CST Nano Review Seminar 4th September 2006

Note

Venue: Royal Academy of Engineering

Attending: 
John Beringer, Geoffrey Boulton, Jacquie Burgess, Andrew Gould, 



Sue Ion, Mark Welland.

Apologies:
Ken Donaldson, Hermann Hauser

Secretariat:
Iain Mansfield, Jonathan Radcliffe

A list of all attendees may be found in Annex A. 

Programme

10.30
Coffee

11.00
Welcome, John Beringer

Presentations: 15 minutes, + 5 minutes for points of clarification:

11.10
Overview, Mark Welland, University of Cambridge

11.30
Nanotoxicology, Rodger Duffin, ELEGI

11.50
Nanomedicine, Ruth Duncan, University of Cardiff

12.10
Food and packaging, Vic Morris, Institute of Food Research

12.30
Manufacturing of nanoproducts, Paul Reip, Qinetiq Nanomaterials 

12.50
Nanoremediation, Richard Owen, Environment Agency

1.15
Lunch

1.45
Tour de table

Discussion covering recommendations from RS/RAEng report:

· Life cycle assessments (R1, R2, R6, R14)

· Health and environmental impacts (R3, R4, R5)

· Exposure in the workplace (R11)

· Medical devices (R13)

· Measurement (R15)

3.45 
Wrap-up, John Beringer

4.00 
Close

Welcome

John Beringer thanked the attendees and explained the role of CST and the background to the nanotechnology review.
Main Messages from Presentations

Overview – Mark Welland, University of Cambridge

“Nanotechnology” covers a wide range of technologies and is hard to define. The RS/RAEng report of two years ago concluded that the key factor was that at the nanoscale, the material should have properties that differ significantly from its properties at larger scales in order to be classed as nanotechnology. However, there are products and research projects being labelled as “nano” which are not covered by this definition: it may be necessary to consider revising the definition.

Though there has been a Citizens’ Jury on nanotechnology, other European countries such as Germany and Denmark have shown that more could be done to involve the public. 

There has also been comparatively little work done on nanotoxicology studies of new manufactured nano materials. A recent MIT review, “Tiny Toxins”
, said that nano components have not undergone safety checks; Friends of the Earth have published a strong report
 saying that corporations should stop selling nano products due to lack of knowledge of the dangers. Professor Welland also discussed some recent research showing that C60 molecules are able to penetrate into the nucleus of cells.

He concluded by saying that more toxicology research was required, and would have expected a research programme to have been set up by now.

Nanotoxicology – Rodger Duffin, ELEGI

The state of knowledge in this area is very varied. For example, there is a relatively good understanding of the dangers of combustion derived nanoparticles whereas there is a very poor knowledge of the dangers of engineered nanoparticles. There is a need for more research which by its nature will be cross-disciplinary. There may also be a need to develop new regulatory protocols as the old ones may not suffice.

Currently there is funding for such research in the USA and in Europe (Framework Programme 7 looks particularly promising). However, there is currently no strategic funding activity for such toxicology studies in the UK, though researchers are ready for it. There is no international shared database and currently we do not even know where or how exposure to nanoparticles may be occurring. 

A comparison was made between nanotubes and asbestos as both are similar in terms of their molecular structure. To behave like pathogenic fibres nanotubes would have to be long, thin and biopersistent. They are thin and biopersistent; however, as yet no toxicology studies have been done on fibres longer than 20 μm even though nanotubes can be made considerably longer than this. A question from the floor described a toxicology study in Mexico where nanotubes had had severe adverse effects upon mice.

The potential effects of nanoparticles are also uncertain, though it is known that some (e.g. from diesel exhaust) can adversely affect the cardiovascular system. It is known that nanoparticles can enter the lungs, gut and skin; from here it is hypothesised that they may enter other organs including blood, spleen, brain, heart and liver.

Nanomedicine – Ruth Duncan, University of Cardiff

Nanomedicine involves three core but overlapping disciplines: 

· Analytical techniques, diagnostic and surgical tools.

· Cell and patient imaging.

· Drug delivery and tissue engineering.

Nanopharmaceuticals were defined as nano-sized systems consisting of at least two components. Clinical trials involving nanotechnology have been occurring since the 1980s. Regulatory authorities have been quite satisfactory in adapting protocols for evaluation of these new classes of therapies and it is hoped that we can build on this. However, there is little known about the ecological effects of nanomedicine once they have been excreted.

When developing nanomedicine we need an integrated disease-focused programme. We also need more funding to see the toxic effect of new materials, both across Europe and in the UK. Integrating different disciplines is important and there will be a series of conferences funded by the European Science Foundation
 over the next five years to aid this. Professor Duncan thought that pan-European regulations were needed for early phase clinical trials involving nanotechnology. 

In general, nanomedicine has not been recognised as much in Britain as in the US. Much of our interesting research has been taken to the US or Japan for commercialisation. Thus a key challenge will be to maintain the leading European position in this field.

Food and Packaging – Vic Morris, Institute of Food Research

Nanoparticles, for example TiO2, are being considered for use in food packaging. There are concerns that they may leach into the food; however, current regulations take no account of whether or not a material is nano when determining whether it is safe. Dr Morris felt that Government agencies should clearly state that all products using nanoparticles in food or food contact materials should be considered as novel and require specific approval for their use. Additional concerns are that there is no legislation saying that you have to label packaging and that commercially sensitive safety data is frequently not in the public domain. 

Worldwide there are now a large number of food products containing nanoparticles, for example “Nano Tea”, a nano-selenium enriched tea which claims to increase the uptake of selenium, or fridges which are being sold with anti-bacterial coatings of silver nanoparticles. Though many of these products may be harmless there are concerns regarding the ingestion of free nanoparticles and also concerns that unless regulation and labelling is improved we may get a backlash. 

Manufacturing of Nanoproducts – Paul Reip, Qinetiq Nanomaterials

Development of nanotechnology products is not happening against a background of nothing: there have been existing nano applications on the market for many years. The technology is steadily growing although so far the focus has been on the simpler end of the technology spectrum. The Nanotechnology Industries Association has been founded to be the voice of the UK nanotechnology industries. 

Developing new products usually requires a very multidisciplinary approach. However, industry has not seen as much of a multidisciplinary approach as they would like when working with universities. 

The UK needs to develop the right regulatory environment in order to compete. Dr Reip praised the approach being taken by Defra. However, regulations must balance caution against letting the industry grow. Other countries worldwide are not taking a slow approach and the competition is here now. It should be remembered that products made elsewhere will come here eventually, another incentive to develop a good regulatory framework. 

Nanoremediation – Richard Owen, Environment Agency

Nanotechnology offers many potential environmental benefits, including improved energy efficiency, reduction in vehicle emissions and nanoremediation of contaminated land and groundwater. Nanoremediation is currently a young technology, but performance field trials have been conducted in Europe and the US. . Materials such as nanoscale zero valent iron are currently being explored for the remediation of organic chemicals and metals in groundwater, potentially without the build up of hazardous by-products such as vinyl chloride. While pilot studies have been done elsewhere in the world, so far there do not appear to have been any remediation-related releases of nanoparticles or nanotubes in the UK, although a number of contractors have expressed an interest in doing so.

The evidence base regarding risks to the environment of nanomaterials used in remediation is quite poor, although some field trials suggest mobility in groundwater is low.  The government’s current position is to work with industry to prevent the deliberate environmental release of nanoparticles until the risks and benefits are better understood.

The following measures are being taken to build an evidence base of any risks from nanotechnology:

· DEFRA are launching (on 22nd September)
 a voluntary reporting scheme for industry and universities engaged in the manufacture and use of nanomaterials. 

· NERC have recently awarded c£750k for research on fate, behaviour and ecotoxicology of engineered nanoparticles (all aspects, not just remediation). This figure is for the full economic costs of the research.

· DEFRA, NERC and the Environment Agency have recently launched the Environmental Nanosciences Initiative (ENI) which will fund approximately £500k of new money for exploratory grants in the area of engineered nanoparticles risk assessment
. Again, this figure is for the full economic costs.

· The European Framework programme is expected to make a significant amount of funds available in FP7.

The Environment Agency has recently co-funded work under the Nanodialogues project (supported by the DTI’s Sciencewise programme)
.

Tour de Table

The attendees were asked to suggest issues that the subgroup might like to address during the review. The following issues were mentioned:

· More public engagement is needed.

· The government response seemed to have misunderstood the nature of life cycle assessments.

· More funding for research is needed urgently to build up a knowledge base.

· Eligible researchers have the opportunity to apply for funding via responsive mode. There is effectively no cap on the amount of money available from this route.

· Research must be multidisciplinary, but it was found to be difficult to attract funding for such projects.

· There should be more funding of toxicology and environment.

· There should be a coherent, integrated approach to future research.

· Responsive mode funding will not be able to fill the current knowledge gaps.

· People should think about exposure, not just toxicology.

· The effect on ecosystems should be considered.

· Better integration between industry and academia would be desirable.

· We still have very little idea as to whether or not nanotechnology is safe.

· There has been an explosion of nanotechnology into consumer products; this was not foreseen at the time of the RS/RAEng report.

Discussion

Life Cycle Assessments (R1, R2, R6, R14)

The following points were made:

· We don’t know enough about doing life cycle assessments (LCAs) on products containing nanoparticles.

· What are the uncertainties?

· Do the impacts come at a certain stage in the life cycle of a product?

· What problems are there when the product reaches the end of its life and must be disposed of?

· Conducting LCAs is inherently multidisciplinary and researchers had found it hard to get funding for.

· The UK economy will not benefit unless there is demonstrated public acceptance of the products.

· The issue thus cries out for strategic funding.

· We are not technically equipped to track nanoparticles.

· Though there are problems they are solvable ones, provided that the time and funds are devoted to the task. However, thus far this hasn’t occurred. 

Health and Environmental Impacts (R3, R4, R5)

There was a range of opinions on the subject of the precautionary approach, including:

· In its response to the report, the government had said that it supported the precautionary stance taken in R4 and R5. The regulatory position regarding use of nanoparticles in remediation was discussed and it was stated that under current regulations there was no legal basis for banning the release of nanoparticles into the environment unless there was evidence of harm. 

· There was an opinion that requiring evidence of harm, rather than evidence of ‘no harm’, was inconsistent with taking a precautionary approach. It was noted that horizontal chemicals legislation such as REACH specifically addressed this. This would be considered at a European level, and the European Commission has two working groups looking at this right now: one looking at nanomaterials under REACH and one looking at the technical guidance documents (TGD) that support it.

· The precautionary approach can be applied where there is some evidence of harm but that this is associated with high uncertainty. In the case of nanoremediation there is no evidence of harm as yet.  

· It was felt by many that the small amount of money going into researching potentially harmful effects means that research will not deliver the evidence either way.

· It was noted that a number of research programmes (notably by Defra and the USEPA) have now begun to address environmental issues and that substantial funding was expected under the European Framework Programme 7.

· There was an opinion that it is unreasonable to expect that the UK will be in a position to fund all of the research required. That is why there is significant international collaboration in progress to share information on research goals and, where possible, share the responsibility for funding to meet them.

· The view was advanced that unless the precautionary principle is taken seriously the stimulus to do such research is removed.

Other points raised included:

· The ecological risks must be looked at as well as the human risks.

· In order to develop testing programmes we must look at how the industries are going to use nanoparticles.

· There should be a Centre of Excellence on nanotoxicology to catalyse action, with defined standards to characterise nanoparticles. In general, a community of researchers working on nanoscience and nanotechnology needed to be developed. 

· Regarding food packaging there is no recognition in legislation that nanoparticles may be dangerous, nor is there anything to require companies to inform the regulators if they are using nanoparticles.

· The Nanotechnology Research Coordination Group has identified nineteen research objectives; however, it cannot guarantee that the UK will be in a position to fund all the research required to meet them.

· In order to stimulate nanotechnology the UK government will need to earmark money for regulation, metrication, toxicology research and other such areas.

· Very little experimental work has been done in the last two years with little further evidence to reassure NGOs such as Greenpeace that nanotechnology is safe than there was at the time of the RS/RAEng report.

· The number of products containing nanomaterials is increasing rapidly (currently over 200)
 and we do not know whether or not they are harmful or what the long term effects could be. There was a view that this seemed to go against R5 and R6.

Exposure in the Workplace (R11)

Points raised included:

· At the time of the RS/RAEng report HSE appeared to be a very impressive regulator. 
o       They have put out an advisory note about nanotechnology though there were some concerns that this was too limited in scope.

o       They are currently doing an investigation into control of exposure to nanomaterials in university laboratories.

        However, it is very difficult to monitor nanoparticles.

· The techniques available are not suitable for widespread monitoring of workplace exposure as they are too big or too expensive.

o       There was a concern over whether there was enough research being done in this area.

        This is a critical issue. There are many people making nanoparticles and we don't know whether or not they are being exposed at levels which might be harmful.

        There was a perception that the problem of workplace exposure may be more acute in university laboratories than in industry. This would be followed up with HSE and universities.

        Currently production levels are small so that exposures in manufacturing are probably quite small. However as production increases, the potential for exposure in manufacturing and use of nanoparticles will increase.

Medical Devices (R13)

There was little concern about this area. It was mentioned that the MHRA organised a meeting on the topic a few months ago.

Measurement (R15)

Points made included:

· Work on airborne ultrafine measurement has not led to the development of instruments to measure surface area; however, work is continuing.
· This is interdisciplinary work and it is has been found hard to get funding for it.
· Other than in the pharmaceuticals sector there does not appear to be much consideration of biopersistence even though the environmental impact depends on this.
· A summary by NRCG indicates that there is already significant funding for this area although a concern was raised that much of this research is being driven by needs other than the RS/RAEng report.
· The UK set up and chairs an ISO standards committee on Nanotechnology (ISO229) so is doing well concerning R15(ii). 
Public Engagement (R18, R19)

Points made included: 

· There was some concern that nanotechnology dialogue wasn’t extensive enough and that a more joined up approach was needed. 

· Not enough funds had been made available: in an issue such as this Government needed to spend a lot on educating the public. For example, the CoRWM process for public and stakeholder engagement had cost £1.7m. 

· Small Talk (see box 1 of R19) will be producing a report soon.

· The horizon scanning group in the DTI is still in the early stages of looking at it.

· It is not clear that the dialogues which have taken place (e.g. Sciencewise) have had an impact on policy. 
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� http://archives.trblogs.com/read_article.aspx?id=16814&ch=nanotech
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