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Minutes of Evidence

TAKEN BEFORE THE SELECT COMMITTEE ON SCIENCE AND TECHNOLOGY
(SUB-COMMITTEE I)

TUESDAY 31 MARCH 2009

Present Crickhowell, L Neuberger, B
Haskel, L O’Neill of Bengarve, B
Krebs, L (Chairman) O’Neill of Clackmannan, L.
Methuen, L Selborne, E

Memorandum by the Food Standards Agency

GENERAL COMMENTS

Nanotechnologies may offer a range of potential benefits to consumers and industry in the area of food and
food contact materials, from improving the solubility and bioavailability! of ingredients to extending the
shelf-life of food. Nanotechnology applications for the food sector have raised a number of safety,
environmental, ethical, policy and regulatory issues. The main concerns stem from the lack of knowledge
about the potential effects and impacts of nanomaterials on human health and the environment.

Nanotechnology has been defined by The British Standards Institute (BSI)? as “the design, characterisation,
production and application of structures, devices and systems by controlling shape and size at the nanoscale”,
where the nanoscale is defined as the size range from approximately 1 nm to 100 nm. For comparison, a single
human hair is about 80,000 nm wide. Similarly, a nanomaterial can be defined as any material with at least
one dimension in the nanoscale.’ According to this definition, the term “nanotechnology” can encompass a
wide range of products, processes and applications whose sole unifying factor is that they are linked in some
way to the nanoscale. For example, the term would include:

— tiny water-filled fat droplets, which are being investigated as an ingredient for use in reduced fat
products such as mayonnaise

— incorporating fat-soluble vitamins into nano-sized packages (micelles) that will dissolve in water

— the understanding and modification of the fine structure of food products such as ice cream—food
technologists are looking for ways to replicate the physical properties of such foods in products with
a reduced fat content

— investigation of the structure-function relationships of enzymes, which play a central role in many
types of traditional food processing

— nano-particles of titanium dioxide, which are used in transparent sunscreen products (no known food
applications)

— nanoparticles of silver, which are used for their antibacterial properties in a range of consumer goods
and which may find applications in food containers

— carbon nanotubes—thin cylinders made of carbon atoms—which are being used as a structural
component of consumer products such as tennis racquets and golf clubs (no known food
applications).

I Bioavailability: the extent to which a substance can reach the systemic blood circulation and its availability at the site of action, when
taken orally.

2 BSI Publicly Available Specification “Vocabulary — nanoparticles” (May 2005). PAS 71:2005

3 Note: The International Standards Organisation uses the term “nano-object” to refer to a discrete object with one or more external
dimensions in the nanoscale. In this usage, the term “nanomaterial” includes material which is larger than the nanoscale but which is
nanostructured—ie it is made up of smaller, nanoscale elements.
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It may therefore be misleading to discuss “nanotechnology” in relation to food as if it is a single discipline,
and the applications of nanoscience are more accurately described in the plural as “nanotechnologies”.

The principal area of interest and concern in relation to food appears to be engineered nanomaterials, which
are specifically designed and manufactured with the intention of being incorporated into food to fulfil a
particular function. It is nevertheless important to note that nanomaterials are widely found in the natural
world and foods will naturally contain nanoscale structures, including individual macromolecules, micelles
and crystals. For example, a molecule of haemoglobin is about 5.5 nanometres in diameter, and milk contains
micelles ranging from 50 to 500 nm in diameter.

Nanotechnologies can also be applied indirectly to food manufacture, for example through the development
of improved surfaces for food preparation and for food transport in factories, or rapid diagnostic tests for
contaminants or pathogens in food. This type of application would not directly affect the properties of the
final product but could lead to improved efficiency and improved quality control. The remainder of this
document focuses on the use of engineered nanomaterials in food and in food contact materials.

In order to understand better how nanotechnologies might be applied to food, the FSA recently commissioned
two research projects covering food additives and ingredients, and food contact materials. Both projects were
undertaken by a panel of experts from the Safety of Nanomaterials Interdisciplinary Research Centre
(SnIRC), led by the Central Science Laboratory (CSL). These projects collected information on current and
future applications of nanotechnologies, considered the potential implications for consumer safety and
assessed of the regulatory position. In addition, the project on food contact materials included experimental
work on the potential migration of nanoparticles from two types of food container. The project reports are
being published on the Agency’s website and are attached as Appendices 1 and 2 respectively. The findings
from this research are mentioned in the relevant sections below.

A. STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FOOD SECTOR

Potential applications

The FSA-funded research project on food additives and ingredients identified a number of potential
applications of nanotechnology in these areas including nano-sized carriers for nutrients and other food
supplements, nano-sized or nano-encapsulated food additives, and nanostructured food ingredients. Practical
examples included nutritional supplements, nutraceuticals and a small number of food ingredients and food
additives.

The parallel project on food contact materials identified a range of potential applications including barrier
layers to improve packaging properties, active antimicrobial or oxygen scavenging materials to extend shelf
life, intelligent nanosensors to monitor time/temperature storage conditions and biodegradable polymer-
nanomaterial composites. The researchers concluded that future applications in this area are most likely to
relate to antimicrobial activity or improved barrier properties.

Current market (UK, EU and non-EU )

At least two global inventories exist and these provide some information on some of the types and numbers of
nano-derived products that may be on the global market across a range of areas, including food. The Woodrow
Wilson Centre’s global inventory is published on the Internet,* as is an inventory of nanoproducts
constructed by Friends of the Earth.’ Both registers list several dozens of “food” products that have been
identified However, it should be noted that Friends of the Earth’s register includes materials with a particle
size greater than 100 nm, which do not fit the common definition of “nanomaterial”. Also, the registers are
largely based on marketing information, which may or may not accurately reflect what is actually on the
market.

At present, it is not possible to provide a definitive list of nanofoods and nanoscale food contact materials on
the EU market, primarily because of the absence of an EU-wide register or inventory. The Food Standards
Agency is currently considering various options for developing a UK-based register of nano-derived foods and
food contact materials. The European Commission has stated that it will begin work on an EU inventory of
nanomaterials during 2009 (see Section C).

4 Woodrow Wilson Center (online inventory)
5> Friends of the Earth (2008)
¢ EFSA (2009)
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According to the European Food Safety Authority’s (EFSA) recent opinion on nanotechnologies’, most
nanotechnology applications for food and beverages in the EU are currently at the research and development
stage or near market stage and have not reached the EU market as yet. The only UK exceptions known to the
Agency are

— colloidal silver in the form of food supplements (an aqueous colloidal suspension of particles of silver
with an average size of 0.8 nm in purified water, also known as “silver hydrosol”). There are claims
that such products may fight infections and enhance the immune system. Silver hydrosol has recently
been evaluated by EFSA in the context of establishing an EU list of authorised sources of vitamins
and minerals for use in food supplements. As there was insufficient information to complete the
assessment, this product is unlikely to be included in the eventual list of approved mineral sources
that will come into effect on 1 January 2010, in which case its continued use will not be permitted.

and

— food supplements comprising a nano-sized formulation of co-enzyme Q10 (micelles of approximately
30 nm diameter). It is claimed that co-enzyme Q10 is an antioxidant with the nano formulation
apparently improving bioavailability when compared with powdered co-enzyme Q10 or oil-based
formulations. The co-enzyme Q10 product was launched in 2006 and is manufactured in Germany.
The German authorities have concluded that this type of formulation does not fall within the scope
of the novel foods regulation (see Section C below), as the process for producing the micelles does not
lead to a significant change in the properties of the active component.

The FSA-funded project on food contact materials revealed that little was available on the UK or EU markets.
Most products were found on the American and Asian markets although some could be sourced by UK
purchasers via the Internet.

B. HEALTH AND SAFETY

Risk assessment

Approaches to the risk assessment of nanomaterials have been reviewed by a number of national and
International advisory committees. In the UK the Committees on Toxicity, Mutagenicity and Carcinogenicity
of Chemicals in Food, Consumer Products and the Environment (COT, COM and COC) produced a joint
statement on nanomaterial toxicology in 2005. The COT produced an addendum in 2007 following a review
of healthcare nanoparticles.

The 2005 statement (attached at Appendix 3) provided a baseline review of the available toxicity data and
outlined the risk assessment approach the Committees would use for the risk assessment of nanomaterials,
including those in food and feed. They concluded that conventional toxicological assessment should be
sufficient to identify toxic hazards from nanomaterials provided studies were designed based on the properties
of the nanomaterial under investigation. Whilst the standard toxicological test batteries would detect possible
effects from nanomaterials, there was as yet, insufficient information to exclude the possibility of effects not
detectable by these methods. Although in 2007 the COT was not currently aware of such effects being reported.

The 2007 addendum to this statement (Appendix 4) concluded that biodegradable and non-biodegradable
nanoparticles require a different risk assessment approach, since biodegradable particles are less likely to have
toxicity intrinsic to their nanoparticulate state.

In the European Union, the Scientific Committee on Emerging and Newly Identified Health Risks
(SCHENIR) has recommended strategies for the risk assessment of nanomaterials in 2006 and 2007.8
Although there are some differences in emphasis due to the questions being addressed and the remit of
SCHENIR, the strategy is consistent with that of the UK advisory committees.

In March 2009 the Scientific Committee of the European Food Safety Authority published its opinion on the
risk assessment of engineered nanomaterials, specifically in relation to food and in animal feed The Scientific
Committee also agreed that the general risk assessment paradigm (hazard identification, hazard
characterization, exposure assessment and risk characterization) can also be applied to the risk assessment of
engineered nanomaterials in the food and feed area. The risk assessment of engineered nanomaterials has to
be performed on a case-by-case basis and needs to consider the specific properties of nanomaterials in addition
to those common to the equivalent non-nano forms of the same chemical substance.

There is currently limited information in several areas which leads to uncertainties in the risk assessment of
nanotechnologies and their possible applications in the food and feed area. Specifically there are difficulties in
characterising, detecting and measuring engineered nanomaterials in food, feed and biological matrices. This

7 EFSA (2009)
8 SCENHIR (2006, 2007a, 2007b)




4 NANOTECHNOLOGIES AND FOOD: EVIDENCE

limits the ability to assess actual exposure from possible applications and products in the food and feed area.
There is limited data on oral exposure to specific nanomaterials and any consequent toxicity; the majority of
the available information on toxicity of nanomaterials is from, in vitro studies or from, in vivo studies using
other routes of exposure. These limitations in the database need to be reflected as qualitative and quantitative
uncertainties in the risk characterization step of any risk assessment.

The risk assessment of a nanomaterial in the food and feed area requires comprehensive identification and
characterisation of the material, information on whether it is likely to be ingested in nanoform, and, if
ingested, whether it remains in nanoform at the point of absorption. If ingested in nanoform, then repeated-
dose toxicity studies on the nanomaterial are needed together with appropriate, in vitro studies (eg for
genotoxicity).

FSA Funded research

The FSA-funded projects, mentioned above, included an assessment of implications for consumer safety and
these reports are consistent with the EFSA opinion. The researchers also highlighted several gaps in knowledge
and recommended further research into the physico-chemical properties, behaviour, fate and effects of
nanomaterials used in food applications,.

The project on food contact materials included tests on migration of nanoparticles from two typical materials
made of nanomaterial-polymer composites (nanoclay and nanosilver). The results showed no detectable
migration from the polymer composite consisting of nanoclay embedded between PET (polyethylene
terephthalate) layers and a very low level of migration of silver from food containers consisting of
polypropylene-nanosilver composite. In both cases, the presence of nanoparticles did not affect the migration
of other (non-nano) components. The study provided some reassurance in the safety of nanotechnology-
derived food contact materials but nonetheless demonstrated that migration is likely to be dependent on the
type and composition of the polymer.

Research co-ordination

The Nanotechnology Research Coordination Group (NRCG) was set up in 2005 to coordinate publicly
funded research into the potential risks presented by the products and applications of nanotechnologies. Defra
chairs this Group and the membership includes Government Departments (including the Food Standards
Agency), Regulatory Agencies and the Research Councils. NRCG has three main aims.

— to develop and oversee the implementation of a cross-Government research programme into the
potential human health and environmental risks posed by free manufactured nanoparticles and
nanotubes to inform regulation and underpin regulatory standards.

— to establish links in Europe and internationally to promote dialogue and to draw upon and facilitate
exchange of information relevant to the Group’s research objectives.

— to consider the outputs of dialogue between stakeholders, researchers and the public (as integrated
with the NIDG’s wider plans for stakeholder and public dialogue) with a view to enhancing and
informing research decisions.

The NRCG began by identifying a programme of 19 research objectives aimed at characterising the potential
risks posed by engineered nanoscale materials.” NRCG published progress reports in 2006 and 2007 that
provide an overview of the work that has been commissioned in pursuit of these objectives.!® Work in these
areas is primarily funded by the Research Councils under their standard procedures for commissioning
research. As noted above, the FSA has commissioned two reviews covering food additives and ingredients,
and food contact materials.

C. REGULATORY FRAMEWORK

The FSA has conducted a review to identify potential gaps in regulations relating to the use of
nanotechnologies in the food sector. The review was published in August 2008 (Appendix 5). The main areas
covered were food ingredients, food additives and food contact materials.

No major gaps in legislation were identified by this review and, on the basis of current information; 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. Manufactured nano-derived ingredients, additives and food
contact materials will be captured by the general safety requirements of the EU Food Law Regulation
(Regulation (EC) 178/2002), which requires that food placed on the market is not unsafe. Additionally, more

% Defra (2005)
10" Defra (2006, 2007)
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specific legislation exists in three major areas that cover all the likely applications leading to engineered
nanomaterials being present in food:

(1) novel foods and food ingredients

The European regulation on novel foods (Regulation (EC) 258/97) applies to foods and food ingredients
(other than food additives) that were not consumed in the EU prior to 15 May 1997. It establishes a mandatory
pre-market approval system for all novel foods and processes and is legally binding across all 27 EU Member
States. Nanoparticulate forms of a food ingredient that has a history of use will also require authorisation
under the novel foods Regulation due to the difference in the production process employed, if the net result is
that the nanoparticles have different properties to the existing ingredient.

In January 2008 the European Commission published a proposal to revise and update the 1997 regulation.
The European Parliament has proposed that any new regulation should explicitly apply to all nanomaterials,
in order to eliminate any doubt as to their status under this legislation. This proposal is still under discussion
by Member States and the European Parliament

(i1) food additives

Nano-derived additives are considered within the scope of Food additives legislation. Food additives are
controlled in the UK by the Sweeteners in Food Regulations 1995 (as amended), the Colours in Food
Regulations 1995 (as amended), and the Miscellaneous Food Additives Regulations 1995 (as amended), with
smoke flavourings being specifically controlled by the Smoke Flavourings (England) Regulations 2005. A
recently agreed amendment to food additives legislation specifies that where an existing food additive is
produced through nanotechnology, it should be assessed by EFSA as a new additive.

(ii1) food contact materials

Migration of nanocomponents into food from, for example, packaging would be considered in the scope of
Regulation (EC) 1935/2004, which provides the overall framework for the regulation of food contact
materials. Provision exists for the Commission or Member States to request the EFSA to conduct an
independent, expert human health risk assessment of any substance or compound used in the manufacture of
a food contact material/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 would therefore be possible for a nanocomponent to be authorised only following a risk
assessment by the EFSA. The regulation of nanoscale substances in food contact plastics is currently being
clarified in preparation for an updated European regulation, and the European Commission has proposed that
any substance with a deliberately altered particle size should not be used, even behind a specific migration
barrier, without a specific authorisation.

Animal feed

EU legislation on animal feed covers the additives (vitamins, colourants, flavourings, binders, and so on)
authorised for use in animal feed; the maximum levels of various contaminants (eg arsenic, lead, dioxins);
ingredients that may not be used in feed; nutritional claims that can be made for certain feeds; the names and
descriptions which must be applied to various feed materials; and the information to be provided on feed
labels.

The Agency is not aware of any specific applications in the pipeline with respect to the use of nanotechnology
directly in animal feed. However, current procedures would allow a proper risk assessment to be performed
on such products if and when they appear, including the manufacture of currently authorised additives and
bioproteins by new methods.

Imported foods

Food imported from countries outside the EU can only be marketed if it meets food safety and food standards
requirements that are at least equivalent to those for food produced in the UK and elsewhere in the EU. Food
businesses are legally responsible for ensuring the food they import complies with these requirements, and UK
enforcement authorities have powers under food safety legislation to check all imported food for compliance.

However, food products ordered from a non-EU country by members of the public in limited quantities for
their personal use, for example over the Internet, may not be subject to the protection of UK food safety
requirements.!!

1 The applicability of UK legislation will depend on issues such as where the contract between the seller and purchaser is made.
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Intergovernment cooperation

At EU level, DG SANCO'"? organised a workshop in October 2008, the second Nanotechnology Safety for
Success Dialogue, which provided a platform for presentations and discussions between relevant stakeholders
in the nanotechnologies field, including industry, academia, NGOs, Government departments and
Commission Officials. The Director General of DG SANCO subsequently identified 10 priority actions to
address the key points raised during the workshop (listed in Appendix 6), grouped under the following
headings: dialogue and governance, market intelligence, scientific knowledge and gap filling; and risk
assessment and guidance. Several of these action points will encompass applications of nanotechnologies in
the food area and will involve collaboration between EU Member States and the Commission.

The Organisation for Economic Cooperation and Development also provides a forum for international co-
operation on nanomaterials through its Working Parties on Manufactured Nanomaterials and on
Nanotechnology, although these are not specific to food and its current risk assessment projects are focussed
on materials with no direct food connection, such as carbon nanotubes and cerium oxide.

The Swiss-based International Risk Governance Council (IRGC) recently completed a report on
nanotechnology applications in food and cosmetics,'* which included a discussion of regulatory approaches
in the USA, Europe and Japan. IGRC noted that the regulatory responses to nanotechnology have been
similar in each of these jurisdictions, in that existing regulations are thought to be adequate sufficient to cover
nanoscaled materials in general. In each case, however, questions have been raised about the adequacy of
current test methods and the ability of regulatory bodies to monitor and control measurements and risk
assessments.

D. PuBrLic ENGAGEMENT AND CONSUMER INFORMATION

Public engagement

In late 2008 the Food Standards Agency commissioned an evidence review in relation to public attitudes to
emerging food technologies, including nanotechnologies. The report of this review is expected to be published
in March 2009. The main findings in relation to previous studies on attitudes to nanotechnologies were as
follows:

— Awareness of nanotechnology is low, particularly in relation to food.

— Although general attitudes towards nanotechnologies seem fairly positive, attitudes towards its use
in food are less positive. Whilst people are concerned about the risks of nanotechnology in all its
forms, they seem less convinced about the potential benefits of food applications than other uses and
are sceptical about why these are being developed.

— In general, use of nanotechnology in food packaging may be seen more positively than its use in food.

— Concerns about nanotechnology, in general include effectiveness, long-term side-effects and the
ability of regulators and others to ensure safety and to ensure that developments benefit the
general public.

— Other factors affecting attitudes towards nanotechnology, which are often better predictors than
socio-demographics, include their scientific knowledge (eg experience of previous technological
innovations), their general outlook/worldview and where they have received information from
(people are more positive towards sources deemed to share a similar view point to them).

— The review uncovered no evidence of how people’s views on nanotechnology affect their food
behaviour or choices, mainly due to lack of food products on the market.

— The review highlighted that nanotechnology is an extremely active area of research which will be
covered under FP7 (The Seventh Framework Programme (FP7) combines all research related EU
initiatives, it is a key pillar of the European Research Area) but at the time of writing, awards were
still pending. Research in the pipeline included looking at how consumers weigh up the risks and
benefits of the technology and the psychological underpinning of differing attitudes.

12 DG SANCO: the European Commission’s Directorate General for Health and Consumers
13 TIRGC 2008
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Effective engagement and public information

The evidence review identified a consensus form the existing body of work that public opinion is in the process
of being formed and there was little information currently available to the public on which they can formulate
their views.

Future public engagement

As the issues arising from the breadth of nanotechnologies and nanomaterials are complex, more time and
resources need to be provided for the public to learn and understand the pros and cons in terms of any
consumer or societal benefits and any potential risks. Developing a range of engagement activities to engage
the public rather than using a “one size fits all” approach will ensure that a wider spectrum of the public are
provided with an opportunity to be involved.

Any materials provided for the public need to be prepared with the public in mind ie in plain English.

Lessons learned from engagement

Effective engagement needs to developed upstream of any important decision making. The public should be
involved in the framing of the discussion so that their questions are answered. As an example, the FSA
commissioned research on cloned animals in 2007-2008, which took the form of reconvened workshops with
the general public across the UK. This showed that the public were less concerned with how the technologies
and science work, and their focus was on the ‘why’ and what the consequences may be. This was closely
connected to the drivers behind the development and a perception that the motives were about increasing
profit above other factors.

Good public engagement needs to be based on more than just scientific evidence and needs to take account of
wider societal issues ie environmental, ethical, moral and economic. The worldview that consumers’ hold and
the channel used to provide information is as important as the content.

Some issues, like nanotechnology, are not on everyone’s radar and are not part of their everyday life. To engage
effectively the subject should be brought to life and the public need to see the relevance to their lives. Bringing
scientists and the public together in the same room and talking on the same level can foster good relationships
and can have a positive effect on the outcome.

Good public engagement will have feedback built in at the planning stage. It is good practice to let people
know how their input has made a difference. This need not be more complicated than sending an email or
updating websites.

Consumer information

A fundamental principle of food labelling legislation is that consumers should be provided with sufficient
information to make informed choices about the foods that they eat. Information must, by law, be clear and
not misleading. There is also a limit to the amount of information that can sensibly be provided on a food label.

Recognising these conflicting requirements, it is necessary when defining mandatory labelling requirements to
give priority to items that are important for the safe use of the food, while ensuring that any additional
labelling requirements are balanced and proportionate. Any demands for special labelling of “nanofoods”
would have to be viewed against this background. At present we do not have information about whether UK
consumers would value information on the use of nanotechnology in food production, and what sort of
information would meet the necessary criteria of clarity and comprehension.
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12 March 2009

Memorandum by Department for Innovation, Universities and Skills (DIUS)'4

The Department for Innovation, Universities and Skills (DIUS) is pleased to submit the following evidence
to assist the Committee in its inquiry into Nanotechnologies and Food.

Our response provides the information that the Committee requested from the Science and Innovation
Network about nanotechnologies in food in the following countries:

— Brazil (Annex 1)

— China (Annex 2)

— France (Annex 3)
— Germany (Annex 4)
— Japan (Annex 5)

— United States of America (Annex 6)
14 Now part of the Department for Business Innovation & Skills (BIS).
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DIUS notes that the Food Standards Agency, the Research Councils UK and the Department for
Environment, Food and Rural Affairs are also submitting evidence on areas for which they have responsibility.

DIUS has a wider responsibility for promoting good practice in public engagement about science and
technologies. The Sciencewise-Expert Resource Centre!> supports public dialogue projects and aims to
promote best practice in Government departments. It also builds capacity for public dialogue and engagement
across Government.

DIUS also provides funding for the Research Councils to support research and related post-graduate training.
The Research Councils support a broad range of activities relating to nanotechnologies, which include support
for research which has or may have an application in the food sector. They have also been involved in public
engagement activities focusing on the social, ethical, legal and regulatory issues surrounding applications of
nanotechnologies. Research Council activities and inputs into the cross-Government coordination activities
are coordinated by the RCUK Nanotechnology Group. The Research Councils are submitting separate
evidence to the inquiry.

In addition, DIUS chairs the Ministerial and policy coordination groups that seek to coordinate work across
Government to ensure the responsible development of nanotechnologies. These groups consider the
implications for nanotechnologies across a wide range of policy areas and we would like to draw the
Committee’s attention to key documents that explain the wider Government agenda, its coordination and how
we are pursuing it in international fora.

In February 2005, the Government published its response!® to the Royal Society and Academy of Engineering
report “Nanoscience and nanotechnologies: opportunities and uncertainties”.!” The response set out the
Government’s agenda for nanotechnologies and invited the Council for Science and Technology to review its
progress after two and five years. The Council reported on its first review in March 2007 in Nanosciences and
nanotechnologies: a review of Government’s progress on its policy commitments.'s

Following the report by the Council for Science and Technology, the Government established a Ministerial
group on nanotechnologies, chaired by the Science and Innovation Minister, to make sure that the UK
continues to play a leading role in the understanding, development and regulation of nanotechnologies. The
Ministerial group is informed by policy!® and research? coordination groups and views expressed in the
Nanotechnologies Stakeholder Forum.?! At the request of the Ministerial group, a statement by the UK
Government?? was published in February 2008 setting out the Government’s vision for nanotechnologies and
outlining the range of activities being carried out.

More recently, the Ministerial group announced? its intention to develop a strategy for nanotechnologies that
addresses both the exploitation of technologies and the management of potential risks. This will be developed
in dialogue with the full spectrum of interested parties (academia, industry, non-governmental organisations
and the public). DIUS is currently developing the programme of dialogue which will build on lessons learned
from previous public engagement activities around nanotechnologies.?*

Annex 1
EVIDENCE FROM BRAZIL

BACKGROUND

Brazil is the world’s largest producer and exporter of agricultural goods. The sector contributes more than 20
per cent of Brazilian GDP, and as such is considered to be a key area of strategic interest for the Brazilian
economy. In this context, Brazil continues to invest heavily in research and development related to agri-
technologies, and nano-technology has been identified as a priority. Brazilian efforts in this area are channelled
through an organisation Embrapa—The Brazilian Agricultural Research Corporation.

Embrapa is an agency of the Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA) in charge
of developing and extending knowledge and technology generation and transfer across a broad range of
programme areas to achieve sustainable agricultural development in Brazil. Embrapa is a world-leading
research organisation when it comes to tropical agriculture.

15 http://www.sciencewise-erc.org.uk/cms/

16 http://www.berr.gov.uk/files/file14873.pdf

17 http://www.nanotec.org.uk/report/Nano%:20report%202004%20fin.pdf

18 http://www2.cst.gov.uk/cst/business/files/nano_review.pdf

19 http://www.berr.gov.uk/dius/science/science-in-govt/st_policy_issues/nanotechnology/nano_issues/page20563.html

20 http://www.defra.gov.uk/environment/nanotech/research/index.htm

2l http://www.defra.gov.uk/environment/nanotech/research/index.htm

22 http://www.dius.gov.uk/policy/documents/summary-statement-nanotechnologies.pdf

23 http://nds.coi.gov.uk/environment/fullDetail.asp?ReleaseID = 391430&NewsAreal D = 2&Navigated FromDepartment = False
24 http://www.sciencewise-erc.org.uk/cms/nanotechnology-engagement-group/
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Its budget increased by R$914 million (approximately £278 million) from May 2008 to December
2010 through PAC (Growth Acceleration Programme) a Federal government initiative. This contribution was
added to Embrapa’s already existing budget (around half a billion GBP) and will be used for new research,
facilities, the modernisation of infrastructure of labs, and for hiring new staff. The strategy released by the
Brazilian government states that the investment should focus on work related to new challenges of agriculture,
which are; new areas of science (genomics, nanotech, TI), challenges of production (food security, climate
change, sustainable agriculture), public policies (including knowledge transfer) and institutional flexibility
(international cooperation). According to the Brazilian Minister for Agriculture, Reinhold Stephanes,
Embrapa is responsible for 60 per cent of the increase in field production in Brazil, which grew by 150 per cent
in the last 15 years.

Brazil is also investing heavily in nanotechnology—around £70 Million were invested between 2001 and
2006 by the Ministry for Science and Technology. Nanotech also features as a key priority in the Brazilian
Strategy for Science and Technology.

In this context Embrapa has decided to set up a dedicated National Centre for Nanotechnology Applied to
Agri-business, which is hosted in the city of Sao Carlos (Sao Paulo state). The Centre has the specific objectives
of increasing the competitiveness of Brazilian agriculture through the development of new nano-technologies.
Importantly, the Centre has formed partnerships with important companies in the private sector, such as Vale
Rio Doce, Braskem, the Brazilian Association of Agri-business, and Guaxupe (coffee).

MaAIN RESEARCH PRIORITIES AND APPLICATIONS

The Centre has set up a successful National Network for Nanotechnology Applied to Agri-business, which
includes every major player across the private and public sectors. This national network is responsible for
managing Brazil’s priorities in the sector, by designing research programmes and applications in conjunction
with Brazilian private companies and farmers. The Network is divided in three main programmes: 1)
Development of nano-structured materials and sensors, 2) Processing techniques for membranes and films for
packaging and separation processes 3) New uses for materials based on agro-industrial processes (fibres, etc.)

The following have been identified as priorities in the area of applications:

“Ready to Eat”, edible bioplastic coating. The Network’s strategy notes that the US edible bioplastic
coating market has increased from 19 Million USD in 2001 to 103 Million in 2006.

— Edible bioplymer coating generating a functional barrier.

— Functional packaging, with functional additives, including nutri-ceuticals (vitamins), spices,
flavour, aroma.

— Nanoparticles of natural polymers (chitosan, pectin, starch), for applications in packaging,
antimicrobial, strength reinforcement, controlled release.

— Palate sensors for quality control (this is an Embrapa International patent, aimed primarily at
increasing the quality of Brazilian wine).

— Hidrogel for soil conditioning.
— Hidrogel for controlled release of pesticides.
— Agro-based composites (amid, fibres).

— Cellulose nanofibers from cotton, new varieties (colored cotton), sisal, and nanoparticles, including
starch and chitosan.

— Improvement in mechanical properties in PVC composites.
— Recycled Polyethylene terephthalate and sugar cane bagasse fibre.

Note: Sugar cane bagasse fibres are largely produced in Brazil as a by-product from the sugar cane and bio-
ethanol industries. In 2006 Brazil produced 387 Million tons of sugar cane, and 100 Million tons of sugar cane
bagasse fibres.

Brazil does not seem to have any dedicated regulatory framework for nanotechnology research.
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Annex 2

EVIDENCE FROM CHINA

There is no systematic reporting system in China about nanotechnology in the food sector and thus
information is limited.

What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food sector, either
in products or in the food production process?

Nanotechnology within the food production chain is used in agricultural cultivation, food processing and
manufacturing, animal feed, additives, supplements, and food packaging.

What is the current state of the market for, and the use of, food products and food production processes involving
nanotechnologies or nanomaterials, in China?

The field of food nanotechnology has experienced significant growth over the last five years in China. There
is no statistical data available on the level of use but it is widespread.

What might the “next-generation” of nanotechnologies and nanomaterials look like? How might they be applied in the
food sector, and when might they enter the market?

It is still not clear what the next generation of nanotechnologies will look like but we would expect them to
enter the market and quickly spread throughout all phases of agro-food production.

What is the current state of research and development in China regarding nanotechnologies and nanomaterials which
have or may have an application within the food sector? How does it compare to research and development in other
countries?

R&D on nanotechnologies is quite advanced and is comparable to other countries. Focus is not in the food
sector directly but other sectors such as antimicrobial nano-kitchenware, food packaging, sun screen,
cosmetics, textiles, etc.

What are the barriers to the development of new nano-products or processes in the food sector?

Safety issues and acceptance by the public are key barriers to the development of new nano-products or
processes in the food sector. A current concern is that there is too little information available on the properties
of nanoparticles and their potential impact such as how the body motabilises nanoparticles because of their
varying size and high mobility. There is also no requirement for manufacturers to label nanoparticles on their
products, and consumers are unlikely to be aware of such applications in foods.

Is the regulatory framework for nanotechnologies and nanomaterials fit for purpose? How well are imported food
products containing nanotechnologies and nanomaterials regulated?

The current regulatory framework for nanotechnologies and nanomaterials is inadequate in China though
recent general legislation on food safety should help plug some gaps. Many imported food products to China
are not properly inspected and domestic standards from the country of origin are not always available for
review.

How effective is voluntary self-regulation at an international level? What is the take up by companies working in the
food sector?

Food nanotechnology is an emerging field and good regulation is a critical issue. Self-regulation in China is
difficult to measure but is likely to be focused on food safety. If the nanoparticles are shown to be safe then
that could be the end of any self-regulation by a company. Take up by companies is unknown but probably
widespread.

Wil current regulations be able adequately to control the next generation of nanotechnologies and nanomaterials?

In China, the answer is no. The current regulatory system does not require manufacturers to label whether
nanoparticles are present in their product. Regulations are also not particularly extensive in relation to the
development and manufacture of nanoparticles.
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Is there any inter-governmental co-operation on regulations and standards? What lessons can be learned from
regulatory systems in other countries?

China is not presently having any specific discussions about international regulation of nanotechnology in
food products.

Annex 3
EVIDENCE FROM FRANCE

What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food sector, either
in products or in the food production process?

There are many potential applications and benefits of nanotechnology and nanomaterials in the food sector
from food production such as cultivation (eg nano-pesticides) to food processing like the packaging of foods.
In addition nanotechnologies can be used to enhance the nutritional aspects of food by means of nanoscale
additives and nutrients and nanosized delivery systems for bioactive compounds. Table 1 summarises the
potential applications of nanotechnology in the food production chain. These applications are expected to find
their way into various products for consumer use in the coming years in France.

Table 1

APPLICATIONS OF NANOTECHNOLOGY IN THE FOOD PRODUCTION CHAIN

Triggered release nanoencapsulates

Chain phase Application Nanotechnology Function
Agricultural Nanosensors Nanospray on food commodiities Binds and colours micro organisms
production Hand-held devices Detection of contaminants etc.
Incorporated in packaging materials ~ Detection of food deterioration
Pesticides Nanoemulsions, - encapsulates Increased ctficacy, water solubility and

crop adherence
Triggered (local) release

Water puritication/
soil cleaning

Filters with nanopores
Nanoparticles

Pathogen/containmant removal
Removal or catalysation of oxidation of
contaminants

Production and
processing of

Food production
Refrigerators,

Nanoceramic devices
Incorporated nanosized particles,

Large reactive surface area
Anti-bacterial coating of storage and

Nanosized/ -clustered food/drinks
(nutrients)

food storage containers,  mostly silver, occasionally zinc food handling devices
food preperation oxide
equipment
Conservation Food products Nanosized silver sprays Anti-bacterial action
Packaing Incorporated sensors Detection of food deterioration.
materials Monitoring storage conditions
Incorporated nanoparticles Increasing barrier properties, strength of
materials
Incorporated active nanoparticles Oxygen scavenging, prevention of
growth of pathogens
[Functional Supplements Colloidal metal nanoparticles Claimed to enhance desirable uptake
foodl] Delivery systems [Nanoclusters’ Protecting and (targeted) delivery of
consumption content

Claimed enhanced uptake

What is the current state of the market for, and the use of, food products and food production processes involving
nanotechnologies or nanomaterials in France?

The current state of the French market is estimated to be very small. According to the experts contacted, it is
likely that the nanotechnology applications will be similar to what will be found elsewhere in the Western
world as a result of globalisation.

Many international food companies (eg Nestle) have subsidiaries in France. These companies are known to
be interested in the applications of nanotechnology in this sector so there is a distinctive possibility of an issue
on nanotechnology in food in France although it will not be confined only to France.
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What might the “next-generation” of nanotechnologies and nanomaterials look like? How might they be applied in the
food sector, and when might they enter the market?

The use of nano-materials in food packaging and food additives is expected to correspond to the two main
types of applications. Use in food packaging is expected to take off over the next few years as it is likely to be
more acceptable to the general public (ie little (supposedly) contamination of the food). Food additives will
be the next target although it is expected that there will be resistance from consumers.

What is the current state of research and development in France regarding nanotechnologies and nanomaterials which
have or may have an application within the food sector?

The French National Research Agency (ANR) supports several programs in nanoscience and
nanotechnology, which may lead to new applications within the food sector. These include:

—  Pnano, dedicated to nanoscience and nanotechnology and supporting projects of basic and applied
research in  nanocomponents, micro-nanosystems, nanobiotechnology, nanomaterials,
instrumentation and metrology, modelling and simulation. A special section deals with the impact
and risks of nanotechnology on health and the environment as well as with ethical and societal
aspects.

— Materials and Processes focuses on research into new materials and industrial processes,
improvement of their technical and economic performance and stimulation of technology transfer to
industry.

— SEST (Health Environment and Health Work): the goal of this program is to reveal the impact, as
yet unknown, of environmental factors on human health by measuring the exposure to these factors
and identifying their role in the origin or the worsening of some diseases. This program deals
particularly with the potential toxicity of nanoparticles.

ANR also recently launched a programme called ALIA (Spring 2008) on food and in particular food processes
encouraging the use of nanotechnology.

Allin all, although France is currently running a large number of R&D activities in the area of nanotechnology
and nanomaterials, only a minority of projects is dealing with food.

What are the barriers to the development of new nano-products or processes in the food sector?

France will find doubt and objection from consumers to be the main barriers to the development of nano-
products in the food sector. The main issue in France, at the moment, is carbon nanotube because of its
similarity to asbestos—a story that was not very well handled by the French health authorities. The CEA is
now the main organisation handling nano-issues in France because of its success in handling the very sensitive
issue of Atomic Energy. AFSSA is also heavily involved in this area and has recently published an official
communiqué on nanoparticles in water.

It is important to note, as a conclusion, that the European Commission has already put calls for research on
detection and characterisation of nanoparticles in the food as part of the Framework programme and this is
the first in a series of calls on risk assessment of nanoparticles in the food. So there is action at the European
level on this issue which will undoubtedly affect France.

Note: This Annex was compiled with the assistance of the Institute of Medicine (IoM), Edinburgh, from
information supplied by the Commissariat a I’ Energic Atomique (CEA) and the AFSSA (the French Food
Standards Agency).

The scientific evidence used by the French comes from (a) the reports and paper published by Dr Qasim
Chaudhry of the Central Science Laboratory (York) from works in collaboration with the I[OM and sponsored
by the UK FSA, (b) a report by the RIKKILT and RIVM institutes in Holland, and (c) a report compiled by
Friends of the Earth.
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Annex 4

EVIDENCE FROM GERMANY

1. Main potential applications and benefits of nanotechnologies and nanomaterials in the food sector

Potential applications and benefits:

improving the stability and durability of food;

improving the bioavailability of important nutrients;

better optical properties; improved flavour and consistency;

carrier material for other substances, eg liposomes, micellas and vesicles;
functional foods (nano-ceuticals);

food packaging (with sensors to monitor freshness);

pesticides (carried by nanoparticles to improve the absorption by plants); and

food safety (eg synthetic nanoparticles which irreversibly bind microorganisms).

Source: Federal Institute of Risk Assessment; presentation given to the Nanotechnology Forum, Berlin,
10 November 2008

2. Market for, and the use of, food products and food production processes involving nanotechnologies or nanomaterials
in Germany?

Current use of nanotechnology in food and dietary supplements:

Nano green tea—use of nanotechnology to improve the bioavailability of selenium contained on
tealeaves and to enhance the antioxidant effect.

Frying oil “Canola Active Oil” with nano-phytosterole capsules (30 nm) to prevent the absorption
of cholesterol and reduce the risk of cardiac diseases.

Dietary supplements, eg nano-vitamins, nano-calcium, nano-magnesium and nano silicon (eg
Neosino capsules).

Carotenoid—nanostructured carotenoid might overcome the problems with insolubility in water and
bad absorbability, improving the beneficial impact on health.

Product examples:

Nutralease™ —patent pending for the Nano-sized Self-assembled Liquid Structures (NSSL)
technology. This uses nano-sized carriers to targeted compounds (such as nutraceuticals and drugs).
These carriers are expanded micelles with a size of ~ 30 nanometers, referred to as fortifying nano-
vehicles (FNVs). Further information available at http://www.nutralease.com.

Aquanova—uses nanotechnology to produce micellas to improve the solubility of insoluble
substances and to change the water/fat solubility of nutrients (eg vitamins A, C, D, E, K, B-carotene,
omega fatty acids). The patent protected NovaSOL® solutions is manufactured in ISO—and GMP
certified production plants and suitable for a variety of applications in the area of food, dietary
supplements, healthcare, cosmetics and pharma. They can for example easily be filled into softgels
and are ready to use components for industrial processes such as preservation. AQUANOVA in
2006 received the “Excellence in Technology Award” (Frost&Sullivan) and is located in Darmstadt
near Frankfurt (Germany). Further information at http:/www.aquanova.de.

Use of inorganic compounds in food processing:

Use of synthetically amorphous silica (Si0z) as food additive (E551), as auxiliary material to support the flow
of powder (eg tomato powder, salt, spices), or as dispersion medium for vitamins.

Source: Federal Institute of Risk Assessment; presentation given to the Nanotechnology Forum, Berlin,
10 November 2008
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NANO-ENHANCED DIETARY SUPPLEMENTS AVAILABLE IN GERMANY

Tabelle 4: In Deutschland erhaéltliche Nahrungsergédnzungsmittel mit Nano-Materialien

Hersteller

Produkt

Nano-Inhaltsstoffe

Zweck

Trace Minerals

Co-Enzym Q10

“ultrakleine Flissigkeitspartikel”

Das Q10 gelangtdirekt in Herzund

Research nano liquid Muskulatur ohne von der Leber ver-
stoffwechselt zu werden, beworben
zur Starkung der Immunkraft und zur
Uberbriickung von Energiemangel

fairvital fairvital Colloidales Nano-Silberpartikel Antibakterielle Breitbandwirkung,

Silber beworben zur Starkung der Immun-
abwehr

Vitafosan Nano-Know-How Nano-Zeolith und weitere \erbesserte Aufnahme der Mineralien,

Stoffe (bis 400nm) beworben als “Aktivator fiir den
ganzen Kérper”

Vitafosan Nano Men-Power Nano-Zeolith plus Silizium-Sol \erbesserte Aufnahme der Mineralien,

(bis 400nm) beworben “zur Stérkung der Mannes
kraft”

Vitafosan Aufbau for kids Nano-Zeolith (bis 400nm) \erbesserte Aufnahme von Mineralien

plus Vitamine und Vitamine, beworben “fiir eine
gesunde Entwicklung”

Vitafosan Toxi-Drain Nano-Zeolith und weitere “Saugt Gifte wie ein Schwamm in

Stoffe (bis 400nm) feinste Kondilchen und fiihrt sie ab”

Healthy Generation Nano Life by Carlo Unspezifischer Nano-Inhalt unklar

GmbH Thraenhardt

Life Light Nanosan Silizium-Sol Beworben als “Spurenelement fiir

Nanosilizium Gesundheit,Schénheit und
Jugendlichkeit”
Medica Consulting Ltd. Energy Well Nano Nano-Silizium unklar
Mineral Silizium Pulver
Squeezy SQUEEZY Nano Nano-Mineralien Hohe Bioverfligbarkeit, fordertden
energised mineral gel Muskelaufbau und die Regeneration
des erschépften Sportlers

Muscle tech NanoVapor “Nanomolekulare “NaNOVaporist eine muskelaufbau-

gefdBerweiterndéWirkstoffe” ende psychoaktive Erfahrung”

Muscle tech naNOX9 “NanoskaligesStickstoffoxid” “Durchflutet die Muskulatur sofort mit

gefdBerweiternden Wirkstoffen”

Source: BUND (German branch of Friends of the Earth), “Aus dem Labor auf den Teller—Nutzung der
Nanotechnologie im Lebensmittelsektor” (From the lab onto the plate—use of nanotechnologies in food) (see
http://www.bund.net/fileadmin/bundnet/publikationen/nanotechnologie/20080311_nanotechnologie_lebens
mittel_studie.pdf)}—See page 51-61 for overview of nano-enhanced food and beverages, food additives,
dietary supplements, food packaging and kitchen-utensils available in Germany and in international markets.
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NANO-FOOD ADDITIVES AND AUXILIARY MATERIALS AVAILABLE IN GERMANY

Manufacturer Product Nanomaterial Purpose

Evonik Industries Aerosil, Sipernat Nano-Siliziumdioxid Rieselhilfe fiir

(formerly Degussa) pulverférmige
Inhaltsstoffe

Rieselhilfe fiir AdNano Nano-Zinkoxid fiir Mineralzubereitungen

pulverformige

Inhaltsstoffe

AquaNova NovaSOL Nano-Maizellen Bessere Aufnahme aktiver

Inhaltsstoffe in Zellen
und (Kapseln) Organe
durch Einschluss in

Nanokapseln
BASF Solu E 200 Vitamin E nanosolution = Ermoglicht die Zusetzung
based on NovaSOL (see  von Vitamin E zu
above) Getrinken, ohne dass
dadurch Farbe oder
Geschmack

NovaSOL (s.o0.)
beeintrichtigt werden
BASF LycoVit Synthetisches Lycopin
Antioxidationsmittel
(<200 nm)

Source: BUND (German branch of Friends of the Earth), “Aus dem Labor auf den Teller—Nutzung der
Nanotechnologie im Lebensmittelsektor” (From the lab onto the plate—use of nanotechnologies in food) (see
http://www.bund.net/fileadmin/bundnet/publikationen/nanotechnologie/20080311_nanotechnologie_lebens
mittel_studie.pdf)—See page 51-61 for overview of nano-enhanced food and beverages, food additives,
dietary supplements, food packaging and kitchen-utensils available in Germany and in international markets.

3. Research and development in Germany regarding nanotechnologies and nanomaterials which have or may have an
application within the food sector?

OVERVIEW

The Federal Government launched a number of projects in 2006 to address health and environment related
issues. A total of € 7.6 million (£ 5.2 million) has been allocated to these projects for a three year period. The
table below sets out public-sector and industry allocations to research into the risk of nanotechnology on
human health and the environment.

Project Duration  Public sector funding Industry’s contribution
NanoCare 2006-08 €5m €2.6m
Dialogue on Nanoparticles 2004-06 n/a n/a
NANOTOX/INOS 2006-08 >€1lm n/a
NanoHealth 2006-08 n/a n/a
TRACER 200608 €1.5m €1.5m

Source: British Embassy Berlin—own research on various websites
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The table below sets out the Federal Government overall allocations to research into the ecological, ethical,
social, and military as well as consumer and health-related aspects of nanotechnology, including—the
above projects.

2002 2003 2004 2005 2006
in in in in in
€m €m €m €m €m
Opportunities and risks 0.257 0.460 0.460 0.040 1.582
(eg technology assessment, INOS,
NanoCare)
Support measures 1.840 2.189 3.048 2.929 3.780
(eg Nanotechnology Networks, Horizon
Scanning)
Education, further training, social aspects 0 0.200 1.900 1.500 1.152
Total in € m 2.097 2.849 5.408 4.429 6.514
(£ m) (1.436) (1.951) (3.704) (3.033) (4.461)

Source: BMBF, Response to Parliamentary Question 16/2150, 31 July 2006

NANOCARE

The NanoCare project (first phase in 2006-09; second phase to start in 2009), a collaborative project bringing
together representatives from industry, science and the wider public. Germany’s government allocated
€5 million to the first phase of the project, industry contributed a further €2.6 million. The project involves
13 collaborative partners, including six companies and seven research institutes. The project involves:

— publication of data on known and unknown impact of nanomaterials on the environment and health;
— combination of industrial manufacturing and toxicity research (BASF involved as key player);

— development of standardised processes for the use of nanomaterials;

— generating knowledge into the synthesis and characterisation of nanoparticles;

— in vitro and in vivo risk assessment;

— development of standard operating procedures for the use of nanoparticles; and

— dialogue with the wider public.

While NanoCare initially focused on nanoparticles used in skin care products, the later phase of the project
now also includes a wider range of aspects, including:

— research into potential exposition routes and barriers (eg pulmonary tract, gastrointestinal tract,
broken skin, blood-brain-barrier, blood-plasma barrier;

— research into the link between materials properties and human toxicity;
— identification of response mechanisms; and
— development of measuring strategies and testing systems.

A follow-up call for NanoCare was launched in October 2008, the deadline for submitting further project
proposals was late February 2009.

Further information: http:/www.bmbf.de/pub/flyer_nanocare-projekte_en.pdf (English); NanoCare project
website at http:/www.nanopartikel.info; NanoCare call for proposals October 2008 http://www.bmbf.de/
foerderungen/13084.php (German)

NANONATURE

Additionally, the BMBF funds the NanoNature programme project, which was launched in August 2008. The
projects are expected to start in the first half of 2009. NanoNature focuses on the use and impact of
nanotechnology in environmental protection. Nanotechnologies that may be used in clean processes and to
protect the environment include:

— water reprocessing; cleaning air and water and reprocessing polluted soil;

— recycling processes including separation of different types materials; and
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— catalytic processes and materials separation in order to reduce harmful emissions into the
environment.

In terms of potential impact of the use of nanotechnologies in clean processes and environmental protection,
NanoNature will investigate interaction between nanomaterials structure and impact identify impact
parameters, taking into account harmful substances occurring naturally:

— development of reference materials, processes and standardised testing;
— conduct research into the mobility and transformation of nanoparticles;
— carry out risk assessment using real matrices; and

— develop characterisation processes for nanoparticles in air, water and soil.

Source: Federal Ministry of Education and Research; presentation given to BfR Nanotechnology Forum,
10 November 2008; NanoNature call for proposals http://www.bmbf.de/foerderungen/12531.php (German)

NANOTOX

NANOTOX is a joint initiative by several research institutes and companies in Dresden and Leipzig (Saxony).
It seeks to establish a virtual laboratory specialising in the analysis of health and environment aspects of
nanotechnology. NANOTOX aim is to become a service provider for SMEs and to carry out contract research
in to the potential risk of nano-scale particles. The members of NANOTOX are:

— Fraunhofer Institute for Ceramic Technologies and Systems.
— Max Bergmann Centre for Biomaterials.

— UFZ Centre for Environmental Research.

— University Clinic Dresden.

— Namos GmbH.

The members of NANOTOX launched the INOS research project in February 2006. INOS stands for
“Identification and Assessment of Health and Environment Risks of Nano-scale Particles”. The projects aim
to conduct a comprehensive analysis of the potential adverse impact of nanoparticles on man and the
environment. The Federal Research Ministry provides € 1 million towards the cost of the project. As a result
of the project, a database will be established, which provides information about the health risks linked to
individual types of nanoparticle. This will serve as a guide to companies on developments in this area.

Links:

— Nanotox Homepage: http://www.nanotox.de/nanotox/Willkommen.html (German)—with links to
English-language websites of the Nanotox participants.

TRACER—T0xX1COLOGICAL ASSESSMENT AND FUNCTIONALISATION OF CARBON NANOMATERIALS

In March 2006 the BMBF launched TRACER, a toxicological assessment of carbon nanomaterials. The
participants in this € 3 million project include four companies (including Bayer MaterialScience) and a public-
sector research institute. The project aims to investigate the biocompatibility and toxicity of carbon-nanotubes
and carbon nanofilaments along the whole value added chain—from manufacture, processing and blanks to
prototypes. On the basis of research results, participants will make recommendations for the production and
processing of carbon-nanomaterials as well as the use of relevant products.

Links:
— Information on NanoCare and Tracer projects http://www.bmbf.de/de/5915.php (German)
— Bayer MaterialScience: http://www.bayerbms.de/(English)

Bayer News Release on the NanoCare project: http://www.presse.bayer.de/baynews/baynews.nsf/id/
A8TEF8F221792B54C12571180034DESF/$File/2006-0058E.pdf (English)

NANOHEALTH PROJECT

The Helmholtz Association—the umbrella for Germany’s 15 large science institutes—stated a project on
nanotechnology-related health risks in May 2006. This aims to develop preventive strategies to minimise
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health risks linked to synthetic nanoparticles and neuronal implants. The project is carried out by the Institute
for Technology Assessment and Systems Analysis (ITAS) at the Helmholtz Research Centre in Karlsruhe. The
key elements of the NanoHealth project are:

— Analysis and summary of current state-of-the-art in both areas, ie nanotechnology and neuronal
implants.

— Development and test of an evidenced-based strategy to analyse and assess the risk of synthetic
nanoparticles.

— Debate on visions and ethical issues in the context of neuronal implants.

— Discussion of key issues in 2x2 focus groups involving experts and laymen; development of action
strategies.

— Presentation of the results in the form of a workshop open to the wider public.

— Homepage NanoHealth http://www.itas.fzk.de/deu/news/2006/11.htm (German)
— Homepage ITAS: http://www.itas.fzk.de/home_e.htm (English)

FURTHER FEDERAL GOVERNMENT INITIATIVES

The Federal Ministry of Food, Agriculture and Consumer Protection (BMELV) organises conferences on
consumer protection and a foresight type study (based on the Delphi method of expert forecasts) into
nanomaterials in consumer goods. The BMELYV will also conduct a survey into nanomaterials in food.

BMELYV Food Safety Strategies (in English)—Reference to nanotechnology on page 35 http://www.bmelv.de/
cln_045/nn_1299748/SharedDocs/downloads/__EN/01-Brochures/FoodSafety,templateld = raw,property = p
ublicationFile.pdf/FoodSafety.pdf

The Federal Environment Ministry (BMU) has been responsible for driving the NanoDialogue initiative—an
interdisciplinary dialogue involving all stakeholders including government, industry, research, NGOs,
industry associations and the wider public. The Federal Environment Agency (UBA) within the remit of the
BMU will conduct nanotechnology life cycle analysis and studies into toxicokinetic.

What lessons can be learned from public engagement activities that have taken place during the development
of other new technologies?

BMU NanoDialogue and NanoCommission English-language website: http://www.bmu.de/english/
nanotechnology/nanodialog/doc/37402.php

A number of German government agencies—including the Federal Institute of Risk Assessment (BfR), the
Federal Institute for Occupational Medicine and Health (BAuA) and the Federal Environment Agency
(UBA) with input from others—have proposed a programme of risk-related research into nanotechnology.
This has not yet led to the establishment of dedicated research funding in addition to NanoCare and other
risk-related nanotechnology research projects (eg into CNTs).

English translation of the draft research strategy into nanotechnology environment and health risks: http://
www.baua.de/nn_7554/sid_61037A3BB139D43BBCE4BA5848D183C8/en/Topics-from-A-to-Z/Hazardous-
Substances/Nanotechnology/pdf/draft-research-strategy.pdf; further information:

— Federal Environment Agency (UBA) http://www.uba.de
— Federal Institute of Risk Assessment (BfR) http://www.bfr.bund.de
— Federal Institute for Occupational Medicine and Health (BAuA) http://www.baua.de

4. Barriers to the development of new nano-products or processes in the food sector?

Poor public acceptance of nanotechnology in food

BfR study illustrates that only 20 per cent of respondents consulted would buy nanotechnology-enhanced
food products. Public acceptance is much better in the area of surface treatment/cleaning (86 per cent would
buy such nano-based products), clothes (75 per cent) and skin care (36 per cent). In terms of risk perception,
the majority of respondents consider inhalation of nanoparticles the greatest risk (78 per cent). Almost 12 per
cent consider oral intake as the biggest risk associated with nanotechnologies.

Source: Federal Institute of Risk Assessment (BfR) representative opinion poll conducted in May 2008; Full
report available at http://www.bfr.bund.de/cm/238/wahrnehmung_der_nanotechnologie_in_der_bevoelker
ung.pdf



20 NANOTECHNOLOGIES AND FOOD: EVIDENCE

Issues with general safety of nanoparticles

Different toxicity of nutrients/bioactive substances due to enhanced bioavailability or different distribution
within the human body; further research necessary on the impact on physiological substances/matabolites
transport in organisms; investigation needed into whether nano-carriers affect epithelial tissue and intestinal
function; further research needs to be carried out into the bioavailability of nanoparticles following oral
exposition.

Source: Federal Institute of Risk Assessment; presentation given to the Nanotechnology Forum, Berlin,
10 November 2008

Potential risks associated with synthetically amorphous silica (SiO2)

There is some in-vitro evidence of impact on cell nuclei, ie accumulation of 40—70 nm nanoparticles in nuclei;
negative impact on replication and transcription (but manufacturers doubt that in nano-particles are present).
New gel-based production processes for SiO2 may require new safety assessment. This BfR assessment has
been endorsed by the Risk Assessment Working Group of Germany’s NanoCommission.

Open questions about the risk of nanoparticles in food

The physical and chemical properties of industrial nanoparticles as potential food additives need to be
investigated, especially whether the nanoparticles bind with other food components or whether they move
freely through the gastrointestinal tract. Further questions to be investigated are whether nanoparticles as
food additives affect the gastrointestinal function or the gastrointestinal microflora. The risks through indirect
contamination and migration from packages need to be investigated as well as the status of nano-particle
enhanced food compared with novel food.

Methodology for risk assessment

The BfR recommends that methodologies be developed for a risk assessment of nanoparticles in food,
including definitions and distinction between synthetic vs. natural nanoparticles; free vs. matrix-bound
nanoparticles. Further generation of toxicological data, especially after oral exposition, is needed.

Sources: Federal Institute of Risk Assessment; presentation given to the Nanotechnology Forum, Berlin,
10 November 2008; Bericht und Empfehlungen der NanoKommission der deutschen Bundesregierung
2008 (in German only)—

http://www.bmu.de/gesundheit_und_umwelt/nanotechnologie/nanodialog/doc/42655.php

Annex 5
EVIDENCE FROM JAPAN

STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FooD SECTOR

In Japan, nanotech is applied mostly to food products, including supplements, food additives and flavours,
and not much to food packaging or food production processes. The size of the Japanese market is still small—
approximately 1 billion yen (GBP14 million) as of 2005, according to the National Agriculture and Food
Research Organisation, citing statistics by the Ministry of Economy, Trade and Industry (METI). It was a
tenth or less the size of the market of cosmetics containing nano-materials.

But the nanotech-containing food market is likely to exceed the nanotech-containing cosmetics market in the
near future. It is expected to grow 20 billion yen (GBP148 million) in 2010, 150 billion yen (GBP1.1 billion)
in 2020 and 250 billion yen (GBP1.85 billion) in 2030.

According to a symposium in January 2008,% Japan is far ahead in the development of surface chemistry of
emulsifying agents, followed by North America and the EU. Japan is also in the top position of solid
fermentation, solid culture technologies and brewing technologies. These technologies are mainly aimed at
improving the absorption of nutrition in the body, although some researchers are hoping to increase the use
of nanotechnologies to raise Japan’s self-sufficiency ratio for food, which stood at 40 per cent in 2007, the
lowest among developed countries.

2 “Food Nanotechnology committee—application of nanotechnology and materials technologies to the food industry.” (Excerpts of a
symposium organised by Centre for Research and Development Strategy, the Japan Science and Technology Agency held on
30 January 2008 in Japan.)—Japanese only.
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In the symposium, a researcher at Japanese food company Kagome said that food companies are keen on
research into food structures; ie research into gel structures in such products as cheese, gelatin and puddings.
However, R&D to improve the texture and taste of food products is yet insufficient. Therefore, many
companies expect to establish technologies to measure and evaluate fine structures in foods effectively.

Ministries have launched various research projects on nano-foods, but they are still at the early stage. For
example in 2007, the Ministry of Agriculture, Forestry and Fisheries (MAFF) launched a project called
“Development of nanoscale processing or evaluation technologies for food materials”. Researchers in the
projects set a goal to reduce the size of solid particles of 100 micron in diameters (such as rice, grains, soybeans)
to 100 nanometres, and create 10 emulsion particles of 10 nanometres, in five years. They are also working to
develop technologies to create and evaluate particules and assess the safety of these products. To this end, the
project has 22 sub-projects with participation from four quasi-independent research institutions, six
universities one company and two regional governments.

HEALTH AND SAFETY & REGULATORY FRAMEWORK

The National Agriculture and Food Research Organisation said that there are few regulatory frameworks to
control the application of nanotechnologies in the food sector in Japan. They also said there are probably no
rules for imported food products containing nanotechnologies and nanomaterials. So basically Japan is
allowed to use particles of even less than 100 nanometres in diameters for food products.

The main reason of few regulations is that there are little data which can convince the risk of nano-foods
against people’s health. Still, since 2004 the government has been garnering various opinions about safety
through committees. The main ministries are METI, MAFF, the Ministry of Health, Labour and Welfare
(MHLW) and the Ministry of Education, Culture, Sports, Science and Technology (MEXT). An MHLW
committee issued a report in late 2008, and recommended the government to work hard to collect information
to create possible regulations as well as to educate the public.

The National Agriculture and Food Research Organisation said Japan may take a step forward this year, after
WHO and EFSA held conferences on safety issues.

Inter-governmental co-operation has been going well among these key ministries (MHLW, METI, MEXT,
MAFF) in terms of participation in committees etc. But major responsibilities are divided by each ministry:
MAFF for overall food issues, MHLW for safety issues, and METI and MEXT for overall nanotechnology.

In the future, the National Agriculture and Food Research Organisation believes that Japan should make a
rule to conduct safety tests when large particles, which are currently widely used in foods, are re-engineered
as nano-particles because these structures may change and endanger people’s health.

PuBLIC ENGAGEMENT

In the autumn of 2008, Hokkaido University held a small conference to discuss nano-food and its safety with
consumers. The National Agriculture and Food Research Organisation was represented at the conference and
believed the general public had a positive impression about nano-foods. Meanwhile, in the symposium in
January 2008, a journalist of Nikkei Biotechnology Japan said that nano-foods and food nanotechnologies
have yet to be a topic among consumers, and there are few consumer movements against nano-food and safety
issues. Japanese consumers tend to show strong resistance against GM foods, so nanotech for food
applications may trigger similar safety concerns once people get to know more about it. Accurate and proper
dissemination of scientific information is therefore necessary in Japan.

GBPI = 135yen

Annex 6
EVIDENCE FROM THE UNITED STATES OF AMERICA
STATE OF THE SCIENCE AND USE OF NANOTECHNOLOGY IN THE FooD SECTOR

What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food sector, either
in products or in the food production process?

— Use of nanotechnologies in food products or in food production is considered to fall in one of two

categories—nano-inside vs. nano-outside. Nano-inside indicates use of nanotechnology as food
additives, and nano-outside indicates the use of nanotechnology in the production of food packaging.
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— Applications and benefits in food products—In food additives, improvements could be made in food
shelf life, texture, flavor, or nutrient composition. Some additives can also be used to detect food
pathogens, or used as food quality indicators.

— Applications and benefits in food production process—In food packaging—nanotechnologies in this
area are considered to be of use to increase product shelf life, provide indication of spoilage (though
nanosensors), or generally increase product quality (eg by inhibiting gas flow across packaging
materials.)

What is the current state of the market for, and the use of, food products and food production processes involving
nanotechnologies or nanomaterials, either abroad or in the UK?

— Current State of the Market—According to Lux Research, sales of products containing
nanotechnology (in general) generated $30 billion of sales in 2005. In the food industry, some experts
predict that nanotechnology will be incorporated into $20 billion worth of consumer products by
2010 (Helmut Kaiser Consultancy). Five out of the 10 world’s largest food companies are pursuing
research in exploring use of nano in their food products or packaging. According to the Woodrow
Wilson Project on emerging nanotechnologies consumer products list there are around products in
the food and beverage field—around 10 per cent of the total products in their database.
www.nanotechproject.org/inventories/consumer/analysis_draft/

— Examples of current items on the market are: Canola oil that contains nanomaterials which block
cholesterol from entering the bloodstream (Canola Active Oil by Shemen Industries). Another is a
chocolate “slim” shake which is supposedly tastier and more nutritious due to the properties of
nanoparticles designed to carry nutrition more efficiently into cells (Nanoceuticals Slim Shake
Chocolate by RBC Life Sciences). There are beer bottles on the market from Hite Brewery Beers
(Honeywell) whose bottles are created using nanoparticles which block the transmission of oxygen
into the beer, thus keeping it fresher for longer periods of time. Nanotea is another product, which
claims to use nanoparticles to increase absorption of selenium in the body from the tea, which
purportedly boosts selenium’s natural activity in the body by 10x (Shenzen Become Industry & Trade
Co, Ltd).

What might the “next-generation” of nanotechnologies and nanomaterials look like? How might they be applied in the
food sector, and when might they enter the market?

— According to Kuzma and VerHage’s Nanotechology Report (http:/www.nanotechproject.org/
publications/archive/nanotechnology_in_agriculture_food), industry observers indicate that there
are literally hundreds of new food and food packaging products under development which could be
on the market in as little as two years.

— According to the report above, there are several examples of next generation nanomaterials which
could be used in future food products. Some nanoparticles are being designed to block substances in
food (like the canola oil example), but could also include blocking food allergens. Other
nanomaterials are being developed to be given to livestock, in order to detect and neutralize animal
pathogens before they reach consumers (Clemson is designing a nanoparticle to neutralize the poultry
pathogen campylobacter). There are additional nanoparticles being developed in order to deliver
nutrients to human cells that either had previously low or no absorption. In the area of food
packaging, nanosensors would be embedded in food packages designed to alert consumers that a
product has spoiled, and is no longer safe to eat.

What is the current state of research and development in the UK regarding nanotechnologies and nanomaterials which
have or may have an application within the food sector? How does it compare to research and development in other
countries?

— R&D in U.S.—A project by Dr. Jennifer Kuzma and Peter VerHage (detailed in the report above)
included the creation of a database of all available food-related nanotechnology applications and
products that are likely to appear on the market in the coming years. It compiles information about
food nanotechnologies that are still in the developmental stage, but includes only those from
companies or labs that have agreed to release the information. Most of these are being made/
developed within the United States. The website for the database is: www.nanotechproject.org.

— Beyond this database, which the creators admitted only “scratches the surface” of food related
nanotechnology products, there are many products under development which are being kept secret,
mostly by industries, due to varying concerns regarding public opinion, regulation, or duplication.
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What are the barriers to the development of new nano-products or processes in the food sector?

Currently, there are few methodologies or guidelines in the industry sector on how to asses potential
risks from certain nanomaterials/particles, which can complicate risk assessment in the food sector.
Future regulation spurred by these perceived risks could limit or inhibit use of nanotechnology in
food products, especially if all nanomaterials are required to go through the review phase (see below),
and not be eligible to be considered as a material Generally Recognized As Safe (GRAS) if the parent
material had that classification.

REGULATORY FRAMEWORK

Is the regulatory framework for nanotechnologies and nanomaterials fit for purpose? How well are imported food
products contaiming nanotechnologies and nanomaterials regulated?

The legislation regulating nanotechnology in food is currently the Food Additives Amendment of
1958, which has been subsequently renewed and added to. The regulatory agency in charge of this is
the Food and Drug Administration (FDA). This law states that any new substance added to food
must undergo formal pre-market review and approval by the FDA through a food additive petition
process which results in a regulation which specifies the conditions by which the additive can be safely
used in food. http://www.fda.gov/nanotechnology/regulation.html

However, circumventing the approval process occurs because some nanoparticles are just drastically
reduced sizes of familiar Generally Recognised as Safe (GRAS) substances. This could allow a
manufacturer to assert that the new particle has a “reasonable” certainty that a particular additive
will have no harm, if the parent material is considered safe. However, the reduced size actually
changes the particles physical properties, which could necessitate a case-by-case scientific evaluation
of all nanoparticles, which could inhibit or slow innovation of new particles if all nanoparticles/
materials must go through a new extensive regulatory process.

A new bill that just passed in the House, which has yet to be introduced in the Senate, will attempt
to further coordinate nanotechnology information. H.R. 554 mandates that the Nanoscale Science,
Engineering, and Technology Subcommittee of the National Science and Technology Council
(NSTC) develop and maintain a publically accessible database of projects falling under the various
existing categories. This database will be “official”, and is not related to the nanotech project database
referred to in the fourth question. This bill still needs to be approved by the Senate prior to
becoming law.

Additional papers on this subject can be found on proposals for nanotechnology regulation on the
website for the Woodrow Wilson Center for Emerging Technology—http://www.wilsoncenter.org/
index.cfm?topic_id = 166192&fuseaction = topics.home

How are imported food products regulated?

Currently, all imported food products containing nanomaterials are subject to the same levels of
regulation that U.S. products undergo. However, the House has just introduced a bill, called the
“Food and Drug Globalization Act of 2009”, sponsored by Representative John Dingell (D-MI)
which would greatly increase U.S. oversight on imported food products. This Act focuses on all food
and drug imports, but will affect those including nanotechnology as well. This Act will require that
ALL foreign food manufacturers to be certified as meeting all U.S. food safety requirements
(including nanotechnology safety requirements) by third parties accredited by the FDA. All testing
would need to be done by facilities certified by the FDA, and the results provided to the FDA.
Uncertified facilities and their uncertified products would be banned from being imported in the U.S.

How effective is voluntary self-regulation either in the UK or EU or at an international level? What is the take
up by companies working in the food sector?

The FDA could be unaware of nanomaterials used in a product if the company does not report it.
Also, some small particles can be derived from existing substances and still be above the 100nm size
range required to be considered a nanoparticle, and therefore not technically qualify as
“nanotechnology” and thus would not require reporting.
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Wil current regulations be able adequately to control the next generation of nanotechnologies and nanomaterials?

— The 1958 Act which governs food additives has done a comprehensive, albeit limited, job of providing
regulation for nanomaterials so far. The current regulations are not seen as adequate for the future,
according to the testimony of Dr. Michael R. Taylor of the George Washington University of Public
Health at a public meeting discussing nanotechnology materials in FDA regulated products. http://
www.nanotechproject.org/publications/archive/statement_michael_taylor_at_fda/

— Others like him have expressed their concerns that the current regulatory system will prove to be
inadequate to deal with the predicted high number of new food and food packaging nanotechnologies
that will be forthcoming. Many experts believe that more regulations need to be put in place, and that
the FDA is also not currently adequately funded to review the potentially large number of new
products coming under review, or even to handle more in-depth checking of current nanotechnology
used in the food sector. A listing of additional papers on this subject can be found on the Woodrow
Wilson’s Project on Emerging Technologies website—http:/www.nanotechproject.org/publications/
paged/

— The FDA itself claims that through coordination with other agencies, future regulation of
nanotechnology should not pose a problem. The FDA regulation policy for nanotechnology can be
found at the following link: http://www.fda.gov/nanotechnology/regulation.html

Is there any inter-governmental co-operation on regulations and standards? What lessons can be learned from
regulatory systems in other countries?

— Currently, there does not appear to be any inter-governmental co-operation on regulations and
standards for nanotechnology in the food and food packaging sector. Many critics of the FDA system
of regulation in the U.S. have cited the regulatory system in Europe as being equally as good, but
faster. Recent trends indicate that regulations are becoming more globalized, which could prove
useful for the development of future regulations for nanotechnology.

March 2009

Memorandum by Department for Environment, Food and Rural Affairs (DEFRA)

1. This memorandum sets out Defra’s written response to the inquiry that the Committee is undertaking into
nanotechnologies and food.

2. We understand the inquiry specifically excludes the potential impacts of nanomaterials in waste streams
and the environment, instead focussing on food products and consumers.

3. In this context Defra would like to make the Committee aware of the role of nanotechnology in pesticides
and highlight some related research on the potential environmental benefits of nanotechnology use in
agriculture.

PESTICIDES

4. Of the authorised pesticide products currently on the market, nearly all utilise nanotechnology in some way
if they contain a surfactant eg an emulsifying agent or dispersant.

5. However, rather than being a novel nanoscale process this is actually an established method of pesticide
production, with these surfactants (which are necessarily at the nanoscale) acting to stabilise the product.

6. There are currently 1,468 products approved for use in the UK that utilise surfactants. All agricultural
pesticides used throughout Europe are considered under an EU review programme to ensure that the safety
of all pesticides is evaluated to modern standards. This is implemented in the UK through the Plant Protection
Products Regulations 1995 as amended.

7. We are aware of research being undertaken into developing “smart nanoscale pesticides” aimed at slower
release (so reducing the amount of pesticide needed). However, we understand this remains at the R&D phase
and we are not yet clear whether these would actually be considered as being at the nanoscale ie <100nm.
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OTHER RELATED RESEARCH—“ENVIRONMENTALLY BENEFICIAL NANOTECHNOLOGIES”

8. Defra published a report in May 2007 entitled “Environmentally beneficial nanotechnologies: barriers and

opportunities”, which can be viewed at:

http://www.defra.gov.uk/environment/nanotech/policy/index.htm

9. In this report the possible benefits of nanoscale environmental sensors in agriculture were highlighted, as
these could allow more precise nutrient management. However, this was in the context of reducing greenhouse
gas emissions and was not explored in detail in the report.

March 2009

Examination of Witnesses

Witnesses: DR ANDREW WADGE, Chief Scientist, Food Standards Agency, DR STEPHEN AXFORD, Head of

Science and Society, Department for Innovation Universities and Skills (now part of Department for Business

Innovation and skills) and MR JoHN RoBERTS, Head of Chemicals and Nanotechnologies, Department for
Environment, Food and Rural Affairs, examined.

Q1 Chairman: Good morning, I should like to
welcome our first three witnesses; this is the first
public hearing of the Select Committee’s inquiry into
nanotechnologies and food and I should like to thank
you very much for coming to join us to kick off our
inquiry. I should inform you that the proceedings are
being webcast, so your sotto voce comments will be
picked up and broadcast to the nation. I should also
draw attention to the information note which is
available to members of the public. This sets out the
interests which have been declared by members of the
Select Committee, so I will not be asking members to
repeat their interests whilst they are asking questions
because you have those written down. Before we start
on our questioning I should like to invite the three
witnesses to introduce themselves and also, if they
have any opening statement they would like to make
at this stage, to make a statement please. Perhaps we
could start with Dr Axford.

Dr Axford: Stephen Axford from the Department for
Innovation, Universities and Skills where 1 am
responsible for Science and Society. That comes with
a specific interest relevant to today of the public
engagement, public dialogue and attitude of the
public towards the science.

Dr Wadge: 1 am Andrew Wadge. I am the Director of
Food Safety and Chief Scientist at the Food
Standards Agency, so considerable interest obviously
in the topic today.

Mr Roberts: 1 am John Roberts from the Department
for Environment, Food and Rural Affairs. I head the
division which deals with chemicals and
nanotechnologies.

Q2 Chairman: Are there any general comments that
the three of you would like to make before we move
to the questions? Do you have any prepared opening
statement you would like to make or are you happy
just to go to the questions?

Dr Wadge: 1 am happy to go straight to the questions.

Q3 Chairman: 1 will kick off with a very general
question which is to ask you how the Government
see the opportunities and challenges for
nanotechnologies in the food sector. We are
obviously just starting this inquiry but we have heard
various comments about the very large potential for
nanotechnologies in the food sector, which is of
course why we are carrying out this inquiry at this
point. I should be interested to hear your views on
both the opportunities and the challenges.

Dr Wadge: The words “potential” and “challenge”
are very much pertinent here in that a lot of the
applications are very much at a potential stage; they
are still in the laboratory. There is a lot of talk about
what might be in the future in terms of applications,
perhaps in food contact materials or in relation to
specific ingredients. Those are potential applications
which may bring benefits for food manufacturers and
possibly for the consumers as well. In terms of
challenges, our number one challenge, certainly from
the Food Standards Agency perspective and
Government perspective more generally, will be to
ensure consumer safety. It is assessing the safety and
looking at whether the risk assessment paradigms are
appropriate, looking at the regulatory framework,
whether the current regulatory framework is
appropriate and also another challenge is around
consumer and public engagement and understanding
of nanotechnologies. We have obviously learned
from previous experience where technologies have
developed without some appreciation and
understanding amongst the public that whilst on one
level they may confer certain benefits, if the public are
not convinced or are mistrustful of those benefits,
then they will not be interested in purchasing the
products. In general there is tremendous potential
there but it is very much at the potential stage;
uncertainties exist in terms of what that might mean
and real challenges centre around assessing safety
and public acceptance.
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Q4 Chairman: 1 do not know whether the other
witnesses wish to add anything at this point. You say
that the development is still at the laboratory stage
and we will come back to that later on in the session
to try to understand where we are. Are you talking
about the UK or are you talking about globally when
you refer to the product still being at the research and
development stage rather than in the market?

Dr Wadge: In general, a lot of the potential is still in
the laboratory stage. There are products on the
market globally and there are two products that we
are aware of that are currently on the market in the
UK; rather niche products, I have to say, that are
both food supplements. It is very much the case that
we are looking at potential applications in the UK
rather than products on the market but we are aware
that in other parts of the world there is perhaps a
greater range of products on the market.

Q5 Chairman: What areas do you think the
applications are likely to be in and are the
Government doing something to encourage
development of those applications?

Dr Wadge: 1 will leave colleagues to talk about the
extent to which we are encouraging the innovation of
new technologies. The main areas in relation to food
are food contact materials and the opportunities that
are present for nanomaterials to provide greater
impermeability. I see prevention of permeability,
antimicrobial applications, perhaps intelligent
packaging and sensors and also, in terms of food
ingredients, greater solubility of fatty materials in an
aqueous media, ingredients and contact materials as
the most likely. That is the intelligence that we have
got from our conversations and discussions with the
food industry.

Q6 Chairman: What about initiatives? Maybe DIUS
can give us a view on initiatives for encouraging
nanotechnology development.

Dr Axford: Yes. We would have to look to the
structures we have in place such as the Technology
Strategy Board, Knowledge Transfer Networks and
so forth which are ways of getting the science out of
the laboratory and into those businesses which can
find ways of developing innovative products and
developing the commercial opportunities.

Q7 Chairman: Can you say anything more specific
about that?

Dr Axford: 1 do not know a huge amount of the detail
of some of those specifics around particular
technologies, certainly not specifically in relation to
food. I would have to look to colleagues who were
closer to the food sector.

Chairman: Perhaps that is something you could send
us a note on to follow that up, just to look more
specifically at what is being done to encourage R&D
and translation in relation to food.

Q8 Lord Crickhowell: We had a seminar the other
day with a wide representative group of advisers and
I asked the same question then. We are told today, as
we were told then, that there are only two known
products, supplements and so on, in this country; we
are going to cover questions about European
legislation later. However, the fact is that we live in a
global world and therefore I am rather sceptical
about the view that because products are not known
to be here, that are known to be in use in other parts
of the world, they will not be here and it seems that if
they are not now, they very soon will be, either in
large quantities or brought in in various ways. Could
you enlarge a little on this slight disregard for what is
happening globally elsewhere? We heard, for
example, of one manufacturing company based in the
United States and what it was doing in the way of
research and so on. Clearly there is a great deal going
on in other parts of the world. How are we setting
about really seriously identifying the global impact,
which must be a UK impact as well?

Dr Wadge: 1 certainly would not want to give the
impression that we are complacent about what is
happening around the world. That is partly why we
have commissioned two projects and we have
provided you with reports on them in terms of what
the current state of the market is. We have not been
solely looking within the UK; we have been looking
more broadly. You are absolutely right; if products
are being developed in other parts of the world then
we have a global food supply. Obviously within
Europe we have European food legislation which
requires that any food which is imported into the UK
or any other part of the EU needs to meet at least the
level of food safety requirements within the EU. That
provides some reassurance but that is why we need to
look at specifically improving methods of assessing
the hazard characterisation and identification,
exposure assessment, better understanding about
what happens when nanomaterials are ingested, how
they are distributed through tissues in the body and
the toxicity of these materials. Those will be
important areas for research that go along side by
side with the development of the products. It is
important as well that we tailor the research to meet
the specific nature and properties of the
nanomaterials which are being developed.

Q9 Lord Haskel: Dr Wadge spoke about the
challenges of safety and public engagement. It seems
to me that one of the challenges would be, from the
point of view of the man in the street, the fact that
these materials are so small. Are we able to detect



NANOTECHNOLOGIES AND FOOD: EVIDENCE 27

31 March 2009

Dr Andrew Wadge, Dr Stephen Axford and Mr John Roberts

them so that we know whether they are present or
not? Is the state of the science of detecting them
sufficiently advanced as well?

Dr Wadge: Yes, it is a significant challenge and it is
one which we will need to address over the years. At
the moment I do not think we can be clear about the
distribution of nanomaterials within the body,
whether we can detect them in tissues and therefore
to carry out a full and complete risk assessment you
would need that type of information.

Q10 Lord Haskel: Can we detect them in food?

Dr Wadge: It depends what we are talking about. Part
of the challenge here is that we are talking about
nanotechnologies, a whole range of different
technologies from micelles to hard particles to
biodegradable particles. Certainly, with products
which are going to be approved and put on the
market, that is something which we will look at very
closely to make sure that there are appropriate testing
methods and means of assessing the exposure and the
safety of those products.

Q11 Baroness O’Neill of Bengarve: This is a very
general question. How do the Government
coordinate their work on nanotechnologies? How do
they strategise? How do they prioritise funding
through research and innovation? I should say that in
the next question we will come to some more specific
points about the Nanotechnology Research
Coordination Group, so we know that exists.
Generally how do the Government coordinate?

Dr Axford: Taking an overview of that, you
mentioned the Research Coordination Group and
that is down a level below the strategic. There is a
ministerial group on nanotechnologies, currently
chaired by Lord Drayson, including representatives
speaking for the ministers who speak for health and
safety; I think that is Work and Pensions. Other
members of the high level ministerial group are
Huw Irranca-Davies from the Department for
Environment, Food and Rural Affairs, Dawn
Primarolo from Health, Lord McKenzie of Luton,
responsible for health and safety and Ian Pearson
from Business, Enterprise and Regulatory Reform
[now known as Business Innovation and Skills]. That
sets Government’s direction on nanotechnologies
overall; obviously not exclusively with relation to
food but across the piece. Below that there is also
effectively a policy group called the Nanotechnology
Issues Dialogue Group. That allows the Government
to coordinate activity at a policy level, that is between
all interested parties, between Government and other
stakeholders. Then there are other bodies such as the
Nanotechnology Research Coordination Group
which looks at how the publicly funded research, say
in research councils and elsewhere, is covered and
looked after. Then there is a number of other groups

as well which inform those various bodies such as the
Stakeholder Forum which is open to the public,
which allows wider views to be input to the system.

Q12 Baroness O’Neill of Bengarve: That lists the
bodies, which is extremely helpful. When we come to
the actions which are taken, for example in December
2006 the DTI—of which I take it DIUS is the
successor body here—published a review of the
framework of current regulations covering
nanomaterials. How are the Government responding
to that review? Who is coordinating the response
specifically?

Dr Axford: In relation to how it responds on the
nanotechnology regulations, that is Defra.

Mr Roberts: The BRASS report reviewed the
regulations which were applicable to nanotechnology
and demonstrated in fact that there is a very wide
range of potential regulations. Many of them in fact
derive from European regimes; many of the
regulatory regimes are determined by European
legislation. We are currently pulling together
responses from departments because a wide range of
different departments have responsibility for the
particular regimes and we are asking them to make
sure that they continue to have regard to
nanotechnology issues as they develop those regimes.
The European Commission has also published its
own review of the European regulation; that was
done towards the end of last year. They also are
monitoring and keeping an eye on how those various
regimes need to respond.

Q13 Baroness O’Neill of Bengarve: In their evidence
to us DIUS talked about the development of a
national strategy for nanotechnologies. What
progress is there at this point on that strategy and
who is responsible for coordination?

Dr Axford: Agreement to the strategy will be taken by
the ministerial group. They are next meeting towards
the end of April, when they will agree the way ahead
for the next steps of the strategy, potentially including
a consultative process through the summer into the
autumn. That is where that is at the moment.

Q14 Baroness O’Neill of Bengarve: So there is a draft
strategy at this point.
Dr Axford: 1 do not believe there is a draft strategy.

Q15 Baroness O’Neill of Bengarve: The workings
for one?

Dr Axford: It is certainly work in progress with, no
doubt, an awful lot of evidence and information
already collated. It has to capture the work of many
other parties who are also similarly developing what
you might call strategies both on the research end but
also the Technology Strategy Board also has its own
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development of a strategy for nanotechnologies.
Government have to somehow capture all of these in
their overarching strategy.

Q16 Baroness O’Neill of Bengarve: 1t is now nearly
five years since the Royal Society and Royal
Academy of Engineering report on nanotechnologies
was published. Is this not quite a slow pace at which
to be developing a strategy?

Dr Axford: 1 do not know the answer to that question.
I would imagine that it is an incredibly complex area
and as others have already alluded to, there are huge
issues around knowing who should be accountable,
who should be responsible, where the regulatory
regimes reside and I imagine it is finding one’s way
through the forest which is slowing it down.

Q17 Lord O’Neill of Clackmannan: What was the
purpose of the 2006 review which followed the Royal
Society and Royal Academy study? DTI published a
review of the framework of current regulations and
nanomaterials; that was in 2006, three years ago. It
does seem an unconscionably long period. Who is
responsible? Which department was responsible for
leading on this?

Mr Roberts: May I just answer that slightly differently
by saying that the government approach is based on
two things? First of all we need to get the science in
place because the science has to underpin the way
that the regulatory system develops. Then we need to
keep an eye on the regulatory system. To the extent
that it needs to be changed, we need to make the
changes. The BRASS report showed that in a lot of
areas the regulation is in principle capable of dealing
with nanotechnology, provided that one understands
the risks and the hazards that nanotechnology may
present. It is a question of developing the science and
developing the regulation step by step to keep the two
together. Would it be helpful if I talked a little bit
about how the research agenda has been carried
forward since the Royal Society report, because I
think that may help?

Q18 Chairman: Yes.

Mr Roberts: Following the Royal Society report the
Nanotechnology Research Coordination Group
identified 19 research priorities which were set out.
There are five taskforces under that coordination
group which take forward particular aspects. Those
are to do with measurement and detection and
characterisation of nanomaterials, fate and
behaviour in the environment, human toxicology, co-
toxicology and social engagement. It has taken a
while to get momentum on the research, but it is true
to say that the research is now accelerating. Over the
period 2005-08 the Government spent about £10
million on research in these areas and I suspect the
pace has picking up since. I can refer to a number of

particular initiatives but not an overall figure. I just
make the point that some of the research we are doing
for underpinning regulation is actually also relevant
to innovation. For example, characterising and
detecting nanomaterials is important for regulation,
but it also forms the basis for the industry to take
forward, so some of the research covers more than
two areas. In terms of research, last year we
commissioned an independent review of the progress
we have made on those 19 research objectives, a very
comprehensive piece of research which was done by a
team of academics and it will be published very
shortly; it is going through peer review and final
preparation for publication. That was encouraging in
the sense that they found a lot of evidence that
progress is being made on all the research objectives
but it also indicated that on none of the research
objectives have we yet completed the task. We do not
yet know the answer fully on any of the research
objectives. What we are going to do with that
research is to use it to revisit the 19 research objectives
to identify the gaps and the next directions so that we
can take forward the next phase of research. If I may,
the other two points I would make about research are
first of all that we need to do this internationally. As
Lord Crickhowell was saying, the issue is global,
there is a lot of experience in other countries and we
can get much better results if we coordinate our
research programmes. That is being done through
OECD, which has a similar structure of task forces,
and we are sharing out research tasks among us to
cover the field. The other observation is that the most
productive research tends to come from collaborative
projects involving different institutions and different
disciplines. We are seeing much stronger results
coming through from that, although it does take a
little bit longer to get the research proposals put
together and in place. In my own area, two quite
exciting issues are the environmental nanoscience
initiative, the second phase; the first phase was worth
about £850,000, the second phase will be worth about
£4.5 million and almost half that money is coming
from the US because we have a partnership with the
US EPA, so we will get the benefits of collaboration
there. OECD has set out an ambitious programme to
look at 14 of the most commonly produced
nanoparticles. We are taking forward analysis of two
of them; as it happens they are not food products but
cerium oxide and zinc oxide. We have just launched
a £3.5 million programme to characterise those two
nanomaterials. Other countries will be doing others
which are on the list. When that work is done we will
know about those particular substances in much
more detail but we will also have a much better
knowledge of how to do the assessment of
nanomaterials, how to do the characterisation, the
measurement and the assessment of health and safety
implications.
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Q19 Lord Methuen: We have talked quite a lot about
the national Research Coordination Group but in
2007 the Council for Science and Technology
expressed concern over the progress of funding for
health and safety research. You indicated that quite a
lot of progress has been made in addressing these
concerns. Would you comment on that?

Myr Roberts: Those were the points I have been
covering to some extent. The EMERGNANO report
has looked at something like 650 projects which have
been financed globally over the last three or four
years. It has demonstrated that there has been
progress on all of our research objectives but there is
still progress to be made on all of them.

Q20 Lord Methuen: The CST stated that the primary
reason for this lack of research was the Government’s
over-reliance on responsive funding to deliver the
necessary research. What has been done to overcome
that problem or would you not agree with that?

My Roberts: The question of funding is an important
one and the route we have chosen to go down is using
the existing mechanisms and existing programmes
and seeking to coordinate them, for example relying
on the budgets of my department to look at
environmental issues, the Medical Research Council
and the DoH to look at toxicological issues, the Food
Standards Agency to look at food issues. This has the
strength that the research is embedded in those
departments’ programmes and those are the
departments who will need to use the research for
their regulatory processes but it does not mean that
we have a single centrally directed budget to drive
forward the research.

Dr Axford: In terms of research councils, there is a
major cross-council programme on nanotechnology
and even within that, on the issues, for example, of
toxicology, the Medical Research Council has
specifically had a call to look at that area, to look at
the implications of nanotechnology on health to the
tune of about £3 million.

Q21 Lord Methuen: What is being done to look at
the long-term effects of possible toxicity due to
nanomaterials?

Dr Axford: 1 would imagine that will be part of the
research undertaken.

Q22 Lord Methuen: But you are not aware of what
is going on at the moment.

Dr Axford: No, not the detail of what has actually
been funded under that programme.

Q23 Chairman: What sort of response has there been
to the MRC’s call?

Dr Axford: It is fully taken up. It is a direct
programme but it is obviously there to be
responded to.?

Q24 Chairman: Mr Roberts, in your helpful
summary of the OECD assessment of risk associated
with 14 nanomaterials, as I understood it the 14 did
not include any potential food applications. Do you
think it should?

Mr Roberts: 1 think it is right that it does not contain
many that are connected with food, although
possibly the nanoclays may be used in bottles and
therefore may have some link with food. They were
chosen on the basis that they are ones which are in
production now and therefore where there is
potentially exposure to the environment or to human
beings from those. It is those where we have some
evidence available in order to make the assessments.
It was a programme designed to capitalise on what we
already have and the challenges we face today rather
than a more prospective programme looking at
potential applications in future.

Q25 Chairman: We have heard that, for example, the
nanosilver particles are used in food contact
materials like chopping boards or refrigerators. Is
nanosilver included in the list of 14?

Mr Roberts: Tt is. Nanosilver was identified by the
Royal Commission as one that was potentially
something we should be concerned about. Defra has
asked our Advisory Committee on Hazardous
Substances to have a look at the issues around
nanosilver and they are due to give us preliminary
advice, although it will require some further work.

Q26 Earl of Selborne: On silver, when you
mentioned earlier that there were two known food
products with nanoparticles, was silver one of them?
Dr Wadge: Yes, in relation to a supplement.

Q27 Earlof Selborne: Yet the European Food Safety
Authority has said that there is not enough evidence
to suggest that this is cumulatively safe. How is it then
that this has got through the system already?

Dr Wadge: Yes, that is one which will fall within the
system; at the moment it is outside the system, it is
quite a niche product and has been around for a long
time. Under the new controls on supplements, that
will fall out of the permitted list from January next
year, 2010, because the safety data has not been
provided to support that.

Q28 Earl of Selborne: That means that the material
which is already available will be withdrawn.

3 “To date the MRC has made five awards totalling
approximately £3 million from response (not directed) mode
funding. There is an open call and the submission of further
proposals is being encouraged. Details are included in the
additional written evidence provided by DIUS”.
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Dr Wadge: Yes.

Q29 Lord Crickhowell: May 1 ask a general question
and then follow up with a specific one which has
already been touched on? Mr Roberts, you have been
giving very helpful and impressive evidence, if I may
say so. We were a bit surprised that Defra’s response
to our enquiries was a one-page note on pesticides.
We wondered what Defra were up to. Clearly Defra
are more heavily involved than that indicated. You
have been doing your best to cover a lot of ground in
response to specific questions. Surely what we are
going to need from you is a pretty detailed report
from Defra about all this work you are clearly
engaged in and about which we have not yet been
informed except by you this morning. May I ask that
you follow up your evidence—I hope the Chairman
agrees to my request—with a really detailed account
from Defra of what you are doing, covering all these
points you have been talking about and adding any
more that you would like to include. May I then put
my specific question which follows two which have
already been asked by Lord Methuen and the Earl of
Selborne in a way and that is on long-term
toxicology? Certainly the medical evidence that we
received in an interesting seminar we had indicated
that we do not really know a great deal yet about
long-term effects. We know a good deal about the
way the gut absorbs and the effectiveness of the gut in
dealing with all the normal things, including some of
the natural nanoparticles which it has been dealing
with for millennia, but we do not know the long-term
effects yet and we do not know therefore how these
nanoparticles move on into the other parts of the
body, the brain particularly and so on. Is one of these
19 research projects really homing in on the need for
this long-term assessment of nanoparticles on the
human body? If not, what is going to be done about
it?

Dr Wadge: While John is looking through the
particular 19 projects, I should like to comment on
that, if I may? One of the real challenges for us is
around the toxicological assessment and the risk
assessment. We have received advice from our
independent Committee on Toxicity and also the
independent panel which advises the European Food
Safety Authority that whilst the current risk
assessment paradigm is appropriate there are
considerable gaps in our understanding along the
way around exposure and distribution and toxicity. I
think that there will need to be a considerable amount
of research in this area and I know that the MRC are
picking up some of that. However, it raises bigger,
wider questions about whether we have the
appropriate capacity of toxicologists within the UK
and that is something we need to look at. I am sure
that at an OECD level, consideration will be given to
develop harmonised risk assessment processes for

nanomaterials. OECD  currently agree the
toxicological assessments for long-term effects of
contaminants and other chemicals and it will be
OECD which agrees those risk assessment methods
for the very specific thing you mentioned around
long-term toxicity. You are absolutely right that this
is an area which will need a lot more research.

Q30 Chairman: Before we move on to the next
question, perhaps we could home in on the particular
issue of toxicology in the gut which Lord Crickhowell
mentioned. We have gained the impression that, at
least in this country, there is rather limited expertise
in that area which is crucial of course to
understanding potential risks associated with food. I
just wondered, either from the Food Standards
Agency or from DIUS, how many grants have been
issued for research in relation to toxicology of
nanoparticles in the gut which would be a central
issue in understanding and filling the gaps.

Dr Wadge: We have just put a call out for our first
project on the toxicokinetics of nanoparticles and
that will be a collaborative project. We are very much
at the early stages here. The research we have
commissioned so far has been to carry out reviews:
reviews of what products are available; reviews of the
regulatory framework; reviews of public engagement
and public attitudes to nanotechnology. We are very
much at the early stages and a lot more needs to be
done. I am not familiar with what MRC are doing.
Dr Axford: 1 am not familiar with the absolute detail
of what the specific projects are. We could come back
to you with information on that.

Chairman: Please do.

Q31 Lord O’Neill of Clackmannan: Much play has
been made of the OECD and EU. Where are our
partners in these organisations in relation to research
and in relation to the seemingly endless process of
reviews that you have been telling us about this
morning? Are we missing out on other people’s
research or are we further ahead? At the moment we
do not really know how we are comparing against, let
us say, the French or the Germans or the Italians or
the Swiss. I am not asking for a league table but we
need to know how you are behaving or how you are
performing by comparison with people alongside
whom you are supposed to be working in these
international organisations.

Mr Roberts: If 1 may say on nanotechnology
generally rather than on food, my impression is that
the amount being spent on EHS, environment, health
and safety issues is broadly similar in three markets,
Japan, Europe and the US? They are broadly of
similar orders of magnitude both in terms of
investment in innovation and investment in health
and safety research. We can see whether there are
more detailed figures and if the information I have
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given is not absolutely right, I will try to provide
something in more detail.

Chairman: It would be helpful if we could have some
figures on that.

Q32 Lord Haskel: Like other members of the
Committee I am quite impressed with all the work
that you are doing on getting the science in place and
getting the research done. Meanwhile this industry
has to be regulated. It seems to me that the first thing
you do when you regulate is to define what it is that
you are regulating. I wonder whether you could tell
us how you are going to define nanotechnologies and
nanomaterials in this context of regulation.

Dr Wadge: There are very many definitions out there
at the moment and we provide the BSI definition in
our evidence to you. I know that the European
Commission is also looking at definitions currently in
relation to cosmetics but what they have agreed there
will also no doubt be broadened out at some point in
relation to food. From our perspective it is not so
much the exact precise cut-off point in terms of size,
it is far more around the properties which will have a
bearing on the risk assessment; whether it is
biodegradable or not, whether it is persistent and so
forth, those are the key points. It is important that
there is some agreed definition and that is something
which is being worked up at a European level because
that is where European food law is agreed.

Q33 Lord Haskel: 1s this work on agreeing a
definition within Europe proceeding through the
European  Parliament Committee on the
Environment?

Mr Roberts: May I make two observations? First of
all, I am not sure it is clear that we have to have a
common definition of nanotechnology across all
regulatory regimes. Clearly we need consistency; we
also need to deal with the circumstances of each
regime. A lot of regimes will say that products have
to be safe and they have to be safe irrespective of
whether they contain nanotechnology or not. If they
contain nanotechnology then of course there has to
be an assessment of the nanotechnology component
but you do not have to define nanotechnology in
legislative terms in order to achieve that. In terms of
chemicals and nanotechnologies generally, the EU
Scientific Committee on Emerging and Newly
Identified Health Risks has proposed some
definitions. I can provide a copy of these but for
nanomaterials it simply says any form of material
that is composed of discrete functional parts, many of
which have one or more dimensions of the order of
100 nanometres or less.

Q34 Lord Haskel: So it is size.
Mr Roberts: It is size as the starting point for
consideration of risk.

Q35 Chairman:
toxicologically?
Dr Wadge: 1 think it does as a useful starting point.
If I may broaden out to the regulatory framework in
relation to food, we have looked at that and asked the
very specific question as to whether nanomaterials,
nanotechnology, nanoparticles will fall under the
current regulation or could somehow squeeze
through the current regulatory framework. We
received some reassurance on that point from that
review. Under general food law there is a requirement
on food businesses to make sure that any food which
is put on the market is not unsafe. That provides a
general level of safety. Then there are some specific
pieces of legislation relating to novel foods, food
additives and food contact materials. The food
additives regulations have recently been amended so
that where an existing food additive is produced
through nanotechnology it would have to be assessed
by EFSA for its safety, so it would have to go through
some independent assessment. Similar proposals are
currently underway and we are supporting those for
the novel foods and food ingredients regulations, also
for food contact materials. There is a sense that the
existing regulation, once it has been strengthened to
capture the specific requirements around altered
particle sizes and changed composition and
properties of nanomaterials, that they would be
captured under the regulations.

Does that make sense

Q36 Lord Haskel: What definitive view then are you
giving to the food industry if they come to ask you
whether to label something as a nanomaterial or not?
Dr Wadge: Labelling is a separate issue. The first
point is whether it would be permitted and we would
provide advice, as we do generally and we are in
discussion regularly with the food industry about
products, about whether they fall within certain
requirements of novel food legislation and so forth. If
we felt that it was a novel property or a new size that
was being produced, then our advice would be that it
would need to be submitted for pre-market approval
under the novel food regulations or food additive
regulations.

Q37 Lord Crickhowell: What measures are currently
in place to allow the Government to monitor the use
of nanotechnologies in the food sector?

Dr Wadge: That is something that is being considered
at the moment. Obviously if we are starting from a
point where there is not very much on the market in
the UK we need to look at what our role might and
should be in relation to monitoring the use of that
technology. There are proposals for the European
Commission to produce a European register of
nanotechnologies in relation to food and we also
have the option of producing something within the
UK. Our current thinking is that it would make sense
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to work alongside the Commission to make sure we
are familiar with what they are doing and to see
whether we then need to add a further register within
the UK. In terms of really understanding what is
happening in the market, a register clearly could be
very useful. However, our experience has been that as
useful for us certainly is the regular dialogue that we
have with all parts of the food industry about the
technologies that they are developing, the products
they are developing and how they fit within the
regulatory framework. I have to say that a register
might have some benefit in terms of actually
dispelling some of the myths which are currently
around that somehow nanotechnologies are being
widely used in food currently on the market in the
UK because those are some of the suggestions I have
read in some articles. So a register might be helpful in
terms of dispelling myths in that way and setting
straight what products really are being used and not
being used.

Q38 Lord Crickhowell: At one point in your answer
I thought I was going to sum up as “There are no
measures currently proposed” but you actually then
said “We have our usual ongoing discussions with the
food industry and they are really the existing
measures”. However, in your evidence you did say
that you were seriously considering a register. If you
did have it, how do you think it would work?

Dr Wadge: 1t is still very early stages and we are still
thinking that through and we want to see what the
proposals are from the Commission. I have to say
that it is not something we have done in any other
field and we need to think through the benefits of
that. We do not, for example, have a register of GM
technologies that are used, a register of other different
types of technologies which are used in food. We
would need to think carefully about what the benefit
of putting that effort in to a specific area such as
nanotechnology might be and that is something we
are considering.

Q39 Lord Crickhowell: Defra has a voluntary
reporting scheme. How successful do think that has
been?

Mr Roberts: It has not been terribly successful. It has
only generated a dozen or so responses in the first two
years. We are examining how we can make that more
successful. There is a challenge here between
industry’s desire for confidentiality of new
developments and our interest in knowing what they
are doing.

Q40 Lord Crickhowell: You made exactly the point I
was going to put to you. Is there not a real problem
here because with the best will in the world I am sure
many of the best companies are doing some very
serious research and very responsible research and we

have had an account of one company doing just that.
But one is extremely sceptical about their willingness
to reveal what they are doing, if it is going to make a
difference to them in the competitive market if they
suddenly have a smoother ice cream or dressing using
much less fat or whatever they are seeking to achieve
and want to show that it is of benefit to the customer
and not just for themselves, which is the big lesson
learned from the GM disaster. So you have quite a
problem, have you not, in getting real material out of
companies about the research they are doing?

Dr Wadge: There is a genuine tension there is there
not? However, we do have regular dialogue, for
example we talk with beverage manufacturers
around possible use of micelles to put colours in and
so forth so there are technical developments which
they are happy to discuss with us but they would not
necessarily want to discuss more widely because of
commercial pressures. The fundamental safeguard
here is that these companies know and are very
familiar with the need to make sure that their
products fall within the requirements of general food
safety and even wider than that the general
requirements of the public acceptability. There will be
a real caution amongst these companies about
learning the lessons from the GM experience in terms
of simply thinking that because they have some new
bit of technical kit, somehow this will be broadly
welcomed by the public at large. They are very, very
cautious on that point.

Q41 Chairman: In the evidence that DIUS
submitted it mentions that in Germany it appears
from the table that there are 17 products on the
market which use nanotechnologies. Presumably de
facto those are also on the market in Britain because
Europe operates as a single market? What kind of
approval process have they been through?

Dr Wadge: 1 am not sure. They would be permitted
under EU law but I am not sure whether they would
be on sale in the UK. I am not sure what 17 products
are being referred to there. I can refer to one specific
product, which is the co-enzyme Q10, where we had
quite detailed conversations with our counterparts in
Germany around whether that particular product
should fall within the novel food requirements and
they were quite clear that the micelles which were
being used were not changing the nature of the
properties of the coenzyme Q10 so it did not need to
go through that additional safety assessment. In a
way that shows the ability of regulatory bodies such
as ourselves to communicate, as we do regularly with
counterparts across Europe, so that where there are
products on sale in one Member State we will talk
and discuss as to why those products are on sale and
whether they should or should not need to go through
further assessments.
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Q42 Lord O’Neill of Clackmannan: In the case of the
Federal Republic there are two quite substantial
supermarket chains, German owned and German
directed. Has nobody thought of looking at their
range of products and sending anybody to do that?
This is quite a sizeable part of the supermarket
market share in the UK. I would have thought that
major players like that might well have been taking
advantage of nanotechnology on some of their
products.

Dr Wadge: You referred earlier on to the reviews that
we are doing and two of the reviews were looking at
the use of nanomaterials, food contact materials and
food ingredients more generally and that showed
very little is currently in use in the UK market, but we
fully expect that to change and that is why we are so
concerned about getting the regulatory framework
and the risk assessment frameworks right in
anticipation of that change.

Q43 Baroness O’Neill of Bengarve: Do you have a
sense of the timeframe? How urgent is it? It is rather
a different story, requiring the withdrawal of a large
number of products which have been on the shelves
and would have had bad effects on public confidence
in the technology and preventing them getting on the
shelves until the assessment has been done. How
much time do you think you have to get this
regulatory framework in place?

Dr Wadge: The particular silver product that we
talked about earlier is an anomaly in the sense that it
is a product which has been around for some time, it
is a rather niche product, as a food supplement it will
fall from the permitted list and no longer be
permitted. What I was trying to explain earlier is that
the regulatory framework is such that any
nanoparticle that is either changing the size or the
nature of the property of the material will need to go
through additional safety checks so that we will not
be in a situation where we have lots and lots of
products out there on the market which then have to
be withdrawn.

Q44 Baroness O’Neill of Bengarve: The “we” there is
European, is it?
Dr Wadge: Yes.

Q45 Baroness O’Neill of Bengarve: So there is an
expectation that a number of these products on the
market in Germany will quietly be withdrawn
because they will need to go through additional
checks before they come back on the shelves.

Dr Wadge: 1 would be very happy to look into that
and provide some additional information because I
am not familiar with the particular products that you
are talking about. I would rather not comment
without being familiar with what they are.

Q46 Chairman: Perhaps you could follow that up.
They were listed in an annex to the DIUS submission
in a table produced by the German Federal Risk
Assessment Institute.
Dr Wadge: Yes; okay.

Q47 Earl of Selborne: 1 should like to take us back to
the European regulatory framework and in answer to
Lord Haskel’s question Dr Wadge helpfully referred
to the review which the FSA had conducted on the
European regulatory framework. I think you referred
to the general safety requirements of the EU food law
regulation which would be the same whether the food
was nano-engineered or not. You referred to novel
food and food ingredients and noted that this is in
course of revision. The regulation for food additives
has already been added. Then there is provision
under packaging regulations which presumably are
relevant, animal feed and the like. Would you like to
comment on whether you are satisfied that the
amendments either in progress or already in place put
the regulatory framework in a fit-for-purpose state?

Dr Wadge: 1 think that they do. I think that they do
provide the necessary regulatory framework. Where
the challenges and difficulties will lie will be far more
around the precise nature of the risk assessment and
the toxicological testing rather than the regulatory
framework. It is there that more work is needed. I feel
reasonably confident around the regulatory
framework that products would need to go through
additional safety testing. Once a product has been
developed then the nature of that safety testing will be
adapted on a case by case basis according to the
properties of the particular material that is being
looked at and that is one of the very specific bits of
advice that we have received from the independent
toxicological experts.

Q48 Earl of Selborne: You refer to the problem
about the adequacy of current test methods. In your
evidence you refer to the International Risk
Governance Council’s report which says that
whether you are looking at Japan, America,
European Union, all seem to be approaching this in
roughly the same way but you point out that
questions have been raised about the adequacy of
current test methods and the ability of regulatory
bodies to monitor and control measurements and risk
assessments. In other words, the technology does not
appear to be there to give the sort of assessments
which are clearly going to be needed. You have
identified the problem. How do you see this being
resolved?

Dr Wadge: 1t is an area where we clearly have a part
to play and we have just put the call out for our first
particular project looking at toxicokinetics which will
really address one specific part of that. The MRC is
starting to fund projects and there is an international
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programme which is being coordinated through
OECD of risk assessment work. If I were a budding
young toxicologist then that is an area I would be
getting into because I think there will be considerable
research funding in that area over the next ten to 15
years and that is what is required.

Q49 Earl of Selborne: We have already talked about
colloidal silver which has been around for a long
time. We are now realising that the EFSA is not
likely to list it as an approved supplement. At what
moment does the precautionary principle rear its
head? Do we just wait until the final review is listed
and presumably there will be other such products
coming forward which eventually will be withdrawn
but meanwhile they could or could not be
cumulatively toxic. Why do we not take the
precautionary principle seriously?

Dr Wadge: The precautionary principle is what is
going to lead to the colloidal silver being withdrawn
because the company has not produced the safety
data to support the sale of that particular product.
The regulatory framework that is set out requires a
pre-market assessment of safety that would be
approved by independent experts on scientific
committees. That is a precautionary basis; it is one
where the onus is on the manufacturer, the food
business, to demonstrate safety before it is put on
the market.

Q50 Earl of Selborne: 1t just seems surprising, as
you can already anticipate that in a year or so this
will be withdrawn, that you do not enact the
principle sooner rather than later. Precaution
usually means you take it sooner rather than later,
rather than just allow the process to continue.

Dr Wadge: The area of food supplements is quite a
specific area apart and the UK in particular
compared to other Member States has a long history
of quite large consumption of a range of food
supplements which are perhaps not consumed in
other parts of Europe and there are current
measures under way to bring the sale of those
products under greater control and assessment of
safety. This particular product and a number of
other supplements have been on the market for a
while and manufacturers now have to provide the
safety data to support their continued use. These are
not nanotechnology supplements in general but it is
just the nature of that area of legislation in relation
to supplements. In relation to food more generally,
we have been able to demonstrate that there is not
currently a range of nanotechnology materials on
the UK market and that food businesses would need
to go through a pre-market assessment of safety that
would be considered by independent experts.

Q51 Earl of Selborne: On the revision of the novel
foods regulation, a 1997 regulation which is to be
updated, the European Parliament has proposed
that any new regulation should explicitly apply to
all nanomaterials. I gather that is under discussion
by Member States and the European Parliament.
What is our position on this?

Dr Wadge: We support the additional controls and
requirements to assess safety of nanomaterials
which would have a different size or a different
property compared with the existing foods that are
on the market. The whole way the novel foods
regulation works is that it makes a comparison and
sets a date back in 1997 where, if a food has been
in continued use for a period of time within Europe
then it is not considered to be novel. What this
change in the legislation is ensuring is that a change
in the size or the properties due to nanotechnology
would make that a novel product and would require
further assessment before it is used.

Q52 Chairman: Presumably that is going to involve
a definition of nanotechnology. You said earlier on
that the definition is a bit woolly. So when we talk
about a new product being defined as a novel
product, T assume there will have to be a precise
definition.

Dr Wadge: Yes.

Q53 Chairman: As a related question, you talked
about this product involving a co-enzyme which was
deemed not to be a novel product even though it
had nanotechnology in it. How does that square? Is
that the current situation which will change in future
and will not be able to slip under the radar screen
in future?

Dr Wadge: In the end the debate was around the
properties of that particular material and although
it was produced by nanotechnology, under the
current novel food regulations the properties were
not considered different, therefore it was not
considered novel. If the regulations are changed to
include anything produced by nanotechnology
methods, then perhaps it may come under that
requirement in future.

Q54 Baroness O’Neill of Bengarve: You have been
telling us about the likely shape that the European
regulation will have. Will that put the European
regulation on a different track from the Japanese or
US regulation? We have been there before in other
areas and it does create difficulties.

Dr Wadge: There are very specific differences of
approach and we have seen that clearly in relation
to GM between North America and Europe. In a
sense that reflects the different political and social
environments that the regulations are derived from.
Probably what is most important from a scientific
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point of view is that we have international
agreement on the risk assessment procedures and
that is where the OECD work has a really important
part to play. There will always be an opportunity for
a much wider socio-political layer which is then put
on top of the science in terms of the types of controls
which are required in one part of the world
compared with another part of the world. That is
just the nature of the differences between different
parts of the world.

Q55 Lord O’Neill of Clackmannan: In your
evidence in relation to project A03063 you give a
helpful description of the proposed changes to the
food packaging regulations. What is the attitude of
the Government to this? You are rather coy. I realise
this is just a résumé of the regulations but what is
the Government’s attitude to that? How do you
envisage implementing this on labels which are small
enough to be acceptable to the packaging
requirements?

Dr Wadge: There are two questions there. One is:
what are the changes required to make sure that
nanomaterials are properly assessed and need to be
assessed before they are permitted for use such as
nanoclays for example. Then the second question is
the question of labelling. At the moment labelling
is something which in broad terms is required where
consumers need information that is meaningful to
them. The priority has always been around
information on safety and nutritional composition.
For genetically modified materials there is a
requirement for safety assessment and also labelling.
Given that we are at such an early stage in
nanotechnology we have not had that debate yet
around what the nature of the labelling might be
and how useful it would be for consumers to have
the word “nano” put on one part of the label. That
is certainly something where we would be engaging
with consumers to find what type of information
they would find useful. Once we get to a position
where there are very specific products which are
much closer to coming onto the market, of course
we are in a position there where there are competing
demands of clarity and useful information and a
very small space on particular products to provide
information around safety and use-by dates and
nutritional composition, some environmental
factors and possibly also information about the
nanotechnology as well. It is something we are going
to need to engage in and that is something we have
done in the past. We will engage with consumers
quite broadly with deliberative research to find out
what sort of information they need and what is
actually useful. There is no point putting “nano” on
a label if it does not actually mean anything to
anybody.

Q56 Lord O’Neill of Clackmannan: One of the
problems we have had so far is the debate about
nutritional information and whether it should be
something which is imposed or be the right of the
manufacturer or provider of the food to put down
with their own particular spin. I find I am an avid
reader of breakfast cereal nutritional values and if
there are more than two cereals on the table I get
totally bewildered. I understand the problem and I
wish you well in your endeavours.

Dr Wadge: Thank you.

Q57 Lord Haskel: We have had a fair bit of
discussion about the draft report on Regulatory
Aspects of Nanomaterials by the European
Parliament and indeed I think you told us you are
conducting a review about this. Can you tell us
whether you think that this is going to be a basis
for having the same risk assessment procedures
throughout Europe? Are you working with your
counterparts in Europe on this? What is your
general view about this draft report?

Mr Roberts: On many products we have European-
wide systems. If you look at chemicals generally, for
example, we have just introduced a major new
regulation, which is European-wide, to identify the
risks around chemicals generally. If I may, I will
explain how I think that relates to nano which is
why I think some of the comments the European
Parliament rapporteur has been making are perhaps
misfounded. REACH regulates substances other
than those which are regulated by other regimes
such as the food regime, the pesticide regime or the
pharmaceuticals  regime.  Nanoparticles  are
substances so they therefore fall within the scope of
the general European regulation. The question that
we need to work through is how we should apply
that regime in the circumstances of nanomaterials.
The first question you have to ask is whether a
nanomaterial is the same substance as a larger
material or not. We are quite clear across Europe,
both the Commission and the Member States, that
if someone is producing a nanomaterial then the risk
assessments they have to do under REACH would
have to deal with the risks which might be
associated with the nanomaterial. There are still big
issues which we have to deal with because the testing
regime associated with chemicals was designed for
chemicals rather than nanotechnology. It may pick
up many of the risks but it may not pick up all of
the risks and therefore we do need to review how
the tests are done to see whether there are new risks
or new tests which need to be added to the suite to
make sure we do capture the risks. We may also
need to deal with some of the issues such as the fact
that for registration under REACH there is a
threshold of one tonne before a manufacturer has to
go to Europe. For most chemicals that is fine; for
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nanomaterials a tonne may be rather a lot. It does
not necessarily mean that nanomaterials are exempt,
because if a manufacturer produces, for example,
bulk titanium oxide and nano titanium dioxide, then
they have to register the whole of their production,
so the nanomaterial would be included. The
principles which underlie general regulation of
chemicals, similarly pharmaceuticals or pesticides,
that you have to provide information, that you have
to provide information through the supply chain so
they can be used safely and the regulator has the
opportunity to restrict the manufacturing use if
there are proven risks, apply to both bulk materials
and nanomaterials in the same way. The way I
would see the regulatory regime going forward is
amendment of some of the detail to make sure the
tests are sufficiently comprehensive and any criteria
in terms of thresholds and so on may need to be
adapted to reflect nano. However, the principles that
we use for regulation of chemicals, of foods, of
pesticides should apply to nano in the same way
they apply to the products generally.

Q58 Lord Haskel: That is very helpful. Do you
think that will be adopted throughout Europe?
REACH is a European system so we are working
on this together and whatever rules we come up with
will apply throughout the market; it will be part of
REACH.

Mr Roberts: Tt will be part of the REACH system.

Q59 Chairman: Just to be clear, in this report to
which Lord Haskel is referring from the Committee
on the Environment, Public Health and Food
Safety, the European Parliament says in paragraph
E “ ... in the context of REACH, it has so far not
even been possible to agree on guidance on the
identification of nanomaterials, leaving important
decisions in the context of registration to economic
operators”. I am assuming translated into English
that means that nanomaterials could slip through
the net under REACH. Are you saying that is
wrong, that this committee are wrong?

Mr Roberts: It is more subtle than that. Some
guidance was published by the European
Commission after agreement with Member States a
couple of weeks ago about how far we have got in
terms of the application of REACH to
nanomaterial. I can happily provide a copy of that,
if that would be helpful; that analyses the issue in
rather more detail. What it says is that if the
nanomaterial is a new substance, if, for example, it
is a fullerene, then it is clearly a substance on its own
and REACH would apply to that substance. If it is
the same as a bulk form, then it is probably the same
substance as the bulk form but the chemical
assessments and the safety data sheets would have
to reflect any particular risks that arise in the

nanomaterial and in terms of classification and
labelling, the hazard symbols which are put on
products, if the nanoform has different risks, then it
might merit a different hazard symbol to the same
chemical in bulk form. The draft report from the
rapporteur is an over-simplification of a rather more
complex situation.

Q60 Chairman: This report is pretty hard hitting in
general and I wondered whether you think that the
European Parliament committee is kind of over-
egging it when they say, for example, the committee
“Considers it highly misleading for the Commission
to state, in the absence of any nanospecific
provisions in Community law, that current
legislation covers in principle the relevant risks
relating to nanomaterials”. That seems almost
directly contradictory to what Dr Wadge has said
a few moments ago and I could quote from other
paragraphs. This is much more critical of the
European regime than you appear to have been.
Could you enlighten us as to whether the committee
has got it wrong or whether you have got it wrong?
Mr Roberts: If 1 may make one procedural point,
this is a proposal from the rapporteur; it has not yet
been endorsed by the committee. My understanding
is that the committee is considering it today and
then the European Parliament will vote on it in the
next week or so. My view is that some of the
statements in the report are absolutely right and
some of the statements in the draft are wrong. The
one you have just indicated is one I would not
agree with.

Dr Wadge: John put that extremely well. I have
nothing further to add to that.

Q61 Lord Crickhowell: 1 happen to chair another
committee’s examination of REACH’s report on
food so I pricked up my ears when you started
talking about REACH. I think it is probable that if
there need to be changes they will take quite a time.
My experience of these things is that they take a
long time to change right across Europe because
everyone wants a say and the industries want a say.
How long do you think it will take to sort out the
regulatory changes to make them sensible?

Mr Roberts: 1 have a lot of sympathy with that
point. It is going to take four or five years for the
European system to work through the issues and
then for the legislative process to be completed.
From the UK Government’s point of view we have
been urging the Commission to make fast progress
on these issues. My Secretary of State did write to
the Commissioner last year stressing the importance
of addressing nano issues comprehensively and
urgently.
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Q62 Lord Methuen: Can we go back to pesticides?
Often these pesticides use surfactants at the
nanoscale but they do not currently use engineered
nanoparticles although there are products, “smart
nanoscale pesticides” in development. Does Defra
have a policy in place to deal with such products
once they leave the research and development phase
and enter the marketplace? I also include in this
things like fertilisers which presumably will use the
same things and things which are used by animal
feedstulffs.

My Roberts: 1 can answer that question in respect of
pesticides although I am afraid I do not have the
information with me today on fertilisers and
feedstuffs so I would need to respond to that
separately if I may. There is a European regime in
place which deals with the authorisation of pesticides
which operates at two levels. The active ingredient
has to be agreed at the European level as having
passed the tests included in the relevant annex.
Secondly, individual products are approved for use in
the UK and the Pesticide Safety Directorate does that
on behalf of my department. The advice I have had
from them is that they would regard a pesticide
containing a nanomaterial as a new product
requiring a specific authorisation. So if a company
changed the formulation of a pesticide to include, for
example, an encapsulated active ingredient instead of
one in solution, then that would require a new
approval and a safety case would have to be made for
the use of that product before it was authorised.

Q63 Lord Methuen: You will obviously risk assess
these products. Is there sufficient information to
understand fully their impact on the food chain and
the environment? This goes for the other products
which I mentioned.

Mr Roberts: That question is hypothetical to an
extent until we get a case because it would depend on
the nature of the case. We would do the normal test
that we would do and we would look at all the
scientific evidence that is available. It is a system of
positive approval, so they have to make the case that
it is safe rather than that it can be used in the absence
of any evidence to the contrary. They would have to
make a case and the Advisory Committee on
Pesticides would give us the scientific view about the
case that had been made.

Q64 Lord Methuen: You would get the equivalent
for fertilisers presumably.

My Roberts: 1 am afraid I am not familiar with the
authorisation procedure for fertilisers so I would
need to take advice.

Q65 Lord Methuen: There must be something
similar in place.

Mr Roberts: The regime on pesticides is clearly
tougher because pesticides are necessarily toxic to
something. There is therefore a system of positive
approval. Fertilisers generally are more benign
substances so [ am not sure they are tested to quite the
same rigorous extent as pesticides but I will need to
take advice on that and come back to you.

Q66 Chairman: May 1 follow up a little bit on Lord
Methuen’s question? You said that the risk
assessment would be done by the Advisory
Committee on Pesticides.

Mr  Roberts: They would review the evidence
submitted by industry.

Q67 Chairman: Does that Committee have on it
anybody who is an expert in nanotechnology?

Mr Roberts: 1 will need to look at the list. To be
honest, I doubt it, but it is clearly an issue we would
need to look at. The issues we would need to
understand would be environment and fate, how the
nanomaterial moves through the environment,
followed by toxicology and eco-toxicology from
exposure of humans or animals or plants or eco-
systems as a result of that application. If we did not
have that expertise, then we would need to look
elsewhere for it. We have it, for example, on the
Advisory Committee on Hazardous Substances and
if necessary we would make a link between the
Advisory Committee on Pesticides and the Advisory
Committee on Hazardous Substances.

Dr Wadge: There are eco-toxicologist and
toxicologists on the Advisory Committee on
Pesticides but as I understand it the point you are
making is whether they have specific expertise in the
toxicology of nanoparticles, I doubt that. It would
not preclude the opportunity to bring that expertise
in to those particular committees.

Q68 Chairman: May 1 also ask the same question,
whilst we are engaged in conversation, about the
Advisory Committee on Novel Foods and Processes?
If a nanofood product were to come through for
approval with the UK competent authority, is there
expertise in this area on that Committee?

Dr Wadge: No is the answer. Is there access to
toxicological advice? The answer is yes. There is quite
a lot of history of seeking advice from the Committee
on Toxicity and I have included in the evidence some
of the reviews which the committees have done on
nanotechnology so far and the recommendations
that they are making around the risk assessments. If
there were very specific points on nanotechnology
that required additional expertise, we would refer
that to the Committee on Toxicity and they would
take advice as necessary.
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Q69 Baroness Neuberger: You have already
mentioned the issue of public engagement and this
being a key area. What future plans do the
Government have to engage with the public, or
conduct research on public perceptions on the use of
nanotechnologies in the food sector? We would like
to know who is going to carry it out and how it is
going to be coordinated across Government.

Dr Axford: 1 could give a general view. Recently, in
January of this year, there was a renewed ministerial
commitment on nanotechnology overall. They gave
seven key commitments overall but one of those was
to develop the programme of dialogue around
nanotechnology involving all key players. That
includes, for example, academia, industry, non-
governmental organisations and of course, critically,
the public. That is part and parcel of the strategy to
which I alluded earlier being put forward by the
ministerial committee. We therefore, through a
number of mechanisms, for example DIUS are
responsible for a programme of activity called the
Sciencewise Programme, which is all about getting
better evidence of what the public thinks or finding a
way of engaging the public in a constructive way on
key issues. That is a process which can be applied on
nanotechnology. There have already been two major
goes at talking to the public about nanotechnology
within the last two or three years. When it comes to
the specifics of what is actually done on food that
would have to be something Andrew would be able to
talk about and what would be done in relation to
food. I do not know what level of detail you would
like to know about the general way that Government
go about some of their work in other areas.

Q70 Baroness Neuberger: 1t is not particularly so
much about how the Government work. We know a
little bit about the general public understanding of
science-type work. It is really perhaps some of the
methodologies you are going to use for this actual
engagement. For instance, there is very good
evidence that with quite complex areas of
nanotechnology, in the food sector would be a good
example, things like citizens’ juries may be very
useful. It would be very interesting to know, given
that this is part of the strategy, what Government are
intending to do.

Dr Axford: Certainly on nanotechnology as a whole
and even more so on food in particular it is a little bit
early to say exactly which techniques we would use.
Given what we have heard this morning about the
problems almost of definition, we need to know what
we need to achieve through any engagement process.
Are we worried about the toxicological impacts? Are
we looking at the commercial benefits? Until we
know where nanotechnology is exploited in the
commercial sector, it is very hard to know what to
talk to the public about. It is very hard to engage

them at the fundamental science level where a lot of
it still is. We heard earlier that a number of these
technologies are still often in the lab.

Dr Wadge: The Food Standards Agency absolutely
stands ready to engage in public debate and, taking
the lead from Lord Krebs who was our first chairman
who really set a very high standard of public
engagement on science, that is something we are very
keen to follow. We do have a number of mechanisms
in place. Perhaps I can talk about what we did on
cloned animals a couple of years ago as an example
of the type of engagement that we might do in
relation to emerging technologies more generally. We
commissioned work in 2007-08 which took the form
of reconvened workshops. We brought members of
the general public together, we had a range of experts
from all different parts of the debate, talking about
their work and we reconvened the group after they
had gone away to think about it and they had an
opportunity to ask questions.?® It worked very well in
terms of eliciting a rather broad consensus as to what
the general public’s concerns were. They were less
concerned, interestingly, with how the technology
and the science worked and their focus was much
more on the why and the consequences and the
benefits from the technology. That is perhaps not
surprising, given what we learned from the GM
debate which got very polarised. What we would
want to do through citizens’ juries, and we have a
number of citizens’ forums available which we
regularly use and debate a range of issues that are
topical for us, is to make sure that we are not simply
finding out what the people on the extremes of public
opinion think but actually what the general public
feel once they have had a chance to be really informed
about a technology. We do have the methodology
available and we stand ready to engage in that
debate.

Q71 Baroness Neuberger: You have already raised
the GM issue and obviously some of that was
extremely uncomfortable in many ways. Presumably
one of the things you are saying therefore is that the
engagement with the public will happen relatively
early in order to avoid that kind of extreme view. [ am
not sure whether you are saying that.

Dr Wadge: If we do not, then it seems to me then that
we have failed to learn one of the key lessons. It is
important that there is an engagement and
recognition of the role of everybody, not just
Government but food businesses a well, to engage
and talk about the types of technology and make sure
that there is a general understanding and acceptance
of technology.

26 “This answer is not entirely correct. The Participants were in
fact presented with information about the technology by the
research company and not by a range of outside experts”.
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Q72 Baroness O’Neill of Bengarve: This is a question
which also bears on public engagement but it really
arises out of the DIUS submission which very
usefully brought together evidence from a number of
different countries. Brazil is quite startling and of
course lies outwith the three big groups that we have
discussed and one meets ready-to-eat edible
bioplastic coating and pallet sensors for quality
control apparently aimed at increasing the quality of
Brazilian wine. Then there is a statement that Brazil
does not seem to have any dedicated regulatory
framework for nanotechnology research. There is a
big player with a lot of research and there is free trade
and it is quite complex to keep out products which do
not meet certain standards. Do either DIUS or Defra
or the Food Standards Agency have a reaction to the
Brazilian evidence?

Mr Roberts: 1 am not familiar with the Brazilian
situation but I can talk about the attempts at
regulation of nanotechnology on the global level, if
that would be helpful.

Q73 Baroness O’Neill of Bengarve: That would be.

Mr Roberts: If I may take one step back and look at
chemicals, broadly speaking there are very few global
rules restricting chemicals. The only ones which are
restricted at the global level are 12 persistent organic
pollutants which include substances like DDT and
PCBs. Attempts for a broader regulatory framework
for chemicals generally have not been possible to
agree politically until recently. A big attempt to have
a strategic approach to international chemicals
management in order to deliver the WSSD, the World
Summit on Sustainable Development objectives on
chemicals had to be on a voluntary approach because
some countries, not least the United States, opposed
global regulation. The global community has
attempted to regulate chemicals such as mercury for
the last decade and in fact we had a breakthrough last
month and there is now agreement to have
international regulation of mercury emissions and
that reflected a change in the approach of the United
States and countries such as China and India were
quite reluctant but in the end came along. In terms of
nanotechnologies, we will be discussing that at the
SAICM, the Strategic Approach for International
Chemical Management meeting, which takes place in
Geneva in May, where it has been identified as an
emerging issue. We will be raising awareness there. It
would be wrong to say there is scope for international
global regulation of nanotechnology in the
immediate term. We are trying to raise awareness of
the issues in countries, not only those producing
nanotechnologies but those which may also import
products containing nanotechnologies and therefore
have to deal with waste streams that may require
specialist handling; at least raise awareness, spread
the science and begin to get cooperative action going.

Q74 Baroness Neuberger: May I move on to the
question of labelling and consumer information?
Again this is mainly for the FSA. You said in one of
your additional reports that there is a need for
consultation on declaring the use of nanoparticle
ingredients or additives in food products but in your
main evidence you say that you do not have
information on whether UK consumers would value
information on the use of nanotechnologies in food
and what sort of information would meet the
necessary criteria. What are the Government doing
to obtain the information about what the public feels
about that?

Dr Wadge: We need to address that through the
deliberative research with consumer forums, once we
are a bit closer to products being on the market. At
the moment it is a little bit difficult to do it in a
vacuum in a way. Consumers need to know what
specific products we are talking about that are now
about to come onto the market and how that might
benefit them or benefit others. Certainly that is how
we would carry out that research, through our
citizens’ forums, to really gauge a sense of what
information they would find useful and whether
particular types of labelling would actually be helpful
to them. At this stage, it is still a little bit too early
to say.

Q75 Baroness Neuberger: 1 completely take the
argument about it being early and therefore very
hypothetical, but I just wonder whether there is not
an argument for at least beginning that discussion,
simply to make it clear that there will be transparency
in this area.

Dr Wadge: Certainly we will be starting the process of
talking about nanotechnologies with our citizens’
forums in the autumn this year. I can ensure, given
this conversation, that the question of labelling and
information is included in those sorts of discussions.

Q76 Lord Methuen: Mine is an unrelated question.
Mr Roberts mentioned these 19 tasks of priority
research projects and five taskforces and he also
mentioned 14 nanomaterials which were under
investigation. It would be useful if we had details of
what those were.

Mr Roberts: Certainly.

Q77 Earl of Selborne: 1 want to go back to the
process of public dialogue, public engagement. I
think everyone recognises and admits that the GM
debate was a bit of a disaster quite frankly, because of
the polarisation to which you referred. What are the
lessons learned from the GM debate, even if they are
only negative ones, as to how this debate should be
structured?
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Dr Wadge: That is a very big question, is it not? I am
not sure that necessarily everything from the GM
debate translates and transfers to this particular
issue. Having said that, there clearly are some very
important lessons and the first is to engage with the
public at an early stage to ensure that a range of
debate and dialogue takes place around the types of
technologies which are being used or might be used in
producing food and what the implications are for
consumers of those different types of technology.
Early engagement and bringing together scientists
and the general public and groups such as the Food
Standards Agency can play a facilitative role in
encouraging that sort of debate to raise awareness to
begin with of the sorts of issues and then specifically
to tease out some of the very specific questions
around acceptability and requirements for
information and labelling and so forth.

Q78 Lord O’Neill of Clackmannan: Perhaps I should
declare an interest as Chairman of the Nuclear
Industries Association. A consultation was
conducted by DTI which subsequently fell in the
courts and they had to undergo the same process in a
rather modified fashion to secure acceptability.
Really what I just want to say is that the GM
consultation was not the classic example we would
want to follow but there are other failures as well.
There is the potential pitfall of the litigious
opponents and some of the people who are already on
the fringes of the debate, having a higher bar of
standards, wanting to pull more things into
nanotechnology than perhaps the current definitions
will allow. These are the kinds of people who might
well be standing in the wings with lawyers ready to
require judicial review. I merely make this additional
cautionary point that the unfortunate experience of
GM is as nothing compared to some of the
subsequent failures of the Government’s consultative
processes which were expensive both in time and
money to correct.

Dr Wadge: Yes.

Q79 Lord Crickhowell: As we approach the end of
the session, I am extremely grateful that I have a very
much clearer idea of what the Food Standards
Agency and Defra are about and what is going on.
The big gap I have at the end of this session is in
understanding what the Government are really doing
to close the big gaps we have in scientific knowledge.
I have a big gap in my impression of what drive is
being put, what money is being put behind the
research programmes, behind what the universities
are doing. I just do not have an impression that there
is as much effort going in to really stimulating the
research that is needed as I think there should be.

Dr Axford: We can respond to that in a broad sense.
Looking at nanotechnology overall, setting aside the
food specific for the moment, across the research
councils there is something like £50 million across all
programmes generally in the area of nanotechnology
and a further £50 million in the specific cross-council
programme on nanotechnology projects. There is
actually a lot of investment going on in the broad area
of nanotechnology.

Lord Crickhowell: May I ask then—I really do have a
black hole here—what is actually going on here? [ am
afraid you have not given me any clear picture at all
in your answers to questions; even that last answer
does not. We really do need a pretty detailed report
from your department as to what they are doing,
what the programmes are, what money is being spent
where and what you hope to achieve by it.
Chairman: Particularly in the area of risk assessment
which is what concerns us rather than, say,
development of new TV screens or something like
that. If you could help us with a bit more detailed
information on that area.

Q80 Baroness Neuberger: 1 have just been left with a
sense of unease on the public engagement side. It is
partly in your response to the Earl of Selborne when
talking about the lessons learned from GM. One of
the things you have been saying is that it is a bit too
early. At the same time your response on GM is that
we should have got in there earlier. I do not feel very
comfortable that thinking has been developed very
carefully. I have always taken the view personally that
it is better to get in earlier. All the evidence about
public engagement in other areas, say in the health
services, shows that to be the case. I know you say
this is starting in the autumn. Is there not some
argument, given that we are doing this inquiry now,
for ratcheting up at least the advance warnings of
what you are going to be doing in the autumn?

My Roberts: Of course, we did do some work on social
engagement in the period 2004 to 200607, which was
the first wave, which included citizens’ juries and a
number of engagement exercises. A number of other
people have also done them, such as Which who ran a
jury last year and we have access to those results. The
second phase of work which has been described will
build on the first phase of work which was done three
years ago.

Q81 Baroness Neuberger: 1 understand that. I still
think there is a time issue.

Dr Wadge: Tt is useful to clarify what I meant around
that in the sense that I do not think it is too early to
start the engagement; far from it. We need to learn the
lessons and start the engagement. I meant in relation
to specific products and the types of information that
people might require in relation to that.

Baroness Neuberger: I accept that.
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Q82 Lord Haskel: On this question of research and
all the work you are doing, does that fall in at all with
the money which the Government are putting into
resuscitating the economy? Is that part of that?

Dr Axford: The money we have talked about so far is
money which was allocated in the last spending
review, to the research councils for example. Not any
new money, no new stimulus potentially.

Q83 Lord Haskel: 1t is not going to be part of
stimulating the economy.
Dr Axford: We do not have any idea about that.

Q84 Chairman: We shall learn after the Budget. Do
you have any other comments you wish to add? I
should like to thank you very much for giving us
nearly two hours of very interesting conversation but
there may be things that you would like to add at
this point.

Dr Wadge: No, nothing. Thank you for the
opportunity.

Dr Axford: No thank you.

Q85 Chairman: There will be a transcript of these
proceedings which will be sent to you for corrections
so you will have a chance to make sure the written
record accurately represents what you have said. We
have asked you for some written material and the
Committee Clerk, Antony Willott, will follow that
up. Equally, if you have any points you think of that
you would like to submit to us in writing, we should
very much welcome that. Finally, I should like to ask,
if you were advising us on recommendations we
should produce at the end of our deliberations,
whether you have any particular thoughts.

Dr Wadge: Other than a large increase in the budget
of the Food Standards Agency . . . I think you have
touched on an area of concern in relation to risk
assessment and the capacity we have in relation to
toxicological expertise and that is a concern that I
have more broadly than simply around
nanotechnology and I am involved in discussions
with other chief scientists around that particular
point. It is something that this very specific issue of
nanotechnology does raise from my perspective.
Chairman: Thank you. Would others like to add
anything? Thank you very much indeed.

Supplementary memorandum by the Food Standards Agency

At the evidence session on 31 March, the Food Standards Agency was invited to provide additional
information in relation to a list of products reported to be available on the market in Germany. Our comments
on this list are given below.

In addition, we would like to provide supplementary information in relation to products from non-EU
countries (exemplified by Brazil, as raised during the meeting on 31 March), and on the FSA-funded review
of public attitudes that was published after our earlier evidence was submitted.

(a) Products on the German market

On investigation, it seems that not all of these products are currently on sale and in many cases the presence
of nanoparticles has not been confirmed.

The information provided from the UK contact in Germany (Annex 4 to the written evidence from DIUS)
referred to two sources, a presentation by a member of the Federal Institute for Risk Assessment (BfR) and
a list of products reported by BUND, the German equivalent of Friends of the Earth, to be available on the
German market.

The first presentation was given at a forum “Consumer Protection—Nanotechnology” that was held at the
BfR in November 2008. We have confirmed with the German authorities that the examples in this presentation
were given as illustrations of potential future applications, rather than examples of “nano-products” that were
already available on the German market. In the case of the nanoscale micelles manufactured by the company
Aquanova, this technology has been investigated by the German authorities, who concluded that the
coenzyme Q10 product did not fall within the definition of “novel food” as since the metabolism of the
coenzyme Q10 in this formulation was not different from common products already on the market.

The BUND lists were based on a global inventory published earlier in 2008 by Friends of the Earth (FoE) in
Australia. In addition to the products in the original FoE inventory, BUND reported that a number of
additional products available in Germany, largely via internet sites, were being marketed as containing
nanoparticles. In drawing up these lists, a size threshold 300nm was applied (where particle size information
was available). The lists include products which are poorly described in the marketing information, and which
may or may not contain nanoparticles.
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The list also includes a number of brands of food supplements containing nanoparticles of silver, also known
as colloidal silver. This is a long-established substance and, as explained in our original evidence (page 4), it
is found also on the UK market.

In the case of food additive silicon dioxide (silica, E551), the German industry has confirmed that this
substance has a long history of use and the specification currently used is the same that has already been
assessed and authorised for many years. Although nanoparticles occur during the manufacturing process,
these immediately aggregate and agglomerate into much larger units and the dimensions of the silica particles
used in foodstuffs are typically in the range 2-12um.

The presence of nanoparticles in other products on the list, whether below 300nm or 100nm, has not been
confirmed.

We would certainly agree with the point made in the FoE and BUND reports, that the extent to which
substances are absorbed into the body is likely to differ when they are presented in small particles compared
with larger particles. This is true whether the particles are in the nanoscale or of some larger dimension. Indeed,
the effect of different formulations, including different particles sizes, on the bioavailability of active
substances has been a major area of investigation in the pharmaceutical industry for many years. Similar
investigations are also carried out by the supplements industry. We would reiterate that it is the responsibility
of food businesses to ensure that the products they market are safe, and this includes considering the effect of
changes to manufacturing processes and reformulation of existing ingredients, even where such changes do
not trigger a formal regulatory review.

(b) Products on the Brazilian market

At the evidence session on 31 March, the Committee was concerned about the implications of product
development in countries like Brazil and whether such products could automatically gain entry to the EU
market.

We would like to emphasise that UK and EU regulations apply equally to imported products as to domestic
production. World Trade Organisation rules are designed to prevent unfair barriers to international trade but
it is not the case that a product that is legally marketed in one WTO member state must be accepted in other
WTO member states. Countries are free to establish their own safety requirements, provided that these do not
discriminate against imports.

The UK contact in Brazil has confirmed that their report (Annex 1 to the evidence submitted by DIUS) refers
to the absence of regulatory controls in relation to research and not to the marketing of food. In other words,
there are no laws or directives preventing Brazilian scientists from conducting research in nanotechnology
applied to food. The same situation applies in the UK. Brazil does however have a solid regulatory framework
that applies to the commercialisation of new products, especially in the area of food, and there are standard
food safety + health and safety laws which are applicable for all new products, including products obtained
using nanotechnologies.

(c) Ewvidence review of public attitudes to emerging food technologies

In September 2008 the Food Standards Agency commissioned a review of existing studies on public attitudes
to a range of new technologies in relation to food, including nanotechnologies. This report was published on
26 March 2009 and a copy is attached [not printed] for the Committee’s information. The main findings in
relation to nanotechnologies and food were summarised on page 7 of our earlier evidence.

21 April 2009

Supplementary memorandum by Department for Innovation, Universities and Skills (DIUS)

This response provides the further information that the Committee asked BIS to provide at the evidence
session on 31 March 2009.

Nanotechnologies cut across traditional scientific disciplines and could lead to a very diverse range of potential
applications and potential risks, therefore research usually involves inter-disciplinary working and
responsibility for risk management is shared across a number of Government departments and agencies.

In February 2008, the Government published a detailed statement that described the range of activities carried
out by Government departments and agencies and the Research Councils, and the reasons for those activities.
It also described the mechanisms that are in place to coordinate those activities. We have provided copies of
the statement to the Committee. While it does not specifically address nanotechnologies in specific sectors such
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as food, we hope that it will give the Committee an overview of how the various activities and responsibilities
are linked.

The direction of the Government agenda for nanotechnologies was set out in 2005 in response to the report
by the Royal Society and Royal Academy of Engineering “Nanoscience and nanotechnologies: opportunities
and uncertainties”. The Council for Science and Technology review in 2007 found that good progress was
being made in certain areas, although there was scope for improvement in others. Subsequently, the Ministerial
group on nanotechnologies was established to give a greater profile to the Government’s work in this area.
The statement was the result of the first meeting of the group. At its most recent meeting the group agreed on
the need for an informed debate about the future direction of the development of nanotechnologies, and
agreed that a strategy should be developed in dialogue with stakeholders.

On the specific information that DIUS offered to provide to the Committee—

Work taking place to encourage research and development and translation in relation to nanotechnologies in the food
sector. ( This would include projects such as knowledge transfer nerworks which are not aimed specifically at the food
sector but would impact upon it. )

The Government funds a number of activities to translate the knowledge and ideas generated by fundamental
research into new products and services in areas where there are market opportunities through the Technology
Strategy Board. It does this in a number of ways, for example Innovation Platforms, Knowledge Transfer
Networks, Knowledge Transfer Partnerships and initiatives such as the Small Business Research Initiative.

The joint evidence submitted to the Committee by the Nanotechnology Knowledge Transfer Network and
Leatherhead Food International noted that they have formed a Food Focus Group to promote awareness of
the potential for nanotechnologies for the food industry.

One of the 24 Micro and Nanotechnology open access centres funded by the Technology Strategy Board,
Eminate, focuses its work on state of the art solutions to the food and pharmaceutical industries with the aim
of applying in-house process technologies to develop customer products in the areas of advanced coatings,
materials and powders, food technology, drug delivery, measurement and scale up through to pilot
productions. This is a five year project and the total grant is £3.5 million of which £3 million has been drawn
down to date.

Although not specifically addressing food, the Technology Strategy Board is currently preparing strategies for
nanoscale technologies and biosciences. For nanoscale technologies there is a focus on linking the pervasive
nature of nanoscale technologies to societal challenges of living with environmental change, living with a
growing/ageing population, and living in an intelligent connected world. For Biosciences, the focus will be on
food technology and food safety.

The Research Councils are not specifically encouraging research in relation to nanotechnologies in the food
sector although, as described in their evidence to the Committee, they are funding a large amount of
fundamental research in areas that may be of relevance to the development of new technologies and products
and to the improved understanding of potential risks.

Details of projects being funded by the Government into the toxicology of nanoparticles in the gut.

The Medical Research Council issued a “highlight notice” in March 2007 to encourage applications in
nanotoxicology with the aim to inform policy development. The notice has proved successful in stimulating
a significant increase of applications to the Research Boards. Since launch five awards were made at a total
level of approximately £3 million. This research aims to better understand the uptake of nanoparticles into
cells and the functional consequences including oxidative stress, inflammatory response, cell death and
genotoxicity. By linking this information to the physical and chemical characteristics of nanoparticles,
predictive models for nanoparticle toxicity can be developed that will help risk assessment. There is currently
no agreement on which characteristics should be studied to evaluate the toxicity of nanoparticles and many
of the funded studies aim to address this issue. A lot of this work is currently focused on the lung, although
some of the principles may be transferable to other organs systems. Building on the current funding and the
recommendations in the recent report from the Royal Commission on Environmental Pollution, the Medical
Research Council has further refined the highlight notice to encourage in particular studies which investigate
the effects of engineered nanoparticles in vivo.
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More detail on the awarded studies is below:

1) Mechanisms of bioreactivity of engineered nanoparticles with pulmonary gas exchange barrier (Imperial
College )—+£600k/3yrs

Investigates the toxicity of common nano-particles, such as carbon nanotubes, silver and titanium oxide, when
taken up by lung cells. The toxic effects will be related to the physical and chemical properties of the
nanoparticles to establish patterns that will allow to predict the health effects engineered nanoparticles.

2) Understanding the genotoxic potential of ultra-fine superparamagnetic iron oxide nanoparticles ( University
of Wales, Swansea)—£450/3yrs

Studies the genotoxic properties of iron oxide nanoparticles with the aim to develop high-trough-put screening
tests for genotoxic effects; Aims to understand dose-response relationships, to inform future in vivo studies
and predictive approaches.

3) Defining the biologically effective dose for pro-inflammatory effects of nanoparticles in lung target cells
( University of Edinburgh)—£500k/3yrs

Investigates the inflammatory response in lungs following the exposure to commonly used industrial
nanoparticles. The potential of these nanoparticles to cause oxidative stress and inflammation will be
examined at the cellular level and in animal models to establish and validate better models for predictive
testing.

4) Biological consequences of exposure to prosthetic nanoparticles ( University of Leeds )—£500k/3yrs
Hip replacements generate nano-sized metal wear particles that are released into the body. The project studies
the genotoxic and immunotoxic consequences in animal models over a period of 10 months.

5) Pathway analysis in characterising toxicological properties of nanoparticles (Imperial College)—£550k/3yrs
Uses novel technologies (proteomics, functional genomics) to identify key pathways that are responsible for
toxic effects. The aim is to apply these for routine screening purposes in the future.

In addition to these projects the Medical Research Council supports research exploring the potential of dietary
nanoparticles for therapeutic use at the MRC Collaborative Centre for Human Nutrition Research in
Cambridge. This programme investigates the uptake of dietary nanoparticles in the gut, the toxicity of these
particles and their effect on diseases of the digestive tract. Dr Jonathan Powell, the Principal Investigator, has
given evidence to the Committee.

The toxicity of wear particles released from hip replacements and the dietary nanoparticles for therapeutic use
are studied in the medium to longer term.

Although the focus of research at the National Nanotoxicology Inhalation Research Centre (funded by the
Health Protection Agency) is on inhalation, research into the absorption of nanoparticles across the skin is
planned and the possibility of studies into gut absorption is being considered. In addition, the Food Standards
Agency has recently published a research requirement in the area of the toxicokinetics of nanoparticles, which
includes their behaviour in the gut.

Details of how the Government is trying to close the gaps in scientific knowledge required for risk assessment: what
programmes are being supported, what money is being spent, and how the Government is measuring progress.

Through the Nanotechnologies Research Coordination Group (NRCG), Defra coordinates the activities of
Government departments, their agencies and the Research Councils. The NRCG has published two research
reports that provide much of this information and copies of the reports can be found at http://
www.defra.gov.uk/environment/nanotech/research/index.htm. A Defra-commissioned report “Emergnano”
was published on 15 April 2009 and details how much progress has been made between 2004 and 2008 on
NRCG’s health, safety and environmental research objectives (http://www.defra.gov.uk/environment/
nanotech/research/reports/index.htm#emergano). On the basis of the report, the NRCG will update its
research requirements and publish the new requirements.

The Emergnano report looks at global research in this area and identifies gaps that still remain. Globally there
is insufficient evidence to be able to say that any of the health, safety and environmental research objectives
have been completed. Thus full risk assessments for any nanomaterial are not possible at present.

The OECD and EU are also very active in the area of risk assessment. Defra leads an OECD steering group
that is dedicated to identifying best risk assessment methods in the absence of complete data.

DIUS does not retain funds centrally (these are managed by delivery partners) and hence does not directly
fund work on risk assessment. However, DIUS does provide support in the following areas

— Progress in the ability to measure and characterise nanoscale materials is essential for both the
development and the risk assessment of nanotechnologies. DIUS supports the National
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Measurement Programmes across a number of different areas, with a significant sum being spent on
nanometrology.

— DIUS provides funding for the fundamental research supported by the Research Councils, who have
provided a separate submission to the Committee.

— DIUS funds the Technology Strategy Board. In addition to its support for innovation, the Board
part-funds SAFENANO, a free information service run by the Institute of Occupational Medicine
to provide companies with a multi-disciplinary range of solutions to ensure that they can offer
employees a safe and healthy working environment and products that are safe for consumers.

March 2009

Supplementary memorandum by Department for Environment, Food and Rural Affairs

1. This memorandum sets out Defra’s additional written evidence to the inquiry being undertaken by the
Committee into nanotechnologies and food, as requested in the letter from the Clerk to the Science and
Technology Sub-Committee I of 15 April.

2. Defra officials have spoken with the Clerk of the Committee to clarify the information requested and
understand the information below reflects those discussions.

3. The Communication from the European Commission to the European Parliament, the Council and the
European Economic and Social Committee on the “Regulatory Aspects of Nanomaterials” accompanies this

Memorandum, but as a separate document. [not printed]

I) DeTAILS OF RECENT AND CURRENT EHS RESEARCH PROJECTS FUNDED BY DEFRA

Project Title

Description

Environmental Nanoscience
Initiative programme (Phase 2)

An outline scoping study by
the Institute of Occupational
Medicine to determine whether
high aspect ratio nanoparticles
(HARN) should raise the same
concerns as do asbestos fibres

A study by the Institute of
Occupational ~ Medicine to
identify physicochemical factors
controlling the capacity of
nanoparticles to penetrate cells
of the respiratory epithelium,
especially those of first contact
on inhalation of the particles.

ENI-2 aims to develop an interdisciplinary research programme
between the UK and USA to develop models that will support our
understanding of environmental exposure, bioavailability, fate and risks
of nanomaterials. It is intended that the research will cover a wide range
of disciplines including detection and risk analysis. This second phase
builds successfully on the first which concentrated on developing UK
capacity in nanotechnology research. ENI-2 will utilise synergies and a
wider skills base to enhance the value and impact of the programme
outputs and ensure a truly multi-disciplinary approach to
nanotechnology research. Work is ongoing to finalise the contract with
a planned letting date later this year.

Concerns about the potential health effects of high aspect ratio
nanoparticles (HARN) are based primarily on toxicology studies of
industrial fibres including asbestos. The objectives of this study are: i) to
undertake a scoping study to review the existing literature on industrial
fibres and HARN to determine whether they should raise the same
concerns as do asbestos fibres and ii) to set out a research strategy to
determine whether health concerns about HARN are well-founded.

The Cell Pen project investigated the mechanisms of particle movement
across the respiratory epithelium to try to establish the resulting possible
toxic effects in and beyond the lung. The project advised on i)
Identifying which features of nano-particles/tubes/fibres are important
in particle-cell interactions, considering the potential role of
nanoparticle (NP) chemistry, structure, mass, numbers, shape, surface
area, surface charge and surface functionalisation; ii) Suggested how they
may be modified to enhance or reduce their capacity to enter cells; and
iii) Suggested how interactions between NPs and cultured human cells
might be studied.
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Project Title

Description

EMERGNANO: a review by
the Institute of Occupational
Medicine of completed and
near-completed environment,
health & safety research on
nanomaterials & nanotechnology

Identification of physiochemical
factors controlling the capacity
of nano-particles to penetrate
cells of the respiratory
epithelium—A study by
Imperial College Consultants
Ltd

Research into the likelihood and
possible pathways of human
exposure via inhalation arising
throughout the lifecycle of a

selection  of  commercially
available articles containing
carbon nanotubes—Central

Science Laboratory

An evaluation of the UK skills
base for toxicologists and
ecotoxicologists—Plymouth
University

Imperial College study to
indentify physiochemical factors
controlling the capacity of
nanoparticles to penetrate cells
of the respiratory epithelium,
especially those of first contact
on inhalation of the particles

PROSPEcT: UK contribution
to the OECD Nanomaterials
sponsorship programme

This report was commissioned by Defra as a way of taking stock of the
research work on nanotechnologies since the 2004 Royal Society and
Royal Academy of Engineering report.”’ The EMERGNANO report
has assessed global research undertaken since then and mapped the
knowledge gained against the UK NRCG’s 19 research objectives. The
report identifies where research gaps remain.

For some susceptible individuals inhaling high levels of air pollution
containing nano-sized particles, may lead them to develop heart and lung
problems. This suggests that breathing in very small, nanosized
engineered particles might also cause heart and lung problems. This
work aims to discover how inhaled engineered nanoparticles reach the
delicate air sacs of the lung, and how they interact with the cell barriers
that protect us. The research uses human epithelial cells to look at
whether the nanoparticles interact with and/or are internalised by the
cells, what properties of the particles might make them reactive and
what cellular processes are involved.

This study follows recent research findings from the University of
Edinburgh which demonstrated that some types of carbon nanotubes
(CNTs) may present health hazards similar to those of asbestos. This
further study will collate all available information in regard to potential
hazards of CNTs, possible route(s) of exposure, and will use the available
data and modelling approaches to estimate the extent of human
inhalation exposure to CNTs throughout the lifecycle of some selected
CNT products. The information generated will help identify the critical
stages within the lifecycle of selected CNT products that may pose risk
to human health or the environment.

There are concerns about the capacity of the scientific community to
respond to current and emerging demands for toxicological and
ecotoxicological assessments and whether there are enough scientists
working at the bench (toxicologists, chemists, biologists) and experts
involved in regulation and policy to support this activity. The aim of this
project is to identify the current status of the scientific community, areas
of expertise, and identify the gaps in skills, knowledge or recruitment.
The analysis will identify whether there are gaps in provision, and areas
where investment may be needed in future training and/or recruitment.

An important area of research is to evaluate the mechanisms of action of
engineered nanomaterials and one key aspect of the reactivity of
nanosubstances is their interaction with cells and membranes. This work
aims to determine (a) which combination of factors influence
nanoparticle uptake and/or translocation by human alveolar epithelium;
(b) the fate/cellular location of internalized nanoparticles and whether
particle uptake is active or passive; and (c¢) whether nanoparticles
influence the functional integrity of the alveolar epithelial barrier.

The PROSPEcT LINK project is the UK’s contribution to the OECD
sponsorship programme and aims to undertake a detailed
characterisation of two nanomaterials of commercial relevance to the
UK——cerium oxide and zinc oxide. The data generated, and test
methodologies employed will go a long way towards the ecotoxicological
hazard assessment for these nanomaterials. In addition the data
generated will be used to help establish QSARs (Quantitative Structure
Activity Relationships) for predictive safety evaluations of novel
nanomaterials.

27 2004 Royal Society and Royal Academy of Engineering Report “Nanoscience and nanotechnologies: opportunities and uncertainties”
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Project Title Description

An examination of the nature This research project will attempt to ascertain how much dependence is
and application among the currently being placed on corporate social responsibility and how
nanotechnologies industries of effective CSR, as currently employed by the UK nanotechnologies
corporate social responsibility in industries and researchers, is in limiting the exposure to public health
the context of safeguarding the and environmental risks. The project will also attempt to identify
environment and human exemplar models of CSR and ascertain where failure by industry
health—Cardiff University stakeholders to adopt a responsible approach is resulting in potential
(BRASS) risks to public health and the environment.

II) ComprARISON FIGURES ON AMOUNTS SPENT BY THE UK, EUrROPEAN UNION AND UNITED STATES OF
AMERICA, ON NANOTECHNOLOGIES ENVIRONMENTAL HEALTH AND SAFETY RESEARCH

The recent Defra commissioned EMERGNANO project identified the following levels of expenditure by the
UK, EU and USA over the period 2004-08:

Number of studies Amount spent

(2004-08)

UK 44 £3.3m
EU* 114 £63.1m
USA 165 £37m

* includes the UK figure, plus work from Switzerland.

III) NOTE ON REGULATIONS AND AUTHORISATION PROCEDURES GOVERNING FERTILISERS

There are three tiers of regulatory controls which ensure that all fertilisers for sale in the UK are safe for use.
These are set out in two areas of primary fertiliser legislation, namely fertilisers which may be freely sold
anywhere in the European Union (EC Fertiliser Regulation 2003/2003), and other fertilisers (The Fertilisers
Regulations 1991). The third tier covers Health & Safety regulations which apply to all products
manufactured or used in the UK. All manufactured fertilisers (including those containing nanomaterials) are
required to comply with all of these regulations and legislation. We are not aware of any current plans for
manufactured nanomaterials to be included in fertilisers by manufacturers.

The EC Fertiliser Regulation 2003/2003 defines the composition and definition of all fertilisers, which have
been approved as EC Designated fertilisers. All EC Designated fertilisers can be traded freely within the EU.
Every importer and manufacturer must ensure any fertiliser intended for sale in the EU complies with this
Regulation.

The Fertilisers Regulations 1991 (as amended) specify the labelling and packaging of the product and place
a responsibility on the manufacturer to declare the nutrient content of the product. The Regulations include
a series of Schedules listing type designations of fertilisers.

Additional controls exist for Ammonium Nitrate (AN) fertilisers and these are set out under the “Ammonium
Nitrate Materials (High Nitrogen Content) Safety Regulations 2003”. They require that all imports into Great
Britain of relevant Ammonium Nitrate material from outside the EU are to be notified to Defra.

DEeTAILS OF THE TASK FORCES AND RESEARCH OBJECTIVES UNDER THE NANOTECHNOLOGY RESEARCH Co-
OrDINATION GROUP (NRCG)

Task FORCE RESEARCH OBJECTIVES (BY MOST RELEVANT TASK FORCE)
1. Metrology, characterisation RO 2 To identify the most suitable metrics and associated methods for
and standardisation the measurement and characterisation of nanoparticles.
RO 3 To develop standardised, well-characterised reference
nanoparticles.

RO 4 To understand the properties of nanoparticles in the context of
their ignition and explosion potential, and assess|develop methods for
evaluating this.

RO 9 Oprinisation, development and application of technologies that
enable the measurement of exposure to nanoparticles in soil and water.
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Task Force Research Objectives (by most relevant Task Force)
2. Exposure, sources, pathways RO 5 Further identification of sources of nanoparticles.
and technologies RO 6 Optimisation and development of technologies that enable the

measurement of occupational and environmental exposure to
nanoparticles via air.

RO 7 Understanding the fate and behaviour of nanoparticles in air.
RO 8 Development of exposure control devices.

RO 10 Research to understand the environmental fate, behaviour and
interaction of nanoparticles in soils and water.

3. Human health hazard and risk RO 11 Research to establish a clear understanding of the adsorption
assessment of nanoparticles via the lung, skin and gut and their distribution in the
body (ie toxicokinetics), identifying potential target organs/tissues for
toxicity assessment.
RO 12 Research to establish a clear understanding of inter and intra-
cellular transport and localisation of nanoparticles and their cellular
toxicity.
RO 13 To establish a clear understanding of whether oxidative stress,
nflammatory effects and genotoxicity apply to nanoparticles.
RO 14 Research to establish a clear understanding of the deposition,
distribution, toxicity, pathogenicity and translocation potential and
pathways for nanoparticles in the airways and lung and their
potential impacts on the cardiovascular system and brain.
RO 15 Given the current use of nanoparticles in consumer products
there is a need to further our understanding of dermal uptake,
penetration and toxicity in the skin.
RO 16 To develop testing strategies for human health hazard
assessment and assess how fit for purpose current test methods are as
applied to nanoparticles.

4. Environmental hazard and risk RO 17 Research to establish the uptake, toxicity and effects of

assessment nanoparticles on groundwater and soil microorganisms, animals and
plants, especially in the context of remediation.
RO 18 Research to establish the mechanisms of toxicity, toxicokinetics
and in vivo effects of nanoparticles to key ecological groups (including
nvertebrates, vertebrates (eg fish) and plants). A key aspect of such
work should be the facilitating of knowledge transfer from human
toxicological studies to inform ecotoxicology.
RO 19 Define endpoints to be measured in ecotoxicological studies and
assess how fit for purpose current standard tests for persistence,
bioaccumulation and toxicity are when considering nanoparticles. This
should lead to the defining of a suite of standard PBT protocols for use
in environmental hazard assessment.

5. Social and ethical dimensions of RO I To understand the social and ethical implications of
nanotechnologies nanotechnologies through a programme of public dialogue and social
research.

IV) DetaiLs oF THE FOURTEEN OECD SPONSORSHIP NANOMATERIALS

The materials for the sponsorship programme were selected as a representative set of either commercially
available, or soon to be available nano materials.
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The table® below shows the materials and which countries have agreed to work on them.

Sponsorship material

Lead sponsor!

Co-sponsor?

Contributors?

Cerium oxide

Zinc oxide
Fullerenes (Ceo)
SWCNTs

MWCNTs

Silver nanoparticles

Iron nanoparticles
Carbon black
Titanium dioxide

Aluminium oxide

UK, USA, BIAC

UK, BIAC
Japan, USA
Japan, USA

Japan, USA

Korea, USA

China,

France, Germany

Australia, Netherlands

USA, BIAC

Korea, BIAC

Australia, Canada,
Germany, Nordic
Council of Ministers

BIAC

Austria, Canada, Korea,
Spain, USA, BIAC

Germany,
Switzerland, EC

Australia, Canada
Denmark, China

Canada, France,
Germany, EC, China,
BIAC

Canada, Germany,
France, EC, China,
BIAC

France, EC, China

Canada, USA, Nordic
Council of Ministers

Denmark, Germany,
USA

Denmark, China

Germany, USA

Silicon dioxide France, EC Belgium, Korea, BIAC Denmark
Polystyrene Korea
Dendrimers Spain USA
Nanoclays Denmark, USA
Where:

1 = Lead sponsor assumes responsibility for conducting or co-ordinating all of the testing determined to be
appropriate and feasible to address the endpoints for Phase 1 of a listed nanomaterial. A Joint lead may be
developed depending on the degree of participation committed toward addressing endpoints.

2 = Co-sponsor conducts some of the testing determined to be appropriate and feasible to address the
endpoints of Phase 1 for a specific listed nanomaterial.

3 = A contributor provides test data, reference or testing materials or other relevant information to the lead

and co-sponsors.

March 2009

28 The most recent table as provided by the OECD Working Party on Nanomaterials, December 2008.
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TUESDAY 21 APRIL 2009

Present Crickhowell, L. Methuen, L.
Cunningham of Felling, L. Neuberger, B.
Haskel, L. O’Neill of Bengarve, B.
Krebs, L. (Chairman) O’Neill of Clackmannan, L.
May of Oxford, L. Selborne, E.

Memorandum by Leatherhead Food International

BACKGROUND

Leatherhead Food International (LFT) is proudly independent and has been providing solutions and services
to the food and drink industry since 1919.

LFTI is renowned for its comprehensive Global Food Regulation services, applied Food Safety Research,
Nutrition and Food Innovation expertise. These technical areas are complemented by a wide range of
Knowledge services including publications, training, consultancy, market research, conferences, and online
databases.

LFI clients use our services and solutions to ensure their businesses, from dynamic start-ups and SMEs
through to the largest multinationals, can meet the challenges of today’s ever changing market place. The
client list includes the major global companies in the food industry as well as ingredient suppliers,
manufacturers, retailers and foodservice businesses.

As part of the need to provide cutting edge information and research, LFI has started a working group called
NanoWatch. This group is composed of food and drink companies who wish to understand the potential
benefits and concerns of new technologies. In addition, in collaboration with the nanotechnology Knowledge
Transfer Network (NanoKTN) LFI has formed a food focus group. This group will enable the industry to
have a voice on research funding, regulation and other developments that could impact on the industry.

STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FOooD SECTOR

What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food sector, either
in products or in the food production process?

Currently the main applications and benefits for nanotechnologies and nanomaterials in the food sector are
in packaging and in the addition of nutraceuticals or vitamins to foods. Examples for the packaging sector
include the addition of antimicrobial coatings to packaging matrices to reduce bacterial contamination/
growth and the addition of specific additives to the packaging matrices to improve resistance to oxygen
permeability and preserve freshness of the product. With respect to the addition of nutraceuticals to foods,
examples include nano-/microencapsulation (the formation of very small capsules around the nutraceutical)
to preserve them from oxidation. Furthermore, research is published indicating that nanoscale nutraceuticals
have increased effectiveness because of their small sizes and increased surface areas.

Nanomaterials are being used to coat surfaces of buildings, windows, electronics, appliances (such as washing
machines and refrigerators), personal clothing etc, In the main, the use of these has not transferred to the food
industry, however the potential benefits are great. For example, it is likely that as well as preventing bacterial
contamination on food surfaces in food preparation areas, the use of inert non-sticky nano-materials on
machinery could also be used to prevent fouling of food processing machinery. This would reduce the
frequency of cleaning the machinery and not only result in greater efficiency of the process and energy usage
but also reduce the amount of detergent needed for cleaning.

The potential applications are extensive. Some examples are:

— Development of smart sensors. These could be used in packaging to alert the retailer or customer
when the contents are not safe to eat.

— Development of smart sensors for food analysis. Very rapid detection of the presence of food
poisoning bacteria or viruses would be extremely beneficial. Additionally many products are analysed
for nutritional content, and these are done by traditional laboratory analyses. Smart lab-on-a-chip
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or lab-on-a-foil sets are being developed which could increase the speed and accuracy of analysis and
cut the cost.

— Development of smart filters that could selectively remove allergenic ingredients from foods while
they are being manufactured. This would be very beneficial for removing trace amounts of peanut or
similar allergenic material.

— Development of technologies that allow the formation of nanoscale emulsions. The properties of
these are not known but could include higher stability of the emulsions, reducing or eliminating the
need for the addition of emulsifiers. This would contribute greatly to “cleaner-label” foods by
reducing additives. In addition, complex multiple emulsions could be made which would allow a fat
reduction in foods whilst keeping the popular creamy sensory mouthfeel that consumers like.

— Manipulation of the size and structure of ingredients to increase their functional properties. Examples
of this include making smaller crystals of salt that would have a higher salty taste allowing a salt
reduction in foods which would be a healthy benefit for the consumer. Other examples could include
an increase in thickening or gelling ability of the hydrocolloids/thickening agents, or in emulsifying
ability of hydrocolloids/emulsifiers, reducing the need for several chemical additives to stabilise a
food product

What is the current state of the market for, and the use of, food products and food production processes involving
nanotechnologies or nanomaterials, either abroad or in the UK?

Cientifica predicted that the value of the nanotechnology applications in the food industry would rise from
$410 million in 2006 to £5.8 billion in 2012. Currently, the technology and applications are mainly in the
packaging and food contact materials sectors, but potentially the whole of the food & drink industry and
market would benefit from the very diverse materials and technologies being developed.

What might the “next-generation” of nanotechnologies and nanomaterials look like? How might they be applied in the
food sector, and when might they enter the market?

In the area of nanotechnologies, ultra high mixing technologies are likely to be implemented in the next few
years. In food products these are likely to be applied to emulsions in the first instance and then to other
ingredients and products. In the area of nanomaterials, coatings such as the glass-like nano coatings will be
applied to food preparation surfaces to minimise bacterial contamination, to interior surfaces of fridges,
microwaves, cookers and also to food contact machinery in manufacturing processes. They will probably
reduce the amount of “downtime” due to cleaning needed and therefore reduce water wastage, energy costs
and level of detergents used. It is likely that application of these will grow rapidly in the next five years. In
addition, self-assembly technology to create functional nanomaterials will be of significant interest for the food
and drink industry.

Beyond this there will be developments in the chemical and microbiological analyses based on nanotechnology
and nano materials that will make for faster and better detection of contaminants. There will also be
applications in structuring of food products to make healthier ingredients and products.

As the pharmaceutical industry is very active in nanotechnology applications; an overview and transfer of the
technologies adopted for the production of pharmaceutical products across to the food industry would be
essential.

What is the current state of research and development in the UK regarding nanotechnologies and nanomaterials which
have or may have an application within the food sector? How does it compare to research and development in other
countries?

There is very little research and development in the UK regarding nanotechnology within the food and drink
industry. In spite of enormous interest from the food & drink industry in the potential, very little is known
about what is out there, what is feasible, what is safe and how it might be applied. The industry needs
independently-reviewed knowledge and expertise that can be transferred to food product development, along
with a scientific approach to be able to see the potentials. To achieve this, Leatherhead Food International has
formed a NanoWatch Working Group to inform members of the group on new developments and also to carry
out small proof-of-principle trials. In addition, Leatherhead is in collaboration with the Nanotechnology
Knowledge Transfer Network (nanoKTN), having formed a Food Focus Group to promote awareness of the
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potential for these emerging technologies and materials for the food industry and to encourage the industry
to make their voice heard.

The main developments are being carried out outside the UK in countries (such as USA, Japan, India) that
see the potential benefits to the industry and are being actively encouraged to develop further.

What are the barriers to the development of new nano-products or processes in the food sector?

— Possible confusion over nanotechnologies and nanomaterials.
— Legislation on safety/novel foods that would impose unviable costs and delays to development.

— Lack of knowledge on developments in the non-food areas and in transference of such knowledge to
the food & drink industry.

— Lack of funding for research into the potential benefits for the food & drink industry and Consumer.
— Lack of funding for research into the safety/toxicology of nanomaterials in food & drink industry

— Fear of consumer backlash driven by the media spotlight on “Franckenfoods”—this in turn is driven
by a lack of consumer understanding on how foods are manufactured, why they are made the way
they are, and what the industry is trying to achieve.

— Lack of funds for education of the public in relation to nanotechnology in foods

HEALTH AND SAFETY

What is the current state of scientific knowledge about the risks posed to consumers by the use of nanotechnologies and
nanomaterials in the food sector? In which areas does our understanding need to be developed?

The scientific understanding is very limited and confused by various experiments that do not apply to foods;
an example is the direct treatment of cells or animals with selected nano particles especially those unlikely to
be used in the food industry applications. Specific research within the specific food & drink model systems is
essential.

Is research funding into the health and safery implications of nanotechnologies and nanomaterials in the food sector
sufficient? Are current funding mechanisms fit for purpose?

There needs to be a clear distinction between nano particles naturally and currently present in foods (this will
include ones made during manufacture), and those that are not normally expected such as the persistent
materials. The development and use of nanotechnologies that restructure accepted current ingredients also is
unlikely to need safety or toxicology testing.

There needs to be more funding in certain areas but this should go hand in hand with the development of the
technology in foods.

Can current risk assessment frameworks within the food sector adequately assess the risks of exposure to nanotechnologies
and nanomaterials for consumers? If not, what amendments are necessary?

In some cases current frameworks are thought to be sufficient. However further research within specific food
& drink model systems is required for assessment of the risk of exposure to materials not normally used in food
and drinks.

Are the risks associated with the presence of naturally occurring nanomaterials in food products any different to those
relating to manufactured nanomaterials? Should both types of nanomaterials be treated the same for regulatory
purposes?

It is unnecessary to treat naturally present nano materials or particles in the same way as certain manufactured
materials. It is important to recognise that natural ingredients in foods are already subjected to processes that
create nanoparticles. These have been eaten and considered as safe for a long time. A common sense approach
is needed and the realisation that elimination of total risk is not possible.
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REGULATORY FRAMEWORK

Is the regulatory framework for nanotechnologies and nanomaterials fit for purpose? How well are imported food
products containing nanotechnologies and nanomaterials regulated?

It has been acknowledged by the Food Standards Agency in its regulatory review report on potential
implications of nanotechnologies for regulations and risk assessment in relation to food! (August 2008) that
the existing European/UK legislative framework is broadly adequate to cover potential risks of
nanotechnology-based products.

Under general food law, “unsafe food” (as defined in Article 14, Regulation (EC) 178/2002 on general food
law) cannot be placed on the market.

Additionally, new food ingredients and agents used in food and feed manufacture and processing marketed in
the European Union (EU) must be subject to a pre-market safety assessment. These include:

— novel foods and novel food processes,
— food additives,

— flavourings, and

— food packaging materials.

It is anticipated that the engineered nanomaterials in food will fall into one of these categories and would
therefore require a pre-market approval before being placed on the European/UK market.

These procedures involve the submission of dossier to the Commission or an EU Member States by the
company asking for approval of the placing on the EU market of its new food ingredient or agent.
Compositional, production and safety data must be provided in this dossier, as required by the Commission.

Any imported nanomaterials engineered using nanotechnologies will have to comply wit EU law and be
subject to the EU approval procedures mentioned above.

How effective is voluntary self-regulation either in the UK or EU or at an international level? What is the take up by
companies working in the food sector?

According to EU/UK food law, it is the responsibility of a food manufacturer to ensure that its food products
are safe for human consumption and have been submitted to the relevant EU approval procedures, when
these apply.

In terms of voluntary reporting on the use of nanotechnologies, in the UK, Defra has set up a voluntary
reporting scheme. After a two year trial, they have received a very low response from the Industry and this
may reflect the very limited use of nanotechnologies by the UK/EU food industry.

According to UK government officials from the Food Standards Agency, the food industry claims not to use
nanomaterials.

Wil current regulations be able adequately to control the next generation of nanotechnologies and nanomaterials?

Yes, as aforementioned, the current European/UK legislative framework is adequate to cover potential risks
of nanotechnology-based products. Moreover, although nanotechnologies is not specifically mentioned in
current food-related legislative texts, the new regulation on food additives published in December 2008 and
the proposal for a new novel food regulation which may be adopted by 2010 both refer to nanotechnologies
for their pre-market approval requirements.

Is there any inter-governmental co-operation on regulations and standards? What lessons can be learned from
regulatory systems in other countries?

The European Commission has set up an international co-operation program in order to develop a common
strategy on nanotechnologies with specific countries or regions around the world.>? The Commission intends
to develop with Member States, international organisations, European agencies, industry and other
stakeholders, terminology, guidelines, models and standards for risk assessment throughout the whole life-
cycle of nanosciences and nanotechnologies products. It also aims at looking at current risk assessment and
management procedures to verify if they are adapted for ensuring a high level of consumer/environment
protection.

1

See at: http://www.food.gov.uk/multimedia/pdfs/nanoregreviewreport.pdf
2 See at: http://cordis.europa.cu/nanotechnology/home.html
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In terms of regulatory systems in other parts of the world, the EU regulatory framework can be compared to
the ones in the USA and Japan.

In the USA, like in the EU, there are currently no special regulations for the application or utilisation of
nanotechnology in foods. The US Food and Drug Administration (FDA) states that it regulates “products,
not technologies,” and anticipates that many products of nanotechnology will fall under the jurisdiction of
multiple centers within FDA and will therefore be regulated by the Office of Combination Products. As in the
EU, any new materials sold in the USA, regardless of the technology used to create them, must be subject to
the standard battery of safety tests. Therefore, like in the EU, any new nanomaterials will undergo a pre-
market safety assessment. The difference with the EU is that some US States have decided to enact laws on
nanotechnologies that are more stringent than federal laws. For example, Bekerley, CA adopted a municipal
ordinance on nanotechnology in December 2006 to impose reporting obligation on facilities that manufacture
or use manufactured nanoparticles. Cambridge MA, city council recently declined to adopt an ordinance
regulating nanomaterials, but agreed to take numerous steps, including developing an inventory of
commercial, industrial and research facilities in the city that manufacturer, process, handle or store engineered
nanoscale materials.

In Japan, no provisions are laid down specifically on nanotechnology in their current legislation. They have
like in the EC, legislative requirements on ensuring that that food sold on their market in safe for human
consumption and this would apply to nanomaterials. The Japanese government is not currently intending to
set up committees or workshops to discuss nanotechnologies and food safety. Although a network is being
developed for European researchers in Japan (ERA-Link/Japan), via the Commission international co-
operation program on naotechnologies. In 2002, the Japanese government emphasised in its Biotechnology
Strategy guidelines that nanotechnology along with biotechnology and IT can be used as a tool to achieve
developments in medical science, food safety, agriculture and the environment.

PuBLic ENGAGEMENT AND CONSUMER INFORMATION

What is the current level of public awareness of nanotechnologies, and the issues surrounding the use of nanotechnologies
and nanomaterials in the food sector? What is the public perception of the use of such technologies and materials?

From studies on consumer acceptance, there appears to be a lack of knowledge of nanotechnology generally,
but those who do know something about it are more prepared to accept it if they see a benefit to themselves
or society.

How effective have the Government, industry and other stakeholders been in engaging and informing the public on these
issues? How can the public best be engaged in future?

It is not known how effective they have been. A survey is currently being undertaken by BRASS at Cardiff
University on the importance of company responsibility in considering safety issue in research. It is unlikely
that the food industry will engage with this to any extent. A series of educational days would be useful for
the public

What lessons can be learned from public engagement activities that have taken place during the development of other
new technologies?

The lack of any obvious benefit to the consumer leads to a refusal to accept GM foods. The benefits from
nanotechnology need to be understood and clearly communicated to the public

Should consumers be provided with information on the use of nanotechnologies and nanomaterials in food products?

The information could involve lengthy technical data in order to avoid over simplification. Yes the consumer
should know but not necessarily on the label. Regulations on the information need to be considered together
with education on the technology

ADDITIONAL COMMENTS

It is of concern that any specific legislation will increase consumer concerns on nanotechnology and demonise
it. The food industry is careful to ensure that foods are safely produced and current legislation requires
ingredients, foods and food packaging to be safe for the public. In the main, nanotechnology is a new tool for
the industry to produce safe foods but with added benefits.

March 2009
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Memorandum by the Institute of Food Research

SUMMARY

The UK has played a leading role in the understanding of the functionality of foods at the molecular level.
The major barrier to the use of knowledge to rationally manipulate natural nanostructures in foods to design
novel “functional” foods is the technological challenges of producing acceptable commercial products,
clearing them as novel foods and substantiating health claims for such products. For manufactured
nanoparticles based on materials that are metabolised within the body, there is a need to establish whether the
nanostructures adversely affect metabolism and to demonstrate benefits from improved bioavailability. In the
case of products that could lead to deliberate or incidental ingestion of non-metabolisable nanoparticles there
are major barriers concerned with lack of knowledge on release, uptake, retention within the body and
potential toxicity, which make assessment of risk and safety difficult at present. It is important that the initial
products that emerge have tangible benefits.

If food-approved materials are to be adequately labelled then there may need to be a basis for discriminating
between the native material and the nanoform. Current regulations within the UK and EU would be adequate
for controlling future nanoproducts related to food or food contact materials produced or sold within the UK
or EU. However, without agreed standards worldwide, regulation of imported products, either at a national
or personal level may become increasingly difficult.

Nanotechnology will impact the whole food chain and there needs to be coordination between government
bodies and funding agencies on research.

STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FOooD SECTOR

1. Nanotechnology offers potential solutions to excessive food waste through improved protection against
food spoilage and improved shelf-life on storage; improved microbial safety of food products through anti-
microbial packaging and food contact materials; improved authenticity and security through smart packaging
and radio frequency identification technology; the development of novel functional foods with enhanced
nutritional value; the design of foods to combat problems such as obesity and associated long-term chronic
disease, to promote good health and protect against disease—with the potential to tailor such systems to
personal needs (genetic pre-dispositions) and lifestyle.

2. If nanoscience of foods is understood to mean an understanding of the functionality of foods at the
molecular level then the UK has played a leading role in this area particularly through work at the Unilever
Research Laboratories, the University of Leeds, the University of Nottingham and IFR. The use of
nanoscience tools such as probe microscopy has enhanced this understanding. The current need to design
foods to combat obesity and associated diseases is building on this knowledge to rationally manipulate
naturally occurring nanomaterials and nanostructures in foods to tackle these problems. To our knowledge
there are no food-approved food products in the UK which contain added nanoparticles. Such products are
available world-wide and appear to be mainly targeted to additives that improve the nutritional properties of
foods (nanoceuticals) or applications designed to enhance food safety through use of anti-microbial coatings
(usually nanosilver) on packaging, containers, surfaces or devices such as refrigerators, utensils etc. Some of
the anti-microbial products may be available within the UK.

3. We believe that functional foods designed to improve the bioavailability of nutrients could be on the market
almost immediately, subject to regulatory approval and public acceptance. The “next generation”, foods
designed to combat problems such as obesity could be available within five years and in the longer term there
are opportunities to design foods to provide targeted protection against chronic disease and to promote good
health through into old age.

4. The UK has played a leading role world-wide in developing a nanoscience understanding of food structure
and materials which can underpin the development and design of novel foods. There are relevant studies on the
uptake and toxicology of nanoparticles that can be of relevance to the food sector. However, there is restricted
research on the ingestion of nanoparticles within a food matrix which will influence uptake and retention
within the body. Although there is funding for research on the release of nanoparticles from surfaces into the
environment and the consequences of their anti-microbial action, there is less opportunity to fund research on
the consequences of release and uptake within foods and effects on natural human microbial flora.

5. The major barrier to the use of knowledge to rationally manipulate natural nanostructures in foods to
design novel “functional” foods is the technological challenges of producing acceptable commercial products,
clearing them as novel foods and substantiating health claims for such products. Additional barriers to the
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use of foods or food contact materials containing manufactured nanoparticles would depend on the nature of
the nanoparticles concerned. For nanoparticles based on materials that are metabolised within the body there
would be a need to establish whether the nanostructures adversely affects metabolism and to demonstrate
benefits from improved bioavailability. In the case of products that could lead to deliberate or incidental
ingestion of non-metabolisable nanoparticles there are major barriers concerned with lack of knowledge on
release, uptake, retention within the body and potential toxicity, which make assessment of risk and safety
difficult at present. Such products would be perceived as “nanofoods” and public perception with respect to
benefits and risks could be a barrier to their use and development.

HEALTH AND SAFETY

6. Scientific knowledge related to the rational manipulation of naturally occurring nanostructures, or the use
of metabolisable nanocarriers for encapsulation, is sufficiently advanced to assess the risks and safety of novel
foods based on such technology. There is a gap in knowledge on the ingestion of non-metabolisable
nanoparticles from complex food matrices and the consequences of such ingestion on uptake, storage and the
long-term potential risks due to such accumulation within the body. There is a need for specialised, directed
research on the interplay between food matrices and nanoparticles, both in terms of the release and uptake of
the nanoparticles themselves, and also of the consequences of the adsorption of biologically-active materials
released from food, such as peptides, oligosaccharides, etc, and their subsequent uptake and transport within
the body. Generic information on the role and mechanisms of the action of nanoparticles as anti-microbials
for aerobic microorganisms may not be of relevance to the behaviour of the anaerobic populations of
microorganisms within the gut.

7. We believe that the distinction between environmental and food-related issues mean that there is a
disproportionate level of funding in the environmental area. Nanotechnology will impact the whole food chain
and there needs to be coordination between government bodies and funding agencies on research. For example
the use of nanotechnology in the delivery of pesticides, insecticides, fertilisers and nutrients requires
information on both their inhalation, and on ingestion through contamination of foods, in order to evaluate
their safety and application. It is a food as well as an environmental issue and the research should be
coordinated, although funded through different sources. Similarly the release of nanoparticles from packages
or containers is a food issue related to uptake and acceptable daily intake values, particularly for edible
coatings, but also an environmental issue related to disposal of coated raw materials and packaging,
particularly for biodisposable packaging. Such research needs to be coordinated and may be very important
in ultimately influencing consumer reactions to nanotechnology and food.

8. We believe that current risk assessment frameworks within the food sector are adequate: it is a lack of
knowledge in some areas rather than a lack of adequate procedures.

9. We believe that the naturally occurring nanoparticles in foods such as proteins, carbohydrates or fats are
safe because they have undergone stringent testing and assessment appropriate to the materials. Some plant
proteins are NOT inherently safe—materials such as ricin and certain allergens are potentially very dangerous,
but adequate procedures are in place for risk assessment and clearance of novel foods. For nanoceuticals based
on metabolisable materials there may be additional risks associated with enhanced bioavailability and
overconsumption, rather than optimum consumption of nutrients or additives, and also potential
consequences of changes in the sites of metabolism and nature of the metabolic products. For non-
metabolisable nanoparticles the risks are currently indeterminate because of the lack of adequate information
on uptake, storage and long-term potential toxicity.

REGULATORY FRAMEWORK

10. The current regulatory framework is basically fit for purpose, certainly with regard to the safety of foods,
based on the onus within European law on producers to ensure that food and food contact materials are safe.
Hence they are liable to ensure adequate clearance of foods or food contact materials based on
nanotechnology through the appropriate regulatory bodies. However, there are concerns which may influence
public perception regarding regulations on the labelling of foods and food contact materials. If food-approved
materials are to be adequately labelled then there may need to be a basis for discriminating between the native
material and the nanoform, possibly through modified E numbers, where there are differences in safety aspects
and ADIs for the two materials. Currently there would appear to be no requirement to label food contact
materials as containing nanoparticles. This may have an adverse affect on consumers who may feel that they
are being denied information and choice even where the concerns are largely with disposal rather than the
safety of the product in a food context. A major problem with imported materials is that “Nano®” is used as
brand name and has no meaning in terms of the health and safety claims for the product. In addition the use
of the term Nano is voluntary and products containing nanomaterials may not be labelled. This makes
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assessment of products at a personal and national level difficult particularly because the countries of origin
for the products may have very different criteria for assessment. It would be better if there was universal
agreement on standards and a branding that signified quality and safety.

11. Although there are published codes of practice it is difficult to assess how well they are followed. A general
observation might be that voluntary self-regulation is often open to abuse. In this case one bad product could
easily lead to a strong public backlash against nanotechnology in food, particularly if consumers felt they were
being misled, deceived or exploited.

12. Current regulations within the UK and EU would be adequate for controlling future nanoproducts related
to food or food contact materials produced or sold within the UK or EU. However, without agreed standards
worldwide it is possible that regulation of imported products, either at a national or personal level may become
increasingly difficult. For example, in terms of imports there could be potential problems with novel
applications such as edible coatings on fruits and vegetables: if such coatings containing nanoparticles were
made and used on imported materials to reduce microbial spoilage then it is difficult to see how this could be
detected or regulated.

13. IFR’s understanding is that there is inter-Government co-operation within the EU and exchange of
information between certain Governments. The lack of agreed standards is a major problem with potential
imports and for individual consumers purchasing materials through the internet. The main lesson to be learned
from the different regulatory systems world-wide is the need for such systems to be timely and correct, thus
not stifling commercial development of products, but equally not inflaming public disquiet or mistrust about
nanotechnology.

PuBLic ENGAGEMENT AND CONSUMER INFORMATION

14. Purely from involvement with workshops and meetings concerned with nanotechnology and food, IFR’s
impression is that there is a general awareness of nanotechnology and an awareness of its potential use in food.
A general question asked seems to be “are nanotechnology applications in food safe?” The difficulty is that
such a generic question is difficult to answer because the risks and safety aspects depend on the product or
application and need to be assessed for individual cases. The answer that there are procedures in place to
ensure the safety of the use of nanotechnology in the food area in the UK is not entirely convincing because
there does appear to be an underlying mistrust of the Government and industry in issues of this type.

15. Having taken part in public engagement activity we believe that Government, certain industries and
stakeholders have made good efforts to engage and inform the public about nanotechnology and food.
However, the coverage in the media, with notable exceptions, is often negative, less balanced or informative,
but probably reaches a wider audience. Wider publicity could be given to the general problems that face the
food and agricultural industries which could be tackled using nanotechnology.

16. The most interesting lessons that can be learned from other technologies are from what happened in the
initial debate on the use of GM technology. The public wishes to have the right to choose based on information
on benefits and risks. It is important that the initial products that emerge have tangible benefits, and are not
trivial or seen to have shallow commercial benefits for a restricted group of multinationals.

17. The ability to exercise choice is very important to the public and raises the issue of labelling. Many
applications of nanoscience or nanotechnology in food need not be labelled or called nanofoods. However,
there are some areas where labelling could be important. Where approved food ingredients or additives have
been reduced in size to alter and improve their function, and there are differences in the safety data and
recommended intake levels, then there is a need to discriminate between the two forms in the use of labelling.
Use of conventional E numbers or named materials may not be sufficient on labels if safety data and ADIs
are different for the two forms. The use of nanoparticles in foods or food contact materials which are not
metabolised in the body should require labelling to allow consumers to exercise choice in the purchase and use
of these materials. Even if the food contact products are shown not to contaminate foods and the foods to be
safe on ingestion then consumers may have concerns relating to the disposal of waste material such as
packaging and the consequent environmental effects.

OTHER ASPECTS

18. Although touched upon in some of the answers to some of the above questions we believe that there are
wider issues that affect the use of nanotechnology related to food and that these issues are also important to
the public perception of the use of nanotechnology in the food sector.

19. Nanotechnology will impact across the whole food chain. “Smart” farms and “smart” delivery systems
offer routes to improving agricultural yields, responding to local climatic variations and reducing the use of
pesticides, insecticides and fertilisers. Selective and targeted use of chemicals, through sensing environmental
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variations locally, or sensing chemical signals related to pests, or plant wound responses, offer routes to
reduced use of chemicals in farming. Some of the advantages of nanoencapsulation and delivery could be offset
by problems related to contamination of crops, soils and streams, or problems associated with the detection
of contaminants on food materials, possible new routes of uptake, distribution and bioaccumulation within
the body, and the subsequent long-term effects of such accumulation Thus it is not just the advantages to
agricultural production weighed against environmental factors that need to be considered but also the
downstream effects in the food sector. Given that funding is these areas is often through different agencies there
is a need to ensure adequate and co-ordinated funding covering all aspects.

20. Another aspect that will impact on the food sector, but not directly related to food or food contact
materials, is the use of GPS and RFI technologies in the tracking of food and food materials from source
through transport and storage to shops and distribution centres. Coupled with smart packaging this could
improve authentication of foods, inhibit or allow more rapid identification of food contamination or
adulteration, and reduce waste.

21. At the far end of the chain there is the ultimate disposal of waste material. This raises questions about
the fate of packaging and food contact material containing manufactured nanoparticles, particularly if such
technology is used in conjunction with biodisposable packaging. The containment of anti-microbial
nanoparticles within matrices may answer the questions raised about accidental release of these particles into
foods. However, the question remains as to the fate of these nanoparticles on disposal of these food contact
materials and the consequences for the environment. The contamination of rivers or streams could ultimately
lead to the re-introduction of these materials back into the food chain but in a different, perhaps more easily
ingested form. Again, different agencies deal with the funding of research and with the regulation of food and
environmental issues. Different agencies can be reactive or proactive in their approaches and this can lead to
disproportionate levels of funding, gaps in knowledge and different approaches to regulation. There needs to
be a way of co-ordinating activities to ensure that regulation and decisions on the use of nanotechnologies in
food and agriculture are based on knowledge of the long-term effects of these products. IFR hopes that the
Ministerial Group on Nanotechnologies (led by the Minister of State, DIUS) will provide a catalyst for action.

22. In terms of public opinion, portrayal of the wider benefits of nanotechnology in both food and agriculture,
and the demonstration of a co-ordinated approach to assessing risks across the whole food chain, would
counter some of the negative media rhetoric directed to applications directly related to food.

11 March 2009

Examination of Witnesses

Witnesses: Ms KATHY GROVES, Leatherhead Food International, DR Vic MORRIs, Institute of Food Research,
DR PauL BUTLER, Packaging Materials and Technologies Limited, and DR Frans KaMPERs, Wageningen,
BioNT, examined.

Q86 Chairman: 1 would like to welcome our four
witnesses. Thank you very much for coming to join
us for this second public hearing in our inquiry into
nanotechnologies and food. We are very grateful to
you for sparing the time to come and answer some
questions and hopefully enlighten us on this
important and interesting topic. I should inform you
that proceedings of this hearing are webcast, so are
available to the public. I should also draw attention
to the information note which is available to those
members of the public who are here in the audience
and that note sets out the declared interests of
members of this Select Committee so we do not need
to repeat those during the questioning. When we start
in just a second I would like to invite the four
witnesses to introduce themselves for the record, but
also if you wish to make any form of opening
statement describing your views about the issues then
you are very welcome to do so, otherwise we will
move straight on to the questions. Perhaps I could
ask Kathy Groves to kick off and introduce herself
and then move along the row.

Ms Groves: Good morning. I am Kathy Groves. I am
the principal microscopist at Leatherhead Food
International.

Professor Morris: 1 am Vic Morris. 1 work at the
Institute of Food Research in Norwich, which is a
BBSRC institute, and I am interested in nanoscience
techniques to look at food structure.

Dr Butler: 1T am Paul Butler. I run a consultancy
company advising packaging converters and retailers
on the latest advances in packaging materials and
technologies, including nanotechnology.

Dr Kampers: My name is Frans Kampers. First of all
I would like to thank you for inviting me to this
prestigious committee. I am from the Netherlands,
from Wageningen UR. One half is the university and
the other half is a contract research organisation. I
co-ordinate the bionanotechnology research at
Wageningen, so I head a virtual institute called
BioNT within Wageningen UR, and our main focus
is on the applications of nanotechnology in food.
Various groups within Wageningen UR work on
food, applications in food, sensors, processing
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improvement and things like that. That is my interest
in this.

Q87 Chairman: Thank you very much. Would any of
you like to make any further statement before we
start? Let us move straight on to the questioning. I
would like to kick off with a very general question to
all of you. We are obviously interested both in the
potential of nanotechnology in the food industry in
the future and also on the regulatory side of that
whether there is any need for additional regulations
and what the uncertainties are in risk assessment. I
wonder if we could start off by seeking your views on
what you think the potential benefits of
nanotechnologies and nanomaterials are to the food
industry and, of course, to consumers of food?
Professor Morris: There are four areas I would think
of. One is the reduction of waste in the food chain;
safer foods, particularly anti-microbial -effects;
healthier foods, you can design food structures to try
and prevent and slow the progression of diseases and
you can also design foods to combat things like
obesity and build effects into foods that would
control hormonal responses that control the amount
people eat; and there are new commercial
opportunities, particularly with small firms, in the
nano area.

Ms Groves: That sums up a lot of them. An added one
is the advantages of nanomaterials in the food
processing and manufacturing side, either anti-
microbial surfaces or anti-stick surfaces that would
stop machinery clogging up and reduce the downtime
for cleaning.

Dr Butler: My background is packaging so I will just
address the food packaging side of things. In food
packaging, one of the major problems we have in all
the developing countries is food waste. This is
consumer food waste from the home. I think
nanotechnology could help in terms of producing
packaging that is more communicative and
informative to the consumer. For example, a
consumer would have a much better idea of whether
the food was safe to eat or had to be discarded. At the
moment we have some very ineffectual date coding
systems on food and a lot of food is thrown away that
is perfectly healthy and still suitable to eat.
Nanotechnology as an enabling technology could
help with what is known as smarter packaging or
intelligent packaging.

Dr Kampers: 1 would like to place the question into
the larger perspective of challenges for mankind
basically. We have a growing world population and
increasingly people want to have more protein in
their diet but we know at the moment that is
impossible to produce in the way that we produce it
now. Since meat is a nanostructured material that has
a structural hierarchy from the nano level up, you can
understand that if you want to have replacements for

meat in a more sustainable production way then we
will need to look at how we recreate the structural
hierarchy from the nano level up, so you start with
nanotechnology in these areas. Another big challenge
for mankind is keeping the health system
economically viable. The curative healthcare system
that we have nowadays will not be sustainable in the
long run because it is too costly. We believe that with
a paradigm shift towards preventive healthcare we
can both help individuals remain healthy and also
keep the system within economic boundaries. Food is
a very important component of that preventive
healthcare system paradigm. We believe that
nanotechnology can add to that system. Mind you, if
everybody ate 200 grams of vegetables a day and two
pieces of fruit a day in a varied diet nobody would
need any technology to stay healthy. We very rarely
do that, so the food industry is looking at
technologies to help individuals get the nutrients that
they need to stay healthy and in that way we hope to
reduce some of the costs of the healthcare system.
These are basically large challenges to mankind in
which we believe nanotechnology can play a role as
an enabling technology.

Q88 Chairman: Thank you for those helpful
responses. In the work we have done so far and the
literature we have read we understand that
nanotechnology may mean different things to
different people, so we deliberately entitled our
inquiry “nanotechnologies” rather than
“nanotechnology”. 1 wonder whether any of you
would like to comment on distinctions that you might
see amongst different nanotechnologies that could be
usefully drawn in terms of the food sector and what
the functional indications of those differences might
be.

Professor Morris: 1 think an area where there is a big
difference is in talking about nanotechnology we are
talking about natural structures and materials which
are manufactured which are not broken down in the
body and that is an area where possibly the risk
benefit analysis is harder to assess because of a lack
of knowledge in those areas.

Q89 Chairman: So natural versus persistence?

Professor  Morris: Particularly in manufactured
materials that are not broken down in the body and so
are likely to persist in the body and we do not know
the consequences of that. I think that is an area that
attracts too much public concern, particularly because
there seems to be a reluctance to label materials or you
have labelling over the Internet which is not regulated
and there seems to be a reluctance in the UK to want
to label packaging or these non-metabolisable
materials put into food and people might feel,
therefore, they have not got a choice in assessing the
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risks themselves either in what they buy on the
Internet or what they might buy in the UK.

Dr Butler: My own view on nanotechnology is that
obviously it is everyone’s favourite prefix—we have
got the Nano iPod and everything like that—so it has
become a bit of marketing hype. My own view is that
nanotechnology only gets really interesting—and I
know you do not want to get sucked into what size is
nanotechnology and what size is not—when you have
property changes which you do not normally have. I
grew up with my Periodic Table of 92 elements and I
was quite happy with all their physical properties.
Nanotechnology gets very interesting when you get
down to the 20-50 nanometre size and all kinds of
unusual properties are now generated by these so-
called bulk materials. It is like a material scientist who
is given a whole new palette of materials, strange
elements with unusual properties. I did metallurgy at
university and with something like silver, silver melts
at 960°C and it does until it gets tiny, tiny, tiny and
then you can melt it with a hairdryer. These are
dramatic changes in properties that could have huge
effects in terms of aerospace and medicine. Packaging
and agri-food just happens to be one of the many
applications of nanotechnology, but to me true nano is
when the quantum effects kick in and you get these
dramatic changes and the material just does not
behave like it ought to behave and then you can do
some really, really interesting things with it.

Dr Kampers: It is really from what perspective you
look at nanotechnology. If you look from the
opportunities perspective then you look at the
quantum effects that allow you to create new
functionality that we have not been able to create
before. The wvarious applications in all sorts of
application areas benefit from these new properties
and arise from quantum mechanics basically and from
the fact that you have a lot of surface versus volume
ratio. If you look at it from the benefit side, we have
all sorts of different applications for nanotechnology
in food which ranges from sensors that have very little
to do with the food itself and packaging materials that
come into contact with food, but also applications that
go into the food that are intended to be eaten. There
are very many sorts of nanotechnology in the
application area of food. If you look from the
perspective of risk and risk assessment then you have
to look at what classes of nanotechnology could pose
risks and toxicologists agree that the persistent
nanoparticles, especially those that are non-
biologically degradable, in-organic, the inorganic
metal oxides and metals, are the particles that pose
most risk. There we start to look at what sorts of
properties determine that risk and that is an area we
know very little of yet, especially if you ingest the
particles. This is an area that still needs to be assessed,
but it is only a very, very small part of all the
applications of nanotechnology in food. For me, it is a

pity that everybody focuses on that specific area. I
know risk is something that concerns us all but, on the
other hand, the benefits may be tremendous and
outweigh the risks to a very large extent.

Q90 Lord Cunningham of Felling: 1 just wondered
whether very briefly each of you could say what you
think the public reaction would be to manufactured
nanoparticles in food, given that, for example, there
is still something of a debate going on about putting
fluoride ions in the drinking water even though the
evidence in terms of dental health is pretty
overwhelming. What do you think would be the
prospect of persuading people that it is in all our
interests to have nanoparticles in the food chain?

Dr Kampers: Are you referring to inorganic
nanoparticles, the persistent nanoparticles?

Q91 Lord Cunningham of Felling: Any kind. I said
manufactured nanoparticles.

Dr Kampers: The most important area of application
in food probably is not nanoparticles but in delivery
systems. These are larger systems so they usually are
not seen as nanoparticles. They are nanotechnology
because the nanotechnology is in the wall of the
particle, but it is not a nanoparticle per se since it is
much larger than 100 nanometres, although you
would like to include that as well. I think you have to
explain to the general public what the benefit for the
individual consumer is, like there is a product that
delivers oil to the small intestine and it makes sure
that the oil does not come free in the stomach, in the
mouth or anything, it is delivered to the small
intestine, and the idea is it triggers the small intestine
to give a signal to your brain that you are saturated
basically and is a way of convincing your body that
you have eaten enough. This is a product that when
you use it is supposed to make sure that you stop
eating sooner than you would have done if you had
not had this product. Obviously the product falls
apart in your gastrointestinal tract so there is nothing
left of the nanotechnology except molecules, of
course, but these are all harmless molecules, they are
food grade molecules. If you have story like that—

Q92 Lord Cunningham of Felling: Excuse me, I think
fluoride ions are pretty harmless too myself but that
has not persuaded the public to universally accept it.
The question is not really about the efficacy or
otherwise of the technology in scientific or nutritional
terms, it is the public acceptance.

Ms Groves: Your answer would be in how you asked
the question. It depends on how you ask the question.
If you say, “How do you feel about the food industry
putting nanoparticles in your food” then I think you
would probably get a big response saying, “I’'m not
keen on thatat all”, butif you say, “The food industry
are structuring food on a nano scale” then you might
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get a different answer. If you put choice of benefit
from healthier food against less healthier food then
that would weight their response. The public do not
really know how food is manufactured and then put
on the shelves in the shops. There is a lack of
information on actually how it is currently
manufactured.

Q93 Lord Cunningham of Felling: 1 am struck by
what you have just said on what was happening with
the genetically modified tomato sauce, which was a
best seller until people discovered that it was
genetically modified and then they stopped buying it.
Professor Morris: 1 think the most important thing is
people aim to exercise choice. We might think it is
unreasonable they do not want to eat those sorts of
foods but they ought to have the choice as to whether
they do or not, and they ought to be able to access the
benefits and risks in an understandable form so they
can make their own assessment. I think if they have
that choice, whether it means labelling or
information in some way, their perception would be
much better and they would not feel it is something
that is being forced on to them.

Q94 Lord May of Oxford: 1f 1 understood your
example right, and I may not have, it was an example
where you put in something that is completely
harmless and safe which, however, in effect modified
behaviour in a way that was advantageous, and all I
can say, like Lord Cunningham having had
experience of the genetically modified fuss and so on,
is just wait until Greenpeace hears that you are going
to put nanoparticles in food that modify behaviour,
there will be some term like “Frankenstein food” that
comes with that.

Dr Kampers: 1t is inevitable that some of the NGOs
will come on to this area. However, I believe that
communication about the application, benefits and
potential risks of these technologies is essential and it
is also important, as my colleague said, that the
consumer has the choice so they can choose whether
or not they would like to have the benefits versus the
risks or perceived risks of such a product. It is
important not to do that in obscurity.

Chairman: I think the choice point has an echo in the
response of the public to fluoride because although
people object to fluoridation of water almost
everybody buys toothpaste with fluoride.

Q95 Lord Haskel: 1 wonder if we could move on to
another aspect, which is the politics of
nanotechnology in food. You have told us about the
way in which nanoparticles enhance food safety,
reduce waste, is healthier and more sustainable. In
view of the fact that there are so many benefits, are
there any Government initiatives in place to
encourage nanotechnology development that

contributes to these objectives and towards achieving
these objectives? Are governments doing anything to
help you?

Professor Morris: Certainly the Research Councils
are. There are research programmes on
nanotechnology in most of the Research Councils
and there are programmes on things like health into
old age in the BBSRC which fits that agenda.
Certainly in terms of basic research there are
programmes available to fund that. I am not sure
about the other Government agencies, such as the
FSA or environmental agencies.

Q96 Lord Haskel: 1s there any co-ordination
between the Government and the industry? I notice
that there is a technology transfer network.

Ms Groves: There is, and there are nanotechnology
centres dotted about the country. There is one we
have been working with that has been set up with
Government funding through the Technology
Strategy Board and the Knowledge Transfer
Network for Nanotechnology is obviously set in
place to enable technologies from difference research
areas to be translated into food or other areas.

Q97 Lord Haskel: Obviously your company
supports that. Do you find it effective? Does it work?
Ms Groves: It is very limited in resources, I would say.
There are not enough resources for that sort of
knowledge transfer.

Q98 Lord Haskel: Where do the resources come
from?

Ms Groves: They come from the funding for research
and development and that has short pockets.

Q99 Lord Haskel: 1t is not the commercial
companies?

Ms Groves: The commercial companies will put
money into research and they do collaborate together
on pre-competitive research funding. In fact, they are

doing that on a small scale.

Q100 Chairman: I wonder if Dr Kampers would like
to add any comment about the situation in the
Netherlands or other European countries.

Dr Kampers: Obviously I cannot say very much
about the situation here in the UK, but in the
Netherlands we have just completed a proposal for
the next generation of  nanotechnology
programming, science programming and one of the
ten themes that we have identified is food. The
proposal is to spend about €40 million over five years
on applications of nanotechnology in food in the
Netherlands. In  the Seventh  Framework
Programme, both in the nanotechnology theme and
in the food theme, there are calls that address
nanotechnology applications in food.
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Dr Butler: The Institute for Nanotechnology in the
UK is one of the partners for this European project
which is funded for four years from April 2008. There
are 16 partners from ten European countries. Part of
that is to share information about health and safety,
about regulatory aspects of nanotechnology. Again,
they are looking at all the major sectors, which
includes agri-food.

Dr Kampers: Can I add one point. You also asked
about the involvement of the industry. In the
proposal in the Netherlands, 50 per cent?® of all the
money comes from industry. It is aimed at
collaboration between government institutes, science
institutes and the industry.

Q101 Lord O’Neill of Clackmannan: On this point
about funding, to what extent could you draw an
analogy, say, with the biotech industries? Admittedly,
there it is linked with pharmaceuticals and specific
research programmes for the development of
particular drugs, but that has been very successful in
attracting venture capital and that kind of money.
Would it be right to say that the state of
nanotechnology at the moment is that it is
insufficiently advanced to attract the attention of
specific investors rather than people who have, as it
were, food industry interests, the like of which you
were alluding to both in your introduction and your
example?

Dr Butler: 1t is quite early. Nanotechnology is such a
broad platform that at this stage where you are
discovering what it is and what it can do you are
probably not going to get the VCs involved until you
have got a specific application in a specific sector, and
that is beginning to happen, but at the moment we are
still exploring the many, many potential applications
of nanotechnology. That would be my take on it.
Ms Groves: Yes, it is very broad and that complicates
it to some extent. Also, it is at a very early stage in
terms of the food industry and I think it is fair to say
there is a nervousness in the food industry about how
the consumer views what they are doing if they
launch into nanotechnology, yet they want to see
what is available and what could be beneficial so they
are courting it.

Dr Kampers: In the Netherlands we see two ways in
which the results of the research get to market. The
first is existing companies adopting results from the
research and putting them into products or processes
and improving them. The second way, that is
probably the most important and effective, is spin-
outs, small companies, new companies, start-ups
generated by the knowledge institutes and the
knowledge infrastructure. So PhD students start up
their own business, they attract a little venture capital

3 This figure is actually 25 per cent. 50 per cent of the total funding
comes from the participants (including universities, industry and
research institutes) and of this, half is contributed by industrial
participants.

but basically rely on funding from the market side.
There is a little bit of venture capital involved there
but most of the funding is through other funding
programmes that are available and things like that,
subsidies.

Q102 Lord May of Oxford: You have already given
us some examples of potential applications of
nanotechnologies and nanomaterials, but I wonder if
you could say a bit more about the applications of
these technologies that UK companies or, more
generally, companies in other countries are currently
working on and what applications we are likely to see
on the market maybe next year, in five years or ten
years?

Dr Kampers: You have got everything about sensing
and diagnostics. These are low-hanging fruits, as we
call them, where small companies are working to
improve sensing devices, sensors basically that can
detect volatiles or bacteria, fungi, things like that, to
improve food quality. Another application area is
improving processes like the emulsification processes,
sieves and things like that, these kinds of areas. In the
application area where you add technology,
nanostructured materials to foods, nanoparticles,
there are very few applications of persistent
nanoparticles in food at the moment, but these
delivery systems are something that attract a lot of
attention and are not very far from the market as we
speak. Then you have got packaging materials that
improve the shelf life especially of fresh products but
also inform the consumer about the quality of the
food inside the package with sensors and also systems
that change colour when the quality of the product
deteriorates or the ripeness changes. These are
applications that are already available in the US.
There are systems that you can buy at the moment for
these applications. They are fairly close to market.
Dr Butler: From a food packaging point of view, to
give one specific application which will involve using
nanotechnology to create a self-adjusting use-by
date. We need to move away from date coding to
more visual displays on a package to inform the
consumer whether the food is still good enough to eat
or not. That will involve a display, a printed battery,
some very, very simple electronics which will be
printed on flexible trace paper or plastic and the
enabling technology to do that will be
nanotechnology, for example inkjet printing using
nanoparticles to lay down circuits on flexible films to
then put on top of food packaging, but of course the
nanoparticles that you inkjet print will be part of the
manufacturing process and once they are
consolidated and have been cured they will no longer
be nanoparticles, they have done their job, they have
created a structure so will present no problems at all
to the consumer. I think it is important we
understand that sometimes in nanotechnology you



NANOTECHNOLOGIES AND FOOD: EVIDENCE 63

21 April 2009

Ms Kathy Groves, Dr Vic Morris, Dr Paul Butler and Dr Frans Kampers

might start off in the manufacturing process with a
nanoparticle with perhaps some concerns over its
health and safety and what it might do, but at the end
of the day you might produce a product where, yes,
you would use nanotechnology but that product is
now completely benign.

Professor Morris: There is another example of that.
Frans mentioned the idea of marketing nano-
encapsulating oils and delivering them further down
the small intestine to generate a hormonal response.
Using nanoscience you can actually look at how you
design the structures in the emulsion and you can
manipulate those structures to have the same effect so
you can slow down the rate of hydrolysis of the fats
so they are hydrolysed further down the small
intestine and you can visualise how to do that and
then you can use normal processing techniques to
generate those structures by using nanoscience to
understand how to use conventional processing to
generate a new product that has got new properties.
I think they are the sorts of products that could come
on the market in perhaps five to ten years.

Q103 Lord May of Oxford: Let me put it another
way. We had a study from something called Cientifica
and it seems concordant with other studies. First of
all it makes the projection that by 2015 it is going to
be a trillion dollar industry, and then it looks at 2007
and it says excluding semiconductor applications it is
nearly all the applications in chemistry, less than one
per cent in the food sector, and its projection for 2012
is that maybe the share of the food sector by 2012 of
all nanotechnological research might be as much as
two per cent. My question is what are the main
drivers of R&D in the food sector? Are there research
drivers that are driven by the food industry or does
the food industry, insofar as it is a player, primarily
rely on adopting and applying new technologies that
have been developed in other sectors? I find it a little
bit disconcerting to think that the main driver of
applications for nanotechnology in food is going to
be chemicals. I do realise food is chemistry but, again,
it plays into the hands of the NGOs who are worried.
Ms Groves: Those are really probing questions and
the others will have a view on them. There is no doubt
that one of the main drivers, and there are drivers for
the food industry and their R&D, is in healthier
foods. Consumers are very keen, and I am keen to
carry on eating fatty, nice tasting foods but I want to
be healthy as well, so people do want that. Healthier
foods is a big driver. Cleaner labels or removal of E
numbers and trying to simplify manufactured
products is a big driver. In order to do that you have
to understand what those ingredients do and then
you have to understand how maybe changing the
process of the food will allow you to remove some of
those ingredients by using nanostructures of those

natural ingredients in food. Those are just two drivers
but I am sure there are many others.

Dr Butler: No. I think there are many, many ways to
skin a cat and there are many ways to get lighter
packaging and more recyclable packaging. I think we
have got the nanoclays, which have been floated as a
way of getting better barrier properties on transferred
plastics, which has been hyped up a little bit. I know
of no commercial examples. They have certainly tried
PT plastic beer bottles, for example

Q104 Lord May
applications?

Dr Butler: 1 do not know of any at all, in packaging.
I know lots of people working on it.

Dr Kampers: Apparently, in the US, you can buy beer
in PT bottles, thanks to the nanoclay and
nanocomposite applications. I know that one of the
brewers in the Netherlands is looking at that
application but it is not on the market. Can I also add
one more application area or driver for the industry?
The industry, also, apart from the health aspects of
food, looks very much at the safety of foods. Food
has never been as safe as it is now in industrialised
countries and it is a tremendous effort for the food
industry to enhance that even more, and that is why
they are very anxious to look at all sorts of measuring
devices, diagnostic devices, that can maintain that or
improve even on that aspect, and they are looking for
devices that can give them an answer quicker with less
qualified personnel and closer to the production line.
Basically, that is what they are looking for, also, in
nanotechnology—if nanotechnology can deliver on
devices like that.

Professor Morris: 1 think there is an example of
sectoral use of nanotechnology, in terms of future
chips, and so on, in GPS and radio frequency
identification of food, and tracking them from source
right through to the shop or the consumer, so you can
actually check the conditions under which they are
stored and transported, and you can check whether
that route has been interrupted. So if the food was
adulterated you could very quickly find out where it
happened and track it down. So there is that aspect of
nanotechnology which applies to the agri-food sector
which is readily acceptable at the moment by the
public.

of Oxford: Are there any

Q105 Lord Crickhowell: The question I want to
address is: what are the main challenges to the use of
nanotechnologies and nanomaterials in the food
sector? We have in front of us, as it happens today, a
submission  from the Leatherhead Food
International & Nanotechnology Knowledge
Transfer Network. Basically, what this submission
says is that they see enormous potential and
considerable scope for growth but that we know
almost nothing about the whole subject. They say:
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“There is very little research and development in the
UK regarding nanotechnology within the food and
drink industry . . . very little is known about what is
out there, what is feasible, what is safe and how it
might be applied”, and they refer to the lack of
research or the forthcoming research. We have heard
in earlier evidence that we really do not know yet very
much about the long-term effects on the gut of certain
manufactured nanoproducts. So over the millennia,
nature has been absorbing nanoparticles into the gut
and modifying it but we do not know very much
about it. So I suppose my question is: is the lack of
knowledge and the lack of much research yet the
biggest obstacle? What are the obstacles? What is the
main challenge, if it is not that?

Ms Groves: In looking at that question that was sent
to me, [ put “scientific challenges”. As a scientist that,
perhaps, would be a natural answer for me to give.
There are some huge scientific problems in both
structuring at that nano-level in complex foods (and
nearly all manufactured foods are pretty complex)
but, also, measuring them. It is a challenge just to
know where fat, sugar and protein are in a lot of
foods, let alone what size and scale they are.
Obviously, there are challenges in terms of consumer
acceptance of the food industry manufacturing foods
at a nano-scale with nanoparticles. I think it is
important to, again, stress the distinction between
nanoparticles which are not normally consumed in
large quantities, like titanium dioxide or silica or
silver or any of the metals, and the foods which are
usually consumed—fats, proteins and
carbohydrates. I think it is important to distinguish
between those.

Q106 Lord Crickhowell: As 1 understood it, you
referred, I think, to really changing the process of
manufacturing but not really using nanoparticles in
the gut, except you have learnt how to change the
process. We did have a description, I think, at one of
our seminars, of the way in which you might reduce
the fat content in food by, basically, attaching the
food from much smaller—I am not sure what the
word is—segments, but it did seem to me that we are
into an area of confusion, which I am not sure I
understand, about what is a manufactured
nanoparticle and what is simply a change in the
manufacturing process. Is this an area that we really
know enough about and understand enough about?
Ms Groves: No. I think it is very difficult because early
on, I think, one of the first questions was a distinction
between manufactured and natural. Actually, a lot of
manufactured particles are natural particles; they are
natural foods which have been manufactured into
structures within a food product. So, yes, there will be
changes to food processing which may well need to
involve nanotechnologies in order to change the
structure of the ingredients in the food that we put in.

That is one aspect of the nanotechnology of foods,
and it is the distinction as to whether they are
manufactured nanoparticles of water being boiled,
which I think, in the seminar is one of the low-fat
examples. So if you have water in oil and water,
emulsion, in a salad dressing, are those water droplets
manufactured nanoparticles or are they natural but
they have been processed to be very small? That is
going to be something that needs to be decided in
order for legislation purposes and regulation.

Q107 Lord Crickhowell: If there is a need for more
research, again we heard in evidence at our last
session the difficulty about manufacturers’
intellectual property rights; even if they are not
worried so much about intellectual property rights
they are, perhaps, reluctant to exchange too much
information about technological developments
which may have huge commercial advantages. Is that
an obstacle that you see as a real one to real
progress—the very natural lack of willingness to
communicate too much between companies about
their research programmes?

Professor Morris: 1 think it comes down to a matter of
choice. If those products are introduced without any
way that the consumer can tell that it involves
nanotechnology, they might be concerned. I think
then there could be a problem. However, if those were
labelled in some way, so that people can choose
whether they use them or not, I think it would not be
so much of a problem.

Q108 Lord Crickhowell: You keep coming back to
labelling as a solution.
Professor Morris: It is a possible solution.

Q109 Lord Crickhowell: One of the problems is that
we have got far too much labelling, in many ways,
and people now find almost all labelling confusing.
Surely it is a step too soon to talk about labelling if
we cannot actually know quite what the threats are,
what is right and what is wrong and we have not got
the basis of scientific research on which to label. Are
you not jumping a bit far ahead?

Professor Morris: 1 am not saying labelling has to be
the way to do it; I am saying that the consumer needs
to have some choice as to whether they opt to buy a
particular food or not, and they need some way of
knowing whether the processing of that food is
something that might concern them. We might think
it is unreasonable they should be concerned, but they
still feel they have a choice as to whether they buy it
or not

Q110 Lord Crickhowell: My final question on
research, if this is an obstacle, is that we found it
rather difficult in our last session to get really reliable
and complete information about the amount of
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government research and finance for the research in
this field, and we hope we are going to get a rather
more complete paper from the department concerned
in the future. Would any of you like to comment on
the adequacy of the government’s research
programmes in this field in this country, in Europe or
elsewhere?

Dr Kampers: “In the field”—you mean?

Q111 Lord Crickhowell: If it is so important that we
know more about the science of nanotechnology, if it
is going to be possible to assess the safety of these
products, ought there not be a more concerted
scientific programme, and what are governments
doing, or should governments be doing, to see that
that happens?

Dr Kampers: In my personal view, building trust with
the consumer is very basic; it is a pre-requisite for the
acceptance of the technology. “Building trust” means
that we understand the risks, so risk assessment is
important. We know that the risk is predominantly
located at the inorganic nanoparticles, but still we
feel that we have to do more research into the risk
assessment, both hazard assessment and the exposure
assessment of nanoparticles. There it is tremendously
complex because if we talk REACH, basically, that is
governed by the chemistry; for bulk or small particles
it is the same. Nanotechnology has added a whole
new dimension to that problem because size matters
now. There is another dimension that
nanotechnology has added because we also can
control the geometry of the particles, so we can make
rod-like particles and we can link spherical particles.
So there is another dimension added to the
complexity. There are even other dimensions because
we can functionalise particles so that they behave
totally different from the particles that we started off
with. So the complexity to look at these kinds of
issues is tremendous, and we lack the data to getto a
level where we have generic knowledge of where the
risks really are in this multidimensional space. That
is something that, in my view, needs to be addressed
internationally; it is too complex for one country to
do. We have to co-operate to find out where the hot
spots are and where the relative safe zones are in this
area, and that is something that we have not
succeeded yet. But it predominantly focuses on
nanoparticles. So the application of nanotechnology
in sensors and surfaces is totally different; it is
something that focuses on these particles.

Professor Morris: 1 think there is an emphasis on
manufactured nanoparticles, and I think it really
should be on materials that are not broken down in
the body. I think that is the distinction that alters the
risk involved in these technologies.

Q112 Lord Haskel: Of course, the research that you
are speaking about is very, very important, but is
there any research going on to look at what are the
concerns of the public? What are the concerns of the
consumer? Obviously, the two go together.

Dr Butler: Yes. If any of us buy a packet of crisps, or
potato chips, inside is a metallised plastic film. That
film is nanodimensional?, but it is not declared
anywhere on the label and it has been around for
donkeys years. It depends how you define
“nanotechnology” but actually if you wanted to
define it that way, as aluminium metallised film,
which is used extensively, people are totally relaxed
about it, are they not?

Professor Morris: Certainly Which? have carried out
workshops to look at public concern on
nanotechnology, and the nanotechnology institutes,
particularly Cambridge, have actually hired social
scientists to try and answer public questions and have
public forums where people can ask the sorts of
questions they are concerned about and get scientific
answers.

Q113 Lord Haskel: So you think the public will just
be quite passive—

Professor Morris: 1 do not expect them to be quite
passive about it.

Dr Kampers: As a matter of fact, Wageningen UR is
doing research on the mechanisms that govern the
processes within groups in society to accept this kind
of technology in food. So we are doing research to get
some generic knowledge on how these processes are
conducted and what influences these processes and
how communications, for instance labelling, could
help make society accept these kinds of new
technologies in application areas of food. We are
doing research ourselves in that area.

Professor Morris: The worst thing that can happen is
that people are told: “This is a product that involved
nanotechnology; it is perfectly safe, you should
accept it”, and not be allowed to assess the risk
themselves. I think people feel that whatever the risk
they may choose not to accept it, even if it is a very,
very small risk. They want that choice, and as long as
they have that choice I think they are more likely to
accept it.

Q114 Lord May of Oxford: At the risk of seeming
unduly obsessed with risk and public attitude, I
would remind you that, at least in the UK, when
nanotechnology first appeared on the scene there was
concern voiced in various quarters, not least by
Prince Charles, and Michael Crichton’s book, and I
think we managed to handle that pretty well, by
putting together a committee that consulted and met
with many of the concerned people and sketched
some of the credible worries, and so on, and possible

4 1t is nanosized in one direction only, as are nanoclays.
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regulatory things to do. So that we have not had any
fuss about it because we have learnt, at least, some of
the lessons of GM foods. However, I am not myself
at all convinced that that will persist once you have
the particularly sensitive issue of putting what some
people would feel are worrying things into food. I am
a little surprised that none of you share this worry.
Professor Morris: 1 think the worry is about what is
available on the internet which is not regulated. One
of the things that would be useful is if the first
products that come from large, multinationals have
really demonstrable good health benefits, or good
benefits to people. With GM, the benefits did not
seem to outweigh the risks that people were
concerned about. At the moment, some of the
products you can buy over the internet seem fairly
trivial and the benefits in using those seem almost
non-existent.

Q115 Lord May of Oxford: My own personal view is
that the answer to this is to have products that people
want to buy, so that they can see a benefit and they
can weigh that against the risk. What happened with
GM is that the first wave of products was not offering
benefits of a manifest kind to the consumer. I would
hope that in the food industry the first wave of
products would be for things that offer clear benefits
to the consumer rather than to the food business. I
wonder whether you share that. Do you have any
thoughts about what to do about that?

Professor Morris: 1 agree with that. Certainly in terms
of healthier foods and foods that provide protection,
I think those are things that people can see a real
benefit for. The trouble is that to do that science, it is
not concerned about risk it is simply about doing the
science to understand how to manipulate these things
using conventional processes. I think that is just
taking time and while that is happening lots of trivial
products are appearing on the internet, and I think
that is the problem.

Dr Kampers: One of the problems, as was addressed
earlier, also, is that the industry is very, very reluctant
to communicate that they are using nanotechnology
in food. It is not that they are not willing to share the
knowledge with their competitors; it is because they
are very much afraid of the reaction of the consumer
to the product.

Q116 Lord May of Oxford: That is surely a mistake?
Dr Kampers: Yes, sure, but I cannot help it. We try to
communicate—

Ms Groves: Who is going to put their head above the
barrier first? Which company is going to risk going to
the wall?

Dr Kampers: The effect is that nobody tells anybody
that nanotechnology is used, so the benefits of the
product are not associated with the nanotechnology
used; the benefits are claimed to the product. So the

wider public cannot distinguish between benefits that
are generated by this new technology and will not
learn to appreciate the technology in this way. So that
is one of the reasons why labelling might have a
beneficial effect on this.

Ms Groves: Coming back to your question on
research funding, generally, in the years that I have
been in science, research funding has gone from quite
generous funding in the food industry to being very
specific, and anything which was near-market or was
in any way commercial would not be funded by
government. Maybe there is now a point for
discussion where you could actually say there should
be some government funding, linked with food
industry funding, to make open research into the
sorts of nanotechnologies in food product
development.

Q117 Baroness O’Neill of Bengarve: Is there any
research going on into this question of identifying
those nanoparticles (inorganic nanoparticles, I
understand) which might be the area of risk, and,
also, conversely, identifying where the areas of
relatively low-risk are? Is that research something
that is being done behind closed doors and in a non-
co-ordinated way?

Dr Kampers: There is a project by the OECD at the
moment going on where they look at different kinds
of nanoparticles, and this is the first initiative to co-
ordinate this kind of research. What I am always
saying is very many people, research institutes, are
doing research on the toxicology of more sexy
particles, like carbon nanotubes and things like that,
and there are few people looking at the toxicity of
particles that are less applicable or less sexy. There is
really a need for more co-ordination in this area.
There is research going on looking at what kind of
properties will influence the risk of particles. For
instance, I know of research in the US where they
look at particles that are used in the bloodstream for
medical purposes and where there are four
parameters that are seen as crucial in determining
whether the particle is in a hot zone or in a relatively
safe zone. So there is research going on and we are
making progress but, as I said, it is a very complicated
issue and then there are many aspects to that. So we
really need to do more in this area.

Q118 Earl of Selborne: 1 would like to follow up the
line of thought that you have been developing as to
what extent UK public funding of research in this
area might contribute to this international need. I
think Dr Kampers reminded us that this is too big for
one country, that we lack data and that there is an
urgent need to get this data on risk assessment and
hazard assessment, particularly to head off any
public concern which may well be coming at us. First
of all, my question is: are we pulling our weight
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already? Leatherhead say, in their evidence, that we
are under-funded in this area, and we have heard
from Holland that you have, in Holland, a €40
million programme with 50 per cent funded by—
Dr Kampers: It is only the food part of the
programme. There is also a risk theme, so there is also
€20 million going into risk research.

Q119 Earl of Selborne: That is over and above the
€40 million?
Dr Kampers: That is on top of that. Food is one of the
10 themes and risk is also one of the 10 themes in that
programme.

Q120 Earl of Selborne: Perhaps 1 could ask our
witnesses from the UK as to where we fit into the
scheme of things at the European level. Are we able to
pull our weight? Are we contributing to these, clearly,
European level programmes that you have identified
as needing to be undertaken?

Ms Groves: In terms of gut health, there is
considerable funding. In terms of real products and
foods there is very little.

Q121 Earlof Selborne: So are you making a plea that
the government funding (research council funding in
the main, we are talking about and departmental
funding) should be directed to this area of hazard
assessment, risk assessment and determination of
what happens to these nanoproducts in the human
body?

Ms Groves: 1 think you have to, again, make the
distinction between  persistent, non-digestible
products, particles, and other normal foods—normal
manufactured foods—which may well be enclosed or
packaged or made with nanotechnologies, in terms of
research into toxicity.

Professor Morris: 1 think the difficulty is that those
particles are very unlikely to be added directly into
food. So it is a big problem in understanding what
would happen to those particles if they got into the
body, particularly in the food matrix, and how they
would interact with things like gut bacteria. There is
a lot of information in the environmental field on
how they affect bacteria, but when you are talking
about aerobic and anaerobic conditions they are very
different. You need a lot of understanding of the risk
associated with those particles, and their applications
in the food industry are going to be very small. They
are very expensive and there is very little reason why
you would want to introduce them.

Dr Butler: 1 think it is going to be in health and
medicine that there is going to be a major application
of nanoparticles, and that is, of course, going to bring
this whole issue about interaction with the body into
sharp focus. I agree with colleagues that the food side
is going to be relatively small, and I still go back to
what 1 originally said, that in many instances

nanotechnology is an enabling technology, and
nanoparticles are used to create something—to
devise a system—and that something that you have
created is totally benign because the properties of the
nanoparticles are now no longer what they were at
the beginning. That is what we do not really
understand: when you have got this brand new
functionality and brand new properties, what does it
mean to various sectors? It is security, it is
information technology, it is energy and it is
construction, including food, but there are many,
many sectors and application areas where using
nanotechnology to make things is going to be
terrifically important.

Q122 Earl of Selborne: Would you give your
thoughts as to what role the United Kingdom’s
research communities should be playing in
addressing these issues?

Dr Butler: 1 think printed electronics, to me, which
underpins many of these industrial sectors, is
terrifically important. In other words, the ability to
print a two-dimensional, flexible, electronic display,
or battery-powered sensor, whatever it might be—it
could be an e-book, or an e-newspaper that
constantly updates, for example, when you are on the
tube or it could be a smart package on a food—that
uses nanotechnology as an enabling technology for
printed electronic displays, sensors or batteries, all
printed at high speed, roll-to-roll printing. That is an
area that the UK is a little active in but, in my view,
needs to be more active. So it is using nanotechnology
but the result is printed electronics, and then the
applications are in a number of fields, which include
things like alternative energy, for example—solar. If
you can print solar cells then you will get much more
dramatic properties using nanoparticles. Having
printed the solar cell it is now completely safe and
benign.

Q123 Earl of Selborne: Where within the European
Union would you expect the most progress in this
area to be made?

Dr Kampers: May I comment on your first question
first? Obviously, we made a different choice. We are
doing research and we would like to know about the
kinetics and the dynamics of nanoparticles in the
gastrointestinal tract, because we see that worldwide
there is very little attention to these persistent
nanoparticles in the gastrointestinal tract and the
oral route. There is a lot on inhalation toxicology,
also the skin is researched for certain particles, but
there is very little known about the oral route. We
have decided, within the Netherlands, that since we
are looking at applications of nanotechnologies in
food it is also our obligation to know what might be
the risks of these applications. Also, we do not want
to wait until somebody, somewhere in the world,
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starts with an application of some kind of
nanoparticles in a food product and it comes on
somewhere in the market or it can be bought on the
internet; we would like to know what kind of risks are
associated with these kinds of applications of
nanotechnology. Although, at the moment, there is
very little of these applications known, there are very
few persistent nanoparticles in food products at the
moment. But we cannot rule out that there might be,
in the future, somebody who wants to put
nanoparticles in food. In the Far East we already
know that there are companies that, for instance, add
nanoplatinum to food products because they think it
is beneficial. As I said, in the Netherlands we would
like to know what kind of risks are associated with
these kinds of applications, from a generic point of
view, so that we can distinguish between things that
have low risk and things that have high risk, so that
we can focus in the first instance on these high risk
applications.

Q124 Chairman: Can I come back and seek a bit of
clarification, because we have had two written
submissions? On the one hand, the Institute of Food
Research, from which Professor Morris hails says:
“The UK has played a leading role world-wide in
developing a nanoscience understanding of food
structure and materials . .. ”, and the Leatherhead,
from which Kathy Groves hails, says: “There is very
little research and development within the UK
regarding nanotechnology within the food and drink
industry.” Those two statements seem to me to be, at
one level, almost contradictory. I wondered which
one is correct, or are they different slants on the same
position?

Professor Morris: 1 assume they are, possibly, different
slants. When we are talking about what has been
done in the UK we are talking about the
understanding of actual food structure itself, the food
matrix, its functionality and how to process it. We are
one of the world leaders in that respect.

Q125 Chairman: Are you saying that, as so often
happens in the UK, the basic research is being done
but the translation of research into products and
benefits is being done elsewhere?

Professor Morris: 1 think that probably needs
qualifying. I think it is being done in major
companies like ICI and Unilever, but they do not talk
about it, at the moment. It is a fear of public
perception of nanotechnology. Who is going to be the
first person to bring these products on to the market?

Q126 Chairman: As Lord May has said, it does not
make any sense to do it and keep it a secret because
eventually you are going to have to divulge that it is
going on.

Professor Morris: 1 think there is a real concern within
companies that people find out they are using what
somebody might call nanotechnology when, in fact,
they are using nanoscience; they are trying to
understand the foods and through that
understanding they will produce products using
conventional technologies, and then they can talk
about those products and sell the benefits without the
associated risk. They are not really nanoproducts;
they are conventionally processed products but they
are done in a rational way.

Q127 Lord Methuen: What mechanisms are in place
for companies, academia and the Government to
share information on new developments in this field?
Is this limited by IPR considerations?

Ms Groves: Well, there is the NanoKTN centre set up
by the Government and the Technology Strategy
Board, and Leatherhead does play a role in linking
universities to industry. I do not think there are many
structures in place designed to do that.

Q128 Lord Methuen: How much involvement is
there with academia?

Ms Groves: A limited amount, but only limited by the
amount of time you have in your life and the number
of resources or people that can liaise between
industry and academia. Sometimes industry will go
to universities directly, but there is a need, I think, for
an interpreter between universities and industry, to be
honest, because fundamental research on food is a
long way off what will happen in the manufacturing
process. So there are companies like Leatherhead
which are good at being able to make that connection
between the two.

Professor Morris: 1 think there is an effort to try and
correlate all the safety data and the toxicity data; the
FSA and the Central Science Laboratory are trying
to build up databases, and that sort of information is
freely available.

Q129 Lord Methuen: Would it be true to say that this
is not a subject which tends to interest universities—
it is not sexy enough?

Professor Morris: Which—the food or complexity?

Q130 Lord Methuen: This type of research into food.
It seems to be more into industry rather than
academia.

Dr Kampers: Not in the Netherlands.

Ms Groves: 1 think in the UK it is.

Professor  Morris: There have been very good
universities in the past—the University of Leeds, the
University of Nottingham, and Unilever Research,
Colworth where there was almost a university kind of
atmosphere, which were doing very fundamental
research and published it, on food structure and how
to manipulate it, at that sort of scale. There has been
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academic  research on  manipulating the
nanostructures in food, and it is published and is
available.

Q131 Chairman: You talk about it in the past tense.
Professor Morris: 1t is still being done. I think, in the
past, it was simply trying to understand the food
structure in terms of understanding the functionality
of foods—how you can make foods last longer or
more attractive to eat. Now it is more about what
happens to that food when you digest it, how it is
broken down by the body and how you can
manipulate those structures to control that
breakdown. It comes back to this idea about
controlling fat; if you can make a full-fat product but
you can slow down the breakdown of the fat, then
you can actually make people think that they have
eaten enough, so the next time they eat the food they
will eat less of it. You can try in a rational way now,
from past understanding, to try and do those sorts of
processes. Certainly, in the lab, on an in-vitro scale it
works. You can change food structure and control
lipolysis and you can do it at a sufficient rate to
actually expect to create hormonal change.

Q132 Chairman: Is any research done in-vivo or is it
all in-vitro?

Professor Morris: It is starting to be done. We have
contacts across Europe, particularly in countries like
Finland, where we are starting to do human trials on
those types of food. That work is starting to occur but
it is quite difficult because translating the science on
interfaces on to emulsions—what happens to
emulsions when you process it on a large scale and
then eat it—is quite difficult. That is why it takes a
long time to translate it into practice.

Q133 Baroness O’Neill of Bengarve: You have
spoken about the universities doing research that is
published and open, and you have also spoken about
the companies doing research that is, I take it, not
published and not open. That is a pretty unstable
situation, in some ways, if it is to end up as consumer
products. What would you see as a useful thing that
this Committee could recommend that would move
things forward in terms of co-ordination? An
alternative thought: if you were making a pitch to the
Technology Strategy Board to put more resource into
the development of research on the wuse of
nanotechnologies in food, what would you say to
them?

Ms Groves: 1 think there is a need for a pre-
competitive area of research which is publicly funded
with full, open information to the public that the
industry are willing to participate in. It has got to be
close enough to their drivers and to their products for
them to realise the benefit and the need for doing it.
Also, it has got to be far enough away, if you like, so

they can take their IP, their whole ownership of the
final development. Ultimately, I am not sure if you
are asking should we control the food industry far
more in terms of what they produce.

Baroness O’Neill of Bengarve: I was thinking of
empowering rather than controlling.

Lord O’Neill of Clackmannan: Commercial research
is done not for philanthropic or blue skies reasons, it
is done for profit, and it is trying to reconcile these
two, what appear to be, conflicting objectives. If the
Unilevers of this world can get an edge over their
competitors they are not going to share it in the
interests of humanity, in general, because they have
shareholders who have a higher priority.

Q134 Baroness Neuberger: Are we not hearing, also,
that there is a rather different attitude in Holland,
from what we are seeing in the UK? Clearly, the
companies keep their secrets, as it were, close to their
chest, but there is a greater emphasis on doing more
general research, if I understood you rightly, Dr
Kampers.

Dr Kampers: Yes. Also, in the Netherlands, it is true
that, for economic reasons, of course, you keep
results confidential, at a certain point in time. It is a
continuum from pre-competitive research towards
application-driven research, and somewhere we meet
each other and we are trying to find ways of
exchanging the results in such a way that we are
bridging the knowledge gap—which is not typical to
the UK; it is there everywhere. So methods of
bridging the knowledge gap are very important, so
results are applied in the industry and the economics
start to work and we start making money with these
results. Because if we do not make money we do not
earn the money to do the research for the next
generation of applications, of course. We are looking
at things like, as I explained, these other research
initiatives in Holland where we participate with the
industry to make sure that results in academia are
used by the industry, because they also have invested
in these research projects. Also, we look at things like
setting up joint research centres where academia use
the infrastructure but, also, industry can use the
infrastructure, so that people meet up and start
discussing the possibilities of results while the
research is being done. These are ways of trying to
bridge this knowledge gap, but it is also there in the
Netherlands, I have to admit.

Ms Groves: In the Netherlands, my feeling is, there is
a better set up for linking universities to industry.
Going back to your point, yes, the industry is there to
make a profit but it is then part of the economy, so it
is important that we have successful industries. The
universities are there to conduct fundamental
research but, also, to teach, and there is a need for
industry to link up with the universities far more
closely, but I do not think you can do that easily
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directly because they are operating to completely
different goals and at completely different levels.
Maybe one recommendation will be to have some
sort of set-up where you have an intermediary which
can understand how the industry works but, also, can
understand the fundamental science that the
universities produce, and merge the two together.

Q135 Lord Haskel: There is, of course, a third
element to this, and that is the regulator.

Ms Groves: 1 thought you were going to say “the
consumer” then.

Q136 Lord Haskel: Presumably, with so much
uncertainty around, and you have been telling us
about the uncertainty, what do you say to the
regulator? How much information do you give to the
regulator about the work that companies are doing?
Dr Kampers: As much as possible. I think the role of
the regulator is very crucial in building trust with the
consumer. Regulatory bodies represent an objective
body to the consumer and they are generally regarded
as looking after the interests of the consumer. Having
regulation in place implies that somebody,
objectively, has assessed the risks of such products,
and that means that the consumer is more likely to
trust the claims and, also, the low risk of such
products. I would say having good regulation is
crucial to the acceptance of these technologies in
food, and therefore it is my vision that both academia
and industry should give as much information as
possible to these regulatory bodies in order to have
the right regulation in place at the right time.
Professor Morris: 1 think, also, when they are
regulated it should not just be on the risks and: “Is
this a safe product?” but what are the actual benefits
of a product, what are the health claims and are they
viable claims?

Q137 Chairman: One of the points we have heard in
a previous session is the question of whether or not
foods incorporating nanotechnologies would require
regulation under the Novel Food regulations or
whether they would pass into public consumption
under more general, food safety regulations. I think
that we were not quite clear about the situation with
regard to different nanotechnologies. I do not know
whether any of you have a view about that.

Ms Groves: 1 think part of the difficulty with
regulation is that you get into semantic arguments
about definitions rather than trying to look and see
whether something is actually safe or how you might
label it. So maybe there needs to be a change to the
nature of regulation, certainly for something as
complicated as nanotechnologies where you have to
look at a far wider spectrum of technologies and
applications.

Q138 Chairman: That is not the view of the
regulators themselves; the Food Standards Agency
told us that the current framework is adequate.

Ms Groves: 1 think it is adequate in terms of health
and of safety, but if you want to move on to regulate
nanotechnologies, it needs to be more than just
definitions.

Professor Morris: 1 think it may also need to co-
ordinate the different parts of the regulation. If you
are talking about food packaging, there may be
concerns about whether a material can leak into a
food and perhaps be certain that that will not happen,
so it is safe in terms of its use in the food aspects, but
what happens to that material when it is thrown
away? That is an environmental issue, but it may be
a factor that is very important in whether people
want to use that sort of packaging. I think you need
to tie that use up over the lifetime of the product. It
could happen that with use of nanotechnology across
the agri-food chain, if you are thinking about
nanotechnology applications in spraying pesticides,
you may see the benefits to the agricultural industry
but there is also the possibility of contamination or
detection of the material in food.

Q139 Baroness Neuberger: Moving on, and the large
question first: is there a difference between using
manufactured nanoparticles and using natural
ingredients that have been modified at the nano scale?
Professor Morris: 1 think it comes down to the
question of material that is not broken down in the
body.

Q140 Baroness Neuberger: So with the persistent
ones there is a difference?
Professor Morris: 1 think so.

Q141 Baroness Neuberger: The difference being
mainly a difference in risk or a potential difference in
risk? Or a potential difference in hazard, maybe.
Professor Morris: 1 think it is a potential problem in
risk because you simply do not know how these
materials will be accumulated, where they will be
accumulated and what the consequences will be. I do
not think you can extrapolate that knowledge from
the size of particle.

Q142 Baroness Neuberger: Should we be making a
distinction for regulatory purposes between these
two types of nanoparticle?

Professor Morris: 1 think so, yes.

Ms Groves: 1 think so.

Professor Morris: If you are talking about labelling,
the only concern is I think the label ought to be for
materials that persist in the body and are not
broken down.
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Q143 Baroness Neuberger: Yes, this yoghurt with
nanoplatinum, which is not on the market in the EU,
I'understand—has that been through any trials and is
that labelled?

Professor Morris: 1 have no idea.

Q144 Baroness Neuberger: Could we import it? Do
you think that the manufactured nanoparticles will
turn out to have a lot of applications in foods or will
their usefulness be quite limited?

Dr Kampers: The usefulness will be limited. In my
view there is very little sense in putting expensive
nanomaterials in a food that the body does not do
anything with. So its use is very limited, but there are
examples where there is improvement on the flowing
characteristics of certain food products, and, also, as
a carrier for vitamins.

Q145 Baroness Neuberger: So there would be
applications in the food sector, and particularly the
packaging applications or the clean surface
applications, but much less in foods themselves?
Professor Morris: 1 think for the persistent ones, I
would imagine, there would be very little use at all,
but you can make nanoparticles that are broken
down in the body which act as carriers.

Q146 Baroness Neuberger: Do you think that a
single regulatory system should be used for health
and safety purposes, or is that asking too much?
Professor Morris: I would like to see any regulation of
particles emphasising the health benefits as well as
considering the risk. At the moment, the trouble is
you have a brand name, on the internet and it says:
“Nanosilver—wonderful, marvellous”, but if you
actually had some sort of brand where you used those
particles which said: “This does give you health
benefits but there is no perceptible risk that you can
detect”, I think that would be an advantage. If there
was some sort of voluntary labelling of where people
use nanotechnology, that might be an advantage, but
I can see the objections to its use.

Q147 Chairman: Can 1 ask a bit more about your
view on the regulatory process? You drew this
distinction between persistent nanoparticles and
things that are not persistent in the body. Earlier on,
we heard from Dr Butler that the key point was
whether or not the properties of a material change as
it approaches the nano scale (he gave a graphic
example of the properties of silver, which is a nice
example). I just wondered, within the regulatory
system, do you think that the regulation should look
at the total exposure to all kinds of nanoparticles over
a period of time? The temptation would be to look at
each food type or each application independently and
give approval to something on an independent risk
assessment for that particular product, but as far as

the consumer is concerned, he or she may be eating
10, 20 or 50 different products as we roll forward in
time, each of which has been separately approved but
their exposure is as a result of an interaction and
accumulation of all these different products. What is
your view about how that should be tackled in the
regulatory system?

Professor Morris: 1 think there are two aspects. One is,
again, particles that are not broken down, but, again,
I would have thought that is something that is going
to be fairly rare in the food industry. Certainly if you
are using nanocarriers then what you are trying to do
is to enhance the delivery of something, and ideally
what you would want to do is optimise it and, hence,
you have lots of products that are enhancing the
delivery of something and you could end up having
too much of it, and that would be as bad as having
too little. So by having lots and lots of products that,
say, enhance the delivery of vitamins, you could
actually have a problem due to an over-consumption
of those materials. Again, it may come back to not so
much labelling but a recommendation that this gives
you a certain percentage of your daily intake of that
product, and at least then people are aware that if
they take more of that there could be problems.

Q148 Chairman: That is placing quite a lot of
expectation on the consumer to keep track of how
much they are getting from different products.
Professor Morris: 1 think the problem is that if you do
enhance delivery then you have to think about the
consequences. Particularly if it is an orange juice, say,
and you are enhancing the delivery of a vitamin,
people might want to drink the same amount of the
orange juice when they probably ought to drink a
tenth. They have no way of knowing what their
delivery is or what the optimum level of intake is.
People do accept now labelling that says: “This
product will give you one-tenth of your expected
amount of that compound in a day”. I think that
would be acceptable.

Dr Kampers: In my view it is a product development
issue. It is not typical to nanotechnology because
nanotechnology is used as a technology to enhance
the delivery. But I think when you develop a product
that delivers more of a specific nutrient then you have
to realise that this accumulation of different products
can take place. So, in my view, it is the responsibility
of the company that developed this product, to make
sure that there are safeguards that people do not get
too much of a nutrient in some way. So it is a product
development issue more than a nanotechnology
issue, in my view.

Q149 Baroness Neuberger: You have already said, to
some extent, that we get into terrible definitional
problems with this, but would you be able to have a
go at defining nanotechnologies and nanomaterials
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in the context of the food sector specifically? I realise
that Ms Groves, particularly, has already raised your
eyebrows about this. I know it is hard.

Ms Groves: It is very difficult. My instinctive reply is
to say that nanotechnologies are technologies which
allow you to manufacture or structure particles at a
nano scale—so less than 100 nanometres.
Nanoparticles and nanomaterials could very well be
large structures made up of nanoparticles. It is very,
very difficult (and a lot of nanotechnologies are still
very much emerging; they are still at the developing
stage) to define them, other than by saying they
produce nanoparticles. Then I do know that there are
products, not in the food area, which use
nanotechnology to create nano-sized particles less
than 100 nanometres which then become larger
particles (in a sense, that is what you have in the
packaging) and, therefore, are not a risk in terms of
their size. So you do get into: do you label those as a
nanotechnology when, in fact, they are completely
locked into a much larger structure? I am sorry, that
is a scientist’s answer.

Q150 Baroness Neuberger: 1 think that is one of our
difficulties in looking at some of that. You have all
made it very clear that you think we should, in a
sense, worry more about things that remain in some
sense in the body and are not broken down rather
than whether something is a manufactured
nanoparticle or something that is a natural
ingredient. Going back to the regulatory theme, how
would you distinguish that? How would you state
that in terms of a regulatory environment?

Professor Morris: You mean: how do you define—

Q151 Baroness Neuberger: Yes.

Professor Morris: 1 think with persistent particles it is
fairly easy to define what are nanoparticles; it is when
its properties change—for example, when titanium
changes its transparency. So there I think you can say
these are particles where they have been reduced in
size and their properties have changed; they are being
put into food packaging or they could be put into
food because they give new properties.

Q152 Baroness Neuberger: You think there it is
really easy?

Professor Morris: Yes. I think when you are talking
about manipulating structures in food that are
naturally there it is nanoscience, but the actual
technology may be a conventional technology, which
you understand.

Dr Kampers: If you boil an egg you will change the
nanostructure of the egg. How much change can you
allow to call it nanotechnology? It is a very difficult
issue. On the other hand, it is not difficult because the
ISO definition of nanotechnology and the OECD
definition of nanotechnology are fairly good

definitions; it is just that they are virtually useless
from a regulatory point of view, and that is the issue.
So the difficulty is in finding a definition that can
stand up in a court of law, that provides you with
sound criteria to classify whether something is
nanotechnology or not. In my view, one of the
solutions could be that you look not at the size but at
the new functionality which has been created by
exploiting nanoproperties. Then you could say that
“this is a nanomaterial”. If there is new functionality
created by man, by using nanotechnology or
nanostructured materials, then you have a
nanomaterial.

Q153 Baroness Neuberger: Would you argue that
that should be applied across all sectors or was that
purely, would you say, in the food industry?

Dr Kampers: No, it should be applied to all sectors.
Professor Morris: 1 think there is an example of a
natural nanoparticle where people have taken
enzymes, which you can think of as natural particles,
and modified their functionality. Then they would
have to go to conventional trials if they were used in
food. The difference there is the methodology and the
procedures are well established to test whether those
materials are safe, whereas with an engineered
persistent material the methods are not there to
assess it.

Q154 Chairman: Before we draw to a close (and I
would like to give you a chance to make any other
points you would like to make), I want to go back to
an earlier question which Lord May asked about the
timeline, because we are hearing, at the moment,
some fairly mixed messages about what is available
now, what is likely to be available in two to five years’
time, and beyond. Recognising that it is always
difficult to predict what is going to happen,
particularly when it is in the future, what I have
understood is that at the moment, as we speak, there
are applications of nanotechnology in the broad
sense in the food industry. We have heard about the
nanoclay films that are used in beer bottles, for
example, and we have heard about the metallised film
in potato crisp packets that involve nanotechnology,
and we were told in a seminar about fridges that are
on the market with nanosilver linings, and I know
from one of the submissions we had from a
government department that there are 17 products on
the market in Germany in which nanotechnology is
used to encapsulate food products. These are mainly
in the food supplements industry. So there are things
going on now, and obviously with the internet there
are things that you could buy in this country whether
or not they are manufactured in this country. So that
is my understanding of where we are now, and I
would like to ask whether that is your understanding
of where we are now. Perhaps you could be a bit more
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explicit about where you think we will be, say, in three
to five years’ time. Will we be in about the same place
or will things have changed dramatically, in your
judgment?

Professor Morris: 1 think in five to ten years’ time there
is a real prospect that nanoscience understanding of
foods will have generated a range of new foods that
have health benefits or protection against disease,
improving lifestyle into old age. I think that is a real
possibility. They will be prepared by conventional
technology through an understanding of how to do
it.

Dr Kampers: 1 sometimes compare nanotechnology
in general—not in food—to electricity; we are at the
stage now that we know how to make a light bulb, a
resistor and a coil, but we are in no way at the level
that we can build a radio or a computer. The
technology is very generic and that makes it very, very
difficult to extrapolate into the future. However, if we
look at what is happening now in food, I agree, within
five to ten years’ time we will see improvements in
food safety, monitoring, we will see improvements in
the sustainability of certain processes that are
important to the food industry, we will see better
packaging materials and increased shelf life,
especially for fresh products, and we will see products
that deliver specific nutrients to individuals. What we
see in the further future is that we have to link up to
the needs of the body—basically, the biochemistry of
the body—and then deliver the right nutrients, and
that is something that is much further on and is a very
complex issue but, also, will require nanotechnology
to deliver that part of the delivery end.

Dr Butler: In packaging, as Dr Kampers has just
mentioned, I think we will have much more
communicative packaging that will allow consumers
to manage their food inventory better so that there
will be less food waste, for example; there should be
less examples of sicknesses from food-borne bacteria
because there will be things like freshness indicators
on packaging, ripeness indicators on packaging—
ripeness indicators on fruit, for example, because we
all know sometimes it is extremely difficult to tell
whether a pear or a melon is ripe or an avocado is
ripe. So I think there will be advances of that kind,
and convenience and functionality, that will be
underpinned by nanotechnology.

Ms Groves: 1 think your assessment of the state of it
at the moment is right. Packaging was the first area
that really developed nanotechnology for foods, and
I think that will carry on. What Paul says is correct,
too; I think we will be able to accurately judge
whether packaged food really has gone past its safe
use-by date or whether you can actually use it, or say:
“That date has gone” and it goes into the tip. In the
short term I think there will be developments and
understanding of what happens in the gut which will
lead to healthier foods, and there will probably be
more food supplements out there on the internet
available for people. I think, probably, the next step-
change will be taking the properties of packaging
surfaces into the manufacturing and food
preparation area, to make efficiencies and waste
savings there and, also, make safer areas. Long term,
I think, the idea of looking at manufacturing
processes and how you structure foods to make them
healthier or safer, because we are looking at
nanotechnology, will develop better, more stable
products.

Chairman: Thank you very much. Are there any
additional comments that any of you would like to
make before we close the session?

Lord May of Oxford: I cannot resist remarking that
there was an obese character called Herman Kahn 50
years ago who coined the word “futurology”, and I
think, also, the phrase “mutually assured
destruction”. He prepared a list of the 50 great
challenges confronting humanity, and in the top ten
was a pill to control appetite; somewhere around 28
was worries about population growth, and 1T am
reassured to see that maybe we are, at least, in that
direction and moving.

Chairman: On that cheerful note, I draw the session
to a close and thank our four witnesses for their help
in exploring the issues that we have put to you today.
Thank you very much for answering our questions.
Copies of the transcript will be sent to you for
correction before it is finalised, and of course if there
are any points which you would like to follow up by
writing to us we always very much welcome any
additional comments in writing which will help us in
our deliberations later on. Written material is
published alongside the transcript, so you can add to
our work in that way. Thank you all very much
indeed.
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Memorandum by the Food and Drink Federation

1. GENERAL INTRODUCTION AND FDF PosiTioN

1.1 The Food and Drink Federation (FDF) is the leading representative of the food and drink manufacturing
industry in the UK. A brief summary of the industry and organisations we represent is attached as an Annex.

1.2 FDF has been studying nanotechnology and the implications for our industry sector for several years. We
support the use of nanotechnology as a general enabling technology with widespread industrial applications.
We believe there is a need for adequate safety assessment in all applications of nanotechnologies, where their
application gives rise to changes in existing products or processes, such that a new assessment of any risks to
human health or the environment may be required. We believe that it is possible to adapt the existing
regulatory system to deal with new scientific evidence on engineered nanoparticles as necessary.

1.3 According to our knowledge to date, FDF is of the view that direct applications of nanotechnologies in
food appear limited, though there is interest at ingredient level, particularly in delivery systems, and interest
in potential indirect applications in, for example, packaging, processing applications and food safety. We know
of no food products or processes currently on the market in the UK which use nanotechnologies within the
working definition which is generally applied.! To the best of our knowledge, interest in nanotechnologies
within our membership is still at the research stage, though we understand that some applications are near
market and beginning to enter the European market, such as packaging materials containing silver
nanoparticles.

1.4 The food and drink manufacturing industry is very sensitive to the need for consumer acceptability of its
products and is innately conservative in the application of new technologies to food. That said, our industry
strives to innovate and improve products to meet consumer demand and expectations and is under pressure
to reformulate to meet the needs of a changing population in a rapidly changing global environment. It is
therefore important that we are able to make the best use of all the tools available to meet the challenges of
innovation and competitiveness against a background of limited resources and the pressures of a global
economy.

1.5 FDF has sought involvement in dialogue at all levels to enhance our knowledge and understanding of
nanotechnologies and to inform our membership, where they are not directly or actively engaged in R & D in
this area, and act on their behalf in national and European fora. As such we are represented on a task force
established by our European Confederation, CIAA; on the BSI NTI/1 Committee; Leatherhead Food
International’s Nanotechnology Forum; we are affiliate members of the Nanotechnology Industries
Association; and are involved in public dialogue through CIAA and the Responsible Nano Forum.

1

In the absence of international agreement on a definition, we use the generally adopted measure of 1-100nm in any one dimension to
describe nanoparticles. The recently published SCENIHR report ((Scientific Committee on Emerging and Newly Identified Health
Risks), Risk assessment of products of nanotechnologies, 19 January 2009) describes and characterises nanomaterials, and the Czech
Presidency has suggested a definition for inclusion in the proposal to amend the novel foods Regulation as follows: “‘nanomaterial’
means any intentionally engineered material that has one or more dimensions of the order of 100 nm or less or is composed of discrete
functional parts, either internally or at the surface, many of which have one or more dimensions of the order of 100 nm or less, including
structures, agglomerates or aggregates, which may have a size above the order of 100 nm but retain properties that are characteristic to
the nanoscale. Properties that are characteristic to the nanoscale include: (i) those related to the large specific surface area of the materials
considered and/or (i) specific physico-chemical properties”
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2. STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FooD SECTOR

What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food sector, either
in products or in the food production process?

2.1 Areas of interest include direct application in food, eg nano-encapsulation of flavourings and other
ingredients; packaging applications, eg nano-coatings and barriers, “intelligent” packaging which will indicate
the safety status of the enclosed food, improved printing inks; cleaning applications and equipment in
processing facilities; diagnostics and process technologies, such as novel filtration and other separation
technologies such as nano-sieves. The ability to understand and manipulate particles at the nanoscale is also
opening up potential applications to improve foods in a conventional way through enhanced application of
food technology. Such applications offer a number of benefits. For example, nano-encapsulation offers the
ability to deliver smaller quantities of ingredients in a way that maintains flavour and texture properties of the
food whilst reducing the content of ingredients that consumers are encouraged to eat less, such as salt and fats.
Ingredients such as flavourings and micronutrients could also be protected until ready for release into the food,
thus maintaining the quality of the ingredient for longer shelf life. Packaging could provide a quick and easy
indication of whether or not the food inside is still microbiologically safe, for example by changing colour, or
extend shelf-life through better oxygen barriers. The application of special coatings could enhance the use of
modified atmosphere packaging through better control of the gases and moisture which affect the product,
reducing spoilage and waste. Silver is a natural antimicrobial, and at the nanoscale is already in use in
refrigerators and food containers in some countries, and has applications in food packaging.

What is the current state of the market for, and the use of, food products and food production processes involving
nanotechnologies or nanomaterials, either abroad or in the UK?

2.2 We know of no food products currently on the market produced by companies within our membership
that either contain, are packaged in, or have used nanotechnologies in their production. We are aware of a
small number of products on the market in the UK and elsewhere in the EU which are, or claim to be, “nano”,
such as a beer bottle which uses clay nanoparticles as a gas barrier; a food supplement using a nano-
encapsulated ingredient; various food ingredients such as the minerals calcium, magnesium and silicon dioxide
which claim to be of the nanoscale for improved absorption. These are understood to be in use mainly in the
sports, health food and supplements sectors. There are also developments in oil-in-water and water-in-oil
emulsions through the use of micelles, which can encapsulate ingredients such as omega-3 fish oils and deliver
them in products without the fishy taste to provide a health benefit. Such applications are already understood
to be in use in some parts of the world. EFSA has recently undertaken risk assessments on certain
nanomaterials, for example Titanium nitride, in nanoparticle form, for use as a nano-coating in PET bottles,
was recently assessed by EFSA as being of no toxicological concern.? We assume from such applications to
EFSA for safety opinions that there are proposals to market the products in Europe.

2.3 We do not consider as nanotechnology applications the natural occurrence of nanoparticles such as in
protein, fat or sugar molecules, or their presence through conventional processing techniques, such as milling,
homogenising and emulsifying. Nor would we consider the ability to understand and manipulate particles at
the nanoscale to fall within the definition of nanotechnology applications, unless particle size has been
deliberately engineered to behave differently to its conventional counterpart. There are, however, grey areas
in interpretation in the absence of an agreed definition and characterisation of nanomaterials.

2.4 At processing stage, nanosensors could lead to improved quality control and testing along the production
and supply chain, indicating any breaks in optimum refrigeration, for example. Higher up the chain, sensors
could be used at agricultural stages to monitor pest control and regulate the use of fertilisers and pesticides,
minimising inputs according to conditions.

What might the “next-generation” of nanotechnologies and nanomaterials look like? How might they be applied in the
food sector, and when might they enter the market?

2.5 FDF is not aware of applications beyond the general areas mentioned above, though we would not rule
out the possibility of exciting developments which we cannot yet foresee. There may be developments at
research level which could be of potential future interest to the food industry. As with any new technology,
developments are proceeding apace and many research applications are subject to commercial confidentiality.

2

EFSA Scientific opinion of the Panel on food contact materials, enzymes, flavourings and processing aids (CEF) on 21st list of
substances for food contact materials. The EFSA Journal (2008) 888-890, 1-14.
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What is the current state of research and development in the UK regarding nanotechnologies and nanomaterials which
have or may have an application within the food sector? How does it compare to research and development in other
countries?

2.6 FDF and its members are closely connected to the research community and academia but as a membership
organisation, we are not directly involved in research activities. Some of our members are linked to science-
based organisations involved in research. We believe the UK to be at the cutting edge of R & D in
nanotechnologies in general, though applications in food, food production and food packaging are currently
limited by comparison with applications in other industry sectors.

What are the barriers to the development of new nano-products or processes in the food sector?

2.7 Consumer acceptability is clearly a pre-requisite for any application of nanotechnology in or around food.
Consumers tend to be distrustful of new technologies applied to food and drink manufacture, especially if they
find the technology difficult to understand or react to alarmist media coverage. What might be considered of
benefit in other consumer goods such as electronic equipment or mobile telephones, or in pharmaceuticals and
medical applications, may not be appreciated in food. Whilst FDF and many of its members and counterparts
elsewhere in Europe are actively engaging in stakeholder dialogues, there is a clear distrust of the industry and
in some quarters what appears to be deliberate scaremongering. There is also a degree of “hype” that makes
it difficult to distinguish between genuine and new applications of nanotechnologies and marketing efforts to
make a product more interesting by advertising it as “nano”. For this reason we are advocating transparency
throughout the supply chain so that food and drink manufacturers are adequately informed by their upstream
ingredients and packaging suppliers about any applications of nanotechnologies in the products they
purchase.

2.8 The other major hurdles are regulatory procedures and the immense costs of bringing new products to
market, which might be regarded as prohibitive to all but the largest producers. In addition to R & D costs,
the time and resource needed to develop a submission for regulatory approval are significant. Timings are also
lengthy in the EU and can add significantly to the timescale of bringing a new product to market by
comparison with other areas of the world such as the USA or Australia. Recently adopted legislation on food
additives and flavourings may improve timescales, and current negotiations on a recast novel foods Regulation
may centralise and accelerate approval procedures, but we have yet to see this in practice.

3. HEALTH AND SAFETY

What is the current state of scientific knowledge about the risks posed to consumers by the use of nanotechnologies and
nanomaterials in the food sector? In which areas does our understanding need to be developed?

3.1 The recently published SCENIHR Report® and EFSA opinion* set out the areas of uncertainty
regarding toxicology and potential new risks associated with articles at the nanoscale. EFSA’s opinion, the
draft on which we commented via CIAA, our European Confederation, considers current toxicity-testing
approaches used for conventional materials to be suitable as a starting point for risk assessment for engineered
nanomaterials (ENMs). This provides helpful guidance to industry. With new regulatory texts already setting
out requirements for assessment of new particle sizes, industry needs clear terms of reference and guidance on
the expectations from approval packages if innovative products are to be brought to the European market.
EFSA also notes the absence of reliable and cost-effective methods of measurement and detection of ENMs
in food and feed and recommends action to develop such methods to assess exposure in both humans and
animals, and to generate information on the toxicity of different ENMs. We would add that such methods are
essential to industry to verify products and to comply with regulatory requirements.

3.2 FDF is also conscious of health and safety aspects of handling nanoparticles by our own workforce and
we are actively monitoring developments in risk assessment in this area, thus acting as responsible employers.
We applaud the work being undertaken by the Institute of Occupational Medicine, which we believe to be a
leader in the field.

3

SCENIHR (Scientific Committee on Emerging and Newly Identified Health Risks), Risk assessment of products of nanotechnologies,
19 January 2009.

EFSA Scientific Opinion on a request from the European Commission on the Potential Risks Arising from Nanoscience and
nanotechnologies on Food and Feed Safety. The EFSA journal (2009) 958 , 1-39.

4
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Is research funding into the health and safety implications of nanotechnologies and nanomaterials in the food sector
sufficient? Are current funding mechanisms fit for purpose?

3.3 We believe the research associations, Campden BRI and Leatherhead Food International, are best placed
to comment, though please see also our comments in paragraph 3.2 above. The EU has made a considerable
research investment, some €3.5 billion, into nanotechnologies, including the health and safety aspects of their
use, under the FP7 programme. The nanotechnology Knowledge Transfer Network (KTN) and International
Life Sciences Institute (ILSI) are active in this area. We would also refer the Committee to the response of the
BSI’s nanotechnology NTI/1 Committee concerning the need for funding of work on international standards
and metrology, which are basic tools for the practical application of nanotechnologies, as is an internationally
agreed definition.

Can current risk assessment frameworks within the food sector adequately assess the risks of exposure to nanotechnologies
and nanomaterials for consumers? If not, what amendments are necessary?

3.4 FDF believes the SCENIHR and EFSA reports cited above have clearly set out the requirements in this
area. We acknowledge that there remain some unknowns and further research is needed.

Are the risks associated with the presence of naturally occurring nanomaterials in food products any different to those
relating to manufactured nanomaterials? Should both types of nanomaterials be treated the same for regulatory
purposes?

3.5 FDF draws a clear distinction between naturally occurring nanoparticles and the presence of nanoparticles
in food from certain conventional processes, and nanoparticles or nanomaterials that have been deliberately
engineered to confer different properties. The latter should be treated differently for regulatory purposes where
they confer novel properties and therefore might pose different risks. FDF’s view is that food processing
technologies like emulsifying and homogenisation as well as processes based on colloidal properties with
particle sizes in the nanoscale range should be differentiated from the term nanotechnology unless deliberately
engineered nanoparticles are involved.

4. REGULATORY FRAMEWORK

Is the regulatory framework for nanotechnologies and nanomaterials fit for purpose? How well are imported food
products containing nanotechnologies and nanomaterials regulated?

4.1 EU food regulation is already very comprehensive. We consider the existing legislative framework to be
adequate or adaptable in all areas where nanotechnologies may be applied in food or food processing.
Regulatory gaps are being filled as specific regulatory texts come up for review (eg food additives, enzymes
and flavourings, novel foods, food contact materials). FDF responded to this effect to the Food Standards
Agency’s (FSA) regulatory review in 2006. The European Commission noted in its Communication on
Regulatory Aspects of Nanomaterials® that “Overall, it can be concluded that current legislation covers to
a large extent risks in relation to nanomaterials and that risks can be dealt with under the current legislative
framework. However, current legislation may have to be modified in the light of new information becoming
available, for example as regards thresholds used in some legislation.” (Section 2, paragraph 4.) We concur
with this position.

4.2 Imports to the EU are subject to the same legislation as products produced within the EU. We cannot,
however, comment on the effectiveness or otherwise of implementation and enforcement of the law on
imported products, particularly those traded via the internet.

How effective is voluntary self-regulation either in the UK or EU or at an international level? What 1s the take up by
companies working in the food sector?

4.3 We believe the food and drink manufacturing industry behaves responsibly and would seek regulatory
approval for any product or process which was significantly changed through the application of
nanotechnologies such that it differed from the conventional product or process. We would question whether
self-regulation is even applicable: the European General Food Law, Regulation 178/2002, in any case places
an obligation on food business operators to ensure that any food product placed on the market is safe.

5 Communication from the commission to the European Parliament, the Council and the European Economic and Social Committee,
COM(2008) 366 final, Brussels, 17.6.2008
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Wil current regulations be able adequately to control the next generation of nanotechnologies and nanomaterials?

4.4 We believe the regulatory framework will be able to adapt to meet any new requirements in view of the
general way in which the Regulations are cast. Any change in material specification, eg for food additives,
would require a re-evaluation of the substance. The EU regulatory structure relies strongly on positive
approval, therefore new products and processes would not come to market unless the control mechanisms were
in place. We believe that the products of nanotechnologies, used directly in food, already fall within the scope
of the existing EU Novel Foods Regulation, and that recast regulation of food contact materials will also cover
packaging applications.

Is there any inter-governmental co-operation on regulations and standards? What lessons can be learned from
regulatory systems in other countries?

4.5 Dialogue is ongoing at several levels: EU institutions, EU and international standards bodies, trans-
Atlantic co-operation, OECD. There is also a project on EU/US regulatory convergence.

5. PuBLIC ENGAGEMENT AND CONSUMER INFORMATION

What is the current level of public awareness of nanotechnologies, and the issues surrounding the use of nanotechnologies
and nanomaterials in the food sector? What is the public perception of the use of such technologies and materials?

5.1 We assume awareness in the general population to be low, except where interest is taken in developments
that have already come to market, such as in the area of sunscreens. The term “nano” has taken on a general
meaning of “very small” and is widely used in the marketing of many newer and smaller consumer goods, such
as mobile telephones and electronic devices. We have engaged with Which? in their public dialogue and are
actively involved with the Responsible Nano Forum, which is promoting public engagement. Through our
European Confederation, CIAA, we are involved in a stakeholder dialogue at EU level.

How effective have the Government, industry and other stakeholders been in engaging and informing the public on these
issues? How can the public best be engaged in future?

5.2 Industry is involved in initiatives as above. This is a relatively new area of public engagement, as
developments are largely still at research phase. Previous experience with new technologies is that consumers
tend not to take an interest until products are on or near the market, or awareness is raised through high profile
campaigns or media coverage, often in a negative way. We are not aware of any specific Government initiative
to engage the public in dialogue. Which? and other NGOs such as Friends of the Earth have been at the
forefront.

What lessons can be learned from public engagement activities that have taken place during the development of other
new technologies?

5.3 Whatever attempts are made to engage the public, interest tends to be limited to those either with specific
issues or concerns or a strong opinion or viewpoint, whether or not based on factual information, or those
with a high level of interest in new technologies. Only when products actually come to market or media
headlines raise awareness in either a positive or negative way have we seen mass interest in the application of
new technologies in food. Our experience is that most consumers do not care, as long as the product looks and
tastes good and the price is right.

Should consumers be provided with information on the use of nanotechnologies and nanomaterials in food products?

5.4 Yes, provided this is done in a factual, objective and balanced way. In view of the many potential
applications of nanotechnologies in fields other than food and feed, information should be application-
specific. General references to “nanofoods” would be uninformative and unhelpful in terms of informing
consumers about the use of nanotechnologies in food, food packaging and food production.

The Committee would also be interested to hear about any other issues not already covered by this call for
evidence that are relevant to the scope of the inquiry.

5.5 FDF sees nanotechnologies as useful enabling technologies that could enhance food production to
provide processing and consumer benefits. It would be regrettable if such scientific advances were closed off
because of irrational fears about the use of new technologies or a failure to provide convincing evidence of
their safety in use. FDF would like to see rapid developments in addressing the uncertainties outlined in
EFSA’s report so that industry can progress research into innovative products and processes with confidence
in assessment procedures and regulatory outcomes. For our part, we are engaging in co-operative dialogue
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and, through CIAA, engaging with the Commission’s Safety for Success initiative. Through stakeholder
dialogues we are seeking to ensure transparency and exchange of information with interested parties. We
welcome the Committee’s very timely Inquiry and look forward to constructive outcomes.

Annex

THE UK FOOD AND DRINK MANUFACTURING INDUSTRY

The Food and Drink Federation (FDF) represents the food and drink manufacturing industry, the largest
manufacturing sector in the UK, employing over 500,000 people. The industry has an annual turnover of
£70 billion accounting for 15 per cent of the total manufacturing sector. Exports amount to almost £10 billion
of which 64 per cent goes to EU members. The Industry buys two-thirds of all UK’s agricultural produce.

The following Associations are members of the Food and Drink Federation:

ABIM Association of Bakery Ingredient Manufacturers
ACFM Association of Cereal Food Manufacturers

BCA British Coffee Association

BOBMA British Oats and Barley Millers Association

BSIA British Starch Industry Association

CIMA Cereal Ingredient Manufacturers’ Association
EMMA European Malt Product Manufacturers’ Association

FA Food Association

FOB Federation of Bakers

FPA Food Processors’ Association

GPA General Products Association
MSA Margarine and Spreads Association

SB Sugar Bureau

SMA Salt Manufacturers’ Association

SNACMA Snack, Nut and Crisp Manufacturers’ Association
SPA Soya Protein Association

SSA Seasoning and Spice Association

UKAMBY UK Association of Manufacturers of Bakers’” Yeast
UKHIA UK Herbal Infusions Association

UKTC UK Tea Council

Within FDF there are the following sectoral organisations:

BCCC Biscuit, Cake, Chocolate and Confectionery Group
FF Frozen Food Group

MG Meat Group

ORG Organic Food and Drink Manufacturers’ Group
SG Seafood Group

VEG Vegetarian and Meat Free Industry Group

YOG Yoghurt and Chilled Dessert Group

13 March 2009

Memorandum by British Retail Consortium

1.0 INTRODUCTION

1.1 The British Retail Consortium (BRC) is the main trade association for retailers, and our members are
responsible for approximately 80 per cent of all grocery sales in the UK

1.2 Retailers take a keen interest in all issues affecting food production and packaging. Whilst retailers sell a
large number of own brand products in their stores, they are not manufacturers in their own right. For this
reason our submission focuses on issues of retail and consumer acceptance, rather than the detailed science
around nanotechnology.

1.3 Retailers have strict policies in place to ensure the products they sell are safe and legal. We believe there
could be benefits in nanotechnology for consumers; however, as the application of the science is new we
support a robust regulatory and safety assessment framework. We want to work with stakeholders to ensure
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there is a good understanding of the benefits, risks and regulatory gaps around nanotechnology to avoid it
being rejected due to lack of understanding.

1.4 We have responded to those questions in the request most relevant to our sector.

2.0 STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FOooD SECTOR

2.1 What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food sector,
either in products or in the food production process?

2.2 We believe the benefits could be in improving the composition and packaging of existing foods. In terms
of food, the main application we foresee is the ability to improve the efficiency of an ingredient in terms of
reducing its usage but retaining its quality. For example, manipulating salt crystals at a nano level could have
a huge impact in reducing salt consumption but retaining the taste customers expect. Re-formulation on this
basis, to improve the nutritional composition of a product without compromising the taste could play its part
in improving the nutritional value of processed foods. In terms of packaging, there could be benefits through
lengthening the shelf life of food, reducing the amount of packaging and improving its potential for recycling.

2.3 What is the current state of the market for, and the use of, food products, and food production processes involving
nanotechnologies, either abroad or in the UK?

2.4 This depends to a certain extent as to the definition of a nano food process as we understand this could
extend to products such as traditional cheeses. In our opinion the definition of nano food should take account
of whether it is engineered or naturally occurring, whether it is soluble, its size and change in properties. This
raises the issue of whether manipulating existing ingredients such as salt at a nano level is something that would
be counted as new technology or simply the better application of a known product. There could be a market
for these types of products as consumers may see it as re-formulation but retaining the taste they want. In terms
of more innovative, new products developed from scratch, our market is conservative and consumers will
weigh up the benefit to them.

2.5 What are the barriers to the development of new nano-products or processes in the food sector?

2.6 All retailers are led by consumer demand, which means consumers need to see tangible benefits, which
could cover a number of factors including nutrition, sustainable development or innovation. As consumer
knowledge is currently low they would need to recognise such benefits over existing products and for this to
be sufficient to overcome concerns they might have. We know, from the GM debate that consumers could not
see a benefit in GM food for them and became concerned about the perceived health and environmental risks
due to the messages they received at the time. This demonstrates the need for Government to explain to
consumers the benefits, give clear direction on risk and also the key role the media have in reporting new and
emerging science in a factual and balanced way.

3.0 HEALTH AND SAFETY

3.1 Can current risk assessment frameworks within the food sector adequately assess the risks of exposure to
nanotechnologies and nanomaterials for consumers? If not, what amendments are necessary?

3.2 We believe there does need to be a distinction in terms of food safety between completely new food
ingredients which are produced from scratch and existing ingredients which are engineered at a nano size that
retains their properties but enables them to be used more efficiently. We also believe risk assessment needs to
account for where nanotechnology is used, drawing a distinction between packaging and food. We responded
to the FSA consultation in 2008 on novel foods to suggest more detail was required on the definition of novel
foods and if that covered nanotechnology. We are clear, however, that we support a robust and transparent
regulatory framework.

4.0 REGULATORY FRAMEWORK

4.1 Is the regulatory framework for nanotechnologies and nanomaterials fit for purpose? How well are imported food
products containing nanotechnologies and nanomaterials regulated?

4.2 We believe this would be improved by clarifying the definitions in the novel food regulations to make it
clearer if it applied to nanotechnology.
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4.3 How effective is voluntary self-regulation either in the UK or EU or at an international level? What is the take
up by companies working in the food sector?

4.4 In general terms self-regulation works well in the UK food sector, for example, the industry has made good
progress on nutrition, removing artificial transfats and colours, reformulating products to reduce the amount
of salt and saturated fat, and supporting public health campaigns to encourage customers to eat healthily.

5.0 PuBLic ENGAGEMENT AND CONSUMER INFORMATION

5.1 What 1is the current level of public awareness of nanotechnologies, and the issues surrounding the use of
nanotechnologies and nanomaterials in the food sector? What is the public perception of the use of such technologies and
materials?

5.2 Our belief is there is a very low awareness of nanotechnology generally amongst consumers. In some non-
food products there is an understanding that nanotechnology is used positively, improving quality, for example
miniaturising components in electronic equipment. Our members have confirmed from that their customer
care lines do not receive queries about nanotechnology and our belief is that customers do not believe it is
currently used in food. In terms of the public perception, there is a positive approach to some of the non food
applications but we are cautious about their perception of its use in food. Consumer demand for GM has never
recovered from the damaging media reaction in the late 1990’s and we believe they remain cautious about other
products that use new technology.

5.3 How effective have the Government, industry and other stakeholders been in engaging and informing the public on
these issues? How can the public best be engaged in future?

5.4 To date engagement with the public has been limited. We would be happy to contribute to a Government
led engagement which aims to raise awareness and discuss the issues in a pragmatic fashion. The Government
needs to be at the heart of discussions to ensure these are based on science and fact and not dominated by
speculation and individual opinions.

5.5 What lessons can be learned from public engagement activities that have taken place during the development of
other new technologies?

5.6 We need to bear in mind the lessons that should be learnt when GM food was trialled in the 1990’s. We
must ensure that an authority, FSA in our opinion, is available to provide the facts from a consumer
perspective. FSA action should include proactive engagement with stakeholder groups, including consumers
and the media, to ensure current issues are understood and uncertainties answered. Ultimately the
introduction of nanotechnology to food products will only succeed if consumers can see a benefit for
themselves, something that was never clearly demonstrated with GM food.

5.7 Should consumers be provided with information on the use of nanotechnologies and nanomaterials in food products?

5.8 The key issue is whether consumers understand the use of nanotechnology and the issues around them,
which will rely on education. Information is only effective where it helps consumers make an informed choice.
Without the knowledge to make informed decisions there is a danger that labelling will mislead consumers.

12 March 2009

Memorandum by Dr George Kellie, KellieSolutions Ltd
HOUSE OF LORDS PRESENTATION

BACKGROUND

Dr George Kellie is chairman of KellieSolutions™, a leading UK marketing and technology company. Dr
Kellie’s businesses have been in existence for nearly 20 years and have a strong reputation and expertise in
plastics, packaging, and sustainability strategies. KellieSolutions™ has been focused on the detailed analysis
and evaluation of advanced new technologies in packaging, paper and plastics films on a world-wide basis.
This has included shelf life extension solutions.
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In the field of sustainable materials, KellieSolutions™ has also been particularly active, working on advanced
materials in packaging, film, sheet and fibre form. Dr Kellie is actively involved in generating new sustainable
solutions across a broad range of applications for major international clients.

In recent months George Kellie has published a series of articles on practical business actions in the recession
and as a contribution to the recovery is offering a free consultancy service to struggling UK businesses.

NANOTECHNOLOGY AND ITS PLACE IN THE PACKAGING MARKET

From a KellieSolutions perspective, nanotechnology fits in to a group of processes and techniques designed
to meet a complex range of requirements. These range from extended shelf life through to easy to recycle, etc.
In general, we view nanotechnology in a much broader category of micromaterial addition. Whether these are
actually in nanometres or just in very low addition levels largely does not matter. What does matter is the
ability to create products which can meet a complex series of challenges.

TRENDS AND OPPORTUNITIES IN ADVANCED PACKAGING MATERIALS

Summary. Packaging developments in the coming years need to focus on an interlocking series of objectives.
These include aspirations such as lightweight, easy to recycle, low CO2/greenhouse gas impact and, of course,
low cost. Overriding all of this is product safety.

At the heart of this work is the need to extend packed food shelf life and dramatically reduce food waste. These
are beneficial outcomes that apply to society in general and not just to the commercial enterprises involved in
the industry. However in order to gain mass market acceptance these new packaging formats have to be cost
effective and safe. Three of the major trends are in techniques for extending shelf life, time/temperature
Indicators, and nanotechnology. These threads are interdependent.

Shelf Life Extenders. In the area of advanced technology for extending shelf life, we can already see the
development of materials which offer shelf life improvement through atmospheric modification. These can be
modified atmosphere (MAP) packs (these are very well known) and more recently the use of moisture, oxygen,
ethylene, and CO» sachet-type absorbers. All of those play a part in extending shelf life depending on the food
degradation/barrier requirements.

Time Temperature Indicators (TTIs) and related devices are also interesting. KellieSolutions have done a
considerable amount of work with a number of these products. While they attract consumer interest, at this
time their costs are often prohibitively high and at times it is difficult to easily verify whether they really provide
more information than the simple “use-by” date. A much more important area where TTIs can have impact
is to look at monitoring and management of the Chill Chain. The Chill Chain process is one of the key
controllers of the quality of food that arrives in the store. The more we know about the Chill Chain, the more
we know the history of how packs have been stored and distributed. By measuring and monitoring pack
history we reduce food degradation risks and improve process efficiency. This is the area where we believe there
are greatest gains to be made. In addition, the cost of TTIs becomes insignificant when they are monitoring a
transit pack or pallet with multiple packs compared to the cost when they are applied to individual packs.

NANOTECHNOLOGY

Nanotechnology involves advanced materials dimensioned at or near atomic scale. A nanometer is one
billionth of a meter. At this nano level the characteristics and performance of materials can radically change
often providing unique properties and benefits previously impossible to achieve. In our work we talk more
about “micro” and “miniature” rather than nano. These micro additives are still materials used at low levels
but not strictly nano. For example this allows us to create new generation vacuum micro-deposited materials
for clear barrier films. The opportunities are exciting. In the future nanocomposites may be able to modify
packaging films to increase gas barrier, enhance strength, and improve temperature resistance. Not
surprisingly nanotechnology has not yet achieved its much-hyped potential which has run well ahead of reality.
Also before nanotechnology can be fully adapted to direct food-contact packaging applications, the
technology must be evaluated in safety regulatory systems.

Some examples of nanopackaging materials include:

— Nano composites. These can create high barrier layer in films and bottles with minimal extra weight.
These can help to create barrier packs with long shelf life under ambient storage conditions.

— Electrically conductive inks. Potentially these can be used to print radio-frequency identification
(RFID) tags and other on-pack electronics.
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— Nanoclays. These are being incorporated into plastic nanocomposites. Once again gas/moisture
barrier is the main focus.

— Zinc oxide nanoparticles. Such materials are aimed at providing antimicrobial performance.

By using a nano level or just micro level deposition, we can open up a whole new set of markets and
opportunities.

Ultra Clean Materials. A related area is the micro evaluation of surface properties. This is not about
deposition, rather the reverse. The aim of these techniques is to produce ultra pure and ultra clean films.
Measuring “clean” and “pure” is difficult and requires using different techniques including liquid particle
scanning and Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS). This work opens up new
opportunities by focussing on packs that have a minimal impact on the products contained within them. In
simple terms.. “less is more”.

One of the most promising innovations in smart packaging is the use of nanotechnology to develop
antimicrobial packaging. KellieSolutions has recently patented advanced processes to micro-deposit anti-
bacterial additives.

SAFETY

This is a live issue which is being followed by several bodies. The Food and Agriculture Organisation of the
United Nations (FAO) and the World Health Organization (WHO) are starting to look at the issues. In June

2009 they will hold a joint meeting to examine potential food safety risks from nanoparticles.

KellieSolutions™ Ltd
April 2009

Examination of Witnesses

Witnesses: DR MIKE KNowLEs, The Coca-Cola Company, MR ANDREW OPIE, British Retail Consortium, and
DR GEORGE KELLIE, Microflex Technologies Limited, examined.

Q155 Chairman: 1 would like to welcome our three
witnesses this morning, as well as the members of the
public who are sitting behind them, to this third
public hearing in the inquiry into nanotechnologies
and food. I should inform witnesses and members of
the audience that the proceedings are being webcast
as usual and that an information note is available for
members of the public which sets out the declared
interests of the members of this Select Committee.
Before we start on our questions I would like to invite
the three witnesses to introduces themselves and if
you have any comments that you would like to make
as a prelude please feel free to do so, and you will have
another opportunity at the end to make any
additional comments if you wish. Dr Kellie, would
you like to go first?

Dr Kellie: Thank you, my Lord Chairman. My name
is George Kellie. I am Chairman of a very small
specialist company called Kellie Solutions. You will
see the name Microflex Technologies, that is one of
our businesses. We have been around for about 20
years. Our core work is technology-based with a
certain marketing involvement. By sector, packaging
is about half of what we do in terms of technology.
Other related areas are in things like hygiene. Our
customer base is very varied. It goes from, at one end,
the supermarkets and food companies to, at the other
end, basic packaging material companies. Finally,
just to say we invest in our own technology as well as
work we do with customers and we have developed a

significant number of patents and other

developments.

Q156 Chairman: Thank you. Dr Knowles?

Dr Knowles: My Lord Chairman, I am Mike
Knowles. I am here representing the UK Food and
Drink Federation and also the FEuropean
Confederation of Food Industries. I also work as
Vice-President for Global Scientific and Regulatory
Affairs for The Coca-Cola Company. I would like to
make a short statement if I may. We are very pleased
to be here to give evidence to this Committee. I am
sure you have already heard there is a shared
enthusiasm within the food industry to explore the
potential ~ benefits and applications of
nanotechnologies in food production, processing and
packaging. The publicity given to the application of
nanotechnologies in food suggests there are many
current applications on the market, but this is
contrary to our understanding and knowledge of the
situation. We believe there is a need for a full safety
evaluation before any product from a
nanotechnology should be commercialised. We are
bound by the current legal frameworks within the
European Union and, of course, we exercise due
diligence to ensure our members comply with that
European framework. We are working actively to
prepare the ground for potential applications
through transparency and engagement with
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appropriate organisations, including the Food
Standards Agency and European institutions. We
believe it is extremely important to build trust
throughout the supply chain and, of course, with the
final consumer. Thank you.

Q157 Chairman: Thank you. Mr Opie?

Mr Opie: My name is Andrew Opie. I am the Food
Policy Director at the British Retail Consortium. We
are the trade association that represents retailers who
account for approximately 80 per cent of grocery
sales in the UK. We welcome the chance to give oral
evidence today. The timing of the Committee’s
inquiry is very apt because we are just starting to get
to the stage where customers are getting curious
about nano in food, but what we would welcome is
more discussion around the demystifying of some of
the terms that have been bandied around nano so
consumers can understand more both about the
benefits and potential issues around nanotechnology
as well.

Q158 Chairman: Thank you all very much. Perhaps
I could kick off with a general question. Dr Knowles,
we have heard that the food manufacturers as
represented by the FDF are enthusiastic to explore
the potential benefits of nanotechnologies and
nanomaterials. I also note in Dr Kellie’s written
evidence he says: “Not surprisingly, nanotechnology
has not yet achieved its much hyped potential which
has run well ahead of reality”. I wonder if, between
you, you could give us a feeling for where you think
that these potential benefits lie that you are keen to
explore.

Dr Knowles: My Lord Chairman, I think the
advances in packaging are the ones which are most
advanced in terms of real applications and, in fact,
the European Food Safety Authority has reviewed
two of these recently and given its endorsement to
their use but that, of course, is subject to the
Commission and the Council giving their final
approval. There are the potential benefits for barriers
to protect against oxygen ingress or gas escaping
through the walls of plastic materials, antibacterials,
which you know are on the market already in the UK
in plastic containers, nanosilver, and also, looking a
little further forward, sensors in the packaging which
may detect deterioration in quality or even the
presence of pathogenic micro organisms. In terms of
the direct addition to food there are many, and I
know you have received a host of examples of the
potential direct applications, for example the nano-
encapsulation of vitamins, nutrients, some additives
and what we call functional ingredients to protect
them during manufacturing and storage of the food,
but also to enhance their functionality in the body. It
is somewhat analogous to the medical application
where you can improve targeted delivery of some

ingredients through protection by the application of
certain nano-encapsulation processes. In addition,
the carriage, if you like, of certain functional
ingredients to their target organs within the body, as
in medicines, we believe can be enhanced in the future
by appropriate nano-coatings or nano-carriers. |
know there are already examples on the market of
certain supplements which are nano-encapsulated to
enhance their properties in this way. There are
benefits in cleaning operations; surfaces can be
coated with various nano-coatings. Some call it the
Lotus effect as in the Lotus leaf where the water falls
off in discrete droplets rather than getting into the
leaf. This would reduce the use of water for cleaning
and has benefits in terms of protecting against
contamination by films being built up on food
processing machinery surfaces. Of course, in
filtration, nano-sieves, there are applications that are
quite advanced in the purification of water through
nanofiltration. We have ultra-filtration now and we
have nanofiltration coming along which we have
been looking at as a company, as a member of the
International Water Association, for developing
countries. It is a very effective way of cleaning water.
Those are just a few of them, my Lord.

Q159 Chairman: Thank you very much indeed. I do
not know whether Dr Kellie or Mr Opie would like
to add anything to that.

Dr Kellie: First of all to say that what we have just
heard fits in very much with some of what I have put
in my own paper. When I look at the work that we are
engaged in, which is very much packaging, we do not
get involved in food directly, we see the opportunities
that nano offers as being very exciting because they
also interlock with another major theme that we are
involved in which is in terms of sustainability and
packaging waste. I do not want to divert the
Committee into another whole subject, but
packaging waste is an equally critical area. The
ability to take, for example, plastic films much used in
packaging and make them thinner, make them lighter
and yet retain their strength, and therefore by doing
that significantly reduce the weight of material that
we use in packaging, and almost all the UK’s major
retailers are signed up to packaging weight reduction,
is of great benefit because ultimately as we make these
materials thinner, and you can recognise it from your
own experience, it becomes harder to deal with the
strength properties. The second thing is barrier. We
have talked a bit about barrier. Barrier is the critical
element in terms of shelf-life, and I am sure you are
all very well aware of that. We look at barrier in terms
of moisture, in terms of oxygen, and in terms of COx.
It depends what you are packaging in terms of what
you want to exclude from the pack. This is incredibly
important for two reasons. One, it goes without
saying that every step that we can take that reduces
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food waste in a global sense is a positive move for us
to make. The second thing is it offers us the potential
to pack products and retain their shelf-life under
ambient conditions. In other words, we do not have
to expend energy to retain the product under frozen
or chilled conditions. There are some terrific gains if
nano can deliver but there is a lot of work to be done.
There are great gains that we think are enormously
beneficial.

Mr Opie: The only thing I would add to that is we do
see there is quite a big role for nanotechnology
potentially to answer some of the public policy issues
we are facing. We have already spoken quite a lot
about food waste packaging and those sorts of issues
at the moment where retailers and manufacturers are
under pressure, quite rightly, from Government and
from their consumers to deliver on these issues. The
other area that we are quite interested in is some of
the areas around reformulation of food. Can we
deliver the same benefits to consumers in terms of
taste and texture, for example, but cutting out some
of the issues such as some saturated fats in products.
What we have found in some areas of reformulation
is that it is difficult always to take consumers with you
if they do not get the same taste or texture from the
food that they would usually expect to see in the food
they are routinely buying and, therefore, some of the
measures to cut some of the worst nutrients out of our
diet would be improved if we could deliver the same
taste, texture and product to consumers but help
them by taking some of the saturated fat out of the
product, for example. We see there could be potential
in this in terms of taking customers with us in an
easier way to meet some of the targets in nutrition
and health.

Q160 Lord Haskel: 1 wonder whether you could help
us on the matter of definition. I think at the very
beginning we ought to decide what it is that we are
talking about. We wondered how you would define
“nanotechnologies” and “nanomaterials” in the
context of the food sector.

Dr Knowles: My Lord Chairman, if I can start. This
is a difficult question that we have been discussing for
many months. I am going to refer to greater
authorities than I in terms of developing definitions.
The International Standards Organisation—ISO—
has a definition of “nanotechnologies” and I will read
this: “Understanding and control of matter and
processes at the nanoscale typically, but not
exclusively, below 100 nanometres in one or more
dimensions where the onset of size dependent
phenomena usually enables novel applications”.
Then it defines a “nanometre” where one nanometre
is 1,000 millionth of a metre. For “nanomaterials”,
we in the food industry are looking at the emerging
definitions from the Scientific Committee on
Emerging and Newly-Identified Health Risks—

SCENIHR—in Europe who have discussed this
themselves and the definition that they propose, that
we think is reasonable, is as follows: “Nanomaterial
means any intentionally engineered material that has
one or more dimensions of the order of 100
nanometres or less or is composed of discrete
functional parts either internally or at the surface,
many of which have one or more dimensions of the
order of 100 nanometres or less, including structures,
agglomerates or aggregates which may have a size
above the order of 100 nanometres but retain the
properties that are characteristic to the nanoscale.
Properties that are characteristic to the nanoscale
include those related to the large specific surface areas
of the materials considered and special physico-
chemical properties.” The importance for us is to link
both the size and the novel properties that the
materials have. It is not size alone which determines
whether a material is nano. That is how we currently
think of nanomaterials and nanotechnologies.

Dr Kellie: 1 would like to endorse that and say that
we, being practical people, are about producing
practical solutions, we are not theoreticians, we are
not writing academic papers, we are trying to
produce real results. For us, the definition matters far
less than the important issue which is we are dealing
with materials which at a very small level or micro
level or, ultimately, nano level have got exceptional
properties. That is the key. The key for us is that these
materials in extremely small quantities turn out to
have properties which are amazing. For example, we
could put a nanoclay into a plastic nanocomposite
and suddenly obtain significantly greater strength
properties. It is the exceptional properties rather than
the pure definition of nanotechnologies that matters
1.e. the materials do not have to be 100 nanometres or
less. It is the exceptional properties that we are
concerned with because we want results, quite
frankly.

Mr Opie: 1 am not going to disagree with the
definitions here. The one thing I would say is the
thing we discussed at the start; definitions is one issue
in terms of the regulatory framework, which I am
sure is one issue we will look at later, but there is also
the general consumer’s understanding about what is
meant by nano. I talk about that for both potential
benefits and risks. For example, on the non-food side
we have seen a lot of interest in the use of nano—
iPods, sunscreens, those sorts of issues—where
consumers have embraced nano. Whether they have
an understanding of what is meant by “nano”, there
is a risk in some ways that products could be sold as
nano on the basis that they give something extra
when they might not and whether they understand
what is going on. Do they understand, for example,
that there are already nanomaterials out there in food
at the moment, for example in cheeses and various
other products? For us, the definition is obviously
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important in terms of the regulatory framework but
a bigger issue for us is a consumer’s understanding of
what is meant by nano so when they go into a store
they know what to expect.

Q161 Lord Haskel: 1 think you are right. I assume
the public would be concerned about the
nanoparticles that persist in the body. I wonder
whether you think that different types of
nanomaterials should be treated differently for
regulatory purposes? What you have given us is a
definition of particles which are intentionally
manufactured, but do you think we need a definition
for regulatory purposes of nanoparticles which are
specifically for the food industry which persist in
the body?

Dr Knowles: That is a difficult question to answer
because at the moment we do not have any
information about nanoparticles that persist in the
body or persist anywhere. What we are doing to
address part of your question is we are defining
engineered nanomaterials and separating them from
naturally occurring nanomaterials, such as Mr Opie
just alluded to. Of course, we are exposed to
nanomaterials all the time through the food supply.
When we metabolise proteins, carbohydrates, lipids,
they are metabolised at a nanoscale in-vivo, so the
body is well-used to handling, if you like, natural
nanomaterials. Ricotta cheese is the example that is
frequently quoted as having been around an awfully
long time and has micelles and nanoparticles in it,
nano-emulsions, if you like, it is not nanoparticles. I
am sure your concerns are related to the nanosilvers,
nanogold and nanozinc oxides, the inorganic
nanoparticles, and personally at the moment I do not
see any direct applications of those in food. In
supplements that is a different matter, and I do not
represent the supplements industry. I am not ducking
the question. I do feel there are toxicological
questions being asked about those materials. I know
that the Public Health Institute in Bilthoven in the
Netherlands is looking at the pharmacokinetics of
nanogold and nanosilvers as part of their study into
the toxicology and fate of those materials. I do not
see the persistent, if they are persistent, materials as
being something that applies to the food industry per
se but may apply to some of the supplements that are
currently on the market in other countries. I should
add, they are not being manufactured in Europe to
my knowledge. I hope that helps.

Q162 Lord Mitchell: Continuing on the subject of
practicalities, Dr Kellie, you mentioned it first of all
but I want to talk in terms of applications and what
applications of nanotechnologies and nanomaterials
in the food sector are UK companies and overseas
companies currently working on. When you have
answered that I want to ask about what is going to be

happening in the future, so you can think about
that too.

Dr Kellie: First of all, T think clearly there are a
number of significant development programmes
going on in nano at the moment in different areas. I
have alluded to a number of the ones I am
particularly familiar with in terms of lightweight
barrier materials, but there are others which interact
with those which are nano in the packaging sense but
maybe not in the direct sense. For example, one of the
areas we see as having a sizeable impact in time is the
ability to produce printed electronics. You might say
what has that got to do with packaging, but it has got
a lot to do with packaging. The most direct
application is printing so-called RFIDs, that is the
tags, so-called smart tag idea, so that we can print the
electronics on to the pack. That is (a) cost-effective
and (b) by printing electronics we can carry a vast
amount of interrogatable date about the content of
the pack. Much more than a bar-code, an RFID
allows us to carry data first of all about the life of the
pack and, secondly, if necessary, about the
application of the pack. We see that as particularly
important. A secondary stage beyond that that
people are looking at is something we talked about
earlier, which is being able to actually monitor the
status of the pack. If we print electronics, for
example, that would measure the temperature the
pack has been under through the Chill Chain, which
we regard as a very important piece of data to be able
to manage, it tells us more about the lifecycle that the
pack has endured. The range of nano-derived
applications is wide. The number that is coming to
market is still relatively small at the moment. The
amount of work and effort that is going on to develop
these concepts is pretty substantial.

Q163 Lord Mitchell: This tagging you are talking in
terms of, I can understand how it is beneficial to the
manufacturers but how does it help the consumer?

Dr Kellie: Tt benefits the consumer in a number of
ways. First of all, the more data that we know about
the pack, and the products we contain in the pack, the
better. It is more than just when to replenish the stock
in the warechouse, which I accept is one piece of
information, or to tell the retailer how many he has
sold in any one week, which is commercially valuable,
it can carry a lot more data than that. As I explained,
for example, it can carry data about the lifecycle of
the product. As these electronics become more
complex, just to take the example of its progress
through the Chill Chain, printing electronics allows
us to know how long it has been in the Chill Chain
and what the temperature conditions are.
Temperature conditions are absolutely critical. It is
critical for chilled products that they remain in this
magic temperature band of 2-4° which is the typical
temperature range. If for any reason it goes outside
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that, potentially food can go off. That benefits the
consumer absolutely directly because the more we
know about the pack and the more we reduce the risk
of exposure to food that has gone off for any reason
the better for the consumer. That data will definitely
benefit the consumer if we can apply it in that way.

Q164 Lord Mitchell: 1 know in your marketplace at
the moment forecasting what is going to happen in a
month’s time is probably difficult, but how do you see
developments in the next five or ten years? Where do
you expect them to come from?

Dr Kellie: First of all, over the next five years I expect
it to be an explosive period of development. If I look
at the amount of research that is going on, the
number of specific applications that you can see that
are in early stage development at this point, that is
significant. The amount of finance that is going
behind that is also significant. The $64 million
question is what is going to come first and fastest. I
have outlined some of the areas that we think are
going to come first and fastest, in other words lighter/
thinner materials is one that is going to come
relatively quickly. Barrier is going to come at some
pace as well. The controlling factor probably will be
more about the regulatory issue, which is what you as
a Committee are addressing, and that is critically
important because if we do not put safety first it does
not matter how wonderful our technology is, safety
has to be paramount throughout the process. In my
opinion, that will be the controlling factor. The
developments that are going to come most rapidly
will be those that ensure the nanomaterial is buried
within the layers of the product and the pack rather
than directly in food contact. Once we get into direct
food contact the regulatory demands and the safety
demands, rightly, are higher. My anticipation is over
the next three years, far less the next five years, you
are going to see a significant number of developments
coming to market and coming forward as well for
regulatory testing.

Q165 Chairman: Thank you. Would you like to add
anything to that?

Dr Knowles: If I move to the direct applications, of
which there are very few at the moment in terms of
development, and what individual companies are
doing then I guess you would have to ask them. It is
a very competitive market in the food industry, as you
know, and if the major companies are working this
area, and some are of course, in the direct
applications, as Mr Opie mentioned one of the
technologies which is quite near to market now is the
changing of the texture of the foods, the new mixers,
special types of food machinery. I am not a food
technologist but they are capable of producing nano-
emulsions to change the texture, reduce the use of
certain macro-ingredients, such as saturated fats or

other fats, and retain the organoleptic properties. In
addition, there are extensions of that application to
change the way in which the materials are
metabolised. It may increase satiety by using some
nano-emulsified materials. More along the lines I
mentioned earlier is the nano-encapsulation of
certain nutrients to improve the bioavailability as
well as protect them against oxidation or other
degradation processes, and that is quite an exciting
area. It is paralleling the developments in medicine
where, knowing what the target organs are, one can
improve the specificity by appropriate manipulation
with  nano-encapsulation. Again, there are
opportunities there for maybe delaying digestion and
improving satiety, which we are all looking for. We
are all competing for the same diet. Certainly
nowadays we are told to reduce the amount that we
are consuming, so we are all competing for a smaller
market, so to speak, and we are looking for ways in
which we can improve the health properties of foods.
Nanotechnology does offer opportunities there. I
only know of one major project that is going on in the
US with the Food and Drug Administration, the
Institute of Food Technology and the International
Life Sciences Institute, of which I happen to be the
President globally, and the Grocery Manufacturers
Association. The European food industry is involved
peripherally in that. They are looking at all of the
potential applications, doing a major review of the
literature, which is the first phase, and then looking
at potential applications at different periods of time.
Then they will look at all of the toxicological data,
which is the next phase, and draw from that the
published papers which will put in context what they
think will be the sequence of applications of
nanotechnology following appropriate safety
evaluation. I am sure we are going to discuss safety
evaluation later. It is all predicated on appropriate
safety evaluation before we can use any direct
applications.

Q166 Chairman: When is that review due to be
completed?

Dr Knowles: The first phase certainly by the end of the
summer, maybe September/October, and then we will
move on to the later phases. We are also looking at
the development of what is called the Woodrow
Wilson project on nanopackaging last year, as an
example for an exercise on hypothetical additions to
hypothetical foods. There will be a series of case
studies looking at how they would be evaluated by
the regulators both in terms of the chemistry and the
technology as well as the toxicology. It is not a good
time to go asking for a lot of money from our bosses
in the food industry—it is never a good time to do
that but this is a particularly bad time, as you are well
aware—but we are asking for funds to try to get this
series of case studies up and running to give, as the
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packaging study did, some real examples that we can
use not only in terms of educating the public as to the
benefits of nanotechnology, which is extremely
important, but identifying any gaps that we need to
identify for a safety evaluation.

Q167 Lord Methuen: 1 think we all know that trace
elements, such as beryllium, copper and selenium,
are also necessary in our diet. Does nanotechnology
offer the capability of controlling the levels of this
or is this already handled by current technology?
Dr Knowles: My Lord Chairman, the addition of
selenium and other trace minerals is handled by
current technology. We do not usually add selenium
to food as such, it has a very small safety threshold
between what is required nutritionally and what is
unsafe only by a factor of three, so certainly in the
major companies it is not an element that we add.
There are issues around different parts of the world
where local selenium levels are high so we do not
want to exacerbate those issues. I am not sure if
there are nanoparticulate selenium compounds or
nano-encapsulated compounds in the supplements
industry which are being marketed. Nano zinc
oxide, nanosilver, nanogold, nano selenium, nano
copper, many minerals are being looked at from a
supplements point of view. I do not know anything
about the beneficial properties of those materials but
they are available.

Q168 Lord Methuen: With regard to research and
development, where does the UK stand? Are we at
the cutting edge or are other countries ahead of us?
Dr Kellie: My Lord Chairman, first of all I am
aware of one or two developments in the UK. For
example, Hallam University is doing a programme
under the SustainPack Development Programme
which is about adding or using nanotechnologies in
packaging. I talk most of the time as if all the
packaging developments were plastic, and, while it
is easier to add nano to plastic materials, paper and
paperboard are a very significant part of the
packaging regime and, indeed, attractive materials
to the public. The problem normally with paper and
board-based packaging is that it does not carry very
good barrier properties, you have to coat it or do
something to it, so the potential to use
nanotechnology there is being explored and, as I say,
I am aware Hallam has an active programme in that
area. Outside that I am not so well aware. I suspect,
but I do not know for definite, that there is more
taking place outside the UK than inside the UK at
the moment.

Q169 Lord Methuen: We have information that
Japan and Brazil, for instance, are doing quite a lot
in this area.

Dr Kellie: Again, my Lord Chairman, this is exactly
the type of technology which Japanese packaging
companies are exceptionally good at. If you look at
their history they have been extremely good at
developing lightweight advanced barrier packaging
and this is a natural fit to what they have done, so
what you tell me would not be a surprise.

Dr Knowles: May 1 add something which may be
helpful. The European Union claims to be the
biggest supporter of nanotechnology research in the
world, certainly it has allocated several hundred
million this year in the Framework 7 programmes
for nanotechnology and last year it committed, I
think, €1.4 billion to this and overall €3 billion has
been committed to nanotech research. The UK is
part of that. I must say, I see far more activity in
Holland as a single country in nanotechnology than
anywhere else. I live in Brussels so I am not too far
from the centres around Wageningen University, the
TNO, NIZO, which is another research association
there, doing a huge amount of work. At a meeting
I was at in the States last year the Dutch
Government had a stand itself rather paralleling
Silicon Valley for electronics to their 50 kilometre
valley—not quite a valley in Holland—their stretch
of the countryside where all these organisations are
situated. They are very well supported both
nationally by their own research funds as well as
being very good at obtaining the EU funds for this
work. There is a project on safety in nanomaterials
being formulated, again led by the Dutch, but it
does include universities in the UK and ILSI,
International Life Sciences Institute. There are
projects which the EU has funded, I believe, in the
UK on the applications of nanotechnologies. In
terms of the health research, and maybe we will
come to this later, in Ken Donaldson’s laboratory
at the University of Edinburgh, the UK has one of
the leading laboratories in the health-related effects
of inhalation of nanoparticulate matter, particularly
from diesels and also the rigid engineered
nanomaterials, such as carbon nano-tubes. That is
a world class organisation. The Institute of
Occupational Medicine, also in Edinburgh, is doing
a great job in now pulling together all of the research
that is ongoing on health-related aspects of
nanotechnology. That is a world class centre. In
terms of the health side we are doing very well; on
the application side, perhaps not as well as some of
the others.

Q170 Lord Crickhowell: On that last point, we have
got a paper in front of us from the Department for
Innovation, Universities and Skills trying to set out
what is going on. What seems to be clear is that
there is much more going on about the lung and
inhalation than there is about the gut at the present
time. All the evidence we have received so far
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suggests that there is very little yet about the long-
term effects on the gut and there is quite a lot going
on about inhalation. There are quite a lot of
suggestions, of course, that nature has been coping
very well with nanoparticles for a very long time,
but clearly if there is going to be a regulatory
framework there does need to be substantial
research into the toxic effects, if any, of the long-
term consequences of absorption. Would it not be
rather important for the industry, even if the
Government has not yet directed its funding much
in this direction, to ensure that it takes place and
surely it is in the interests of the industry to develop
research work in this field. We have heard all about
the benefits. We do not want to discover rather too
late in the day that there are rather nasty
consequences because nothing could be more
disastrous for the industry than for the thing to blow
up in its face.

Dr Knowles: My Lord Chairman, on your last point
we cannot put them on the market until there has
been a safety evaluation under the legal regimes for
the food industry in Europe. You are absolutely
right, most research has been, and continues to be,
on inhalation, partly because there are concerns
about the impact of particulate matter in the
environment and partly because of worker safety.
The chemical industry, who is the primary supplier
of nanomaterials, and the food industry does not
make nanomaterials, it works with its suppliers and
they are the chemical industry, the big chemical
companies, they are concerned about the
manufacture of these materials for whatever
purposes, food or primarily for other applications.
Their major exposure is through inhalation and that
is why I think most of the work is there. Plus, it is
easier from an analytical point of view to work with
particles which are airborne. There is a dearth of
analytical methods which would allow us to measure
those same particles in a food matrix or any
biological matrix. Until we have that methodology
development and, again, the Central Science
Laboratory and the University of York have
produced an extremely good overview of the
difficulties of the analytical challenges in
nanoparticulate analyses in biological matrices, it is
very difficult to put the toxicology in place because
you do not know how to measure what you are
giving to animals, if you are using animals. That is
one of the reasons why there is so little research in
the area of ingestion. I do agree 100 per cent with
you that it has to be funded by both the industry
and the Government, and the industry is funding
that. I mentioned the International Life Sciences
Institute and that is an organisation that is global,
supported by the food industry, the chemical
industry and the pharma industry, through over 400
companies. We are paying collectively for the

research they are doing, but they are not doing the
basic research, they are trying to develop through
consensus meetings the areas of research others
should have been funding. The member companies
in the chemical or pharma area would then be
expected to do the appropriate toxicological
research on their materials. Where we are lacking
guidance, and the European Food Safety Authority
has issued its opinion on what types of tests should
be undertaken to identify hazards, is the type of test
that one would carry out to identify hazards from
a material which is derived from a nanotechnology
in a food because once it is in the food, then because
they are reactive materials the food itself, I am sure,
is going to coat the surface of these materials and
then how do you measure what is being absorbed.
In the classical drug context, the absorption,
distribution, metabolism and excretion of materials
needs to be measured and until we have the tools to
measure them it is very difficult to do that
toxicology, which is why I believe it will be some
years before the food industry will be looking at
direct applications. I am sure we do make less than
we ought to be making in terms of contributions to
the basic science from the toxicological point of view
from the industry in total, but I do not know,
because I am not in the chemical industry, what
work they are actually funding themselves or doing
themselves in fact.

Q171 Lord Crickhowell: You have talked about the
desirability and necessity for proper hazard
assessment but the departmental paper I was
quoting from says: “Globally there is insufficient
evidence to be able to say that any of the health,
safety and environmental research objectives have
been completed, thus full risk assessments of any
nanomaterial are not possible at present”. In a
sense, | think that summarises what you have just
been saying, that it is going to take a very long time,
which suggests that probably it will not be possible
for a number of the areas that may be desirable to
be really entered into the market until that research
has been done. Is that right?

Dr Knowles: As a generalisation I think that is right.
There are potential applications where one is using,
for example, natural materials to nano-encapsulate
some materials and there it is rather easier to do the
appropriate toxicology and look at the normal
digestion processes to see whether, in fact, they are
completely digested within the gut and absorbed in
the normal way or, if they are absorbed in a
nanoparticulate form, are they metabolised rapidly
once they are in the systemic system via the
conventional processes. There are areas where there
has been more progress in safety evaluation than
others, but it is a difficult, challenging and
exciting area.
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Q172 Lord May of Oxford: That is all very
interesting, but going back to the essence of this
question, which was is the UK in the lead, in the
middle of the pack or a laggard in applications, I
understood the answer to be broadly it is a laggard.
That was what I heard you say. I would ask why do
you think this is? Is it simply the familiar
phenomenon which is a rather peculiar thing
whereby the current Government is very keen to get
people from the world of business to tell universities
which are among the best in Europe how to run
themselves, whereas business itself is notable for
being rather poor in picking up things that are done
here or elsewhere? What would you say in response to
that? Did I not hear the reason to the original
question correctly? If I did, why is it so?

Dr Knowles: 1 would not use the term “laggard”. 1
think it is investing perhaps less than other countries
because the basic industries which are generating
those materials are not in the UK. The heavy
chemicals, which is the BASFs, et cetera, of this
world are not in the UK and they are the major
producers of the materials and are close to the centres
where the research is being undertaken in Holland
and Germany and so on. The Commission is also
seen as the primary source of funding in this area and
what we really need because of the enormity of the
challenges is a co-ordinated research approach. The
European Union has a system called CORDIS which
is trying to do that, trying to fund work across the
appropriate centres in the European Union to
address all of the questions, which are many, related
to nanotechnologies. I think the UK on the health
side and inhalation, as we have mentioned, is
certainly in the vanguard. In the applications, I am
not sure how much work is being funded by industry
here. As I have said, it is far greater in the
manufacturing companies. It is related to where the
actual development work is taking place rather than
where the centres of expertise may be, and I am sure
there are opportunities in the UK which are not being
exploited in that area. I should say, my Lord
Chairman, that I have lived outside the UK for
almost 18 years now, I have lived in Brussels all that
time, so I tend to be more familiar with what is going
on in continental Europe rather than now in the UK
research establishments.

Dr Kellie: Maybe I can add to this without turning it
into a table-thumping exercise. First of all, the
comment that we are a laggard might be too harsh,
but we are certainly not in the vanguard, that is
absolutely clear. Why are we not in the vanguard,
because we have allowed our manufacturing
industries to decline and you are seeing simply the
basic decline of UK manufacturing as a proportion
of GDP. I have given that lecture for the last ten years
and every time I do the proportion of GDP that is
manufacturing goes down. I am an absolute advocate

that the future of this country, particularly coming
out of the recession, will be led by manufacturing
companies. Let me add a more positive spin to that.
There are some super small and medium-sized
companies in this country that are picking up that
challenge. I do not just talk about my own company,
I am aware of a number of small to medium-sized
businesses that recognise by picking up these
technologies they can gain new markets and
significant opportunities, there just are not enough of
them about. There are some great relatively small,
relatively young companies which are on the way, we
just need a lot more of them quite frankly.

Q173 Lord Cunningham of Felling: 1s it the case that
you think the regulatory, research or other obstacles
and challenges that you face are going to be overcome
quickly or do you see some real obstacles which will
slow down the eventual implementation of the use
and sale of food or packaging with nanomaterial
content?

Dr Knowles: The European regulatory system is very
comprehensive, as it should be, in terms of the control
of the use of these materials. As we have discussed,
until the safety evaluation procedures are developed,
agreed and accepted by all interested parties, all
stakeholders, that is going to be a barrier to the
introduction of nanomaterials in food. In packaging
it is a little easier because if you have barrier
properties between the nanomaterial and the food
and can demonstrate by analysis there is no
migration into the food, from the public health point
of view that application is easier and is already taking
place. There is, of course, the environmental impact
which is being looked at; what the effect is of these
materials in the environment when the packaging is
discarded. That is another series of research topics
which are being undertaken right now. As far as the
regulatory barriers in other countries, the US’s is
similar to ours, and by “ours” I mean the European
Union’s. It requires case-by-case evaluation of the
introduction of any nanotechnology derived material
into the food supply, but it has a process for doing it
rather quicker and has stated publicly that it operates
on a case-by-case basis. In Japan, again, it is a much
quicker process for getting materials onto the
market. These are single country regulatory entities,
of course, and as you will know it is easier with a
single country regulatory entity than trying to discuss
with 27. There is an opportunity for industries in
those countries to get their materials evaluated and
onto the market quicker than in Europe, which is not
to say that there is not a great deal of activity within
the European Union regulatory system to improve
the speed—there is. What we are seeing now is the
introduction of what is called the comitology
procedure to expedite approvals, through the
Member States voting within standing committee
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rather than going to the European Parliament for a
number of co-decision procedures which extend the
debates. To summarise, as soon as we have an
appropriate safety evaluation system the current
regulatory process will allow a more rapid
introduction of materials than we have in the current
discussions, but it will never be as rapid as the US and
Japan simply because of the process.

Q174 Lord Cunningham of Felling: 1 think what you
are really saying is the speed or the momentum which
develops for packaging, wrapping, bottling, will be
significantly different from the momentum for
nanomaterials being added to the food chain?

Dr Knowles: Yes.

Q175 Lord Cunningham of Felling: Can 1 ask you
one other question in this regard. Where do you put
public opinion in your ranking of barriers and
obstacles to be overcome?

Dr Knowles: This is a question that has been asked
many times before and what we in the European
Food Industries Confederation, and of course the
FDF is a major participant in that, are doing with
regard to public opinion is holding public meetings
with all of the interested stakeholders. We started
these in mid-September last year where we invited the
NGOs, Friends of the Earth, Greenpeace and any
other NGO that had an interest in this area, the
suppliers, the Commission officials, the Consumers’
Association of Europe, about 50 people to a meeting
which was chaired by the European food industries to
discuss their issues. We had a series of presentations
from officials and from industry. We repeated that at
the end of March this year and we have made a
commitment to continue to have these public
meetings for as long as is necessary to gain the
confidence of the consumer and other stakeholders as
well. The NGOs are an important factor in whether
these are a success. We have learned our lesson from
GM and we are committed to hold these meetings
alongside similar meetings, in which we participate,
that the Commission holds. They have had two what
they call Safety for Success meetings with all public
stakeholders, academics and industry on the
application of nanotechnology. The very name—
Safety for Success—tells you what are the real
barriers to the implementation of nanomaterials. We
are 100 per cent committed. I do not know if you have
seen this, but this is from the Food Safety Authority
of Ireland and is an extremely good little booklet
derived from a large report they produced for the
public on the benefits and explains the functionality
of nanomaterials in food. We support that and we
support any type of leaflet or other form of education
for the public about nanotechnology. We are not in a
position to have direct public contact, but through
the consumer associations we expect this to cascade

out and we will continue to do this as long as is
necessary.

Q176 Baroness O’Neill of Bengarve: Are you
concerned that a mishap in those jurisdictions which
you have described as having more rapid approval
systems might boomerang on the pace at which
public confidence could be built in the European
jurisdictions?

Dr Knowles: As far as the US is concerned, and we are
working very closely and the Commission works very
closely with the FDA, they are implementing the
same rigid safety procedures that Europe implements
as well. Japan, whilst it talks a lot about the use of
nanotechnology there, I do not think actually has
anything on the market so it will also undertake
appropriate safety evaluations in the same way.
Globally, through our various international
organisations that we belong to as the food industry,
and the pharma industry though less so because they
have their own organisation, likewise the chemical
industry, we are ensuring that all the risks associated
with production of nanomaterials, worker safety, as
well as the public health risks from the application of
those materials are understood and discussed in
public fora globally, so we want to bring in the others.
China is also interested in nanotechnology and we are
operating through the International Life Sciences
Institute with China as well. We have 14 branches
outside the US. Europe is the biggest one actually. We
are working together to ensure that does not happen.
It would certainly have dire consequences for the
technologies if it did.

Mr Opie: Can I just answer the previous question
about public opinion that Lord Cunningham raised?

Q177 Chairman: Yes, please do.

Mr Opie: Obviously for us that is the key issue.
Consumer acceptance of any product is going to be
the key thing. We are not scientists ourselves, you will
note I am the only one who is not a doctor on the
panel, we are retailers, and we need to take consumers
with us with any products we put on the shelves
otherwise we would not stay in business. For us, it is
very important that consumers first of all understand
the benefits for them, and that was one of the issues
with GM, I do not think consumers ever really
understood what the benefits were for them in GM.
There may be some clearly defined benefits here. For
example, we know people are looking at maybe being
able to take salt down a nanosize so we use less salt in
the product but give people the same taste. We know
when we have reformulated previously with salts and
sauces, crisps and things like that, it is a difficult thing
to achieve to take consumers with you but it is
something they would see a benefit in for themselves
in reducing their salt consumption. The benefits need
to be explained to consumers. We also need to
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demystify some of the issues around nano as well so
they understand both the benefits and risks to them
and all of those benefits and risks are put in
proportion in a way that they can understand. I think
of an example the Food Standards Agency did. A
couple of years ago it did a survey on the levels of
benzene in fizzy drinks, for example, but in the press
release they put out they put it in proportion by
talking to consumers about the exposure to benzene
from walking down a busy street, for example. That
resonated with consumers because that was
something they understood. We talk about nano and
lots of the safety issues and things like that, but I
think consumers are a long way from that and we
need to find a way where we can explain to them the
benefits, the risks, the safety assessments and the
regulatory frameworks in a way that they can
understand so where there are benefits for them, and
benefits maybe in their diet or lifestyle, they can
accept that and can make a clear choice when coming
into our stores about whether they buy that product
or not.

Q178 Earlof Selborne: 1 would like to go back to the
comparison of the regulatory framework between the
European Union and other members of the OECD,
particularly Japan and the United States. As I
understand it, and perhaps Dr Knowles will correct
me if I have him wrong, he said that fundamentally
Japan and the United States are working to the same
rigid safety procedures as the European Union. Here
in the European Union we are waiting for resolution
as to what would be appropriate safety evaluation
systems. Japan and the United States seem to be
getting on with it. There seems to be less barrier to
innovation than here in the European Union. How
do I reconcile these two observations that we are both
working to the same standards and yet Japan and the
United States are getting on with it?

Dr Knowles: They are. We are getting on with it too.
They do not have products on the market either. They
have systems which are inherently quicker because
they are single country regulatory systems, but,
because they are still waiting for the appropriate
safety evaluation procedures as far as direct
application to food is concerned, they do not have
any products on the market in those countries either.
They are still applying whatever science they have
and, if anyone has made any submissions to them,
they are being refused. I am not aware in those
countries of any nanomaterial directly added to food.
Packaging is a different matter and we have already
had two applications approved through the EFSA
system in Europe, so we are at the same level, if you
like, as the current state of science, the current
knowledge level which is equivalent globally. We are
trying to ensure that it remains equivalent globally.
As we increase our knowledge, we can apply that

through the regulatory system for approvals of
nanomaterials. They will be quicker because they are
single country approval systems and in Europe it is
just an inherently slower process.

Q179 Earl of Selborne: That is the nature of the
problem, is it, that the timescale of the European
Union is more bureaucratic or takes longer, or is it
more thorough because it is adopting harsher
scientific criteria?

Dr Knowles: 1 do not think it is adopting harsher
scientific criteria than the others. I think it is just
slower bureaucratically.

Q180 Chairman: Could I just clarify one thing, Dr
Knowles. You say there are no man-modified
nanoparticles used in food. I am just looking at a
submission we have had from the MRC, which refers
to silicates, luminosilicates and titanium dioxide. It
says that exposure has been for decades as food
additives mainly. Is there some disagreement between
the MRC and yourselves?

Dr Knowles: 1 hope not. I think what they are
referring to is that those materials have a distribution
curve of particle sizes, as you will know. At the
bottom end of the distribution curve, there will be
some particles which fall within the nano size.
Certainly titanium dioxide and silicates are being
made now more towards the nano scale than they
used to be, but they are not being used directly in
food. Titanium dioxide is being used in sunscreens.
There have been discussions in Brussels about those
from the German Bureau of Risk Assessment as to
whether they should be re-evaluated. Where they are
being specifically engineered to have a much higher
proportion of nanomaterials present, it needs to be
evaluated as to whether that means they have
different properties to the macro and micro scale.

Q181 Chairman: Are the silicates in use at the
moment?

Dr Knowles: The silicates are used as free-flow agents.
They help flow. I do not know in respect of food as to
whether they are being used in increased nano
proportions. As far as I understand—and we
discussed this at the end of last year in the Safety for
Success meeting—there is very little, if any, of this
material used in Europe, the silicates material, for
direct food addition. Silicates are produced in situ for
packaging for a barrier material, but again I do not
think that has final approval from the European
Union, although the European Food Safety
Authority has approved that. It is coated inside
bottles in situ for improved barrier properties.

Q182 Baroness O’Neill of Bengarve: The Food
Standards Agency is currently considering
developing a register of nano-derived foods and food
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contact materials. Do you think this would be useful?
How would it work and, if it could work, should it be
voluntary or mandatory?

Dr Kellie: It must be right that in a development area
like this, where we all admit that it is an exciting
product area, we also clearly realise that we do not
know all the answers for the direct food contact
applications, nor indeed the long-term effect. The
more data that is collected and managed the better. I
come back to a previous question on the public
opinion issue. For me, nanotechnology opens some
great opportunities, but we have to carry the public
confidence to get all the benefits we are going to get.
If we do not do that now, we will regret it and end up
with a situation which will act ultimately against the
public interest. The more we can monitor and
manage what is coming onto the market, it seems to
me a better system. Whether it should be voluntary or
regulatory, I will leave to others, but I think it is
important to do this.

Q183 Baroness O’Neill of Bengarve: Do you think it
should be done by the Food Standards Agency or by
another body?

Dr Kellie: They are the natural party here in the UK to
do that.

Dr Knowles: 1 believe Defra tried to operate, and still
does operate, a voluntary register which was not
wholly successful. Given the discussion we have had, it
is not surprising that many materials were not
submitted as being nanomaterials because they are
still very much in development. Assuming that those
involved know what they are supposed to do in terms
of making an application or a notification to the
register for a very early development, which may come
to nothing, at which point do you have to notify
whichever agency is responsible? The French also, by
the way, are thinking along the same lines. Therefore,
itisdifficult to say at this moment in time how it would
be developed and indeed how it would be policed. We
cannot put products on the market until they have
been through a full safety evaluation. As soon as they
have been through that, they are public knowledge
anyway, so l am wondering what the value of a register
would be. I am not opposed to it, I am just still at the
stage of contemplating how one would develop such a
register and what its value would be to the public. If it
does have public benefits when products are
approved, I think that is fine.

Q184 Baroness O’Neill of Bengarve: You think it is
either premature or redundant really?

Dr Knowles: 1 think at this moment in time it is
premature. It may be of course that the Commission
itself will develop such a register after these materials
are approved.

Mr Opie: We would query what the purpose of the
register is if all the products have been through the
regulatory framework, the products are safe for the
market and they are on the market. Why would we
then need a subsequent register on top of that? Any
retailer will give information to any consumer who
wants to know about the products it sells, so that is
openly available. They can approach the retailer
directly and lots of people do. We are not sure, if the
food that is being put on the market satisfies all the
regulations and is safe for the market, what the
purpose of this would be. The second point raised is
what are we defining as nanoproducts here. Are we
talking about ricotta cheese or the traditional
materials, some of the milled products, for example,
which would be down to a nano size? Until we see the
further definitions of what we are describing as nano-
engineered food, I think it is difficult for us to say
exactly what would be on there, but we remain to be
convinced that there is a purpose in having something
above and beyond what is already available through
the regulatory framework.

Q185 Chairman: What we have understood, both
from this conversation today and from previous
witnesses, is that there are a number of products
which, for one reason or another, do not go through
any specific regulation beyond the general
requirement set for food. You picked up the cheese
example. One benefit of having a register would be to
explain to people that they are already eating a lot of
food that contains nanoparticles. They may be
natural, they may be man-made as to the silicates that
we referred to a few minutes ago, but they are out
there. It does not mean to say that they are unsafe, but
they have not been through a specific novel food
regulatory or food additive regulatory process. Would
there not be benefit in explaining to the public more
transparently what was happening?

Mr Opie: I would absolutely support the issue around
communication and education of consumers and
using things like cheeses and various traditional
products, milled products, to explain the process. The
problem with registers is that they can quickly turn
into blacklists, in effect. There is another way to
communicate that to the public without necessarily
needing to use a register. We would absolutely support
the FSA using things like traditional cheeses in a way
to demonstrate to the public that the products they
have been consuming already they may well see as
nanoproducts, but we are yet to be convinced about
the value of a register of itself, not that it could not be
used in communication and education.

Dr Knowles: The very same point was made to me by
the Director General of the Health and Consumer
Protection Directorate in the Commission. We talked
about production not of a register but of this kind of
material to explain from traditional cheese
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manufacturing, as an example, through to the more
modern developments in terms of making
nanoemulsions and nano-encapsulated materials
which are natural, if I can use that word, to help
educate the public as to what these materials actually
are. A listis not going to help educate the public. There
should be some continuum from the very traditional
food-processing which has produced nanomaterials,
such as some of the cheese-making processes, through
to the more modern food-processing techniques
which are still manipulating conventional, traditional
food materials. Then we move on to what we call the
engineered nanomaterials.

Q186 Lord Cunningham of Felling: If the industry or
maybe the Food Standards Agency were to produce a
list of traditional food production processes and
techniques which resulted in saying to the public all of
these things which have gone on for centuries—wine-
making, brewing and cheese-making—all result in
products which contain nanoparticles, is this part of
the education process?

Dr Knowles: Yes, thatis what I was alluding to. I think
it may be helpful. I cannot speak for the Food
Standards Agency of course, but I think that is
certainly one tool in the education of the public which
should not be overlooked.

Dr Kellie: 1 heartily endorse this. Thisis an area where
education done early is going to be very valuable.
What we do not want, in my opinion, is to see a new
technology which has in a broad sense great
advantages suddenly derailed because we have run
into a period of, let us say, misdirected publicity. We
should put what we are doing in context. We should
explain what we are doing. That is the right thing to
do, in my opinion, and putting it in context is the right
way todoit.

Q187 Lord May of Oxford: My question builds on the
discussion we have been having and the remarks Mr
Opie and Dr Kellie have made about the need to bring
people with you as you do this, which involves, on the
one hand, having products that are clear and, on the
other hand, being upfront about what is going on. We
had evidence earlier from somebody who, when asked
the question, ”What are you doing to inform people
about nanoparticles in products?” said, ”We hope
they donotnotice.” That occasioned a certain number
of raised eyebrows. The FDF have said that they are
advocating transparency throughout their supply
chain. Are they doing this? How do they do it? Do the
current regulations facilitate this sort of transparency
in what is coming into the food you then process?

Dr Knowles: It is being done by the FDF and by every
Member State’s equivalent of the FDF from an
initiative in the Confederation of European Food
Industries in Brussels. We have drafted and sent it out
to all members—and there are over a quarter of a

million food producers in the European union, a
dozen rather large companies cascading down to the
single, family organisations—to ensure allunderstand
what the regulatory regime is that controls the use of
nanomaterials should they get approached, as they are
of course, by salesmen from the various producer
companies. They are aware of what questions to ask,
either verbally or in writing. They are given this
template of questions including the law, such as the
novel food regulations, additives, flavours and
packaging regulations that control the use of these
materials in food, given as an annex to this document.
We are making sure that the whole supply chain is
aware. We are working with the Chemical Industries
Association of Europe. They have just set up a new
nano forum of their own which the food industry will
be a member of to ensure we have continuity of
information from the producer through to the user
and then hence to the public. As far as we are
concerned, it does not stop with us, it carries on to the
public, but we have to have the information from our
suppliers.

Q188 Lord May of Oxford: 1 take it that was a yes
from you?
Dr Knowles: Yes.

Q189 Lord May of Oxford: 1If somebody started using
nanomaterials in their products in a novel and
deliberate way, either in food or in packaging, you are
confident that you would know about it?

Mr Opie: Speaking for our members as major
retailers, they would all have approved lists of both
suppliers and ingredient suppliers that they would use
in their specifications for their own-brand products.
They would pick this up definitely and will have an
ongoing dialogue as well with suppliers. It is not as if
either a major or a minor supplier is going to come
with a product directly to a retailer without them
doing due diligence on that product before they then
specify for something that they ultimately sell under
their own brand in their stores.

Q190 Lord May of Oxford: Looking back up the
supply chain, suppose fertilisers or pesticides using
nanotechnologies came onto the market. Would you
be aware if your suppliers were using them? Insofar as
you want to be reassured, would you have any
concerns about things like that if the products
themselves, the pesticides or the fertilisers, had been
approved by government?

Dr Knowles: If the products had been approved, we
would be aware because our suppliers would be
required to divulge to us and the bigger companies the
specifications of their materials. That would apply to
any supplier. We are making every effort we can to
make sure that these smaller companies are aware of
their responsibilities, hence we have given them this
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template for questions that they should be asking of
their suppliers.

Q191 Lord May of Oxford: You are at peace about
this. Are your colleagues also?

Dr Kellie: In packaging terms, I am confident that
there is pretty open declaration. There has to be open
declaration of developments. In almost all the
developments I work on, the composition of the
materials is openly declared and we would not have it
otherwise.

Q192 Chairman: How about from the retail sector?
Mr Opie: Yes.

Q193 Chairman: Can 1 challenge that? From my
experience of the Food Standards Agency, I have
some questions about the reliability of knowledge
about the supply chain. If the system were as robust
as you indicate, how do you end up with these major
issues of contamination that spread throughout the
food chain—for example the famous case of Sudan 1?
As T understand it, the way you check is that you ask
your immediate supplier one up in the supply chain,
”Can you authenticate this product and that it is
what it says on the tin?” If they say yes, that is your
validation. They do exactly the same, but of course it
is like Chinese whispers. If you are only asking the
one person next to you, the message can get degraded
as it goes through the supply chain. In the case of
Sudan 1, it ended up that there was a producer
somewhere in the Far East who was contaminating
the chilli pepper. The importer accepted the
certification that it was not contaminated and all of
the users accepted the certification from the importer.
I am not at all confident that the system is as robust
as you suggest. How do you respond to that?

Dr Knowles: You are quite right. No system is 100 per
cent perfect. You picked out Sudan 1, an example
that went through without being caught. This
happens. There is no such thing as a 100 per cent
guarantee that we will not miss something. In terms
of nanotechnologies, these are highly sophisticated,
way beyond the competence of the kind of suppliers
that are dealing with those materials. They will be
very expensive materials as well, so the likelihood of
that happening in this situation is remote.

Q194 Lord May of Oxford: 1 do not see that as an
answer to the question about pesticides or
fertilisers, frankly.

Dr Knowles: If we are buying materials, we ask all the
way through as a company, right through to buying a
flavour from a flavour house; we ask for the full
composition of individual flavour chemicals which
are in there. Not every company does that, but we do.
Most major companies do the same. The concerns
are the small companies, which is why we are

spending time educating them, but again on
nanotechnology they are very expensive techniques.
The packaging is extremely expensive compared to
conventional and the use of these materials is not
going to be such that the small companies are likely
to pick it up, at least for some considerable time. It
requires a lot of expertise which only the major
companies will have.

Mr Opie: Sudan 1 has certainly improved vigilance
along the chain, if nothing else since then. That
situation has definitely improved since then. There
will always be a problem with adulteration of
product, for example, whether that is deliberate or
inadvertent, as we saw with GM rice a couple of years
ago when we had problems with imports of GM rice,
but what it does show is that, once the chain knows
there is a problem, it can act incredibly quickly by
taking the products out of the chain. Irish pork
dioxins, for example, were a problem before
Christmas. The chain right up to the retailer, as soon
asit knew it had a problem, reacted extremely quickly
to that and took all potential problem products out
of the chain. Whilst there may be a problem with
adulteration on odd occasions, when that is
identified, action is quickly taken to prevent that
reaching the consumer.

Q195 Lord Haskel: 1f we can continue this
discussion about engaging the public, you told us
that you spend a lot of time on presentations to the
public, demystifying the regulations, communication
and education. Presumably, this is done because of
the experience with GM food. You want to avoid the
experience of that. Have you done any work to try
and find out what it is that the public is concerned
about, or are you assuming that the public’s concerns
are similar to those about GM food? Because, if you
want to reassure them just informing them is not
enough, you need to deal with their concerns. Do you
know what their concerns are?

Dr Knowles: The UK Consumers’ Association
Which? has conducted that type of study. They have
asked consumer focus groups about
nanotechnologies and different applications and
presented that last February at a meeting that we
attended. It is clear that they have different concerns
depending on different applications and, when it
comes to food of course, they have the greatest
concerns. Studies have been done also by academic
organisations between European countries and the
US, published in The Public Understanding of Science
last year. There is an interesting difference where the
majority in the US think that nanotechnology is a
positive contribution to the economy and something
to be welcomed, whereas it is the reverse in Europe
where more people do not want to have something
which they perceive as potentially risky and where
they cannot see any benefit. It comes back to
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explaining the relative benefits of the different
applications to the consumer. We are working with
consumers in Europe and we leave it to the European
Consumers’ Association to invite whoever they like
from their organisations, from whichever country.
The discussions have been very interesting to date. In
the UK, we have the Responsible Nano Forum and
the FDF is a member of that organisation. It includes
the consumer group Which? too and we discuss their
concerns and listen to what their concerns are. You
are absolutely right, that, until one knows what their
specific concerns are, one cannot address them. We
are operating this dialogue at every level where we
think it is needed and at every level they tell us it is
needed. We are responding to their requests and we
want to ensure we do not lose what we see as this
potentially very valuable technology in the way that
we “lost” GM in Europe.

Mr Opie: 1 guess for retailers they have all of that and
also that they have the benefit of direct contact daily
with their customers, so they know exactly what
customers think about products and a whole range of
issues which they can capture through their own
surveys and through enquiries to their customer care
line. Interestingly in GM, they do not tend to get
many enquiries until there is a potential issue either in
terms of contamination or in the media. Then they
get a spike of enquiries and it will drop away again
because most consumers assume that British retailers
do not sell GM and, therefore, when they go into a
store, they are quite happy with what is on the
shelves. In a similar way, we have spoken to some of
our members who sell non-food nanoproducts like
sunscreen, for example, and it has been very
interesting to hear from them that they have had very
few enquiries from consumers about the use of those
products. In fact, the enquiries have been all around
the beneficial properties of things like sunscreen, the
fact that you do not have to put quite so much of the
product on your face, as much as queries about the
product itself. I guess retailers are lucky in a way.
They can draw on the research done by people like
the FSA, Which? and others but also they have direct
feedback from their own consumers and they will
take that into account before they put any product on
the shelves.

Q196 Lord Haskel: Do you think the Government
has any role in this?

Mr Opie: 1 spoke earlier about the role of the FSA,
for example, as the independent authority on food, of
the benefits as well as the risks in proportion to other
foods and other issues that we encounter from the
public. Going back to the early days when we used to
have problems with avian flu, for example, the FSA
did an excellent Q and A on the issues about avian flu
and what it means for you in terms of possible
transmission and all these issues. All the retailers

referred their customers to the FSA line and found it
incredibly helpful. It was very well written, very clear
and it satisfied what customers needed to know
because it was written in a language they could
understand and allayed their fears. What we saw
quite quickly after that was a real drop-off in terms of
problems with poultry sales.

Q197 Lord Haskel: You see the FSA as the
Government?

Mr Opie: Yes, for this purpose because the
Government has had problems sometimes around
the presentation of food safety, the creation of Defra
from MAFF, those sorts of issues, therefore, we do
support the FSA and what it does. We feel it has a lot
of trust amongst consumers. By being able to refer
consumers to an independent authority, that helps to
reinforce the messages that retailers can give.

Lord Cunningham of Felling: The whole point of the
FSA was that it was not the Government.

Q198 Lord Mitchell: Clearly, the whole GM saga
was a public relations and communications disaster.
If there were another GM equivalent which
developed today and was about to be launched, do
you feel that your industry is much better placed to be
able to handle the potential objections of the public?
Dr Kellie: What you have seen from all the
conversations to date is the fact that we are proactive.
I speak of my end of the technical chain. We believe
that the whole issue of consumer confidence has to
stand right towards the top of the agenda. We have to
be proactive. What the GM issue taught us, if nothing
else, was that in bringing new technologies to the
market, if we do not bring the consumer with us, it is
all a waste of time. There is a massive amount of more
advanced thinking. These subjects are discussed very
early on.

Dr Knowles: 1 think we are much better equipped. 1
worked through the GM saga as an industry member
of a group that really did not understand
communication with the public. The food industry
did, but it was not the food industry that was running
that; it was the producers. Now that lesson has been
learnt by all the supply chain and I think, as an
example with nanotechnology, we are engaging with
the public even before these materials are starting to
get off the laboratory benches.

Q199 Lord O’Neill of Clackmannan: Yousay thatyou
have learnt the lesson of GM food. What you did was
to pack your bag and run away. That was the lesson
that you learned. If you cannot win an argument the
first time, you do not try and win it the second. I would
ask of the retailers: is your role to lead orisit to follow?
If it is to follow, it sometimes can be inconvenient. If I
go into a supermarket wanting to buy vegetables, my
choice is heavily skewed towards organic food, about
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the value of which I remain to be convinced. As a
Scotsman, I donot find much attraction in terms of the
pricedifferential.  am encouraged by one aspect of the
recession, and that is that the sales of organic food are
declining. Youdo not havea good record in thisarea of
standing up for science and having a go. You say, "Itis
not our problem. It is the producers’,” but you screw
the producers in so many other ways when you want to
get the prices down from wholesale organisations. |
am not convinced of the intellectual strength of the
retailers’ case.

My Opie: We are led by consumers. If consumers do
not want it and do not want to pay for it, there is no
point in a retailer putting it on the shelves. It is
interesting that you raise organics. Organics are still a
very small proportion of the products that a retailer
sells, but they have grown over the years because
consumer demand has driven them and, therefore,
retailers have kept pace with demand and put more
organics on the shelves. The problem with GM is that
consumers could not see a benefit for them so they
rejected the product. The one thing we have not talked
about today, when we talk about public opinion, for
example, is where consumers are getting all of their
food messages from. We have talked a lot about
industry and government but we have not talked
about therole of the media, for example, where a lot of
consumers will get their messages from. It is not
always about science, sometimes it is about
perception. Therefore, if we come back to the role the
FSA or the Government can play, it is in briefing some
of the key informers and also journalists as well as
ourselves, consumer groups, to get the messages
through all the avenues to people. The basic point is
retailers are good if they meet consumer demand. The
ones that do not meet consumer demand go out of
business because we are a very competitive industry
and, therefore, we have to meet what consumers want.
That is why we are very careful about any products
that we put on the shelves.

Dr Kellie: There are some still fighting GM in
packaging because GM has an enormous opportunity
in packaging. We are actively involved in bioplastics
made from potentially GM-derived materials because
they offer enormous, real, positive benefits in, for
example, compostable packaging which is a great
opportunity and indeed possible alternatives to your
plastic cups here on this table. Those are still being
actively pursued.

Lord May of Oxford: Resonating with what Lord
O’Neilljustsaid, Lord Cunningham and [ were both at
the centre of the storm of GM. That was not a
spontaneous event that arose from the general public,
it was a carefully orchestrated campaign by a very
effective NGO. The first time they tried it did not
work. The second time it was spectacularly successful,
and of course the lack of conspicuous beneficial
products to motivate people to engage is the key. The

reason they disappeared is that the retailers just
decided they did not want to bother. Nanotechnology
has had an attempt to do this, if you remember, which
was indeed headed off at the pass by an inquiry that
involved the NGOs. I would not be too complacent,
even with perfect oversight, information and good
products, if one of the NGOs decides that thisisa good
campaign that should be waged, maybe really fighting
an anti-globalisation campaign under this banner.
That was more a statement than a question. The air of
feeling thatitisall okay and we are on top of'it, I think,
is well steered clear of.

Q200 Baroness O’Neill of Bengarve: 1t sounds, I
suppose, very appropriate for the retail sector to say
that we are following what our customers want, but
every time you put out a new product—not a new
product involving high-tech but just a new and
different biscuit—you are leading your customers.
Advertising is used to lead customers. People are
eating things they had not even seen or heard the name
often or 20 years ago, so, frankly, youlead. If youlead,
do you not have to confront both GM and nano in a
slightly different way than following what the
consumer says?

Mr Opie: 1 would definitely agree that we probably
need to think about the way we would even approach
GM, but our statement on GM is quite clear. If
consumer demand changes and consumers demand
GM, we would review the position on GM. The reason
we do not stock GM is because no consumers want it
on the shelves.

Q201 Baroness O’Neill of Bengarve: 1t is definitely a
follower position?
Mpr Opie: Yes.

Q202 Baroness O’Neill of Bengarve: You do not
attempt to lead on this?
Mr Opie: No.

Q203 Chairman: Could I pick up the point about
consumer information? All of you have emphasised
the need to be transparent and explain what is
happening. Do you include in that support for the
notion of labelling food products that have
nanomaterials or use nanotechnologies in their
manufacture? Would you be in favour of labelling?
Mr Opie: We always see labelling as just part of
consumer information and the ability of someone to
make a choice. We would think about that if we
thought that consumers were in a position where they
would be able to use that information to make a
choice. It comes back to my very original point about
maybe demystifying what “nano” means for
consumers, both benefits and potential issues for
them.
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Q204 Chairman: You are not against labelling as one
of the routes to consumer information and consumer
confidence?

Mr Opie: We do not see it as a definitive thing, that we
must have labelling of nanoproducts before we would
put them on the shelves. We would do it if we thought
it was necessary or needed for consumers to make a
choice. For any product that is sold in a retail
establishment, a consumer can always ask the detailsif
they need to know. We put things on labels. The
legislative stuff aside, we do not put information on by
accident, we put it on to help consumers make a
choice. We would need to know that consumers
wanted to be able to make that choice for whatever
reason, either to buy the product or to sell it, in which
case you are into appropriate claims that might be
made around nano and whether they can be justified,
or if it is something that people just want on there so
that they can avoid it, like an allergen mark or
something.

Q205 Chairman: What about the manufacturers?
Would you be in favour of labelling?

Dr Knowles: 1 agree with Mr Opie. It is something that
we are discussing. It needs to be considered in the
context of the discussions we have been talking about
on the benefits of nanotechnology, explaining what
nanotechnology and nanomaterials are so that
consumers can understand whatever goes on the label.
Asfarasmany of these applications are concerned, the
manufacturer is going to be making a claim. These are
expensive technological developments and they are
going to be used for a purpose. That purpose is going
to be put onto the label in some form or another, so
there will be claims related to the use of these
materials, I am sure. How do we label them and what
form does the label take? There is an awful lot of
material on a label already. We know 95 per cent of
consumers never look at it. In some cases, it is just the
colour of the can that is sufficient for them to make a
choice. It is something that we are not discarding. We
are approaching this in the same way that the retailers
are, from the basis that consumers must be aware of
what the materials mean.

Q206 Chairman: 1 take it that you are both hedging
your bets a bit on whether you think labellingisa good
idea? Is that a fair summary, in a sentence? Yes or no?
Mr Opie: Yes.

Q207 Lord Crickhowell: We have talked a good deal
about research and there has been some collaboration
between the industry and government and academia.
What about collaboration on safety testing and risk
assessment between the various parties? There is an
obvious difficulty here. Your companies are spending
very large sums of money on producing and
researching competitive products. There must be a

reluctance to immediately exchange information
which may give you a competitive advantage. Does
that interfere with collaboration on risk assessment
and testing or is there any way round? Specifically, on
intellectual property rights, which are part of the same
story, I would like a comment on how industry
effectively is going to collaborate or is collaborating
with both the researchers in academia and with the
national and international regulatory bodies in
providing the information that is needed.

Dr Knowles: 1t would fall under what we call ‘pre-
competitive research’. The research is going to be done
on the materials themselves or examples of the
materials, a nano-encapsulated material or a nano-
particulate material, rather than the application in the
food. It is at a stage where we are collaborating with
the European Food Safety Authority in the sense that
they are party to an organisation that we have in
Brussels with all the companies there. The suppliers
and the major food companies are members. We are
looking at how one should organise the research that
you are talking about in terms of in vivo ingestion of
these materials as opposed to inhalation. At the same
time, we are working with academia, for example, the
Bilthoven laboratories of the Dutch Public Health
Service, on how to measure these materials in food
matrices as part of that research. It is ongoing. It is a
joint activity which we hope will be translated into a
major, multicentre project with the Commission
funding that project, or at least funding half of it. The
other half will come from the industry, as for all
commissioned research of this nature. Itis not difficult
for us to collaborate. In fact, we are actively
collaborating with each other and with our suppliers
at this stage of the research.

Q208 Lord Crickhowell: All right, there is general
research of that kind, but here you are, you are
researching to produce this material that is going to
consume less fat or whatever it is. You are clearly
doingyour own safety testing because you donot want
to find yourself launching a product you have wasted
all your money and time on and it is rejected. How
inhibited are you at that point in providing
information which is going to be of huge importance
across theindustry in dealing with this sort of product,
when there may be some other competitor who is at
about the same point in their development, also doing
their testing? Is there an inhibition on your sharing the
information that enables effective testing and risk
assessment to take place?

Dr Knowles: Yes. We would not share that with a
competitor, but both would be submitted to the
European Food Safety Authority for the risk
assessment. We would do our own risk assessment
before we submitted it. If we felt it was safe, we would
submititand they would submitit. Itisnot unusual for
EFSA to have similar submissions.
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Q209 Lord Crickhowell: That means that, if a
particular lesson has been learnt about safety, you
may get the thing passed, but the lesson cannot easily
be passed back to other people so that they benefit
from it.

Dr Knowles: Once it goes to EFSA, it becomes public,
so they benefit from that research immediately. The
work that we carry out is published. If it is us and
most other companies, we would be doing it through
an academic organisation and they would publish the
findings. The reports are available for the
Commission. All the toxicology and details are
submitted to the European Food Safety Authority, so
they would be fully cognisant of all of the issues that
have been addressed.

Q210 Lord Crickhowell: Your simple answer is that
you believe commercial confidentiality is not an
inhibition on effective sharing of safety information?
Dr Knowles: At the time when it is commercialised,
no, the safety information is circulated.

Q211 Lord Mitchell: What guidance does industry
need from the Government on health and safety risks
for nanotechnology?

Dr Knowles: 1 suppose it needs the kind of guidance
in more detail that has been given by the European
Food Safety Authority on how to undertake
appropriate hazard identification testing, how to do
exposure assessments and the analysis of these
materials. It is nothing that the Government in itself
can do alone. It needs to work with all of the
stakeholders to provide that guidance. All of the
regulators and the academics need to work together
with the Government to provide that information to
allow the suppliers and manufacturers of
nanomaterials to carry out appropriate safety testing.
That is the major problem that we have at the
moment.

Q212 Chairman: Is it always made clear to you or do
you understand automatically which set of
regulations nanotechnologies might come under? We
have already heard that there is a debate about
whether things would come under the novel food
regulations or other food regulations.

Dr Knowles: The novel food regulations certainly of
course catch probably the majority of
nanotechnology applications, but the food additive
regulations will also catch them and there is an
amendment to those to make it so, the flavouring
regulations catch them, the specifications on purity
catch them and the packaging regulations catch
them. All regulations that control the manufacture
and sale of food are drafted in a way to pick up
advances in technology, whatever those may be; they
are designed to do that.

Q213 Lord Methuen: To put things in perspective,
you have said that we have used nanofoods
essentially for years or ingredients. If you take finely
ground flour, what size would the particles be?

Dr Knowles: Significantly larger than nano, I suspect.
They look small, but nano is extremely small.
Chairman: In drawing the session to a close, [ would
like to thank all three of our witnesses for their
answers to our questions. It has been very
illuminating and interesting for us. If you have any
further points that you would like to make that you
have not been able to express during this session,
please write them down and send them in to the
Committee Clerk. We would very much like to hear
from you if you have additional points you would like
to make. In due course, you will receive a draft of this
evidence session and of course you will have an
opportunity to make any amendments you wish to
make to the evidence. With that, I would like to thank
you all very much and end this session.
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Supplementary letter from the Food and Drink Federation

Thank you for your letter of 1 June addressed to Dr Mike Knowles, with whom I have discussed and agreed
this response, which is sent on his behalf.

To clarify Mike’s statement to the Committee about the use of titanium dioxide (EI71) in food, I can confirm
that it is an authorised food colour permitted for use in all foods, except unprocessed foodstuffs and those
foods in which the use of colours is specifically restricted, according to Directive 94/36/EC,° implemented in
the UK by the Colours in Food Regulations 1995 (as amended).

Titanium dioxide is extracted from natural ores and milled to the desired particle size relative to its intended
use, which is traditionally, as is the case in food, to provide optimum opacity and whiteness. As with any milled
product, particle sizes will vary, and some preparations may include some particles in the nanoscale range, by
which we mean below 100nm. We understand that the MRC are referring to materials of about 200nm as the
average particle size, and with no novel nanoscale properties. The nano-engineered titanium dioxide used in
sunscreens is, as we understand it, deliberately engineered at the low nanoscale, ie below 100nm, to be
transparent. As titanium dioxide no longer imparts opacity and whiteness at the nanoscale, it self-evidently
has no application in food as a white colour.

The recently adopted European Regulation on food additives,” which will eventually supersede Directive 94/
36/EC, includes a clause requiring that any food additive already approved which is prepared by production
methods or using starting materials significantly different from those covered by the existing specifications,
laid down for all approved additives, should be submitted for evaluation by the European Food Safety
Authority (EFSA). The Regulation specifies that: “‘Significantly different’ could mean, inter alia, a change of
the production method from extraction from a plant to production by fermentation using a micro-organism
or a genetic modification of the original micro-organism, a change in starting materials, or a change in particle
size, including the use of nanotechnology.” (Recital 14.) These provisions can be seen as clarifying the
meaning, as far as nanotechnology is concerned, of the current provision in the EC legislation on additives
that requires prior evaluation by EFSA before application of a new production method of food additives.

We are in regular discussion with the associations that are broadly representative of suppliers of food additives,
both in the UK and at EU level. They assure us that their membership is very well aware of the ongoing debate
on nanotechnology, and fully cognisant of their legal obligations, as described above, and committed to abide
by them.

I hope this clarifies the position, but should you have any further questions, please do not hesitate to
contact me.

1 July 2009

¢ European Parliament and Council directive 94/36/EC of 30 June 1994 on colours for use in foodstuffs, Official Journal L 237/13,
10.9.94, 13-29.

7 Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives, Official Journal
L 354, 31.12.2008, 16-33.
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Memorandum by Professor Ken Donaldson, University of Edinburgh

I am a lung particle toxicologists and so I will start of there. Nanoparticles are ubiquitous in the environment
from natural and anthropogenic sources and have been throughout evolutionary time. Combustion-derived
nanoparticles (CDNP; soots) are present in air, and to a greater extent in the last few hundred years than in
previous times, and they are considered to drive a number of adverse effects in the lungs and cardiovascular
system that are well-documented These arise, in the opinion of many experts, primarily from inflammatory
effects in the lungs. There is a hypothesis that there is also translocation of such NP to the blood and the brain
and there is restricted evidence that there is limited translocation, using animal and experimentally-generated
NP. There is no evidence currently that translocation of NP out of the lungs occurs in humans or leads to any
adverse effects, although it is possible, even likley. I personally have come to believe that there is minor
redistribution of very small particles from the lungs. The question is whether this translocation is important
in any adverse effects, compared to the systemic effects caused of the inflammation at the primary site of
deposition in the lungs, acting on other sites like atherosclerotic plaques or even the brain. This remains
unanswered at the moment.

For manufactured NP, effects will depend on exposure and on the intrinsic hazard (eg surface reactivity, fibrous
shape). The majority of bulk-produced NP (silica, alumina, TiO2, carbon black) presently are low toxicity but
there is concern over carbon nanotubes and other high aspect ratio nanoparticles (HARN) because of their
superficial similarity to asbestos. There may be higher hazard NP to which there will be exposure and so there
must be vigilance but this can be foreseen with adequate testing. All-in-all it seems unlikely that there will be
any large-scale pandemic of lung disease from bulk-manufacture NP if sensible hygiene standards are used but
we must be watchful for increasing production of unusual NP like HARN and some metals (Copper, silver,
possibly).

The gut can be considered to have undergone similar evolutionary forces to allow it to deal with nanoparticles
over evolutionary time. The gut will certainly be evolved to deal with natural particles which has always been
present on food and probably only in the last few hundred years will these have been thoroughly removed by
washing prior to preparation/eating. So nanoparticles in soils will be able to be dealt with by the gut. A key
question is whether the gut has evolved to deal with the traffic of CDNP from the lungs that it encounters from
the normal process of mucociliary clearance. This delivers 99.9 per cent of all particles that deposit in the
airspaces to the gut. Its true that the stomach and its acid environment stands a key gatekeeper and that all
particles will be acid-treated prior to entering the gut, but many particle will not be dissolved by the acid in
the stomach and will continue, albeit with surface modification due to acid treatment, to the intestine. One of
these modifications could be to the aggregation status (I don’t know if it would cause more or less aggregation)
and that could be important in subsequent effects on the intestine. The PM 10 epidemiology literature, which
documents in large part the adverse effects of CDNP, since the CDNP is probably the most pathogenic fraction
of the PM cloud, does not pick up an adverse effect on the gut. This may be a result of some quirk of reporting/
death certificates etc but, taken at face value, it does suggest that the delivery of CDNP to the gut from the
lung does not have an adverse effect on the gut.

The question is whether any manufactured NP might have such an effect. The ante is greatly increased when
the NP are added to food purposely. All toxicity is dose-related and so the likelihood of an adverse effect
increases with dose and so adding NP to food definitely increases the likelihood of adverse effects. It is to be
hoped that the companies that make the food have testing procedures in animals that demonstrate no ill-
effects—such data should be made available to the Committee. The likely effects might include pro-
inflammatory effects and immunological abnormalities.

Another problem lies with the normal flora of the gut, which could well be unbalanced if there was selective
toxicity toward commensals—silver NP seem a particular threat in this area.

There is a suggestion that asbestos exposure is linked to cancer of the stomach and colon although this is
disputed, and would arise from the delivery of fibres to the gut via mucociliary clearance. It is just possible
that a HARN might be especially active in this regard.
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Use of NP in food will greatly increase the likelihood for release of NP into the environment during
manufacture and disposal and in human waste, where there might be ecotoxicological effects that are not in
my area of expertise.

20 March 2009

Memorandum by Central Science Laboratory

NANOTECHNOLOGIES IN FooDp

This submission is meant to provide a brief summary of findings of the studies carried out at Central Science
Laboratory (CSL) into the potential applications and implications of nanotechnologies in food. More detailed
findings are submitted as two separate reports on the studies that the CSL team has recently carried out for
the Food Standards Agency.

A number of recent reports and reviews have identified the current and short-term projected applications of
nanotechnologies for food and beverages (Bouwmeester et al., 2007; Chaudhry et al., 2008; EFSA, 2008; Food
Safety Authority of Ireland, 2008). Like other sectors, nanotechnologies are promising to revolutionise the
food sector—from production to processing, storage, and development of innovative materials, products and
applications. Currently, such applications in the food sector are new emergent, but their number and range is
expected to increase in the coming years. Virtually all current applications of nanotechnologies in food are
outside Europe, although some supplements and food packaging materials are available in the EU. Also, the
global nature of food business means that more products and applications are likely to be available in the EU
in the coming years. This also means that there will be a need for regulation of the risks, and establishment of
liabilities at the global level.

The current and short-term projected applications of nanotechnologies include nano-sized or
nanoencapsulated ingredients and additives for food, beverage, and health-food applications. A current niche
for such applications is in the areas where there is an overlap between the food, medicines, and cosmetics
sectors. For example, some food products are marketed as a means to enhance nutrition for different lifestyles,
or as an aid to beauty, health and wellbeing. These hybrid sectors have been the first focus of nanotechnology
applications, which have only recently started to appear in the mainstream food sector. Thus the vast majority
of the currently available nanotechnology products is in the areas of supplements, healthfoods and
nutraceuticals, with only a few products in the food and beverage areas. The main tenet behind the
development of nano-sized food ingredients and additives appears to be the enhanced uptake and
bioavailability of nano-sized substances in the body, although other benefits such as improvement in taste,
consistency, stability and texture etc have also been claimed (Chaudhry et al., 2008).

A major application area for engineered nanoparticles (ENPs) is for food packaging. Whilst most
nanotechnology applications for food and beverages are currently at R&D or near-market stages, the
applications for food packaging are rapidly becoming a commercial reality. A contributing factor to such
developments seems to be the expectation that, due to the fixed or embedded nature of ENPs in plastic
polymers, they are not likely to pose any significant risk to the consumer. Indeed, nanotechnology applications
for food contact materials (FCMs) already make up the largest share of the current and short-term predicted
nanofood market (Ciehtifica, 2006).

NANOMATERIALS RELEVANT TO FOOD APPLICATIONS

The currently available information suggests that nanomaterials used in (health)food applications include
both inorganic (metal, metal oxides) and organic materials. In addition to the ENPs, there is a possibility that
certain microscale materials used in the food and feed area may contain a nanoscale fraction due to natural
size range variation (EFSA, 2008).

Based on the available information, the ENP likely to be found in food fall into three categories: metal and
metal oxide (including alkaline earth metal and silicate), surface functionalised, and organic ENPs. Examples
of these include:

1. Metal| Metal-oxides

A number of meal/metal-oxide ENPs are known to used in (health)food products and food packaging
applications. These include ENPs of transition metals such as silver and iron; alkaline earth metals such as
calcium and magnesium; and non metals such as selenium and silicates. Others ENPs that can potentially be
used in food applications include titanium dioxide. Food packaging is the major area of application of
metal(oxide) ENPs. Example applications include plastic polymers with nano-clay as gas barrier, nano-silver
and nano-zinc oxide for antimicrobial action, nano-titanium dioxide for UV protection, nano-titanium nitride
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for mechanical strength and as a processing aid, nano-silica for surface coating etc. The use of insoluble
metal(oxide) ENPs in food applications, especially those that are unlikely to be assimilated in the Gl tract,
raises a number of concerns. The likelihood of translocation of such ENPs with potentially large reactive
surfaces to various cells and tissues in the body may lead to certain risks to consumer health; for example,
potential cellular damage and inflammatory reactions due to generation of reactive oxygen radical species
(Oberdorster, 2000; Li et al., 2003; Donaldson et al., 2004). ENPs can also adsorb or bind different substances
on their surfaces (Simon and Joner 2008), and thus may carry potentially harmful chemicals and foreign
substances into the blood and to various tissues and organs in the body.

Certain metal(oxide) ENPs, such as that of silver, magnesium oxide and zinc oxide, are known to have strong
antimicrobial activity. Especially, there is an increasing use of nanosilver in a number of consumer products,
including (health)food and food packaging applications. Indeed, the use of nano-silver as an antimicrobial,
antiodorant, and a (proclaimed) health supplement, has already surpassed all other ENPs currently in use in
different sectors (Woodrow Wilson, 2008). This has also led to concerns over its safety to human health when
ingested orally. Despite this, there is no published research at present on how the intake of nanosilver via food
and drinks might affect the cellular function or the gut natural microflora.

Nano-silica is known to be used in food contact surfaces and food packaging applications, and some reports
suggest its use in clearing of beers and wines, and as a free flowing agent in powdered soups. The conventional
bulk form of silica is a permitted food additive (Si02, E551), but concerns have been raised over the safety of
nano-silica because it is likely to remain undigested in the Gl tract and thus may pose a risk due to greater
uptake and translocation in the body. In this regard, a commercial product “Slim Shake Chocolate”, available
in the USA, is understood to incorporate nano-sized silica particles (between 4 to 6 nm in diameter) that are
coated with coco to enhance the chocolate flavour through the increase in surface area that hits the taste buds.

Titanium dioxide, in conventional bulk form, is an already approved additive for food use (Ti02 E171), but
there is a concern that the conventional form may also contain a nano-sized fraction. Nano-titanium dioxide
is used in a number of consumer products (eg paints, coatings) and its use may extend to foodstuffs. For
example, a patent by Mars Inc. (US Patent US5741505) describes nano-scale inorganic coatings applied
directly on food surface to provide moisture or oxygen barrier and thus improve shelf life and/or the flavour
impact of foods. The materials used for the nano-coatings, applied in a continuous process as a thin
amorphous film of 50 nm or less, include titanium dioxide. The main intended applications described in the
patent include confectionary products.

2. Surface Functionalised Nanomaterials

Surface functionalised nanoparticles are the second generation nanoparticles that add certain functionality to
the matrix, such as antimicrobial activity, or a preservative action through absorption of oxygen. For food
packaging materials, functionalised ENPs are used to bind with the polymer matrix to offer mechanical
strength or a barrier against movement of gases, volatile components (such as flavours) or moisture.
Compared to inert materials, the use of this category of ENPs in food applications is likely to grow in the
future. They are also more likely to be react with different food components, or become bound to food
matrices. Examples include organically-modified nano-clays that are currently used in food packaging to
enhance gas-barrier properties. The nanoclay mineral is mainly montmorillonite (also termed as bentonite),
which is a natural clay obtained from volcanic ash/rocks, and has a natural nano-scaled layer structure.

3. Organic Nanomaterials

A number of organic nano-sized materials are used (or have been developed for use) in food products. These
include vitamins, antioxidants, colours, flavours, and preservatives. The main principle behind the
development of nano-sized organic substances is the greater uptake, absorption and bioavailability in the
body, compared to conventional bulk equivalents. However, a greater uptake and bioavailability of certain
compounds, such as certain preservatives, can also be detrimental to consumer health. Also developed for use
in food products are nano-sized carrier systems for nutrients and supplements. These are based on
nanoencapsulation of the substances both in liposomes and micelles as well as protein based carriers. Such
nano-carrier systems are used for taste masking of ingredients and additives, and their protection from
degradation during processing. They are also claimed for enhanced bioavailability of nutrients/supplements,
antimicrobial activity and other health benefits. There is a wide range of materials available in this category,
for example, food additives (eg benzoic acid, citric acid, ascorbic acid), and supplements (eg vitamins A and
E, isoflavones, B-carotene, lutein, omega-3 fatty acids, coenzyme-Q10). The concept of nano-delivery systems
has essentially originated from research into targeted delivery of drugs and therapeutics. The use of similar
technology in foodstuffs is interesting in the sense that whilst it can offer increased absorption, uptake and
bioavailability, it also has the potential to alter tissue distribution of the substances in the body. For example,
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certain water-soluble compounds (such as vitamin-C) have been rendered fat dispersible through nano-carrier
technology. Vice versa, certain fat-dispersible compounds (eg vitamin-A) have been rendered water
dispersible. It is hoped that these nano-carriers are completely broken down and their contents are released in
the GIT. As such, the encapsulated compounds will not be any different from their conventional equivalents.
However, if a nano-carrier system is capable of delivering the encapsulated substance to the bloodstream, its
absorption, tissue distribution and bioavailabiiity may be drastically different from the conventional forms.
This raises the concern that some nano-carriers may act as a “Trojan Horse” and facilitate translocation of
the encapsulated substances or other foreign materials to unintended parts of the body.

It is also worth mentioning that there are many other nanomaterials that are used for other applications but
their use in food/food packaging is uncertain or unlikely. Examples include certain carbon-based materials
(such as fullerenes, carbon nanotubes). Although, recent studies have linked carbon nanotubes with potential
harmful effects in biological system, they are not likely to be used in food applications. This is because
functionalities that carbon nanotubes offer mainly derive from their enhanced tensile strength and electrical
conductivity, which are of little relevance to potential use in food, although there may be some applications
in the packaging area.

CONSUMER SAFETY CONCERNS

It is known that the conventional physicochemical rules are not fully applicable at the nanometer scale, and
that there can be some fundamental shifts in physicochemical properties, behaviour, and interactions of ENPs
compared to their bulk equivalents. For example, quantum effects may have a much greater influence on the
properties of ENPs, especially of those in the lower nanometer size range, compared to their bulk equivalents.
In some cases, such changes in physicochemical properties may also lead to a change in the effects and impacts
on biological systems. Some studies have suggested a deviating toxicity profile for some ENPs compared to
their conventional equivalents (Donaldson et al. 2001; Nel et al. 2006. An important aspect to consider in
relation to potential harmful effects of ENP is their increased ability to penetrate cellular barriers (Geiser et
al., 2005; Oberdorster et al., 2004). This adds a new dimension to particulate toxicology, as ENPs can
potentially reach new targets in the body where entry of larger particulates is restricted (Jani et al. 1990; Carr
et al. 1996; Hillyer and Albrecht 2001; Hoet et al. 2004; Florence 2005; des Rieux et al. 2006; De Jong et al.
2008). ENPs are also known to adsorb or bind different compounds and moieties on their surfaces (Simon and
Joner 2008), and may act as a carrier of potentially harmful chemicals and foreign substances into the blood
and different tissues and organs in the body.

Depending on the surface chemistry, systemically introduced ENPs have been found to interact with various
biological entities, such as eg plasma proteins, platelets and cells (Nemmar et al. 2002; Simon and Joner 2008).
Such interactions may have a substantial effect on the distribution and excretion of an ENP (Dobrovolskaia
2007). In this regard, there is emerging evidence to suggest that ENPs become coated with certain
biomolecules, especially proteins, and these coatings can direct them to specific locations in the body (Lynch
and Dawson 2008). For example, coating with apolipoprotein E has been associated with their transport to
the brain (Michaelis et al. 2006). The protein “corona” is, however, also reported to be changeable in different
surroundings (Cedervall et al. 2007). This suggests that ENPs can undergo complex and dynamic interactions
in biological environments, and studies carried out on “neat” ENPs under artificial conditions may not
represent their true behaviour and effects in real-life situations.

Nanomaterials that are likely to dissolve/solubilise either in the food matrix or in the Gl tract are not likely
to raise health concerns as, once digested or dissolved, they are not likely to behave any differently from the
conventional bulk equivalents. One example is that of nano-selenium, which is being marketed as an additive
to a tea product in China for a number of (proclaimed) health benefits. However, nano-selenium is likely to
solubilise in food or in the Gl tract. Another example is that of a mayonnaise (currently under development)
which is composed of nano-micelles that contain nano-droplets of water inside. The mayonnaise is being
developed to offer taste and texture attributes similar to the full fat equivalent, but with a significant reduction
in the amount of fat intake by the consumer.

It is also worth highlighting that currently there are a number of major knowledge gaps in regard to the
behaviour, interactions, fate and toxicological effects of most ENPs in the Gl tract. It is possible that the ENPs
added (or migrated) to food will not remain in a free form (and hence not available for translocation) because
of agglomeration, binding with food components, reaction with stomach acid or digestive enzymes.
Furthermore, much of the available toxicological information relates to in vitro studies, or to exposure
through inhalation of ENPs, and full extent of hazard, exposure, and risk from the ingestion of ENPs via food
and drinks are therefore largely unknown.
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March 2009

Memorandum by the Medical Research Council Human Nutrition Research Unit

MRC Collaborative Centre for Human Nutrition Research (hereafter HNR) was established in 1998 to
advance knowledge of the relationships between human nutrition and health by providing a national centre
of excellence for the measurement and interpretation of biochemical, functional and dietary indicators of
nutritional status and health. HNR conducts basic research in relevant areas, focusing on optimal nutritional
status and nutritional vulnerability in relation to health, including the development of innovative
methodologies. HNR responds to the strategic priorities of the wider scientific community by conducting
research projects, within the scope of HNR’s activities, in collaboration with, and on behalf of: other MRC
establishments and groups, Government departments, industry, national and international agencies,
universities, research foundations and charitable organisations. HNR also acts as an independent,
authoritative source of scientific advice and information on nutrition and health in order to foster evidence-
based nutrition policy and practice. In light of the work carried out at HNR and the expertise of our staff, our
comments are confined primarily to the role of nutrition in securing good health for the whole population.

The Micronutrient Status Research section at MRC Human Nutrition Research, Cambridge, led by Dr
Jonathan Powell, has a long history of research interests in mineral based nano—and micro-particles in the
gastrointestinal tract in terms of exposure, uptake and potential cellular effects. We study both endogenously-
formed mineral particles (mineralised calcium) and exogenous mineral particles (eg dietary ferritin or food
additives such as silicates and titanium dioxide) and we use a range of approaches from synthetic chemistry
and basic cellular thought to whole-animal studies (human and murine).

INTRODUCTORY CONCEPTS

We consider a nanoparticle to be a non-living nano-scaled entity. Traditionally such particles would be
considered ultra-fine, fine or coarse, depending upon size, and there is an increasing consensus that the ultra-
fine fraction is equivalent in meaning to nanoparticulate, which would be of < 100 nm diameter. Biologically
this makes sense because, as a rule of thumb, particles below 100 nm diameter tend not to trigger active uptake
mechanisms (ie macro-pinocytosis and phagocytosis) but instead tend to be taken up through more
constitutive endocytic mechanisms. Nonetheless we wish to point out that the gut is heavily exposed to fine
particles (ie particles > 100 nm diameter) and that these should be considered in the overall picture.
Additionally, the different mechanisms of uptake, determined by particle size, will affect intracellular exposure
and outcomes.

The gastrointestinal tract is a unique environment. Unlike any other tissue the gut has specific mechanisms for
the purposeful uptake of nanoparticles as well as the inevitable inadvertent pathways that nanoparticles are
able to access. The major pathways are as follows:

1. Epithelial cell endocytosis. This is for true ultra-fine particles and, for example, is the route of uptake
of dietary ferritin.

2. Paracellular uptake of small ultra-fines, which may be enhanced through disease processes or drugs,
or dietary agents that enhance this pathway.

3. Persorption, which will allow the uptake of fine and ultra-fine particles. This is a mechanism of
inadvertent permeation where an enterocyte leaving the villous tip leaves a hole through which
particles can permeate.

4. M-cell uptake overlying intestinal lymphoid aggregates. This is the classical route for the uptake of
fine particles and is efficient but it is likely that ultra-fines also access this route.
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A further aspect of the unique gut environment is that it contains many luminal toxins and antigens and, due
to entropic forces, particles will bind these in the lumen with relatively high affinity. This will change the overall
properties of the particle surface and the cellular effects of the antigen or toxin. It should be noted that there
are recent data showing that prion infectivity is greatly increased when prions are ingested with particulates.

Immune cells from the gut will migrate to other organs and, therefore, there is a systemic route for distribution
of particles from the gut as well as the obvious routing through venous and lymphatic channels.

Gut diseases may potentially increase permeability of nanoparticle uptake.

STATE OF THE SCIENCE AND ITS CURRENT USE IN THE FOooD SECTOR

—  What are the main potential applications and benefits of nanotechnologies and nanomaterials in the food
sector, either in products or in the food production process?

—  What is the current state of the market for, and the use of, food products and food production processes
involving nanotechnologies or nanomaterials, either abroad or in the UK?

—  What might the “next-generation” of nanotechnologies and nanomaterials look like? How might they
be applied in the food sector, and when might they enter the market?

—  What is the current state of research and development in the UK regarding nanotechnologies and
nanomaterials which have or may have an application within the food sector? How does it compare to
research and development in other countries?

—  What are the barriers to the development of new nano-products or processes in the food sector?

We wish to make clear to the Committee that nanoparticles are not a new phenomenon, they occur naturally
and that the gut has been exposed to them presumably throughout evolution. However, due to marked
technological advances over the last five to 10 years, we are able to characterise nanoparticles so much better
than before, which is at least one reason for their recent appearance on the scientific horizon. The main areas
pertinent to the G.I tract are as follows:

1. Enhanced delivery of nutrients: nano-encapsulation or micellar protection of micronutrients and
antioxidants to prevent them from degradation during manufacture and storage or under
gastrointestinal conditions. These products are already in the marketplace, for example, Novasol is
a product range of supplements from Aquasol which consists of pH-resistant micelles that deliver
vitamins and antioxidants. Another example is Canola Active oil, produced by Shemen Industries,
that delivers phytosterols to inhibit the transportation of cholesterol from the digestive system into
the bloodstream.

2. Safety: nanosensors for pathogen and contaminant detection. Raflatac have recently released,
commercially, a hydrogen sulphide indicator label for fresh poultry products, where the generation
of hydrogen sulphide indicates spoilage. This label contains a nano-layer of silver that changes colour
once it reacts with hydrogen sulphide

3. Smart packaging: Packaging that reacts to stimuli such as materials with self-healing properties when
perforated or an intelligent ripeness indicator that responds to aroma as fruit ripens.

4. Reducing spoilage: nanoclays in food packaging prevent the permeation of oxygen to slow the ageing
process of food or slow the ripening of fruits and vegetables. Honeywell are marketing an oxygen
barrier based on nanoclays and a nylon resin that scavenges oxygen to extend the shelf-life of beer
(Aegis® OX barrier).

5. Interactive food: foods and beverage products that can be personalized to fit the tastes, nutritional
needs, or allergies of individual consumers. Kraft are one of the leaders in this field of research.

6. Taste or texture improvement: reduce consumption of fat, sugar and salt through the enhancement
of taste characteristics. Slim Shake Chocolate is a product already in the market, which the
manufacturer (RBC), claims to contain 4-6 nm silica nanoparticles that are coated with cocoa
components (“cocoa clusters”) and due to their high surface area provide a satisfactory sensory
experience in a low fat and low sugar product. Another example comes from Unilever which aims to
reduce the fat content in ice-cream from 16 per cent to about 1 per cent by decreasing the size of
emulsion particles that give ice-cream its texture.

7. Equipment coating: application of nano-coating in food processing equipment to prevent the growth
of biofilms that can lead to food spoilage and contamination. Many commercially available food
containers are already coated with nano-silver, or anti-sticking nano-composites, and some
refrigerators are coated with nano-silver. Zinc oxide is also being studied as a cheaper anti-microbial
agent to replace nano-silver, and applications are expected in the near future.
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8. Removal of unwanted chemicals or pathogens from food.

9. Food processing: nanosensors that can withstand extreme conditions (eg temperature, pressure,
viscosity) and provide real-time data on processing conditions.

Further examples can be found in the presentation given by Dr Dora Pereira of the MSR section at MRC-
HNR (Appendix, page 3) [not printed] to an audience of the Cambridge Science festival on 13 March. We
would like to add that although the range of nanotechnologies that can be applied to food, or food production,
is vast, and many different strategies are being developed or are already in the market, the perception of safety
will determine public acceptance and may limit the growth in several areas.

HEALTH AND SAFETY

—  What is the current state of scientific knowledge about the risks posed to consumers by the use of
nanotechnologies and nanomaterials in the food sector? In which areas does our understanding need to
be developed?

— Isresearch funding into the health and safety implications of nanotechnologies and nanomaterials in the
food sector sufficient? Are current funding mechanisms fit for purpose?

— Can current risk assessment frameworks within the food sector adequately assess the risks of exposure
to nanotechnologies and nanomaterials for consumers? If not, what amendments are necessary?

— Are the risks associated with the presence of naturally occurring nanomaterials in food products any
different to those relating to manufactured nanomaterials? Should both types of nanomaterials be treated
the same for regulatory purposes?

Gastrointestinal exposure to nanoparticles may be natural, due to inadvertent environmental exposure or due
to purposeful environmental exposure. Examples of naturally occurring nanoparticles are dietary ferritin,
which is about 13 nm in diameter but when digested releases iron oxide particles of around 2 to 3 nm and the
endogenous calcium phosphate particles that are formed within the gut lumen and appear to have diameters
of 20 to 200 nm. It is likely the majority of natural nanoparticles to which the gut is exposed are mineral based.
Inadvertent environmental exposure comes through soil, dust, exhaust fumes etc. In contrast, purposeful,
man-made exposure is mainly through food additives and excipients or congeners that are used in supplements
and medicines etc.

We believe that traditional toxicology models are not likely to capture much information when it comes to
nanoparticle adverse effects. This is because any effects are likely to be mediated immunologically and,
therefore, identified through chronic exposure and by interaction with individual genotypes. It may first be
useful to categorise particles as fine or ultra-fine to identify their likely route of cellular uptake and thereafter
to establish their chemical stability to predict cellular processing. It may thus become possible to develop
assays that will predict nanoparticle toxicity.

Several companies are developing nano-delivery systems that enhance the absorption of antioxidants known
to provide health benefits. However, many of these antioxidants are normally poorly absorbed and may not
be well tolerated at higher levels, which may result in “too much of a good thing” scenarios. Therefore, prior
knowledge based on normal delivery of nutrients should be ignored and these nano-delivered nutrients should
be treated as novel chemical entities. However, the use of naturally occurring nanomaterials (eg ferritin) may
be fast-tracked in future regulatory processes providing that there is evidence of their consumption over
periods of time long enough to guarantee their safety, and that their administration is not substantially above
what would be found in an average diet. MRC-HNR is working on the synthesis and commercialisation of
ferritin-core mimetics as novel iron supplements.

REGULATORY FRAMEWORK

— Is the regulatory framework for nanotechnologies and nanomaterials fit for purpose? How well are
imported food products containing nanotechnologies and nanomaterials regulated?

— How effective is voluntary self-regulation either in the UK or EU or at an international level? What is
the take up by companies working in the food sector?

—  Will current regulations be able adequately to control the next generation of nanotechnologies and
nanomaterials?

— Is there any inter-governmental co-operation on regulations and standards? What lessons can be learned
from regulatory systems in other countries?



NANOTECHNOLOGIES AND FOOD: EVIDENCE 109

Currently, legislation does not account for the nano-scaling of current approved excipients and additives. An
example of this is noted above, namely that amorphous silica is an approved particulate which recently has
been nano-sized by RBC in their Slim Shake Chocolate product and thus has “inherent” FDA approval
although the original toxicity testing is likely to have been carried out on particles of tens of micrometres in
diameter. We, therefore, believe that the regulatory process should be based on a case-by-case approach.

PuBLic ENGAGEMENT AND CONSUMER INFORMATION

What is the current level of public awareness of nanotechnologies, and the issues surrounding the use of nanotechnologies
and nanomaterials in the food sector? What is the public perception of the use of such technologies and materials?

We have not carried out any surveys to consider the level of public awareness or perception of
nanotechnologies in the food sector.

How effective have the Government, industry and other stakeholders been in engaging and informing the public on these
issues? How can the public best be engaged in future?

Efforts to inform the public have not kept pace with the growth of this new technology area. This increases
the risk that a false alarm over safety or health consequences could undermine public confidence, engender
consumer mistrust, and, as a result, damage the future of nanotechnology, before the most exciting
applications are realised.

In the latest national MORI Survey for the Office of Science and Technology (2005) a large proportion of those
surveyed said that they wanted to hear about new developments in science and technology before they happen,
not afterwards; and 49 per cent said that they receive too little information about science (more than twice the
proportion than in 1999-2000). The Wellcome Trust document “Engaging Science: Thoughts, deeds, analysis
and action report” (2006) recognises the value of a well informed public debate “to enable a wide range of
opinions to feed into policy-making discussions.”

If the public is to trust, debate and value scientific progress, we need a society engaged with contemporary
science. Scientists themselves need to be encouraged, trained and supported in communicating their work.
Stimulating public interest in science, its potential applications, misapplications and impacts, as well as the
nature of science itself can be achieved through the development of a clear public engagement strategy with
specific audiences identified, measurable objectives and outputs.

What lessons can be learned from public engagement activities that have taken place during the development of other
new technologies?

The value of public engagement within the fields of science and nutrition is increasingly recognised but, to date,
under-utilised. A report prepared for the Research Councils UK and the Department for Innovation,
Universities and Skills highlights that “direct dialogue with the public should move from being an optional
add-on to science-based policy making and to the activities of research organisations and learned institutions,
and should become a normal and integral part of the process” (People Science and Policy Ltd/TNS 2008).
Moreover it notes that the public increasing want more information; 8 out of 10 people agreed that “science
is such a big part of our lives we should all take an interest.”

The Nutrition and Health Communications team at MRC HNR has a strong track record in engaging with
a variety of different audiences to drive improvements in public health. Our aim is to build bridges between
our scientists and people of all ages and from all walks of life to consider, question and debate the key issues
in relation to diet and health and to stimulate their awareness and enthusiasm for science in society.

Public engagement has many different levels and mechanics and is a key part of the MRC Corporate
Communications Strategy. At HNR our activities tend to focus on issues directly relevant to our own research
or broad nutrition and health messages about a healthier diet. Our key learnings are:

— Develop a communications plan with agreed key messages appropriate to the audiences.

— Provide an in depth briefing to journalists at an early stage and keep them regularly informed.
— Encourage and train scientists to engage with the public.

— Make scientists accessible to the media throughout the communication process.

— Engage leading medical research and scientific bodies to make a positive and proactive contribution
to the debate, not just defensive responses.
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Given our particular research interest in the area of nanoparticles we are at the start of a scoping exercise to
identify how we might contribute to the debate across a variety of audiences, including the public. We shall
observe the progress of this Inquiry in some detail and would welcome the opportunity to discuss public
engagement opportunities in more detail.

Should consumers be provided with information on the use of nanotechnologies and nanomaterials in food products?

Public attitudes towards new technologies play an increasingly crucial role in supporting their development
and application. The public should be provided with information on the use of nanotechnologies and
nanomaterials in food productions because public opinion has the potential to influence the public policy and
regulatory environment in either positive or negative directions, with recent examples including biotechnology
and genetically modified crops. It also impacts on the investment environment, with investors influenced by
actual and potential community and shareholder concerns.

12 March 2009

Further memorandum by the Medical Research Council Human Nutrition Research Unit

INTRODUCTION

When cells fail to recognise surface molecules or molecular structure of small particles, the fate of these
particles may be determined by their physical size and no longer by their chemical composition.
Nanoparticulate, nanosized and nanostructured are then descriptors that relate to a dominant characteristic.

NATURAL EXPOSURE

The human gut has been exposed to non-biological particles of varying sizes for millennia. For example,
dietary ferritin is a small nanoparticle (o) of 13 nm diameter when whole and 2.5 nm as the smallest core sub-
unit, while dust and soil nanoparticles tend to be hundreds of nm in diameter/length (@). Four uptake
(absorption) mechanisms have been proposed in the gastrointestinal tract (Figure 1):

1. Through “regular” epithelial cells (gut-lining cells) via a route termed endocytosis (“engulfing” the
particle). Very small particles—tentatively generally <20nm in diameter.

2. M cell uptake (transcytosis) at the surface of intestinal lymphoid aggregates. This is the quintessential
pathway for gut particle uptake and is very well described, especially for large nanoparticles (>
100 nm), although smaller particles are also likely to be able to access this route. M cells have a
“surveillance” role in the gut and are specialised in particle uptake.

3. Persorption. Volkhemer’s concept of passage through “gaps” at the villous tip following loss of
enterocyte(s) to the gut lumen. Small and large nanoparticles potentially access this route but its
quantitative validity is unclear.

4. Putative paracellular (between cell) uptake. Generally junctional complexes are unlikely to allow even
the smallest of nanoparticles to permeate but certain drugs and/or dietary situations, and especially
diseases, may alter this situation allowing influx of very small nanoparticles. Theoretical pathway as
it stands.
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Figure 1: Schematic representation of different routes for particle uptake in the small intestine. The numbers
refer to those pathways described in the text. Uptake via (1) regular epithelial cells (2) M cells of the lymphoid
aggregate (3) persorption and (4) the theoretical paracellular pathway.

Regardless of mechanisms, it is clear that ingested particles across the nano-range (0-1000 nm) will be
absorbed to some extent into both the circulation and the gut tissue itself. Percentage absorption will depend
on many factors (eg size, surface charge, host gut permeability, etc). But even if only 0.1 per cent of a total 103
ingested particles is absorbed, that corresponds to 10° particles absorbed/day.

From the circulation, particles will be retained by cells in the liver and other vascular organs. From the gut
tissue, cells can migrate systemically with their cargo (eg particles), especially to mesenteric lymph nodes. The
persistence or degradation of particles at any site depends upon the physico-chemical characteristics of the
particles but even undegradable particles have some clearance through cellular-shedding in the gut and lung.

MAN-MADE PARTICLE EXPOSURE—CURRENTLY

Silicates, aluminosilicates, titanium dioxide and carrageenan are among the typical man-made, or at least
man-modified, particles that the human gut is now exposed to, especially in the Western world, on a daily basis.
Exposure has been for decades-as food additives mainly. Except at MRC-HNR there is little research on the
gut-associated effects of these although some appear to accumulate in gut tissue. Nonetheless, studies to-date
suggest that, overall, these particles are safe and even if they can be shown to have any adverse effects it will
almost certainly be in a small minority with a different genetic make-up. However there is no evidence for this
currently.

The above particles are almost all in the larger nano-range (being > 100 nm diameter/length). There is, in the
UK, no evidence currently for the significant intake of new/man-made small nano-sized particles, although,
increasingly at the global level, proposals for this are made in industry and in research studies.

MAN-MADE PARTICLE EXPOSURE—FUTURE

“Nanosizing” can have a variety of commercial advantages for certain foods, supplements (especially),
medicines, food packaging and other materials that may be ingested. However, in many cases, the “nanosized”
foods will undergo simple gastrointestinal digestion prior even to meeting any cells (Figure 2). Examples
include “nano-salt” (1) and probably some “nano-micelles” (2). However, even with nano-micelles that are
absorbed whole, they will undergo fairly rapid cellular degradation and are likely to be recognised for their
molecular structure rather than their nanosize. Indeed it should be noted that yoghurt and milk are foods
containing nano-micelles (40-300 nm) of casein that occur in large abundance in the intestinal lumen upon
ingestion. For competitive commercial reasons, as well as the potential to lose scientific/toxicological focus, it
would seem sensible that such foods are considered separately with regards to further “nano-legislation”.
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Figure 2: 1, Some nanoformulated materials, eg nanosalts, are likely to be digested in the gut before any
cellular exposure. 2, Micellar nanoformulations may partially degrade in the gut or be absorbed whole, but
are likely to be rapidly broken down in cells. 3, In contrast, truly or transiently persistent nanoparticles are
likely to lose any surface adsorbed material in the stomach, but may themselves remain intact, and then, later
in the gut, could (depending on size, surface charge etc.) adsorb other soluble luminal molecules before
cellular uptake.

Thus, in the case of micellar nanoparticles it is highly likely that the constituent molecules would dictate
toxicity, rather than their aggregated nature to form a nano-micelle, although this latter property could
influence bio-distribution.

In the final scenario in Figure 2, novel nanoparticles may be bio-persistent, either transiently as there is gradual
cellular breakdown, or truly persistent as they can only be cleared with the sloughed cells, as noted above. If
the latter process is slower than the rate of uptake then particles may accumulate. Examples could speculatively
include, nano-silver, nano-clays and nano-silica. Depending upon their size, surface charge etc., ingested
particles may adsorb (to their surface) other soluble molecules, including bacterial toxins, from the gut lumen,
and carry these across into cells (Figure 2:3). Probably the larger nanoparticles are better at this.

Particle Toxicity: Factors and Why Nanoparticles?

A number of poorly predictable properties dictate particle toxicity—eg crystalline structure, surface reactivity,
dissolution characteristics, adsorptive properties etc. So, for example the a-quartz form of silicon dioxide is
a toxic particle while the amorphous form of silicon dioxide is not. A second example, mediated by a similar
process to that of quartz, is that nano-particulate hydroxyapatite may be toxic to cells while some other forms
of nano-particulate calcium phosphate are considered less so.

Particle shape can also affect particle toxicity. Thus asbestos, erionite and some man-made nanotubes appear
toxic due to their high aspect-ratio or “needle-like” shapes.

Finally, size. This is often poorly understood. The large majority of particles are fairly inert/non toxic unless
they have some specific property, as noted above. In the absence of any “special property”, particle toxicity
can be considered in two simple forms:

(1) Direct toxicity. Normally mediated through “free radical” activity and, in this case, smaller particles
are considerably more active than the same mass of larger particles. This appears to be a surface area
phenomenon. However, just because this can happen, we must ask does it happen? Many experiments
use such unrealistic particle doses that extrapolation to lower doses, that represent real exposures,
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may be artefactual. The result of drinking a bottle of whisky one evening tells us little about the result
of one drink per evening over a few months. Secondly, most tissues, including the gut and circulation,
are armed with complex and replenishable antioxidant defences to combat such acute (short-term)
exposures. In doing so, however, there may be downstream costs (long-term).

Accumulating evidence suggests that lung exposure to nanoparticles is linked with an increased risk
of chronic cardiovascular disease. A second potential lesson from the lung is that certain individuals
(eg those with asthma) can experience an exacerbation of disease upon acute exposure to an
abnormally high environmental dose of particles (eg at peaks of urban pollution). However it is the
view of these authors (but not the wider community) that this latter phenomenon, as opposed to the
chronic systemic effects, could be more related to the large nanoparticle fraction (@) than it is to the
small fraction (e), leading onto the second potential mechanism of general particle toxicity.

(2) Large nanoparticles (or aggregated small ones) can make good cellular “adjuvants” such that an
immune response to a protein/allergen/antigen is enhanced or “polarised” when exposure is in the
presence of a particle. Contact between the allergen/antigen and the particle (eg adsorption) appears
important.

What is Special about Nanoparticles?

Three things. First, as detailed above, in the absence of a “special property” for particle toxicity, all particles
will be more directly toxic to cells as small nanoparticles than as larger ones. The pros and cons of this
observation are noted above. Secondly, as a rough guide, particles <100 nm diameter will be taken up by cells
through a different pathway to that of larger particles (Figure 3), meaning that they will access different cellular
compartments and have different cellular effects. Again, “induction of free radicals” versus “adjuvant activity”
are the basic differing outcomes. Thirdly, very small nanoparticles are especially mobile and motile and may
access all areas of the body including even the brain and all areas of the cell including even the nucleus (being
smaller than nuclear pores). It is this latter property that probably makes very small nanoparticles most
worrisome to scientists and hence the translation of this concern (but not the knowledge of why) to the public.

1 2 3

Figure 3: Schematic representation of cellular particle uptake for large particles via 1. active phagocytosis or
engulfing of large particles and 2. macropinocytosis which is a different type of active particle capture. These
events are triggered by the size of the particle. 3. small particles are taken up by constitutive pinocytosis and
are processed by the cell in a different fashion.

Finally, it should be noted that in the absence of specific particle toxicity there is no logical reason to assume
that, in the gut, smaller nanoparticles will always have worse adverse health effects than larger ones or that
either will have any adverse health effects at all. It will depend on many other variables including host
genotype, persistence, dose, and ability to adsorb gut luminal molecules. And thus there is no logical reason
to use 100 nm as a cut-off for adverse effects, even though, as discussed, this size discrimination may help
determine the type of cellular effect.
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OTHER IMPORTANT FACTORS

(1) Particles may aggregate so that their behaviour during at least part of the exposure process is more typical
of large particles (@) even though their single unit is as a small particle (s). This is especially true for small
nanoparticles.

(2) Particles are rarely seen by cells in their “native form”. Most particles readily adsorb to their surface
molecules and ions from their environment. In the gut, particle surfaces may be “cleared” in the acid and
enzyme-active area of the stomach but re-adsorb material further down the G.I. tract. In this environment,
bacterial proteins and carbohydrates are especially common.

(3) Classical toxicity or toxicology studies may be poor or even misleading at deciphering particle toxicity
following oral exposure. In particular, long-term (decades) effects and host genotypes cannot be mimicked in
animal studies. Instead a “logic algorithm” and some targeted in vitro tests may be more useful.

(4) Nanotechnology may actually serve to make some materials less toxic. For example, MRC-HNR is
developing a transiently stable nano-formulation of supplemental iron which should exhibit much less toxicity
to the intestinal mucosa, and therefore side-effects, than the current common therapeutic supplements, namely

ferrous sulphate and other ferrous salts.
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Examination of Witnesses

Witnesses: PROFESSOR KEN DoNALDsON, (University of Edinburgh), DR Qasim CHAUDHRY, (The Food and
Environment Research Agency), DR JoNATHAN PowELL, (MRC Centre for Human Nutrition Research) and
PROFESSOR MICHAEL DEPLEDGE, (Peninsula College of Medicine and Dentistry), gave evidence.

Q214 Chairman: Good morning. I would like to
start by welcoming our four witnesses today, as well
as the members of the public sitting behind; to remind
you that the proceedings today are being webcast so
the public can observe what is going on; and also to
draw the attention of members of the public to the
information note which sets out members’ declared
interests; so we will not be declaring interests as we go
through the questioning. I would like to kick off by
asking each of our four witnesses to introduce
themselves for the record. If there are any points you
would like to make in a brief opening statement
please feel free to do so. Perhaps I could start with Dr
Powell and then go along the row?

Dr Powell: 1 am Jonathan Powell from the Medical
Research Council Human Nutrition Research Unit
based in Cambridge. My area of expertise is minerals,
particularly nanominerals in the gut.

Dr Chaudhry: 1 am Qasim Chaudhry. I work for the
Food and Environment Research Agency of Defra. I
am a research scientist and we have been working on
the safety of nanoparticles through human health
and the environment.

Professor Donaldson: My name is Ken Donaldson. 1
am Professor of Respiratory Toxicology in the
University of Edinburgh, and 1 specialise in the
harmful effects of inhaled particles on the lungs and
the cardiovascular system.

Professor Depledge: 1 am Michael Depledge. I am
Professor of Environment and Human Health at the
Peninsula Medical School in south-west Britain. I am

a member of the Royal Commission on
Environmental Pollution. As you may be aware, the
Royal Commission conducted a study on novel
materials, and in particular nanomaterials, over the
last two years and I have been deeply involved in that
particular study. I am an ecotoxicologist and have
worked on nanomaterials in lower animals.

Q215 Chairman: Thank you very much indeed.
Perhaps I could kick off with an opening question of
a fairly general nature and any of you might wish to
respond to this. As you will understand, part of the
focus of our inquiry is about possible or potential
health and safety concerns relating to the use of
nanomaterials and nanotechnologies in the food
sector. You are all experts in this area and I wonder if
you would like to express to us what you think are the
potential health and safety concerns, and what
evidence is available to address those?

Dr Powell: 1 think we know quite a lot about the
uptake of particles in the gut, in terms of the route of
entry; and we know a reasonable amount about the
likely cellular targets. We know very, very little about
what happens once those particles meet those cells.
We would certainly consider persistence to be
important, so that were you to ingest a particle that
was broken down in the gut lumen prior to meeting
its cellular target, it would in our eyes have a
toxicology related to its chemistry, ie. the
components, rather than to its nanoparticulate
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sizing. We do believe that more work needs to be done
in terms of both nanoparticles and the larger
nanoparticles or microparticles, i.e. those larger than
100 nm in diameter, in terms of what happens inside

the gut.
Dr Chaudhry: In our view there are two fundamental
concerns about the health and safety of

nanomaterials, and both relate to oral intake of food
products that contain free nanoparticles that are
insoluble, indigestible and that can translocate from
the gut in particulate form to other parts of the body.
Essentially that category of particles is of most
concern. The first concern is the ability to cross
cellular barriers, and there is scientific evidence for
that. Cellular barriers prevent entry of larger
insoluble particulate material; but nanoparticles,
because of their very small size, can override that
principle and potentially reach new targets in the
body, for example the brain. The second concern is
the potential effects of nanoparticles, and that will
depend on the chemical nature of nanoparticles, as
Dr Powell mentioned. If the chemicals that constitute
nanoparticles are toxic then it can be perceived that
they deliver toxic chemicals to new targets in the body
where those chemicals would otherwise have not
gone, had they not been in nanoparticle form. The
other concern is that many nanoparticles have a
reactive surface and they can interfere with cellular
processes, for example oxygen metabolism, and this
can lead to the emission of oxyradicals. This has been
shown in a number of studies. This can lead to
inflammatory reactions and oxidative damage. There
are other concerns: for example, some nanoparticles
or nanodelivery systems can carry harmful
substances out of the gut into the blood circulation
from where they can lead to other parts of the body.
Another concern is about antimicrobial effects of
some metallic nanoparticles; when ingested they can
have a harmful effect on gut natural microflora,
which can ultimately harm consumers’ health.

Professor Donaldson: As a non-specialist in terms of
the gut, my main concern is that there is so little
research on what is happening with nanoparticles in
the gut; whereas there are fairly huge amounts of
research funding pouring into Europe and the USA
into the lungs, the inhalation hazard, and to some
extent the skin, although less so. The research into the
gut is much, much less. I do not think you can
generalise from the effects of particles in the lungs or
on the skin to the effects on the gut. The gut is a
wholly different environment to me to these other
situations in terms of the extremity of the conditions,
for instances of acidity in the stomach. My main
concern would be the lack of research in the non-
generalisability of existing research to the gut.

Professor Depledge: Just to add I think it is worth
emphasising the diversity of nanotechnologies and
the diverse nature of nanomaterials. It is very

difficult, I think, to make general statements about
nanomaterials: some are very reactive; some are not;
some are very persistent; some are not. I think we
need to focus on that. The second point concerns
nanomaterials in food, some of them are put there
intentionally, and some are unintentional occupants
of food, as it were. I certainly agree with the idea that
the amount of evidence available with regard to the
effects of nanomaterials, delivered through food or in
food, is very, very small indeed and there is an urgent
need to conduct many more studies. I also think that
we ought to consider plausibility. We know that some
of these nanomaterials are designed to be highly
reactive. We know that some of them have very
highly reactive surface properties; and there are little
bits of evidence which show that they can convert
chemicals from one form into another: so it may not
be the nanomaterial itself that is toxic but the role it
plays in converting substances that are non-toxic to
be toxic. There is a lot of plausibility that needs
investigating.

Q216 Chairman: When you look at the current
developments in the use of nanotechnologies and
nanomaterials in food in the evidence that both
MRC and CSL submitted, you referred to various
examples. Do those examples themselves trigger
concerns about the lack of knowledge of
toxicological effects and risk?

Dr Powell: The examples I think you are referring to
are those such as nano-silver, nano-silica and nano-
clays. 1 believe those do trigger concerns, in
particular that, as has already been mentioned, when
a substance is nanosized, in doing so its major cellular
interaction and biochemistry may be driven by its
nanoparticulate nature. If that becomes the major
characteristic that drives its reactivity, then there is no
doubt that some of those materials will have different
properties compared with bulk materials—and I
think of nano-silica in particular. The other point to
make is that, as a nanoparticle in the gut, there is
always the possibility of picking up local soluble
molecules onto the surface, such as bacterial toxins,
and that those then become delivered with almost a
Trojan horse effect into cells of the gut; and of course,
as has been explained by Dr Chaudhry, with the
possibility of dissemination to other organs as well.
Dr Chaudhry: 1 think the main point is that if
nanomaterials are solubalised, digested or degraded
within the gut then they are of least concern, because
then their properties or effects will be dependent on
what sort of chemical composition they had, i.e. what
chemical constituted the nanoparticle. The main
concern is on insoluble, indigestible, non-degradable
nanoparticles than can survive mechanisms in the gut
and can come out of the gut.
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Q217 Chairman: From the point of view of a
toxicologist, I wonder if you might think that
particular groups of consumers would be more at risk
than others? If there were a risk would you think, for
example, young children or elderly people would be
more at risk? I think one of the points the MRC made
initsevidence is that the way the body responds to free
nanoparticles is an immunological response. I think
thatis what you said. Bearing that in mind, would you
expect particular population subgroups to be more or
less susceptible?

Professor Depledge: 1 have certainly read one study—I
say omne because it emphasises the scarcity of
information—which involved rats and looking at the
uptake of iodine labelled polystyrene microspheres of
more than 50 nm. They have demonstrated uptake of
these microspheres. It was suggested in that particular
study that people, or animals with inflammatory
bowel disease of one form or another, would be at
greater risk. I am not aware of any other evidence.
Professor Donaldson: 1 think there is maybe one case
where the lung data might come to hand here.
Certainly in the human lung the adverse susceptibility
to particles is greatly enhanced in those people who
have inflammatory conditions of the lung, asthma and
COPD especially. If you have inflammation already in
your airways then the effect of the particles are worse.
That is very strong data to support that. One would
imagine that the gut would be exactly the same. The
effect of particles in the gut may be much worse in
someone who has got some inflammation in their gut.
Dr Powell: 1 can add to that in two forms: firstly, that
gut permeability is enhanced in the presence of certain
disease, including chronic diarrhoea; and thereis good
evidence that small particles or large molecules will
have enhanced permeability under these conditions.
The second point to make is to pick up on Professor
Donaldson’s point, which is that we have looked in
inflamed cells from patients with inflammatory bowel
disease; we have challenged them with particles and
we have shown that they will have enhanced pro-
inflammatory effects; again, I stress this is ex vivo, and
there is little or no data as far as I know in vivo.

Dr Chaudhry: There is no evidence in scientific terms
but nanoparticles may act as seeds for crystallisation
of certain chemicals, but this has been shown in test
tube experiments. Concerns have been raised that if
nanoparticles getinto, forexample, the kidney and the
kidney is inflamed, they might act as seeds for
calcification there; but there is no scientific evidence
for that.

Q218 Lord Haskel: Could 1 just put the layman’s
question: if you do get some nanoparticles in your gut
and they have the reaction you describe, what can you
do about it? Is there an antidote, or something like
that?

Dr Chaudhry: 1 think, depending on the chemical
nature of nanoparticles, they may not cause toxicity
there and then. If they are excreted from the body,
metabolised, broken down, that is another story
because they will be eliminated from the body. The
concern is if they become lodged into the cells and
tissues and remain there and get accumulated over
time and what sort of effects they may have. We are not
talking about immediate effects; we are talking about
medium to long-term effects.

Professor Donaldson: Jonathan would know better
than me, but if we go back to the situation where
someone has an inflammatory bowel condition and he
already takes some medication, they would take more
of it more often, I would imagine; which is the case
with asthma and air pollution; people use their asthma
medication more when the air pollution is high. You
would make the same argument, one would imagine.
Professor Depledge: The point I would like to make is I
think this demonstrates what I was saying earlier
about plausibility. You can imagine scenarios of what
might happen, but we are operating in an area of
profound ignorance. Certainly we do not have a
comprehensive understanding; I am not sure we have
any real understanding of what would happen in those
circumstances and whether you could pull
nanomaterials out. It is actually extremely difficult to
find the nanomaterials in the first place

Q219 Earl of Selborne: 1 would like to ask our
toxicologists today how they would define
nanotechnologies and nanomaterials from a
toxicological point of view?

Professor Donaldson: There is an immediate problem
there because the standard definition (which has been
considered and thought about extensively by various
nomenclature committees which Qasim has sat on)
that a nanoparticle is a particle with one dimension at
least less than 100 nm or 0.1 of a micron, there is no
toxicological basis whatsoever for that. The idea that
a 102 nm particle is safe and a 99 nm particle is not is
just plain daft, it does not work that way. [t is a sliding
scale: we may talk later on about surface area, but as
particles get smaller their surface area per unit mass
increases; and it is surface area that interacts with
biological systems. You can talk about smallness as
well, but surface area matters a lot in terms of
delivering harm.

Q220 Earl of Selborne: In order to determine
potential toxicity, is it sensible to look not just at size,
which you say could be relevant, but reactivity, shape,
any other factors?

Professor Donaldson: Reactivity per unit surface area
and shape.
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Professor Depledge: Could I just add to that, when we
were gathering evidence for the Royal Commission
report some of the evidence we received suggested
that the term “nanotechnology” was really not a very
useful term and might disappear within ten to 15
years. I think the conclusion you will find in the
Royal Commission’s report is that it is really the
functionality—the functions of the particles—that is
more important when it comes to classifying them in
toxicological terms.

Q221 Earl of Selborne: Eventually one would hope
in Europe there would have to be detailed risk
assessment and legislation; and there needs to be
some assessment as to how this can be best
determined in legislation. I understand that the
European Food Safety Authority has recommended
that an additional metric, taking your point of
specific surface area, should be included in the
definition of nanoscale materials, which is currently
based solely on size. Is this measure of surface area
going to be adequate to catch the high-risk
nanoparticles?

Professor Donaldson: With surface area alone there are
a large amount of nanoparticle types currently in use,
like aluminosilica and titanium dioxide, and there are
already many materials handled in workplaces,
which are classified as low toxicity materials. The
toxicity per unit surface of these is very low; as far as
a particle toxicologist can ascertain, it is about as low
as it gets; they have virtually no activity; but enough
of them in the lung, for instance, does stir up
problems in the lung. Certainly the idea that then you
move up into a particle which has lots of surface area
but that surface area is already active then you would
start to multiply the harm.

Dr Powell: There are two answers I would like to give
in response to that. Firstly, that nanosize per se does
not to my mind make a particle a nanoparticle. I say
that because there are plenty of naturally occurring
substances that are nanosized but they behave
chemically, biologically in many different ways. They
may behave as soluble molecules or—at the other end
of the scale they may be a virus, for example; these
will be recognised in different ways. The term
“nanotechnology” or “nanoparticulate” to our mind
means that that characteristic, that nanosize, has
become the dominant characteristic that drives the
behaviour of the material. It does not mean that
everything that is nanosized should be considered a
nanoparticle. The second point I would like to make
is that surface area may well be important in terms of
the acute effect, these radical-inducing effects of
particles within cells, or their potential ability to
produce these radicals; it will not, however, give us a
lot of information about the more long-term chronic
effects. I think, therefore, there is a challenge ahead in

terms of testing these particles for their chronicity; ie
their long-term adverse effects rather than their acute
pro-inflammatory effects.

Q222 Lord Methuen: What types of nanoparticles
are likely to be used in food or packaging? Would you
class any of these particles as a high potential risk?
Dr Powell: 1 have mentioned earlier that from what
we have seen there are two types of nanoparticles that
are either being used or planning to be used. The first
type are the larger nanoparticles, and within the
definition that people tend to think of nanoparticles,
i.e. less than 100 nm in diameter; these would fall
either on the edge or outside that definition; but those
are already used in food in large amounts and we
ingest large amounts. We have been studying these
for many years and we still know very little about
them. They include aluminosilicates, titanium
dioxide and silicate particles; and these are used as
food additives. The second type are the smaller
particles. These are either being used in other
countries, not in the UK, or are on the horizon and
include nano-silver, the nano-clays, as well as nano-
silica; and we are concerned mostly about those that
show either partial persistence—ie they get through
the gut lumen and into the gut cells where they may
be broken down but that does not stop them being
toxic—or they show whole persistence, and that
means that they cannot be broken down at the
cellular level either. I suspect, of those particles,
nano-silver, nano-clays and nano-silica in particular
will all fall into the latter categories.

Q223 Lord Methuen: Those are mainly used for
packaging at the moment?

Dr Powell: Yes, the nano-silica has been introduced
into at least one drink that we know of in the USA;
as far as I know, it is not available in the UK, except
were someone to bring it in or via the internet. That
is used in one food; but the others, you are absolutely
correct, are much more in packaging.

Q224 Lord Methuen: What was meant to be the
benefit in this drink?

Dr Powell: The idea is that you can promote the
interaction between a substance adsorbed onto the
nanoparticle surface, in this case cocoa, and the
tastebud; so that this provides a longer lasting
interaction between the two, which then gives you a
stronger flavour burst and, the idea of that being, you
can use less sugar, you can use less fat and you will
still get the same delivery effect but in a “more
healthy” drink.

Q225 Chairman: Can 1 just pick up on a couple of
points. One is that you mentioned that titanium
dioxide is used as an additive in food. If my memory



118

NANOTECHNOLOGIES AND FOOD: EVIDENCE

5 May 2009

Professor Ken Donaldson, Dr Qasim Chaudhry, Dr Jonathan Powell

and Professor Michael Depledge

serves me correctly, when we took evidence from the
Food and Drink Federation they seemed to be
unaware of the fact that titanium dioxide was used in
food. They thought it was used in cosmetics but not
in food. Can you be more specific and definite that it
is used as a food additive?

Dr Powell: 1 can be very definite about that. It is a
piece of work that we have done. We have done it
both by direct analysis of the foods, and also by
looking at people’s diets. We have shown that the
average intake is around 5 mg/day; that is not large in
terms of weight but in terms of number of particles
that is about 10'%, one million million particles; so it
is a large number of particles that are ingested per
day. It is used as a brightening or whitening agent, so
it is an artificial additive that makes foods whiter or
brighter. It is also added to a number of medications
as an excipient; also to some toothpastes, few but
some toothpastes; and also particularly to food
supplements where it might be involved again in
giving a slightly different colour effect to that
supplement.

Q226 Chairman: 1 think it might be worth just
checking that the Food and Drink Federation still
stand by the statement they made last week, which I
believe was that it is used in cosmetics and sunscreens
but not in food.

Professor Donaldson: 1 think you have to be careful,
because the word “nano” has become such a bogey
term that, if you are not careful, they take the
question to be, “Is there nano TiO: in food”, and you
say, “No”; but there is lots of bigger titanium dioxide
in food. White cream—the cream that comes out of a
can—that is white because it is titanium dioxide.

Q227 Chairman: Coming back to Dr Powell,
whether particles you referred to—10'% that are
ingested every day—were those within the definition
that we have been talking about? Were those
nanoparticles, or were they particles?

Dr Powell: These are within the definition that we
have been talking about. They have an average
diameter of 200 nm. You will find a small proportion
that are smaller ie below 100 nm; but the majority will
have greater than 100 nm diameter.

Q228 Chairman: May 1 just ask one other question
before moving on. In the MRC’s evidence—again
this is picking up on the question of risks in current
use—you refer to nanodelivery systems that enhance
the absorption of antioxidants. However, many of
these antioxidants are normally poorly observed and
may not be well tolerated at a high level and may
result in too much of a good thing. These are
components of a diet that may be valuable to you in
very small doses but toxic in larger doses. Is that

something from the health and safety point of view
one should be really concerned about; or were you
simply speculating in a more general way that this is
a possibility?

Dr Powell: It was more general speculation. There are
a number of nutraceuticals or antioxidant-type
substances that occur in diets in very, very small
amounts and they are absorbed often in very, very
small amounts. We were simply speculating that were
you to create a scenario where you could get much
greater absorption, such as through nano-
encapsulation, it might not just be the nanoparticle
you have to be concerned about but the substance
within.

Q229 Lord Haskel: Dr Powell said that titanium
dioxide was used in toothpaste as brightener. Is that
correct?

Dr Powell: 1 believe it is used in a few now. There is a
particle that is used in much greater amounts in
toothpaste and that is the aluminosilicate; but I
believe titanium dioxide is still used in a few
toothpastes, yes.

Q230 Lord Haskel: If you go into a pharmacy there
are lots of toothpastes that say they will brighten
your teeth but we have been led to understand that
these things are hardly used at all. Because everybody
uses toothpaste, quite a number of people must be
brushing their teeth with titanium dioxide?

Dr Powell: If I could just clarify. I am not an expert in
this area but I think I am right in saying that titanium
dioxide is used to make the food, or in this case the
toothpaste, brighter. I do not think iz itself is
responsible for the brightening action on the teeth.

Q231 Lord May of Oxford: We have been talking
about nanoparticles in the gut, but I am curious what
actually are the risks associated with ingesting
nanoparticles in the gastrointestinal tract? What are
the risks that we know about? What are the things we
suspect we know about? What are the unknown
unknowns?

Dr Chaudhry: There are more unknowns than
knowns in this case. Very little is known in fact.

Q232 Lord May of Oxford: 1 was not meaning to
knock Rumsfeld, I should say. I thought it was one of
few intelligent things he said!

Dr Chaudhry: This is a very, very topical question.
What is not known is whether nanoparticles added to
food will remain free; whether they agglomerate;
aggregate; bind to food; whether they will be
digested; whether they will be broken down by
stomach acids or enzymes; or will be excreted. These
aspects are completely normal for the majority of
nanoparticles. Because these interactions of
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behaviour and fate aspects are very important in
determining what sort of risks they may pose—risk is
not only hazard, it is also exposure—if they never
leave the gut and are excreted from the body then
obviously there is no risk; but these aspects are largely
not known.

Dr Powell: 1 would like to point out the gut is a rather
unusual organ, in that it is naturally tolerant, unlike
many tissues; and that is because of course we are
throwing food at it every day.

Q233 Lord May of Oxford: 1t has got to be!

Dr Powell: Bacteria live in there, and so it has
developed in a rather tolerant fashion. That, in the
main, of course is a good thing and it protects us. Just
occasionally that tolerance can be broken, and
broken in the most unusual ways. Unfortunately we
know so little about either that process or, indeed,
about particles and nanoparticles, that trying to tie
those two aspects together would be nothing better
than speculation, which probably would not be very
useful to the Committee. Suffice to say, in my view,
there really is nothing known.

Professor  Depledge: 1f you think about the
developments  that  are underway  with
nanomedicines, they are designing many, many
different kinds of medicines using nanomaterials that
may gain greater use in the future. Of course, some of
those are designed for uptake through the gut so there
are possibilities. It is plausible that particles can pass
through the gut and be taken up in that way. The
other thing is that it seems that many of the
engineered or manufactured nanoparticles have not
been fully characterised in terms of their properties
and what they can do; so there are surprises with
some nanomaterials that are being used, that they do
other things that we do not discover until later down
the line. I think, again, there may be surprises in store.

Q234 Lord May of Oxford: Specifically we have
already mentioned silver. I know nano-silver is used
as an antimicrobial in packaging and in foods and,
for that matter, in clothing; most of the hiking kit
these days tells you it has got nano-silver particles in
the shirts and pants so you will not pong at the end of
the day. What do we know about the negative
consequences, either because they are in food or
because you have accidentally got them from the
packaging or something, for nano-silver on gut flora?
Dr Powell: We have not worked on that, I am afraid.
Dr Chaudhry: 1 know IFR has worked on that but
very, very preliminary work. Yes, it has been reported
and that is why companies are selling them because of
their antimicrobial action. So antimicrobial action is
known; but the effect on gut microflora, very few
studies and not yet published.

Professor Donaldson: My understanding is it is not the
particles so much as the silver ion, which is the
chemical soluble form, that is released that is toxic.
That is why in wound dressings and so on
nanoparticles of silver do not generally leave the
dressing; the ions flow from the particles. It is a
chemical toxicity as much as particle toxicity.

Q235 Lord May of Oxford: Are we similarly not in
a state of full understanding about the proportion of
ingested nanoparticles that are able to be absorbed
into the body, whereabouts and so on? Do any of you
actually worry—or particularly if you are more in the
food industry and the research industry, would you
worry—about a second attempt to demonise this
technology, as it was successful in the second attempt
to demonise GM foods? Given that, the answer at
least to many of the putative objections to GM foods,
there were experiments and understanding, for
example, that would answer the worry about super
weeds—if people were to come again at this in a
campaign, should we not be worrying about the fact
that we would say, unlike what we could say with GM
foods, “We don’t know this; we don’t know that; we
don’t know the other thing. We don’t know if the
particles that are aggregated together can be broken
down in the gastrointestinal tract. We don’t know
where they are absorbed. We don’t know how, for
example, absorption of nanoparticles in the
gastrointestinal tract might affect diseases like
inflammatory bowel syndrome and things like that”.
Would that be a fair statement of the current
position? How disturbing do you find it?

Professor  Donaldson: 1 am concerned about
demonisation because I think we already have had
massive exposure to nanoparticles of all sorts, in the
air for instance in traffic particles. We know that there
is not no impact of that, but there is not a huge impact
and we have evolved to deal with that. Not all
nanoparticles are the same; and there is a whole
generation or type of nanoparticles, these low
toxicity ones, that are low toxicity. I do not think we
should consider all nanoparticles to be the same.
That is the first mistake people would make, to think
the one word “nanoparticles” embraces all particles.
It does not tell you anything about the widespread of
toxicity of nanoparticles.

Q236 Lord May of Oxford: 1 would turn that
argument around and say there are of course lots of
nanoparticles we have been familiar with for a couple
of hundred thousand years and they do not seem to
be doing us much harm; but now we are doing
specifically different things. Nanosilver has not been
part of our ingestion process; and should we not, in
view of some of the other unintended consequences
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of well intentioned actions, be trying to know more
about it?

Professor Donaldson: Yes, we should. The whole issue
of demonisation—it sounds asif nanoparticles are one
thing. Nobody would call big particles “a particle”;
becauseit could be trafficdust and it could be asbestos.
Nobody uses the word “particle” in generic terms. Yet
people use the term “nanoparticles” in a generic way,
and I think that can lead to demonisation. Scientists
are human; they do not like to study things that are
bland; we tend to study the toxic things; so the kind of
message that goes out is that nanoparticles can be very
harmful. There are a whole slew of nanoparticles that
arenotvery harmful atall. Thatis really important but
that message does not come out.

Q237 Lord May of Oxford:1justfeel, if Iwanttoruna
campaign against this, to build the membership of my
organisation, or some other reason, I have got the
material to do a pretty good job.

Professor Depledge: 1 made the point at the beginning,
and Professor Donaldson has just made it again,
about the diversity of nanomaterials. I also made the
point, when asked about defining nanotechnologies,
thatitis not a very helpful thing to do. In terms of risk
assessment, I think it is hugely important that we do
look at functionality, and what particular things a
particular kind of nanomaterial is designed to do; and
that would help in making risk assessments. Titanium
dioxide, forexample, has been used as we have said for
many years, and there is not much evidence that it is
doing any harm at all. I do agree with you that we need
to emphasise the benefits of some kinds of
nanomaterials. I think it is about opening up this
whole debate and making it much clearer.

Chairman: The answers are quite technical answers to
a very broad bush campaign in Lord May’s terms. If
the simple question is: “Are there substantial areas of
uncertainty and lack of knowledge about the risks?”,
to come back and say, “Well, you’ve got to look at
different definitions; you’ve got to look at this and
that” is not going to be very helpful if people are
looking for a yes or no answer.

Lord May of Oxford: I, in particular, have the belief
nanosilver has been put into foods as an antimicrobial
preservative; butif we do not know the effect on the gut
flora, which in a somewhat broad sense resembles two
microbes, that is a legitimate thing that you really
ought to know more about before you do it.

Q238 Chairman: Is that fair?

Dr Powell: Yes, 1 think it is very fair. As I have
mentioned earlier, we have been exposed to
nanoparticles throughout evolution; I think the
difference there is that they tend to be nanoparticles
that we have established mechanisms to deal with; and
that there is genuinely now the concern that new

nanoparticles are coming along that we have no
mechanism to deal with; ie persistent nanoparticles. I
cannot think of a natural example of a persistent
nanoparticle. I can think of many natural examples of
persistent larger particles but not persistent
nanoparticles. So were you running your campaign, [
think this would be a very good starting point. I
believe therefore genuinely these are areas we need to
understand more about. That is not to say thatitisa
problem; but simply to say that the unknown exists;
and where the unknown exists we should perhaps try
and change that.

Q239 Chairman: 1think one or two other members of
the witness panel would like to come in? Professor
Donaldson?

Professor Donaldson: 1 think the nano particle that we
are most exposed to and is persistent is soot. It ismade
of graphene and it is highly persistent. It is like sheets
of graphite—pencil lead. It is the nanoparticle we are
mostused to. Theaverage soot particle outin the street
here—and there islots of it around here—is 60 nm and
there is lots of it in here. We are breathing billions of
them a day if you work in here. Billions of them are
depositing in your lungs every day; so we are
experienced through the lungs; and 99.9 per cent of all
particles deposited in the lung get cleared up by the
mucus escalator and we swallow them. The gut gets
delivered to it large amounts of soot. I do not know
what happens to soot in the stomach, but soot
particles are extremely tough. I would be surprised if
they are not persistent.

Q240 Chairman: Just to be clear about the last point
you made—many things that we inhale end up being
swallowed in the end?

Professor Donaldson: Absolutely, almost all of what we
inhale, otherwise our lungs would be bunged up by
now—after 60 years or so in my case—so it is cleared
upwards all the time; and you swallow mucus
containing particles all the time.

Q241 Chairman: Regardless of what we ingest in
food, we are ingesting a lot of material that is just
floating around in the air around us, including soot?
Professor Donaldson: Yes.

Professor Depledge: 1 just wanted to return to the issue.
You were saying about the intricacy of the debate that
we were getting into, but I think if you want to think
aboutreally big problems that we face, ultimately if we
want to devise toxicity tests for nanomaterials in
foods, then I think we should think about the
practicality of doing that because there are likely to be
amyriad of different forms of nanomaterials in foods;
some of which we put in deliberately; others which get
there for reasons of environmental contamination and
access to food. If you think about evaluating the
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toxicity of these various forms of nanomaterial and
nanotubes, it would take years and years and years to
get through the list. In terms of protecting the public,
what happens in the meantime?

Dr Chaudhry: 1 just want to add, in this whole scenario
an independent industry body is missing which can
look at the whole scenario of publications. Not every
application of science here is going to give us any
major concerns or any hazards or any risks. The body
needs to separate those applications that have no or
low risk, and those applications can go ahead: but
because of the nanotechnology label everything seems
to be static. For example, we know from our own
experiments that nanoparticles hardly ever move from
packaging material into food; so that application, as
far as tests show, may not cause any risk to the
consumer and can go ahead: but because of the
nanotechnology label, companies are afraid of
declaring that it is nanotechnology-derived. Even if
we do not know about hazards or exposure or many
other uncertainties, we can divide applications on the
basis of whether nanoparticles are free, whether they
are soluble, digestible or insoluble; and we can form
those categories very quickly on a hypothetical basis,
whether an area of application is going to be in the
high risk category or in the low risk category. We have
attempted that and [ have a handout if you would like
to look at that.

Chairman: Perhaps you could leave that with the
Committee clerk afterwards. I would like to move on
now to Baroness Neuberger.

Q242 Baroness Neuberger: We have been talking
about persistence. I would really like to ask you what
the state of knowledge is regarding the actual
accumulation of nanoparticles in the body once we
know we have been ingesting them? How do they
accumulate? How many of them do we not get rid of
which you have been talking about earlier?

Dr Powell: The work we have done is purely around
the gut and, again, around these larger nanoparticles,
so generally upwards of 100 nm but not solely. We have
shown that certain areas of the gut, the lymphoid
tissue, does with increasing age accumulate these
particles. Presumably they only represent a very small
percentage of what has been taken up, so there
probably is a clearance mechanism; but quite clearly
accumulation does occur. As I also mentioned, we
have been unablein any way to link that accumulation
to any type of disease, disorder or impact upon health.
We have not in our work looked beyond the gut in
terms of accumulation, but I know others have and it
may be some other members of the panel are better to
answer that.

Professor Donaldson: There is a body of work that has
been done on model nanoparticles starting from
various portals of entry: inhalation and injection into

the blood predominantly; not much through the skin
because they do not seem to pass very readily through
the skin; and virtually nothing through the gut at the
moment has been published at least. If you inhale
nanoparticles they find their way to the blood.
Something like a per cent or so of all the material that
deposits in the lung will get into the blood—Iet us say
a per cent—and that circulates round the body and
accumulates in various organs at low levels. The liver
is a good place for particles to stop in. The liver
monitors the blood and it has cells that grab things in
the blood and it grabs particles, so they are focussed in
the liver. Nobody really knows what happens to them
in the liver. Do they just remain there? If someone was
to get a chronic exposure through food or a particle
that did get into the blood, what would be the
consequence of a lifetime’s accumulation of such
particles in the liver? Nobody knows that. There have
been no long-term studies done to know the outcome
of that. There is also evidence that they get into the
brain atalow level from the blood as well, and into the
bone marrow and some other organs. Again, it is hard
to imagine what the clearance system would be from
the brain but it is not like the lungs which have a
clearance system; so it comes back to this issue that
Professor Depledge has mentioned about the fact that
there are unintended consequences when particles get
to places where particles should not get because there
is no system there to clear them.

Q243 Baroness Neuberger: That actually comes back
to Lord May’s point, does it not? If you started
explaining that and said what was not known, people
mighthave quite good reason to get concerned; and we
do not, from what you are saying, have a very
adequate answer for them; we just do not know?
Professor Donaldson: No, we do not know.

Q244 Baroness Neuberger: Can 1 just add one other
thing: we know that nanotechnology is used to
encapsulate substances to make them more easily
absorbed to target specific cells, organs or whatever.
Do we think there may be some particular risks
associated with that, so that you get exposure to
certain substances from that kind of technology to too
great an extent; or that they get through to some part
of the body they would not normally go to; so either
your liver or your brain?

Professor Donaldson: Through medical uses.

Q245 Baroness Neuberger: Yes, medical uses, with
drugs, for instance.

Professor Donaldson: That is very interesting and
concerning to a particle toxicologist. For example,
one of the widest uses of nanoparticles is to image the
plaques, the coronary artery plaques that cause most
people’s  deaths—most  deaths are  from
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cardiovascular diseases when this plaque, this lesion in
the blood vessels near the heart, ruptures. To know
when a plaque would rupture—it is called a
“vulnerable plaque”—cardiologists would really like
to know what a vulnerable plaqueis. If youinject these
iron nanoparticles into the blood, which are now
licensed to be used and are used by cardiologists, they
seem to localise to these plaques and you find them in
the plaques if you section the plaques. The
cardiologists can image these plaques using that
methodology, and that is one reason they are used.
That seems to me to be a really risky thing to do. One
of the most powerful signals in the air pollution
literature is that exposure to particles in the
environment causes these plaques to rupture. It seems
to me you are inviting disaster. It seems to be being
used, and maybe it is a baseless concern, but to me it
seems a considerable worry.

Q246 Baroness Neuberger: 1t is only being used
diagnostically. It is not being used for any form of
treatment, is it?

Professor Donaldson: No, it is not.

Q247 Baroness Neuberger: Purely diagnostic?
Professor Donaldson: There is also an idea that such
particles can be used to deliver drugs to the plaques
and to other places in the body. There seems to be
considerable potential for the accumulation over
time if the therapy went on and on. Clearly imaging
only happens maybe once or twice; but for therapy
you would give protracted treatment so you might get
a long-term accumulation of nanoparticles in places
and, as we have already said, you do not know what
these places are, or the extent.

Q248 Baroness Neuberger: The last thing I would
really like to ask you, maybe you have already given
us some of the answer: is there research being done
into any of this, about what the short or the long-
term effects will be?

Professor Donaldson: The long-term I do not know. In
Edinburgh we are doing some studies and the
Department of Health has funded a student in our
department to look at these superfine paramagnetic
iron particles—to look at the effect that these might
have. We have a mouse model that develops plaques
and we are going to put these into the mouse model
and see if they go to the plaques and if they cause the
plaques to grow and become more likely to rupture
and more vulnerable. I imagine there is other research
as well but I do not know what that is.

Dr Powell: We are undertaking research at MRC
Human Nutrition Research both in terms of short-
term effects of very small mineral nanoparticles; these

are iron oxide and other oxide nanoparticles in gut
cells; and we are also, however—and have been for a
long time—undertaking long-term studies in terms of
the effects of larger nanoparticles on the human gut
tissue. That research is time-consuming. It takes a
very long time to get the data but we have made good
progress and I hope that within a year or so we will
start to see the fruits of that labour. There is work
going on but it is quite tricky work.

Q249 Baroness Neuberger: Do you know of other
institutions that are doing it?

Dr Powell: Yes, we have now hooked up with two
institutions in Germany who have both just started to
work on the gut; but prior to that we knew of no other
group, certainly within Europe, who was working on
large or small nanoparticles and the gut; but we have
just started to work with two in Germany, as I have
mentioned.

Q250 Lord Methuen: Do nanotubes feature at all in
this discussion? I understand they are being used for
some purposes; but are they relevant and might they
come into this argument?

Professor Donaldson: 1 do not think they are used in
food.

Dr Chaudhry: Their properties are such that they are
no use in food. Their features are that they give huge
tensile strength to whatever material they are put in;
and also they are electrically conductive. These two
features have nothing to do with food. They may find
some use in food packaging but not in food per se.

Q251 Lord Methuen: Do they form a risk if they are
in packaging?

Dr Chaudhry: If they are in the environment and they
get into food as a contaminant or into the
environment as a contaminant, yes, certainly. I think
Professor Donaldson is best placed to answer that.
Professor Donaldson: Even when you burn gas rings
you make nanotubes—not very many, but it is
surprising what has been found in the air when you
burn gas rings. Most forms of combustion—even
probably coal burning and wood burning—produces
some degree of nanotubes, so it is not a new exposure.
The workplace exposure to mg and pg/m? of the stuff
is probably fairly new. The concern has been that it
has a particle hazard; it could be a harmful particle;
but also they are long and thin like asbestos so they
could behave like asbestos. There are two kinds of
hazard associated with these materials. The question
is: are people generally exposed to the particles, or to
the long thin ones; because the dangers are different
and the hazards are different for the two. Really it is
a case where we need more exposure data. We really
do not know what people are being exposed to in
workplaces with this material. Certainly it has now
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increased to be one of the major products of the
nanotechnology industry so it is being handled in tens
of hundreds of tonnes in workplaces.

Q252 Lord Haskel: 1s there anything that we could
learn from ecotoxicology about the dangers or the
potential risks to humans of ingesting nanoparticles?
Professor Depledge: 1 think we can look at this in a
number of ways. First of all, I think the potential use
of animal models is very valuable. There has been
work done with lower organisms, which are easier to
deal with in experimental situations. Of course some
of the conditions in the guts of lower organisms are
somewhat similar to those that are in humans, so
there is a model organism kind of approach. There is
a great deal to be learnt there. I think it is very
important to understand what routes of
contamination are possible for our food items. For
example, if you like eating snails or if you like eating
shellfish, some of which are filter feeding organisms,
they are exactly the kind of organisms which are
likely to take up nanomaterials from sediment or
from water bodies, and they filter vast amounts of
water and so may accumulate nanoparticles.
Looking at contamination of food by nanomaterials
involves ecotoxicological approaches to see which
organisms are mostly likely to do that. Then there is
the issue of food chain transfer. If you happen to be
a top predator that eats lots and lots of shellfish, do
the nanomaterials accumulate in fish and so on? I
think those are very important points. The other
thing I would mention is that, earlier this year, I
attended a meeting in the USA at Rice University
where they have a major centre for nanotechnology.
The discussion there turned to the wuse of
nanomaterials in agriculture. This was voiced by the
experts attending that meeting as one of their greatest
concerns. There may be ways of delivering pesticides
attached to nanoparticles, or phosphates and nitrates
and other fertilisers and so on, and also maybe
agriceuticals and pharmaceuticals that are given to
domesticated animals, cows, sheep and so on; and we
have no idea, to my knowledge at least, of how these
materials might get into the food products that we
eat. I think there is some evidence from the literature
that if you expose fungi to nanomaterials, they will
take up certain kinds of nanomaterials. You can see
the uptake of nanomaterials in the roots of plants.
You can actually get nanomaterials into plants by
spraying them on the leaves. Then of course the
organisms eating those plants and fungi are likely to
be subjected to those nanomaterials as contaminants.
There is plausibility of uptake by those routes but
actual evidence of uptake into humans and where it
ends up in humans I think is absent at the moment,
or I am not aware of it anyway.

Q253 Lord Haskel: People have been eating snails
for years, they have been eating shellfish for years,
they have been using agricultural chemicals for years.
If we have been ingesting nanoparticles from that
source, we have been doing for hundreds or
thousands of years. Can we take any comfort from
that?

Professor Depledge: 1 do not think so and the reason I
do not think so is because you are quite right, we have
been taking up nanoparticles by that route but we
have not been taking up engineered nanoparticles by
that route for long. Particular types of nanomaterials
are engineered to do specific things. If something like
nanomedicines were to become widely used in the
future—and we have heard about nanoimaging
materials and so on—one should be aware that these
materials do end up in the environment, just as the
pharmaceuticals that we use in our daily lives:
antibiotics, analgesics and even cancer chemotherapy
agents can be detected in British rivers having passed
through sewage works and so on. If we ended up with
that kind of issue with nanomedicines being delivered
into rivers or being deposited in sewage sludge on
fields, with the potential uptake into plants, again the
plausibility of getting our nanomaterials excreted
back again should be investigated, in my view.

Q254 Lord Haskel: 1s there any work going on to
investigate this?

Professor Depledge: Not to my knowledge at the
moment, other than studies in the laboratory where
a variety of fungi, plants, animals, bacteria are being
exposed in laboratory tests in a very limited range of
nanomaterials.

Q255 Chairman: Could I just clarify in my own mind
your comment about a possible accumulation in the
food chain, rather like the story with DDT where it
was concentrated in the top predators and that, in a
sense, was the danger signal—the canary in the coal
mine that warned us of the risk. Have there been
studies of accumulation in higher predators in the
food chain that perhaps consume molluscs or other
invertebrates that may be the primary filter and
absorbers?

Professor Depledge: Not to my knowledge and at the
meeting that [ attended in the US where many of the
experts were gathered together nobody mentioned
that as an issue.

Q256 Lord Methuen: What research has taken place
into the health and safety risks associated with
nanomaterials, and how much in the UK and how
much worldwide?

Professor Donaldson: There is a lot now. It is safe to
say, though, that that is focused fairly much on the
lungs and inhalation exposure. As I said, perhaps 10
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or 20:1 against the skin and hardly at all for the gut.
So in the UK there is funding from all the major
research councils now, MRC, NERC and the EPSRC
I think as well. The European Union FP7 has funded
large studies, several of which I have been involved
in. In the USA the Nanotechnology Programme is
huge in NIOSH and in EPA. In Japan and Korea
again they all have big programmes. There is a huge
amount of ongoing research but it is focused very
much on environmental exposures to the lung and I
think increasingly in ecotoxicology.

Q257 Lord Methuen: Are you worried about the lack
of attention to what happens with food in the gut?
Dr Chaudhry: There is one project call that has come
out from the Food Standards Agency recently, which
is very topical, which aims to study toxicokinetics; i.e.
how these nanoparticles move out of the gut, where
they go and what sort of toxic effects they have, but
that project is still to be started and done. The
funding call has just been announced.

Q258 Lord Methuen: We have already talked about
the range of these particles and how you know which
ones to concentrate on. Is that not the real problem?
Professor Depledge: 1 agree with you; I think it is a real
problem. Currently there are in a broad sense
something like 600 or 700 products on the market
that contain nanomaterials, according to the
Woodrow Wilson Center in the US, and they have
been through standard toxicity testing, and we have
some doubts about how well it works. I think there is
a general consensus that conventional toxicity testing
is not very useful, and so the OECD has set up a
programme to develop new toxicity tests specifically
designed to evaluate nanomaterials. They have
chosen 14 model substances that are being
investigated, two per country, and I think some of
these model materials have not actually been taken
up by anybody yet, but they are trying to develop full
characterisation of these particles and also develop
toxicity tests. To my mind, that will be of value but of
limited value in the sense that we do not know that we
are looking at the right kinds of nanomaterials and
whether you can actually use 14 different
representative nanomaterials from the myriad of
different forms that have been produced I have
some doubt.

Lord Methuen: 1 find it quite frightening.

Q259 Lord May of Oxford: 1 wanted to ask: is this
general area of research one at which the UK is as
well represented among the leaders as it is in many
things? I have in mind the fact that if you look, for
example, at some of the eastern European or the EU
accession countries, they are very good at the
physical sciences but not quite so at the cutting edge

in life science because the mechanisms are less agile
than those that have characterised the Scandinavian,
Anglo and other countries? Some of the things that
have happened in some of the research councils that
are deliberately trying to identify applications and so
on, I just wonder whether you feel these things are
helping or hindering and just more generally what is
the state of British facility in this area on the world
stage?

Professor Donaldson: If you take human toxicology,
the UK has always punched above its weight in terms
of particle toxicology historically because there was
such a focus in the UK in the dusty industries and
dusty trades. For instance, the Coal Board is the seat
of particle toxicology in the UK and it was in Wales
and it was in Edinburgh. That is why I am in
Edinburgh because I went to work for the Coal Board
first of all. I think the Coal Board was very important
in driving forward in the UK particle toxicology and
it took over the Asbestosis Research Council. That is
not to say that there was not also a recognition of a
particle toxicology problem in the US or in other
places; there certainly was in Germany for instance a
very famous history of particle toxicology. We have
punched above our weight but there was not very
much funding in the UK until relatively recently. We
have kind of caught up but we were slow to get off the
mark compared to America, definitely.

Q260 Lord May of Oxford: There does seem to me,
and I may be wrong, that it is a subject which is
inherently at the interface between the physical and
the life sciences, so that it does require a certain
amount of willingness to cross boundaries that not
everyone is good at.

Professor Donaldson: That is absolutely right. It is an
interdisciplinary  undertaking. To study the
environmental and human health consequences of
particles, you have to understand the particle and
you have to understand the toxicology and the
toxicity, so you definitely have to have a
multidisciplinary team.

Professor Depledge: 1 think that is right; it has to be a
multidisciplinary activity. I think in the UK the
ecotoxicological investigations of nanomaterials are
again punching above their weight. There are a
number of groups around the country, but I would
point out that I think the amount of resource
available for undertaking research on the effects of
nanomaterials on the environment and human health
is extremely small compared with the amount of
money that is being invested in the development of
new nanotechnologies, in new materials. It is tiny in
comparison with the investment. It is also to me very
interesting that we have some of the research councils
in the UK providing resources to look at the impacts
on the environment and human health, whereas other
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research councils are actually promoting the
development of new nanotechnologies and new
applications, so you have one chasing the other. This
is happening at a grand scale in Europe where in the
Framework 7 programme, the environment and
climate part, there is relatively limited resource
available for looking at the impacts of nanomaterials
on the environment and human health, but in other
programmes within the EU there are vast amounts of
money available for stimulating European industries
to adopt nanotechnology methodologies, and indeed
there is a suggestion that one-third of all industrial
manufacture in Europe will involve
nanotechnologies within 10 to 15 years.

Dr Powell: Just to add very quickly concerning your
specific remit here, I think there is little or no work,
either in the UK, Europe or even on the world scale,
in terms of the gut, foods and nanoparticles. Most of
what we know about comes from the work, as Ken
Donaldson said, from the lung, a little bit from the
skin and the tiny amount that has been done in the
gut. In terms of what is going to happen, I believe that
there is now access to certain research grants. What
needs perhaps to be done is to try and enhance the
interest so that more work around the gut is
undertaken around foods and I think, again as Ken
has said, in the UK we should be fairly well placed at
the global level to be leaders in this area.

Q261 Chairman: If we focus that question very
specifically on the regulatory requirements for risk
assessments, if you had to summarise in a few
sentences what would be the top research priorities
for risk assessment of nanotechnologies,
nanomaterials in food and packaging in relation to
regulation, what would you pick out?

Dr Powell: I would argue that because of where we are
currently at, that is to say we have nanoparticulates
coming through already, if not in this country I am
sure soon to come and certainly in other countries,
and yet we do not have regulations and knowing how
slow the latter are compared to the former, we need
to do something fairly quickly. For me therefore the
priority would be a logic model, and that logic model
would unfold in a fairly simple way, starting with the
question of: are these particles degraded in the
lumen—ie do they reach the cells? If they do not, then
we consider them one way. If they do reach the cells,
are they degraded in the cell? Do they bind
constituents of the gut lumen? Then, if they do not get
degraded within the cells, where do they go thereafter
and what are the basic cellular aspects; are there
concerns for toxicity. I would like to see a fairly rapid
logic model develop because I think it will address
the gap.

Q262 Chairman: Once the model is developed, can it
be populated or do you need new research to
populate those different stages?

Dr Powell: 1 think the model I would try to run with
would use current techniques and current
technologies that are fairly easily available. That is
not to say it is foolproof because it will not be but I
do believe it will address to a large extent our
concerns and it will at least get us to a point where we
can say that there is no logical reason to worry about
this particle or, yes, there is a logical reason to worry
this particle. The second very quick point to make is
that we need to consider how necessary are these
particles. So we have titanium dioxide, we have heard
about earlier, which is completely unnecessary—it
makes food whiter or brighter, which is not
necessary—versus particles which might contribute
to food safety in this country, which clearly is very
necessary. So I think that would be an important part
of this model.

Professor Donaldson: You could do a lifetime feeding
studying rats of some selected nanoparticles. All
right, there is a problem to choose which ones but you
might choose some of the ones that are most
commonly used in foods. You could start with
titanium dioxide, I would suggest. A lifetime feeding
study in rats, including toxicokinetics, to their full life
span, could be undertaken, just to see if you find any
adverse effects in these animals. Also, there are a
number of genetic models you get nowadays, and is
there a mouse model for an inflammatory bowel
condition that could be used, Professor Powell?

Dr Powell: There are a number of mouse models, yes.
Professor Donaldson: That could perhaps be coupled
with some studies in these mouse models where they
have an inflammatory gut condition. Looking at
toxicokinetics in these I think would go a long way to
allay people’s fears, if a couple of these studies came
up showing nothing very much, and, if they did come
up with something, then that should raise some
warning flags.

Professor Depledge: 1 wholeheartedly agree with those
two comments. The other thing that I think that is
important is to build into the design of some of these
materials ways of getting them to biodegrade, for
example in the pH of the gut into harmless forms. A
great deal more could be done with the design of these
materials to ensure that they do not have a
protracted lifetime.

Dr Chaudhry: 1 agree with the comments made by Dr
Powell and Professor Donaldson that long-term
studies are needed but also they need to be linked
with histopathology. We do not know which new
targets in the model might arise because of
nanoparticles, so not only long-term studies but also
linked with histopathology to find if there are any
novel targets for these particles.
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Q263 Lord Haskel: We are learning that
nanotechnology is a huge field. Are there any other
areas of research in nanotechnology which can help
research into nanotoxicology? Do we learn from any
other areas?

Dr Powell: 1 think certainly in terms of imaging and
analysis there is a very good cross-over between the
two areas and really our success in detecting these
particles in tissue, the histopathology that Dr
Chaudhry has referred to, has on many occasions
relied on physics and such technicological advances to
allow us to look at them. To my mind, and we do a lot
of work in theimaging and analysis area, that has been
wholeheartedly down to advances technologically on
the physics and the engineering.

Dr Chaudhry: Another area which has a cross-over is
nanomedicines and nanomedicines are being
developed for oral intake and they are supposed to
leave the gut and take the medicines and deliver them
to specific tissues and organs. A lot can be learnt from
that mechanism about how particles can translocate
out of the gut and where they go and where they end

up.

Q264 Lord Haskel: What about nanomedicines?
Professor Depledge has mentioned nanomedicines a
couple of times. Is there anything we can learn from
that?

Professor Depledge: Yes, I think there is a great deal we
can learn from that because we can study the design of
nanomedicines where we are trying specifically to
deliver nanomaterials or drugs or coatings or
whatever to particular parts of the body. So I do think
that that is important. Clearly in nanomedicine
imagining techniques are being driven forward in that
area too. It is also interesting—and whether it is
possibleto doitlamnotsure—that themilitary havea
wide variety of applications for nanomaterials and are
also  developing techniques for measuring
nanoparticles in the environment. There may be some
cross-over there in appropriate circumstances.

Q265 Lord Haskel: There are more and more
nanomaterials being used in our clothing. Is there
anything that we can gather from that about the
toxicology?

Professor Depledge: 1 think there is a great deal that can
be gained from that but again it spills over into where
do these materials end up. We are talking about
measurement techniques. It is hard enough to
visualise nanomaterials in tissues and in organs in
humans, but imagine the problem of detecting
nanomaterials actually in the environment because
there is a background of nanomaterials around that
are just naturally produced and to actually identify
engineered nanomaterials against that background is
a terrific problem. Nanomaterials are one of the few

kinds of materials that we put into the environment
about which we do not know how much is there, how
long they persist, what they transform into, where they
go. We do not know the answers to those questions.
Professor Donaldson: 1 think there is an informative
example also from nanomedicine. The nanomedical
people have designed a nanoparticle that crosses from
the blood into the brain. The blood-brain barrier is
usually a very tight barrier and most things do not pass
over. The brain is very privileged and protected. The
nanomedical people have designed particles that cross
the blood-brain barrier, so there should be something
that tells us if somebody came up with a particle
having a similar surface as that one, then it should not
be used for any other purpose. You do not want these
things locating to the brain unless you want them to
locate to the brain. I think there are lessons to be learnt
generically about a big picture of what it is about
particles generally that makes them do anything. Just
a big structure activity relationship for particles is
what we need. If you had that, you would be home and
dry really, but that is not going to happen tomorrow.

Q266 Chairman: 1 know that at least two of you are
authors on this large report that we have recently
received called EMERGNANO produced by the
Institute of Occupational Medicine in Edinburgh. I
have to confess to not having read it page by page, line
by line—I am sure you have all read it—but the
bottom line seems to be that there are still major gaps
in the knowledge base with regard to characterisation,
exposure of toxicology of mnanoparticles and
nanomaterials. In terms of us drafting our report,
would you recommend us to take this asan assessment
of the current state of knowledge on health risks and
risk assessment?

Professor Donaldson: Not really; it is not a review of
literature but a review of ongoing, research funding by
government at European level. Itis not a review of the
literature. It is quite important to appreciate that it is
research that is going on and us saying that the
research is not looking in this and that place. It is quite
well focused (for instance nanotubes get quite a lot of
attention) but it does show the kind of flightiness of
research that is very dependent on fashion. When you
look across the research, you can see that nobody
seems to be interested in the gut but everybody wants
to look at nanotubes for example. It is a problem.

Q267 Chairman: Would you say, as a follow-up to
that, and one of the issues we have been talking about
is gaps in knowledge as far as risk assessment is
concerned, that one of the issues is the capacity in the
UK or elsewhere in terms of toxicological experts
working on absorption through the gut? Is that one of
the limiting factors? I think we have heard previously
from Dr Powell that he collaborates with others in
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Germany but not with others in the UK, presumably
because there are not other groups doing gut
absorptive nanoparticles?

Dr Powell: 1 think the joined-up-ness between the two
groups is going to be very important. I have seen a
number of early studies, either started or proposed,
notin thiscountry but elsewhere, which in terms of the
gut and in terms of the dietary aspects have schoolboy
errors in them. They have been undertaken by
toxicologists. I am sure the toxicology downstream
would be fantastic. I am sure were we to try to address
toxicology alone, we similarly would make errors, and
thereforeitisimportant that the two sides get together,
people such as ourselves who have exp