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Abstract

The success of nanotechnologies will depend on their public acceptance. Easy enough for rapid medical diagnostics and smart food packages, perhaps. But what about nano-food or making smarter humans? This paper steps back and asks what will be the key ethical issues and areas of sensitivity posed by tomorrow’s nanotechnologies. What are potential points of synergy or conflict? It examines what (and whose) values or world views are driving developments, comparing some revolutions of the past … hence Martin Luther. What will doctor-patient relationships look like if nanobiomarkers mean we can monitor our body functions ourselves. Do we want to know years in advance that we might contract an incurable genetic disease? Could nano-scale food additives avoid a re-run of the GM crisis? When have we gone far enough in testing nanoparticles safety? If we could enhance human functions should we, or is it a misguided or unjust endeavour? In a world of great global inequity to what goals should nanotechnology be aiming for its priorities? And how far should we engage with wider publics about future trajectories for research? … Discuss!
Mind the Gap!
Who wants nanotechnology? An intriguing question.  Governments are pouring enormous investments into research programmes, aimed at captialising on the remarkable future prospects promised by the convergence of many technologies at ultra-small scales. Yet, if you go to the French mountain city of Grenoble, a major centre of French nanotechnology research, and look up to the bastille fortress, there next to it on the cliff face is a large graffiti proclaiming ‘No Nano’, recalling a major demonstration in 2006 against a major new nanotech facility. When the Nano2Life European Network of Excellence in Nanobiotechnology met for the first time at Barcelona University, participants were greeted with slogans on a wall, calling nanotechnology ‘techno-facism’. What’s going on here?

Already in 2003, a Canadian article, entitled Mind the Gap, observed a worrying gap between the rapid development of nanotechnologies and the assessment of their ethical and social implications.
 There are in fact several other gaps with nanotechnologies. One lies within the technologies themselves - between the often grandiose claims made for their transformative potential, and the relatively early state of their research. Much nanotechnology, as pioneer Don Eigler observed, is still largely in its discovery and exploratory and stage.
 A third gap is one of legitimation and accountability - between researchers and developers and the general public on whose behalf their efforts and ingenuity are presumed to be directed. The EC regular Eurobarometer surveys show that most of the European population have only a vague idea what nanotechnology is, if they have heard of it at all.
 

Into this vacuum have stepped various vested interests. Nanotechnology has become something of a bandwagon for various groups with particular beliefs about the world and the future. For the slogan writers in Grenoble and Barcelona, nano is seen as a threat, an epitome of the global pretentions of technology companies and nation-states to dominate through technology, drawing comparisons with nuclear power or genetically modified food. On the other hand, transhumanists are a small group of enthusiasts for advanced technologies. They see an inevitable trajectory of human enhancement in the convergence of nano-bio-info-technologies and materials and cognitive sciences, through which, some say, humanity (or at least those people fortunate to have money and access) will take hold of evolution and direct our very human nature to their own designs.

European nations and the EC are fearful that nanotechnologies could become a repeat of the GM food disaster - the spectacular failure of companies and governments alike to engage with their societies before developing products against which consumers voted with their feet. Much of the initial interest was on the risk of manufactured nanoscale particles,
 but there is now emerging ethical and social science research, as well as public engagement activities. I am engaged in several of these areas, and in this paper I will present some of the findings so far, primarily in various fields of nanobiotechnology.  

In June 2007 a UK report compared and assessed the findings of various public participation exercises on nanotechnology,
 for which I was on the advisory group. Public awareness is low, and is proving quite difficult to get people to engage with something as abstract and unfamiliar as ‘nanotechnology’. The term nano is problematic because it isn’t a process like genetic modification or nuclear fission, but many diverse applications whose common factor is scale. To engage in effective dialogue will require focusing on discrete areas - like nano-medicine or nanotechnology and security – and discussing applications that would affect people’s lives. People seem to be impressed by the potential to do good, but expressed misgivings about how little is known about risks from nanoparticles, and wished to have more say in how priorities are being decided.
What is driving Nanotechnology?

This brings me to my first ethical issue. 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 artifacts 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 with importing unlabelled GM soya and maize products into the UK, which failed every condition, and whose rejection by consumers was predictable.

With developments as novel, highly technical and remote from the person in the street as nanotechnology, whose values are they embodying? Are they widely shared values of society as a whole, or only those of an elite with far-reaching powers which would be imposed on the rest? Are the benefits and goals that are being claimed ones which people actually want; are their downsides ones people would want to avoid?
Revolutions in technology are often linked with streams of thought and culture. In 1517, a monk called Martin Luther nailed 95 bullet points to the church door in the small German town of Wittenberg. This was actually a standard way of publishing one’s ideas for discussion and debate - a local 16th century blog. 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 church rituals, 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 the Internet resonates with the condition of post/late-modernity in which it emerged. What views of the world will find synergies with a potential nanotechnology revolution? In a very plural culture, all sorts of views may influence the directions and uptake of nanotechnologies. Here are a few.
Values and World Views

Sheer curiosity of scientists is clearly one impulse, but scientists are also driven by academic reputations, funding, research ‘scores’, patents and company policy. Another important value is an implicit belief in ‘Progress’ through technology to improve the human condition in its widest sense. It is confident of human skill and ingenuity to overcome any problems. Progress is a powerful concept but if we unpack it, do we agree on what it means? 
For example, Government strategies frame nanotechnologies in terms of their capacity for wealth generation and jobs. In the dominant economic model, progress means an (unsustainable) promise of sustainable economic growth, within which the free market will determine what is developed. For many people, on the other hand, progress is about ‘quality of life’. Technology is seen here not so much the engine for economic ambitions as it is a tool at the service of humanity. Its advances must be balanced by care for our fellow humans and a fragile environment and to redress stark global inequities. Others again see progress as purely personal, making my life better on my terms, with whatever technologies I choose to utilise. 
Other powerful value drivers for nanotechnologies include redressing suffering in medicine; meeting human needs in sustainable food supplies, water and renewable energy; or military and security applications. Religious belief systems have a different view on what’s important in life. Interventions should respect certain God-given limits for the human condition, for human societies and the non-human environment. Lastly transhumanism might be termed a quasi-religion, in its teleological vision of extending beyond the current ‘limitations’ of our humanity.
Understanding the role of big value-related questions is important for developments as diverse and future-oriented as nanotechnologies. For example, much is claimed about the potential for bottom-up construction in materials, surfaces, and biological systems. Our ability to generate organized self-assembly in the real world will be less utopian than the atomic Lego-set that some have envisaged. But what should our priorities be in harnessing such powers? With limited money and resources, is it more important to construct battlefield man, develop water purifying membranes for the global poor, make colourless sunscreens for tourists, or to harness cell regeneration to reconstruct severed optic nerves? The bioindustry was rightly castigated for claiming that GM crops were needed ‘to feed the world’, while focusing its investment and research creativity almost entirely on commodities for western supermarkets. What are the nano equivalents of golden rice or orphan drugs, that would be seen as unprofitable to finance if all was left to the market? 

Some Ethical Issues in NanoBioTechnologies

I want to explore briefly some ethical issues that are emerging, particularly in nanobiotechnology, in targeted drug delivery diagnostics and predictive medicine, nano-food, and human enhancement. 

a). Targeted Drug Delivery 

One of the most attractive goals of medical nanobiotechnology under current investigation is to deliver therapeutics to specifically targeted cells. Nano-scale monitors could identify cancerous cells; nano-sized particles would then deliver therapeutic molecules through the bloodstream and across cell membranes to repair or destroy these cells selectively. The potential for precision guidance could revolutionize cancer treatment, and help gene- and stem cell-based therapies. But the very power of such precision can also be hazardous, if the therapy hits the wrong target, or if it has side effects which the researchers did not look for, because their focus was so strongly on their main aim. As with many other medical applications of nanotechnology, these are not entirely new ethical questions, but are no less important if nanotechnology gives them a fresh perspective.

The process of targeted deliver also presumes that one molecule or functional change is sufficient to deliver the intended therapy. Nanomedicine carries a built in danger in how far inherently reductionist technologies from materials science and engineering can be applied to complex systems in the human body. Whilst welcoming the many new possibilities to treat disease and allieivate suffering, medicine should not be reduced to engineering solutions. It is important not to lose sight, among all the amazing techniques, of 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.
b). Remote or Personal monitoring of Health Status

In future, implants or particles may be added to patients to monitor key functions in their bodies, so that they could go home but the hospital could still keep an eye on their condition, remotely. This could revolutionise health care systems. Is this a great idea because it reduces time and beds in hospital, or is it too much ‘big brother’ surveillance? Should nano-scale implants and devices be developed more generally which everyone could have in their bodies, so that the state of important body or brain functions could be regularly monitored, say, for the onset of a cancer? Would this impact too much on our autonomy and freedom?  What will doctor-patient relationships look like if nano-biomarkers mean we can monitor our body functions ourselves, but without the training to be able to interpret the data properly? What now will be a well person, if we can monitor so many body levels that we find that we are all sick?
c). Diagnostics and Predictive Medicine
Much is made of the potential of nano-enabled ‘lab-on-a-chip’ devices to perform a rapid genome analysis in your family doctor’s surgery. To prescribe an antibiotic suited to your genetics is clearly an advantage, but how useful is pre-symptomatic knowledge this would also provide? It may be of little value, or worse, to have advanced knowledge of a serious genetic disease before symptoms exist if, sadly all too often, little or no action can be done to prevent or reduce the disease. The knowledge is also probabilistic. Knowing that one carries a gene which increases one’s chance of a particular disease, but not knowing if it will happen, can merely add to stress. Knowledge is not always essential. Is there proper time for ignorance and a proper time for knowing, which instant genetic diagnoses will disturb? 
d). Nano-food

Nano-scale fish oil droplets or droplets encapsulated in nanoparticles can be added to soft drinks to 'fortify' the drink in beneficial omega fatty acids. The nano-scale makes this possible without the drink going cloudy and tasting of fish. Other encapsulations are proposed which delay metabolic uptake to downstream parts of the digestive system where there would be additional benefits. 
Would these be publicly acceptable? These are functional foods, but they are not genetically modified. Yet food companies have become reluctant to use the word ‘nano’ for fear of a stigma being created like ‘GM’. Questions about violating species barriers do not apply, and unlike most of the first generation GM products, there are certainly tangible benefits to the consumer. But where a change is being made to the food itself, they may still provoke the same general concerns about tampering with nature. They also raise a question whether this is inappropriate technical intervention. As with Golden rice or low fat potato crisps, is a technical fix the best way to address questions that might be resolved with a better diet?
e). Risk and Ethics

Both these applications illustrate an issue of the risk with interventions using nanoscale particles. In the one case, they might be transport to unintended parts of the body; in the other it is the unknown effects of changing the metabolism in the gut. These have to be evaluated in their own right and also weighed against the perceived benefits. The technical effects of nanoparticles on biological systems and human health lie beyond the scope of this paper, but the uncertainty of current knowledge has already emerged as an area of significant public concern. To address this will require much research and also much careful engagement with different publics. Such risks also pose important ethical questions. Once the scientific data are available, what constitute acceptable or unacceptable risks? Where uncertainties remain intractable, or would take a very long time to assess, how precautionary should we be? Against what criteria should we weigh up the potential of nanobiotechnology for both environmental clean up and ecological risk?


f). Human enhancement

The final example I shall examine perhaps the most profound ethical issue so far identified with nanotechnologies. This is the potential for the convergence of nanotechnologies with info-bio-and cognitive technologies to improve upon human nature. Should nanotechnology make humans better, or should we use it to make ‘better’ humans, by manipulating our capacities beyond medical conditions? Traditional presuppositions hold that there are moral or societal bounds which should act as a restrain on what may otherwise be feasible technically in intervening in the human condition. These limits are drawn from the insights of the religious and cultural traditions, philosophy and theology, the arts and humanities, and the social sciences. These are challenged by transhumanist belief that humans are destined to go beyond our current biological limitations. The US NBIC report was enthusiastic at this transhumanist prospect. A European expert group urged submitting enhancement goals to wider social scrutiny, if our humanity is not to be redefined by a techno-logic driven primarily by technical and economic feasibility.
 
 This suggests we may need to draw lines to limit some technological possibilities but promote others. 
Many conceptual models of the human being exist. Depending on the context, we might be a bag of genes, a conscious mind, a spiritual and bodily being, a set of capacities restrained by natural form, and so on. The secular dream of human enhancement sees the human condition as something which we can manipulate to our own design, if we think we can do better. This assumes a functional understanding of the human being, which conflicts with more holistic understandings. From my Christian perspective, radical physical enhancement seems illusory because it is likely to miss the point about our certain basic features of our humanity. 

Firstly, instead of seeing life as a gift to be handled well, as in traditional morality, if human beings are primarily functions to be enhanced, our humanity becomes something accepted only in so far as it meets with our specification. The notion of performing a technical fix on human characteristics carries the risk of mistaking the worth of human beings with limited notions of functional perfection. It begs two questions. Amid the complexity and interdependences of the human body and social and cultural variations, how do we know what is truly an enhancement? Who will lay down what is an enhancement and what is ‘being left behind’?
Secondly, it is a relatively short conceptual step from this functional understanding of humans to resurrecting eugenic agendas, which accept some in society only if they are seen as functionally ‘fit’. Human enhancement may be inherently socially divisive because an injustice lies at its heart. The prospects it holds out are for those who have the money, potential and access, but are not for those who cannot reach it. 

Thirdly, improving isolated individual characteristics misses important things in the account of the whole human being. To focus on humans in terms of functions we should tweak in order to improve seems an impoverished view of humanity. The assumption is that to be that little bit faster, taller, blonder, smarter, more retentive, more musical, or whatever, we are somehow happier and better as humans. The western cult of celebrity focuses on a few ‘perfect’ achievers, but presents a very fragile view of human being as individuals who are acceptable only while their success lasts. Enhancement is apt to exalt youth and beauty over age and normalcy. It glorifies the winners but has no satisfactory account of the underclass who will not reach the mark. For most people, these aspects of life are probably not what they equate with happiness, because in themselves they do not ultimately give satisfaction in life. Beyond a certain basic point of physical survival and necessity, what matters most to humans are not functional and material things but the relational, the creative and the spiritual. As Jesus said, what would it profit anyone if he or she gained the whole world but in the process lost their soul?

This prompts questions for those who advocate radical enhancement. What is so unsatisfactory about life as we know it, that we should feel the need for enhancement, and would these manipulations make it better? From a Christian point of view, it seems to miss the point about what needs changing in our humanity. What is wrong with the human condition is not a lack of strength, longevity, intelligence, beauty, athleticism, art, science or even education. It lies in the moral and spiritual shortcomings of humanity, individually and collectively, as the world’s ongoing conflicts show. However much we ‘enhanced’ ourselves physically, these inherent human failings would remain because spiritual problems require an inner change which lies beyond technical fixes. 

How to Engage with Society?

This paper has explored some ethical and social issues raised by nanotechnology in the context of diverse world views and values, and against a climate of demands for greater public accountability of science and technology, certainly in Europe. These questions serve to illustrate that a consideration of ethical and social implications of nanotechnologies is not important primarily to achieve public acceptance of the goals technologists have already set, but to raise a more profound question. How far should we be engaging with wider publics about the present and future trajectories for research itself, not only publicly funded but perhaps most especially research in the private sector? The notion of ‘upstream’ public engagement in setting research agendas is not without problems, not least in the inherent uncertainty of technology foresight and the difficulty of educating people sufficiently in somewhat arcane science and over long enough periods to have a meaningful discussion. But the idea that publics should have no say in such agendas is not a wise move in the light of recent technological history. 
Conditions for Public Acceptance 


of Novel Technologies5


• Does it uphold or challenge our Values





• Is it something Familiar?


• What can we Compare it with?  Did it work or not?





• How much we Feel In Control of it?





• How far do we Trust those in control?





• Do we Share their motives, vision and goals?


• Are there uncertainties about potential Risks? 


• Do we have any Choice - voluntary or imposed risk?


• Are there tangible Benefits to people?


• How is it Portrayed in the mass media?
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