
a consistent regulatory framework. In addition, the fragmentation increases the need for inter
agency coordination, communication and coogigon.

As the dispersal of nanomaterials and evolving nanostructures may not be confined or containable
within certain areas or countries there is the potential figks to cross international borders
However, there is ninternational framework at this timeyet which would allow addressing the risk
governance of nanotechnology on a global leaall which would provide means of enhancing
consistency in such issues among the natid¥averthelessthe topic has been taken up within the
series of mformal International Dialogue meetingm Responsible Research and Development of
Nanotechnology (March 2008 in Brussels), and within the Strategic Approach to International
Chemicals Management (SAICM), International Conference on Chemicals Managetiet), (I
second session in May 2009 in Geneva as an emerging Risigeences in national regulationand

their application may make it difficult for companies to manufacture standardised products and use
standardised production processes, and the signifiga new properties and issues of
nanotechnology may allow for the transfer of risk, as when products are developed in a country with
weaker controls and exported worldwidRenn, et al., 2006)

Although severalinternational institutions and programmeshave been established with the
intention to foster standardisationco-operative development of health and safety data and
harmonisation among involved nations (e.g. through OECD or ISO programmes on nanotechnologies,
see sectiorb.6.3, such approaches usually do not have a focus on coordination of regulatory issues,
and many current national and international systems maynaelequate for coping with the unique
properties of nanomaterials. Existing international agreements dealing with the health hazards of
materials tend to establish moratoria on wehecognized and highly toxic pollutants only, and

3 This situation is clearly underlined by the EESC opinion that reosK S 99 { / LIRAy (& 2dz2i GKFGZ 2dad | a
many sectors involved [in hanotechnologies], there is a similarly rangder of relevant Community legislative and regulatory instruments

(more than 90). The transparency of Community legislation and its ease of understanding by the public may be undernsned by it

02 Y LX @Hrépéad Economic and Social Committee, 2009)
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therefore cannot serve asiodels for establishing international proactive risk management programs
for nanotechnology where hazard information is only just emer@vhgrashov, et al., 2009)

4.3 Dynamic [@velopmentsNeed aDynamicFamework

The increasingly rapid pace of nanotechmgiadevelopment and commercialisation has obviously
come into conflict with the lagging of the development of health and safety data and the necessary
validation and potential adaptation of the current regulatory framewotkss uncertain whether the
established governance systems are actually capable of adequately handling nanotechnologies and
the corresponding applications within their frameworks, and ithus feared that nanotechnologies

and nanomaterials may cause damage to health and the environivefiore appropriate strategies
based on quantitative risk assessment can be implemented. This may be conceived as one of the
main reasons why many stakeholders call for the implementation of a precautionary approach in
order to avoid such damage from acculating, and in order to prevent that public backlash on
nanotechnologies in general would lead to reactions similar to those observed with genetically
modified organisms in recent years.

The current uncertainties about the potential risks of applicatiohsanotechnologies and the highly

dynamic developments represent a particular challenge to regulators. Current governance and
regulatory systems represent learned knowledge and experience from bulk and micro technology,

and the adaptation of these regulaty systems is a reactive process which might leave workers and

the public unprotected in the meantime. Nevertheless, a lot of information is currently already
available and being developed as the emerging technology rapidly evolves and new safety #nd heal
information is generated under a large number of research initiatives. Regulatory agencies and
LREAGAOALFYA INB FIFOAYy3 (KS LINBaadz2NBE (G2 LINRPJARS a
lack of scientific evidence.

On the other hand, hower, complete understanding of the mechanisms of risks does not need to
be established prior to initiating appropriate measures to reduce potential risks. While the hazard
side of risk still suffers from fundamental uncertainties which prevent many stattetsolfrom
establishing sensible rules and measures, the exposure side of risk represents a good point to attack
and many existing principles are well established and applicable for nanomaterials. In this light,
rather than to wait until scientific evidencen hazards and mechanisms of harm will be clarified,
establishing early measures regarding exposure mitigation seem very well possible already today.

Nevertheless, such early measures must be designed to be flexible and adaptable in the light of
considerble scientific evidence expected to be evolving during the next decades. Even so, under
such dynamic circumstances as represented by nanosciences and nanotechnologies, public
perception and acceptance of certain areas of nanotechnologies might clgaaégctor that has to

be taken into account in the design of governance measures.

As our knowledge about the characteristics and impacts of nanotechnologies, nanomaterials and the
corresponding applications will increase and it can be expected that an adaptatthe regulatory
approaches as well as the governance framework will certainly be necessary and should be provided.

To assure that a governance framework is dynamically adapted to the state of science and
technology, keeps pace with progress of rashaand development and takes into account
(changing) public attitude and responsiveness, it needs to be determined to what extent an
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appropriate governance approach can be based on existing, conventional approaches and principles,
or whether a novel apprach needs to be developed and implemented. The proposed Governance
Platform will therefore also suggest means to align the current governance framework towards an
adaptation of the regulatory tools and procedures according to the evolving scientific kagsvéand
potential changes in the public perception.
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5 Stakeholder Opinions on Nano Governance

The following sections of this report serve the purpose of summarising and aggregating the
comments and opinions which have been collected during the-staged FramingNano Delphi
consultation and those comments which emerged during the FramingNano -Stakeholder
Workshop in Brussels on the ®@®f February 2009 and the FramingNano Expert Workshop in
St.Gallen on the 2930™ of October 2009.

The opinions ath comments collected within the FramingNano consultative phase are put in relation
to further opinions found in the literature and in other stakeholder opinion gathering proc¥sses
This should widen the focus of the opinion gathering process and enalle identify issues of
common agreement or potential controversy.

Since the main methods of opinion gathering have been Delphi consultations and expert workshops,
the resulting answers are mainly of qualitative character. Any statistical interpretatitreaksults

will therefore not be meaningful. While statements from external sources (e.g. from the literature)
are labelled with the name and organisation of origin, comments from participants of the
FramingNano activities are anonymous and therefore nexieed to with indication of the type of
organisation only.

This section is divided into five broader sections which allow the allocation of the opinions and
comments gathered in the consultative phase of FramingNano to broader topics. This disposition al
loosely follows the challenges identified and briefly outlined in se@idmabove.

5.1 PrinciplesUnderlying Governance and Regulation

Good governance of nanotechnologies is often referred to as being underpinned by a number of
fundamental principles. These principleseaunderlying the European code of conduct for
responsible nanosciences and nanotechnologies res&aiopean Commission, 200&d include

1 meaning N&N research activities should be comprehensible to the public. They should
respect fundamental rightsral be conducted in the interest of the wdilking of individuals
and society in their design, implementation, dissemination and use;

9 sustainability: N&N research activities should be safe, ethical and contribute to sustainable
development and should not han people, animals, plants or the environment;

! One such source of reference is a Delphi exelfts® Germany, which has been conducted by the Federal Institute for
Risk Assessment (BfR) in 2006. In this study, 100 experts were invited to indicate and estimate potential risks of
nanotechnology applidens in foods, cosmetics, surface coatings and textiles. One third of the participating experts were
from industries, one third from scientific institutions and one third from institutions engaged in the risk research area of
nanotechnologie¢BfR, 2009)
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many expert statements on the issue of nanotechnology governance and reguésponsible Nano Forum, 2009)



FramingNano Final Report

9 precaution activities should be conducted in accordance with the precautionary principle so
as to avoid any negative environmental, health and safety impact;

9 inclusivenesstransparency and respect for the legitimate right of access to information, and
openness to all stakeholders;

1 excellence applying the best scientific standards, including standards underpinning the
integrity of research and standards relating to Goatldratory Practices;

1 innovation: governance of N&N research activities should encourage maximum creativity,
flexibility and planning ability for innovation and growth;

9 accountability: researchers and research organisations should remain accountablédor t
social, environmental and human health impacts that their N&N research may impose on
present and future generations.

Recently, theEuropean Economic and Social Committee (EESC) released an dfiniopean
Economic and Social Committee, 2008yardingthe Communication from the Commission to the
European Parliament, the Council and the European Economic and Social Committee on regulatory
aspects of nanomaterial&ommission of the European Communities, 2008)ere the EESC stated

that it supports theprinciples set out in the code of conduct on nanotechnologies and considers
them also to be valid for the revision of the European legal and regulatory framework for N&N.

The above and some other principiébave been presented to Delphi participants baththe first
and the second Delphi consultation in order to learn their opinion on the relevance and priority of
the corresponding principles. The results are summarised in the following paragraph.

5.1.1 Weight of Principles

The principles considered by the plel respondents the most important (scores 4 or 5 of 5) for the
governance of nanotechnology were, in descending order:

Transparency (37/40)

Health & Safety at Work (37/40)
Public Safety (36/40)

Scientific integrity (36/40)
Responsibility (35/40)
Opennes434/40)

Environmental protection (33/40)

Sustainability (32/40)

€ € € & € € € € g

Accountability (31/40)

'3 Flexibility, meaning, eellence, innovation, ability to adapt / promote innovation, ability to promote-seffulation and protection of
intellectual property.
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w Maintaining the quality of science (30/40)
w Providing legal certainty (29/40)
w Precautionary principle (29/40)

Overall, all principles received high ratings, and individceanments have been made on many
different list items. Obviously, both EHS (e.g. health and safety at work, environmental protection)
and ELSA principles (e.g. transparency, accountability) have received similarly high ratings.

The lowest ratings in termsf the number of respondents indicating an importance of 4 or 5 were
attributed to

Protection of intellectual property (16/40)
Ability to promote selregulation (16/40)
Inclusiveness (17/40)

Excellence (18/40)

€ & & €& ¢

Meaning (19/40)
w Innovation (20/40)

INLJF NG AOdzZE F NE Ay GKS OFrasS 2F GKS GLINRGISOGA2Y 2F 7
AyO2yarailisSyld 2LAYA2Y 2F GKS aidl {SK2t RSNAR 2y (KA
considered a fundamentally important and much disad principle among many stakeholders,

received strikingly low ratings.

¢KS aGNRBy3ISaid FFaANBSYSyd FNRY NBalLRyRSSa NB3IF NR
governance and has correspondingly been rated very high, was with the statements concerning
w responsible development in terms of EHS issues (39/40)

w responsible development in terms of the means of supporting the participation of key
stakeholders (33/40)

responsible development in terms of ELSI issues (32/40)
responsible development in terms ofqviding suitable tools for communication (31/40)

taking a visionary view in terms of lotgrm planning in relation to societal needs (31/40)

€ €& €& €

responsible development in terms of developing methods/tools to support risk governance
(30/40)

w responsible develpment in terms of providing a suitable framework for oversight (30/40)

9aLISOAFffte GKS KAIK FLILINRGFHE 2F GKS AGSY @&a&dzLii2 |
O2y (NI ad G2 GKS 2@SNIftf 26 NI {AyY aderinglisivedeksS LINR y
seems to be viewed therefore with some ambiguity, maybe pointing to the fact that although many

a0l 1SK2ft RSNA O2yaARSNI Al aSyairofsS (2 GadzZJ2 NI
NBIfAZGAO GASH | 0 Atembt (90 kS to paxtiBipate $ Mlusidzdfodes3€3 Abouk
nanotechnology governance.

Regarding any specific actions which were proposed by the stakeholders for individual principles,
G§O2YYdzyAOlI A2y é ¢l a YSYlAz2ySR 2-&ivé gohmuhichtdn, NB & LJ2 \
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another labelling, and a third stakeholder pointed to the important role of communication and
education tools involving the broader public.

5.1.1.1 PrecautionaryPrinciple

A precautionary approach advocates taking action even when a chemie poly a possible threat
to human health or the environment, rather than waiting for complete scientific proof of cause and
effect to evolve. This may prevent damage in the phase during which new information is developed.

REACH explicitly declares thit provisions are underpinned by the precautionary principle (REACH

Article 1(3)), a point that is often advocated by NGOs. This commitment supports the paradigm of a

prot OGA @SS LINBEOI dzli A2y NB -ahdISISR I Qiki A Ki fzZr & & Iowdlic §F GIK S ¢
Consultation on Risk Assessment of Nanotechnologies, a strong precautionary approach was one of

the main policy points brought forward by the participaf@ontoux, 2009)

The proactive approach in terms of regulating or governing the responsiblelagewent of
nanotechnologies is currently hampered by the prevalent uncertainties which render an efficient,
science and evidence based regulatory approach practically impossible. In such cases, the application
of a precautionary approach suggests to taketion before scientific evidence has completely
emerged, in order to protect human health and the environment.

According to the European Commission, the precautionary principle should also underlie the risk
assessment process, in that if there is uncietiaover scientific evidence (for example, conflicting or
little data), the assessment should normally be based on the evidence that gives rise to the highest
concern (worst case scenari@uropean Commission, 2004)

! aft O 2F | LINES wHemzieduriting NahomatekilNi® entpiasized by the
FramingNano Delphi panels, especially in relation to vulnerable population groups such as children
and infants.

We believe that there is an urgent need for regulatory action to avoid a "nano disalster& and more consumer
products are hitting the market, in many cases without potential risks being sufficiently clarified and although there
is a clear indication for substantial risks for some nanomaterials, such as with CNTs (policymaking body).

[Main gaps in current national or European legislation concern the] fefomsideration of the precautionary
principle, especially in relation to vulnerable population groups such as children and infants (NGO).

Nevertheless, the precautionary principle has netbh one of the principles which have been rated
highest among the Delphi participants (see list under sectioh.l). This might surprise in
consiceration of its inherent relevance in the case of manufactured nanomaterials where sound
scientific knowledge is still largely missing.

5.1.2 TheRole of Policymakers andregulators

Much the same as with the current knowledge on information regarding nanomaterials in trade, in
the early phase of technology development, regulators and others are often unable to base potential
regulatory decisions on an accredited state of science aatirtology that describes the expected
impacts of manufactured nanomaterials on human health and the environment upon certain levels
of exposure. This may particularly be attributed to a lack of practical-lermy experiences with
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manufactured nanomaterial and the only slowly increasing scientific evidence which is complicated
by the need to balance conflicting research findings.

Unsurprisingly, however, especially at this stage of technology development which is characterised
by uncertainties, regulater often face considerable pressure to become active through a growing
number of earlyadopting industry players which engage in the new technology, and various NGOs
which call for adequate control of any potential hazards.

Traditionally, policy makers amdgulators (public authorities) are considered responsible to ensure a
certain (agreed) level of safety to the public. However, with the implementation of REACH, the
burden of proof about the safety of chemicals, including nanomaterials, has shifted fiem t
authorities to those who make available the products. Businesses and industries, in fact, are largely
held responsible to ensure that their products are safe, and they are required to inform public
authorities about new findings which would require godated risk assessment.

Most of the stakeholders in the FramingNano Delphi exercise basically agreed that policymakers and
regulators are held responsible for the regulation of nanotechnologies.

[Policymakers should] acknowledge that the chemical, physiesl. properties of nanomaterials are newly
RAAO0O2OSNBR LINRLISNIASE OX6 YR SESNDAAS O2yiNRf FTNRY (K
nanomaterials (public authority).

Policymakers are responsible for the necessary regulatory frameinoplementation and control (NGO).

We need regulatory agencies able to strongly control industry and business and to stop activities if dangers are
suspected (academia).

Even so, the role of policy makers and regulators has been extended to also inwhi&fittition of
a general research strategy and allocation of the necessary funding.

Policymakers should also ensure that funds are available for research institutions and foundations to fund
independent research that could either validate or reject theSEhformation generated by industry, business, etc.,
and to explore scientific issues not yet realized (academia).

There have also been a few comments which clearly indicate that some stakeholders hold policy
makers responsible to ensure a clear, transpayrand foreseeable governance framework.
t2ft A02YF{SNE aK2dzZ R ONBIGS | wX8 NB3IdzZ FG2NE SYy@ANRYYSyl
FNB SyO02dzNy 3SR (2 wX8 3ASYSNIGS 91 { AYyF2NXYI (dcadgmiady yI y2Yl

Stakeholders would like to see clarity on priorities, what action will be taken by when with what expected result and
LINEINB&aa wX8 Ww¢KAAB NBIdZANBa Of SINJ £ SIRSNEKALE O02YYdzy A Ol

The responses emphasized the importanerof and the expectation in policymakers and regulators.
Public trust in the ability of public bodies to regulate NS&T for good of society was rated highly
important by 3 out of 4 Delphi participants; a fact that has also been confirmed by other surveys.

5.2 Barriers toResponsibleDevelopment

A broad range of barriers have been mentioned in the two Delphi consultations and during the
FramingNano MultStakeholder Workshop which contribute to hamper a responsible development
of nanotechnologies.
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In the first elphi panel, stakeholders were given a list of barriers which they were asked to rate
according to their impact. While there was a spread of opinions concerning the importance of the
listed issues as barriers, there was a discernible trend to considestriitvegest barriers (scores 4 and

5 of 5) to be, in descending order:

Lack of standards or other voluntary tools (28/40)
Lack of agreed common risk management methodologies (including risk assessment) (26/40)

Lack of knowledge of the sector amongst thosgpensible for its governance (25/40)

€ €& & €

Lack of knowledge concerning nanotechnology risks (23/40)
w Inability of regulation to keep pace with scientific discovery/development (21/40)

Obviously, the welkknown knowledge gaps in methodologies, risk assessmaktpranagement and
standardisation were rated highest. In the second Delphi panel, stakeholders were asked to further
precise their opinion on barriers to responsible development by providing individual comments. The
following list summarises a selectiontbém.

Lack of characterized nanoparticles (regulatory authority).

[ FO1 2F OKIFNYOGSNRTIGAZzYy G22ta ¥F2N 020K | dzf
YSI&ada2NB AGXZ @2dz OFyQl O2yGNRBf AG O6NBIdzZ | (2 NB

w Lack of sufficient funds to speed upkridgssessment research as so overwhelmingly much of
the EU nanotechnology research budget is used for R&D. Independent and well financed
research is necessary for informed judgments and decisions in weighing of risks (NGO).

w Fear of public backlash, resulgitn lack of transparency about the use of nano, which in turn
will erode trust (NGO).

w The lack of knowledge [...] of the research workers and users is the most important barrier to
the responsible development of nanotechnologies (academia).

w 1. Lack of conscience and common sense by the users of nanotechnology.
2. Lack of knowledge of nanotechnologies by those responsible for public media (industry).

w Economical interests, which can be in contrast with a regulation of the entire matter
(academia).

w Lack ofpolitical will among key decisiemakers and stakeholders to face the challenge and
initiate what is needed to bring us on the path of responsible development of
nanotechnology (academia).

5.3 Priorities in EHS and ELSA Issues

In this section, stakeholder apbons and observations on general environmental health and safety
(EHS) issues as well as ethical, legal and societal aspects (ELSA) regarding manufactured
nanomaterials will be presented and discussed.
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5.3.1 Environmental Health and Safety Issues (EHS)

It is canmonly agreed, both in the scientific literature and among governments and regulators, that
the science to identify and explain potential risks of manufactured nanomaterials is ways behind the
commercial application of nanomaterials in processes and prsduthese uncertainties are
considered a major barrier for a sustainable and responsible development of manufactured
nanomaterials over the long term.

Speaking at the FramingNano midtakeholder workshop in Brussels, a representative of the EU
Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) noted that
YEY2YFGSNALFIEAa FNB GRAFFAOAA G G2 KFyRfSé& | yR adzy
Oft SINJ GKIG ay2d Ftt ylFEy2YFGSNRAIf& NS (2EAQE 2y

In vitro studiesndicate the possibility for cell damage but the relevance of such work for risk assessment is limited.
It is impossible to extrapolate what happens in cell culture to real world risk (public authority).

The above statement puts the current uncertaintiegarding nanomaterial risk assessment in a
nutshell. While some of themost important challenges regarding the risk assessment of
nanomaterials have briefly been outlined in sectd above, this section will not further elaborate

the various knowledge gaps, but provide stakeholder opinions and comments on how to best address
the uncertainties and on how to set meaningful priorities.

Many sources in the literaterhave previously identified the various knowledge gaps regarding risk
research, building blocks for nanomaterial risk assessment and risk managememidgiget al.,

2007) Although there has evolved a broad consensus among experts on the naturextamt ef

these gaps and how they could best be filled in principle, if it comes to decide how to deal with the
remaining gaps and how to prioritise actions with limited resources available, many gap analyses
remain rather vague.

5.3.1.1 Dealing with theUncertainty ¢ StatusQuo andBeyond

There is a broad consensus among scientists, policy experts, regulators and civil society organisations
that some very significant gaps in the understanding of potential nanomaterial risks exist to date. It is
also commoly agreed that the incompleteness or possible inadequacy of many of the scientific
building blocks essentially prevents stakeholders from performing comprehensive risk assessment on
manufactured nanomaterials as of today.

The repercussions of not undersi@ing the toxicology and ecotoxicology early enough can distort the debate about
a technology (Hilary Sutcliffe {(Responsible Nano Forum, 2009)

Consequently, it seems reasonable to conclude from the current debate that these uncertainties may
hamper bah nanotechnology developments in general, but also influence societal acceptance of
these technologies a lot.

The public and NGOs simply expect that products on the market are adequately tested for safety across the
lifecycle. When they find therearega G KI G 68 Ol yQi S@Sy YSIadaNB yly2Yl (SN
they are rightly concerned (NGO).

In a report on the occasion of the fifth anniversary of the publication of the-kmellvn Royal Society
& Royal Academy of Engineering report abthe opportunities and uncertainties of nanoscience
and nanotechnologie$RS & RAE, 2004 number of renowned experts expressed their view on



















































































































































