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Foreword by Ministerial Group

Nanotechnologies may seem like something from science-fiction, but they are already a
science-reality and are being used to revolutionise products we buy, the ways in which they are
manufactured and our approaches to addressing global challenges. The UK is in an excellent
position to be at the forefront of nanotechnologies development, and we must maintain
momentum and keep pace with the biggest players on the international stage.

The UK's manufacturing base is a cornerstone of our continued and sustainable economic
recovery. Nanotechnologies have the potential to drive innovative and competitive industry
because they can enable advancement in so many key manufacturing sectors such as automotive,
aerospace, construction and biosciences.

There is a role for Government to support and facilitate these developments so that both the
UK economy and its consumers can benefit fully from nanotechnologies. This means not only
working to create a cohesive and flourishing industry, but also acknowledging and addressing
the implications for health, safety and the environment so that we can all use products containing
nanotechnologies with confidence.

Doing so requires a co-ordinated and joined-up approach across Government Departments.
It is for this reason that the Ministerial Group on Nanotechnologies was formed, and we will
continue to oversee efforts to develop the nanotechnologies industry while protecting the
health of consumers and employees and avoiding damage to the environment. We will engage
with the public to make sure they are informed and confident about nanotechnologies and the
products which contain nanomaterials.
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The actions detailed in this Strategy will have effects in the short-term, and we will continue to
build upon them until the benefits of nanotechnologies are fully embedded in our society. The
landscape for nanotechnologies is likely to change dramatically in the future as we understand
more about them and integrate them into our everyday lives. Government’s approach will need
to adapt to these changes. We will continue to work with industry, academia, non-Governmental
organisations, non-Departmental public bodies and other interested parties to ensure that our
policies evolve in step with new developments. This Strategy lays the foundations to enable the
UK to make the very most from these exciting and promising technologies.

Lord Drayson Dan Norris
Minister for Science and Innovation Minister for Rural Affairs and Environment
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@‘. w Molewt
Gillian Merron Lord McKenzie

Minister of State for Public Health Parliamentary Under Secretary (Lords)
Department for Work and Pensions




Executive Summary

Government announced its intention to
develop a UK Strategy for nanotechnologies in
its 2009 response to the Royal Commission on
Environmental Pollution’s report, Novel materials
in the Environment: The case of Nanotechnology.
This Strategy has been informed by the views
of those involved with nanotechnologies from a
wide range of interested parties across academia,
industry and non-Governmental organisations.

With the launch of the UK Nanotechnologies

Strategy, UK Nanotechnologies Strateqy: Small

Technologies, Great Opportunities, Government

is confirming its commitment to the successful and

safe development of these technologies. \We believe

that nanotechnologies have the potential to:

e Deliver improvements for consumers in the UK;

e Help to sustain continued recovery and growth
in the UK manufacturing industry;

e Contribute to our effort to tackle global
challenges.

Our vision:

The UK'’s economy and consumers will benefit
from the development of nanotechnologies
through Government’s support of innovation
and promotion of the use of these emerging
and enabling technologies in a safe, responsible
and sustainable way reflecting the needs of
the public, industry and academia.

In order to achieve this goal, Government has
identified a number of actions, which are outlined
in this document under four categories:

e Business, Industry and Innovation

e Environmental, Health and Safety (EHS) Research
e Regulation

e The Wider World

Each section has its own strategic aim. These aims
are interdependent and together they help to
deliver our vision.

Business, Industry and Innovation
Aim:
Transparent, integrated, responsible and skilled

nanotechnologies industry with good links to,
and support from Government.

Summary of Actions:

e A Nanotechnologies Leadership Group will be
established to provide strategic leadership for
the nanotechnologies industry and to work to
address the barriers to growth which affect
businesses in this area. The Group will be
chaired by a BIS Minister.

e Companies and academics will be encouraged
to apply for funding through Grand Challenge
calls from the Technology Strategy Board (TSB)
and Research Councils to support the
development of innovative applications for
nanotechnologies.

e Awareness of the UK nanotechnologies capability
will be promoted nationally and internationally
and provision made for improvements in the
underpinning skills capacity required.

Environmental,
Research

Aim:
Better understanding of the risks associated with

the use of, and exposure to, nanomaterials, and
enough people with the right skills to assess them.

Health and Safety
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Summary of Actions:

e Approaches to Government EHS research
on nanotechnologies will be explored by the
Chief Scientific Adviser network, with the aim
of improving co-ordination. A meeting will be
chaired by the Government Chief Scientific
Adviser, John Beddington.

e There will be an ongoing portfolio of
Government and publically funded research into
a wide range of crucial EHS nanotechnologies
issues including the behaviour of key
nanomaterials in the gut when eaten and when
inhaled into the lungs.

e Contributions will be made to international work
programmes on nanotechnologies including
the Organisation for Economic Co-operation
and Development's (OECD) Nanotechnology
Working Parties and the EU’s Framework
Programme. The UK will work to influence the
future scope of these projects.

Regulation

Aim:

Better informed policies and requlations relating
to nanomaterials and nanotechnologies.

Summary of Actions:

e Government will expand the scope of its work
on a scheme to succeed the pilot voluntary
reporting scheme to include products as well
as materials. A working group comprising
officials from the Department for Business,
Innovation and Skills (BIS), the Department for
Environment, Food and Rural Affairs (Defra),
the Department of Health (DH), the Food
Standards Agency (FSA) and the Health and
Safety Executive (HSE) will be tasked to develop
a proposal.

e Government will monitor the success of
implementation of upcoming amendments
to novel foods and cosmetics directives with
respect to nanomaterials and will influence
changes made to the Registration, Evaluation,
Authorisation and Restriction of Chemicals
Regulation (REACH) in order to ensure they are
robustly covered.

e Horizon scanning and monitoring  will
be performed by the Medicines and
Healthcare Products Regulatory Agency

(MHRA), FSA and HSE to detect necessity
for ~ amendments to  legislation  in
the future.

The Wider World
Aim:
Well-informed public and stakeholders and a

leading position on nanotechnologies for the UK
on the world stage.

Summary of Actions:

e The Nanotechnologies Collaboration Group
will be established to facilitate ongoing
communication and collaboration between
Government, academia, industry and other
interested parties, including consumer groups.

e Information about Government’s ongoing
actions on nanotechnologies will be made
accessible to the public on a portal website.



1. Introduction

1. There are many exciting emerging technologies
in development today which have the potential
to change the everyday lives of people across
the globe. Nanotechnologies are an important
set of new technologies at a very early stage in
their development. Scientists and engineers are
increasingly able to create new tools and improve
the knowledge base necessary to manipulate the
properties of nanomaterials, for example their
strength or the speed at which they conduct
electricity.

BOX 1: What are nanotechnologies?

A nanometre is one-billionth of a metre,
or around 80,000 times smaller than the
diameter of a human hair.

Nanoparticles exist in nature. For example,
milk contains nanoscale droplets of fat and
every cell in your body relies on nanosized
protein complexes to function.

One definition of a nanomaterial is a
material with at least one dimension in the

nanoscale (between 1-100nm). They can be
particulate in nature, for example nano
titanium dioxide, fibre-like, for example
carbon nanotubes or sheet-like, for example
graphene. Nanomaterials can also be defined
in terms of their functionality, as opposed to
relying strictly on their size alone.

Nanotechnologies can be thought of as
any technology which either incorporates or
employs nanomaterials or involves processes
performed at the nanoscale.

2. Nanotechnologies are important to the future
of the UK because of their potential to improve
many types of consumer products, for example:

e Medicine delivery systems which use
nanomaterials to enable targeted and time-
controlled release of drugs;

e More compact and powerful computer
systems, mobile phones and wiring systems
incorporating carbon nanotubes;

e Coatings for car components which confer
resistance to erosion and other damage;

e Antimicrobial dressings.

3. Nanotechnologies could also help us address
universal challenges such as global warming and
food sustainability, for example:

e Solar cells with enhanced efficiency due to a
nanocoating which is far more sensitive to low
light levels than previously used materials;

e Fuel additives which allow decreased fuel
consumption in diesel engines;

e Water purification systems with increased
efficiency and efficacy;

e Improved air purification membranes which
can transform vapours escaping from cars or
industrial plants into harmless gasses.

4. The worldwide transition towards the greater
use of nanotechnologies is a significant economic
opportunity for the UK. The global market in
nano-enabled products is expected to grow from
$2.3 billion in 2007 to $81 billion by 2015
To fully meet this opportunity, the UK will need
to build upon its existing commercial strengths in
nanotechnologies, which include:

e The third highest number of nanotechnologies
companies in the world;

1 Nanomaterials and Markets 2008-2015, Nanopost, quoted in Nanoscale Technologies
Strategy 2009-12, Technology Strategy Board, September 2009
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e Strengths in nano-optics and nanoscale materials;

e The fourth largest number of nanotechnologies
patents applied for globally;

¢ Aleadingrolein the development of international
nanotechnologies standards through the British
Standards Institution (BSI).

5. Novel materials often raise questions around the
ways in which they interact with humans, animals
and the environment, their safety and the level of
caution that should be exercised when they are
placed on the market in products. While there
is currently no evidence that any nano-enabled
products cause harm to humans, animals or the
environment, in the case of nanotechnologies,
the position is complicated by the potential
number of nanomaterials in circulation, which
may each have different properties, uses and
exposure pathways.

6. At present, it is thought that the greatest level
of risk may be posed by nanomaterials which
are in the form of free particles, such as in a
powder or liquid. When fixed into a structure,
for example in a solid material like a plastic or
in a coating, it is far less likely that nanoparticles
could be absorbed into the body or enter into the
environment. However, it is not yet clear whether
fixed nanoparticles will remain so when the item
they are incorporated into is disposed of. There
is a possibility that they could leach into the
environment, and, if so, uncertainties remain over
the level of risk they would pose. For this reason
that there is a need for research into how both
free and fixed nanomaterials behave throughout
the whole life of the products in which they
are used.

Past and Present

7. There have been a number of reports over
the past six years that have looked at the
benefits offered and potential risks posed by
nanotechnologies, including the joint Royal Society
and Royal Academy of Engineering (RS/RAENg)
report?, the Council for Science and Technology
(CST) review of Government progress® and the
Royal Commission on Environmental Pollution
(RCEP) report*. Most recently, the House of Lords
have conducted an inquiry into Nanotechnologies
and Food® which reported earlier this year. Links
to these reports and Government'’s responses to
them can be found in Appendix D.

8. Government acknowledges the potential
benefits of nanotechnologies and has been
working to promote their safe use in a number
of ways following the advice of RS/RAENg in
2004, for example:

e A cross-Government approach has been taken:
— The Ministerial Group on Nanotechnologies
(chaired by the Science and Innovation
Minister, Lord Drayson) was established to
provide strategic oversight and leadership;

— The Nanotechnology  Research  Co-
ordination Group (NRCG) was formed to
bring together Government Departments,
Agencies, Research Councils and Devolved
Administrations to set the priorities for the
UK's research programme;

— The Nanotechnology Issues Dialogue Group
(NIDG) was formed to bring together
Government Departments, Agencies and
Devolved  Administrations to  ensure
co-ordinated policy development;

2 Nanoscience and nanotechnologies: opportunities and uncertainties (2004)

3 Nanoscience and Nanotechnologies: A Review of Government's Progress on its Policy
Commitments (2007)

4 Novel Materials in the Environment: The case of nanotechnology (2008)

5  House of Lords Science and Technology Committee — 1st Report of
2009-10 Nanotechnologies and Food (2010)



e Stakeholders have been engaged;

— The Nanotechnology Stakeholder Forum
(NSF) was formed to engage more widely
with stakeholders to influence and discuss
development of Government policy;

e Arange of international and domestic activities
have been carried out by Departments,
Research Councils and Agencies to improve
the environmental, health and safety (EHS)
knowledge base, create appropriate regulation
and support industry.

9. In 2009, Government announced its intention
to develop a UK Nanotechnologies Strategy to
consolidate activities across all Departments and
Agencies®. In order to inform the Strategy, an
evidence gathering exercise was carried out to
seek the views of interested stakeholders
including academics, consumer groups and
industry representatives. A full summary of
responses has been published on the
Department for Business, Innovation and Skills
(BIS) website’” and the following headline issues
were noted:

e Recognition that nanotechnologies have the
potential to have positive impacts on a wide
range of manufacturing and consumer
industries including those which are pivotal to
the economy, such as the automotive industry
and those which underpin wider societal
challenges, such as the alternative energy
industry;

e Concern over the level of Government funding
of research into the EHS risks of manufactured
nanomaterials and strategic co-ordination of
research efforts:

6  Government Response to the Royal Commission on Environmental Pollution (2009)
7 Nanotechnologies: influence and inform the UK Strategy http:/interactive.bis.gov.uk/nano/

e Demand for consolidated sources of

information for;

— the public — detailing Government activity
on nanotechnologies;

— industry — detailing regulatory/reporting/

risk assessment requirements.

10. In addition, a project commissioned by BIS
and conducted by several Knowledge Transfer
Networks (KTNs) and Materials UK invited a wide
range of key industry figures to participate in a
mini-Innovation and Growth Team (mini-IGT) to
feed into the Government exercise. Companies
such as Johnson Matthey, Rolls Royce, Marks &
Spencer, Pfizer, Unilever and Oxonica participated
in the project. The resulting report® included
recommendations for Government to consider
when developing the UK Nanotechnologies
Strategy.

11. Responses to the evidence gathering exercise,
as well as the mini-IGT report have been key
inputs to the development of this Strategy.

A UK Nanotechnologies Strategy

12. Government recognises its role in optimising
the UK's position to benefit from the development
of nanotechnologies. In order to achieve this,
Government must act in the following areas and
these will form the basis of this Strategy:

e Business, Innovation and Industry;

e Environmental, Health and Safety Research;
e Regulation;

e The Wider World.

8  Nanotechnology: a UK Industry View can be downloaded from www.nanoktn.com
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13. Above all, it is Government’s role to
protect health and the environment during the
development and use of nanotechnologies. This
Strategy represents an important step in this
oNngoing process.

14. This document presents Government’s
overall strategy for the responsible development
of nanotechnologies, and reflects Strategies
produced independently by several public bodies,
for example the Technology Strategy Board® (TSB)
and Research Councils UK (RCUK)™. It highlights
the actions that Government and others will
be taking to ensure that the UK maximises
the economic and social benefits from these
technologies in a safe, responsible and sustainable
way taking into account the views of industry,
academia and the general public. The overarching
aim of the Strategy is detailed in Box 2.

BOX 2: Aim of the UK
Nanotechnologies Strategy: Small
Technologies, Great Opportunities

The UK'’s economy and consumers will benefit
from the development of nanotechnologies

through Government'’s support of innovation
and promotion of the use of these emerging
and enabling technologies in a safe, responsible
and sustainable way reflecting the needs of
the public, industry and academia.

15. The outcomes of the actions in each chapter
do not stand alone. In fact, they are each
strengthened by the outcome of actions in the
other chapters, as illustrated in Figure 1 (overleaf).

9 Nanoscale Technologies Strategy 2009-2012
10 Nanoscience through Engineering to Application

For example, EHS research provides a good
knowledge base, which is essential to inform
appropriate regulation, which in turn is necessary
for the public to feel reassured that products on
the market are safe for them to buy.

16. The interdependence of the different action
areas and outcomes in the Strategy clearly
demonstrates the importance of an overarching
and consolidated approach to co-ordinating
Government activities in this area. The work spans
several Government Departments and Agencies,
as well as involving the input of many external
stakeholders. An outline of organisations involved
in the management of nanotechnologies, as well
as the groups which facilitate their interaction is
available at Appendix B. This Strategy delivers a
clear message about how Government will bring
together activities in this area to ensure that the
very most can be made from these exciting and
promising technologies.

BOX 3: What are nanotechnologies
used for?

Nanotechnologies are beginning to be
thought of as essential, underpinning tools
across science and industry. They are being
used by many organisations for very different

purposes and the skillsand expertise necessary
vary greatly. For example, a biologist may be
using a nanomaterial in their work producing
life changing medicines, while a builder
incorporates a self cleaning window, coated
with a nanomaterial, into a new house.



Figure 1

Environmental
Health and
Safety Research

Better understanding of
the risks associated with
the use of and exposure to
nanomaterials and enough
people with the right skills
to assess them

ACTIONS

THE STRATEGIC AIM
The UK'’s economy and
consumers will benefit

from the development of
nanotechnologies through
Government'’s support of

Transparent, integrated,
responsible and skilled
nanotechnologies industry
and businesses with good
links to, and support from
Government

Business,
Industry and
Innovation

innovation and promotion of
the use of these emerging and
enabling technologies in a safe,

responsible and sustainable
way reflecting the needs of the
public, industry and academia.
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Regulation

Better informed policies
and regulations relating
to nanomaterials and
nanotechnologies

Well-informed public
and stakeholders and
a leading position on
nanotechnologies for the
UK on the world stage

The Wider
World
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2. Business, Industry and Innovation

17. There are currently market applications of
nanotechnologies available for purchase or at the
research and development stage across a wide
range of sectors, including; coatings, particles,
porous structures, composites, medicines and
diagnostics, toname afew. However, as companies
move speedily to develop new and more advanced
products involving nanotechnologies, they are
becoming increasingly aware of the challenges
which must be addressed. These include:

e The fragmentation of the industry;

e A need for greater collaborative research and
new skills;

e A need for industry to engage with the public
in order to raise awareness of the benefits
of nanotechnologies-based products, and to
counter any negative perceptions or concerns;

e Regulatory burdens.

18. It is against this backdrop that BIS
commissioned a mini-IGT to prepare a report'’
on nanotechnologies on behalf of UK industry.

19. This chapter looks at some of the issues
raised by industry in the mini-IGT report, and the
opportunities and barriers identified. The actions
which Government will take to enable industry to
develop nanotechnologies to their full potential
are set out. These will allow the innovative use
of nanotechnologies and nanomaterials, with
appropriate support made available to help
businesses exploit good ideas and create new
products, benefiting consumers, industry and the
wider economy alike.

11 Nanotechnology: a UK Industry View — http://www.matuk.co.uk/docs/Nano_report.pdf

The Global Market: Opportunities for
Growth

20. There are currently around 800 nanotechnologies
products or product lines on the market globally;
this has increased from approximately 210 in 2006.
However, there is a wide variation in estimates for
the size of the global nanotechnologies market,
and predictions of its future size. Despite the
variations in forecasts, very rapid growth in the
global market for nanotechnologies-enabled
products is predicted across the board. Even the
more conservative forecasts predict that the total
global revenue for nanotechnologies will grow
from around $2bn in 2007 to $81bn in 2015™.
These figures are broken down in Figure 1
overleaf.

The UK Market

21. The UK is ranked third in the world, after the
US and Germany, when it comes to the number
of nanotechnologies companies operating'. The
European Commission completed a study of the
economic development of nanoscale technology
in 2006'>. According to this the UK was:

e fourth in terms of number of patents applied
for, after the US, Japan, and Germany;

e very strong in nano-optics, placed third after
the US and Japan;

e fourth on nanoscale materials after the US,
Japan and Germany.

12 OECD (2009) Nanotechnology: An overview based on indicators and statistics; working
paper 2009/7

13 Nanomaterials and Markets 2008-2015, Nanopost, quoted in Nanoscale Technologies
Strategy 2009-12, Technology Strategy Board, September 2009

14 www.nanovip.com

15 The economic development of nanotechnology — An indicators based analysis,
European Commission, November 2006

11
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Figure 1: Predicted Growth in Global Revenue of Nanotechnologies'®

Nanotechnologies revenue in

Predicted nanotechnologies

2007 ($m) revenue in 2015 ($m)
ICT 585 41,402
Automotive 404 7,134
Aerospace & Defence 323 3,768
Agriculture, Food/Drink 265 3,210
Consumer goods 188 6,225
Life Sciences 145 5,670
Textiles 122 2,170
Energy 90 3,615
Environment & Water 86 3,885
Construction 66 1,672
Brand & Product Security 30 2,650
Totals 2,304 81,401

Nanotechnologies Industry for which nanotechnologies makes up a

22. While it is relatively easy to define bulk forms
of materials according to large scale, primary
supply industries (e.g. glass, steel etc) this is not
the case for nanomaterials; here the technologies
have been applied to the development of products
and processes across many industries, particularly
over the past ten years.

23. Developing a comprehensive picture of
the UK nanotechnologies supply chain, from
manufacturers or importers of nanomaterials,
service providers, through to end users (companies
who produce a final product for consumers to
purchase), has proven difficult. The mini-IGT
attempted to provide a picture using data from
the Nanotechnology KTN'. Their survey estimated
that there are around 220 companies in the UK

16 Nanoscale Technologies Strategy 2009-12, Technology Strategy Board, September 2009
17 The Nanotechnology Knowledge Transfer Network facilitates the transfer of knowledge
and experience between industry and research bodies

significant portion of their business. The mini-IGT
believes that this figure is conservative and may
be only a fraction of the true number because the
involvement of many organisations is sufficiently
removed from the nanomaterial itself; for example
a manufacturer of windows might use a water
resistant coating containing a nanomaterial
purchased from a supplier without considering
themselves to be a nanotechnologies company.

24. Figure 2 (next Page), shows the range of
applications that UK companies are focusing on
in order to develop and exploit the opportunities
presented by nanotechnologies.

25. Coatings and inks, biotechnology, speciality
chemicals, electronics, sensors, instrumentation,
medical devicesanddrugdeliveryare clearly the key
market sectors where companies are most active.
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Figure 2: Market Application Focus of UK Nanotechnologies Companies'®
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End user sectors for these applications include:
information and communications (hardware),
automotive, healthcare and medicines, aerospace
and defence, and food and drink.

26. The majority of companies that responded to
the mini-IGT survey were small and medium-sized
enterprises (SMEs) with some 34% of companies
being involved in nanotechnologies for more than
ten years.

UK Capabilities

Research
27. The UK has a world-class reputation in
nanotechnologies research with a nationwide

18  Nanotechnology: a UK Industry View — http://www.matuk.co.uk/docs/Nano_report.pdf

network of research institutes and universities
involving approximately 1,500 research scientists
focusing on the development of nanotechnologies.

28.TSBinvested approximately £30min a portfolio
of research into nanotechnologies between 2006
and 2009. This included work in a diverse range
of application areas, for example; healthcare, low
carbon energy and advanced manufacturing.
Further investment was made as a result of wider
competitions when successful proposals utilised
nanotechnologies. An example of this was the
competition on Materials for Energy, held in 2007,
where 75% of the supported projects involved a
nanotechnologies based solution.

19 UKTI http://www.ukinvest.gov.uk/Nanotechnology/en-GB-list.htm

13
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29. Twenty-four Micro and Nanotechnology (MNT)
facilities were set up by Government between
2003-07 and form a major part of the UK's micro
and nano technologies infrastructure. These were
established primarily by open competition and
are geared to support and enhance collaborative
research programmes, technology transfer initiatives
and capital projects. The centres are open access
facilities and are supported by combined TSB,
Regional Development Agencies (RDAs), Devolved
Administration and industrial funding.

30. With a significant research portfolio in
nanoscience, Research Councils are supporting
the UK’s ability to harness the interdisciplinary
nature of nanotechnologies. This includes investment
to help address commercialisation challenges
such as:

e The scale-up of small, laboratory-based
methods to technology that is viable on a
commercial scale;

e |nvestigation of manufacture feasibility using
demonstrator models and the deployment of
new technology in real-life situations.

A recent RCUK initiative has been the programme
of Grand Challenge investments in energy,
healthcare and the environment, made as part
of the cross council programme, Nanoscience
through Engineering to Application®. These projects
have been scoped with input from business,
academia and the public and by March 2010,
£28m will have been invested to assist the
development of solutions in the challenge areas.
The second stage of the Grand Challenges will
have joint funding from the Research Councils
and the TSB, and plans are outlined in Action 2.6.
To date, Grand Challenge funds have supported
projects to develop:

20 http://www.rcuknano.org.uk/

e Cheaper and more efficient approaches to
energy generation through solar technology;

e Novel methods for diagnosing disease and
improved approaches to drug delivery;

e Technologies to reduce the UK's carbon
emissions by capturing and converting carbon
dioxide into valuable products such as energy
and chemicals.

Action 2.1

Research Councils will partner with business,
KTNs and the TSB to maximise the pull-through
of promising nanotechnologies research outputs
to commercialisation. To achieve this, funding
will be provided to ensure that the best
performing grand challenge projects can deliver
further improvement over what is currently
state-of-the-art. Close collaboration with business
and other government departments will be critical
to ensuring that this initiative is a success and will
deliver real benefits to the UK.

Knowledge Transfer Activities

31. The Nanotechnology KTN and other KTNs
such as Materials, Chemistry Innovation and
Sensors & Instrumentation facilitate the transfer
of knowledge and experience amongst industry
and research institutions. They are able to offer
companies dealing with nanotechnologies access
to information on new processes, patents and
funding as well as helping them to keep up to date
with regulatory requirements. Services provided
by KTNs include; networking events, a directory
of micro and nanotechnologies providers, online
communications, project partnering services, and
technology brokerage.

Standards

32. A standard is an agreed, repeatable way of
doing something, for example, making a credit
card so that it can be used all over the world or
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quality testing to ensure that there is parity
between different companies producing similar
products. The establishment of standards is an
important step towards the commercialisation of
research and fostering of innovation; they establish
a common framework and understanding, providing
the bridge between research and industry.

33. The UK is playing a key role in leading
the development of nanotechnologies standards
through BSI. The majority of nano-standardisation
initiatives in the International and European
standardisation organisations have been proposed
by the UK. To date BSI, with Government
assistance, has developed ten standards, details
of which can be found on the BSI website?'.

Action 2.2

Government will continue to support
standardisation work in innovative and
emerging technologies, including that of
the BSI Nanotechnologies standards work
programme. Standardsin support of occupational
and environmental health and safety have
been identified as a priority, underpinned by
the relevant measurement, characterisation and
terminology standards.

Barriers to Growth

34. The UK has a very strong technical base in
nanotechnologies and has historically been very
successful in research. It is crucial that this success
follows through to the commercialisation of
nano-enabled technologies.

A Fragmented Industry, Lacking Leadership

35. Companies developing nanotechnologies
applications and end users are present across
a wide range of sectors and many of these

21 www.bsigroup.com

companies are SMEs. There is therefore a lack of
critical mass within the industry around which a
strategic direction can emerge; for example, most
SMEs are operating in isolation, and not able to
form standards or make use of the knowledge or
expertise of others.

36. The variety of businesses, including niche
producers and those with sector specific
applications, means that manufacturers face
challenges in developing new processes and
exploring potential markets for them. Many
struggle to establish effective supply chains
and generate the critical mass needed to get
developments to a commercial stage.

37. A need has been identified by industry for a
comprehensive national strategy to address these
issues, along the lines of key competitors such as
the US and Germany. This would provide greater
co-ordination across sectors. More cohesive
leadership would support growth and ensure
effective engagement with Government.

A Lack of Collaborative Research and New Skills
38. To avoid duplication and facilitate the
development of best practices there is a need for
greater communication amongst industry and
with the academic community, thereby enabling
the sharing of knowledge and the identification
of shared challenges.

39. People with sufficient skills in this high-value,
high-skilled, knowledge-based market are essential
to drive innovation and sustain the development
of nanotechnologies. Currently the two most
important barriers to the supply of skilled people
are the lack of adequate training programmes
and the high cost of those that do exist??.

22 Nanotechnology: a UK Industry View, Mini Innovation & Growth Team, 2010
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CASE STUDY 1: Vehicle Efficiency

Car engines produce heat energy as a waste
product and they must have effective cooling
systems to prevent overheating. Traditional
cooling systems can use a lot of fuel; if
improvements could be made to their function,
then fuel could be saved. A small, high-
technology company in Leeds are working
with nanotechnologies to achieve this result.
They are developing thermal transfer fluids
which use nanoparticles to enable heat to pass
more efficiently through cooling circuits. When
these nanofluids are installed into a radiator
system, they have the potential to reduce fuel
consumption, thereby reducing the carbon
footprint of the vehicle and saving money for
the vehicle owner.

Researchers have been aware of the potential
of nanofluids for around ten years, but the
technology couldn’t be applied to real life
situations until scientists from the Institute
of Particle Science and Engineering at Leeds

University developed novel technologies for
suspending nanoparticles in fluids so that
they don't stick together or form a residue.
The company they formed in 2006 employs
five people and is backed by British venture
capital. They enjoy partnerships with potential
collaboration companies based in Japan,

Germany and the US as well as coolant
suppliers and are on schedule to bring their
technology to market by the end of 2010.

Public Perception

40. Further work is needed by industry and
Government to improve public understanding of
the benefits which nanotechnologies currently hold,
as well as their potential in the future. People
must also have confidence that sufficient risk
assessments are taking place by companies using
nanomaterials in their products. More detail on
public engagement can be found in Chapter 5.

Regulatory Burdens

41. Companies developing nanotechnologies
require information in advance regarding the
regulatory regime which will be necessary when
their product goes to market. If this is deemed
to be excessive, it can prevent businesses from
venturing into the nanotechnologies market,
or from using them within their own operating
markets. Further consideration of a proportionate
regulatory regime is set out in Chapter 4.
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Creating a Unified Industry

Action 2.3

A Nanotechnologies Leadership Group
(NLG) will be established, based on the
recommendation of the Nanotechnologies
community through the mini-IGT and will be
chaired by a BIS Minister. It will focus on issues
raised by the mini-IGT and comprise stakeholders
from across industry, research institutes, RDAs
and academia. Its key tasks will be to:

e Provide strategic leadership and direction
to the wide range of sectors engaged in the
development and application of nanoenabled
technologies;

¢ Highlight developments or industry needs that
provide potential commercial opportunities
across sectors that can use nanotechnologies;

e Encourage the development of new industrial
collaborations, supply chains and networks;

e Encourage and provide direction to the national
development of new processes, materials
and products;

e Help to monitor delivery of the commitments
in the UK Nanotechnologies Strategy.

It is envisaged that NLG will meet at least twice a
year. It is intended to be a short term activity, and
its work will be reviewed after two years.

Action 2.4

NLG will have strong Ilinks to the
Nanotechnology Special Interest Group which
is evolving from the mini-IGT and the KTN
Programme, providing input and opportunities
for dialogue with a wide range of industry
representatives with an interest in nanotechnologies.

Action 2.5

TSB has completed a strategic review to identify
how to maximise the benefits from MNT centres.
This will also feed in to the Hermann Hauser’s
review of Technology and Innovation Centres —
due to report in March. In future TSB support
for the majority of the MNT centres will be
channelled through research and development
(R&D) competitions. TSB will continue to
actively manage this investment and will be
strengthening the knowledge transfer and
co-ordination activities to ensure technology
providers are connected to potential users,
working in conjunction with NLG. This will
accelerate the commercial exploitation of UK
capabilities. Two key areas are:

e Nanomedicine — TSB, in consultation with
stakeholders, will develop the business case for
potential future investment in nanomedicine
research. This investment will be co-ordinated
closely with other potential funding bodies.

e Nanosafety — TSB will extend the Safe
Nano project?® which provides nanotechnologies
health and safety information to allow continuity
of provision in this area.

23 www.safenano.org
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Developing Technology and Expertise

Action 2.6

The TSB Nanoscale Technologies Strategy 2009-
2012 was launched in October 2009 and targets
the ways by which nanotechnologies can address
major challenges facing society such as
environmental change, ageing and growing
populations, and global means of communication
and information sharing. This will provide the
framework for future applied research
predominantly through activity inspired by
the needs of wider technologies and
challenge led calls, including:

e Fighting Infection through Detection
Competition — This competition, worth up
to £11m funding from TSB and Department
of Health (DH) opened in January 2010 and
comprises feasibility studies, fast-track projects
and larger R&D projects. It is expected that
a significant portion of the funding will be
awarded to nanotechnologies projects. The
Nanodlife* event held on 4th February
2010 is an example of the type of activity
that is required to connect and catalyse the
nanotechnologies community to prepare for
this competition along with wider healthcare
focused activity;

* Regenerative Medicine Programme — This
will include the launch of competitions in the
next six months in regenerative medicine
therapeutics, tools and technologies. The total
investment will be around £21.5m, with
funding from TSB, Engineering and Physical
Sciences Research Council (EPSRC), Biotechnology
and Biological Sciences Research Council
(BBSRC) and Medical Research Council (MRC).
It is envisaged that a significant percentage
of applications to this activity will have a
nanotechnologies based element;

24 A collaboration between the Nanotechnology KTN and the Wellcome Trust

e The second stage of the Nanoscience
from Engineering to Application Grand
Challenges will be jointly funded by RCUK
and the TSB. Their primary aim will be to
commercialise early stage research with the
most promising solutions to societal challenges:
— Solar Energy — The second stage of this

challenge is scheduled for late 2010 with
indicative funding of £5m;

— Healthcare - This challenge is aimed at
nanoscale targeted delivery of therapeutics
and healthcare diagnostics. The second
stage is scheduled for 2011 with indicative
funding of £10m;

— Carbon Capture and Utilisation — An
announcement on first stage funding will
be made in March 2010 followed by further
stage 2 activity in 2012.

Action 2.7

In  England, RDAs will support business
innovation on nanotechnologies through a
portfolio of simplified business support products,
and will work closely with TSB to deliver
regional schemes that support the UK
Nanotechnologies Strategy: Small Technologies,
Great Opportunities. In particular, RDAs will
help businesses work with universitiesin their
regions by offering networks and innovation
vouchers that are relevant to the businesses
in a region. The Devolved Administrations
will provide tailored support structures for
businesses within their borders?>.

25 Wales — Flexible Support for Business http://fs4b.wales.gov.uk; Scotland; SMART:
SCOTLAND and Regional Selective Assistance grants www.scottishbusinessgrants.
gov.uk ; NI — Grant for R&D www.investni.com/r+d and Flexible Support for Business
www.investni.com


http://fs4b.wales.gov.uk
www.scottishbusinessgrants.gov.uk
http://www.investni.com/r+d
http://www.investni.com

UK Nanotechnologies Strategy

Raising Awareness and Education

Action 2.8

The Science and Innovation Network (SIN) will
help identify the policies and best-practices
adopted by leading nations for assessing any
risks in relation to nanotechnologies and its
safe exploitation. It will also disseminate key
UK policy messages on the safe development
of nanotechnologies.

Action 2.9
The skill requirements of the
nanotechnologies sector will be addressed

through a range of complementary
Government policies, as outlined in
Government’s framework for higher

education Skills for Growth?** and Higher
Ambitions®’:

e 35,000 additional advanced apprenticeships
available for 19-30 year olds over the next two
years to meet technical skills needs in advanced
manufacturing sectors;

e Measures to make the adult skills and higher
education systems more responsive to the
needs of employers;

e Resources for skills focused on areas of the
economy which can do the most to drive
growth and jobs, including science, technology,
engineering and mathematics (STEM) at higher
education level;

e Work with the relevant sector skills councils
and UK Commission for Employment and Skills
to identify longer term skills needs in advanced
sectors and ways in which these needs can
be addressed;

26 www.bis.gov.uk/skillsforgrowth
27 www.bis.gov.uk/higherambitions

e RDAs will address skills supply for growth
sectors, such as nanotechnologies, in their skills
strategies, so that skills provision is responsive
to regional strategic economic needs as well as
to shorter-term business needs.

International Co-operation

Action 2.10

BIS, TSB, UK Trade & Industry (UKTI) and
SIN will ensure that the UK is embedded
in strong international nanotechnologies
business collaborations, including
investment in R&D opportunities and
leadership of the Organisation for Economic
Co-operation and Development’s (OECD)
Working Party on Nanotechnology (WPN).

Action 2.11

BIS, working in partnership with the TSB, will
work to influence future European policy
and support instruments to encourage more
effective deployment of nanotechnologies.
The European Commission has announced
plans to create a High Level Group to assess
the competitive position of five key enabling
technologies (nanotechnologies, micro-
electronics, advanced materials, biotechnology
and photonics) and to make recommendations
by the end of 2010.
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3. Environmental, Health and Safety Research

42. Actions in this area will help to establish a fuller
understanding of risks associated with the use
of nanomaterials and any resulting exposure to
them. Like all materials and chemicals, the specific
safety implications for any given nanomaterial
are likely to differ significantly from material to
material. Also, the way in which the material is
used has an effect on the likelihood of human or
environmental exposure. Research into this area
is essential in order to understand how different
nanomaterials may impact on human health and
the wider environment.

43. Government recognises the strong opinions
expressed by stakeholders on the subject of
the EHS implications of nanotechnologies
during the 2009 evidence gathering exercise,
Nanotechnologies: influence and inform the UK
Strategy. Many contributors felt that there was
not enough co-ordination of Government
research efforts and that a greater level of
investment should be committed to investigation
of the effects of nanomaterials on human health
and the environment.

Action 3.1

The Government Chief Scientific Adviser
will chair a meeting with Chief Scientific
Advisers from the relevant Departments to
discuss approaches to improve Departmental
engagement and co-ordination of
nanotechnologies research.

Recent Findings

44. The past few years have brought a significant
increase in research into the characterisation
and applications of nanomaterials and the
potential risks arising from their manufacture
and use. Research commissioned by Government
Departments and Agencies (see Box 4), as

well as research publicly financed through the
Research Councils (see Box 6) have enhanced
the nanotechnologies knowledge base in some
important areas.

45. Researching the potential risks associated
with nanotechnologies is an international effort.
By ensuring that the UK is linked into international
research networks, we are able to benefit from a
much wider knowledge base. In addition to the
advances made in the UK, important work has
been carried out in other countries, with examples
detailed in Box 5. Much of the international work
detailed has been funded through the OECD or
EU’'s Framework Programme; these are explored
in more detail in Chapter 5.

Government and Research

46. In 2005, in light of the recommendations
made in the RS/RAEng report, NRCG set 19
research objectives. Since then, high quality
research, has developed our understanding
significantly. The EMERGNANO report, which was
commissioned by Defra and published in March
2009, took an independent view of the global
provision of research into the EHS implications of
nanotechnologies®. It noted that significant
progress had been made in a number of areas,
including those described in Box 5. However, the
report also concluded that some key questions
remain and there is currently insufficient evidence
to carry out robust risk assessments of many
existing nanomaterials.

28 http://www.defra.gov.uk/environment/quality/nanotech/reports.htm#emergano
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BOX 4: Examples of environmental,
health and safety research funded by
UK Government into nanotechnologies:

e The REFNANO project, commissioned by
the Department for Environment, Food
and Rural Affairs (Defra), has been a
major step forward in the prioritisation
of needs for reference materials and
measurement methods in  support
of nanoparticle toxicology and risk
assessment.  The  resulting  report
has formed the basis for the OECD’s
Nanomaterials sponsorship programme,
mentioned later in this chapter®.

The potential inhalation effects of carbon
nanotubes have been a focus of work
at Edinburgh University. These studies
observed the formation of granuloma
in the lining of the abdomen of mice
injected with carbon nanotubes of a
specific size range and aspect ratio.
These findings, which are being explored
further, have enabled Government to
produce risk management guidance
on the handling and disposal of carbon
nanotubes (CNTs)*°.

An important summary has been
prepared on the principal physico-
chemical factors controlling interactions
between nanoparticles and cells. This
looked at the influence of particle size
and surface area, charge and chemistry?'.

Aitken et al. (2007) — REFNANO: Reference materials for engineered nanoparticle
toxicology and metrology

Donaldson et al. (2008) — Carbon nanotubes introduced into the abdominal cavity
display asbestos-like pathogenic behaviour in a pilot study

Hankin et al. (2008) — CELL PEN: A study to identify the physico-chemical factors
controlling the capacity of nanoparticles to penetrate cells

UK Nanotechnologies Strategy

BOX5: Examplesofinternationalresearch
into the environmental, health and safety
implications of nanotechnologies:

e |t now seems clear that filtration systems
are an effective means of personal
protection from exposure to nanomaterials,
particularly in the workplace, with several
studies finding improving efficiency as
particle size decreases™.

Studies have improved the understanding
of kinetics of nanoparticle uptake in
invertebrate and vertebrate models and
have related this to toxicity?3.

Research has focussed on the effects of
nanoparticles on microbial organisms and
communities, and there have been efforts
to bring together what has been learned
here with human toxicology findings*.
Edinburgh Napier University and the
Institute of Occupational Medicine have
led an EU Framework Programme funded
Review of Health and Environmental
Safety of Engineered Nanoparticles. This
comprehensive and critical scientific
review has looked at fullerenes, CNTs,
and metal and metal oxide nanomaterials
and brings together the findings of many
high quality studies, providing a ‘road
map’ towards protocols for robust risk
assessment®.

A large body of work has also provided
important early data on the possible
behaviour and effects of nanosilver in the
aquatic environment. This was summarised
in the UK Advisory Committee on Hazardous
Substances’ Report on Nanosilver (2009).

32-35 Emergnano: A review of completed and near completed environmental, health and
safety research on nanomaterials and nanotechnology (2009)
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BOX 6: Research Councils and
nanotechnologies.

In addition to the commercialisation research
supported by the Research Councils, as
detailed in Chapter 2, they fund EHS research
in two ways:

e Responsive mode, where scientists submit
applications for funding which are subjected
to peer review and open competition.
Approximately £80-100m per annum is
allocated to researchers for projects involving

nanotechnologies in this way (both EHS and
non-EHS research), and current priorities for
this type of funding include international
collaboration and research to better
understand the health and safety of
nanomaterials. EPSRC  has signposted
nanometrology and nanotoxicology in their
responsive  mode  panels, in line
with the NRSG research priorities. This has
resulted in one award so far; Swansea and
Leeds universities received a total of £1.2m
of fundingforaprojectentitled, Nanoparticle

Action 3.2

Taking account of EMERGNANO's findings and
wider developments in this area, NRCG has
undertaken a review of its nanotechnologies
research priorities. The new priorities, which
can be found at Appendix C, set the ongoing
strategicdirection of publicly funded research
on nanotechnologies. To communicate more
effectively this new focus on strategic function of
the group, NRCG members have agreed that the
group should now be referred to as the
Nanotechnology Research Strategy Group (NRSG).

Cytometrics: a quantitative analysis of the
toxic effect of nanoparticles.

The Nanoscience through Engineering to
Application cross-council programme was
established in 2007 and was based on the
2006 EPSRC strategy for nanotechnologies.
The programme is led by EPSRC but has
involvement from all other Research
Councils and TSB. Between 2007 and
2010, £84m has been allocated to a variety
of nanotechnology projects, including
the multi-disciplinary Grand Challenges,
provision of specialised equipment and
infrastructure, funding of three doctoral
training centres and supporting ‘high
potential’ areas of UK specialism such as
the development of graphene. Full details
of the supported projects can be found on
the Research Council websites®®. The level
of investment made through this cross-
council programme and responsive mode
has been significant, with 18.5% of EPSRC’s
total research investment being related to
nanotechnologies.

47. Government is committed to the sustained
development of the evidence base and will
continue to support the nanotechnologies
research programme at both the domestic and
international level. The actions set out below
detail research being supported by different
Government Departments and Research Councils
to increase our understanding of the impacts of
use and exposure to nanomaterials.

36 http://www.rcuknano.org.uk/what-were-funding.html
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Domestic

Action 3.3

The Health Protection Agency (HPA) launched
its National Nanotoxicology Research Centre on
24th November 2009 following an initial £1m
investment. This is a unique and valuable resource
in the UK. It has been equipped to characterise
nanomaterials and to generate a wide range
of nano-aerosols, including nano-fibres/wires/
tubes, as well as perform toxicological tests
on their effects when absorbed into the body
via inhalation, ingestion and through the skin.
Collaborative programmes of work are being
developed by leading UK researchers and
applications for funding from the Research
Councils are being submitted. HPA are also
in the process of developing an in-house
programme to deliver high quality, publicly
funded toxicological research which will
improve our understanding of the risks to
human health posed by nanomaterials.

Action 3.4

The first project to be undertaken at the
National Nanotoxicology Research Centre
will investigate the biokinetics of inhaled
nanomaterials. The first phase of the study
will finish by the end of December 2010 and
will provide a detailed understanding of the
behaviour, effects and retention in the body of
inhaled insoluble nanomaterial aerosols.

Action 3.5

To help address some of the research
gaps concerning nanoparticles following
consumption in food, the Food Standards
Agency (FSA) has commissioned two
projects which commenced in early 2010 to
investigate the behaviour and fate of
nanoparticles in the gut. The total level of FSA

investment in this work will be approximately
£304k. One project will examine an in vitro
absorption model and human toxicokinetics
whilst the other will use a different in vitro
absorption model and animal toxicokinetics.

Action 3.6

FSA is also jointly funding a three-year
project entitled Nanoparticles in Food:
Analytical Methods for Detection and
Characterisation, which commenced in January
2010. This project is being undertaken by an
international  consortium  under the EU
Framework Programme 7 (FP7). The work to be
carried out in the UK will be led by the Food and
Environment Research Agency (FERA) and will
focus on the development of screening methods
for the detection of engineered nanoparticles in
food. The project is partly funded by the European
Commission, with the FSA providing £103k, or
25% of the total cost of the work carried out in
the UK.

Action 3.7

The DH has committed £1.25m of funding to
research on the health impact of nanomaterials
to take forward the cross-Government priorities
identified by NRSG and its task force on Human
Health Hazard and Risk Assessment. DH has
committed £1.1m of this funding to five studies
on; carbon nanotubes, toxicology of inhaled
nanoparticles, nanoparticles & atherothrombosis
and nanotoxicology of materials used in surgical
applications. These studies will be completed
by 2012 and will inform Government policy
on the health impact of nanotechnologies.

23
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Action 3.8

The Health and Safety Executive (HSE) will
support a programme of research work
to understand the risks presented by
nanotechnologies so that it can advise on
the adequacy of existing occupational
regulatory frameworks and the regulation
of the emerging risks. In particular, HSE will
focus on the industry sectors and the numbers of
workers who may be exposed to manufactured
nanomaterials in the UK, the likely routes of
exposure to nanomaterials and the levels of
exposure found in workplaces such as factories,
research facilities and retail environments.

Action 3.9

The Environmental Exposure and Health
Initiative is a joint initiative supported by the
DH, the Medical Research Council (MRCQC),
Natural Environment Research Council
(NERCQ), Economic and Social Research
Council (ESRC) and Defra. In total, £8-10m
of funding will be made available to
support collaborative research programmes
for up to four years. This project is concerned
with measuring and determining the impact of
environmental pollutants on human health.
Although the scope of this project is wider than
just nanomaterials, it is anticipated that
nanotechnologies research proposals will be
submitted and that, by linking environmental
exposure and human health outcomes, better
evidence-based policy development can be
supported.

International

Action 3.10

Research into the risks posed by a number of
priority nanomaterials will be driven forward
by the OECD’s nanomaterials sponsorship
programme, co-ordinated by the Working Party
on Manufactured Nanomaterials (WPMN).
The UK has a key role in this work, led by
Defra and supported by HSE. The UK leads
investigation into two priority nanomaterials;
cerium oxide and zinc oxide. The PROSPECT
project, jointly funded by EPSRC, Defra, TSB and
UK Industry provides £3.7m to address gaps in
the current level of fundamental scientific research
on these two nanomaterials, as well as
development of innovative solutions to the
problem of their measurement. Specifically, the
project will establish generic protocols that
can inform risk assessments containing the
candidate nanoparticles, as recommended
by both the Royal Commission on
Environmental Pollution (RCEP) and the
Council for Science and Technology (CST).

Action 3.11

NERC, EPSRC, Defra, the Environment Agency
(EA) and the United States’ Environmental
Protection Agency will collaborate to fund
phase two of the Environmental Nanoscience
Initiative (ENI), a major joint research effort.
Applications have been sought from consortia of
UK and US researchers for projects which aim to
promote interdisciplinary research and produce
robust, validated models that accurately predict
transport, fate and bioavailability of nanomaterials
and their interaction with biological and ecological
systems. Research is expected to commence in
2010, with a total of around £5m being made
available over a four year period.
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CASE STUDY 2: Asthma Monitors

Over 5m people are affected by asthma in
the UK and the NHS is thought to spend
over £800m a year providing care for asthma
sufferers®*’. The ability to easily detect the
severity of someone’s asthma on a day to day
basis would have several advantages:

e Preventative treatment could be given so
that attacks could be stopped before the
patient has symptoms;

¢ Treatment levels could be kept to a minimum
and therefore side effects reduced;

¢ Significant savings could be made for the NHS.

Nitric oxide is known to be found in the breath
of asthma sufferers in increasing levels when their
condition worsens®® and measuring its presence
is one of the methods being investigated by
scientists trying to find ways to assist with
asthma management.

In the US, nitric oxide levels are already used
to assess the severity of patients’ asthma, but
they must visit a hospital for the test, so regular
monitoring is not practical. By using a highly

sensitive nanomaterial to detect the nitric
oxide, a London based company is developing
a sensor which can be embedded on a silicon
chip and placed into handheld tools. They hope
to produce affordable, portable and easy to
use devices, which could be used by asthma
sufferers to regularly monitor their condition.

The company was founded in 2004 and has
been awarded funding for this work by TSB.
They employ around ten people and are aiming
to bring the asthma breath sensor to the market
within five years.

Action 3.12

To date the UK has attracted over €10m of
funding for EHS research on nanotechnolgies
from the Nanosciences, Nanotechnologies,
Materials and New Production Technologies
(NMP) theme of the FP7. BIS will continue
to provide a National Contact Point service,
which will work in collaboration with the KTNs
and other gateway organisations to provide
advice, help and support to UK applicants

37 Asthma UK Where Do We Stand 2004
38  The Predictive Value of Exhaled Nitric Oxide Measurements in Assessing Changes in
Asthma, Jones et al. American Journal of Respiratory and Critical Care Medicine

for nanotechnologies-related aspects of FP7.
Government is consulting on and developing
its negotiating position in order to influence
the scope and content of future calls made
through the FP7. Thisis being done in the context
of our effort to increase the proportion of the
EU budget spent on research and innovation,
with commensurate reductions in the EU’s
non-priority areas.
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Action 3.13

The UK, led by TSB with significant input
from NRSG, will play a key role over the next
three years in forthcoming EU-wide ERA-
NET initiatives, which aim to bring together the
findings of global studies into the behaviour of
nanoparticles. It is anticipated that this work will
feed into the development of future, industrially
led research and development activity on
nanotechnologies under FP7.

This will also provide scientists and society with
reliable data on the safe use of nanomaterials and
the ways in which the risks associated with them
can be managed.

Toxicology Skills

48. A shortage of new toxicologists was
identified in RCEP’s report in 2008 as a risk to the
nanotechnologies field, as toxicological research
is pivotal to the successful development of new
materials and products. Research commissioned
by Defra, in response to RCEP’s recommendation,
reported in September 2009 on the specific issues
preventing successful recruitment and retention
into the toxicology profession®*. Two main
areas of concern were identified from the Defra
commissioned research:

e Science graduates lack the basic practical and
computational skills required to be recruited
directly into entry level, training roles;

e Lack of visibility of toxicology as a career option
for science students.

39  http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None
&Completed=0&Project|D=16277#Description

49. These issues will be addressed in the context
of similar concerns around biological and other
STEM subjects which are considered in full in the
Government publications, Higher Ambitions*
and the Office of Life Sciences Blueprint®'.

Action 3.14

MRC has committed £1.9m to the Integrative
Toxicology Training Partnership (ITTP) with
an expected total spend of £3m by the end of
the programme in 2015. The ITTP, managed
by the MRC Toxicology Unit at the University
of Leicester, was established in 2007 and has
to date awarded 23 PhD studentships and a
Career Development Fellowship.

Action 3.15

The recently formed Higher Education
and Industry Forum will work to develop
biological science degrees which will better
fulfil industry’s requirements.

Action 3.16

BIS's Science and Society Team, working
with the Department for Children, Schools
and Families (DCSF) and Science, Technology,
Engineering and Mathematics Network
(STEMNET) will promote knowledge of
toxicology degrees as part of their wider
remit to encourage uptake of STEM
qualifications. Over time, these initiatives will
significantly improve the availability of skills in
many specialist disciplines, including toxicology.

40  www.bis.gov.uk/higherambitions
41 www.dius.gov.uk/~/media/publications/O/OLS-Blueprint
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4. Regulation

50. Good regulations are  transparent,
accountable, proportionate, consistent and
targeted*’. Regulation of materials, including
nanomaterials, is essential to ensure that they are
produced, used and disposed of without adverse
effect. The benefits of well designed regulation
for nanotechnologies include:

e Industry feel enabled to develop innovative
products, assured by the knowledge that they
do so within a framework which allows them
to manage risk effectively;

e The public are assured about products and
feel that they have sufficient consumer choice
available to them.

51. The actions in this chapter outline how
Government will work towards having well-informed
and appropriately applied policies and regulations
for nanomaterials and nanotechnologies.

52. As a cross-cutting technology, nanomaterials
are not regulated under a single legislative
framework, but under a number of sector or
product specific sets of regulations, both at a
European level and nationally. This aims to ensure
that each nanomaterial is regulated in a way that
is appropriate for its particular use. The diversity
of regulations applying to nanomaterials is
illustrated in the RCEP’s report*}, which lists 62
regulations under which nanomaterials currently
fall, for example the End-of-Life Vehicles
Regulations 2003, the Water Act 2003 and the
Detergents Regulations 2005.

42 Better Regulation Executive
43 Novel Materials in the Environment: The Case of Nanotechnologies (2008)
— Appendix J

53.1n 2006, the Centre for Business Relationships,
Accountability, Sustainability and Society (BRASS)
was commissioned by the former Department for
Trade and Industry to compile a report** examining
the existing regulatory frameworks with regards
to nanomaterials. The research concluded that
while many areas had strong regulatory cover,
some gaps existed. Departments and Agencies
within Government are working to ensure that
regulations and policies in all sectors are applied
appropriately to nanomaterials and that the issues
identified by BRASS are addressed.

54. The sections in this chapter set out
proposed actions to ensure that regulations are
appropriately applied in the following key areas
where nanomaterials are most likely to come into
contact with humans, or the environment:

e Food;

e Cosmetics;

Healthcare devices and medicines;
Workplace health and safety.

44 An Overview of the Framework of Current Regulation affecting the Development and
Marketing of Nanomaterials (2006)
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CASE STUDY 3: Ice Cream

Foods that contain nanoscale structures have
been a part of our traditional diet for a very
long time without us thinking of them as such.
In recent years, powerful microscopy technigues
have revealed that the familiar properties of
foods such as ice cream, milk and cheeses are the
result of specific arrangements of their natural
components — water, fats and proteins — that
exist at the nanoscale.

By using nanoscience to understand how these
nanostructures contribute to the properties of
food, food producers can develop innovative
ways of making similar products from different
ingredients, for example by removing most of the
fat from ice cream without losing the smooth and
creamy texture that consumers expect from that
type of product. Therefore, in this instance, the
nanotechnologies being used do not involve the
addition of a nanomaterial.

The availability of food alternatives such as low
fat ice cream, which have the same sensory
properties as their equivalents with higher fat
contents, will enable some people to reduce the
fat and energy content of their diets.

Food

55. Foods which incorporate nanomaterials are
captured by the general safety requirements of
the EU General Food Law Regulation®, which
requires that food placed on the market is not
unsafe. In addition, specific legislation exists for
novel ingredients, additives and food contact
materials.

56. FSA has conducted a review to identify
potential gaps in regulations relating to the use
of nanotechnologies in the food sector (published

45 (Regulation (EC) 178/2002)

August 2008)*¢. No major gaps in legislation were
identified by this review and it was found that
most potential uses of nanotechnologies that
could affect food would require some form of
approval process before being permitted for use.

Novel Foods

57. The European regulation on novel foods*
applies to foods and food ingredients (other than
food additives) that were not consumed in the EU
prior to 15 May 1997, including foods/ingredients
produced using nanotechnologies.

46 http://www.food.gov.uk/multimedia/pdfs/nanoregreviewreport.pdf
47 (Regulation (EC) 258/97)
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58. The European Commission has issued a
proposal to update and replace the 1997 Novel
Foods Regulation. The proposal that is under
discussion aims to provide improved clarity in
relation to nanomaterials, for example, by
explicitly including “engineered nanomaterials”
within the scope of the Regulation. It also includes
a definition for engineered nanomaterials. In
principle, the UK supports the inclusion of a
definition for engineered nanomaterials in the
proposal, in order to clarify that those which were
not marketed in food before 1997 are within the
scope of “novel foods” and should undergo a
pre-market safety evaluation. Once adopted, this
definition will be subject to amendment and
update in the light of new information.

Action 4.1

The European Parliament will commence its
second reading of the proposed amendment
in 2010 and if adopted, the EU Regulation is
expected to enter fully into force in 2012. FSA
will be actively involved in negotiations
with the European Commission and Member
States on the final legislation and will press
for any further amendments that are needed
to ensure that it continues to provide the
necessary level of consumer protection.

Additives

59. Food additives are controlled in the UK under
the newly amended European Parliament and
Council Regulation on Additives*, which came
into force in January 2010; it clarifies the situation
relating to food additives produced using
nanotechnologies. FSA was actively involved
in negotiations on the amendment in Brussels,
which states that where there is a change to the
production method for an existing food additive

48 Regulation (EC) 1333/2008

involving nanotechnologies, it should be re-
assessed by the European Food Safety Authority
(EFSA). Separate UK legislation provides for
the enforcement of this regulation such as the
Food Additives Regulations, which were passed
separately in England, Scotland, Wales and
Northern Ireland in 2009%.

Action 4.2

FSA will continue to monitor the efficacy of
the regulation of food additives with respect
to nanotechnolgies.

Food Contact Materials

60. Migration of nanomaterials into food from,
for example, packaging would be considered
in the scope of regulations covering materials
and articles intended to come into contact with
food®®. Provision exists for the European
Commission or Member States to request for
EFSA to conduct an independent, expert human
health risk assessment of any substance or
compound used in the manufacture of a food
contact material or article. Specific materials,
such as plastics, are subject to additional
measures and within these measures it is
possible for a nanomaterial to be treated
separately from the normal scale substance
from which it is derived. It will therefore only
be possible for a nanomaterial to be authorised
for use in food contact materials following a risk
assessment by EFSA.

Action 4.3

The detailed regulation of nanoscale substances
in food contact plastics is currently being clarified
by the European Commission in preparation for
an updated European regulation. The UK, led by

49 England SI 2009 No. 3238, Scotland 2009, No. 436; NI 2009, No 416; Wales 2009,
No. 3378 (W.300)
50 Regulation (EC) 1935/2004
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FSA, will promote a case by case approach
to such further regulation during discussions
in the European Commission’s expert
working group to ensure that individual
substances in nanoform are fully evaluated
for safety before they are approved for use
in food contact materials, and any necessary
restrictions on their safe use are in place.

Cosmetics

61. Under the current EU Directive on the Safety
of Cosmetic Products, all cosmetics are required
to undergo a safety assessment to ensure that
the product is safe for use as intended by the
consumer, but nanomaterials are not specifically
mentioned. The required safety assessment has
to take account of the physical properties of the
substances contained in the product, including
particle size and functionality.

62. Additionally, the assessment must include
the following details and must take into account
undesirable effects reported to the manufacturer:

e General toxicological profile of each ingredient
used;

e Chemical structure of each ingredient;

e |evel of exposure of each ingredient;

e Specific exposure characteristics of the areas
on which the cosmetic product will be applied;

e Specific exposure characteristics of the class
of individuals for whom the cosmetic product
s intended.

63. From 11th July 2013, the updated EU
Regulation on Cosmetic Products®' will come into
force. It details similar requirements in terms of
the level of safety assessment required, but will
also require manufacturers to notify the European

51 Regulation (EC) 1223/2009

Commission of any new cosmetic products
containing nanomaterials six months prior to
being placed on the market. Products placed
on the market prior to that date will also have
to be reported by 11th July 2013. The European
Commission will report on the data collected
annually to the Council and Parliament.

64. The report on nanomaterials which
manufacturers will be required to make to the
Commission will cover:

e |dentification of the nanomaterial;

e Size of nanoparticles contained in the product;

e Physical and chemical properties of the
nanomaterial;

e Estimate of the quantity of nanomaterial
intended to be placed on the market per year;

e Toxicological profile and safety data for
foreseeable exposure conditions relating to the
category of cosmetic product.

Action 4.4

BIS will act as the Competent Authority for
the EU Cosmetics Regulation and will keep
a watching brief on developments involving
nanomaterials which may require further
legislative amendments.

65. In addition, cosmetics are covered by the
Community Rapid Information Exchange System
for non-food consumer products (RAPEX). This is
Europe’s tool for efficient communication from
the Commission to enforcers and consumers in
the event of a problem developing with a product,
for example if new information became available
suggesting that a material was dangerous.
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Health Equipment and Medicines

66. The Medicines and Medical Devices
Directives® set a high standard for the safety,
quality, performance and efficacy of healthcare
products and there is an onus on manufacturers,
including those that utilise nanotechnologies,
to ensure that these stringent requirements are
followed. The existing pieces of legislation under
which nanotechnologies in healthcare products
are currently regulated are continually assessed,
taking into consideration new materials or
products being developed.

Medicines

67. The Commission on Human Medicines
reviewed the toxicology of healthcare
nanoparticles in  September 2006%. The
European Medicines Agency (EMA) published
a reflection paper in June 2006 discussing the
current thinking and initiatives taken by EMA
in view of recent developments in relation to
nanotechnologies-based medicinal  products.
Neither of these reviews identified an immediate
need for regulation specific to nanotechnologies.
It is likely that specific guidance will be created
in the future, once there is enough data to
allow for the creation of systematic guidance.
Since 2006, EMA has established a dedicated
nanotechnologies group within the Innovation
Task Force that deal with emerging technologies.
The UK, represented by MHRA keeps abreast
of the work of this group. This group meets
with applicants, explores possible scientific and
regulatory solutions, is active in providing scientific
and regulatory input on various European
Commission initiatives and has established links
with regulatory authorities in other regions.

52 Directive 2001/83/EC and Directive 93/42/EEC as amended

53 Reflection Paper on Nanotechnology-based Medicinal Products for Human Use
(EMEA/CHMP/79769/2006)

54 The Toxicology of Nanoparticles used in Healthcare Products (2006)

Medical Devices

68. A European Medical Devices Expert Working
Group on new and emerging technologies is
assessing the adequacy of the medical devices
regulatory framework based on information
presented by a specific nanotechnologies task
force. The existing regulations for medical devices
require manufacturers to carry out an analysis
of the risks associated with a medical device, to
eliminate or reduce these where feasible, and to
assess the balance of risks and benefits.

Action 4.5

MHRA believes that current EU regulations for
Medicines and Medical Devices are sufficiently
stringent and broad in scope to cover risks
associated with nanotechnologies. MHRA wiill
keep nanotechnologies developments under
review and will work with the European
Commission, EMA and the European Medical
Devices Expert Working Group to assess the
relevant existing regulations with regard to
nanotechnologies.

Occupational Health and Safety

69. Nanomaterials in the workplace are regulated
under the Control of Substances Hazardous to
Health (COSHH). The principles of risk assessment
embedded in COSHH apply to nanomaterials,
and even though data gaps exist, the regulatory
response is to take a precautionary approach. HSE
have published guidance on safe working with
nanomaterials and specific guidance on the risk
management of carbon nanotubes.
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Action 4.6

4.6 While there are no current plans for any
specificguidanceonrisk managementformaterials
other than carbon nanotubes, this position will
be kept under review by HSE, for example,
by monitoring new toxicological literature
as it is published. Should research results
demonstrate that a given material poses a particular
risk, HSE will issue guidance as appropriate,
working in conjunction with regulators from other
EU and OECD countries, industry, trade bodies,
unions etc.

70. The Dangerous Substances and Explosive
Atmospheres Regulation (DSEAR) may also be
relevant to some nanomaterials. Substances
capable of forming explosive atmospheres fall
under DSEAR and the requirements of this
Regulation to assess and manage the risk of
explosion. There are still uncertainties regarding
the properties of some nanomaterials in this
respect and until better data is available, HSE
recommends that a precautionary approach is
adopted. HSE will work towards addressing the
uncertainties around flammability/explosivity in
the context of nanomaterials.

TheRegistration, Evaluation, Authorisation
and Restriction of Chemicals (REACH)
Regulation

71.The EU Registration, Evaluation, Authorisation
and restriction of CHemicals (REACH) Regulation
deals with controls on chemicals and their safe
use. It aims to improve the protection of human
health and the environment through the better
and earlier identification of the intrinsic properties
of chemical substances. As nanomaterials are
considered  ‘substances’ by the  European
Commission, they are included in principle within
the scope of REACH. However, it is recognised

that some aspects of REACH were not designed
with nanomaterials in mind and may give rise to
implementation issues. For example, the annual
weight thresholds governing the registration of
qualifying substances may exclude nanomaterials
manufactured and imported in small quantities.

72. An EU Member State Competent Authority
sub-group on nanomaterials (CASG-Nano)>> has
been established; its objective is to exchange views
on existing and arising implementation issues
and other matters in relation to nanomaterials
under REACH. HSE represents the UK on this
group. Whilst Defra takes a lead on REACH policy,
HSE is the UK REACH Competent Authority,
with responsibilities including enforcement and
evaluation of selected priority substances.

73. To progress the work of CASG-Nano, three
REACH Implementation Projects on Nanomaterials
(RIPONs) have been established to look at:

e Substance identification of nanomaterials;

e Information requirements for nanomaterials
under REACH;

e Addressing nanomaterials in chemical safety
assessments.

The contract for carrying out the work of the
last two of these projects has been awarded to
a consortium led by the UK-based organisation
SAFENANO.

74. The first deadline for registration of qualifying
substances under REACH is 30th November 2010.
It is expected that this first tranche of registrations
will provide information on some nanomaterials,
forexample, where they have bulk forms produced
or imported in volumes greater than 1000 tonnes

55 This is a subgroup of the Member State Competent Authorities advisory group (CARACAL)
which advises the Commission and the European Chemicals Agency on REACH and the
Regulation on classification, labeling and packaging of substances and mixtures
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per year, or where they are classified as meeting
certain hazard criteria. Further REACH registration
deadlines will follow in June 2013 and June 2018
and may affect the overall regulatory landscape
for nanotechnologies.

Action 4.7

It has been proposed that some changes to the
REACH legislation may be necessary in order to
regulate nanomaterials as effectively as possible.
Work is ongoing to develop practical guidance
on substance identification and provide advice on
how to deal with information requirements and
chemicals safety assessments for nanomaterials.
HSE and Defra will lead the UK'’s input on
the management of nanomaterials through
REACH via the CASG-Nano sub-group.

Reporting Scheme

75. Whilst it is expected that some information will
become available through the requirements of the
European REACH Regulation, Government wishes
to improve its understanding of nanomaterials,
and products which contain nanomaterials, in
circulation in the UK.

76. Defra ran a two-year trial voluntary reporting
scheme (VRS) between September 2006 and
September 2008. It invited information on
engineered nanomaterials with two or more
dimensions up to 200nm that are ‘free’ at any
point in the product’s life-cycle. The VRS was
open to anyone involved in the manufacture or
use of nanomaterials, or anyone involved in
nanoscience research or managing wastes
consisting of engineered nanoscale materials.
Detailed information was requested about the
reporting organisation and the nanomaterial(s)
being used (including properties, exposure,
toxicity and ecotoxicity).

77. Thirteen responses were received. The
information was used to inform Government
research priorities, and contributed to our
management of potential risks by improving our
knowledge of who was using nanomaterials in
the UK and under what conditions. However, we
believe that the response rate represents only a
relatively small proportion of those dealing with
nanomaterials in the UK.

78. Government has reflected upon the VRS
and has been looking into the next steps for
a nanotechnologies reporting scheme. The
evidence gathering exercise highlighted that
certain stakeholders felt that Government should
hold information about products which contain
nanomaterials in addition to the nanomaterials
themselves. This finding was discussed at NSF in
January 2010; members of the Group generally
felt that a scheme including information about
products which use nanomaterials would be
welcomed. This widens the scope of the original
scheme and will require further consideration to
ensure that such a scheme can take into account
the needs of Government, stakeholders, industry
and the public.

Action 4.8

Through further discussions with groups
such as NLG, KTNs, the Nanotechnologies
Collaboration Group (see Chapter 5) and
Which?, Government will agree and define
the wider range of information that would
be useful to stakeholders and work to
develop a scheme to collect information on
both nanomaterials and products containing
nanomaterials that are available in the UK.
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Action 4.9

Action 4.8 will be taken forward by a cross-
Government working group that will include
BIS, Defra, DH, FSA and HSE. As well as
engagement with interested parties, this
broader approach may well involve jointly
funded research to establish, for example,
some baseline information.

79. In expanding the remit, it is important that
the right approach is adopted, to ensure that
any wider voluntary scheme is effective in
addressing a number of needs. For example, a
wider ranging scheme would enable better co-
ordination across those parts of Government with
interests in nanotechnologies (see Box 7). Taking
a co-ordinated, co-operative approach across
Government will prevent duplication of effort
and should provide more consistent information
for industry and consumers.

80. Several products lists have previously been
developed e.g. the Woodrow Wilson list*® and
we are aware that other countries are considering
introducing  reporting  schemes, including
mandatory schemes e.g. France and the USA.
These will be taken into account in taking forward
the revised scheme. Government will also consider
how any scheme would compare to requirements
on industry in other countries to ensure UK
businesses would not lose competitiveness. In
particular, consideration will be given to how this
scheme will fit with the scope and timeframe of
the work being planned by any EU activity to take
forward options for a reporting scheme as set out
in the background paper published in September
2009%.

56  http://www.nanotechproject.org/inventories/consumer/
57  http://www.nanomaterialsconf.eu/documents/Nanos-Options.pdf

BOX 7: A Nanotechnologies Reporting
Scheme

A scheme would form a useful basis for
BIS in public dialogue, identifying existing
uses and facilitating discussion of relative
benefits and risks  benefitting future policy
making. It would also mitigate any public
concern caused by a lack of information
about the current use of nanotechnologies.

As Defra develop its understanding of the
behaviour and fate of nanomaterials in the
environment, a more detailed knowledge
of potential sources of such materials may
prove useful.

For DH the information will be of use in
maintaining a watching brief on the potential
health impacts of nanotechnologies.

FSA will establish a public list of current food
products that contain nanomaterials (this
was a strong recommendation in the recent
House of Lords report) and information
about nanomaterials being used in other
sectors will also help inform this work, as
will horizon scanning, as such materials may
later find application in the food industry.

HSE would be able to use a scheme to inform
their understanding of the industry sectors
and the number of workers who may be
exposed to manufactured nanomaterials in
the UK, for example, those manufacturing
nanoparticles, those involved in using
nanoparticles to produce products and
those dealing with materials and products
at the end of their lifespan, e.g. in the waste
and reclamation industry.
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5. The Wider World

81. In order to enable the greatest benefit
possible to be derived from nanotechnologies,
it is necessary for Government to engage with a
wide range of people, including:

e The public, e.g. consumers;

e Those involved with nanotechnologies in their
work, research or business;

e Governments, officials,
businesses in  countries
nanotechnologies.

and
with

researchers
working

82. This chapter sets out how Government
will  engage with these groups around
nanotechnologies and the ways in which they
are being managed in the UK. We seek to
ensure that the public and those who work
with  nanotechnologies feel confident that
Government actions being taken are appropriate,
proportionate and effective by having measures
in place to listen to concerns and act upon them
as necessary.

83. In addition, it is essential that the UK’s
management of nanotechnologies is seen in the
wider context of EU and international efforts
and that we are at the forefront of influencing
developments on the world stage. This chapter
details actions which Government is taking to
actively participate in and lead international and
EU initiatives.

Governance and Stakeholder
Engagement

84. The Nanotechnologies Stakeholder Forum
(NSF) and Nanotechnologies Issues Dialogue
Group (NIDG) were formed to monitor issues,
facilitate discussion and allow key stakeholders to
feed their views directly to Government officials.
Both groups currently report to the Ministerial
Group on Nanotechnologies. Government has

considered the most appropriate governance
structure for the future so that priorities and
objectives arising from this Strategy can be
addressed effectively.

Action 5.1

By September 2010, the Government Office
for Science, with input from Defra, will
establish the Nanotechnologies Collaboration
Group (NCG), comprised of representatives from
key Government Departments, Agencies and
stakeholders. The Group will facilitate ongoing
communication and  collaboration  between
Government, academia and industry and will
effectively replace NIDG and NSF. The Ministerial
Group will continue to meet as required in order to
oversee the work of the new group, which will
have overall responsibility for communicating
the key nanotechnologies issues for stakeholders
to Ministers.

Public Engagement and Information

85. The UK Government and public bodies
have conducted several projects to engage with
the public on the subject of nanomaterials. A
recent example is the second RCUK nanoscience
Grand Challenge call on Healthcare, which was
developed using a wide ranging consultation
process including a town meeting, a web-based
consultation, and discussions between Research
Councils and other stakeholders. These exercises
found that the public were more supportive of
research into nanotechnologies and health care
when it has short to medium term gains, when it
promotes prevention rather than cure and when
the proposed treatments being researched are
reliable and affordable. This information was used
to inform decisions on which project proposals
were funded.
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CASE STUDY 4: Solar Cells

A joint venture based in Wales between a small
Australian company and a large international
company is using nanotechnology to provide a
more efficient way of generating power through
solar cells. The project is being funded to the
tune of £5 million — half the total costs — by the
Welsh Assembly Government and is based on
technology originally developed by the Swiss
Professor, Michael Gratzel, in the early 1990s.

Like other solar cells available, dye-sensitised
solar cells (DSSC) work by converting sunlight
into electrical energy. But in a DSSC, the light
energy excites electrons in the dye, which
become free and pass into a layer of titanium
dioxide nanoparticles — an extremely efficient
route for conduction. The company anticipates
that these third generation solar cells could be
used on flexible surfaces and work in cloudy
conditions. The manufacturing process is also
thought to be cheaper and less damaging to
the environment than it is for more traditional,
silicon based cells.

The three-year project began in May 2008 and
the plan is to develop a viable prototype during

2010. The ultimate goal is for the cells to be
in place across 4 million square metres of roof
space. The company believes that a typical
supermarket warehouse, with a roof area of
100,000 square metres, could generate up to
5 MW of power, roughly the same as five wind
turbines. Proportionate amounts of energy

could potentially be produced from solar panels
for schools, offices and people’s homes. These
innovative cells could have the potential to make
a contribution to reducing the costs of the UK's
future energy needs.

86. The evidence gathering exercise highlighted
a desire from stakeholders for information
about how Government are managing issues
concerning nanomaterials, including how they
are regulated and what their safety implications
are. Responsibility for different areas of
nanotechnologies lies with several Departments
across Government. Each of these Departments
post information on their activities relating to
nanotechnologies on their websites but this has
led to feelings amongst stakeholders that the
information is fragmented and not as accessible

as it could be. There is, therefore, a need to
consolidate the information available into a
central source.

Action 5.2

The BIS Science and Society Team will
co-ordinate a portal website for information
on nanotechnologies and their governance.
This will be hosted on Directgov, or another
appropriate Government site. The majority of
content will remain on individual Departmental
websites and be maintained by them but the
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portal will include top line information on the
role of each Department. The portal will clearly
signpost these varied sources of information in an
easily accessible manner.

87.1n 2009, BIS funded development and pilot of
a website to provide a trusted source of balanced
information about nanotechnologies and a hub
for public debate on them. The website, Nano
& Me, was developed by the Responsible Nano
Forum (RNF). The agreed pilot period (five months)
has reached its conclusion. The extent to which
the site has potential to meet its initial objectives,
and the ongoing requirement for it, will now
be reviewed.

Action 5.3

NCG will evaluate the Nano & Me pilot site, and
determine the need for a permanent consumer
focussed site about nanotechnologies.
Consideration will also be given to the necessary
arrangements for development and running of
the site. The BIS Science and Society Team will
host the Nano & Me pilot site in the interim period.

International Initiatives

88. Various examples of international engagement
have been mentioned throughout this strategy,
particularly with regards to research and
regulation. This highlights that activities on the
international stage are increasingly significant
in this understanding and managing the
development of nanotechnologies, for example
the effort to characterise the risks posed by
key nanomaterials is being shared between
interested countries. Government plays an active
role internationally by participating in committees
such as the OECD and by influencing European

policy.

Organisation for Economic Co-operation and
Development

89. Much of the international effort is focussed
through the OECD, which has established two
Working Parties to look at specific aspects of
nanotechnologies. WPMN is tasked to explore
the implications of the use of nanomaterials for
human health and the environment. Its work will
lead towards internationally agreed standards for
testing nanomaterials and methods for addressing
risk assessment. This includes a £30-40m research
programme to develop understanding of the
functionalities of fourteen of the most widely
used nanomaterials, as well as specific safety
testing methods for them. The UK’s contribution
to this programme is the PROSPECT project, which
is outlined in action 3.9.

90. Government also contributes to the activities
of the OECD’s WPN, which was established in
March 2007 to advise upon emerging policy issues
regarding science, technology and innovation
related to the responsible development of
nanotechnologies. WPN aims to develop a better
shared understanding of the potential challenges
and opportunities of nanotechnologies to support
their responsible development.

Action 5.4

NRSG will lead the UK’s contribution to OECD’s
WPMN and WPN including influencing the
future scope of their work.

Framework Programmes

91. FP7 of the European Community for research,
technological development and demonstration
activities runs between 2007-2013 and is the
EU's main instrument for funding transnational
research in many disciplines in Europe. From
the NMP theme of FP7, the UK research and
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development community attracts some €50m of
research support a year.

92. NMP provides opportunities to promote and
encourage the creation of European nanoscientific
excellence and is implemented through a
wide range of activities including research into
commercial applications, social issues and HSE
research relating to nanotechnologies. The
programme has provided the funding for several
of the pieces of research outlined in Chapter 3.
The NMP work programme for 2011 is in the
progress of being finalised and will continue to
fund a wide range of nanotechnologies projects.
In the future, the emphasis of the programme’s
Nanosciences and Nanotechnologies EHS element
is shifting from toxicology studies of individual
nanomaterials towards a wider approach to
safety assessment and management of overall
risks. Agreed methods, techniques, equipment
for toxicity studies, occupational exposure
assessment and risk reduction and mitigation will
be an important part of this work.

Action 5.5

BIS will lead the UK’'s contribution to
development of future FP7 and NMP
programmes.

EU Strategic Nanotechnology Action Plan
93. The European Commission is currently running
a consultation which will inform development of
their new Strategic Nanotechnology Action Plan
(SNAP). The aim of the plan will be to address the
major challenges of the next five years with respect
to nanotechnolgies by strengthening the research
and innovation efforts, with increased emphasis
on sustainable development, competitiveness,
and EHS.

94. Many of the governance issues discussed in
this Strategy are heavily influenced by EU policy,
so SNAP will form an important part of the future
for nanotechnologies in the UK.

Action 5.6

BIS will submit the UK Nanotechnologies
Strategy to the European Commission as a
response to their consultation.

Strategic Approach to International Chemicals
Management

95. Government plays an active role in the United
Nations’ Strategic Approach to International
Chemicals Management (SAICM). This provides
a policy framework through which to promote
global action on chemical safety. At the last
meeting of the International Conference on
Chemicals Management (the sponsoring body
of the SAICM framework), a Resolution on
nanotechnologies was developed and adopted.

96. Subsequently, Defra have provided funding to
supportanumber of international workshops—run
jointly by the United Nations Institute for training
and research (UNITAR) and OECD - to increase
global understanding of how nanotechnologies
can be responsibly managed.

Action 5.7
Defra will continue to represent the UK
within the SAICM framework.
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6. Appendix A — List of Actions

Business, Industry and Innovation

2.1 Research Councils will partner with
business, KTNs and the Technology Strategy
Board to maximise the pull-through of
promising nanotechnologies research outputs
to commercialisation. To achieve this, funding
will be provided to ensure that the best
performing grand challenge projects can deliver
further improvement over what is currently
state-of-the-art. Close collaboration with business
and other government departments will be critical
to ensuring that this initiative is a success and
deliver real benefits to the UK.

2.2 Government will continue to support
standardisation work in innovative and
emerging technologies, including that
of the BSI Nanotechnologies standards
work programme. Standards in support of
occupational and environmental health and safety
have been identified as a priority, underpinned by
the relevant measurement, characterisation and
terminology standards.

2.3 NLG will be established, based on the
recommendation of the Nanotechnologies
community through the mini-IGT and will be
chaired by a BIS Minister. It will focus on issues
raised by the mini-IGT and comprise stakeholders
from across industry, research institutes, RDAs
and academia. Its key tasks will be to:

e Provide strategic leadership and direction
to the wide range of sectors engaged in the
development and application of nanoenabled
technologies;

¢ Highlight developments or industry needs that
provide potential commercial opportunities
across sectors that can use nanotechnologies;

e Encourage the development of new industrial
collaborations, supply chains and networks;

e Encourage and provide direction to the national
development of new processes, materials
and products;

e Help to monitor delivery of the commitments
in the UK Nanotechnologies Strategy.

It is envisaged that NLG will meet at least twice a
year. It is intended to be a short term activity, and
its work will be reviewed after two years.

2.4 NLG will have strong links to the
Nanotechnology Special Interest Group
which is evolving from the mini-IGT and
the KTN Programme, providing input and
opportunities for dialogue with a wide range
of industry representatives with an interest in
nanotechnologies.

2.5TSB hascompleted astrategic review to identify
how to maximise the benefits from MNT centres.
This will also feed in to the Hermann Hauser’s
review of Technology and Innovation Centres —
due to report in March. In future TSB support for
the majority of MNT centres will be channelled
through R&D competitions. TSB will continue to
actively manage this investment and will be
strengthening the knowledge transfer and
co-ordination activities to ensure technology
providers are connected to potential users,
working in conjunction with the NLG. This
will accelerate the commercial exploitation of UK
capabilities. Two key areas are:
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e Nanomedicine — TSB, in consultation with
stakeholders, will develop the business case for
potential future investment in nanomedicine
research. This investment will be co-ordinated
closely with other potential funding bodies.

e Nanosafety — TSB will extend the SafeNano
project®® which provides nanotechnologies
health and safety information to allow
continuity of provision in this area.

2.6 TSB's Nanoscale Technologies Strategy 2009-
2012 was launched in October 2009 and targets
the ways by which nanotechnologies can
address major challenges facing society such
as environmental change, ageing and growing
populations, and global means of communication
and information sharing. This will provide
the framework for future applied research
predominantly through activity inspired
by the needs of wider technologies and
challenge led calls, including:

e Fighting Infection through Detection
Competition — This competition, worth up
to £11m funding from TSB and DH opened in
January 2010 and comprises feasibility studies,
fast-track projects and larger R&D projects.
It is expected that a significant portion of the
funding will be awarded to nanotechnologies
projects. The Nano4life>* event held on 4th
February 2010 is an example of the type
of activity that is required to connect and
catalyse the nanotechnologies community to
prepare for this competition along with wider
healthcare focused activity;

58 www.safenano.org
59 A collaboration between the Nanotechnology KTN and the Wellcome Trust

e Regenerative Medicine Programme — This
will include the launch of competitions in
the next six months in regenerative medicine
therapeutics, tools and technologies. The
total investment will be around £21.5m, with
funding from TSB, EPSRC, BBSRC and MRC.
It is envisaged that a significant percentage
of applications to this activity will have a
nanotechnology-based element;

e The second stage of the Nanoscience
from Engineering to Application Grand
Challenges will be jointly funded by RCUK and
TSB. Their primary aim will be to commercialise
early stage research with the most promising
solutions to societal challenges:

— Solar Energy — The second stage of this
challenge is scheduled for late 2010 with
indicative funding of £5m;

— Healthcare - This challenge is aimed at
nanoscale targeted delivery of therapeutics
and healthcare diagnostics. The second
stage is scheduled for 2011 with indicative
funding of £10m;

— Carbon Capture and Utilisation — An
announcement on first stage funding will
be made in March 2010 followed by further
stage 2 activity in 2012.

2.7 In England, RDAs will support business
innovationonnanotechnologiesthroughaportfolio
of simplified business support products, and will
work closely with TSB to deliver regional schemes
that support the UK Nanotechnologies Strategy:
Small Technologies, Great Opportunities. In
particular, RDAs will help businesses work
with universities in their regions by offering
networks and innovation vouchers that
are relevant to the businesses in a region.


http://www.safenano.org
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The Devolved Administrations will provide
tailored support structures for businesses
within their borders®°.

2.8 SIN will help identify the policies and
best-practices adopted by leading nations
for assessing any risks in relation to
nanotechnologies and its safe exploitation.
It will also disseminate key UK policy messages
onthesafedevelopmentofnanotechnologies.

29 The skill requirements of the
nanotechnologies sector will be addressed
through a range of complementary
Government policies, as outlined in
Government's framework for higher education
Skills for Growth’’ and Higher Ambitions®:

e 35,000 additional advanced apprenticeships
available for 19-30 year olds over the next two
years to meet technical skills needs in advanced
manufacturing sectors;

e Measures to make the adult skills and higher
education systems more responsive to the
needs of employers;

e Resources for skills focused on areas of the
economy which can do the most to drive
growth and jobs, including STEM at higher
education level,

e Work with the relevant sector skills councils
and UK Commission for Employment and Skills
to identify longer term skills needs in advanced
sectors and ways in which these needs can be
addressed;

60 Wales — Flexible Support for Business http:/fs4b.wales.gov.uk;
Scotland — SMART: SCOTLAND and Regional Selective Assistance grants
www.scottishbusinessgrants.gov.uk;
NI — Grant for R&D www.investni.com/r+d and Flexible Support for Business
www.investni.com

61  www.bis.gov.uk/skillsforgrowth

62 www.bis.gov.uk/higherambitions

e RDAs will address skills supply for growth
sectors, such as nanotechnologies, in their skills
strategies, so that skills provision is responsive to
regional strategic economic needs as well as to
shorter-term business needs.

2.10 BIS, TSB, UKTI and SIN will ensure that
the UK is embedded in strong international
nanotechnologies business collaborations,
including investment in R&D opportunities
and leadership of the OECD’s WPN.

2.11 BIS, working in partnership with TSB,
will work to influence future European policy
and support instruments to encourage more
effective deployment of nanotechnologies.
The European Commission has announced
plans to create a High Level Group to assess
the competitive position of five key enabling
technologies (nanotechnologies, micro-electronics,
advanced materials, biotechnology and photonics)
and to make recommendations by the end of 2010.

Environmental,
Research

Health and Safety

3.1 The Government Chief Scientific Adviser
will chair a meeting with Chief Scientific
Advisers from the relevant Departments to
discuss approaches to improve Departmental
engagement and co-ordination of
nanotechnologies research.

3.2 Taking account of EMERGNANO's findings
and wider developments in this area, NRCG has
undertaken a review of its nanotechnologies
research priorities. The new priorities, which
can be found at Appendix C, set the ongoing
strategicdirection of publicly funded research
on nanotechnologies. To communicate more
effectively this new focus on strategic function of
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the group, NRCG members have agreed that the
group should now be referred to as NRSG.

3.3 HPA launched its National Nanotoxicology
Research Centre on 24th November 2009
following an initial £1m investment. This is a
unique and valuable resource in the UK. It has
been equipped to characterise nanomaterials
and to generate a wide range of nano-aerosols,
including nano-fibres/wires/tubes, as well as
perform toxicological tests on their effects when
absorbed into the body via inhalation, ingestion
and dermal uptake. Collaborative programmes
of work are being developed by leading UK
researchers and applications for funding from
the Research Councils are being submitted.
HPA are also in the process of developing an
in-house programme to deliver high quality,
publicly funded toxicological research which
will improve our understanding of the risks
to human health posed by nanomaterials.

3.4 The first project to be undertaken at the
National Nanotoxicology Research Centre
will investigate the biokinetics of inhaled
nanomaterials. The first phase of the study
will finish by the end of December 2010 and
will provide a detailed understanding of the
behaviour, effects and retention in the body of
inhaled insoluble nanomaterial aerosols.

3.5 To help address some of the research
gaps concerning nanoparticles following
consumption in food, FSA has commissioned
two projects which commenced in early
2010 to investigate the behaviour and fate
of nanoparticles in the gut. The total level of
FSA investment in this work will be approximately
£304k. One project will examine an in vitro
absorption model and human toxicokinetics

whilst the other will use a different in vitro
absorption model and animal toxicokinetics.

3.6 FSA is also jointly funding a three-year
project entitled Nanoparticles in Food:
Analytical Methods for Detection and
Characterisation, which commenced in
January 2010. This project is being undertaken
by an international consortium under the FP7.
The work to be carried out in the UK will be
led by FERA and will focus on the development
of screening methods for the detection of
engineered nanoparticles in food. The project is
partly funded by the European Commission, with
FSA providing £103k, or 25% of the total cost of
the work carried out in the UK.

3.7 DH has committed £1.25m of funding to
research on the health impact of nanomaterials
to take forward the cross-Government priorities
identified by NRSG and its task force on
Human Health Hazard and Risk Assessment.
DH has committed £1.1m of this funding to
five studies on carbon nanotubes, toxicology
of inhaled nanoparticles, nanoparticles and
atherothrombosis  and  nanotoxicology  of
materials used in surgical applications. These
studies will be completed by 2012 and wiill
inform Government policy on the health
impact of nanotechnologies.

3.8 HSE will support a programme of research
work to understand the risks presented
by nanotechnologies so that it can advise
on the adequacy of existing occupational
regulatory frameworks and the regulation
of the emerging risks. In particular, HSE will
focus on the industry sectors and the numbers of
workers who may be exposed to manufactured
nanomaterials in the UK, the likely routes of
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exposure to nanomaterials and the levels of
exposure found in workplaces such as factories,
research facilities and retail environments.

3.9 The Environmental Exposure and Health
Initiative is a joint initiative supported by
DH, MRC, NERC, ESRC and Defra. In total, £8-
10m of funding will be made available to
support collaborative research programmes
for up to four years. This project is concerned
with measuring and determining the impact
of environmental pollutants on human health.
Although the scope of this project is wider
than just nanomaterials, it is anticipated that
nanotechnologies research proposals will be
submitted and that, by linking environmental
exposure and human health outcomes, better
evidence-based policy development can be
supported.

3.10 Research into the risks posed by a
number of priority nanomaterials will be
driven forward by the OECD’s nanomaterials
sponsorship programme, co-ordinated by
WPMN. The UK has a key role in this work,
led by Defra and supported by HSE. The UK
leads investigation into two priority nanomaterials;
cerium oxide, and zinc oxide. The PROSPECT
project, jointly funded by EPSRC, Defra, TSB and
UK Industry provides £3.7m to address gaps in
the current level of fundamental scientific research
on these two nanomaterials, as well as
development of innovative solutions to the
problem of their measurement. Specifically, the
project will establish generic protocols that
can inform risk assessments containing the
candidate nanoparticles, as recommended
by both RCEP and CST.

3.11 NERC, EPSRC, Defra, EA and the United

States’ Environmental Protection Agency
will collaborate to fund phase two of ENI,
a major joint research effort. Applications
have been sought from consortia of UK and US
researchers for projects which aim to promote
interdisciplinary research and produce robust,
validated models that accurately predict transport,
fate and bioavailability of nanomaterials and their
interaction with biological and ecological systems.
Research is expected to commence in 2010, with
a total of around £5m being made available over
a four year period.

3.12 To date the UK has attracted over
€10m of funding for EHS research on
nanotechnolgies from the NMP theme of the FP7.
BIS will continue to provide a National Contact
Point service, which will work in collaboration
with the KTNs and other gateway organisations to
provide advice, help and support to UK applicants
for nanotechnologies-related aspects of FP7.
The Government is consulting on and
developing its negotiating position in order
to influence the scope and content of future
calls made through FP7. This is being done in the
context of our effort to increase the proportion of
the EU budget spent on research and innovation,
with commensurate reductions in the EU’s non-
priority areas.

3.13 The UK, led by TSB with significant
input from NRSG, will play a key role
over the next three years in forthcoming
EU-wide ERA-NET initiatives, which aim
to bring together the findings of global
studies into the behaviour of nanoparticles.
It is anticipated that this work will feed into the
development of future, industrially led research
and development activity on nanotechnologies
under the FP7. This will also provide scientists
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and society with reliable data on the safe use of
nanomaterials and the ways in which the risks
associated with them can be managed.

3.14 MRC has committed £1.9m to the ITTP
with an expected total spend of £3m by the
end of the programme in 2015. The ITTP,
managed by the MRC Toxicology Unit at
the University of Leicester, was established
in 2007 and has to date awarded 23 PhD
studentships and a Career Development
Fellowship.

3.15 The recently formed Higher Education
and Industry Forum will work to develop
biological science degrees which will better
fulfil industry’s requirements.

3.16 BIS’s Science and Society Team, working
with the DCSF and STEMNET will promote
knowledge of toxicology degrees as part
of their wider remit to encourage uptake of
STEM qualifications. Over time, these initiatives
will significantly improve the availability of skills in
many specialist disciplines, including toxicology.

Regulation

4.1 The European Parliament will commence its
second reading of the proposed amendment
in 2010 and if adopted, the EU Regulation is
expected to enter fully into force in 2012. FSA
will be actively involved in negotiations
with the European Commission and Member
States on the final legislation and will press
for any further amendments that are needed
to ensure that it continues to provide the
necessary level of consumer protection.

4.2 FSA will continue to monitor the efficacy
of the regulation of food additives with
respect to nanotechnologies.

4.3 The detailed regulation of nanoscale
substances in food contact plastics is currently
being clarified by the European Commission in
preparation for an updated European regulation.
The UK, led by FSA, will promote a case by case
approach to such further regulation during
discussions in the European Commission’s
expert working group to ensure that
individual substances in nanoform are
fully evaluated for safety before they are
approved for use in food contact materials,
and any necessary restrictions on their safe
use are in place.

4.4 BIS will act as the Competent Authority
for the EU Cosmetics Regulation and will
keep a watching brief on developments
involving nanomaterials which may require
further legislative amendments.

4.5 MHRA believes that current EU regulations
for Medicines and Medical Devices are sufficiently
stringent and broad in scope to cover risks
associated with nanotechnologies. MHRA wiill
keep nanotechnologies developments under
review and will work with the European
Commission, EMA and the European Medical
Devices Expert Working Group to assess the
relevant existing regulations with regard to
nanotechnologies.

4.6 While there are no current plans for any
specific guidance on risk management for materials
other than carbon nanotubes, this position will
be kept under review by HSE, for example, by
monitoring new toxicological literature as it
is published. Should research results demonstrate
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that a given material poses a particular risk, HSE
will issue guidance as appropriate, working in
conjunction with regulators from other EU and
OECD countries, industry, trade bodies, unions etc.

4.7 1t has been proposed that some changes to
REACH legislation may be necessary in order to
regulate nanomaterials as effectively as possible.
Work is ongoing to develop practical guidance
on substance identification and provide advice on
how to deal with information requirements and
chemicals safety assessments for nanomaterials.
HSE and Defra will lead the UK'’s input on
the management of nanomaterials through
REACH via the CASG-Nano sub-group.

4.8 Through further discussions with groups
such as NLG, KTNs, NCG and Which?,
Government will agree and define the wider
range of information that would be useful to
stakeholders and work to develop a scheme
to collect information on both nanomaterials
and products containing nanomaterials that
are available in the UK.

4.9 Action 4.8 will be taken forward by a
cross-Government working group that will
include BIS, Defra, DH, FSA and HSE. As well
as engagement with interested parties, this
broader approach may well involve jointly
funded research to establish, for example,
some baseline information.

The Wider World

5.1 By September 2010, the Government
Office for Science, with input from Defra, will
establish the NCG, comprised of representatives
from key Government Departments, Agencies and
stakeholders. The Group will facilitate ongoing
communication and  collaboration  between
Government, academia and industry and will

effectively replace NIDG and NSF. The Ministerial
Group will continue to meet as required in order
to oversee the work of the new group, which
will have overall responsibility for communicating
the key nanotechnologies issues for stakeholders
to Ministers.

5.2 The BIS Science and Society Team wiill
co-ordinate a portal website for information
on nanotechnologies and their governance.
This will be hosted on Directgov, or another
appropriate Government site. The majority of
content will remain on individual Departmental
websites and be maintained by them but the
portal will include top line information on the
role of each Department. The portal will clearly
signpost these varied sources of information in an
easily accessible manner.

5.3 NCG will evaluate the Nano & Me
pilot site, and determine the need for a
permanent consumer focussed site about
nanotechnologies. Consideration will also
be given to the necessary arrangements for
development and running of the site. The BIS
Science and Society Team will host the Nano &
Me pilot site in the interim period.

5.4 NRSG will lead the UK’s contribution to
OECD’s WPMN and WPN including influencing
the future scope of their work.

5.5 BIS will lead the UK's contribution
to development of future FP7 and NMP
programmes.

5.6 BIS will submit the UK Nanotechnologies
Strategy to the European Commission as a
response to their consultation.

5.7 Defra will continue to represent the UK
within the SAICM framework.
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7. Appendix B — Organisations and Groups

Organisations and Groups Involved in the Management of Nanotechnologies

Figure AB1: Government policy officials work with a wide range of organisations to support

the responsible development of nanotechnologies. Many of those listed here also participate
in the groups detailed in figure AB2.

EU
DG Research,
DG Sanco, DG
Enterprise, DG
Environment

Wider Stakeholders
Incl. Consumer Groups,
Industry, NGOs, KTNs

Regulatory and other
Agencies
Incl. FSA, HPA, HSE, EA, TSB

Government
Incl. BIS, GO-Science, Defra,
FSA, DH, DECC, Devolved
Administrations

Scrutiny and Advisory

Bodies Incl. CST, RCEP, RS,

House of Lords

Research Organisations
Incl. RCUK, EPSRC, MRC,
BBSRC, NERC, ESRC,
STFC, AHRC, Universities,
Research Institutions

International Research
Collaborations
Incl. OECD, FP7,

Bilateral Research
Partnerships
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Figure AB2: These groups oversee,

Nanotechnologies Industry
Leadership Group
Incl. Key Industry Leaders,
BIS

Ministerial Group on
Nanotechnologies
BIS, DWP, DH, Defra

Nanotechnology Research
Strategy Group
Incl. Academics, BIS, Defra,
DH, FSA, HSE, HPA, TSB,
EA, GO-Science, Research
Councils

inform and facilitate Government actions on
nanotechnologies and have members from the organisations outlined in Figure AB1.
The Nanotechnologies Collaboration Group, Nanotechnology Research Strategy Group
and Nanotechnologies Industry Leadership Group feed into the Ministerial Group on
Nanotechnologies, who set the overall direction for the work.

Nanotechnologies
Collaboration Group
Incl. Industry, Government
Officials, NGOs, KTNs,
Consumer Groups,
Research Councils, Research
Institutions, Learned
Bodies, Regulators,
Enforcement Agencies
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8. Appendix C — NRSG Research Priorities

Task Force 1: Metrology, Characterisation,
Standardisation and Reference Materials

i. Enhance measurement and characterisation
methods to ensure consistency and
reproducibility in studies.

There remain concerns with the reliable and
reproducible measurement of the majority of
physical and chemical properties of nanomaterials.
The lack of standardised methodologies and
appropriate reference materials is a major cause
of the variation in results reported by different
toxicological and environmental studies. An initial
focus is needed on the sampling of nanomaterials,
sample preparation and dispersion in different
media as well as dosing methodologies in
order to ensure a basic level of consistency and
reproducibility is achieved in all studies. Ultimately,
a library of well characterised nanomaterials
based on priority nanomaterials should be made
available centrally for researchers to ensure
consistency and reproducibility in studies.

ii. Further the
infrastructure.

Future regulation and routine characterisation
will require significant development of the

metrological infrastructure. In particular:

develop metrological

e Standardised and internationally agreed test
methods;

e Availability of suitable, high quality reference
materials;

e Ability to demonstrate capability through
proficiency testing schemes or other national
or international measurement comparisons;

e Independent accreditation of laboratories to
internationally agreed standards to ensure
international acceptance of data, underpinning
trade and allowing the fulfilment of the
requirements of different regulatory regimes.

iii. Understand the limitations and
accuracy of current exposure measurement
techniques, and how they can be applied to
nanomaterials.

There is a need to understand the limitations and
accuracy of current approaches, and how they
can be applied to nanomaterials. Methodologies
to determine trace levels and the state of
manufactured nanoparticles in complex media
such as soils, sediments and waters are required.

iv. Develop and validate new imaging
and nanoscale spectroscopy techniques
(detection methods).

A wide range of new imaging and nanoscale
spectroscopy techniques need to be developed
and validated in order to develop a fundamental
understanding of the fate, behaviour and impact
of nanoparticles in cells, tissues and complex
ecological systems.

Task Force 2: Exposure Sources,
Pathways and Technologies

v. Model the behaviour of point source
releases of typical bulk produced
nanoparticles during production and
secondary manufacturing.

There is a need to develop data understanding on
how nanoparticles behave under typical exposure
scenarios. Although such scenarios tend to arise
in workplace and manufacturing situations,
data developed through this work has wider
applicability, enabling greater understanding of
potential consumer and wider environmental
exposure issues.
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vi. Assess the effectiveness and validity of
exposure control methods, including emission
controls, engineering controls, control banding,
management systems, personal protective
equipment and workplace practices.

The majority of exposure control methods are
applied in the workplace, and these will be the
primary focus of this objective. This objective
does however have wider application, e,g, to
environmental exposure.

Task Force 3: Human Health Hazard
and Risk Assessment

vii. Increase understanding of exposure by
inhalation.

Work on methods for aerosolising nanoparticles,
tubes and fibres is needed, alongside an
assessment of likely exposure to nanomaterials
through inhalation by consumers of nano-
products and other members of the public, where
this is not covered by the work of Task Force 2.
The problem of aggregation of these materials
after initial suspension in air needs to be solved.
The deposition and clearance characteristics of
nanoparticles and nanotubes, in and from the
lung, need to be understood. Translocation of
nanotubes to the pleural space and their effects
on pleural tissue need further study. Drawing
these threads together, the overall risk to human
health due to inhaling nanomaterials needs to be
quantified.

viii. Increase understanding of exposure by
ingestion.

An assessment of likely consumer exposure to
nanomaterials through ingestion is needed.
Although work on the uptake of nanoparticles
from the gut is beginning, most emphasis has
been placed on the uptake of nanomaterials
found in food or in food packaging. Work on

the uptake of nanomaterials cleared from the
lung (after inhalation exposure) to the gut is
needed. The effects of mixing of nanomaterials
with gut contents on the uptake of these particles
also need to be studied. Drawing these threads
together, the overall risk to human health due to
ingesting nanomaterials needs to be quantified.

ix. Increase understanding of dermal uptake,
especially across compromised skin.

An assessment of likely human exposure to
nanomaterials through dermal uptake by
consumers of nano-products and other members
of the public is needed, where this is not
covered by the work of Task Force 2. Although
it is believed that nanomaterials do not easily
penetrate undamaged skin, this may not be the
case for damaged skin and work on this is urgently
needed. The role of hair follicles in providing a
route for nanomaterials into the deeper layers of
the skin also needs to be explored. Drawing these
threads together, the overall risk to human health
due to dermal uptake of nanomaterials needs to
be quantified.

X. Increase understanding of transplacental
movement of nanomaterials.

Uptake of nanomaterials from the gut or
airways during pregnancy may lead to secondary
translocation across the placental barrier. The
distribution of nanomaterials reaching the foetus
in this way is unknown. It has been suggested
that the blood-brain barrier is less well developed
in the foetus than in the adult and thus particles
crossing the placenta might enter the developing
nervous system. The effects of this, if it occurs,
are unknown and require study. Ultimately,
the overall risk to human health due to
transplacental movement of nanomaterials needs
to be quantified.

49



50

Task Force 4: Environmental Hazard and
Risk Assessment

xi. Undertake further research into and
modelling of environmental exposure to key
nanomaterials.

Approaches are needed to model compartment-
specific  environmental exposure, including
investigations  of  partitioning  behaviour,
bioavailability and fate of nanomaterials being
supplied and used in the UK.

xii. Develop wider
accumulation in biota.
Research is needed into accumulation in biota,
especially in the aquatic environment, and long-
term fate in the environment.

understanding of

xiii. For key nanomaterials, determine the
environmental compartment-specific effects
of greatest concern, and their long-term fate.
The behaviour, effect and fate of a number of
currently marketed nanomaterials, in various
environmental media, needs to be researched.

Task Force 5: Social and Economic

Dimensions

xiv. Understand the social and economicaspects
of nanotechnologies, through a programme of
public dialogue and social research.

Social science supports risk assessment and
informs the governance of nanotechnologies.
The activities of the Socio-Economic Task Force
will continue to influence the overall direction
of the UK’s research effort. Societal implications,
such as the ethics of innovation and the need
to ensure fair access to new innovations and
participation in their development will remain
key drivers for the research agenda. Although
public participation plays an important part here,
it is but one of a range of means of identifying

societal concerns, issues for risk governance, and
the political dimensions of innovation policy and
knowledge brokerage.

Priority Nanomaterials

In addition to the above objectives, the NRSG
has identified three priority nanomaterials/types —
based primarily on their increasingly widespread
use — which will form the focus for (though
not exclusive effect of) these revised priorities.
These are:

e High Aspect Ratio Nanoparticles (HARNS)
e Nanosilver
e Metal Oxides
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9. Appendix D — Key Links

Key Documents

Royal Society/Royal Academy of Engineering
(2004) — Nanoscience and Nanotechnologies:
Opportunities and Uncertainties
http://www.nanotec.org.uk/finalReport.htm

Government Response to Royal Society/Royal
Academy of Engineering (2005)
http://www.dius.gov.uk/~/media/publications/F/
file14873

BRASS (2006) An Overview of the Framework of
Current Requlation affecting the Development
and Marketing of Nanomaterials
http://www.berr.gov.uk/files/file36167.pdf

Nanotechnologies Research Co-ordination Group
Report (2007) — Characterising the Potential
Risks Posed by Engineered Nanoparticles
http://www.defra.gov.uk/environment/quality/
nanotech/documents/nanoparticles-riskreport07.pdf

Council for Science and Technology (2007) —
Nanosciences and Nanotechnologies: A Review of
Government’s Progress on its Policy Committments
http://www.cst.gov.uk/cst/business/nanoreview.
shtml

Government Response to Council for Science
and Technology (2007)
http://www.cst.qov.uk/cst/business/files/nano_
response.pdf

UK Government Statement on Nanotechnologies
(2008)
http://www.dius.gov.uk/~/media/publications/S/
statement-nanotechnologies

EMERGNANO (2008) Nanoresearch: A review

of completed and near-completed environment,
health & safety research on nanomaterials &
nanotechnology
http://randd.defra.gov.uk/Default.aspx?Menu=
Menu&Module=More&Location=None&ProjectID
=16006&FromSearch=Y&Publisher=1&SearchText
=cb0409&SortString=ProjectCode&SortOrder=
Asc&Paging=10#Description

Royal Commission on Environmental Pollution
(2008) — Novel Materials in the Environment:
The case of nanotechnology
http://www.rcep.org.uk/reports/27-novel %20
materials/27-novelmaterials.htm

Government Response to Royal Commission on
Environmental Pollution (2009)
http://www.official-documents.gov.uk/
document/cm76/7620/7620.asp

House of Lords Science and Technology Select
Committee (2010) — Nanotechnologies and Food
http://www.parliament.uk/parliamentary_
committees/lords_s_t_select/nanotechfood.cfm

Government Response to House of Lords Science
and Technology Select Committee (2010)

To be published subsequent to this document,
please see www.parliament.gov.uk or
www.food.gov.uk

Mini-Innovation and Growth Team Report (2010)
— Nanotechnology: A UK Industry View
http://mnt.globalwatchonline.com/epicentric_
portal/binary/com.epicentric.contentmanagement.
servlet.ContentDeliveryServlet/MNT/Knowledge
%2520Centre/MinilGTReport2010.pdf
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Key Organisations

Nanotechnologies: Influence and Inform the
UK Strategy
http://interactive.bis.gov.uk/nano

Research Councils UK — Nanoscience from
Engineering to Application
http://www.rcuknano.org.uk

Nanotechnologies Research Strategy Group
http://www.defra.gov.uk/environment/quality/
nanotech/research.htm

Nanotechnologies Issues Dialogue Group — this
will be replaced in due course by a website for
the Nanotechnologies Collaboration Group
http://www.dius.gov.uk/office_for_science/
science_in_government/key_issues/
nanotechnologies/nidg#

Nano & me
www.nanoandme.org

Framework Programme 7 — Nanosciences,
nanotechnologies, materials & new production
technologies
http://cordis.europa.eu/fp7/cooperation/
nanotechnology_en.html
http://ec.europa.eu/research/industrial_
technologies/lists/list_108_en.html

Organisation for Economic Co-operation and
Development

http://www.oecd.org/document/35/0,3343, en_21

571361_41212117_42378531_1_1_1_1,00.htm|

http://www.oecd.org/department/0,3355,

Technology Strategy Board
http://www.innovateuk.org/

Nanotechnology Knowledge Transfer Network
http://mnt.globalwatchonline.com/epicentric_
portal/site/MNT/?mode=0

British Standards Institution
http://www.bsigroup.com/

Department for Business, Innovation and Skills
www.bis.gov.uk

Department for Environment, Food and Rural
Affairs
www.defra.gov.uk

Health and Safety Executive
www.hse.gov.uk

Health Protection Agency
www.hpa.org.uk

Medicines and Healthcare Products Regulatory
Agency
www.mhra.gov.uk

Food Standards Agency
www.food.gov.uk

Welsh Assembly
www.wales.gov.uk

Scottish Parliament
http://www.scotland.gov.uk/

Northern Ireland Executive
www.northernireland.gov.uk


http://interactive.bis.gov.uk/nano
http://www.rcuknano.org.uk
http://www.defra.gov.uk/environment/quality/nanotech/research.htm
http://www.dius.gov.uk/office_for_science/science_in_government/key_issues/nanotechnologies/nidg#
http://www.nanoandme.org
http://cordis.europa.eu/fp7/cooperation/nanotechnology_en.html
http://ec.europa.eu/research/industrial_technologies/lists/list_108_en.html
http://www.oecd.org/document/35/0,3343571361_41212117_42378531_1_1_1_1,00.html
http://www.oecd.org/department/0,3355,en_2649_37015404_1_1_1_1_1,00.html
http://www.innovateuk.org/
http://mnt.globalwatchonline.com/epicentric_
http://www.bsigroup.com/
http://www.bis.gov.uk
http://www.defra.gov.uk
http://www.hse.gov.uk
http://www.hpa.org.uk
http://www.mhra.gov.uk
http://www.food.gov.uk
http://www.wales.gov.uk
http://www.scotland.gov.uk/
http://www.northernireland.gov.uk
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10. Appendix E — List of Abbreviations

BSI
BBSRC

BIS

BRASS

CASG-Nano

CNT
COSHH

CsT

DCSF

Defra

DH
DSEAR

DSSC
EA
EFSA
EHS
EMA
ENI

EPSRC

FP7

FSA
HPA
HSE
ITTP

KTN

British Standards Institution
Biotechnology and Biological
Sciences Research Council
Department for Business,
Innovation and Skills

Centre for Business Relationships,
Accountability, Sustainability and
Society

EU Competent Authority Sub-
Group on nanomaterials

Carbon NanoTube

Control of Substances Hazardous
to Health

Council for Science and
Technology

Department for Children, Schools
and Families

Department for Environment, Food
and Rural Affairs

Department of Health

Dangerous Substances and
Explosive Atmospheres Regulation
Dye-Sensitised Solar Cell
Environment Agency

European Food Safety Authority
Environmental, Health and Safety
European Medicines Agency
Environmental Nanoscience
Initiative

Engineering and Physical Sciences
Research Council

EU Framework Programme 7
Food Standards Agency

Health Protection Agency

Health and Safety Executive

MRC Integrative Toxicology
Training Programme

Knowledge Transfer Network

mini-IGT
MNT
MRC
NCG
NIDG
NLG

NMP

NRCG
NRSG
NSF

OECD

R&D
RCEP

RCUK
RDA
REACH
RIPON
RS/RAENng
SAICM
SIN

SME
SNAP

mini-Innovation and Growth Team
Micro and Nanotechnology
Medical Research Council
Nanotechnologies Collaboration
Group

Nanotechnology Issues Dialogue
Group

Nanotechnologies Leadership
Group

EU FP7 theme: Nanosciences,
Nanotechnologies, Materials and
new Production Technologies
Nanotechnology Research
Co-ordination Group
Nanotechnology Research Strategy
Group

Nanotechnology Stakeholder
Forum

Organisation for Economic
Co-operation and Development
Reseach and Development

Royal Commision on
Environmental Pollution

Research Councils UK

Regional Development Agency

EU Registration, Evaluation,
Authorisation and restriction of
Chemicals Regulation

REACH Implementation Projects on
Nanomaterials

Royal Society/Royal Academy of
Engineering

UN Strategic Approach to
International Chemicals
Management

Science and Innovation Network
Small and Medium sized Enterprise
EU Strategic Nanotechnology
Action Plan
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STEM
STEMNET
TSB

UKTI
UNITAR

VRS
WPMN

WPN

Science, Technology, Engineering
and Mathmatics

Science, Technology, Engineering
and Mathematics Network
Technology Strategy Board

UK Trade and Industry

United Nations Institute for
Training And Research

Voluntary Reporting Scheme
OECD Working Party on
Manufactured Nanomaterials
OECD Working Party on
Nanotechnology
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