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1. Introduction: Nano2Life and 'Ethics'

Nano2Life brings together top European researchers in multidisciplinary projects which combine the life sciences, micro- and nano-technologies, material sciences, physics and chemistry. Amongst its stated aims are to address the future needs for more efficient, targeted, less invasive analysis systems in health care and environmental monitoring, and more eco-efficient and sustainable devices in biotechnology, the pharmaceutical industry and the health care sector. 

These aims involve developing both innovative research tools and industrial applications. Some of these new tools and technologies may have a large impact not only in medical and environmental terms but also in their ethical and social dimensions. Some may raise public concerns, because they may challenge ethical and social norms, or pose unfamiliar risks, or arouse questions about power, control, accountability and participation.

There are various strands to the Ethical Board's work. These include :

· to evaluate particular research projects within the Nano2Life programme, 

· to educate scientists in the ethical and social implications of their work, 

· to ensure researchers contact relevant national and regional bodies to obtain authorisations,

· to assess whether existing ethical regulations address the ethical implications of the new technology, whether some require new ethical regulations. 

Additionally, the board is charged with making a wider assessment of the ethical and social implications of new nanobiotechnologies. This paper makes a first attempt to address this aspect. It builds on the helpful literature survey presented at the first meeting of the Ethical Board, [
] other insights shared at that meeting, some reflections arising out of some of the Stresa projects and other interactions with scientists in the field, a number of recent presentations and conferences such as the September 2004 EC Converging Technologies report, and some of the author’s own work on the ethics of nanotechnology. It lays out what we might initially see as key issues and perspectives to be addressed. 

Before addressing particular issues, it is helpful to note some contextual points about nanobiotechnologies. Firstly, they are not a single concept but a range of technologies, mostly at an early stage of development. Realism is therefore needed in relation to exaggerated future projections, whether positively or negatively. Secondly it is important to consider the impact of world views on the direction and impulse of this field, which prompts the question of in whose name nanotechnologies in general are being, and should be, developed. We then consider some of the ethical and societal issues which nanobiotechnologies may face. Many are issues already raised in other fields, like medicine or surveillance, but where nanobiotechnologies are likely to add a new dimension. We also identify questions which come more particularly from nanobiotechnologies themselves, like scale and complexity, risk and bottom-up construction. The paper finishes with some suggested priorities for the Ethical Board’s work.

While we hope this has identified many of the important issues, this paper should be seen as work in progress, as a guide and stimulus to the Nano2Life network. We anticipate that there could be much to add or to amend as the programme develops. The ethical group is on a steep learning curve in understanding the technologies and reflecting on their implications. We anticipate that the engagement of the scientific and ethical and social elements of Nano2Life should now begin to put more flesh on the bones.

2. Perspectives

i. The Nature of Nanobiotechnologies

Unlike, say, the genetic modification of crops or animals, we are not dealing with a single concept to be used in diverse applications. Nanobiotechnology and its convergent technologies describe a diversity of phenomena grouped (perhaps misleadingly) under a single term. This is well illustrated by the projects identified under Nano2Life. Nanobiotechnology may encompass :

w scaling down to an atomic or molecular level processes hitherto done at macro or micro scales

w the building of structures, materials, devices from the atomic level upwards

w applying measurements and manipulations at the atomic level to existing processes

w much existing chemistry which is 'rebadged' under the topical label of 'nanotechnology'.

The 2004 UK Royal Society and Royal Academy of Engineering report offers one helpful description amongst many. “Bio-nanotechnology is concerned with molecular-scale properties and applications of biological nanostructures and as such it sits at the interface between the chemical, biological and the physical sciences. It does not concern the large-scale production of biological materials such as proteins or the specific genetic modification of plants, organisms or animals to give enhanced properties. By using nanofabrication techniques and processes of molecular self-assembly, bio-nanotechnology allows the production of materials and devices including tissue and cellular engineering scaffolds, molecular motors, and biomolecules for sensor, drug delivery and mechanical applications.” [2]
ii. Current Status of Development

There is a gulf between basic science of nanotechnologies and largely speculative applications. 

Many of the technologies examined in Nano2Life are generally much less developed compared, say, with GM animals and crops in the early 1990's. This already had examples in use, many more in a whole range of stages of stages of development, and trajectories for the next generations of applications. In contrast the basic research science of nanotechnologies is in its exploratory and discovery phase, in which scientist are talking largely of ways of doing things, more than applying established science. On the other, some futurologists have speculated about directions and concepts which are very far off (some perhaps even impossible), as though they were technological inevitabilities. 

In between these, rather few examples exist of current applications in nanobiotechnologies. At this moment, there do not seem to be enough of these to build a reliable picture yet of what the reality might be like in the field. This is illustrated in the Nano2Life literature review by the observation that “the top-down approach has not reached the nanoscale and bottom-up technologies have not been successful in complex production processes.” [3] 

iii. Reality Checks on the Claims

We suffer from a zeitgeist of overclaiming about new science. The beginnings of nanotechnology have been particularly affected by the speculations of Drexler and others, upon which some science fiction writers have run riot with ideas which had raised both alarm and undue optimism about what science will achieve. The recent EC and US reports on the convergence of nano-bio-info-technologies with the cognitive sciences unfortunately both continue (albeit in different ways and varying degrees) the trend of making far-fetched claims. [4] [5] The EC report seeks to take more cognisance of European values where technology is to be practised in the context of its society, but even so the report and some of its special papers shows disturbing tensions between technophile enthusiasts on the working group and those more sanguine and more sensitive to ethical and societal impacts. [6] It is instructive to note how often the word “will” appears about matters which the writers cannot know the outcome. Positive assertions at times seem almost ‘religious’ as articles of faith about the future on the part of the writer. In this context, the world’s ancient religions made repeated warnings about the danger of 'false prophets' who misled the people and undermined trust in truth telling. In a European context which has seen a significant loss of public trust in some areas of scientific innovation, a serious reality check is needed.  

Nanotechnology has been presented in so future-oriented a way that it is a challenge to be realistic about the present. On one side, the optimism in the claims of the enthusiasts and promoters of nanotechnology need to be tempered with a sanguine view of the failures in many difficult fields of applied science to deliver the promise of the first announced 'breakthrough'. Politically inspired hype, especially from various USA groups with certain agendas, needs to be recognised as such and reined in. Equally there is a need to be sceptical about premature opposition from campaign groups wishing to put their agendas in the public eye and using nanotechnology as a vehicle. 

We should look to draw useful lessons from recent issues like GM crops, cloning and embryo stem cell research, about the changing relationship of science and society in Europe.  It is important, however, not to frame nanotechnology, as some have sought to do, as 'the new GM', unless the comparison really fits. Instead it should be examined in its own right. 

So far there is very little public awareness and debate. [7]  This will probably remain the case until there are artefacts or examples which are seen to raise important issues. Nuclear transfer cloning was an obscure area of animal embryology research until Dolly the sheep actually existed.

3. Nanotechnology in its social and philosophical context

i. In Whose Name?

This leads to the first ethical question. Whose is this technology? It is a common mistake in the scientific world to say that a technology is neutral or objective. Philosophers and social scientists have for many years pointed out that the artefacts and systems of technology are already a product and reflection of the values of the society within which they are produced As a new technology becomes embedded in a society, in turn, it alters the values and aspirations of that society, of which many examples could be cited. There is a synergic relationship, which might be seen as an invisible social contract. A technology would be welcomed if certain conditions are fulfilled - if the values and goals of the inventor are close to those within the society, and the invention correctly anticipates what society wishes, as with the mobile phone. On the other hand, if the inventor is remote and the aims do not correlate with the values and goals of the society, or if the invention is unfamiliar or risky, there can be a disjunction. This happened notably when unlabelled GM soya and maize products were imported into the UK. Here the social contract failed because certain key implicit conditions were not met. [8]  

Against this recent background, it is important to ask with a development as novel, as highly technical and as remote from the person in the street as nanotechnology: whose values is this emerging technology embodying? Is nanotechnology - and nanobiotechnology in particular - a product of widely shared values of society as a whole, or only of an elite with far-reaching powers which it would impose on the rest? It is important that it is the former and not the latter. We should therefore assess in which applications are there synergies, and in which might there be disjunctions? Are the benefits and goals that are being claimed ones which people actually want; are their downsides ones people would want to avoid? Whose technology is this or will this be?

ii. What/Whose World View and Aims are Driving Nanotechnology?

Revolutions in technology are often linked with streams of thought and culture. In 1509, a monk called Martin Luther nailed 95 bullet points to the church door in the small German town of Wittenberg. This was his weblog, the standard way of publishing one’s ideas to the world at that time. But the invention of the printing press in Mainz fifty years before meant that his ideas were all over Germany within a month, and all over Europe in three months. The combination of moveable type with the recovery of the belief that human beings were reconciled to God through God's grace, not by religious rituals and hierarchy, created one of history’s most important revolutions. Similarly the industrial revolution arose in the era of the Enlightenment notion of human autonomy and mastery over nature. The somewhat anarchic bottom-up style of operation of the Internet has a certain resonance with the condition of post/late-modernity in which it emerged. 
What world views will nanotechnology come to express? To what (and whose) ends will these drive it? Even at the level of basic research, science is not completely value free. Scientists may be making assumptions about a range of vital moral and ethical categories without realising it. As nanotechnologies develop, with what world views will these be harnessed and driven by whose aims and dreams? Amongst the current drivers we may distinguish a variety of values or even complete world views which motivate research and development.
w The notion of free and curiosity-driven research, as a justification and paradigm in itself.

w The Enlightenment ideology of human-centred progress.

w A transhumanist dogma, driving forward human evolution by physically changing humans.

w The aims and emphases of different religious belief systems.

w The concept of ‘Me’, an autonomous individual, what I can get out of technology, on my terms

w A neo-liberal winner-takes-all capitalist system.

w The promotion of national or European economic growth and competitiveness as first priority.

w The promotion of the quality of life (but defined in whose terms?).

w The promotion of global development, health and sustainable development?

w The goals of environmentalism or movements for social justice or particular campaign groups.

w Compassion, motivated by the desire to alleviate human suffering.

w A medical success culture that is driven by the felt obligation or goal to leave no disease or condition without a technical solution and to correct every physical disadvantage.

Amongst these are others, can we identify particular values that are dominant in those who carry forward nanobiotechnologies? As we asked in the previous section, how far do these cohere or conflict with typical values of our wider societies? Are any of these likely to lead to particular conflict, or to especially undesirable outcomes? The most ethically controversial is the radical vision of changing human nature of the transhumanist. Here lie some of the profoundest questions posed by nanobiotechnology, but there also other less radical ideas about human enhancement. Underlying these are the twin questions - how far do we let technology define who we are as humans, and how far do we draw from other sources of values that would limit some technological possibilities or promote others? 

4. Two Critical Issues in Framing Nanobiotechnologies 

Two critical issues about which those engaged with nanobiotechnologies may make particular implicit or explicit assumptions, depending on the assumptions of their world views, are the notion of progress and the concept of the human being. We explore some examples of these.

i. What is the goal of Progress, either material or spiritual?

A common view among those in scientific, industrial, economic and political communities is an implicit belief in "progress" through technology, in improving the human condition in its widest sense. Technology is a driving force to free us from the bounds of nature, both in taming its risks and harnessing its forces to the improvement of the human condition, with new possibilities and greater choices.  It is confident of human skill and ingenuity to overcome any problems.  If things go wrong, we should fix the problem and thereafter regulate to ensure that it does not happen again, but we should not reject the technology just because it has risks and downsides. In general the assumption is to innovate unless something is demonstrated to be a problem. Precaution without concrete evidence would be unacceptable. 

The more radical vision of the transhumanist takes this interventionist philosophy beyond the reshaping of the natural world and applies it to reshaping ourselves. Intervention must be done which extends human capacities beyond their current limitations.

Another widely held approach sees intervention explicitly balanced by care for our fellow humans and attention to the impacts of our innovations on the environment. Interventions are made which respect certain limits defined by the human condition and our finite environment. These limits are drawn from the insights of the religious and cultural traditions, philosophy and theology, the arts and humanities, and the social sciences. Technology is not the sole engine of progress but a tool which remains at the service of humanity, not the other way round. 

In his well-known critical essay on nanotechnology, Bill Joy refers to his grandmother having an awareness of the natural order of life and the necessity of living within and respecting that order. [9] The American philosopher of technology Albert Borgmann refers to machines of conviviality, inventions which enhance the relational aspects of human life, contrasting the daily routines of the hearth with the impersonal convenience of the central heating radiator. [10] Long before, Romano Guardini wrote a set of essays in the 1920's entitled 'Letters from Lake Como' in which he lamented the loss of things which blended and harmonised with the landscape and the imposition upon it of the logic of the formula. [11] His conclusion was not, however, a romantic, back-to-nature, as though to save never-existent past, but to say we have to humanise our technology so that it is designed with humans in mind, with human-centred, not formulaic solutions.  

In this vein some alternative perspectives can be identified which focus on particular issues and problems which technology can make better or worse, depending on the choices and directions pursued. These include technology focused on :

 justice, recognising the inequities of human society in Europe, 

 global concerns emphasising equity towards the developing world,

 an environmental ethos which is concerned to conserve rather than exploit still further, 

 a broader sustainability agenda which keeps exploitation within ecologically and socially sustainable bounds,

 the development of spiritual and relational realities,

 the value of improving the 'quality of life' or improving the environment.

Lastly there is the currently dominant economic model, which frames progress and technology first and foremost in terms of its capacity for wealth generation. This presupposition underlies such benchmark studies as the UK Department of Trade and Industry’s nanotechnology study, [12] and the EC’s Biotechnology Strategy of 2001. [13] In Scotland the science strategy of 2001 explicitly put the first role of science as wealth generation and quality of life only the second. [14] Somewhat related to this the emergence of 'lifestyle choice' for consumers as a value in itself, which encourages us all to keep buying material goods. A scientist who created a cloned cat, funded by a Texas millionaire and which did not even look like the former pet, replied to criticisms that this trivialised human scientific resources for foolish ends by saying that it was sufficient justification that someone wanted it enough to be prepared to fund it. [15]

ii. Anthropology - what is the nature of the human being?

The second critical issue is what is a human being. Are we a machine, a bag of genes, the image of God, a spiritual and bodily being, a conscious mind, a set of capacities restrained by natural form, ... etc. etc.? Note that in the context of nanotechnologies there may be a conflict between holistic and functional views. Traditional presuppositions assume that there are moral or societal bounds or limits which should modulate what may be technically feasible in intervening in the human condition. If so, what are these and how are they to be identified? These are challenged by the transhumanist assumption that we are independent and should rise above any current limitations. A common thread in a number of authors is to assume that human beings as we know them today are inadequate, when compared with the functional improvements they imagine. Thus we may ask whether humans should be restricted to what they have always been or are we free to expand ourselves boundlessly? Questions are raised by very uncertain future prospects engineering the human germline, are already faced in chemical alterations, sports science and cosmetic surgery. There are serious issues at the human-machine interface and the human-communications interface, if we are once able to have our human capacities significantly influenced by the logic of the machine. 

The nature of the human being touches on a number of extremely large questions, of which some may be summarised :

 Human-machine interface – for example, should we develop devices which might promote direct brain-machine interactions, or apply external or internal controls of the body or the brain; should we incorporate computer chips in the skin; what is our human responsibility if we have a neurotransplant? 

 Body-mind-brain issues - What is the relationship between one's identity and one's body? 

 Disability and Super-ability - What prosthetics should and should not be allowed? To the disabled alone or to the able-bodied to give them super-abilities?

 Medical/non-medical interface - Should technologies devised and permitted in a strict medical context then be applied without limit to non-medical interventions? e.g. in repairing or altering sensory organs, like extending sight into the infrared for better night vision when driving.

 Ageing - If ageing is something which humans will never overcome, should humans always continue to seek to extend our lives?

 Equity and justice - if we change humans, who is it for? Should we promote technologies which will knowingly favour only a few

 What is it that makes life worth living? Beyond a certain basic point of physical survival and necessity, are the things that matter most to humans not the functional things but the relational, the aesthetic, the creative and so on? Would these factors be upheld by nanobiotechnology or threatened by it?

 Are the biggest human problems less about our physical limitations than our moral, relational and spiritual failings?

5. Existing Questions on which Nanotechnology Impacts
Many of the issues posed by nanotechnology are not strictly new. But if it does not raise many new issues but it would a bad mistake to say therefore that it raises few issues or is generally acceptable. To quote the Royal Society, “Most of the social and ethical issues arising from applications of nanotechnologies will not be new or unique to nanotechnologies. However, … we take the view that effort will need to be spent whenever significant social and ethical issues arise, irrespective of whether they are genuinely new to nanotechnologies or not.” [16]  We first consider a number of well recognised issues may take on new aspects or new significance, in medicine, surveillance, warfare, and the societal issues. 

i. Medicine

Many of the immediate impact of projects within Nano2Life will be familiar issues in medical ethics. For example :

w How do we define illness and what is medical and what is a life-style choice or a cosmetic enhancement? Procedures developed in an acceptable medical context may pose serious ethical problems if applied non-medically, e.g. sex selection and gene-therapy, 

w When does a medical procedure become human enhancement, e.g. extending human vision into the near infrared to assist night driving? 

w Prosthetic devices and implants - resource issues and use beyond the medical domain

w The danger that the functional norms of genetics, based on a theoretical 'perfect' genome, gradually become medical norms. This might lead to the further stigmatisation of disability, or unspoken pressure to terminate pregnancies which show ‘defects’ in the embryo or foetus.


This section is still in progress as we become more aware of specific applications and analyse them. At the annual meeting further specific examples may be presented.

ii. Surveillance/access to personal information

The same nanotechnology that enables small devices to be implanted in the body to monitor a range of useful medical indication, such as blood sugar levels in diabetics, could also lead to increased surveillance of citizens. This could happen under various guises, notably for reasons of ‘security’ and the prevention of terrorism. A measure of social collapse occurs if the basic trust of people not to behave in certain ways can no longer be taken as read. This may be seen by the governing authorities of a country or the management of an organisation to require what might be seen as draconian measures by those defending civil liberties. The emergence of bodily features as identification in airports already begins to pose questions of this nature. Amongst the questions are how different factors in a society are balanced, reaction and over-reaction to politically sensitive events, and different political and social philosophies.

Recently concern was expressed in a BBC news item of the commercial-driven tracking of electronic goods for marketing purposes, by putting a small device on the product, which has the effect not only of identifying the product with the buyer, but within the buyer’s home, and without them knowing. If this were applied to medical products, whether prescribed or freely available, serious questions of privacy and civil liberties might be raised, for example over the violation of the normal confidentiality of medical treatments between doctor and patient. 

Nano2Life research needs to have mechanisms to identify where methods and devices developed innocently in one scientific or medical context might be likely to be used for socially undesirable ends in another context. Although these relate to some established issues, as nanobiotechnologies develop existing measures may not necessarily be adequate for new challenges. There may be a need for new regulatory measures within the EU.  

iii. Military/terrorist uses vs. uses to benefit humankind

Similar questions arise over the development of human enhancements for the battlefield. This has been the source of speculation in the futuristic side of nanobiotechnologies. It is seen by some as an abuse of the potential of the technology which could give the whole area a stigma. Along with other areas of biotechnology, its possible uses in bio-terrorism would need to be considered. This would arouse major societal opposition. The difference between speculation and reality may be considerable. We would need to establish how much is known in practice about these fields.

iv. Social Implications

There is also a range of already familiar issues in social sciences, some of which are given new accents and perspectives from nanobiotechnology. Ortwin Renn's short EC paper is helpful in identifying some of these. [17]
w The potential for the technology to divide society further into 'haves' and 'have nots'

w Governance of research and power roles influencing its directions

w Health resource allocation

w Implicit ethics and practices within the research community [18]
w How much are scientists involved with ethical concerns of their research?

w Accountability and democratic participation

w Foresighting ethics for very uncertain technologies - raising public assurance or public panic?

w Gulf between risk assessment and risk perception; different framings of risk and precaution.

There are worrying aspects in the promotion of nanobiotechnology, if the opening of the ethics chapter of the fourth Nanoforum report is taken as typical of scientific attitudes towards the public. [19] The chapter first makes the value-laden judgement that it “should be seen as desirable” as well as “unavoidable” that nanotechnologies “pervade all aspects of life”. It then maintains that “the scientists ... must be prepared to discuss their work” so that “through open and informed debate everyone in society can understand the basic principles behind this revolution, and evaluate their risks and benefits more effectively. This will go much of the way to avoid the backlash and misinformation that has been seen with other technological advances such as GM crops.” The presumption is that nanotechnology is a “good thing” and we must educate the public to see this, or else they may turn against it. What it sees as the answer to avoiding GM problems is sadly a repeat of what is generally acknowledged as one of its prime causes, namely a patronising assumption that what is needed is a one-way education of the public by the scientific establishment. This “deficit model” of the public understanding of science has been discredited by most UK authorities. In its place should now be a genuine two-way communication, in which science learns to listen more to the values, concerns, aspirations and alternative framings of the non-expert, even to the point of being prepared to alter the trajectory of the technology in the light of them. Nano2Life has begun rather better in this respect, but needs to engage in reflexive dialogue on a number of the issues elaborated in this report.

vii. The Societal Dimension to Technology Push

It is a serious fallacy to suppose that nanotechnologies are ethically neutral. Prototypes produced in the laboratory co-produce ethics with the artefact. Functions and properties that can be measured or manipulated tend to put a steer on what applications are promoted. For example, an emphasis on small particles and surfaces leads to suntan lotion for rich western tourists. By comparison, who is asking what research choices in nanobiotechnology might help the urban poor in the sprawling cities of the developing world?  This leads to some key questions :

w What are the 'needs' assumed for nanobiotechnology?

w Who defines these as a need?

w What account is/should be taken of societal inputs to defining needs? 

w Where are the GM vitamin A rice equivalents in the dreams of nanobiotechnologists? 
w Searching for insights to such questions will be a fruitful area for public engagement in the research agenda for Nano2Life

w Should the ethical board have an important advisory role in identifying priority public goods to which the network’s research might be aimed?

viii Intellectual Property

Suppose a far-reaching nanobiotechnology invention became reality, like a semi-artificial minimal organism which produced hydrogen from water. If this was patented, one company or university might have a monopoly over an entire global transport fuel supply. There are many who see such concentration of power over new technologies as a very undesirable trend, exemplified by GM crop biotechnology, where one company lies behind an estimated 99% of the world’s sown crop area of GMOs. Competitive pressures also create a ratchetting effect of escalating patent protection - for example in the 1990’s UK-US race to patent human genes without knowing their function - which is counter-productive in the long run. Many see that these familiar trends in intellectual property will also adversely affect nanobiotechnology, once applications emerge. This is especially where the driving force of public funding comes from an explicit agenda focused on wealth creation and competitive advantage as the primary criteria rather than wider values. What is Nano2Life’s patenting policy in relation to the claimed public good of nanobiotechnology? 

6. Particular Issues about Nanotechnologies 
There are particular features of nanotechnologies that have ethically significant implications :
- Reductionism

- Functionalism

- Complexity

- Risk at the small scale, both to health and the environment

- Bottom-up construction

i. Reductionism

Reductionism is embodied in the very idea of nanotechnology. This is obvious, but it can also become problematic if it is taken beyond science into a philosophical assumption about reality, that what things are is what they are at their smallest, most reduced level. Many philosophers and theologians see it as a fallacy to say that what things are at the smallest scientifically explained level 'explains away' any higher meaning. Rather, they should be seen as complementary descriptions, each valid in their own different terms. Reductionism can also motivate a practical approach which assumes the right to tinker around at this reduced level, without necessarily knowing how the changed pieces fit together, having lost sight of the whole. One example is the problem in genetic engineering if it is merely assumed that genes have isolated functions which can be transferred among species at will, without taking due enough account of different context in which the genes may function in a different organism. 

ii. Functionalism

If humans are far more than their particular functions, there can be a clash between holistic views of human being and functional or genetic views obtained from monitoring certain properties at a reduced level.  Nanotechnology monitors offers read-outs of our body's levels of everything imaginable. People have particular disease states in mind, but what do we make of the whole system readouts of an otherwise "well" person?  What is the information really telling is? What now is a well person, when we have so much unsuspected data about our bodies? A snapshot of our current functional status may also mislead if there is a significant time dependence, or if external factors may be affecting things whose effect we may not know how to interpret properly. 

If we were to interpret the human person primarily in terms of an assembly of functions, certain things tend to follow. To change the functions to do the something better is argued to be an inherently good thing. This has the danger of losing sight of the whole for the sake of a simplistic model of specific functional improvement. This view is not new. Poultry genetics and steroid use in athletes give examples where this happened. A functional focus also risks the dangers of specialism. Another past failure in this field was the seriously deformed Beltsville pig, which had genetically engineered to express a human growth hormone. Had the pig geneticists talked with the relevant scientists in different fields, this outcome might well have been predicted. [20]  

iii. Complexity

The anticipated power of nanotechnology to deliver unbounded applications may come unstuck in the complexity of the system. Small things may mislead by telling an incomplete story (see case study 2), or may have more than just the desired effect. Another aspect of complexity is whether humans can adequately handle almost unlimited amounts of information generated at the nanoscale? Is there an irresponsible optimism in the presumed extension of computing power to handle vast amounts of information, or is this indeed realistic? Careful judgement is needed here. 

iv. Risk : Safety and Environmental Concerns from Small Particles

The primary issue so far identified in connection with nanobiotechnology is the effect of nanoparticles on biological systems and human health. The technical aspect of this lies beyond the scope of this paper, but there are important ethical components to risk - in weighing up what constitutes acceptable and unacceptable risks once the scientific data are available, and how precautionary we should be over uncertain risks which may take a long time to assess. How important are these compared with existing risks of small particulates, such as diesel emissions? Against what values should we weigh up the potential of nanobiotechnology for both environmental clean up and environmental risk?

v. Bottom-up construction 

This has proved one of the more controversial claims. Drexler judged that biological nanosystems used poor materials and random designs that humans could better with proper materials and design. [21] In contrast Jones argues that biological systems tend to work very well and are highly optimised to their environments. [22]  He distinguishes between crude self-assembly intended to mimic living systems (biomimesis), with the idea of incorporating components from living systems optimised to their environment (bioklepsis). The author notes that attempts to recreate viable nitrogen fixation by chemical mimesis or adapting genetic systems have singularly failed. [23] Jones suggests that in the search for photosynthesis inspired routes to solar energy conversion, the light harvesting part of a plant could be used in a synthetic system to generate hydrogen. He argues that the paradigm will be much more like biology than mechanical engineering. For example, self-assembling synthetic peptides encourage neural progenitor cells, which might form nerve cells rather than scar tissue in the treatment of some severe injuries. If hybrid systems were developed for humans or animals, this raises significant ethical issues on the human-machine interface that are less important in plants or micro-organisms.

Suppose we may do gain at least some capacity to build from atomic materials, perhaps to a more limited degree than some have imagined. What should we actually build? Among the many possibilities from our atomic super-lego-set, which variants should we choose? One example already exists in that small sections of DNA can be ordered from laboratories by credit card. Could you construct DNA that related to some function in one person and use it in general elsewhere? Craig Ventor's simplest DNA template, to which to add functions for fixing CO2 or producing hydrogen from water is another example of bioklepsis. Are we building life forms, or merely rearranging existing ones in different ways? Does that matter? Suppose it happened to be a section of your DNA, however? Who has the right to be using it in other combinations?

7. Suggestions about Priority Issues
Some generic issues which fall into three groups 1, 2-4 and 5-7.

1. World view issues : what values should drive nanobiotechnology?

2. Human enhancement for non-medical reasons; medical procedures becoming human enhancement; transhumanism vs intervention within limits.

3. Human-machine interface, implants, in-body monitoring and diagnostics,

4. Convergence of nanobiotechnologies with other technologies,

5. Technology push already implicit in research, and its effect on societal priorities,

6. Societal values vs. individual choice,

7. Public engagement, in dialogue with scientists, over what public goods nanobiotechnology should serve, and what things it should make, addressing the gulf between basic research and over-claiming.

More specific questions, in no particular order

8. Bottom-up construction, minimal genome semi-synthetic organisms,

9. Side-effects and unintended consequences,

10. The ability of humans to handle complexity and vast amounts of information,

11. The ethical evaluation of what health risks are/are not acceptable,

12. Surveillance/access to personal information,

13. Military/terrorist uses vs. uses to benefit humankind,

14. Patenting issues and the ‘ownership’ of nanobiotechnology.
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This is a proposal towards laboratory-on-a-chip rapid diagnoses for a family doctor’s surgery. Here various nanobiotechnologies serve mainly as tools to enable existing goals. They bring forward or put into sharper focus many ethical issues in predictive medicine already much discussed in the context of the human genome project, for example : 


Predictive medicine - It may be of little value, or worse, to have advanced knowledge before symptoms exist if, sadly all too often, no action can be done to prevent or reduce the disease. Is there proper time for ignorance and a proper time for knowing, which predictive genetics is now disturbing?


Probabilistic knowledge – Knowing that one carries a gene which increases one’s chance of a particular disease, but not knowing if it will happen, can be counterproductive.


Genetic information - If we have a smart card analysis of our entire genome, who has access to this information? This raises issues of privacy, access, data protection, insurance and employment, opting in/out, the right not to know, etc. 


Uncertain consent - The genetic information your doctor has just obtained could become part of a national research database, but normal ‘informed consent’ no longer applies, because you cannot meaningfully consent to unknown future outcomes using your data. 


More information than you bargained for – A woman goes to your family doctor with a bacterial infection, and has a genetic test to select the right sort of antibiotic for her genome. But the print-out also tells the doctor the patient carries a breast cancer gene. Does he tell her? Does she want to know? How will it affect herself, her insurance/job, her family?


Family genetics - Am I obliged to let other members of my family know if I carry a disease gene, or should I protect them from knowing?


Internet genetics - Do we allow genetic knowledge to be available outside the context of medical supervision? e.g. get home genetic testing via the Internet, private laboratories offering sex selection.


Pharmacogenomics - Is it realistic to assume individualised medicine? If not, how far is research justified for which this is the stated aim?





None of these issues are nano-specific but nanobiotechnology may accentuate them, raise them earlier, make them more common, etc.





Case Study 2 – Cell-targeting therapeutics





One of the most well publicised and attractive aims of medical nanobiotechnology is the targeting of diseased cells. Various nano-applications in the blood stream or in cells could monitor cells, to identify and target cancerous cells. Other nano-devices could deliver chemicals through the bloodstream which could destroy the cell selectively. Other devices might deliver proteins or even genes to the relevant exact cells. These could revolutionise cancer treatment and gene therapy.  No ethical problems with that, surely? Complexity and hubris may, however, prove problematical.





These are fine if just one functional change is enough to deliver the intended therapy, and if the device caused only that one desired effect. Anything that is powerful for good because it is so precisely focused can also be hazardous if the focus becomes wrongly applied, or turns out to have more than one effect. In 2001, after the first year of analysis of the human genome map, it was realised that extent gene-protein complexity was much greater than had been assumed. This might be a cautionary tale against making presumptions about nano-devices, if they are conceived on the assumption that they will have a clockwork/chemical model of cause and effect, which is not often appropriate to living organisms. Ethically, this is important a). in not having a mindset so fixed on the main aim that one missed important side effects because one was not thinking laterally, b). the temptation to present too simple answers to funders, c). raising expectations too early, d). reducing medicine to engineering and so losing the wider values of medicine and health care which see the patient as more than mal-operating functions. Materials scientists and bioengineers may make very good devices to help, but they may not be the best doctors to treat the whole person. 
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