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This Shakespearian title is a good summary of my 

communication. I will address the following problem: 

how to conceive the relationship between benefits 

and risks of nanotechnology (nanos), considering that 

this question has no simple or unique answer. In 
particular, I would like to show how the question of 

the benefits of nanos cannot be reduced to that of 

technical effectiveness or efficacy of technologies: 

The issue of the benefits of nanotechnologies or, 

more generally speaking, of technologies also 

includes the “societal” benefits of producing and 

using nanoproducts, societal being considered here as 

environmental and health, i.e. universalizable benefits 

concerning anybody.  

This approach aims at going beyond the debates and 

controversies that have developed since the beginning 
of the 2000s, about the potential toxicity of 

nanoparticles, particularly in France. It is now well 

known that no general strong conclusion or even any 

conclusion on some singular nanoparticles can be 

determined in terms of toxicity and ecotoxicity. So, it 

seems impossible that regulating the development of 

nanotechnology could rely on scientific data as it 

should be the case as regards to previous toxicity 

issues. Nevertheless, during the debates and 

controversies, some stakeholders argued that, even if 

the risks were not to be ruled out, the potential 

benefits had to be taken into account. The benefits 
were and are still seen as a counterpart of (here: 

unknown) risks.  

Despite this claim, very little academic research have 

been done on this "benefits" side of nanos.  

Now, as I will explain, we cannot admit too quickly 

that the notion of “benefit” is clear defined while, in 

fact, it is not. 

The purpose of my communication is to show that the 

risks / benefits ratio is not easily determined when we 

try to overcome appearances and that it is, actually, a 

complex sociological process that needs to be 
addressed in a collaborative manner. 

In this perspective, I will make a presentation in four 

steps: 

 Discuss the conditions under which the 

controversies on nanotechnology, as well as their 

stakes, have developed, 

 Highlight the weakness of some institutional 

responses to the challenges raised by 
nanotechnology, 

 Report on a collaborative research experience, 

conducted in terms of benefits / risks, regarding 

the conception of a nanomedical device for 

diabetic people, 

 Advance more general conclusions in order to 

develop collaborative research.  

 

I. SO, UNDER WHICH CONDITIONS HAVE 

THE CONTROVERSIES DEVELOPED? 

 
In France particularly, public controversies about 

industrial activities are not new, but for nanos, we are 

dealing with a specific case.  

1. The Technological Risks Issue  

One of the most striking features of the 

nanotechnologies topic is that controversies came 

very quickly after the launching of the National 

Nanotechnology Initiative (NNI) in the United States, 

at the end (1999-2000) of the Clinton administration 

period. 

The NNI is the institutional springboard for 
nanosciences and nanotechnologies. It may seem odd 

that an institutional policy creates a scientific 

movement, but it is often the case as it has been 

shown by sociological studies as we know that 

sciences are social practices depending of the 

supports of institutions or companies and structured 

by academic institutions.  

Indeed, a scientific activity is institutionally 

organized (funding institutions, reviews, hiring and 

appointments, careers…). In the case of the NNI, we 

can go further. Indeed, the NNI is in line with a 

bifurcation of research policies that had previously 
given academic researchers considerable latitude, 

particularly in fundamental research. The launch of 

the NNI corresponds to a shift in research, towards 
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the increasing importance attributed to applications, 

operative or even operational ones, especially in 
fields such as health, environment or energy storage, 

for instance. In this perspective, nanosciences have 

been oriented towards interdisciplinarity, which has 

transformed or at least led to the transformation of 

previous research practices (Suraud 2019). 

As said previously, the controversies emerged a few 

months after the kick-off of the NNI. These 

controversies certainly had been unforeseen by its 

initiators, but they were highly predictable. NGOs, in 

the United States, Canada, Australia, and to a lesser 

extent in France and Europe, have been alerted by the 

(too?) fabulous promises of the expansion of 
nanotechnologies. 

The rapid rise of these controversies is a rather brutal 

acceleration of previous ones which has developed 

during the 20th century, from the late 1960’s to date. 

They have emerged more recently in China, mainly 

on the pollution question, but it could to be a 

disrupting factor for Chinese public authorities as 

decisions to implement large facilities have been 

questioned.  

The controversies I am talking about are part of the 

“technological risks issue”, that is to say the very 
questioning of the raison d'être of some activities. 

This is not a denial of risks as such, because only 

some activities are disputed. It should be noted that 

rail or air transportations, which are sources of risks, 

are not questioned despite the occurrences of 

accidents. There may be critics of pollutions they 

engender (air transportation), but their potential 

accidental disasters do not lead to ask to stop these 

activities. In this case, it is a personal choice to 

assume the risks, and this can explain the reasons 

why there are no protests against these activities 

despite there are sources of major catastrophes 
(hundreds people killed in each aircraft crash). 

Other activities are challenged because they create 

known risks which are considered as “unbearable” in 

terms of their magnitude: nuclear power, the 

necessity of which is the subject of controversies, 

especially after major catastrophes, in Chernobyl and 

Fukushima. It is not only the catastrophic dimension 

of nuclear power that is criticized: it is also the lack 

of a solution to nuclear waste and, on another level, 

the “secret defense” problem, i.e the opacity 

regulating nuclear activities. 
The challenge is also about how to shape industrial 

activities (especially chemical ones) in order to 

reduce the scale of the risks. It also relates to 

activities referring to broader considerations, such as 

“living” issues (GMOs and synthetic biology). 

2. Controversies about Nanotechnology 

They have emerged very quickly, to be compared to 

those related to:  

 The silicosis of coal miners, managed through 

compensations means but never addressed as a 

public health problem (100,000 miners 

prematurely died in France in the 19th and 20th 

centuries); 

 The asbestos “scandal”. It has taken almost one 

hundred years after the first warning studies 

before the European Union countries banned its 

use (and its production); 

 The nuclear power problems. Major conflicts 

appear (in the 1960s) a couple of decades after 

the decisions to implement nuclear power plants; 

 The GMOs, a few years after the implementation 

of research on genetic manipulation (with a 

moratorium decided by biologists themselves in 

the mid-1970s) 

Note: In France, industrial activities have been 

questioned since the end of the 18th century, that is, 

since the beginnings of industry. But these disputes 
were, at this time and for a long time, mostly led by 

real estate owners or agricultural land owners, and by 

manufacturers hampered by pollutions (beer brewers 

for instance, when water was polluted upstream). 

Miners have strongly questioned the mining 

accidents, but not the occupational diseases, even in 

the 20th century. Thus, asbestos workers defended 

the production of asbestos to its very end, even when 

they saw and suffered fatal consequences. 

 

For their part, nanos combine many of these trends. 

Firstly, the discussions concern personal and public 

freedoms, with the storage of datas which is made 

more and more possible by miniaturization (big data), 

but also the military stakes of nanotechnology.  
Secondly, they affect the "living", with the possibility 

not only of repairing, but also of increasing human 

potential, at least in a long-term perspective, which 

concerns military issues.  

Thirdly, they have to do with the almost unknown 

environmental and health risks. 

 

II. WEAK INSTITUTIONAL RESPONSES 

 

Facing this challenge, the response of the industrial 

companies has been cautious. It has not been a 
defense of nanotechnologies activities, as it is the 

case for chemical or nuclear activities. In fact, 

nanotechnologies activities are not industrially 

developed, unlike what is often said. Admittedly, 

there are "old" nanos like nanotitan dioxyd 

(nanoTiO2), used for more than thirty years in 

sunscreens (nano-pigments) to make the creams 

transparent and to absorb some UV. In toothpaste, 

there is also TiO2 to prevent it from drying but it 

could be suppressed without really modifying 

toothpaste properties. Anyway, this is not at all a 

technical revolution contrary of what is usually said 
by decision makers.  

There is carbon black in tires, containing carbon 

nanotubes (CNT), but it is not necessarily wanted or 

controlled. And we can see that CNT industrial shops 

do not produce any more (Germany) or are in stand 
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by (France). We don’t really know how many tons 

are produced, but this seems to be very marginal as 
regards to classical chemical activities.  

What is certain is that the incomes and the jobs 

generated by nanotechnology are very limited, very 

short of the announcements made at the launching of 

the NNI. Most often, companies do not communicate 

any more about nanotechnologies, either because they 

are afraid for their image, or because they have no 

economic reason to do so. 

More, we can read in a document published by the 

NNI: 

The Grand Challenges framework —a partnership 

between the public and private sectors— can drive 
scientific advances to revolutionary commercialized 

products. However, the expectations of disruptive 

technologies fuelled by nanoscience have not yet 

been fulfilled. A major breakthrough in 

nanoelectronics is elusive as a result of a slowdown 

in the post-Moore era; nanomaterials featuring 

nanotubes, bucky balls and graphene have not met 

their applications targets; nanomedicine is still in its 

infancy; nanomanufacturing faces insurmountable 

difficulties in efficiency. 

Rather than companies, it is the scientific institutions 
that have taken over communication on 

nanotechnologies. This communication has been very 

classical, very basic to some extent.  

In Social Sciences (here: sociology, political science, 

social communication science), the term "deficit 

model" is used to describe a communication which 

considers that the reason for the social protests lies in 

the lack of knowledge of the public, i.e. lay people. 

The scientific or technological knowledge is 

supposed to be insufficiently diffused in the 

population. Consequently, the corresponding 

communication consists for those who know in 
explaining to those who do not know what they need 

to know. 

This approach is doubly unfounded if we consider the 

nanotechnologies. 

Firstly, the nanos' dispute does not concern the 

validity of the scientific results. These results are not 

called into question; it is their consequences that are. 

The deficit model makes sense when it comes to 

convince those who do not believe in the magnitude 

and the industrial origin of climate change, or when 

the theory of species evolution is rejected in favor of 
a religious vision. But in the case of nanos, it is the 

effects of their expansion that are questioned. And 

this is not a knowledge deficit issue.   

Secondly, as regards to the triple issues: “living”, 

“freedoms and social control” and “risks” for the 

environment and health, scientific institutions cannot 

provide certainty, partly because they are 

overwhelmed by the importance of the problems and 

also because of ethical problems which can be 

discussed by all the stakeholders. In addition, no 

response can be given on toxic and eco-toxic aspects. 

Trying to enforce communication on nanos has led to 

create a doubt on the reasons for this insistence and it 

has generated a strong suspicion about the policies 
which are promoted.  

If this cannot work, how to proceed? I have no 

definite answer but I can give some indications to 

elaborate a better response than that based on the 

deficit model.  

 

III. EXPERIMENTING WITH ANOTHER 

RESPONSE 

 

Alternative approaches to justify the development of 

nanotechnologies may be considered, but in taking 

into account the limits of scientific communication.  
Indeed, the sciences are self-referential, i.e. they refer 

to themselves to validate their results. They cannot go 

beyond their scope by invoking the economic or 

political or spiritual necessities of admitting a 

scientific result: if doing so, they could self-dissolve 

as sciences.  

Therefore, discussing ethical, industrial or social 

issues does not fall under the scientific disciplines, 

although scientists, like all those who wish to do so, 

can participate in and contribute to discussions. 

Scientists can assess the technical efficacy and the 
toxicity level f a molecule, but they cannot go further. 

They are not in a position to assess the “quality of 

life” improvement that a particular nanotechnology 

could provide.  

We can extend this reasoning and go so far as saying 

that the determination of what constitutes a progress, 

and not merely a scientific breakthrough, is a 

convergence of points of view. We cannot, however, 

be naive: it is not because there are many and deep 

discussions between dissimilar stakeholders that a 

consensus will necessarily emerge. Such a consensus 

could only emerge in an idealized situation, in which 
a discussion is detached from any strategic 

calculation, in terms of power and money.  

In a context of applied and professional research, it 

can be argued that a double cooperation is likely to 

lead to a satisfactory solution rather than an optimal 

one (which would take an infinite time or so, to be 

found).  

In other words, this discussion, or cooperation, can 

lead to a solution that combines technological 

efficacy and the control of the societal issues of a 

technology. Hence, the idea of developing 
cooperation between academics, and other parties, 

should be considered. 

To illustrate this point, I will take the example of a 

research experiment that has been carried out by 

several and different laboratories, different academic 

disciplines and with an NGO.  

This research aims at developing an insulin delivery 

patch for diabetic people, thanks to an 

electrostimulation of the skin, made possible by the 

conductive properties of carbon nanotubes. This is 

conceived to avoid multiple and painful daily 

injections.  
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For Example 
Two projects, Carboderm and Nanobrique, are 

supported by the “Centre National de la Recherche 

Scientifique” (CNRS), the University of Toulouse 

and the Occitanie region. This should lead, no doubt, 

to produce something that will more or less look like 

that (see next slide).  

 

 
CNT Carboderm Nanopatch idea 

 

This research is doubly cooperative.  

Firstly, it involves four labs (based in Toulouse): 

Cirimat (materials), Certop (sociology), IPBS 
(biology), IMH (public law). In the field of materials, 

this cooperation is very innovative. Indeed, there 

have been inter-sciences collaborations in the fields 

of computer science, especially on user interfaces. In 

medicine, there are collaborations on food issues, 

obesity for example. In the field of materials, it is 

rather recent and it is still very rare in any country.  

Secondly, this research is carried out in cooperation 

with the French Diabetes Federation (and its Diabetes 

Lab), an influential association representing around 

four million people in France.  

On this basis, concrete results have been achieved.  
First result, the shape of the project was chosen in 

such a way that it turned towards a medical device, 

not a drug (much more difficult to "market" because 

of the required “put on the market authorization”). A 

medical device must only obtain a CE (European 

Conformity) marking which is more flexible to 

obtain. This choice is a consequence of the 

explanation of the legal constraints. Accordingly, it 

was necessary to conceive separately the container 

(reservoir) and the contents (insulin).  

Secondly, although the question of nanowaste was 
raised, but not dealt with due to the lack of funding, 

cooperation with the diabetic people association has 

shown us that waste cannot be stopped at the 

nanomaterial alone. The medical device is made of a 

medical (nano)material, a battery, and electronic and 

electrical components, three ifferent waste recovery 

channels. This supposes that the device can be split 
into three parts by the users. Otherwise, 

environmental standards are not respected, as it 

happens often.  

Thirdly, we have seen no opposition to the CNTs, 

whereas they have been very controversial in France, 

especially because of the past of the asbestos scandal. 

However, at our regular meetings, patients and 

physicians asked for a safety guarantee. Risk 

management is therefore a condition to go further. 

Fourthly, and mainly to some extent, our idea that the 

removal of injections should be a benefit for people 

with diabetes, did not appear that clear. For example, 
people, especially young ones, may prefer to perform 

three or four daily injections rather than permanently 

wearing a device. This means that, between two 

injections, they want to forget that they are diabetic. 

Therefore, it is not obvious that there can be a 

generalized benefit: it may depend on the gender, the 

age, the schedule of the day or week... 

Then it is possible to draw a framework to define a 

benefit in the medical field, such as a complicated 

combination of: the medical effectiveness and 

efficiency of the device (in administering the right 
amount of insulin) and the “benefit for life” (better 

experiencing a pathology).  

Nevertheless, determining the type of 

(communication) process which could lead to a 

device that improves the previous devices is still 

largely to be theorized.  

 

IV. THIS APPROACH IN PERSPECTIVE 

 

To better understand this problem, we can refer to a 

formula that is known as the “Collingridge dilemma” 

(Collingridge, 1980). 
• "The social consequences of a technology cannot be 

[let’s say: easily] predicted early in the life of the 

technology. By the time undesirable consequences 

are discovered, however, the technology is often so 

much part of the whole economy and social fabric 

that its control is extremely difficult. This is the 

dilemma of control. When change is easy, the need 

for it cannot be foreseen; When the need for change is 

apparent, change has become expensive, difficult and 

time consuming''. 

This means that, when working on an applied 
research, the identification of risks and benefits must 

be carried out as early as possible in the technological 

maturation process: downstream, when the 

application has been conceived, it is very difficult to 

redesign, reshape the technology.  

In this perspective, I will emphasize the specificities 

of the field of health but we must keep in mind that 

the field of health is different from the field of 

environment and different also from the field of 

aeronautics.  

In the field of health, it can be observed that 

companies and patients have interdependent 
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relationships. Patients need companies to create or 

make changes in technologies in order to recover or, 
at least, to improve their personal life. Companies 

need patients, not only as consumers, but as a sort of 

lobby group to deal with public authorities with the 

aim to negotiate a suitable price for reimbursements 

by the French Public Health Insurance. (I do not 

know how that works outside of France, but I can 

imagine that (private) insurances do not automatically 

reimburse patients' expenses, either).  

We must understand that the development of medical 

products, nanoproducts in particular, is not only 

welcomed but strongly asked by patients, if they 

provide  a benefit. As for environmental issues, it is 
more complicated. Companies and environmental 

NGOs are in tension, as industrial activities have 

strongly generated risks problems that are challenged 

by NGOs. Now, since the idea of “sustainable 

development” has been promoted and since the idea 

of ecological transition has been institutionalized, the 

industrial sphere has to find solutions. But we may 

observe that environmental associations are not 

dependent on companies as patients personally are. It 

is possible that companies may apply for associations 

to work on a shared solution: for example, to use 
nanos for energy storage, leading to the giving up of 

nuclear power, but this not spontaneous.  

In the field of aeronautics, it is different again. The 

regulations are two-fold: the safety of aircrafts 

(“certificate of airworthiness”) and the environment-

health rules (Reach regulation: Regulation, 

Evaluation, Authorization and Restrictions of 

Chemical substances, for example). At this stage, the 

two regulations are not superimposed. So, because 

the aeronautics regulations are very strict, companies 

prefer to stick to traditional solutions rather than 

continuously innovating. Changing a door handle of 
an aircraft appears to be a hard and expensive process 

as regards to the certification agency. Consequently, 

if regulations do not change by significantly 

integrating the ecological sustainability of aircrafts, 

manufacturers will face challenges with old products 

as it is already the case with chromium VI. 

 

V. CONCLUSION 

 

Main conditions for conceiving a medical 

nanotechnology  

• The device (and its design) is supposed to 

provide benefits  

– Who is directly implied? Social scientists, 

Scientists/Technologists and concerned 
Stakeholders (notably patients) 

• The device must work, of course 

– Who? Scientists and Technologists mainly, 

• All the risks must be fully controlled along the 
whole life cycle of the device  

– Who? All participants must have a say 

– Problems to be dealt with: 

• Health of the patients (safety, quality of life) 

• Health of the workers (in conception, production 
and recycling) 

• Environmental problems (waste) 
 All this requires a collaborative research, 

between classical and social sciences, but also 

between academic researchers and stakeholders, 

in the broadest sense of the word, i.e. including 
concerned associations or workers' organizations. 

 This is not an easy approach to achieve. Beyond 

the uncertainties of any research, barriers are 

significant:  

- There is a tension between the need for a long 

time before these cooperations produce effects 

while institutions ask for quick results,  

- There is a lack of appetite from researchers (in 

all sciences) to go into complicated cooperations,  

- There still is little upgrading effect (at the 

moment) in the careers of researchers as regards 

to the difficulties to perform this kind of 
research.  

However, I can testify to the exciting dimension that 

this represents. 
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