= RGI

Regulation Papers

International Approaches to the
Regulatory Governance of
Nanotechnology

Jennifer Pelley and Marc Saner

April 2009

Public Policy and
Administration

2 Carleton

Y UNIVERSITY




Abstract

This report is an initial exploration inthe questiond How have Canada and other
the recent emergence of nanotechnolbgged products in the marketplace (and what is the current state
of af urmertakseryom fhe perspecte ofregulatory governance.

The report is largely based on a literature reviep to March 2009}hat has been corroborated with
expert interviewsOur focus is on five jurisdictions (US, UK, EBustraliaand Canadesand we describe

how the emergencef nanotechnology triggered activities in three domains: (a) public and stakeholder
debate, (b) development of initial policy options, and (c) the management of regulatory development in a
situation of scarce data.

On the basis othese upo-date descriptons we have selected a set ofix regulatory governance
principlesanddiscuss the extent to which best practices are starting to emerge.
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EMEA = European Medicines Evaluatidgency

EPA = United States Environmental Protection Agency

ETC Group = Action Groupn Erosion, Technology and Concentration (NGO based in Canada)
EU = European Union

FDA = United State§ood and ug Administration
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FSA = United Kingdom Food Standards Agency

FSANZ = Food Standards Australia New Zealand
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HSE = United Kingdom Health and Safety Executive
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SNAc =Significant New Activity(under theCanadian Environmental Protection Act
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Introduction

In this report, wanvestigate the questiod: How have Canada and other juri
recent emergence of nanotechnologyased products in the marketplaceland what is the current

state of affairs)? firhe perspective applied that of regulaory governancethat is to saythe process

whereby governments, industry and civil society make decisions about how to regulate (or otherwise
influence the course phanotechnologydetermine whom they involyand how they render account.

The historyof nanotechnology regulation is not only of interest in the context of the planning of emerging
regulations, it can also provide clues on how to address novel techndlogieggulatory contexin
general(nanotechnology being neither the first nor lagtel technology). Important quest&fiom the
perspective of regulatory governance are:

1  Which key event or events triggerddbate stakeholder comdtations or policy development and
how did jurisdictions involve the public and stakeholders?

1 How have countries dealt witholicy options? For example, have they swiftly moved to the
development of regulations or did they carefully consider or use other policy instrutdents?
have jurisdictionaddressed the issue of regulatory impact?

1 How have lhe various jurisdictions addressed the conundrum that evitiesesl regulatory
action should be based on saféaga but that such safety data is hard to obtain in the absence of
established regulations?

Methodologically, we approaedthese questions by reviewing the publicly available informatiorbgnd
corroboraing results with selected expert interviews.

Our survey focuss on five key jurisdictions the United States (US), the United KingddbK), the
European Uron (EU), Australia, and Canad&hese jurisdictions have been selected in collaboration
with the Treasury Boar@f CanadaSecretariat (the sponsor of the study); they represent a set of
jurisdictionscommonly monitoredn regulatory policy development ira@ada.

For each jurisdictionwe provide descriptions of the policy, regulatory and stewardship approaches
undertaken to date in response to the emergence of nanotechnology onto the markételisc&nown,

we comment on the effectiveness of approachiézed to dateWe also discuss the strategies adopted in
each jurisdiction to consult with stakeholders atsb weoutline key events and key players in the
ongoing nanotechnology public policy debai¢here possible, & have taken care to include-tgpdate
information in our description&ip to March 2009)n order to provide the reader with an understanding
of the current state of regulation in the five jurisdictions.

Finally, weprovide abrief overview of internationalevel activities ongoing by nmeber countries of the
Organgation for Economic Co-operation and Development (OECD) relating to manufactured
nanomaterials.The report ends with aomparisonof regulatory governance approaches across
jurisdictions and an bahnaaybesddadeeddrdém the lexperiénbes to tlatep r a c t i
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Nanotechnology : Basic Features and Regulatory Issues

Nanotechnologys a term used to describe the manipulation of matter on the molecular shakbien

hail ed as a 09dpl at ftbhatitmepresentsta significarg sciéntific lonealehmough with the
potentialto impact upon virtually every sector of the econohgbel laureate Richard Feynman is often
credited with predicting the potential dhenadst ec
Plenty of Room at the Bottdfn However, the term nanotechnology was not coined until 1974, when it

was definedb y Professor N o r i poocesBiagndf, gsepar#tion, carsolidatione and
deformation of materials by one atom or by one molétule

The termnanotechnologyis used broadly to refer articles, materials, and products at tla@oscaleas

well as the technologies (highowered microscopes, for example) used to manipulate, visualize, and
characterize materials on this scdtds noteworthy that amternationally accepted definition favhat
constitutes the nanoscatees not yet existalthoughthe International Organization for Standardization
(ISO) Technical Committee on Nanotechnology (TC229) has developed a working definition for
nanotechnologyA majority of jurisdictionscurrently define the nanoscale as encompassing materials
between 1 ath 100 nanometres in size at least one dimensioiihe termnanomaterial refers to any
material having one or more dimensions in the nanoscale or a material that is itsedfroetuwed. The
termnanoproductrefers to any product that incorporates naobhology.

Natural and incidental formaf nananaterialshave been around for a long time, but it is only relatively
recently that scientists have developed ways to engineemanigbulate nanoscale particlies specific
usesln fact, it was not until the mid 9 8 0 6 stientisks &ad developed the tools and techniques needed
to facilitate the manipulation of individual atoms on a surface. The reporting of carbon fullerenes in 1985
was a signifiantbreakthroughso much spin fact,thatthis discovery was eventuallyaegnized with the
1996Nobel Prize for Chemistriawarded to Robert Curl, Harold Kroto, and Richard Smalley).

Applications of Nanotechnology

It is very likely that nanotechnology will be one of the defininditetogies of the Zicentury.What is
particularly notable about nanotechnology is thdtaigpotential applicationgn multiple sectors of the
economyand industries, including manufacturing, health, the environment, energy, textiles, construction,
mining, agriculture, and information and communications technologiss of August 2008, the
Consumer Products InventSiyan inventory of nanotechnologpased consumer products maintained by

the Project on Emerging Nanotechnologies (PEN), based in Washing@n &ntainedover 800
products or product line§ hese products were being produced by 420 companies located in 21 different
countries.To give some idea of the rapid rate at which nanotechndlaggd applications are coming to
market, it is noteworthyhiat the number of products listed in the database as of February 2008, a mere six
months earlier, was just over 600 products.

'The transcript of Fey rhitpdwwivsts.caltpch.edo/Heymmaniplebtyehtratcessedd at :
March 31, 2009.

2N. Taniguchi(1974). 'On the Basic Concept of 'Naif@chnology'. Proc. Intl. Conf. ProdLondon, Part Il,

British Society of Precision Engineering.

% The methodology used to create the Consumer Products Inventory can be found at the following link:
http://www.nanotechproject.org/inventories/consumer/backgrountifrdetogy!/

2 EERGI
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Of the over 803 consumer products listed in the PEN consumer products inventory as of August 2008,
502 of these productell into the category ofdhealth and fitnesproductéii a catgory which includes
personal care productspsmeticssunscreeng;lothing, and sporting good®ther categories of products
included: dhome and gardén(91 products),&food and beveradge(80 products),delectronics and
computers (56 products), anégoods for childreii (18 products)Whereproducts fell into more than one
category, they were counted twicA. majority (more than orhalf) of the nanotechnologgerived
consumer products aady on the markadriginate in the United Stateshereasapproximately 1 in 4
products hailed &im East Asia, and in 8 productsvere manufactured in Europe. Although Canadian
derived nanoproducts remain a relative scarcity in the marketpla&@)7argort prepared by Industry
Canala estimated th&17 nanederivedproducts were being soid or imported into Canada at that time.
A commonly cited estimate claims thhy 2015, the worldwide market for nanotechnolised
products will beworth $1 trillion. Thus, it is plain to see that the potential impattsanotechnology will
be both economically significant afat-reachingn terms of scope.

Issues Associated with  Nanotechnology

Two main categories ofssueshave been associated with the development and proliferation of
nanotechnologyased applications. Chief among the two is the consideration of potential risks that
nanomaterials may pose to human health, the environment, and worker safety. The secong categ
relates to concerns that have been raised regarding the ethical, legal, and social impacts of
nanotechnology.

Environmental, Health and Safety Risks Associated with Nanotechnology

In the case of nanotechnology, there is currently only limited knowlaglgilable regarding the potential
health, safety, and environmental impacts of this technology. To date, development of the technology
itself and of consumer applications has by far outpaced investments in the field of nanoteeralatedy
environmenth health and safety (EHS) reseafétoyal Commission on Environmental Pollution, 2008;

US National Research Council, 280

Many members of the scientific community have been vocal in advocating for the cautious application of
nanotechnologies. In 198@&ric Drexler, a prominent US engineedescribed a sdi version of
nanotechnology in his bookngines of Creation: The Coming Era of Nanotechnaldgythis book,

Drexl er proposed the idea of a nanosc atleer md adsgsreenyb |
gooin to describe what mi g h treplibaing peesion of Manotkdhmlogy a hy p
went out of controlAlso in 1986 Drexler cefounded the Foresight Institute, a Califorbiased non

profit organization whichsought to educat society about both the potential benefits and risks of
nanotechnologyDr e x| er 6s gl oomy predictions for the fut
criticized by others in the scientific community. In fact, recently even Drexler himself concludéldethat

likelihood of a grey goo scenario was minimal at best. Yet the impacts of his early predictions remain in

the collective conscious even today.

Drexler was not alone in his cautious approach to nanotechndlogn article published iWired
magazine in April 2000, Sun Microsystemsfoander and prominent American scientist Bill Joy argued
that technological advances in the fields of genetic engineering, robotics, and nanotechnology posed

; EERGI



significant risks that threatened the very existenicéhe human specieS.he novelPrey by Michael
Crichton, first published in November 2002, like his previous ndugdssic Parkhas been framed as a
cautionary tale about technological advancement. Dealing with nano robotics, this novel has further
popukfrized the idea affhat might happen werganotechnologyo getout of control.

To date, there have been no documented cases of adverse health or environmentaliretfdgts
attributable to nanotechnology (Davies, 208yal Commission on EnvironmentBbllution, 2008.
However, numerousonicerns have been raiseyl scientists, advocacy groups and the general public alike
that the specific properties of nanomateraisingfrom their small sizé the same properties associated
with their tremendous potential and numerous possible applications and beme#iyslead to different
interactions in humans at the cellulavel and with the environmenBecause the properties ofany
nanomaterials differ significantly from the known propertiethefr nornano counterpartsye do not yet
know how this will affect the way they are transported, and hence their biological and environmental fate.
Therisk, thereforejs that these aterials will have as yet unanticipated impacts on human health and the
environmentPreliminary studies in the field efanotoxicology(an emerging science which looks at the
potential for nanotechnology to cause adverse effeetg® indicated thagomenanomaterials may have
toxic effects. In particulaia number obtudieshave notedhe potential for carbon nanotubes (cylindrical
nanoforms of carbon whiclare characterized by theéxtraordinary strength and unique electrical
properties) to xhibit toxic effects in the lung comparable to those of asisdbiK RS-RAE, 2004) Such
studieshave raised serious conceras well as recent calls for a moratoriunofFAustralia, 2008)
However, it is important to note that the evidence on the toxic effectglodrc nanotubes by no means
conclusive at this point in time; other scientific studies have failed to reproduce such toxicity.

There is certainly evidence to suggest g@mhe dimensions afanotechnology may pose potential risks
to human health, workesafety, and the environment. However, at this timearaot yet fully appreciate
the precise nature, magnitude or frequency of such rigks.burgeoning field of nanotoxicology has
begun to address thegaestionshowever there remains a substantigd fatween this field of academic
researchand research which is of relevance to risk regulators and policy makers.

Ethical, Legal and Soci al Implications of Nanotechnology

In addition to the potential environmental, health and safety (EHS) imgaxctserns have also been
raised about the ethical, legal and abisisues (ELSI) associated with nanotechnology.

Much of the discussion on nanotechnol®&gyS| issuess coloured by the experience of the international
debate on genetically modified organsiGMOSs) in fact, many of theplayers in the nanotenblogy

ELSI domain wee recruited from the community that spent years debating biotechnology and the GMO
file. Thisis true for scholars, civil society groups amal a lesser extentegulators. Despit this the two

filesi GMOs and nanotethonly partially overlap with respect to their ELSI profiles.

Canadians played an important role in the early ELSI debate. In 2003, the -Oasech ETC Group
(formerly known as RAFI aenrdmif naartoours tf eocr h ncooli ong ynfig itnh
published the reporttrom Genomes to Atoms: The Big DowlITCs concerns spanned intellectual

property rights the concentration of corporate control, biological warfare, and the convergence of
technology into sytetic biology; the group proposed a moratorium on nanotechnology (ETC, 2003).

: BERG!
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Another Canadian group who was well established in the GMO debate, the Joint Centre for Bioethics
(JCB) at the University of oronto, respondetb the need to discuss nanotedbgy ELSI andthe anti
nanotechnologywnalysisby the ETC Groupvith a call for increased investment in ELSI and regulatory
research. For example, in their 2003 paptind the Gap: Science and Ethics in Nanotechnology
(Mnyusiwallaet al, 2003), the JCRBautioned that there was a risk of derailing the potential benefits of
nanotechnology, including for developing countries, if the study of ELSI did not catch up to the speed of
technology development.

There was some media piok from these contributions atige positions of the ETC group and the JCB
were usually juxtaposed in these repoAsnumber of contributions to nanotechnology ELSI research
have been made since thercluding a 2006 report by UNESCO. The key issue with ELSI content is the
guestion ofwho both controls and benefits from the applications of nanotechndfogyexample, who
has the say in technology development, who holds intellectual propghts to what extent do
developing countries have access, and to what extent is there tgbédemisuse (e.qg., in terrorismin
overarching theme is the questiol®m what extent regulatory oversight is keeping pace with the
technological advances

In their 2006 report, NESCO labelled two issueshed gr ey g o o i propbseckby Brexleanda r i o

the use of nanotechnology to achieve gaghanism (or trarkumanismi) asé di st racti onsf in
context (UNESCO, 2006We should recognize, however, that the fields of biotechnology, neurobiology

and synthetic biology increamjly converge with nanotechnology and are sometimes even considered a
subcategory of nanotechnology. From this broad perspective, a number of novel and complex ELSI
issues emergeWithin a more narrow focus on the nanomaterials in the marketplace, hovtleeer

relevant ELSI themes correspond more closely to well established topics that have already been discussed
for decades in the context ofthegulation of new chemicals.

Regulating Nanotechnology

In the current report, we will investigate the follogirguestion: How have Canada and other
jurisdictions reacted to the recent emergence of nanotechrblaggd products in the marketplace?
Specifically, whatpolicy, regulatory andstewardshipinitiatives have been undertaken in various
jurisdictions in respnse to this important new emerging technology?

Awareness of nanotechnology has dramatically risen in recent years among lawmakers, regulators, and
environmental activists alikeHowever, he question of whether, and how best, to regulate
nanotechnology isiot new. It was first raised in March 1989 by David Forrest in a paper originally
written for a course on Law, Technology, and Public Policy at the Massachusetts Institute of Technology.
As Forrest so elegantly stated two decades ago:

0 The e mer gvetecknelogiesfcontineally forces us to ask whether our laws

provide the proper balance between protecting us from potentially harmful consequences

of those technologies, and allowing us to reap the benefits. The development of
nanotechnology, a molecuiprecision manufacturing technology which is surprisingly

close to realization, will seriously challenge the ability of our regulatory system to
respond quickly and to maintain the <critical
(Forrest, 1989).
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Forrestdemastratesan uncanny degree of foresight, especially given that nanotechnology was at a very
early stage of development at the time it was written.

Twenty yearsafterthe publication oF o r r E989tpapsrthere is still much that we do not know about

the potential impacts of nanotechnology, and this raises a number of regulatory @sestsons arise as

to which regulatory or policy instruments or approaches are most effective and appropriate for managing
the categories of potential risk associated wiimotechnology. For example, should the applications of
nanotechnology, either in whole or in pagly solely onpre-market regulatory risk assessments? Should
nanotechnologylerived products be subject to additional reporting or labelling requirem@ntsihe
extreme: should regulatory authorities adopt a wait and see stance, until further information regarding
toxicity and exposure becomes available? Or, on the other extreme: should regulators impose product
restrictions oevena moratoriununtil sucha time as a full assessment of risk becomes possible?

Regulatory regimes designed to protect human health, consumer safety and the environment in many
countries, including the 8, EU,and Canada were enacted long before the prospect of nanotechnology

was yet on the horizon. Given the state of knowledge at the time, regulatory requirements were designed
to assess the toxicity of bulk (macro and micro), not nano, materials. The issue is that the risk assessment
criteria, regulatory oversight triggers, toiy parameters, and threshold minimums outlined in health,
safety and environmental regulations are no longer applicable (or less so, at the very least) in the context
of nanotechnologylerived products.

Endpoints are an essential aspect inatbsessment and management of risk because they define the scope
of these activities. However, given limited information at this time, it is not immediately apparent which
endpoints should be used to characterize and assess the biological and envirdataeaaridl toxicity of
nanomaterials; this issue is currently the subject of considerable debate at the international level. In 2008,
the Organgation for Economic Cmperation and Development (OECD) released a list of nearly 60
endpoints that will be addresd during Phase | of the OECD testing programme (OECD, 2008a). In the
words of the International Risk Governance Council (IRGC):

600ne of the risk governance challenges [relat
appropriate assessment methodologiesdakeloped in line with the pace at which the
applications theniR@d 20@6/x become realityh

The broader issues associated with nanotechnology relate to risk governance, which goes beyond the
scope brisk assessment and risk managemeéhne termrisk managementefers to the decisiemaking

process regarding acceptable levels of risk. Traditionally, such deaoisikimg relies heavily on
technical evidence obtained through sciebasedisk assessments

In the area of environmental regulatiomeoof the key questions to be addressed pertains to the
establishment of a regulatory definition for engineered nanomaterials. In other words, should nanoforms

of we l | characterized materi al s, for exampl e c al
chemical s? Individual jurisdictionsd chemicals ma
way that health and environmental risk assessments must be conducted for any chemical with a new

Chemical Abstract Service number (i.e. one whichisnoal r eady i ncluded in the

inventory). By this standard, a large number of engineered nanomanesialee exempt from regulatory
scrutiny, even though they may possess distinct properties that could impact upon their healthndafety,

6 EERGI
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potential environmental impact&ne issue therefore becomdise challengeof defining under which
circumstances a nanomaterial should be considered, in regulatory terms, a new ¢claerdidhlen
determining how such a chemical should be adminiséigtivandled

Survey of International Regulatory Approaches to Nanotechnology

The United States

Some US Federal governmermgeacies have been involved in the area of nanotechnology since at least
theearly 198006s, but wetechnelgyiragulatom in the dfomntexttin theggearo f n an
2000, with theannouncement of thereationof the National Nanotechnology Initiativas this event

marks the beginning of serious attention given to nanotechnology innovation and regulation

The US National Nano technology Initiative

In January 2000, United StateBresident Bill Clintonannounced the formation of B&lational
Nanotechnology Initiative (NNI). Thigitiative, enacted by Congress in November 2000 famchally
established in fiscal year 20@th an initial investment otUS $422 million (Roco, 2001)was intended

to providea formalsanctionednechanism for the coordination f#deral nanotechnology research and
development activities\Note that he NNI does nodlirectly fund research actiidis; rather, it informs and
influences the budgetary and planning procefimegighits 25 member agenci@s order to ensure that
investments in nanotechnology are made in a coordinated and timely mbn2803, US President
George W. Bushaffirmed his own support for the continued development of nanotechnology by
increasing federal funding for nanotechnology and signing into law2ifieCentury Nanotechnology
Research and Development AdS Federal investment in nanotechnology research has increased
steadily over the years: t2009 budget for the NNI IS $1.5 billion Thisrepresents the collective sum
of the nanotechnology research and development budgiiesthirteen agenciewith research mandates
who participatén the NNI.

The National Nanechnology Initiative has four magoals, which are as follows

1. Advance a worletlass nanotechnology research and development program.

2. Foster the transfer of new technologies into products for commercial and public benefit.

3. Develop and sustain educatadmesources, a skilled workforce, and the supporting infrastructure
and tools to advance nanotechnology.

4. Support responsible development of nanotechnology.

The National Nanotechnology Initiative is managed within the framework of the National Science and
Technology Council, a Cabintgvel cauncil which is the primary mechanism within the executive
branch to coordinate science, space, and technology policies across the Federal govArrsment.
committee of the National Science and Technology Counkilown as the Nanoscale Science,
Engineering and Technology Committee is the interagency body responsible for coordination of the NNI.

“ The full text of this Act can be found online at:
http://frvebgate.access.gpo.govAim/getdoc.cgi?dbname=108 cong_public_lawe&id=f:publ153.108
5 http://www.nano.gov/html/about/home _about.html
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The interagency coordination activities of thlidanoscale Science, Engineering and Technology
Committee are supported by thetidaal Nanotechnology Coordination Office

Policy Statements and Key Events Related to Nanotechnology

The US Federal government has not yet enacted any legislation directed specifically at the regulation of
nanotechnologyA November 2007 memorandum jointly issued by Btrector of theOffice of Science
and Technology Policy ardhairman othe Council on Environmental Qualisyates

oTheFeder al government s current wunderstanding i
adequate to address oversight of nanotechnology and its applicaisnaith any

developing area, as new information becomes available the Federal government will

adapt or develop additional oversight approaches, as necessary, to address the area of
nanoechnologyi (Marburger and Connaughton, 2007).

Thi s memor andum f Gaddradhgovernmentahoddsusetstaralard ovensight @pproaches

to assess risks and benefits, and manage risks, considering safety, health and environmental impacts, and
exposure mitigaton and advocates for a proactive approach
sharing. Of further notés the appearance of the following statensenti t hi n t hi Wherd o c umen
possible, regulatory approaches should enable rathen thinder innovatiofla n @enéfits of regulation

should justify their cosiis(Marburger and Connaughton, 2007). In this regard, US Federal government

policy on nanotechnology regulation differs significantly from that of thefean Unionwhere a more
precautionary approach has been adopted; this distinction will be discussed furthethiaeport.

In February 2009, the US House of Representatives passedatimmal Nanotechnology Initiative
Amendments Act of 2009 his bill will reauthorize th National Nanotechnology Initiative, and
additionally contains important measures that will result in increased funding for and emphasis on the
potential environmental, health, and safety risks of hanotechnology. Such measures will address some of
the comerns raised by a National Research Council panel in their December 2008Reygew of the

Federal Strategy for Nanotechnoleelated Environmental, Health and Safety Researbk National
Research Councilanel was critical of the NNI approach to wegory-relevant EHS research, as outlined

in their February 2008National Nanotechnology Initiative Strategy for Nanotechnol@giated
Environmental, Health and Safety Research

The US Nanotechnology Debate : Industry, Think Tanks, and Partnerships

There are a large number of stakeholders involved in the US nanotechnology dathgiteg from
industry, norgovernmental advocacy groups, and academics (in addition to goveahimedie3, and it
would be difficult to capture the full breadth of the oimgy debate. Weéherefore limit our scopbelowto
a subset of thoserganizations outside of governmemho have had the greatest imp&otdate US
Government activities will be summarized in the section on regulation which follows.

The Project on Emengg Nanotechnologies (PEN), a W8sed think tank established in April 2005 as a
partnership between the Woodrow Wilson International Center for Scholars and the Pew Charitable
Trusts, has been highly influential in the international nanotechnology poéibatel The overall
objective of PEN is to inform and help businesses, governments, and the public to anticipate and manage
the human and environmental risks of nanotechnology with a view to maximizing its potential benefits.
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PEN maintains a comprehensiveelsite on nanotechnology, and has published extensively on a number
of topics related to nanotechnology, including regulation. For example, the January 200@ rdpouit

Pill to Swallowoutlines challenges facing the US Food and Drug Administration wijards to the
regulation of nanomaterials in dietary supplemeatsl the July 2008 repdianotechnology Oversight
outlined a proposed regulatory agenda relating to nanotechnology for the incoming US Brédieis
involved in a wide breadth of actiiés on nanotechnologythey regularly host Webased seminars, are
actively involved in partnerships, and engage a host of former regulatory experts in publishing and
providing testimony on nanotechnology, among other activities. They have also centrgvaatly to
educating the public on nanotechnology, for example through initiatives such as the 2007 public dialogue
on nanotechnology and the consurfggrur i ng whi ch PENOs Chief Science
describedThe Twinkie Guide to Nanotechagy’), andmorenotably, the Consumer Products Invenfpry

the oft-cited inventory of nanotechnologyased consumer products currently on the madhegtve have
alreadyreferencedibove.

In terms of norgovernmental organizatiof®GOs) the EnvironmentalDefenseFund andthe Natural
Resource®DefenseCouncil (among othershave been activelinvolved in the nantechnologydebate.

The International Center for Technology Assessment (ICTA), apnoiit organization dedicated to
providing the pblic with information on the impacts of technology on society, is also highly engaged.
Notably, thelCTA is leading, as part of tireNano Action project a number of collaborative efforts
relating to the regulation of nanotechnolaych as the 2007 DechtionPrinciples for the Oversight of
Nanotechnologies and Nanomaterialghich was signed by a broad coalition of civil society, public
interest, environmental and labour organizations and whickihesbeen endorsed by nearly 70 groups
spread over gicontinents. In May 2008, ICTA led a coalition of consumer, health and environmental
groups in filing a legal petition with the US Environmental Protection Agency (EPA) demanding that the
regulatory agencexercise its authoritpertaining to the regulath of pesticides to prevent the sale of
consumer products containing nanoparticles of silver for antimicrobial purposes.

A rather unique NGO partnership with industitye EnvironmentaDefensei DuPont Nano Partnership

has also been highly influentialhis partnership, established in 2005, culminated in June 2007 with the
release of d&NANO Risk Frameworkor ensuring the responsible development of nanoscale materials
across the product lifecycl@he Framework was specifically designed (in consultatigh & broad

range of stakeholders) to be flexible, such that it could be readily adopted by other companies. This
document outlines guidance on a number of key governance issues relating to the regulation of
nanotechnology, including risk evaluations, rishkanagement decisions and best practices, and
communication of information and decisions to stakeholddns. Framework deals with nanomaterials

over the complete product lifecycle, and discusses critical aspects of risk management including
physicochemidgproperties, health and environmental hazard data, ecotoxicity, and environmental fate.

Scientists and researchers have also played a role in the US nanotechnology debate, and there are a
number of universitypased initiatives dealing with nanotechnoldagth in terms of its development and
its policy and regulatory implications. The International Council on Nanotechnology (IC@Mpisble

® Both reports, as well as numerous others, are available from the PEN wettysitévww.nanotechproject.org
’ http://www.nanotechproject.org/news/archive/the_twinkie guide_to_nanotechnaoggssetiarch 30, 2009.
8 http://www.nanotechproject.org/inventories/consurmactessedarch 30, 2009.

® http://www.nanoaction.org/nanoaction/index.cfaccessearch 30, 2009.
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partnership initiated by the Center for Biological and Environmental Nanotechnology at Rice University

in Texas.Founded in 2004, ICON is a partnership between the nanotechnology industry, government,
academia andelect other organizatior($or e.g.,the Swiss Reinsurance Company and Foeesight

Institute. | CON6s activities a reffectifemanateckndiogystewardehé, apdr 0 mo t
include the production and dissemination of information, outreach activities, the strategic identification of
knowledge gaps, and research to fill such gaps.

Regulatory Developments on Nanotechnology

Two US reguldory agencies have taken leading ralless farin terms ofpolicy development arounitie
regulation of nanotechnologyhe US Environmental Protection Agency (ER&)dthe Food and Drug
Administration (FDA) Both the EPA and the FDA have set up nanoteldgyotask forceshave held
public stakeholder meetinggith industry, academics and nanotechnology expartd have published
reviews of theirregulatorycapacity to addss the risks of nanotechnology under current stattifes.
EPA has been the first®Jregulatory agency to take formal regulatory action on nanotechnology.

Other US regulatory agencies, such as the Consumer Product Safety Comn{iG§i8&) and the
Occupational Safety and Health Administrat{@SHA) within the US Department of Labobiawe been
notably more silent on the tapiof nanotechnology regulation. The CPSC, which is the independent
regulatory agency with jurisdiction over consumer products such as clothing, electronic devices,
appliances, building materials, and toys, has onlgntdg become involved in the nanotechnology policy
debate. Athree pageCPSC Nanomaterial Stateme#n be accessed from their webSit®SHA, which

is responsible for regulations pertaining to worker health and sai@tyyet to become involved in the
nanotechnology issue in any significant wiapossibly due to limited resources and capacity issues. In
contrast, theNational Institute for Occupational Health and Safety (NIOSH)esearch organization
without any spefic regulatory capacity, has been publishing documents on the risks and safe
management practices for nanotechnology in the workplace for several years now. In February 2009,
NIOSH released arinterim Guidance for Medical Screening and Hazard SurveillaficeWorkers
Potentially Exposed to Engineered Nanoparti¢l@epartment of Health and Human Services, 2009).

Below, we will detail regulatory and policyctities to date by thetwo main playersin the US
nanotechnology regulatiatebatd the EPA and thd-DA.

The US Environmental Protection Agency (EPA)

I n December 2004, t he Environment al Pratresst i on A
Agency Nanotechnology Workgroup. This group was charged with examining the potential
environmental applicatianand implications of nanotechnology. In February 2007, this group released the
US EPA Nanotechnology White Papera document which outlines the potential benefits of
nanotechnology for the environment, discusses the challenges inherent in the risk eagse$sm
nanomaterials, and makes a number of recommendations with respect to future researgolheas,
prevention andenvironmental stewardship, collaborations, governance, and traiRingr to its
finalization, a draft of the EPA White Paper wateased and was subject to public consultatamther

10 http://www.cpsc.gov/library/cpscnanostatement; pdtessed March 30, 2009.
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to the research recommendations outlined in the White Paper, the EPA Office of Research and
Development released a Draft Nanomaterial Research Strategy in January 2008.

The Voluntary EPA Nanoscale Mat erials Stewardship Program (NMSP)

In January 2008, the US EPA officially launched its Nanoscale Materials Stewardship Program (NMSP).
This voluntary program was developed in consultation with stakeholders and is intended to help provide a
firmer scientificbasis for future regulatory decisions related to nanotechnology. The NMSP is comprised
of two subprograms, the Basic Program and thé®kpth Program.

Under the Basic Program, the EPA invited industry to voluntarily report on the engineered nanoscale
materials they were manufacturing, importing, processing, or using. As of December 8, 2008, a total of 29
companies or associations had submitted information to the EPA through the Basic Program and a further
7 companies had outstanding commitments. Tlass,of December 2008, the EPA had collected
information on adtal of only 123 nanoscale materials through the Basic Progwanich very likely
represents only a small fraction of the products currently under development in tharo&h the In

Depth stevardship program, the EPA invited participants to become involved in developing a plan for the
gathering of data on certain representative nanoscale materials over a longer time frame. As of December
8, 2008, only 4 companies had agreed to participateiintbepth portion of the NMSP.

Although this voluntary initiative was developed in consultation with stakeholders during a series of
public meetings, a primary criticism with respect to the NMSP is that stakeholder recommendations were
not fully taken inb consideration during development of the program. In particular, industry stakeholders
had suggested that some form of incentive should be provided to encourage participation in the program,
but no such incentives were included in the final progdfandanuary 2009, the EPA released a ftédm

report on progress with respect to the NMSP, claiming that the program to date has largely been a
success, althougba number of the environmental health and safety data gaps the Agency hoped to fill
through the NMSHstill exisi  ( US E P Despit? e 8lgims of success by the EP/any
stakeholders have been critical of tr@untary approach to information gathering adopted by the; EPA

the effectiveness dhis initiative (and a similar effort in the UK, which will be described laterhe

subject of much debate

Other EPA Regulatory Activity on Nanotechnology

The official EPA position on nanotechnology regulation is that nanomaterials are currentgdconder
existing statutes. The EPA White Paper, in particulatlireesa number opossible regulatory options for
nanotechnologyHowever, the EPA has also acknowledged teatainEPA policies and regulationas
well as the reporting tools under vaus statutesnay eventually need to be modified to accommodate
nanoscale materials.

EPA exerts its regulatory authoritynder a broad range of statutes and programs. A subset of these
statutes and programs has been identified as being particularlyadfptic nanotechnologyhese are as
follows:

I TheToxic Substances Control AGISCA)T regulation of chemical substances;
1 TheFederal Insecticide, Fungicide and Rodenticide (¢FRA) 1 regulation of pesticides;
1 TheCleanAirAcir egul ati onsof&i Bhpehltdbant si;
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I TheClean Water Act regulation of substances toxic to aquatic life;

TheSafe Drinking Water Adt regulates hazardous contaminants in drinking water;

1 TheComprehensive Environmental Response, Compensation, and Liability Act anddbecRe
Conservation and Recovery Actegulation of solid wastend

I Toxics Release Inventory Prograima publicly available database containing information on
toxic chemical releases and other waste management activitigsrted annually by
manufacturing facilities and facilities in certain other sectors

E ]

To date, regulatory action of nanomaterials by the US EPA has been primarily if not exclusively limited
to the first two statutes TSCA and FIFRA. Regulatory considéoms under eacbf these two ets are
described in the sections which follow.

The Toxic Substances Control AEECA)

To date, the discussion around nanotechnology regulation in the US has focused primarily on the
applicability of theToxic Substances Cwol Act (TSCA) to the regulation of nanosubstancESCA is

widely considered to be the only US law that can deaadly with theregulation of nanotechitagy.

Unlike other statutes such as tBkean AirActandClean Water Agtwhich are limited to spéic parts of

the environment, TSCA is broadly applicable to all potgiytioxic chemical substances. Statutes such as
the Food, Drug and Cosmetic AGEDCA) and theFederal Insecticide, Fungicide and Rodenticide Act
(FIFRA)I both of which are administestdby the US Food and Drug Administratiowanpotentially be

applied to regulate the health and safety impacts of nanotechdmsgy foods, drugs, cosmetics, and
pesticides. Where nanomaterials are not covered by these other laws, TSCA applies.

There are many criticisms of TSCA as it applies mécificallyto nanotechnology and more broadly to

all chemical substances. TSCA was enacted in 1976, and tl@arériesad consensus among a diversity of
stakeholders that TSCA needs to beexamined cofMmments byCongressmamBobby Rush, February
2009%). Beginning in February 2009, TSCA is being revisited in a series of hearings by the
Subcommittee on Committee, Trade, and Consumer Protection of the US House of Representatives
Committee on Energy & Commee. Among the first withesses to appear before the Subcommittee was J.
ClarencgTerry) Davies, a Senior Advisor to the Project on Emerging Nanotechnologies at the Woodrow
Wilson International Center for Scholaccording to his testimony, TSCA has badtrengths and
weaknesses as it pertains to the regulation of nanotechnology.

Among the strengthsof TSCA, Davies notd, are its broadness and potential flexibility; its reporting
mechanisms, which allow the EPA to require manufacturers to immediatafy tliém of new
information pertaining tesubstantial risks associated with a particular chemical; and the general cost
benefit framework of TSCA. However, Daviatso notedhat TSCAadditionally contains a number of

overy difficult, perhaps impossibleequirements that must be met before a chemical can be redulated
(Davies,2009. This statement reflects the concerns of a number of stakeholders regarding the potential
application of TSCA to nanotechnology regulation. For example, the EPA must ssitisfyent
regulatory impact requiremenfisr existing chemicalby demonstrating that a proposed regulation under
TSCA is less burdensome than any other alternativethatdhe risk they are proposing to regulate could

™ http://energycommrce.house.gov/Press_111/20090226/rushoperirpafstatement dated February 26, 2009;
accessed MarcBil, 2009.
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not be sufficiently reduced under dher statute. Another widely reported criticism of TSCA is that the

statute placethe burden of proofon regulators to demonstrate harm rather than on manufacturers to
demonstrate safetin other wordsthe regulators can only delay or prohibit the manufactuohefmicals

under TSCAIf they can demonstrate that the chemical presentduareasonable risk. Thus, i n
example of nanmaterial$ where there is currently very little information availableyaeling the

potential health and environmental impacts of these substaitcés extremely difficult for EPA

regulators to restrict the entry of potentially toxic products onto the market.

Under TSCA, chemicals are defined by thenolecular structures. Tis, the US EPA is faced with the

same challenge facing many other jurisdictions like the EU, Canada, and Australia, namely which
nanomaterial s shoul d be considered 0 e wadih eam ¢ a wh
substancesin January 2008, the BPissued a position statement describing their approach for
determining whether a nanoscale substAcoodiegto s cons
this statement, a substance not already included on the TSCA Inventory is automatically coasidared

chemical substancéunder section 3(9) of TSQAUnder section 5(a) of TSCA, manufacturers are

required to submit Premanufacture Notices to the EPA at least 90 days prior to the manufacture or
importation, for commercial purposes, of new chemicabstances. Following a review of
Premanufacture Noticasy regulators, a Notice of Commencement of Manufacture or Import may be

i ssued by the EPA, and the substance thereby becc
Inventory. As of February 2009he EPA estimatkthat is ha receivedPremanufactureNotices for
approximately 50 nanomateridts dateunder the TSCA new chemical provisions (Davies, 2009).

However, not all nanomaterials will qualify as new substances under TSCA, as the bulk fonansyof
nanosubstances aatready on the TSCA Inventorfof example, gold, silver, and titanium dioxide, all of

which have nanoforms, are already on the TSCA Inventdriie EPA has stated its intention to
determine whether nanosubstances are new or existing aaseby-casebasis, based on molecular
structure (US EPA, 2008kere, the EPA approach to distinguishing between new and existing chemicals
becomes highly technical. Ansplified version of their description is that different configurations of the
same molecule are considered to be new chemicals under TSCA. As an example, graphite and diamonds,
which are dallotrope$i of carbon (in that the carbon atoms in each are arrdnddferently) are
considered distinct substances. In contrast, molecules which differ only in tetimes péarticle size (e.g.,

gold and nanogold) are not considered to be new substances under TSCA.

Recent regulatory action by the EPA helps to clatiig point. On October 31, 2008, the EPA issued a
Notice in theFederal Registestating that they consider carbon nanotubes ta bleemical substance
distinct from graphite and other allotropes of carbon already listed on the TSCA Inventorycarbos,
nanotubesare considered new substances under TSCA, and become subject Reetfenufacture
Noticesreporting requirements described above.

In November of 2008, the EPA began to promuldgitmificant New Use Rule€SNURS) under TSCA

for nanoforms of céerai n dexi stingi substances, for exampl e
nanoparticles (which appeared in the November 5, Fe@lgral Registgr Under the significant new use

provisions of TSCA,such regulatory action by the EPA requires persons diignto manufacture,

import, or process chemical substances for an activity that is designated as a significant new use under the
statute to notify EPA of their intent at least 90 days prior to commencing that activity. SNURs provide the
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EPA with an opporttnity to evaluate the significant new use of a substance and, if necessary, give an
opportunity for the EPA to prohibit or limit the new activity before it occilitee significant new use
provisions of TSCA thus provide regulators with a mechanism to aeathe safety of nanoforms of
existing substance# is noteworthythat the EPA has recently begun to exercise its regulatory authority
with respect to such substances.

The Federal Insecticide, Fungicide and Rodenticide(F&ERA)

Regulation related to nanomaterials in the US has also occurred in the contexfedena Insecticide,
Fungicide and Rodenticide AEIFRA), which is also enforced by the EPRegulations under FIFRA
require manufacturers to register all substancdended to destroy pests, including crobes.

Registration of the substance may not be required unless the manufactagsrerfiproduct make a
specific claim about itantimicrobial properties.

Recently, the Samsung Silver Wash washing machine, whéshclaimed to release nanosilver ions
during each wash with the intent of killing bacteria and other microbgsur laundry presented an
interesting challenge to US regulators. In 2007, the EPA issued a decision requiring the company to
register this wshing machine as a pesticide under FIFRAhough this decision was widely touted in

the press as US federal regulation of nanotechnology, thehaBAtated that thedo not consider this
activity to be related to nanotechnology. The primary reasorhi®lig thatthere is some question as to
whether suchvashingmachiresare actually releasing silver nanoparticles; instead, it may be the case that
it is instead ionic silver particles which are being released by these devices (Kulinowski, 2008).

In March 2008, the EPA fined ATEN Technology Inc, manufacturerfDG&EAR computer peripherals
$208,000 over their failure to register several products being marketed as antimiemudbitalrthermore

for making unsubstantiated claims about their effectivendss.pfoducts which triggered this activity

were a computer mouse and keyboard/mouse combination that had been treated with titanium dioxide
silver and which were claimed to be antibacterial. Once again, the EPA has stressed that this activity was
unrelatedto the issue of whether the product contained a nanomaterial. Instead, their concern was that a
manufacturer was making an unproven health claim and had failed to register a product under FIFRA
(Kulinowski, 2008).

The US Food and Drug Administration (FDA)

The US Food and Drug Administration (FDA) has baeguablyslower than the EPA to wade into the
nanotechnology regulation debate in the. @®e could arguéhe issuemay not have seemed as urgent
for the FDA, aghere are already strict prearket requirments associated with many of the products that
they regulateincluding drugs, biological products, medical devices, and food and colour additives.

In August 2006, the Agency established Ei2A Nanotechnology Task Forcehich was charged with

outlining regulatory approaches that would allow the continued development of nanotechnology while
ensuring that FDAregulated products containing nanotechnology were both safe and effactidy

2007, the Task Force releasedeport which contained a review and analysis of hanotechnotdgted
science and policy i ssues Amag the recgnmandadians corttamed inF DA 6 s
this report were recommendations to issue guidance to stakeholders, in ordevite mreater
predictability for industry and to ensure the protection of public heghb.reportwas endorsed by the
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Commissioner of Food and Drugand the Agencwasinstructed to move forward with implementation
of the recommendations contained gier

The FDA has broad regulatory authority over a wide range of product cl@sgepharmaceduticals,
cosmetics, medical devices, etcwllere nanomaterials are already being used, or where nanomaterials
are expected to play an increasing role in thming years.Overall, theFDA believes that existing
statutes will be sufficient to regulate nanotechnology, and that the regulatory challenges posed by
nanotechnology will be similar to those previously posed by products manufactured using other emerging
technologies, and particularly biotechnolog@yiven the extensive debate that took place in the- mid
19805 surrounding the regulation of products of biotechnology, the agency appears content in large part
to rely on the lessons learned from that public gyoliebate.One area where the FDA admits that
nanotechnology may present unique regulatory challenges is in terms of the regulation of combination
products containing nanomaterials. For example, highly integrated combinations of drugs, biological
productsand/or medical devices with combined diagnostic and therapeutic uses are predicted in the future
development of nanotechnology. The question will no doubt one day arisb@s tmest to streartinese
combination productsnto the regulatory systenirhe FDA admits that its current mechanisms for
selecting regulatory pathways may not be adequate (US FDA, 2007).

The primary statute applicable to the regulation of nanoproducts falling under FDA authoritfFi®the

Drug and Cosmetic Ac{FDCA). For products uhject to premarket approval, which includes
pharmaceuticals, highsk medical devices, food additives, colours, and biological products, existing
regulatory requirements are expected to be sufficiently stringent and flexible to accommodate the
regulation of nanotechnologgontaining products. That being said, the FDA does recognize that current
data requirements, reporting and notification mechanisms do not contain specific information to allow for
the assessment of nanomaterial safety.

Someproducts a& subject only to posharket surveillance requiremenis¢luding foodsandcosmetis.
While manufacturerarenonethelessesponsible for ensuring the d¢mued safety of those products, this
is oneparticulararea whergegulatory experts anstakeholderslike have called for increased regulatory
scrutiny of products containing nanomaterials.

The specific example of sunscreensufiscreens arelassified as cosmetic products) containing
engineered nanoparticles of titanium dioxisidrequenty cited the regulatory approach to such products

has beemwidely criticized. In the regulatory context, it is notable that there is currently no mechanism to
distinguish naneontaining sunscreens from sunscreens containing other forms of titanium diexide

also the case with TSCA, nanoforms of titanium dioxidecaen si dered t o beAsdexi st
such, regulators looking at the pestarket safety of sunscreemguld not be able to attributany
potentialhealth or safety issues which mighisa to the presence of nanoparticles.

Regulat ory Developments in the U S at the State and Municipal Levels

In the US, there has beemignificant amounof legislative activity at both the state and municipal levels
related to nanotechnologgs of Octoler 2006, legislation with some reference to nanotechnology had
been enacted or adopted in at least twnty states, and a July 2008 scan yielded further legislative
activity. A list of nanotechnologyelated legislation by State Legislatures has beeateneby the
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National Conference of State Legislatdfeg\ccording to this list, as of July 2008 no state had yet
enacted any lawsaiming to regulate the potential health, safety, and environmental impacts of
nanotechnology.For the most part, statutes etwt to date have focused on establishing study
commissions, supporting educational initiatives through the funding of facilities and projects, and the
provision of economic incentives including grants and tax crefitss, while the States have been activ

on nanotechnology, utilizing a number of different policy levers to date, there has been little or no formal
activity pertaining taheregulationof nanotechnologylerived products

Recently however,the California Department of Toxic Substances Control (DT&@)ounced its
intention to exercise the regulatory authority granted to them through new sectionsHealtie and

Safety Codeadopted in 2006. These new sections granted powers to state agenisigue mandatory
requests for information on specific chemicals to manufacturers. Manufacturers are required to comply
with these requests within one year. The 2006 amendments also contain provisions regarding trade
secretsthe DTSC has stated theitént to work with manufacturers to respect trade secrets as required.
In January 2009, the DTSC issued formal information request letters to a number of manufacturers
producing or importing carbon nanotubes in California, or who may ettpartinto the Sate. Copies of

the formal request letter and a list of companies targeted through this initiative may be found on the
DTSC website. The DTSC has further indicated that it is considering taking similar action for other
nanomaterials, such as nanometalsgmhtum dots in 2009.

At the municipal levelfwo US municipalities Berkeley, California and Cambridge, Massachusgetts

have considered or adopted meastoedateto regulate the health and safety impacts of hanomaterials.
Notably, these two municipéiies are bottmajor centres for research activitidés December 2006he

Berkeley Municipal Code was amended to introduce new measures regarding manufactured nanomaterial
health and safety. These amendments require facilitiesriduatifacture or use namaterias to disclose

in writing which nanomaterials are being used as well asubhent toxicology of the materials reported

(to the extent knownand to further describe how the facility will safely handle, monitor, contain,
dispose, track inventoryrgvent releases and mitigate such materials.

In January 200the Cambridge City Counci#lso considered using regulation as a policy lever to address
nanotechnology, directing thefZity Manager to examin® e r k e haeojechsalgy ordinanceand
recommendan appropriate ordinance for Cambridgtawever, in a July 2008 repoithhe Cambridge

Public Health Department and Cambridge Nanomaterials Advisory Comnuitteeluded that the
municipality should not act a new ordinance regulating nanotechnology attitme. Instead, they
recommended that the City of Cambridge take steps to gain a better understanding of the nature and
extent of nanotechnologylated activities.

12 hitp://www.ncsl.org/programs/lis/legislation/NanoLegisla?006.htm
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The United Kingdom (UK)

Policy Statements and Key Events Related to Nanotechnology

Since D97, the UK Government has been working to improve regulation by applying five principles
identified by their Better Regulation Taskforce'® These five principles are: proportionality,
accountability, consistency, transparency, and targeting. In January 2003gttee Begulation Task
Forcereleased a report entitlftientific Research: Innovation with Controhis report recommended
thatthe UK Government should encourage public debate regarding the risks posed by nanotechnologies
and should take a lead over any issues of risk management to emerge from nanotechnologies.

The UK Government launched its nanotechnology strategy in 2003 jmuie€dpb million per year toward
nanotechnology research for the period 2003 to 2009. In that same year, the UK Goveémraspbnse

to the 2003 recommendations relating to nanotechnology by #teerBRegulation Taskforce
commissionedts national acaeimies of science and engineeriogconduct an independent revielnat

would outlineany environmental, health, safety, ethical or societal implications that might be associated
with the use of nanotechnologyThis review was lao intended toidentify any further areas where
regulatory action should be contemplated.

In response to this request, the UK Royal Society and Royal Academy of EngineeriiRAERS
published a highly influential report on nanotechnologies in 2004 entitdmhoscience and
Nanotechnimgies: Opportunities and UncertaintieShis report highlighted a number of uncertainties
associated with nanotechnology, called for public debate about development of the technology, and
emphasized the need for immediate funding to support researcthatootential human health and
environmental risks pode by nanoparticlesThis report was seminal not just in the UK, but
internationally, and is widely credited with renewing debagardingthe need for nanotechnology
regulation.

In their report, he RS-RAE explain that they cafully considered a number of policy options durthgir
deliberations including calls by the ETC Group, Greenpeace and other public interest groups to
implement a moratorium on the development and release into the envirommenanufactured
nanoparticles or namabes. In response to calls for a moratorium on nanotechnology developheent
RS-RAE panel concluded that a moratorium wonitit be an appropriate response to the challenges posed

by the emergence of nanotechnologyl @s applicationsThis conclusion has since been supported by

both the Council for Science and Technology and the Economic and Social Research Centre for Business
Relationships, Sustainability aisbciety

The panel also considered and ruled theg needto developa separatenanotechnologgpecific
regulatory body or framework in the UKhe panektatedthat regulatory frameworks already in place in

the UK relating to the protection of human health and safety and the environment were sufficiently broad
to extend to the regulation of nanotechnologies, although they did note the need to modify individual

13 The Better Regulation Taskforagas replaced by the Better Regulation Commission in 2006, and thisMasdy
closedin turn following the establishment of the Risk and Regulation Advisory Coungédnuary 2008
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regulations or standards within existing frameworks to reflect the specific properties of hanomaterials
resulting from their nanoscal@mong a long lisof other recommendations, tRS-RAE advisedthat all
affected regulatory bodies in the UK undertake reviews of existing regulations and publish details on how
they would address any regulatory gaps identified through this ptbcess

In its 2005 response to the BRAE report, the UK Government committed to subjecting itself to an
independent external review of progress on its policy commitments after two and five years. In March

2007, the Council for Science and Technology publisteddependent review titleManosciences and
Nanotechnol ogi es: A Review of Go v e rim tmg repgord, she Pr o g r e
Council for Science and Technologgncluded that progress on many commitments had been good, but
criticized prayress on governmental research commitments, particularly with regards to toxicology and

the health and environmental impacts of nanomaterials. In that regar@otheil for Science and
Technologydid not feel the government was living up to its commitimerensure an understanding of

potential risks to human health and the environment and thereby promote the responsible development of
nanotechnology. It recommended a more targeted approaebkdarch funding going forward

In November 2008the UK RoyalCommission on Environmental Pollution (RCEP) published a report
entitled Novel Materials in the Environment: Tlease ofnanotechnologyThis work by the RCEP was
originally prompted by broad concerns surrounding potential environmental releases onmatenidls

from industrial applications. Due to the preponderance of evidence focused on nanomaterials, this became
a focus of the report. This report contains a number of observations regarding the toxicology and fate of
nanomaterials, functionality, andlaptive governance. Chapter 4 considers options for the regulatory
governance of emerging technologies under challenging circumstances. Overall, the Commission
recommended that governance approaches to the regulation of nanotechnology should be based on th
functionality of materials, rather than particle size or mode of production, as this is the key consideration
when evaluating potential environmental and health img&g&P, 2008)

More recently, in February 2009, the British House of Lords SelEshmittee on Science and
Technology launched an inquiry on the use of nanotechnologies and nanomaterials in the fdad sector

Nanotechnology Strategy and Governance

In 2007, in response to a recommendation made by the Council for Science and Techntbegy in
review of government progress on policy commitmentgjrasterial Group on Nanotechnologieswas
establishedThis group iscurrently chaired by the Minister of State for Science and Innovation, Lord
Drayson, and also includeMinisters with responbility for the Environment(Department for
Environment and Rural AffairsPublic Health(Department of HealthHealth and Safet§fDepartment of
Work and Pensions)and Business and Competitivenedepartment for Business Enterprise &
Regulatory Reform) Since its creation, the Ministerial Group has engaged with stakeholders and
coordinated progress by Government Departments on policy, regulation, and research.

4 Regulatory bodies in theK took this advice to heart and undertook or commissioned reviews of the adequacy of
existing legislation. Refer, for example, to Chaudatyal. (2006) (report commissioned by Defra), and the FSA
report (2008).

15 Details of the Nanotechnologies and Foddquiry can be found on the following website:
http://www.parliament.uk/parliamentary committees/lords_s_t select/nanotechfooacciessed March 31, 2009.
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In February 2008, this Ministerial group issued Statement by the UK Government about
Nanotechnologieds his document outlined a vision for nanotechnologies, as follows:

0The vision of the UK Government for nanotec
maximum economic, environmental and societal benefit from the development and
commercialisatio of nanotechnologies, and to be in the forefront of international activity

to ensure there is appropriate control of potential risks to health, safety and the
environmenti

Furthermore, the Government committed to openness regarding its activitiesrespaeacy regarding

any uncertainties in the sciend#ith respect to the regulation of nanotechnoldgg, Government noted

the need to manage the potential risks associated with nanotechnology within the context of a
dproportionat e r ébhaughathey dig nof nulea oue the poksibility of eventually
developing new nanspecific regulatory frameworks or listation, the Government statélaat existing
legislation currently offered sufficient protection in areas as diverse as environmemgatipn, health

and safety, food safety, medicines and medical devices, cosmetics, and consumer products, enabling a
prompt response should products be found to pose a risk to health, safety, or the envi(oiment
Government, 2008)

In January 2009, thiMinisterial groupreiterated theicommitment to the responsible development of
nanotechnology in the UK and outlined sewsiiverable¥. Theseseven specificommitments which
are as followswill be carried out by the Departmemé&presented on theaup.

1. Respondin Spring 2009 to the recommendations outlined in the November 2008 report by the
Royal Commission on Environmental Pollution.

2. Develop a better understanding of UK industry sedtinair objectives and needsiat are likely
to makeuseof nanotechnologies and nanomaterials.

Work with industry to develop a workable reporting scheme for nanomaterials.

Involve thespectrum of interested parties (academia, indubt@Qs, andhe general public) in
the development of a strategy.

5. Improvethe tageting and prioritisation of UK research devoted to understanding and managing
the health risks associated with nanotechnologies.

6. Ensurethat appropriate action is taken wheneteere is evidence that products containing
nanoparticles may pose a risk torkers, consumers or the environment.

7. Work with industry to develop a workable way of providing information alpooducts that are
being developed aratought to market.

The UK government haalsoestablished two groupwith the responsibilityfor coordinatingpolicy and
research activities, respectively, across Government departments, agencies, and researchThesacils.
groups are the Nanotechnology Issues Dialogue Group and the NanatgghRekearch Coordination
Group These two bodiesportdirectly to the Ministerial Group on Nanotechnologies.

Bhttp://nds.coi.gov.uk/environment/fullDetail.asp?ReleaselD=391430&NewsArealD=2&NavigatedFromDepartmen
t=False
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The UK Nanotechnology Debate : National Academies and Royal Commissions

An aspect of the nanotechnology debate in the United Kingdom, velngaiablydistinguishes the UK

from other jurisdictions, haselen the ongoing involvement $ nationalacademiesthe Royal Society

and the Royal Academy of Engineerifithe national academies were commissioned in 2003 to write the
independent report which catalyzed discussions both within the UK and interrgtimmahe need for
nanotechnology regulatio.he Royal Society has remained actively engaged in the nanotechnology
debate since the publication of this seminal report in 2004, and maintains a comprehensive website on
nanoscience and nanotechnoltdggrgeed at educating the general population.

Another group which has been influen@ald actively involved in the debate nanotechnologlyas been

t he UK Cons umewhighigoea byshe quizzidalinaragdwWhich? fiThis group has a long
history of campaigning obehalf of consumers in the Wi§ ensure the protection of consumer rights, and
also conducts product reviews and offers independent advice on a number of suhbfeicts? has
developed a 10 Point Action Plan whiohtlines a set of key actions they would like to see guide the
nanotechnology debate. Those 10 points are as followsrdoation, Definitions, Products, Research,
Assessment, Precaution, Transparency, Regulation, Information, and EngageméwtjainePlan is
described in further detail in a November 2008 policy briefing prepareWtigh? on the topic of
nanomaterials in cosmetic produdfghiich?, 2008).

Both the UK Government and the EU have placed great emphasis on the aspect of public engagement in
the nanotechnology debateheir proactive approach to public engagement has very likely been informed

by their recentexperiencen the context ofGeneticallyModified Organisms (GM®). In the case of

GMOs, a substantial public outcry regarding enviromiakeaspects of this technology essentially halted

the progress of GM crops through the regulatory systackin 1998.As such,the UK and the rest of

Europe hae arguablynot yet been able to realize the same benefits from GM crops as other countries

Based on this prior experience, there have been a number of initiatidegtaken in both the UK and the
EU to foster publi@ngagement in the nanotechnology delatblicengagement and communication are
two very important aspects of regulatory governaasavill be discussedater; howeveris it outside the
scope of the auwent report to summarize all such initiatives to date. The 2007 report from the
Nanotechnology Engagement Gro{NEG), discussed in the next sectigmpvides a good overview of
some @ the public engagement initiatives previously undertaken in the UK.

Public Engagement and the Nanotechnology Engagement Group

In 2005,the NEG wasstablished to document the learning from a serig$ndgbd Kingdominitiatives
attempting to involve theeameral public in discussions regarding the development and governance of
nanotechnologies. The NEG was convened by Involve,-fonqirofit organization specializing in public
participation and analysis into which processes work best for public engagevitergupport from the

UK Government and universitieshe final report of the NEG, entitiddemocratic Technologies¥as
published in 2007Gavelin and Wilson2007) This report looks at six projects in the UK that sought to
engage the general publit a dialogue on nanotechnoloddased on their analysis of these projects, the

"The Royal elpage ondangssiancevand nanotechnology is located at the following link:
http://royalsociety.org/landing.asp?id=12Hacessed MarcBil, 2009.
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NEG concluded that upstream public engagement on issues of science and tecivasldmpneficial
because it

informed and aligned science policy and research with public m@edaspirations;
made science governance more transparent;

put science into context by encouraging reflection by scientists on the broader implications of
their work;

created more active and scientifically aware citizens; and

helped to overcome negativeeponceptions and to break down cultural barriers between
scientists, the general public, and decision makers.

The NEG report also outlines a number of recommendations emerging from their analysis, intended to
inform the UK Gover nmgagemenspolisiesi ence and public e

The UK Government has also undertaken a number of public engagement initiatives. For example,
Defra the Department for Environment, Food and Rural Affairs in thel Wé&gularly convenes
meetings with stakeholders through thé&lanotechnalgies Stakeholder ForuniThe eleventh such
stakeholder meeting on nanotechnologies through this forum took place in Septemfer 2008

Regulatory Developments on Nanotechnology

In terms of activity on nanotechnology research and policy development by Gmrdrdepartments in
the UK, a few of the key players to date have been:

the Department for Environment, Food and Rural Affairs (Defra);

the Food Standards Agency (FSA);

the Department for Business Enterprise & Regulatory Reform (BERR);
the Department of Hdth (DH);

the Health and Safety Executive (HSE); and

the Department for Innovation, Universities & Skills (DIUS).

= =4 -4 -8 —a A

Defra has played a leading role on the development of nanotechnology gradiaggulation in the UK

Defra plays an oversight role for the regulation of the food industries, and is the government department
responsible for environmental protection in the United Kingdom (among other responsibilities, including
fisheries and rural communities). Notablyefia leads for the UK at the EU level on the environment file
(with the exception of climate change) and has thus also been actively involved in the nanotechnology
debate at the Ednd internationdlevels. As its name implies, the Food Standards Agensy has a role

in the regulation of food producisit is an independent regulatory agency with the mandate to protect the
publicés health and consumer The Departenent &f Health hase | at i
responsibility for the regulatiomnd medicinal products, through the Medicines and Healthcare products
Regulatory Agency, an executive agency of the Dhk Health and Safety Executjvan agency of the
Department for Work and Pensiofgs a mandate over the regulation of nanotechnolggyralates to

worker safety. The Department for Innovation, Universities & Skills is also heavily involved in the

18 http://www.defra.gov.uk/environment/nanotech/research/meetings/indexabtessetarch 17, 20009.
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nanotechnology policy debate, but it is not a regulatory department; DIUS is mainly involved with the
innovation and research aspects of atachnology.The Ministerial Group on Nanotechnologigs
currently chaired by thBlinister of State for Science and Innovatioom DIUS. Finally, the Department

for Business Enterprise & Regulatory Reform (BERMs responsibility for broadversight over
regulation in generalBERR houses the Better Regulation Executive, and leads the regulatory reform
agenda across government.

To assess whether existing regulatory frameworks were sufficiently rigorous to deal with the potential
risks posed by nanomaias, the UK Government has previously commissioned reviews of the adequacy

of existing legislation in the context of each of its key regulatory departng@htudhryet al, 2006

(report commissioned by DefralfSA, 2008) In addition, an independent owéw was carried out to

identify any existing or potential gaps, inadequacies or inconsistdicasret al, 2006) By and large,

these reports have all concluded that the existing regulatory framework is broadly adequate, although they
also note the gtential for nanomaterials to fall outside of regulatory controls in certain circumstances.
Such loopholes include the potential for nanoscale materials to fall outside of threshold amounts
originally developed in the context ofiacroscalematerials and the possibility that certain consumer
products containing nanomaterials may be found safe to market but that risk assessments may not
consider the full product lifecycle, includinigeir disposal.

Formerly known as the €partment of Tradena Industry it was BERR who commissioned the
independentegulatory gaps analysfer nanotechnology completdsy Cardiff Universityin December

2006 (Frateret al, 2006) Entitled An Overview of the Framework of Current Regulation affecting the
Developrent and Marketing of Nanomateriakhis comprehensive report took the approach of mapping
current and future foreseeable applications of nanomaterials against existing UK regulatory frameworks
that might govern the lifecycle of nanomaterials. In this repgbe authors oted two main regulatory
issues(Frater et al, 2006). The first issue was that of regulatory gaps arisimgsituations where
thresholds have previously been established to govern whether or not materials or products fall within the
scopeof the regulation (the issue here is that since nanoparticles have a substantially increased surface
area relative to bulk materials, they are active at lower overall masses and volumes and therefore such
thresholds maye too high to appropriatelyegulde the risks othe products of nanotechnologyhe
secondregulatoryissue noteds the question of what to dehen a nanomaterial represents a variation of

a bulk substance that is already well regulated and understood (e.g. nanosilver versusasiligste

which has been previously described in the current report in the context of the US EPA and TSCA.

An interesting aspect of the Cardiff reparas their approach of examining a lifecycle approach to the
regulation of nanomaterialés has been notedylothers, the authorstatethat many of the regulatory
gapscurrently associated with nanotechnology arise from a lack of existing data on the pdieattal

and environmentatffects of nanomaterials n t hei r thisweporiwdemodsgates Rosffective

regulation will depend on moving to a position of greater certintyon out st andi ng quest
nanomateriatsthey emphasize thébetter research and better regulation ought to move hand infhand

Related to the lifecycle of nanomateri s |, t he a u ofterothesreguiatian evill goteentthe o
generation of further data as part of a system of risk goverrigifcateret al, 2006).The example cited

is the classification of substances by regulators as hazardous, a classificatbntlvem requires
manufacturers to provide additional information relating to risks and hazards of the material. In essence,
the authors suggest that <c¢lassificati onriggerfforsubst a
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effective risk margement programmaésand helpgo ensure that the substance is tracked by regulators
throughout its lifecycléFrateret al, 2006).The authors emphasize the need for an integrated regulatory
governance approach to the regulation of nanotechnology.

The example provided in the Cardiff report is of particular interest given recent regulatory activity by
Defra and the HSE. In a May 2008 letter to the Nanotechnologies Industries Association and the UK
Research Councils, Defra advised that waste containing @ir@@o@nd) carbon nanotubes would be
classified as hazardous, with immediate effébey have alstssued guidance on how best to dispose of
waste containing unbounchrbon nanotubesSimilarly, the HSEhas also taken regulatory action on
carbon nanotubealating to worker safefyadvising users to treaarbon nanotubess substances of very

high concern in the absence of scientific evidence that this is not the case (OECD, 2B88é)noves

can be seen as an attempt by the UK Government to generate further health, environmental, and safety
data on carbon nanotubes, a substance that is currently seen as a substance of priority interest among
nanomaterials. As noted above, regukatction oncarbon nanotubdsas also been taken by the US EPA

and California DTSC.

In addition to regulation, the UK Government has previously noted that guidance and advice, for example
the provision of guidance to industry by regulatory departmenteeomethodologies to be used for risk
assessments, are tools that can be used to respond to the potential risks posed by nanotechnologies (UK
Government, 2008). Guidance documents, a form ofl@egislative control, are inherently more flexible

than reguladry approaches, and in 2008 the UK Government signalled their commitment to regularly
updating such documents based on the best available research.

As a Member State of the European Union, no discussion on the regulation of nanotechnology in the UK
would ke complete without a discussion of regulatory initiatives by theliEfact, the bulk of the current
discussion in the UK on issues related to nanotechnology is focused on EU Regulations such as REACH
and the EUO6s No waedlDireEtives duchR thafasetits iDiventivaNe turn next to a
discussion of nanotechnology in the context of the full European Uwioere we willelaborate upon

these three specific examples

The European Union (EU)

EU Approach to Emerging Technologies:  the Precautiona ry Principle

One area where the European Union aniligsnberStatesdiffer from other jurisdictiongmost notably
the United Statgsn terms of their approach to the regulation of emerging technologies has been their
definition and application dhe preautionary principle to the management of risks.

In February 2000, the European Commisgig@) adopted th&Communication from the Commission on
the Precautionary Principlea document which aimed to build a common understanaingng EU
Member $atesof governance approaches to #esessment, appraisal, management and communication
of risksin situations(such as the regulation of emerging technolggisere full scientific evaluations

are not yet possiblé&otably, this Communication was designed (astan part) with the intent of easing
trade tensions with the United Stat€his document outlines five guiding principles for the application of

23 EERG]

nnnnnnnnnnnnnnnnnnnnnnn



precaution: proportionality, nediscrimination, consistency, examination of the benefits and costs of
action and lack of action, and exantina of scientific developments (European Commission, 2000).

The precautionary approach to nanot eWhenedhe fulgy i n
extent of a risk is unknown, but concerns are so high iektmanagement measures are considered
necessary, as is currently the case for nanomaterials, measures must be based on the precautionary
principlefi (EC, 2008).

It has been argued that the EU and its Member States also take a somewhat different appisiach t
analysis as compared with other jurisdictions (van Calster, 2008). Risk analysis can be thought of as a
process involving fourcomponents risk identification, risk assessment, risk management, and risk
communication. In the EU, each of thesemporentsis seen as distinct step and the EU assigns
responsibility for each of the four stages to different professional grougtugsexample, the risk
assessment processseen to be the responsibility of scientists, whereas risk management is aégy cle

the domain of the politicians. Critics have argued that this deliberate delineation of responsibility in the
EU context can result in excessive recourse to the precautionary principle in response to pubbndutcry
political pressurgand that thishas in particular occurreid response to emerging technologies such as
genetically modified foods and nanotechnologies.

Policy Statements and Key Events Related to Nanotechnology

The European Union, like the United States, has indicated in no uncertafmttet it wishes to pursue

the development of nanotechnology applications, with a view to the realization of important benefits.
However, the EU approach to developing a regulatory framework for nanotechnology has been relatively
cautious in no other juisdiction has there arguably been such an emphasis placed on public engagement

and consultatonfThe o0safe, integrated, and responsibled ap
policy on nanotechnology.

The European Commission formally announdsdintention to develop amtegrated nartechnology

strategy for Europe in May 2004n its Communication Towards a European Strategy for
Nanotechnologyin a foreword to the Communication, then Commissioner for Research Phillipe Busquin

not ed das#ntialt@agEurdpean]industry can bring nanotechnolodpased products and services

to the market, so as to generate wealth, employment and sustainablefgrowtiH o we v e r he fur
t h any nebative impacts on public health, safety or the envirohmast be addressed upfront and as

an integral part of the technological development protésg, 2004)

The proposed strategy outlined in the 2004 Communication was subsequently reviewed and supported by

the Competitiveness Council and the Europeann&wecoc and Social Committee. In addition, all
stakeholders were invited to provide their opini
survey organizing by Nanoforum and the European Commission which en@etbber 2004. Over 750

responses werreceived through this processd the results are summarized in a January 2005 report
Outcome of the Open Consultation on the European Strategy for Nanotechnology

Following the public consultation, theubpean Commissioadopted th&CommunicatiorNanosciences
and nanotechnologie®An action plan for Europe 200%009in June2005, which outlines a number of
commitments with respect to nanotechnology research and development and establishing an effective
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dialogue with stakeholder3§he Action Plan @o underlines a number of commitments with respect to
international collaboration on nanosciences and nanotechnoldgid®e interests of protecting public

heal t h, safety, the environment riskastesscnenhrela@aoe r s | t
human health, the environment, consumer and workers should be responsibly integrated at all stages of

the life cycle of the technology, starting at the point of conception and including R&D, manufacturing,
distribution, use and disposal or recyclingeC, 2005).

The Action Plan also called on the Scientific Committee on Emerging and Newly Identified Health Risks
(SCENIHR) to provide an opinion on the ability of existing risk assessment methodologies to extend to
nandechnology. The SCENIHR Opiniorertitted The appropriateness of existing methodologies to
assess the potential risks associated with engineered and adventitious products of nanotechwakgies
adopted in September 2005. Following public consultation, this opinion was subsequently emndsad
modified version adopted in March 2006.

The Action Plan also called upon the European Group on Ethics in Science and New Technologies to
examine the ethical aspects of nanomedicine, a commitment that was fulfilled in January 2007.

A first implementation report on the EU Nanosciences and Nanotechnologies Action Plan was produced
and adopted in September 2007, wherein the EC reports on progress in areas identified in the 2005 Action
Plan. A second implementation repisrexpectedn late 2009.

In February 2008, the EC produced a Recommendation dbode of Conduct for Responsible
Nanoscience and Nanotechnologies Reseatbht was circulated to all Member Stat€snsistent with

the EU approach, this Recommendation was developecdsultation with the public. The stated aim of

t his Code o fprombtemntbgratet, safesandtresporgsible nanosciences and nanotechnologies
research in Europe for the benefit of society as a whd€, 2008b) The Codds uncerpinned bythe
principles of: meaning, sustainability, precaution, inclusiveness, excellence, innovation, and
accountability The intention of this document is to guide the actions of Member States in the formulation
and implementation of both innovation and regulatory rebestrategies in individual jurisdictions. The
Recommendation also suggests that research funding schemes should be tied to the guiding principles
therein, and that Member States should encourage the voluntary adoption of the Code of Conduct by all
bodieswith an interest in nanotechnology research. The Recommendation will be reviewed every two
years, and efforts will be made to monitor the extent to which stakeholders adopt and apply the Code of
Conduct. Member States are also asked to report annuallyet€ommission any measures taken
pursuant to the Recommendation and to communicate any results and best practices.

In January 2009, Member of the European Parliament (MEP) Carl Schlyter brought foraadt a
Report on regulatory aspects of nanomater(@808/2208(INI))to the Committee on the Environment,

Public Health and Safety of the European Parliamerit.i s dr aft Report, brought
own initiative, Mationfor aBunomantPérlimmentdResblutionfon ragul@@spects
of nanomaterial® ( Schl yter, 2009) . The Motion contained w

consumer products containing nanomaterials, the urgent development of adequate testing protocols to
assess the hazards of and exposure to naieoigls over their entire lifecycle, the development of ethical
guidelines, a potential limitation of patent rights in order to avoid stifling innovation, among other
aspects. As of the time of writing this report (March 2009), a finalized version b&étReport was not

2 EERGI



yet available, and the report had not pgtthe European Parliament. If endorsinis would be aiighly
significant statement of policy on nanotechnology by the European Parliament.

The EU Nanotechnology Debate : Public Engagement and Ex pert Opinions

There are a few aspects which distinguish the nanotechnology debate in the European Union from that in
other jurisdictions. First and foremost, there is a continuous emphasis in goveledngnitiatives on
ensuring transparent public engagat and consultation. As discussed above for the UK, this emphasis
stems from lessons learned from prior examples of the regulation of emerging technologies such as
genetically modified foods. It also stems in part from some prompesitregulatory failres which drew

a lot of media attention and elicited a public outcry, notably the 1996 BSE crisis in the United Kingdom
and the 1999 dioxin contamination scandal in Belgiwan Calster, 2008)As both situations were
related tothe regulation of food pructs therealso remains a lingering risk aversion amonggéeeeral

public associated with the modification or possible contamination of food products, asseesslyr
illustratedin the context of the genetically modified foadisbate Thus, a second igue aspect is that it

is practically impossible to discuss nanotechnology in the European context without making some
reference to GMOs and foods.

A third aspect is the prexistence of dedicatethdependenscientific committeesThese committees

serve b provide the European Commission (EC) with scientific advice to inform policy development on
issues related to public health, consumer safety, and environmental protection. The committees also play
a role in alerting the EC to potential risks associatéd emerging technologies. In the EU, there exist
three such independent committees of external expehis Scientific Committee on Consumer Products
(SCCP), the Scientific Committee on Health and Environmental Risks (SCHER), and the Scientific
Committee on Emerging and Newly Identified Health Risks (SCENIHR). To date, two of these
committee§ SCENIHR and SCCP have released opinions on aspects of nanotechnology.

SCENIHR has taken a leading role on the consideration of policy issues relating to titealposis
associated with nanotechnology. To date, they have released four Opinions and one modified (i.e. updated
and revised) opinion on nanotechnolBgiheir first Opinion, originally released in 2005 and modified

in 2006, has already been referenedmbve.In their most recent Opinion, adopted in January 2009,
SCENIHR addresses thRisk Assessment of Products of Nanotechnolodmeshis document, they
recommend adopting a calsg-case approach to the risk assessment of nanomaterials until suehas tim

a general approach to the identification of hazards associated with nanomaterials is within reach
(SCENIHR, 2009).

In March 2008, SCCP released a document enti@lpthion on Safety of Nanomaterials in Cosmetic
Products This Opinion outlined a numbesf areas where, at the time, there remained inadequate
information on the risks associated with nanoparticle use in cosmetic applications. In addition, SCCP
recommended that the safety of insoluble nanomaterials in sunscreens should be evaluated.

The socal, ethical, and legal implications of nanotechnology are also being debated within the European
Union, and here stakeholder involvement has also been a key aspect of the debate. As an example, the

19 All of the SCENIHR opinions on nanotechnology can be accessed through the following link:
http://ec.europa.eu/health/ph_risk/committees/04 scenihr/scenihr_opinions _en.htm#nano
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EU-funded Nanologue project aimed to help establish a ammumderstanding concerning ELSI aspects

of nanotechnology and to facilitate a Eurepiee dialogue among science, business and civil society.
Based on extensive research and stakeholder consultations, -thenfti collaborative project (now
complete) deveped several products to enhance the dialogue about ELSI aspects of nanotechnology
applications, including the pamphiBie Future of Nanotechnology: We Need to *falk

Regulatory Developments on Nanotechnology

On June 17, 2008, the European Commission issued a CommunicatiRegutatory Aspects of
NanomaterialsThis Communication was prepared in response to a commitment by the EC to conduct a
regulatory review of EU legislation in relevant sectors of relevémoanotechnology. As outlined in this

d o ¢ u mehe tregulatéry challenge is therefore to ensure that society can benefit from novel
applications of nanotechnology, whilst a high level of protection of health, safety and the environment is
maintainedi  , E00&). The Commission concludes that, overall, risks related to nanotechnology can
be dealt with under the current legislative framework, but that certain modifications may be required in
light of new information becoming available, for example witlgarels to the threshold volumes
applicable in certain legislative documents (EC, 2008

The Communication then discusses the legislative instrumdntslavance to the health, safety and
environmental aspects of nanomateriatscording to whether the imament governs: (1) chemicals, (2)
worker protection, (3) products, or (4) environmental protection.

In the European Union, &egulation is defined as a legislative act which becomes immediately
enforceable as law in all member states simultaneouslyul&ems differ from another regulatory
instrument,Directives, in that directivesare required to be transposedt® national law (at least in
principle) by each Member State. Enforcementlicéctives becomes the responsibility of each Member
State, anauthority for this function is assigned t@ampetent body which is essentially the regulatory
body responsible for implementation and enforcement of the directive in each jurisdiction.

In addition to competent bodies in Member States, the EU has itsegutatory bodiesEU regulatory
agencies generally possess limited powers as compared with regulatory bodies at the national level in
Member States. Instead, H&lvel regulatory bodies play a primarily advisory and/or consultative role,
particularly in hghly technical or scientific areaRRegulatory agencies in the EU with mandates of
relevance to nanotechnology include:

1 the European Chemicals Agency;
1 the European Food Safety Authority (EFSA); and
9 the European Medicines Evaluation Agency (EMEA).

Considey for example, the work of the European Food Safety Authority. EFSA is the EU risk assessment
body for food and feed safety. One of its roles is to provide independent scientific adfAterigk
managersrote the deliberation separation of the tasksi assessment from that of risk management in
this description) Following decisioamaking, EFSA is also involved in the communication of risks
relating to food and feed safefgFSA worksin close collaboration with the food and feed authorities in

2 pamphlet available fronfttp://www.nanologue.net/custom/user/Downloads/Nanologueneeeito-talk.pdf
accessed March 30, 2009.
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EU mamber state$ for example, the Food Standards Agency in the United Kingdsimceultimately
responsibility fortheimplementation andnforcement of regulations at thenational level.

Due to ths complexity, we will simplify the discussion of nanotechnolbgjowby discussing regulation
from the standpoint of categories of products rather than that of regulatory auth®hiéesategories of
products that will be discussed in depth belasg: clemicals, cosmeticqjovel foodsand workplace
safety as these offer important insights into the regulation of nanotechnology in the EU context.

Regulating Chemicals inthe EU T the REACH Regulation

On June 1, 2007, a new regulation on chemicals andsdieiuse (EC 1907/2006) came into effect in the
European Union.Known as REACH,the new EU chemicals policgeals with theRegistration,
Evaluation, Authorisation and Restriction dafhemical SubstancesThe two most important aims of
REACH aimprovdpmtecton of human health and the environment from the risks of chemicals
while enhancing the competitiveness of the EU chemicals indEmyopean Commission, 2000Qne
characteristic feature of the REACH regulation is that it places greater rdsjignsn industry to
manage the risks from chemicals by requiring manufacturers and importers to provide safety information
on substances. Eventually, information from industry on chemical substances will need to be registered in
a central database whichill be run by the European Chemicals Agency (ECR)e provisions of
REACH are underpinned by the precautionary principle.

The REACHRegulation was developed in consultation with stakeholders, and its provisions will be
phased in over an 11 year perigdhother key feature of REACH is that it mandates the progressive
substitution of the most dangerous chemicals in situations where suitable alternatives to such chemicals
have been identified. Guidance documents have been made available for industry.

There ae no provisions in REACH referring specifically to nanomaterial€October 2006, while the

REACH Regulation was under development, the Environment Committee of the European Parliament
proposed an amendment requi r i dand tedisterted, iardspectivie ofa n o p a |
their chemical properties. However, this amendment was voted down, and the final version of the
REACH Regulation that was adopted in December 2006 does not contain any specific requirements
relating to nanomaterial®lanomaterials aressentially treated like any other chemical substance under

REACH and arsubject to all of the same requirements.

The adequacy of REACH to deal with the regulation of nanomaterials has been the subject of extensive
debate among stakeheld in recent years. The UK Government, stakeholder organizations, and others
have commissioned or produced reports assessing the adequacy of REACH to manage the potential risks
of nanomaterialsOne issue that has been highlighted regarding the appiigadfilREACH is that of
regulatory triggers. Under REACH, manufacturers and importers are required to submit a registration
dossier for substances that are manufactured or imported at levels above 1 tonne per year. Chemical
safety reports are required aleahe 10 tonnes per year threshéld.noted by Fratest al (20Q26), 0
that some nanomaterials have different properties to their-nammomaterial counterparts, it is
conceivable that these thresholds are inappropriately set for the inclusion ingbsasf nanoparticles .

Annex IV to the REACH Regulation contains a list of substances considered to be of minimum risk due
to their intrinsic properties and where sufficient information is known about these substances to justify
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their inclusion in the Anex. When the REACH Regulation was originally adopted in 2006, it contained

the requirement that the Commission must review the list of substances included in Annex IV (as well as
Annex V, which represents a list of substances exempted from the registeqrements under
REACH) by June 1, 2008. Pursuant to the mandated review exercise, Commission Regulation (EC) No
987/2008 (adopted on October 8, 2008) formally amends the two Annexes. Of significance to
nanotechnology, through the amendment exercigh,dasbon and graphite were removed from the list of
substances in Annex du&to thelfact that thencennethedebinecs amd/a CAS
numbers are used to identify forms of carbon or graphite at the-seaile, which do not meet the criteria

for inclusion in this Anngkx(EC, 2008c) Through this regulatory amendment exercise, the European
Commissim rescinded an exemption which had previouspplied to carbon nanotubes and other
nanoforms of carbon and graphite through REAGIdte that theext of Regulation (EC) No 987/2008

does not explicitly state that carbon nanotubes are considered as distinct from carbon (which was the US
EPA approach). However, it does open the door to regulatory action on carbon nanotubes under the
REACH Regulation, ad in this regard the EU and US approaches arguably have the same end result.

A European Commission document dated December 16, 2008 reflects current thinking on how REACH
applies to nanomaterials by the REACH Competent Authorities (Competent Authoritiethase
government bodies or departments responsible for the implementation of REACH within each EU
Member State) and its subgroup on nanomaterials. The Commission has pledged to update this document
as required, pursuant to ongoing discussions on this.téccording to this documenthe burden for
demonstrating that nanomaterials do not adversely affect human health or the environment in the EU falls
to manufacturers, importers and downstream users of specific nanomaterials.

The Cosmetics Directive Rec ast and its Relevance to Nanomaterials

The constituent ingredients of cosmetic products, as chemical substances, fall under the scope of the
REACH Regulation. However, they are additionally governed under a separate regulatory framework
specific to cosmets, the details of which are outlined in the Cosmetics Direclitee Cosmetics
Directive (Council Directive 76/768/EEC), which was originally adopted by the European Economic
Community in 1976states that cosmetic products marketed within the Europeanm@nity may not

result in damage to human health when applied under normal or foreseeable conditions of use

Recently,the European Commissidrmas put forth a proposal to simplify the 19¢6smetics Directive

t hough a process k n ogwsnsimidasto the pfocesscotcadifiation, hethataitsist i n
intended to pull a piece of legislation and all subsequent amendments together into a single new
document. Unlike codification, the process of recasting legislation involves new substantive ¢banges
content, as further amendments are made to the original Act during preparation of the rétast text

The proposed simplification of the Cosmetics Directive recasts the Directive into a Reg(gion

2008d) a move supported by the Regulatory Impastessment Report by Commission staff. According

to the i mpathe Cosnetice Birective is very dalailed and frequently aménded nd mi nor
differences between the approaches taken in 27 jurisdictions to transposing the directive onto national

la ws h a s additioeahcbses for irfdustry without contributing to product safety( ECeg). 2 00 8

2L For further information on the EU recast process, lsige//ec.europa.eu/dgs/legal_service/recasting_en.htm
accessed March 21, 2009.
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Of note to nanoscale materials are the two following observations. #iesproposed Cosmetics

Regulation does not explicitly refer to nanoscale mateaialmy point in the text. As such, there are no

separate regulatory requirements applying specifically to nanomaterials. However, the recast Cosmetics
Regul at i o rpartculan corsigleration shall bé given to any possible imgactso n b oth expo.
and t oxi c oldoego particle sizgEs(ECf2008). o

Should there be any doubt as to the intent behind the inclusion of language pertaining to particle size in
the proposed Cosmetics Regulation, the Committee on the Environment, Publicahedittod Safety
recentlyproposed amendments to the proposal which would see this made explicit. Among the proposed
amendments is the insertion of a new Article clearly articulating that a high level of protection of
consumers and human health shall beuggsin the case of cosmetic products containing nanomaterials.
Should these proposed amendments be adopted, then manufacturers / importers would be required to
report all existing cosmetic products containing nanomaterials to the Commission at leastHi2prior

to the date of application of the Regulation. The Commission would then have six months in which to
publish a report on all nanomaterials already in use in cosmetic products.

Debate regarding the applicability of the proposed Cosmetics Dire@dastto nanotechnologys
ongoing in the European Union and has drawn international atteivironmental NGOs such as
Friends of the Earth Europe and the UK Consumer Associdfiich® are attempting to influence the
outcomes of the debate anddinshape of the Cosmetics Regulation through influential educational
campaigns on the topic of nanomaterials in cosmeticwill be interesting to see how the recast
Cosmetics Regulation, once approved in its final form, approaches the regulationtet haolmgy>.

Regulating the Presence of Nanomaterials in Food Product s

There is currently no designed regulatory regime in the European Union which applies specifically to the
applications of nanotechnology in food produ@&sgulation (EC) No 178/2002,ehGeneral Food Law,
outlines the general principles and requirements of food law in the EU and established the European Food
Safety Authority. This Regulation provides for general food safety requirements and establishes the
principles underpinning sciefiti risk assessments undertaken by EFSA in relation to food products. As
with REACH, this Regulation places responsibility for ensuring the safety of food products on the food
industry.

Of particular relevance to the case of nanotechnology in the food secti s t he EU&6s No\
Regulationi Regulation (EC) No 258/199This Regulation, adopted in 1997, applies to novel foods and

food ingredients that were not consumed to any si
foodsid (t Isedsto refer tomnewlysdeveloped innovative foods, foods produced by new

% Note added in proof On March 24, 2009, the European Parliament adopted a legislative resolution amending the
proposed regulation of the European Parliament and of the Camncosmetic products reca3the amendments,

as adopted, contain a defini ti-persistenfandiineatioraliyaanafaciurad 6 as
materials with one or more external dimensions, or an internal structure, on the scalke fvoh®0 nm. The
amendments also call for a nasiecific safety assessment procedure for all products containing nanomaterials. In

the absence of such a procedure, tusld lead to a ban on a substance if there is a risk to human beaith

Cal ster, Bowman, and D¢ SAsbfMarch 3] 2009swehite pdlitical agreement had laeéni o n ) .
reached on the final act, it was still awaiting final decision by the Council. As such, this significant development on

the nanotechnologyegulation has not been captured in the current reparther informationregarding this

legislative actiorcan be found online at the following linkttp://www.europarl.europa.eu/dile.jsp?id=5598862
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technologies, and exotic traditional foods from outside of the European Union) are required to undergo a
premarket safety assessment and authorisation before they can be markdtedEurdpean Union.

When originally adopted, this Regulation was applicable to genetically modified foods. However, since
2004 GM foods are now separately regulated in the uBder Regulation (EC) No 1829/2003 on
genetically modified food and feed.

Recently a revision of the Novel Food Regulation was deemed necessary, to reflect the fact that GM
foods no longer fall under the scope of the Regulatforproposed revision was presented in 2007
adopted by the European Commission in January 2008; this praposato ensure food safety and a
high level of consumer health protection while improving access to new and innovative foods within the
EU market. Under the draft revised Regulation, novel foods wi#main subject to premarket
authorisation; applications for authorisation must be submitted to EFSA, who will caindependent
scientific risk assessments relatedthie health and safetpf such productsResponsibility for product
approvals falls to the and Member States.

With GM foods no longerencompassed undéhe revised Novel Food Regulation, applications of
nanotechnology to food productdme come a pri me example of .dnovel
Importantly, theJanuary 200&C proposal specifally states that the definition of novel foods under the
revised Novel Food Regulation wouidclude dfoods modified by new production processes, such as
nanotechnology and nanoscience, which might have an impact ol foqd E C f). If 2he @e8ised

Reguhtion as eventually adopted includes an explicit definition including the application of
nanotechnology to foods, then this would be a significant legislative precedent in the area of
nanotechnology regulatio®s such, there is great interest in the medinal form that the amended

Novel Food Regulation will také

In the EU, the regulation of food packaging materials is distinct from that of foods and food ingredients.
Regulation (EC) 1935/2004 covers materials and articles that are, are intendedrtcadmereasonably be

expected to be brought into contact with food and which might transfer their constituents fohiasd.

the regulation of nanotechnology applications in food packaging would be through this Regulation. A
recent review of regulatorigsues and gaps conducted by the UK Food Standards Agency concluded that
Regul ation (EC) 1935/2004 was oddrawn widely enoug
into food from food contact mat er i aobnslusiennsdthatar t i c |
regulators are mandated to assess the material or article coming into contact with food and its components

in general, rather than any one component or type of component in particular. In plain language, the

% Further note added in proof. Following the action taken by the European Parliament on nanotechnology in the
context of the Cosmetics Directive recast on March 24, 2009, the European Parliament also adopted a legislative
resolution amending, under first reading, the proposal for a revised Novel Food Regulgkienproposed
amendments call for the development of napecific test methodologies as a matter of urgency, and further specify
that novel foods containing nanomaterialsigtianot be allowed to enter the market until such a time as these test
methodologies have been developed. Given that such methodologies do not yeheuldthese amendmentse

adopted, this would essentially amount to a moratorium on nanomaterfatsdiproducts (van Calster, Bowman,

and D6Sil va, p e r &therfisstlmoratariomman nanamaterial® ta Be seriously considered in any of
the five jurisdictionsexamined in the curremeport. As of the time of finalization obur report (March31, 2009)

the Novel Food Regulation as amended was still at the first reading stage. This will be an important development to
track over the coming weeks and months. The status of this legistatieedurecan be tracked online at the
following link: http://www.europarl.europa.eu/oeil/file.jsp?id=5583302
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Regulation states that foodgkaging materials may not transfer components to foods (under normal and
foreseeable conditions of use) in quantities that could endanger tneath. Notwithstanding this, the

FSA noted that the future possibmpomegntofd dewel bei
dshould not be ruledolit and woul d make explicit that the EU
materials and articles extends to nanotechnology.

With respect to the risk assessment of food products containing nanomaterifayah 5, 2009, the
European Food Safety Authoritgleased th&cientificOpinion of the Scientific Committee on a request
from the European Commission on thatdhtial Risks Arising from Nanoscience and Nanotechnologies
on Food and Feed Safef(ifFSA, 2009) In this report, the EFSA Scientific Committee concludes that
while it is currentlypossible to apply internationally accepted risk management approaches to the case of
engineered nanomaterials, thatthe short term future it wilhonetheless be necessary to assess each
nanomaterial on aaseby-casebasis. The basis for this opinion was that current data gaps and a lack of
validated assessment methodologiessuch that the risk assessment of specific nano protusibject

to a high degree of uncertainty

Codes of Conduct for Workplace Safety

In the European Union, two distinct (and presumably competing) codes of conduct have beeniadopted
one which was developed by the European Commission through a process of stalemsidkation,

and one which was developed specifically for businesses by astakéholder group of international
businesses, academics and NGOs run from the United Kingdom. Both voluntary codes are intended as
complementary approaches to governmedtegulation of workplace health and safety issues.

In November 2006, a partnership formeetween the UK Royal Society, Insight Investment, and the
Nanotechnology Industries Association. A workshop convened by the three organizations resulted in a
unanimousagreement on the requirements for a voluntary principdsed Code of Conduct for
businesses engaged in nanotechnology. Following the workshop, the three organizations, joined by the
UK-based Nanotechnology Knowledge Transfer Network, worked to fagildavelopment of this
voluntary codewhich isknown as theResponsible Nano Cod&his Code is based on the following
seven principles:

Principle Ond Board Accountability;

Principle Twoi Stakeholder Involvement;

Principle Threé Worker Health & Safety

Principle Foui Public Health, Safety & Environmental Risks;

Principle Fivel Wider Social, Environmental, Health and Ethical Implications and Impacts;
Principle Sixi Engaging with Business Partners; and

Principle Sevefi Transparency and Disclosure.

The Code, once fully developed, will also contain examples of good practice and a detailed
Benchworking Framework for evaluating the compliance of companies with the code, even companies
who have not adopted the Code. This Responsible Nano Code offetsraataie approach to that taken

by the Euiropean Commission

2 EERGI



In February 2008, the European Commission adopted a Recommendatiofante aof Conduct for
Responsible Nanoscience and Nanotechnologies Res@at;H2008b).This Recommendation was the
culminaton of a stakeholder consultation process launched in July 20K¥.the Responsible Nano
Code described above, t he Commi ssionod6s Recommenda

Principle Ond Meaning
Principle Twoi Sustainability
Princide Threel Precaution
Principle Fouii Inclusiveness
Principle Fivel Excellence
Principle Sixi Innovation and
Principle Seveii Accountability.

The Commi ssiond6s Code of Conduct al so provides g
under god governance of research, due respect of precaution, and dissemination and monitoring of the
Code of Conduct. In contrast to tResponsible NanoCode t he Eur opean Commi ssi on
extends only to workehealth and safety in the context oinotechnology and nanoscience research

activities as such its scope is somewhat limitéal the context of nanotechnology regulation, it is
interesting that the European Commission has limitechitéce of policy instruments for tteversight of

worker @fety to a voluntary code of conduct only at this tildete that adherence to voluntary codes by

Member States is entirely voluntary. The Recommendation will be reviewed ini2@l0be interesting

to see at that time to what extent Member States &dapted and implemented the voluntary code.

A comparison of these two voluntary initiativéss well as the Dupont / EnvironmeniaéfenseNano

Risk Frameworkand the Global Core Principles of Responsible Care developed by the International
Council ofChemical Associationsas previously been conducted by Grebal (2008), on behalf of the
International Risk Governance Council (IRGC). Although the twobAked initiatives have similar
objectives and a number of commonalities (see Geibal, 2008, page 41), there are also distinct
differences between the two codes of conduct.

Whether there is in fact a need for two codes of conduct in the same jurisdiction is highly debatable. As
noted in the repor Inampded pald, theteshdulm be onlyrane sudR Gide a ®d

dlin the long run, it is in the interest of all players to reduce the variability of codes or at least the
heterogeneity of performance standards in order to avoid being arbitrarily held responsible by courts or
other actesii  ( Get al b2608). It is perhaps for this very reason that a December 2007 workshop was
organized where both proposed codes of conduct were presented in order to encourage discussion and
debaté”.

%4 The agenda for this December 2007 Debate can be found online on the European Commission website at:
http://ec.europa.eu/nanotechnology/pdf/agenda_codeveragmfssed March 30, 2009.
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Australia

Policy Statements and Key Events Related to ~ Nanotechnology

In a March 2005 report, the Australian Prime Min
(PMSEIC) provided an overview of nanotechnology and its potential benefits, including potential future
gains for the Australian economin this report, PMSEIC outlined their key findings and recommended

that the Australian Government should examine optifmrsimplementation of a national strategy
regarding nanotechnologyh at w o u andppmpriatairegalatody framework which safeguattuss

health and safety of Australials ( PMSE I C, 2005) .

Later in 2005, an inquiry into the health impacts of workplace exposure to toxic dust and the adequacy of
regulations governing workplace exposuatso hada substantial impact on the nanotechnologipale.
Among the terms of reference of the Senate Community Affairs References Committee inquiry on toxic

dust was a mandate to investigate Oothe potenti al
result in wor kpl ac ermnfadfeachce drewhttee rattarition offstakelsolddr graups. t e
The submission from Friends of the EafffoE) Australia, for example, branded nanoparticles as the

odnew asbestosfi and called for a moratoriuhm on t he

time as regulations could be finalized to protect worker healtk @ustralia, 2005)The final report

from the Senate Committeprovided further support for the 2005 PMSEIC recommendations,
additionally calling for the formation of a working party aanotechnology regulation to consider the
impacts of nanotechnology on the Australian regulatory framework including whether existing
regulations were appropriate to the regulation of nanotechnology, options to address regulatory gaps and
uncertainties ah to ensure the comprehensive risk management of nanoparticle exposure through
regulation, and whether there was a need to establish a permanent body to regulate nanotechnology
(AustralianSenate Community Affairs References Committee, 2006).

A National Nanotechnology Strategy Taskforce (NNST) was established within the Department of
Industry, Tourism and Resources in July 2006e NNST taskforce delivered their repantlining

Options for a National Nanotechnology Stratégythe AustralianGovernment in June 2006. Among the
recommendations outlined therein were governance options for overseeing the implementation of the
strategy and coordination across government departments, establishment of a forum to look at health,
safety, and environmeait issues, and a recommendation that the Government should undertake an
assessmerdnd gaps analysaf current regulatory frameworks.

The Australian Office of Nanotechnology (AON) was subsequently created to drive implementation of
the National Nanotechology Strategy The AON, which is based within the Department of Innovation,
Industry, Science and Researishthe coordinating bodgharged withensuring a consistent approach to
nanotechnology issues across government departmiantsddition, the AON wrks with industry,
NGO6s and t he StGaveremerasn Austilia om prdjeat relatedl to the responsible
development and regulation of nanotechnolagywell as the coordination of nanotechnology policies
and industry development activitieEhe broad objective of the National Nanotechnology Stratagy
outlined inthe 2008implementation plan developed by the AONs capture &e potential benefits of
nanotechnology while effectively addressing the issues impacting on the successfespamsible
development of the technoléggy ( AON, 2008) .
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Following on from the NNST recommendatioregarding nanotechnologsegulation a contract to

conduct an independent study of the possible impacts of nanotechnology on regulatory framesorks
awardedn January 20070 members of the Monash Centre for Regulatory Studies within the Faculty of

Law at Monash UniversityThe final report from Monash UniversjtiReview of Possible Impacts of
Nanotechnol ogy on Aust r,wads deliverd to Re@puenmdntinrJyne F007a me wo r

The MonashReport was released broadly to the publiclidy 2008 As part and parcel of the public
announcement, the Australian Government also released a position statement on nanoteé&mtitkxyy
Australian Government Approach to the Responsible Management of Nanotechribligggtatement

provides an overview of Government policy regarding nanotechnology development and regulation.
Noting that eshdishedxandsdbestreag@atory farradgementsaddress human health

and environment al safety issues associated with t
and suppl i er sdé 0lthea®ovelnmenty conoludési tiiftherei lms so far been no
demonstrated need for a specifiegulatory system for engineered nanomatefiial®onsistent with the
approaches taken in most jurisdictions described above, these statements are tempered somewhat by a
pledge to continually review existing regulat@ghemesnd to implement reform indtives as required.

The Government also outlines three high level objectives to guide the responsible management and
oversight of nanotechnology, which as follows (1) Protect the health and safety of humans and the
environment; (2) Foster informedromunity debate; and (3) Achieve economic and social benefits.

The Monash Repor ttheslissmoimmediatenead doensajortcihanges tdthe regulatory
regimes , however further to this, t he stencdegadding aut ho
odregul atory tri g@uwlovwefial, 2007 These areasneaet er i al s

1. Aregulatory gap surrounding uncertainty as to whether new nanoforms of conventional products
woul d be classified as O0newii or dexistingh

2. The dependence of manggulatory triggers on a threshold weight or volurhecause such
thresholds may not be meaningful in the context of nanomaterials

3. Appropriate regulation, in some instances, requires specific knowledge of either the presence of
nanomaterials and/or thekiposed by those materials. The authors point out that knowledge gaps
relating to nanotechnology are such that these regulatory triggers are unlikely to be met.

4. The reliance of current regulatory frameworks ensuring health and safety (both human and
environmental) on risk assessment protocols and methodologies which may not be appropriate for
determining the potential risks of nanomaterials.

5. Regulatory exemptions for research and development uses of chemicals may pose threats to
worker safety for those halimay potentially hazardous nanomaterials and nanoproducts; such
research and development exemptions are also based on weight thresholds.

6. Many of Australiads regul atory frameworKks ref
sourced outside regulatorBheauthors point out that gaps occurring in sdolsuments may lead
to a further potential regulatory gaps in the Australian context.

It is noteworthy that many of the areas of concern noted in the Md&tegsrt have also been noted in

other jurisdictions. 8r exampl e, the first two points noted
existing substances and the issue of threshold weights or volumes) were also identified as primary
regulatory issues iregulatory studieprepared for the UK Governmer€lfaudhryet al, 2006;Frateret
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al., 2006). The lack of specific knowledge on the risks posed by nhanomaterials and inadequacy of current
risk assessment protocols and methodologies is also a recurring Tremewith the possible exception

of point #6 abwe, the areas of potential concern outlined by the Monash group could easily be extended
to other jurisdictions.

The Australian Nanotechnology Debate : Influen tial NGOs and Labour Unions

Stakeholdersparticularly NGOs and labour unionsave played a key role in driving the debate in
Australia surrounding the regulation of nanotechnoldgyE Australia has been involved with the
Australian debate on nanotechnology since 2005, and has arguably been the most vocal and active of all
the Australian NGO projects on this issutn addition, they have collaborated with FOE Europe and FoE

US on a number of nanotechnolegptated projects and reports. In Australia, FoElaaached a number

of targeted initiatives, including campaigns on nanoreterin cosmetics and sunscreens,
nanotechnology in food and agriculture, and raising concerns among the public regarding carbon
nanotubes by drawing analogies to asbegtebestos exposure has been a significant political and social
issue in Australia fodecades; the town of Wittenoom in Western Australia, where asbestos was mined
for many years, was ravaged e effects ofliseases attributed to asbest®] Australia has the highest

per capita rates of mesothelioma (a form of cancer associatedastitstos exposur@) the world.
Sunscreens are another hot button issue for Australians, since Australia also has the highest rates of skin
cancer in the world, and public education campaigns around sunscreen are prevalaigh Thefile

achieved by Fa in Australia might therefore be attributable to the targejgoroach adopted in relation

to theircampaigns (Diana Bowman, personal communication).

The labour unions in Australia are also active in the nanotechnology debate, particularly with respect to
occupational health and safety issuklere too, public awareness around asbestos and particularly
resulting from a lawsuit by victims of asbestosiagathe mining company James Hardie in Australia has
been an influential factor. In addition, the Senate Committee inquiry referenced above resulted from
worker exposure to crystalline silica in the Australian sandblasting industry. These two examples hav
likely resulted in an elevated importance of occupational health and safety issues in the Australian public
policy debate surrounding nanotechnology, as compared with other jurisdidti@ngwustralian Council

of Trade Unions in particular has been ygictive on nanotechnology policy issues.

The Australian Government is still in the early stages of developing a strategy on stakeholder
involvement in the nanotechnology debaléhe Australian Office of Nanotechnology has recently
embarked on a projeab strengthen its social inclusion and stakeholder engagement policy and practices.

As a first step in this process, AON invited participants from Government, industry, researchers,
community, and sc al | ed oOochange agentsod t o00&.tTheepodessas wor ks
ongoing at the time of writing of this report.

% A reportsummarizing outcomes from the December 2008 workshwiitled Social Inclusion and Engagement
Workshop Reportmaybe found at the following link:
http://www.innovation.gov.au/Section/Innovation/Documents/SociallnclusionandEngagementWorkshopFinalReport
.pdf; accessetMarch 31, 2009.
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Regulatory Developments on Nanotechnology

The Regulation of Nanotechnology at the Federal Level

In Australia, the federal regulatory agencies with jurisdiction over areas of particdearred to the
nanotechnology debate are as follows:

I The National Industrial Chemicals Notification and Assessment SciIG&IAS) T responsible
for the regulation of industrial chemicals;

1 Food Standards Australia New Zealand (FSANZ)governmental body resnsible for
developing food standards for both Australia and New Zealand; and

1 The Therapeutic Goods Administration (TGA)the regulatory body for therapeutic goods
(including prescription, ovethe-counter, and complementary medicine®dical devicesblood
and tissues; and other therapeutic gdaugustralia.

Occupational health and safgtyHS)in Australia is regulated at the State level rather than federal level.
However, a federal body the Australian Safety and Compensation Council (ASC®) charged with
leading and coordinating national efforts to promote best practi@H®and with developing national
policy on OHS issues and matters of worker compensation

The 200Monash Reporbn nanotelenology regulation recommended that all federal regulatory agencies
should undertake to conduct their owrhiouse regulatory assessments to identify potential gaps in the
regulation of products falling under their ovegtsi. To date, both NICNAS and TGA have undertaken

this activity, although the results of these evaluations are notpybticly available In the case of
NICNAS, representatives from industry, the community and academia make up the Nanotechnology
Advisory Group which has been established to advise on strategies for addressing the regulatory and
safety impacts of nanomaterials. The work @ #hdvisory Grougs ongoing.

On the TGA website, a question and answer sectiomNamotechnology and therapeuticopiucts®

indicates that while the existing regulatory framework of the TGA has been adequate to date to identify,
assess and manage the risks associated with therapeutic products incorporating nanotechnologies, the
continued development of nanotechnologidtlikely pose regulatory challenges in the future. The TGA
response to nanotechnology has been to undertakermuse, scienebased review of the capacity of

their regulatory framework to deal with future generations of nanotechnologies. The oéghls in

house review are not yptiblicly available.

In Australia, the responsibility for regulation of food products is shared with New Zealand. In these
jurisdictions, all food supplied must comply with tAestralia New Zealand Food Standards Cdthe
Code). New food substances require-mr@ket approval, involving @igorous sciencebased safety
assessment, before they can be legally supplied. Applications for approval of food sulmstestidedow

a set of standards whiare outlined in the FSARI Application HandbookThe Code also sets otlte
regulations with respect timod labelling. Responsibility for ensuring the compliance of manufactured
foods with the Code in Australia falls to the State and Territorial governments, whereas imporsed food
are monitored by the Australian @uantine and Inspection Servicé/ith respect to nanotechnology,
FSANZ has also set up anlimuse steering group to advise on nanotechnology and has indicated that it
will make adjustments to existing regulatory framekgas requiredin October 2008, FSANZ proposed

2 http://www.tga.gov.au/meds/ganano.htaccessearch 15, 2009.
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amendments to the FSAN&pplication Handbookhat would require applicants to provide information
on particl e siizamseawhere thesercipatactdrisiigs ynaydelate to the toxicity of a food
contaminanif’, stating the proliferation of nanotechnology in industrial applications could result in an
increase of nanoparticles entering the food chain in the fulithis amendment would provide a
mechanism for FSANZ to gather additional information on nanoparticles in the,fatodemay be
viewed as a mandatory reporting regulation related to nanotechnology.

The Australian Government has also undertaken voluntportieg initiatives related to nanotechnology,
as summarized below.

Voluntary Reporting 1 The Australian Experience

In February 2006, NICNA%located in the Australian Government Department of Health and Ageing)
issued a voluntargall for Informationto industry to provide information on the uses and quantities of
nanomaterials being manufactured or imported for industrial purposes, or for use in cosmetics and
personal care producteNICNAS, 2007) The Australian Government thereby became the first
internaional government to undertake a voluntary reporting scheme. Howesmsr,faw companies
responded to this call for information. Witome additionaprodding from the regulatory authority, a

total of only about 20 companies eventually responded to thimtamy initiative. Approximately os

third of those surveyed indicated that the nanomaterial(s) were only being used for research purposes.
Although NICNAS concluded thatthe information collected through this voluntary initiativeas
valuable, this project is not generally perceivedamong the international nanotechnology policy
communityto have been successful.

A second Voluntary Call for Information was initiated by NICNAS in October 2008, targeted at all
manufacturers or importers of nanomaterials oodpcts (mixtures) containing nanomaterials for
commercial or research and development purposes in 2008 (the first call excluded the use of
nanomaterials for R&D purposesYICNAS is seeking to ascertain: what industrial nanomaterials are
being introducedand used in Australia, the volumes of nanomaterials used, what categories of
physicochemical and toxicological data are held by companies, and how these materials are being used in
industry and in public sector research. The call stipulates that actaatetd not be submitted, and that

no new data need be generated. Under this call, information was due to NICNAS by the end of January
2009. The results of this call have not yet been made public.

The Regulation of Nanotechnology by State and Territorial Go vernments

There are a number of Stdéxel nanotechnology initiatives currently ongoignong the most active
states in the area nhnotechnology are tlgpvernments of VictoriandNew South Wales.

Victoria has beervery active in the area of nanotedhiogy. February 2008 saw the release of the
Victorian Nanotechnology Statement: Taking Leadership in Innovations in Technelbgh noted
national regulation (collaboration with the Federal Government and other States in the development and
introduction of a regulatory framework to protect workers, customers, the community and the

27

http://www.foodstandards.gov.au/_srcfiles/Proposed%20Amendments%20to%20Application%20Handbookoct%20
20081.pdf accessetMarch 15, 2009
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environment from the potential dangers of nanomaterials) and industmgegeltion (encouraging the
development of industrglesigned and led protocols for the responsibleagament of nanotechnologies)
among its four areas of focus within their priority of ensuring the responsible development of
nanotechnologieéState Government of Victoria, 2008)

In New South Walesthe Legislative Council Standing Committee on StBwvelopment recently
undertook an inquiry into nanotechnology, including the health, safety and environmental risks and
benefits of nanotechnology, the appropriateness of the current regulatory frameworks fordyadife
management of nanomaterials, amtions to improve public awareness of nanotechnology issues. The
Committee released its comprehensive report in October Z08n the States mandate in Australia to
regulate occupational health and safety issues, it is not surprising that OHS isseiespwaEninent
feature of t he Commi tteeds report. Amowagat he
recommendation thaNew South Walesshould advocate for development of a national mandatory
labelling scheme for engineered nanomaterials used iwdhleplace or alternatively, thaNew South

Wales should proceed with developing its own mandatory labelling scheme. This recommendation in
particular, if adopted and pursued, would represent an international first in terms of mandatory labelling
requiremats for nanomaterialsThe New South Wales Governmeuniil respond to this report in the
coming months

If the history of the regulation of GMOs is any indicatidhen the role ofStates andTerritories in
Australia could become very importaior GMOs,national policiesand national regulatory approvals
did not prevent moratoria at the state levélss, however, difficult to predict if similar events could
occur with respect to the products of nanotechnology.

Canada

Policy Statements and Key Events  Related to Nanotechnology

Among the five jurisdictions examined in the current report, Canada is unique iothaerall national

vision or strategy with regards to nanotechnology has yet been articulated. In this regard, the Canadian
Federal governmenags behind a number of provincial governménisotably Albertd® and Quebed

who have developed provincial strategies regarding the development of nanotechnology.

In 2005, the Prime Ministerds Advisory da&déouncil
reports on the topic of nanotechnology. These reports dealt with Canadian research strengths in
nanotechnology, an environmental scan of nanotechnology in Canada, the industrial capacity to absorb
nanotechnology, and a review and analysis of fore@notechnology strategida. Octoberof 2005,an

official from the Office of the National Science Advisor presented a presentation at a Workshop on
Nanotechnology and the Environment in Arlington, Virginia entitl@@dwards a National
Nanotechnology Sttagy for Canad&. This presentatiomotesthat asustainedCanadiarinvestment in

I €

BTheAl berta Nanotechnol ogy St r amaybefaundonideatashi ng Al bert ac¢

http://www.technology.gov.ab.ca/en/documents/Nanotechnologye§yraComplete.pdfaccessed March 11, 2009.
% The presentation by Paul Dufour of the Office of the National Science Advisor may be accessed through the US
EPA websitehttp:/fes.epa.gov/ncer/publications/workshop/10 26_05/p2dufoyirapdéssed March 11, 2009.
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nanotechnology, though necessarypuld not be effective without an integrated national strategy
incorporating several aspects, including regulatory considerations.

Despite this initialeadershigby the Office of the National Science Advisor, Canada does not yet have a
national strategy in place to guide the development of nanotechnology or to manage the issues associated
with EHS risks and ELSI issues surrounding tachnolog. The Office of the National Science Advisor

was phased out in 2008, and no longer exists.

In 2007, the Government of Canada released its comprehensive Science & Technology (S&T) Strategy,
entitedMo bi | i zi ng Sci ence & vanagehVithordspeg yo ndnatechdcogyatlea 6 s A
S&T St r at e g the ahalenges and bpadrtuniies [of nanotechnology] are yet to be fully
realizedi. The Strategy cal l s fstrang ssienpemuadreffecticefreguiaion mt e ¢ h n
proted human health and the environment while supporting Canadian competitii¢@esernment of

Canada, 2004.

With respect to the regul ati on o fan effactive,tfoen@akdn ol ogy
looking, and responsive regulatory environmidiatt promotes a competitive marketplace and protects the

health and safety of Canadians and the environinentf( Gov er nme nt aoThe Sirategp d a , 2
commits federal regulatory departments and agencies to developing a plan to ensure the responsible and
timely regulation of a spectrum of technologies, including biotechnology, nanotechnology, and ICT
products, services and technologiesrther to this commitmenthe S&T Strategy notes the Government

of C a 5@ thilian snvestment(announced in Budge2007 in making Canada a besi-class

regulator by ensuring efficiency and effectiveness in regulation through the€Cakinet Directive on
Streamlining Regulatian

The provision of advice on policy issues surrounding biotechnology, an emerging teghwbiicH

became the focus of considerable attention and debate in the 1980s, was previously the mandate of the
Canadian Biotechnology Advisory Committee. This Advisory Committee was established in September
1999 as part of t h e 19@8oCamadian rBietechnologyf Strafegydoasdndad s
governance structure for nanotechnoldups yet been establishednstead the 2007 S&T Strategy
consolidated the roles and responsibilities of CBAC and other advisory bodies into the Science,
Technology and Innovw@an Council(STIC), reporting to the Minister of Industrit. would in theory fall

under the mandate of STIC to provide evidebased advice on issues relating to nanotechnology,
provided that such a request was forwarded to it by the Government ofaCanad

A February 2008 reporfyanotechnology and Its Impact on Consurffeyrepared for the Consumers
Council of Canada with support from Industry Canada Office of Consumer Affairs, was prepared with the
intention of providing consumers in Canada vatiective information on nanotechnology. A key aspect

of this study was a survey of the Canadian public and consumer representdtivesurvey found that

70% of those survey lacked awareness of nanotechnology, although a majority of Canadiansheiespite t
lack of awareness) were generally optimistic regarding the technology and had few concerns about risks.

% The full report is available from the Consumers Council of Canada website at:
http://www.consumerscouncil.com/site/Consumers_Council_of Canada_ 69/pdf/Nanotech%20repaatpeésed
March 31, 2009.
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In July 2008, the Council of Canadian Academies (C@%ased a report entitl®@mall is Different: A

Science Perspective on the Regulatory Chaks of the Nanoscal@his report from the CCA Expert

Panel on Nanotechnology was prepared for the Government of Canada in response to a request
originating from the Minister of Health. This repocbncludes that existing Canadian regulatory
approaches ahrisk management strategies are sufficient to deal with the assessment of nanomaterials,
with a few caveats. For example, the expert panel noted the need for greater investment in regulatory
relevant research, particularly research associated with thassessment of nanomaterials. In addition,

the panel stated that attention should be paid to addressing outstanding regulatory issues such as:
regulatory triggers, regulatory capacity, and governance models for the coordination of nanotechnology
related ativities among federal regulatory agencies, between the federal and provincial levels of
government, and among international regulatory agen&asrding to the report, the panel specifically
avoided making specific recommendations regarding the bgglatery tools to manage the potential

risks associated with nanotechnology or next steps for Canadian regulatory agémstiesd, its
conclusions are preagrstied Tihn st hHepppolide dexihilibyfaoci thiee d n d i
sponsoring agenes to proceed with developing their own strategies, following appropriate consultation.

The Government of Canada has not yet responded to the report produced by the CCA Expert Panel on
Nanotechnology, a point whidiasbeenfrequentlypointed outin recentmediareports, notably a series
of articles by the Canadian Press in January 2009

The Canadian Nanotechnology Debate : Leadership by the Provinces

As indicated earlier in this papé€anadian players became involved in the international nanotechnology
debate at an early stage, particularly with respect to discussions around the Ethical, Legal, and Social
Implications of the emerging technology. Two Canadian groups, as we have already noted herein, were
highly influential in the early ELSI debatethe Otawabased Action Group on Erosion, Technology and
Concentration (better known as the ETC Group), an NGO, and the Joint Centre for Bioethics at the
University of Toronto.

The Canadian Institute for Environmental Law and Policy (CIELAP), an independeffgripobfit

research and education organization and registered charity, has held two workshops to date on the topic of
nanotechnology policy in Canadain March 2007 and February 200Bhe first workshop led to the
production of aDiscussion Paper on a Roy Framework for Nanotechnologythis paper was
subsequently updated in March 2008 following the second workshop.2007 Discussion Paper
outlined twelve major areas requiring policy direction in Canada, including the identified need for a
regulatory @proach that would include scienbased risk assessments and stakeholder involvement.

Environmental NGOé$n Canada such d&riends of the EartiCanadahave remained relativelguiet on
issues relad tonanotechnology, especially as compared with their counterparts in the US, Europe, and
Australia.

An interesting aspect of the nanotechnology debate in Canada has been the leadership demonstrated to
date by the provinces, and particularly Quebec, botéering of developing strategies to foster innovation

and commercialization of nanotechnologies but also in terms of responsible development and regulation
of nanotechnology.In Quebec, NanoQuebec is a Aiot-profit organization funded through a
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combinationof federal and provincial government monies, with a mission to strengthen innovation in
nanotechnology with the goal of ensuring solid and sustained economic growth for Quebec and Canada.

I'n April 2007, the Commi s s i chnologieein Québ&rtishuedpuls8 pabe | a
position statement with the titlEthics axd Nanotechnology: A Basis for Actiddotably, this position
statement contains a comprehensive analysis of laws and regulations currently in place, both in Canada
and in Quebc, tomanage the potential risks of nanomaterials throughout the priigucycle. In its
deliberations, this S&T ethics Commission considered two possible regulatory approaches for
nanomaterials: application of the precautionary principle, or adogtliig cycle approach to regulation.

With respect to the regulation of nanotechnology, the Commission finally recommended:

0t hat the Quebec Government, guided by the p
perspective of sustainable development, be concewithdall phases of the life cycle of

a product derived from nanotechnology or containing nanometric components, and that in

this respect it should integrate the concept ¢
approach is appropriate, in order toomlv any damaging impact of technological

i nnovation on heal Commings it dree de i scieic®at tivie qa A (

la technologie2007).

This position statement by t h esubStantivatessriptiomof thade | 6 ®
ethical concerns associated with the products of nanotechnolbgig. document implies that the
Government of Quebec, though committed to the continued development of nanotechnology in order to
realize potential economic gains and the creation of jobs, takésusly its responsibilities with respect

to responsible development of the technology. In many ways, this document signals a European approach

to the development of nanotechnology in Quebec.

Regulatory Developments on Nanotechnology

A large portion of Canadian activity on nanotechnology regulation to date has focused on cooperative
efforts ongoing at the international level, particulavi§thin the OECD (work by the OECD on
nanotechnology will be described later in this rep&@gnad hasalso been actively participating work

by the International Organization for Standardization (IS&ming to develop standardsorf
nanotechnology relating to terminology and nomenclature, metrology and instrumentation, and the
development of referee materials and standard test methodologi&mnada currently serves as
Convenor for the ISO Nanotechnology Technical Committee (TC229) Wwrking Group on
Terminology and Nomenclature.

At the federal level in Canada, the two most active regulatgrgrti@ents on the nanotechnology policy
file to date have been Health Cdaaand Environment CanadBhese two agencies are also part of an
Interdepartmental Network on nanotechnolapfablished in 20Q3other participants include Industry
Canadathe Candian Standards Association and the National Research Council.

Responsibility for developing a plan to ensure the responsible and timely regulation of nanotechnology, a
commi t ment t hat was outlined i has bebneassGred Bealthme nt 0 s
Canada. In this regardjealth Canadas coordinating its efforts with those of other federal regulatory
departments and agencies: Environment Canada, the Canadian Food Inspection Agency, and the
Department of Fisheries and Oceans Canada.

42 l:‘} RiG !

nnnnnnnnnnnnnnnnnnnnnnn



Heath@ nadads position on nanot atwdpage laasheet dateel Jandarg t i o n
2007, is that existing legislative and regulatory framewdikamely, theFood and Drugs Acand all

associated regulationsan be(and are currently beingpplied to regulate thieealth and safety aspects
associated withapplications of nanotechnology, with tleaveatthat new approaches may become

required in the future in order to keep pace with technological advancerrenitss regard,Health

Canadas in generalagreement with its international counterpairisluding the US FDAHealth Canada
haspreviouslydeveloped a Framework for Products of Nanotechnology; this framewoekl t@ilaction

to fill knowledge gaps, identdfation of products already éng marketed, work towards developing an
internationally accepted and standardized nomenclature, an evaluation of currently regulatory frameworks
and their ability to regulate the products of nanotechnology, development of communications products,

and buiding of a nanotechnology products dataBasés compared with its international counterparts

such as the US FDA, Heal th Canadads position and
than in other jurisdictions, due to the lack of a websitichted to discussions of nanotechnofagy

In Canada, as in the US, the majority of the regulatory activity tospeteific to the unique properties of
products of nanotechnology has been in the context of chemicals management and environmental
protectin. In Canadaresponsibility for the regulation of potentially toxic or dangerous substances which
could be released into the environment is the shared domain of Environment Canada and Health Canada,
who regulate under th€anadian Environmental Protectiokct 1999(CEPA). Regulatory action by the
Government of Canada under CE®2datewill be describedn furtherdetailbelow.

Regulation of Nanotechnology under the Canadian Environmental Protection Act, 1999

In Canadajprovisions outlined undethe Canadian Environmental Protection Act 1960EPA 1999)
require the Ministers of the Environment and of Health to conduct environmental and human health risk
assessments and appropriately manage the potential risks arising from industrial chemical subséance
purpose of CEPA is to protect the environment and the health anteimij of Canadians.

Under CEPA, as with the chemicals management programs in other jurisdictions including the US, there

is a distinction made b ealsubsteamcesSinoecldod, alnemwldchémicali st i ng
substances manufactdren or imported into Canada must be scientifically assessed for their potential

risks under the New Substances Notification ProgrEime level of regulatory oversight depends on the

quant ti es released into the envitroeonimemtt hriChwegnh ctahiss
added to the List of Toxic Substances and thereby become subject to additional regulation by the federal
governmentd Ex i st i ngfi s ubst aewhiechslready appedr erf the Dentesti@aSubstarites s

List (DSL).

In June 2007, the New Substances Division at Environment Canada issued an advi§bcyanifing
the requirements for nanomaterials under the New Substances Notificaignlations (NSNR)

3L This factsheet can be accessed from the Health Canada websiti: dtvww .Health Canadac.gc.ca/dhp
mps/alt_formats/hpflalgpsa/pdf/brgtherap/nt_factsheet fichedocumentiepdf accessed March 22, 2009.
%2 Details noted athttp://www Health Canadac.gc.ca/ssr/pubs/abouipropos/forum/200proce/plerscien
eng.php accesseiarch 22, 2009.

% As a point of comparison, compare fihttp://www.fda.gov/nanotechnology/

34 Advisory note available online frorhttp://www.ec.gc.ca/substances/nsb/pdf/a200706_eapdessetMarch 22,
2009.
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According to this advisory note, a nanoscale form of a substance already listed on the DSL would be
classified as a Onewi substance under t he NSNR
arrangementgsuch as carbon nanotubes)s would nanosubstarscaot already listed on the DSL.

Nanoscale forms of substances already on the DSL without unique structures or molecular arrangements,
however, are considered Od0existingfi and are there
approach closely mirrer t he approach taken by the US EPA to t
or dexistingfA under TSCA.

In September 2007:nvironment Canada and Health Canada jointly issudttoposed Regulatory
Framework for Nanomaterials under the Canadian Environaldatotection Act, 1999This proposed

f r ame wo r kto aldresknanormateriafs in a manner which ensures the responsible introduction of
nanomaterials to the Canadian market through a program which scientifically assesses and appropriately
manages anpotential riskéi ( Envi r onment Can ad aThadodumethiepeoposesa Canad
two phased approach to the development of a regulatory framework for nanomalbeafgst phase

consisted af(a) continued engagement at the international level with the OECD andb¥i@forming
manufacturers / importers of their regulatory responsibilities under CERAleveloping information

gathering initiatives to obtain more information from industry on ukes, properties and effects of
nanomaterials, and finally{d) a consideration of whether amendments to CEPA 1999 or to the NSNR

might help to facilitate risk assessment and risk management of nanomaRitads. two, which was

slated to begin in 200@roposed to: (a) obtain resolution on a standard terminology and nomenclature for
nanomaterials through the ISO technical committee on nanotechnology, (b) consider the establishment of
nanomateriabpecific data requirements under the NSNR, and (c) cansgleg the Significant New
Activity (SNAc) provision of CEPA to gather infor
the current provisions of CEPg&nvironment Canadand Health Canada2007).

Also in September 2007 nkironment CanadandHealth Canad&osted a oneay workshop, bringing

together members of industry, NGOs, academia, and other stakeholders, to discuss and obtain feedback
on the Proposed Regulatory Framework for Nanomaterials under the Canadian Environmental
Protection Act, 299 and on possible options for information gathering initiatives. Based upon feedback
obtained through this workshop, it was decided that Canada would adopt a mandatory reporting scheme
for engineered nanomaterials.

In January 209, it was widely reportedh nanotechnology policy circlethat Canada was planning to
enact national regulatioconcerning a mandatory information gathering survey for nanomataeridés
section 71 of CEPAAccording to these reports, details of the new mandaioryeyprogramwould be
published in the&Canada Gazette partdt some point in February 280As of March31, 2009, no details
concerning this newmandatory surveyhad yet appeared in the Canada Gazéitee international
nanotechnology policy community is watching tdevelopment closely, as this will be among the first
mandatory schemes to be implemented that will extend to all nanomaterials in a given juriadiction

% But not likely the first in January 2009, the French government tabled legislation that contains, under Article 73,
the requirement that any person manufacturing, importing, or placing nanoparticle substances onto the market must
periadically declare to the administratiaaithority the identity, quantities and uses of these substances. Full text of

the proposed legislation is available online frdp://www.developpement

durable.gouv.fr/IMG/pdf/Texte du_PJL GE 2 cle21193f pdtessed March 30, 2009.
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Recently, EC an#lealth Canadhavebegun to takeegulatory action on specific nanomaterials, by using

the Significant New Activity (SNAc) provision of CEPA to gather information on nanomaterials
classified as dexistinghf u.mdeeSNActptovsioncunder GERE pr o v i
essentiallyequivalent to the Significant New Use Rules (SNURSs) already desdrilibd current report

for TSCA in the United Statefn terms of procedure, a notice of intent to apply a SNAc to an existing
substance must first be published in the Canada Gazettk &adltis subject to a 60 day public comment

period. All stakeholder comments are then reviewed and considered prior to the posting of a final SNAc
notice in the Canada Gazette Part Il.

In recent months, a number of notices of intent to apply the SNAwismns under CEPA to
nanomaterials classified as existing substances under CEPA have appeawatprehensive listing of

all such nanoscale substances has not been published by the Government of iéarteatathe precise

rationale behind the choices @nosubstances been communicated in an open, transparent rkanner.

the purposes of this regulatory action, the signi
bei ng d eahy actigity inv@leing the use of the substance in quantiffeater than 10 kg per

calendar year, where the substance has a particle size between 1 and 100 nafiiretesalso the

threshold amount of 10 kg per calendar year associated with this definition; thifofdtéass than the

normal requirements (Dkg per calendar year) currently under CEPA.

Regulation of Worker Health and Safety as it Relates to Nanotechnology

Responsibility for ensuring the health and safety of workers in Canada is a shared responsibility between
federal and provincial regulatorggencies.At the federal level, Health Canada provides national
leadership through its Workplace Health and Public Safety Programme. Health Canada also serves as the
national coordinator for the Workplace Hazardous Materials Information System (betten laso
WHMIS). In addition, workplaces falling under federal jurisdiction are regulated by the Canada Labour
Code, which is administered by Human Resources and Skills Development Canada (HRSDC).

Other aspects of ensuring worker health and safety are redjudgtthe provinces. For example, the
OntarioOccupational Health and Safety Asdministered by the Ontario Ministry of Labour, is intended

to protect workers from health and safety hazards in the workplace; it sets out duties and workers rights,
establisies procedures for dealing with workplace hazards and provides for enforcement under the Act.

A January 2009 study financed by the Quebased Institut de recherche Rokgauvé en santé et en

sécurité du travail (IRSST3 notable in the context of narchnology regulation affecting worker safety.

Entitled Best Practices Guide to Synthetic Nanoparticle Risk Managertentstudy report aims to

provide information and best practices relating to the management of potential risks associated with
nanotechnology in the workplace. The authors of the report recommend taking a preventative approach,
deven a precautionary approath t o t he avoi danc elrheafithordiastentdqrthis t i c | e
report is to support the development of good prastfor nanoparticle handling in the workplace by
Quebec industry and university laboratoriéiswill be interesting to see how th@uebecprovincial
government responds to this report.

% For an example of a recent SNAc notice of intent appearifigirada Gazette Parf see the issue of January 24,
2009, page 140, for Silafmopolymer, hydrolysis products with magnesium hydroxide (Significant New Activity
Notice No. 15310, available frorhitp://canadagazette.gc.cafppl/2009/20091-24/pdfgl-14304.pdf accessed
March31, 2009.
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The Organi sation for Economic Co -operation and Development (OECD)

At the international level, the bulk of the cooperative activity among jurisdictions relating to the risk
assessment and regulation of nanotechnologies is occurring within the satiganfor Economic Co
operation and Development (OECD). Notabll,d the jurisdictions examined in this repdrtthe US,

UK, EU (through the Commission of the European Communiystralia and Canada participate in

the work of theOECD. A brief outline of the work currently being carried out by the OECD on
nanotechnologfollows.

There are two primary groups within the OECD working on activities related to nanotechnologies. Those
are the Working Party on Manufactured Nanomaterials (WPMN), established in September 2006 by the
OECD Chemicals Committee, and the Working Party on Nahatdogy (WPN), established by
OECD6s Committee for Sci encEieWPMN cdorlinates intérratipyal Po | i ¢
collaboration relating to thehuman health and environmental safety aspects of manufactured
nanomaterials, in order to assist ire tdevelopment of safety evaluation protocols for nanomatetials
contrast, the objective of the WPN is to advise on emerging policy issiaésd to science, technology,

and innovationandto promote international eoperation to facilitate researctievelopment, and the
responsible development and use of nanotechnolbigg. work currently ongoing by the WPMN will

very likely have a large impact on future regulatory amendment and regulatory development initiatives in
individual jurisdictions in the comg years. We therefore provide an overview of the WPMN and its
ongoing activities below.

The OECD Working Party on Manufactured Nanomaterials (WPMN)

The Working Party on Manufactured Nanomaterials focuses its efforts on determining the human health
and ewnironmental safety implications of manufactured nanomaterials, with a particular focus on the
chemicals sector. This group is working towards ensuring a consistent international approach to hazard,
exposure and risk assessment of nhanomaterials, anddtts effe likely to be highly influential on the
international stageThe work of the OECD WPMN is being implemented through a seriesingef

ongoing projects managed by separate steering groups. Each steering group has its own specific
objectives and timales. Thenine projects are listed below:

Project 1: An OECDatabase ohumanhealth andenvironmental safety research

Project 2:Researclstrateges on human health and environmental safety impacts

Project 3: Safety testing of a representative satafufactured nanomaterials

Project 4: Development of test guidelines for manufactured nanomaterials

Project 5: Ceoperation on voluntary schemes and regulatory programmes

Project 6: Ceoperation on Risk Assessment

Project 7:The role of alternative methodts nanotoxicology

Project 8: Exposurmeasurement angkposuremitigation

Project 9: Looking at the benefits / sustainability of nanotechnology (with the OECD WPN)
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There areobviously close linkagesbetween many of these projecasnd the work of someteering
committees is to some extent dependent upon the work of otheasldition, the WPMN is working
closely with a committee of the International Standards Organisation (ISO) which is working to develop
standards for nanotechnology, including termiggl and nomenclature, metrology and instrumentation,
specifications for reference materials, test methodologies, modelling and simulation methods, and
sciencebased health, safety, and environmental practices.

In July 2008, the WPMN produced last of Mandactured Nanomaterials and List of Endpoints for
Phase One of the OECD Testing Progranmimeonjunction with Project ,3elated to safety testingf
nanomaterials. The WPMN has developed and agreed upon a priority list of fourteen representative
manufactued nanomaterials that will be the focus of further investigation. The document also contains a
list of approximately 60 endpoints dealing with the identification of nanomaterials, their physico
chemical properties and characterization, environmental fatetaicology, mammalian toxicity, and
material safetyThe OECD Testing Programme will likely be very influential in individual jurisdictions

as they seek to refine their own testing methodologies and risk assessment procedures.

Interjurisdictional Analys is

In this report, we set out to investigatbe questond How have Canada and ot he
reacted to the recent emergence of nanotechnolofya s ed pr oduct s i nfocusihge mar k e
on the following questionsvhich are important from the pective of regulatory governance.

1  Which key event or events triggerddbate stakeholder consultations or policy development and
how did jurisdictions involve the public and stakeholders?

1 How have countries dealt witholicy options? For example, have they swiftly moved to the
development of regulations or did they carefully consider or use other policy instrurdems?
havejurisdictionsaddressed the issue of regulatory impact?

1 How have the various jurisdictions addressed the ainoum that evidencbased regulatory
action should be based on safdata but that such safety data is hard to obtain in the absence of
established regulations?

Below, we will attempt to provide answers to each of these five questions in sedughtighting both
commonalities and discrepancies in 8pproaches taken by the US, UK, EU, Australia and Canada

Key Events in the Nanotechnology Debate

In our increasingly globalized society, the impacts of seminal events are not limited to thetjomnsdn
which those eventsike placeln the case of the nanotechnology deb&te,importantearly events have
had broageaching international impactthe announcement in 2000 of the US National Nanotechnology
Initiative and the release in 2004 betUK Royal Society and Royal Academy of Engineering report on
the opportunities and uncertainties surrounding this emerging technology.

The 2000 announcement by US President Bill Clinton signaled that the United States was committed to
capitalizing on naotechnology, and proclaimed the US commitment to investing heavily in the
development of this technology. In reaction to this announcement, other cowveriegpressuredo
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follow suit andsubsequently released their opolicy statements avowing theiommitment to funding
innovation in this emerginggchnologyarea.

A perhaps unintended impact tfe availability of new research grants specific to nanotechnology

through the US National Nanotechnology Initiative was an immediabeareling of existing research

programs. The sudden availability of dedicated funds for nanotechnology developmedegrari
incentive for researchers to add the ddnano | abel.
| abell ed as Omateondustoereseasehbfichdsedi norganic
process contributed to a perception th@ahomaterials entered the research domain (and the marketplace)

all of a sudden. Constructing a label in this fashion for innovation poses a communication problem for
regulators who cannot and probably should nabresd regulations in a similar way just give the

public the impression that they are part of the current surge in technological development.

The second seminal evewas the 2004 report by the UK national academies (UKRRE, 2004).
Although the need to assess the ability of our regulasgsfems to protect us from the potentially
harmful impacts of nanotechnology had previously been raised by (aiyding David Forrest in
March 1989, it was arguablythe 2004 Royal Society repdtiat triggereda substantiventernational
policy debatesurroundinghe regulation ohanotechnology.

Beyond the international implications of these two seminal events, no@hlerences and past histany
individual jurisdictions have contributedtot o o&f] :
some extenanyway,underscored differences in approach.

In the US, policy statements on nanotechnolgagyticularly during the early days of the debate, tended

to focuson innovative aspects and commercial potentikitil recently, there has beearguably less
emphasis placed on the health and environmental risks of nanomatettasUSto datethan in other
jurisdictions.A December 2008 report by théS National Research Council was critical of the federal
government 6s | ac k EHSfissuastassecrated witin nartotechrlagly. &ll sms indicate
that this will be an area of renewed focus in the US in the coming year&Naliomal Nanotechnology
Initiative Amendments Act of 2Q0®@hich was passed by the House of Representatives indfgt2009,
contains measures for additional funding and research into the environmental, health and safety risks of
nanotechnologyln many respects, the debate on nanotechnology in the US is similar to that in other
jurisdictions, although it could be argd that there are more powerful (and heavily invested) industr
key players headquartered in the US than in other countries.

In contrast to the US, there has been far more emphasis in the UK ameblieEl debates orthe
responsible and safe developmenhtnanotechnology, and on the need for regulations to manage both
EHS and ELSI aspects of the technolo@fiough innovation is a priority as in the US, there has been
greater emphasis on proceeding with precautieormal and transparent public engagemant
stakeholder consultation processes have been key features of nanotechnology policy development
throughout the European Uniofihe EUand its Member States are leading the way internatiobally

in terms oftheir approach to the regulation wénotechnology, andthe extent to which they prioritize

public engagementonsultation and transparendyotably, the EU maintains excellent online resources

37 Note Added in Proof: Particularlygiven very recent regulatory developments occurring at the end of March
20009.

i EERG]

nnnnnnnnnnnnnnnnnnnnnnn



pertaining to nanotechnolo§ywhich summarize international activities, EU research funding and
innovation, activities and projects on education and mobility, safety aspects, as well as communication

and debate. The European Commission has committed to informing the general public about
nanotechnology, and has produced films, a brochure, and a etfieaflets toward that goallhis

emphasis on public engagement has been informed by recent experidmagenetically modified

organisms. Another consequence of the GMO debate is a particular emphasis within Europe on assessing
the potential risks ofanotechnology applications in food and food prodgitis focus on food can also

be traced back to the widespread debate on dMad C

Where foods are a source of particular focus in Eurtpee,nanotechnology debate in Aaditn has
centered more on issues of workplace safety and specific health risks. This emphasis stems in large part
from the Australian experience with asbestos, and the high incidence of mesothelioma in the country
which has been associated withrkplace &posures. At the same time that the debate on nanotechnology
development and regulation was kicking into high gear in Australia, an inquiry into workplace exposures
to toxic dust became a point @mphasis by civil society organizations likeends of theearth Australia

and labour unionsCampaigns and input by such groups has had a large impact on the course of the
Australia nanotechnology debat&kin cancer rates in Australia are higoupled with recent
governmentatampaigns to increase the use wiscreensthese factbave put another point of emphasis

on the inclusion of nanoparticles in sunscreens in this jurisdadtaebate

On the international stage, Canada is well known for its early contributions to the debate on ELSI issues
surrounding anotechnology. Of late€Canada is additionally leading the way in terms of implementing
anticipated regulatory measurestlining a mandatory reporting survey of ahnomaterialsCanadian

provinces, particularly Quebec and Alberta but including BC anthrion have clearly stated their
commitment to nanotechnology innovation and capitalizing on its future benefits. To date, however, there

has been no formal statement of policy by the federal government. The Council of Canadian Academies
recently completeda regulatory gaps analysis at the behest of the Government of Canada, but the
government 6s reaction to this report remains an u

The public debatesurroundingnanotechnologyasunfoldedin the contexts opre-existing jurisdictional
attitudes and differing focal points of perceived rigkirisdictional differences in the unfolding of the
public debate have not, however, translated directly into substantive differences in policy development, as
we shall see below.

Jurisdictional Approac hes to Policy Development

A first step in policy development taken in the majority of jurisdictions was the release of a sfoategy
policy statementon nanotechnology. A draft document produced by the OECD Working Party on
Nanotechnology indicates thas of 2008, seventeen of twetfitur OECD countries surveyed (71%) had
developed dedicated strategies for nanotechnology at either the national government and/or agency level.
The US, EU, and Australia all have named nanotechnology strategies; the UKaalso dedicated

though unnamesitrategy. Notably, Canada is unique among the five jurisdictions examined in the current

3 The Nanotechnology Homepage of the European Commission can be found at:
http://cordis.europa.eu/nanotechnolg@¢cessed March 31, 2009.
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reportin that it has not yet communicated a national overall strategy for nanotechnology development
and/or regulation (although individual provinces have done so, but there remains no national strategy).

A majority of the jurisdictions examined have additionally issuelity statements on nanotechnology
regulation, and such statements have been remarkadystent across jurisdictions:

1. Such statements first note the potenti al bene

intention to pursue nanotechnology r@®f and development with a view to future economic
benefits.

2. Next, it is generally noted in such statements that the benefits of nanotechnology are, however,
accompanied by potential risks, the extent of which we do not yet fully appreciate.

3. Jurisdictims then stress that until such a time as there is more information available regarding the
potential risks of nanotechnology, existing regulatory frameworks are sufficiently rigorous to
ensure the continued health and safety of consumers and the viafltitieyenvironment.

4. Next, jurisdictions tend to note the current lack of information pertaining to the novel properties
of nanomaterials, and a lack of metrics, methodologies, and standards to deal with hazard and
exposure evaluation and overall risk asseent.

5. Finally, jurisdictions note that they will review the ndied nanespecific regulatory frameworks
in the future, and update existing regulatory frameworks as required.

There are admittedly nuances and slight variations of the above staterdédfegrant jurisdictions, but

the fact that individual jurisdictions take the time and care to issue such statements is, in and of itself,
noteworthy. Such statements are designed to serve a dual purpose. On one hand, they signal to industry
that the juriséttion in question is committed to the continued development of nanotechnology, and that it

is therefore safe for companies to invest in that jurisdiction. On the other hand, they signal to consumers
that jurisdictional governments are committed to engutiire continued health and safety of its citizens

and of the environment.

In Canada, the July 2008 report by the Council of Canadian Academies Expert Panel on Nanotechnology
contains a number of recommendations of a similar vein. However, the Governr@amtaofa has yet to
respond to the CCA report and as such, there remains some uncertainty about the direction the federal
government will take on the regulation of nanotechnology.

The importance of such policy statements should not be trivialized. Thaykaseaspect of ensuring the
transparency of the policy development process, and help to signal to all interested pheigeneral
public, industry, and civil society organizations alik¢hat jurisdictional governments are aware of the
issues andammitted to working with stakeholders toward the development of solutions.

With respect to policy options, we observe again a number of commonalities that are only myanced
subtle differenceslhese options have been undertaken in a roughly stepwaiseer, as follows:

Formal statement of policy on nanotechnology, or preparation of a jurisdictional strategy;

Attempt to gain more knowledge of the potential risks associated with nanotechnology;

Perform or commission a regulatory gaps analysid;

Makeuse of current regulations to dindirectlyh

PwnpE
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Twenty years later, in 2009, there are currently as yet no nanotechisplegic regulairy frameworks

in place in any national or international jurisdictfotowever, this does not me#hat nanomaterials are
not regulated. Very recently, orjarisdiction T the EUT has begun to incorporate definitions of
nanotechnology and nanotechnolegpecific regulatory requirements into legislation. However, the EU
approach to the regulation of matechnolog remains piecemeadt this time in that it addressethe
regulation of nanotechnology only in the context of other legislative initiathpesificallythe Cosmetics
Directive recast and revision of the Novel Foods Regulation. By takingrinsbly indirect approach to
the regulation of nanotechnologfe potential impacts of regulating nanotechnology in cosmetics and
foods are notably not addressed in regulatory impact assessineotstrast,legislative proposaler
regulatory measuredirectly aimed at evaluating the health, safety, and environmental impacts of
nanotechnology across the full spectrum of products and industoield in theory precipitate regulatory
impact requirements.

However, apert panels convened by governments atechave all unilaterally agreed that there is no
immediate for the development of nanotechnolsggcific regulatory frameworksSuch panels have
generallyconcludedhat the early prodis of hanotechnologgntering the marketplaganbe effectively
regulated using existing regulatory streams, with the caveat that risk assessment methodologies will need
to be reviewed and likely adapted in order to reflect the small size and unique properties of nanomaterials.
Despite the level of general agreement byezkpanels to date, certain stakeholder gréupsst notably
consumer groups and environmental NGOsontinue to call for the immediate development of rano
specific regulations or for a moratorium on continued development. Such calls have been pgreviousl
considered by expert pandlsfor example, the UK national academies (UK-R&E, 2004)7 but
summarily ruled out and described as an inappropriate policy option for nanotechnology.

Expert panels have also commented on the uncertainty which remaing/asther tle development of
further nanotechnologgpecific regulations W be required as more complex nanotechnotdgyived
products begin to enter the marketplace. In tBe07policy brief Nanotechnology Risk Governandtiee

IRGC referred tofour gererations of nanotechnology products and production processes. These are as
follows:

T First Generation: odPassivein (steady function) ne
1 Second Generation: O0Activeidn (evolving function)
9 Third Generation: Integrated nanosystems (systems of nanosystems) (after 2010);

1 Fourth Generation: Heterogeneous molecular nanosystems (after 2015).

The | RGC6s approach to discussions of nanotechnol
intot wo di stinct frames of reference: Frame One, \

nanoproducts, and Frame Two, which refers to Generatidns.€. the more complex nanoproducts. In

our assessment, expert panel opinions to date have redjlyassessed the need for napecific

regul ations to manage the risks associated with
point out that regulatory systems are realistically only now beginning to deal with products that have been

on the market for the better part of a decade. If regulators are to have systems in place to deal with future
generations of nanoproducts i ncl udi ng dconvergent product si t

39 However, the same cannot be said for municipalitieste the example of Berkeley, California as described on
page 16 of the currentpert.
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nanotechnologythen a good deal of research and work néléd to be done prior to their entry onto the
commercial marketplacé otherwise regulators will be left scrambling to keep up with the pace of
innovation.

Regulating the Unknown: International Information Gathering Initiatives

A key aspect of our researdéh the aiestion how have Canada and other jurisdictions addressed the
conundrum that evidendgsed regulatory action should be based on safety data but that such safety data
is hard to obtain in the absence of established regul@tions

In answer, we findhat jurisdictions continue to struggle with this issDespite experiences and lessons
learned from previous cases of emerging technologies (for example, biotechnology) the challenge of
regulating in the face of the unknown is considerabl& complexunderstandablyregulators continue to
struggle with this issue.

When faced with a challenging scenari o, i . e. how
thatas human beingsur natural tendencly and thisapplies equally to regulators andlipy makersi is
to seek furtheclarification and additional information.

It is therefore not entirely surprising thame of the first regulatory steps taken in various jurisdictions
seeking to manage the potential environmental, health and safety impacts of nanotedrasluesn the
implementation of product stewardship initiatives.

The first such initiatived implementedby the EPA in the US, Defra in the UK, and NICNAS in
Austrdia T were all voluntary in nature. The success of such voluntary initiatives is the subject of great
debate.The regulatory agencies administering such programs have proclaimed them as successes, but
they have generally been viewed as ineffective by thader nanotechnology policy communi@ne of

the criticisms associated with these voluntary programs has been a lack of incentives to encourage
industry participation, which has resulted in responses from only a minor fraction of those companies
activelyengaged in developing nanoproducts in each jurisdiction.

Lately, regulatory bodies seem to be movingreasinglytoward mandatory measures for the collection

of information.There are two categories of such mandatory measures: (1) mandatory repossugase
applicable to priority nanomaterials, and (2) mandatory information reporting initiatives or surveys
applicable to all nanomaterials.

The first category of such mandatory measures are currently being implemented in the US and Canada. In
the US, theEPA and the California Department of Toxic Substances Control (DTSC) are taking
regulatory measures to gather information relating to priority substances containing hanomaterials, such
as carbon nanotubes. By issuing the October 2008 Notice that the BSierscarbon nanotubas be

new substances under tlexic Substances Control Ad¢he EPA clearly intends to gather health and

safety data orrarbon nanotubethrough the Premanufacture Notices that companies will now need to
submit . The D l@audhisg thmio bngoing £€hemical Information Gallon carbon
nanotubes are also clear. In addition, both the US and Canada have taken regulatory action to collect

i nformati on on nanomateri al s cl assi fi edhemieab dexi
management programs, through the issuance of regulatory notices by the EPA regignificgnt new
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use rulefSNURSs) under TSCA and by Environment Canada and Health Canada regarding significant
new activity notices etiaBNler@EPA. f or speci fic nanoma

Mandatory information reporting initiatives or surveys applicable to all nanomaterials are currently being
consideredr developedn France and Canada Canada, Environment Canada and Health Canada have
recently signalled their inteioh to proceedegulatory action implementing mandatoryinformation
gathering surveyxoncerning the reporting and tracking af nanomaterials manufactured or imported
into Canada in 2008under section 71 of th€anadian Environmental Protection Act2d). As of the

time of writing, the specific details of thimmandatory survey haget to be announced in part | of the
Canada Gazette

It is likely that additional jurisdictions will move toward mandatory models for gathering information on
nanomaterialsn the coming years. However, it will be a few years before the success of such mandatory
reporting modelss known. While few would argue with the need to collect as much useful information as
possible regarding the potential benefits and risks of nanuoikady, best practices in the collection of
such information remain uncertain.

Toward Best Practices in the Regulation of Nanotechnology

It may be premature to evaluate what works and what does not in the regulation of nanotechnology,
especiallygiventhat regulatios in the stricestsense of the wordreonly justbeginningto emergeThe
perspective of regulatory governanbeweverallows us tcadopta very wide perspective andinclude

all activities that have a regulatory aim (including pubibate, policy announcements, data management
approaches, voluntary schemes, industryrsgjtilation, etc.).

Based on the descriptive evidermmlectedabove, we observeix key regulatory governance principles

that we propose for consideration by riegors. For each of these principles, we will provide a short
description & how we think they should be handladd will commentonang b e st pthadmay i c e s i
haveemergedto date In developing this set of principles, the following sourcesgond goernance
principlesprovidedinspiration forour selection UK Better Regulation Commission (200@rahamet

al. (2003) Stern & Cubbin (2005) Government of Canada (20f)7 United States Government
Accountability Office (2009)and Slater (2009).

Thesix guiding regulatory governance principles asfollows

1. The regulatory response should beordinated. This should include coordination at the
international level, between states, provinces or member states, as well as coordination at the
inter-departmetal and interagency level in individual jurisdictions.

2. Regulabry approaches to nanotechnology shddélexible and adaptive.

3. Information gathering initiativesa key first step in an adaptive regulatory system, should be
designed with theendpoints in mind, should offerincentives for participation, andshould
involve both industry and academic researchers.
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4. Risk management approaches should strive to be comprehensive, by incorpotédtngcke
approach to govern the potential risks of nanotectugyl, and should be designed with the
importance of scope and timing horizons in mind.

5. Risk management approaches shaililve for balance angbroportionality between the costs
and benefits of regulating'he regulatory impact of mandatoryversusdo i n ddi raepcptr oac hes
versusan absence atgulationshould be considered.

6. An understanding of the profile of the beneficiaries of nanotechnology and the risk bearers in
concert with who isaccountable would go a long waytoward ensuring the appropriate
deploymem of both technology and regulatory oversigiftakeholders should be engaged
appropriatelyand regulatory systenshould bdransparent.

The Need for Coordination in Regulatory Governance of Nanotechnology

There have been repeated calls for a coordinated and international approach to addressing the regulatory
governance deficits arising from the applications of nanotechnology (IRGC, 2007; Ablabit2006).

Cur r e regulatpry strdctures and processase fragmented with respect to jurisdiction, type of
regulation, and the lack of harmonization of risk assessment and management procedures, both
nationally and internationally (I RGC, 2007) .

The many potential applications of nanotechnology are extrevaelgd encompassing food, chemical,

and electronics products, medicines and medical devices, environmental technologies, and multiple other
applications. This poses a unique regulatory governance challenge on a scale never before witnessed in
the regulatio of emerging technologies. At present, no single regulatory structure spanning such a wide
range of consumer products exists in any jurisdiction in the world. Coordinating the regulation of
nanotechnology between departments and agencies at the juwisalidével, not to mention between
regulatory streams within individual departments (e.g. pharmaceuticals, medical devices, or food products
are all regulated by Health Canada), will be key to ensuring that we identify and fill any potential
regulatory gap which might existThis coordination will also be essential to create a consistent and
common language among regulatdrem different industrial sectorskinally, the coordination will
improve the consistency of decistaraking and be less confusingtte regulatedwho may have to deal

with multiple regulatory agencies.

Beyond the challenge of coordinating regulation of nanotechnology at a jurisdictional level, there exists
the additional complexity of coordinating policies at the international ldvelthe absence of a
harmonizedapproachto risk management on the international stage, there is the risk of competitive
arbitrage, whereby both companies and governments may seek to secure a competitive advantage by
lowering regulatory barriers to reselarand manufacturing without regard to the potential health, safety,
and environmental implications of such an appro&sobal trade is now at a scale where regulatory
decisions and oversight in other jurisdictions can quickly translateaintisk to consmers or the
environment at homerinally, safety data on nanotechnology products, including those already on th
market, arescarce the joining of forces anefficient exchange of knowledgare imperative. This
exchange is goingtbeparticularly valuake if internationalcooperatiorresults in aneasure of similarity

in languagedefinitions,and regulatory requirements.
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As for an existing Obest practicehf, it is too sof
most effectively.The impotant role of the OECD comes to mind, howevers fortunate that Canads

so well engaged at the OECD level, as this should resuéizciellent access to the development of the
important work done by this international body.

Flexible and Adaptive Appr oaches to Regulatory Development

In the academic literature, flexible, respmesiand gradually evolving approaches to risk regulation of
nanotechnology are generally favoured osesingular reliance on r adi t i onal dcommand
approachesAt an abstract level, it is difficult to disagree with the view that flexibility and adaptability go
handin-hand with building and sustaining an emerging regulatory systemaimapidly changing
environment (context does matter).

In the real world, discs$ons are ongoingCertain stakeholder groups have called for mandatory
(6command and control fA) regul atory approaches wup
Association, DuPont, aneven EnvironmentalDeferse in the UShaveinsteadcalled for hitiatives to

increase the body of knowledge about risks.

We should note that flexibility and adaptability are also very helpful tools when builgomg existing
standards, structures and procesSeveralexpertpanels in multiple jurisdictions have adached the
same basic conclusioin that there is no need at the present timalevelop nanotechnologpecific
regulations However, his is not to say that there is no need for new testing protocols, new data, or
adaptation of existing regulatorystgmé&®. Furthermore, a need for nanotechnolsggcific regulatry
frameworks or systemsiay emerge in theufure based upon new knowledge or when next generation
nanotechnologies or convergent technologies come to marketalied active nanostructures ral
nanodevicesor integratedand héerogeneous nanosystems

With respect to a best practice, we do not find a great diversity of approaches anforgjthisdictions
surveyed The EU is arguably at the forefront of nanotechnology regulaiopresent although
jurisdictionsare currently holding on to existing regulatory approa¢hesaddressing nanotechnology in

the context of existing statutes and regulations or on alasase basis as statutggecific to cosmetics

and novel foodsre beng revised and updated, as in the Bld)l promisdo review such approaches

the future when appropriate. It is interesting to note that these rather uniform policy responses follow
comparatively diverse publitebate that are flavored by diverging cutes and regulatory histories.

Sophisticated Information Gathering

No matterwhatthe regulatory structure, decisiomaking will always depend on eviden&xperts agree

that the existing evidence on the transportation, transformation and biologictd effeanomaterials is
insufficient and that, thus, risk assessments are not feasible or grossly incoApdgter issue lies in

the lack of compatibility between the available data and the needs of regulators (who often have very
specific data needshich allow thento renderconsistent and comparalbkegulatory deisions. This lack

of required evidence is a serious issue considering the number of products already on the market.

0 As currently seems to be occurring in the European Union, where nanotechspémific requirements are being
introduced into regulatory systems for cosmetics and novel foods as they are being updated and revised.
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A well designed information gathering initiativehould therefore behe frst step inadaptive risk
managemenand regulationlt is critical to ensure that such programs are well designed regthatory
endpoints in mind, and that incentives are provided to ensure compliance. In our opinion, the ongoing
work of the OECD Woring Party on Manufactured Nanomaterials is the gold standard in this regard.
The WPMN document listing endpoints that will be assessed in the first phase of the OECD testing
programme is a tremendous resource, and the results of the initiative can beegredhave a broad
impact on the international stage. International initiatives such as the work by the WPMN are likely to be
far more effective than oraff initiatives undertaken in individual jurisdictions which do not offer
appropriate incentives fgrarticipation by industry.

We believe that théull potential of voluntaryreporting measureises not yet been explored because of
insufficient attention to thencentivesthat would promote a response framadustry (be they positive, as

in compensation for compliance, or negative, in that they could result in a public outcry based on non
compliance). As such initiatives would continue to be classified as voluntary, they would not contribute to
the perceptiorthat a given jurisdiction isinfriendly toindustry, but the provision of incentives would
help to ensure the collection of appropriate and thorough information.

Doug Sylvester and col |l eagues atinthe mmedautureSiteat e Un
greatest need for oOregulationdéd is to increase the
current state of nanotechnology research, development, and application, and about the risks and benefits

of specific products and procesBes ( Sy ktale2008) We agree with this statement, but caution that
jurisdictions must additionally take care to ensure that the information gathered through reporting
initiatives, be they voluntary or mandatory, is of the highest possible quélibe quality of the data

obtained is poor, then it will be of only limited utility to jurisdictions looking to base future regulatory
programs on the information gathered through these initiatives.

Another source of potential information regarding theeptial environmental, health and safety impacts

of nanotechnology (as well as other aspects) which should not be ignored is the realm of academic
research. Currently, there remains a gap between research results reported in the academic literature and
resarch which is of utility from the regulatory perspective. Regulators could address this gap by forming
strategic partnerships with academia. By helping to improve the selection of research endpoints,
experimental designs and approaches to data collebtioacademic researets this would help to

improve the utility of such studies in the regulatory context. Input from regulators could additionally
improve communication and cooperation between materials development experts and toxicologists, who
do not alvays see eyo-eye on the design of research studies. Industry stewardship initiatives are an
important aspect of information gathering, but they are only part of the equation.

Strategic research programs initiated by jurisdictional research fundingiegyencpartnership with
regulators can also yield results of importance to regulators when appropriately targeted. Notable
initiatives are already underway which are expected to yield information on safety research,
nanotoxicology, and environmental impaaf nanomaterials. For example, in September 2008 the US
based National Science Foundation in partnership with the US EPA announced awards to two Centers for
the Environmental Implications of Nanotechnology. These centers will look at the interactiesrbet
nanomaterials, the environmemiant and animal life, and will as part of their mandate translaye
knowledge thus obtained into eviderz®sed risk assessment strategies.
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At this point in time, the OECD approach to information gathering appedrs i® the most effective.
Time will tell if direct partnership between regulators and academic researchers or indirect funding
arrangementthough granting organizations will succeéd. for voluntary approaches to the disclosure
of industry informationit would be worthwhile t@wonsidersystems wittappropriate incentive systems.

A Comprehensive, Lifecycle Approachto  Risk Management

In our survey, we found remarkably little explieinphasis othe useofr &1 i f ec y dnrisk appr o0&
assessmentha is to say,an approach which takes into account the full lifecycle of the products of
nanotechnology from starting materials through to product dispdsaitable exception was the Cardiff

report prepared for the UK Governmert. will, however, be crital to managing the risks of
nanotechnologyhat weconsider both the biological and environmental fate of nanomaterials. On this

point, the reader is directed to the work of others on this sulbpeatXample:Shatkin, 2008)who have

previously descried the lifecycle approach in great detail and argued convincingly for the need for such

an approach.

While it is likely that lifecycle assessments are actually already being used in most if not all of the five
jurisdictions reviewed, we believe that it repents a best practice egplicitly state that nanomaterials

will be evaluated in this fashioRast experienceith traditional chemicals has shown that leaving out an
important lifecycle step (for example, disposal or transportation) can lead tossenwuwonmental or
human health impacts.

A Delicate Balance in Regulation : Weighting Potential Risks vs. Benefits

Regulaton should be based on a balance between risks and benefits and rooted in an understanding of
regulatory impactdn the words of thénternational Risk Governance Council (IRGC):

0A particular concern...is that the opportuni
innovations are not forgone due to inadequate or inappropriate risk governance, including

poor communication. When these teologies have the capacity to alleviate major global
concerns, a failure to adopt them has potenti a

This comment from the | RGC underlines the |import
balance when it comes tbe regulation of nanotechnology. Canada, as in other jurisdictions, there is

the potential teeventuallyderive multiple benefits from the products of nanotechnol@pordinated,

transparent, and adaptive approaches to regulatory governance, withulgrarattention paid to
cooperative activity at the international level, will help to ensure that Canada is well positioned to
eventually derive maximal benefits from this significant emerging platform technology.

Nothing specific can be said about reggaty impact at this point in timés we have already noted, no
jurisdiction has yet implemented set of nanotechnologgpecific regulations. Instead, debate on
nanotechnology risk assessment and risk management has primarily occurred in the comistth@f e
regulations, or (as in Europe) as a sifiect of attempts to update outdated regulations. For example, in

the US and Canada regulatory measures around nanomaterials have recently been implemented through

41 http://www.irgc.orgéNanotechnologyhtml
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jurisdictional chemicals management pragsa(TSCA in the US and CEPA in Canada). Because such

measures have been taken using existing regulations, however, there has been no formal attempt (that we

are aware of, anyway) to assess the impact such measures might have on the nanotechnologg industry

particular.

Similarly, in Europe much of the debate surrounding nanotechnology regulation has taken place in the

context of initiatives to update existing Directives or Regulations this report, we have focused our
narrative on the new chemicalsgutation (REACH), the Novel Foods Regulation, and updates to the
Cosmetics DirectiveAs an example, consider the impact assessment oEtinepean Commission
proposal respecting the Cosmetics Directive Reddm full Impact assessment report on simpétion

of t he 0 Cos mé Directige 7@768/E=Gotas the dhallenge posed by innovations in the
cosmetics sector, including the Oduse of k nown
impacts of such innovation and others, ibdoes not directly address the potential impact of regulating
nanomaterials in cosmetics through the proposed Cosmetics Regulation (EC, 2008e).

Notwithstanding the high degree of consensus among panels of experts that current regulatory

frameworks will ke sufficient in the short term future to manage the potential risks of nanotechnology, it

is unclear what impact, if any, this approach may have upon the burgeoning nanotechnology industry,

particularly with respect to small and medisimed enterprises.nll companies are more likely to
struggle undean extensive regulatory burden than larger, s@sltiablished companies.

We believe that it would represent a best practice if the various jurisdictions would attempt to formally

ng

assess the impact of mandgtorver sus dindirectfi versus no regul at

Ensuring an Accountable and Transparen t Approach

Stating that a regulatory system ought to be accountable sound obviouslt is, however, worth
spending some timéninking about what accountabilisthoud mean in the context of nanotechnology
regulatory governanc@he experience in the biotechnology context has shown that it is very important to
understand the profile of risk bearers and beneficiaries of a new techrigmple are willing to carry a

risk as long adhey derive a benefitf there is no substantive benefiben they are likely to be very
skeptical lt is also important to pay attention to whas the burden of proof and who takes the falhif
whenthings go wrongThe power to make decisions has tocbepledwith a willingness to endure the
conseguences (it cannot dease of decisiemakers assuming both risks dmehefis provideahings go

well butlaying blame on othenshen things gdadly).

Theappropriate engagement of stakeholders is another element of accounttikgholder needsaust

be heard, fairly evaluated and acted ugdbis not easy to engage stakeholders well but a large body of
knowledge has accumulated over the last twengrsye@nd, arguably, the EU has found a way to
implement a sophisticated systelinwill be very interesting to compare jurisdictions in a few yegng

and to correlate stakeholder satisfaction and public tmish past public engagement activitids.is

i kel y, however, that jurisdictions are so differ

an international level.
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An accountable regulatory system also needs to be a transparent 3ystesparency is often demanded

as an essenti@bmponent of democratic governanteterms of the risk governance of nanotechnology,
onecammlsoma ke t he argument t hat petceptiondfdiskvhichwilihanaettel v be
greater impact on politicallgensitive risk management deciss than any actual measurement of risk.
Regulators have an opportunity to narrow the gap between real and perceived risks through a transparent
approach to assessment and decisiatking. This outcome would benefit galators, the regulated and
consumerslike.

Transparency may require special attention in the nanotechnology context for several reasons. The rapid
growth of information makes it challenging to achigwd access toinformation and transparency.
Equally, the rapid growth of theanotechnology industry ara$sociated changestime technology make

it difficult to acquire knowledge and then to disclose it appropriately. One approach that may represent a
O0best pr ac twindow ifiternemccasht@anatenhaologynformationin the EU.We hope that

the issues of transparency and accountability will be given full consideration by regulators seeking to
manage théuge challengef adapting existing systems to appropriately managing the risks and benefits

of the massive wave ofnew nanotechnology products that is expededenter the commercial
marketplacen the very near future.
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