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Abstract Nanotechnology is widely used in several
industrial and consumer sectors and has the potential
to grow further and expand globally. An exploration of
stakeholder (SH)’s perceptions is essential to ensuring
that robust risk governance processes are in place for
nanotechnology and nano-related products. In response,
numerous studies have been conducted to investigate
SH’s perceptions of nanotechnology and nano-related

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11051-019-4689-9) contains
supplementary material, which is available to authorized users.

A. Porcari (X)) - E. Borsella
Italian Association for Industrial Research (Airi), Rome, Italy
e-mail: porcari@nanotec.it

C. Benighaus
Dialogik, Gemeinniitzige Gesellschaft fiir Kommunikations- und
Kooperationsforschung mbH, Stuttgart, Germany

K. Grieger
Genetic Engineering and Society Center, North Carolina State
University, Raleigh, NC 27695, USA

P. Isigonis
Department of Environmental Sciences, Informatics and Statistics,
Ca’ Foscari University, Venice, Italy

S. Chakravarty
Steinbeis Advanced Risk Technologies GmbH, Stuttgart,
Germany

P. Kines * K. A. Jensen
National Research Centre for the Working Environment, Lerse
Parkallé 105, 2100 Copenhagen, Denmark

products over the past 15 years. To build on this work
and to capture current perceptions across a wide panel of
SHs, we conducted a multi-national and cross-sectoral
SH study of awareness, perceptions and opinions re-
garding the use and potential impact on society and the
environment of nanomaterials (NMs) and nano-related
products, and SH’s expectations about risk governance.
The study was conducted using both quantitative and
qualitative inquiries and targeted more than 3000 SHs
across different sectors in a total of 15 countries. Results
showed a tendency towards more convergence of opin-
ions amongst all the relevant SHs and the public respon-
dents than in past studies. There was consensus on the
crucial importance of having unbiased, scientific and
trustable information regarding the potential impacts of
NMs and nano-related products on the environment,
health and safety. SHs were interested in having more
internationally harmonised and robust regulation for
NMs and nano-related products; improved scientific
evidence on nanomaterial hazards, exposures and ef-
fects; as well as specific guidance on the safe use of
NMs. Overall, this work provides an updated scenario
of SHs’ perceptions regarding nanotechnology and
nano-related products, underscoring the importance of
including SH needs in effective risk governance
strategies.

Keywords Nanomaterials - Nano-related products -
Risk assessment - Risk management - Risk
communication - Decision analysis - Risk-benefit of
nanomaterials - Societal implications
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Introduction

The use of nanomaterials (NMs) and nano-related prod-
ucts has become ubiquitous in society, with applications
in diverse products and sectors that range from electron-
ics, food and food packaging, transportation, energy,
manufacturing, construction, medicine, water treatment
and beyond (Woodrow Wilson Institute 2009; The
Nanodatabase 2019). While the use of NMs and nano-
related products may provide numerous benefits to di-
verse economic sectors, there are still significant uncer-
tainties in terms of their potential impacts on the envi-
ronment, health and safety (EHS), in spite of nearly two
decades of EHS research (e.g. Prosafe 2017, OECD
2018; Warheit 2018). Furthermore, it has been well
recognised that stakeholder (SH)’s perceptions are crit-
ical to understand and respond to in order to ensure the
successful innovation and adoption of nanotechnology
and nano-related products as well as to ensure that
robust risk governance processes are in place (The
Royal Society and The Royal Academy of
Engineering 2004). This is particularly pertinent given
previous cases involving other emerging technologies
that have demonstrated the importance of understanding
and incorporating SH perceptions into technology inno-
vation processes (e.g. Tait 2001; Macnaghten 2016).
Numerous studies have been conducted over the past
two decades to investigate various SH’s perceptions of
nanotechnology and NMs (e.g. Sims Bainbridge 2002;
Cobb and Macoubrie 2004; Siegrist et al. 2007a, 2007b;
Kahan et al. 2008; Capon et al. 2015; Dijkstra and
Critchley 2016; Ganesh Pillai and Bezbaruah 2017;
Larsson et al. 2019). Across these studies, it has been
demonstrated that perceptions of nanotechnology have
been linked to the degree of knowledge and awareness
about nanotechnology, potential benefits of its applica-
tions, cultural backgrounds, value differences as well as
trust (Kahan et al. 2008; Cacciatore et al. 2011; Dijkstra
and Critchley 2016; Ganesh Pillai and Bezbaruah 2017).
In brief, the literature has demonstrated that the public
generally has heard “little or nothing” about nanotech-
nology (Cobb and Macoubrie 2004; Priest et al. 2010;
Gupta et al. 2015) and has had largely neutral or slightly
optimistic opinions about nanotechnology (Cobb and
Macoubrie 2004; Gaskell et al. 2005; Scheufele and
Lewenstein 2005; Kahan et al. 2008; Satterfield et al.
2009), although there can be cross-cultural differences
(Vandermoere et al. 2010; Dijkstra and Critchley 2016).
Further, opinions about nanotechnology are still being
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formed and may likely be influenced by messaging
concerning benefit-risk information (Satterfield et al.
2009; Priest et al. 2010; Parisi et al. 2015) and news
on recently emerging cases of claimed health incidences
(e.g. Bullis 2006; Kolosnjaj-Tabi et al. 2015;
Fatkhutdinova et al. 2016; Zhao et al. 2018). In terms
of risk-benefit comparisons, previous work showed that
the potential benefits were considered to outweigh po-
tential risks (Satterfield et al. 2009), although the authors
considered that risk judgments were still malleable.
Others have demonstrated that the provision of addition-
al information that was framed in either a positive or
negative light was able to influence respondents’ per-
ceptions of the benefit-to-risk ratio of nanotechnology
(Besley 2010). Further, other works have shown that
potential benefits and risks were dependent on the ap-
plication in which NMs or nano-related products were
used (Cacciatore et al. 2011; Gupta et al. 2015).
Amongst other findings, medical applications of nano-
technologies have had a higher benefit perception com-
pared to consumer products that do not have a clear or
obvious beneficial use (Cobb and Macoubrie 2004;
Priest and Greenhalgh 2011; Gupta et al. 2015), and
perceived risks were greater in food applications than
in other consumer products (e.g. electronics, energy
applications) (Siegrist et al. 2007a, 2007b; Grobe et al.
2008; Siegrist et al. 2008; Brown et al. 2015).

Developing robust risk governance and decision-
making processes related to NMs that incorporate SH’s
views continues to be an ongoing challenge today.
Amongst other obstacles, SHs differ in their risk per-
ception along the value chain of a nano-related product
(Malsch et al. 2017).

As robust risk governance frameworks are still de-
veloping for NMs and to further build on this body of
literature, we conducted a large SH study of the aware-
ness, perceptions and opinions regarding the production,
use and potential impact of NMs and nano-related prod-
ucts on the society. The work was conducted as part of
the European Horizon 2020 project, caLIBRAte (grant
agreement no. 686239), with the goal of developing a
next-generation nano-risk governance framework
aligning with SH’s needs.

Methodology

A multi-national, mixed-method approach was utilised
in this study to understand the opinions and perspectives
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of the public respondents and influential SHs from
industry, research organisations and policy-oriented or-
ganisations across Europe, covering 15 countries. We
aimed specifically at understanding the SHs’ levels of
awareness and concerns regarding potential risks for the
health and the environment posed by the development
and use of NMs and nano-related products and expec-
tations for risk governance in nanotechnology (defined
as all aspects related to the identification, management,
evaluation and communication of risks; International
Risk Governance Council (IRGC) 2017).

Leveraging work conducted in previous studies that
investigated risk perception of nanotechnologies, we
employed a combination of quantitative and qualitative
methods in our inquiries to collect and assess SHs’
opinions. The diverse specific methods used are
summarised in Table 1. The methods were selected
depending on the scope of the SH dialogue and the
SHs’ level of knowledge or being informed about
NMs, nano-related products and/or nanotechnology.
As shown below, for example, the online consumer
survey collected quantitative information on public per-
ceptions of the risks, while the focus groups provide
information on risk perception and explain the prefer-
ences and views on diffusion and use of NMs and nano-
related products in a more qualitative way.

The different methodologies applied to gather and
analyse the data on risk perception and awareness and
on issues related to risk communication, assessment and
management in the field of nanotechnology are briefly
described below.

Two-round Delphi study

A two-round Delphi study was undertaken in the period
from January to August 2017 to systematically investi-
gate the opinions of different SHs from research, indus-
try, insurance companies, government agencies and
non-governmental associations about their appraisal of
the risks posed by NMs and nano-related products and
how to best manage and communicate these risks. In
general, a Delphi study is a method of structuring a
group communication process amongst a panel of geo-
graphically dispersed participants, mainly experts in
areas that are relevant to the consultation, to deal with
a complex problem (Dewar and Friel 2001). The overall
goal is to organise a debate, collect and synthesise
opinions and achieve a degree of convergence on se-
lected themes of exploratory, predictive and even

normative nature (Adler and Ziglio 1996; Linstone and
Turroff 2002). To perform a Delphi study, experts are
first asked to complete a questionnaire on selected
themes. The evaluations of the first survey are disclosed
in a following round so that experts are given the op-
portunity to compare their personal opinions with those
expressed by the other participants, to refine their points
of view and give some recommendations on critical
issues with regard to the debated topics. The exchange
of opinions over several rounds has the advantage that
feedback processes encourage participants to re-
examine their own evaluation. As a rule, the spectrum
of assessments is reduced, trends become clearer and a
satisfactory convergence of opinions is reached.

Since the method was first proposed at the Rand
Corporation (Dalkey 1969), variations of the Delphi
method have evolved, in an effort to meet the specific
needs of different decision makers (Linstone 1998).
Delphi surveys are no longer simply about achieving
consensus, and they are more often used to identify
different clusters of opinions. In practice, modern
Delphi surveys do not make much, if any, use of itera-
tions of the questionnaire. These Delphi surveys employ
only two rounds of survey, inviting a deepening of
exploration in the second round rather than aiming for
consensus of the group. Thus, an individual can express
a distinctly different opinion to the group perspective.
Moreover, recent approaches develop interactive forms,
in which one or more workshops are staged between the
two rounds to facilitate the final assessments. This im-
plementation of the Delphi exercise was adopted for the
present study where multiple perspectives of different
SHs were recommended for decision-making. It means
that the responses from a selected group of the partici-
pants could be extracted and analysed in isolation, with-
out compromising the integrity of the results.

In the present two-round Delphi study, the initial
questionnaire (see Online Resource 1) contained a total
of 28 (mostly quantitative) questions covering issues
specifically related to NMs and nano-related products
such as awareness and risk perception, best practices in
dealing with risk assessment/management and needs,
priorities and expectations to a risk governance frame-
work. An online platform was used to deliver question-
naires and collect data.

The first-round questionnaire was delivered to
over 400 SHs in diverse European countries. These
SHs were selected for participation based on their
expertise and interest in risk governance aspects of
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invited SHs from industry, insurance, consultancy ser-
vices, policy and research from ten European countries.
During the World Café, the results of the 1st round of the
Delphi survey were presented, and afterwards, the SHs
discussed needs, priorities and views on managing risks
in nanotechnology. In addition, the SHs provided feed-
back on developing a risk governance framework for
NMs. Using a World Café approach, groups of five
participants at small round tables discussed questions
(see Online Resource 3) on several issues relevant to
nano-risk governance and wrote their opinions with
pencils on the tablecloth. After about 25 min, the par-
ticipants changed tables, took their ideas and shared
them with the new table. One participant, the “host” or
“facilitator” of the table, stayed seated and welcomed
the new participants to another round of talks.

This interactive method allowed to exchange and
then link the ideas of the participants and to draw a
“network” of thoughts and perspectives to develop con-
clusions. In a joint final round of the SH workshop, the
hosts of the tables presented the results, which were
further discussed in a plenary session (Www.
theworldcafe.com).

Face-to-face interviews

Twelve interviews were conducted in Denmark and
Sweden with occupational safety and health (OSH)
managers from industry (n = 6) and academic insti-
tutions (n = 6). Heterogeneous (maximum variation)
sampling (Palinkas et al. 2015) was used to recruit a
variety of companies (e.g. manufacturers of mate-
rials and/or products, and testing and development
of industry equipment) and institutes (e.g. tradition-
al and within different technical fields) that worked
with NMs. The interviews were conducted face-to-
face and on site at each of the companies or insti-
tutions. The interviews occurred in 2016-2017, at
which point, there was no nano-specific regulation.
To foster consistency between the interviews, a
semi-structured interview schedule was utilised
(see the list of questions in Online Resource 4),
which focused on five themes concerning NMs
and nano-related products: risk comprehension, in-
formation gathering, actions, communication and
compliance. The interviews were recorded, tran-
scribed and then analysed in the NVivo 11 software
program. In addition, relevant statements from the
interviews were also coded according to one of five

levels of safety culture maturity (Cooper 2018),
from passive (ignorant of the risks) to reactive (re-
spond only when things go wrong), active, proactive
and exemplary (e.g. going beyond compliance).
Further details on the methodology and a detailed
analysis of the results can be found in Kirkegaard
et al. (2019).

Focus groups

During organised focus group sessions, participants
representing specific interests are encouraged to provide
information and opinions on a specific topic in a discus-
sion round (Henseling et al. 2006; Krueger and Casey
2008). Focus groups work out specific arguments and
reflect them within a setting of several people
(Benighaus and Benighaus 2012). The interaction and
discussion in the focus groups help illustrate percep-
tions, perspectives and thinking of the different SH
groups. It works well in combination with individual
interviews or Delphi exercise.

In our study, a total of 6 focus groups were organised
in 2017 and 2018 to explore and evaluate the perception
and acceptance of nanotechnology from the public re-
spondents (in terms of benefits and risks), the criteria for
choosing and buying nano-enabled products and the
information required to feel safe about their use. A list
of the questions posed in the focus groups is reported in
Online Resource 5.

All focus groups were conducted in the native lan-
guages of each country. In Germany, the participants
were selected in a random sample. After contacting an
initial 1000 citizens from the city of Stuttgart by letter,
there were a total of 43 people who ended up participat-
ing in the four focus groups. In Spain, one focus group
was organised in Bilbao, with seven participants select-
ed from the employers of technological park by inviting
them randomly. In Denmark, after placing an advertise-
ment in supermarket and municipal websites in
Copenhagen, there were a total of 7 focus group
participants.

Overall, a statistical analysis and comparison of the
focus group participants with the Eurostat statistical data
on age and educational background (System 2011) from
each of the participating countries revealed that the
focus group participants were younger in age and had
above-average educational level in each country than
the statistical average.

@ Springer
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Online consumer survey

In three European countries (Denmark, Germany,
Spain), a large online consumer survey was conducted
using a set of questions (see Online Resource 6) to elicit
public perceptions on nanotechnologies. In total, there
were 3101 participants who completed the online sur-
vey, including 1037 from Denmark, 1030 from
Germany and 1034 from Spain. In these online consum-
er surveys, there was a good dispersion of different ages,
genders and locations of the participants, and it is was
also consistent with the Eurostat (System 2011) statisti-
cal data of the German, Spanish and Danish population.

Results

We present the main points according to the following:
(1) risk perception of NMs and nano-related products
according to the SH level of knowledge and/or aware-
ness, (2) factors limiting the acceptance and diffusion of
NMs and nano-related products into the market and (3)
SH expectations in regard to nano-risk governance.

Risk perceptions and awareness of nanotechnology
in different SH groups

The majority of the SHs involved in the Delphi consul-
tation had a high level of knowledge on NMs. More
specifically, 8% of all the respondents (N = 97) reported
to have a basic level of knowledge, while 73% reported
themselves as experts or skilled users. Figure 1 provides
an overview of the level of knowledge on NM according
to each SH group®. As expected, researchers are the
most skilled category, with other SH groups adequately
knowledgeable and informed. Some of the comments
provided by the respondents indicated that they were
aware of the opportunities offered by nanotechnologies
for progress and innovation. In particular, the SHs from
industry underlined “the enormous potential of nano-
technologies for competitiveness of industry”.
However, the opinion concerning the positive poten-
tials of nanotechnologies is also associated with a gen-
eral concern about the EHS risks and social and ethical
aspects posed by NMs and nanotechnology develop-
ment in all the application domains (Fig. 2).

3 Not all the SHs participating in the Delphi survey declared the
category to which they belong and contribute to the graphs in Fig. 1.
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Noteworthy, it can be seen that the relative perceived
risk pattern in the six main predefined domains (worker
health, public health, animal health, economic aspects,
ethical and social domains) is generally similar amongst
all the SHs involved in the Delphi study, with workers
and the environment being at the highest risk level
(moderate to high). However, the civil society organiza-
tions (CSOs)’ SH group does stand out with generally
higher perceived risks while policy makers/risk asses-
sors/insurers have the lowest level of perceived risk. On
a relative scale, all the SHs have relatively low per-
ceived risk in regard to economic aspects. Still, it should
be mentioned that researchers consider risks related to
economic aspects to be at a similar level as the risk to
public health.

In the course of the qualitative workshop interviews,
the industry representatives confirmed that they consid-
er the workers and the environment to have the highest
risks in relation to NM production. In the qualitative
interviews with individuals in research organisations
and companies, the perspectives on risk perception var-
ied substantially, ranging from perceiving risks as a
“part of the job” to perceiving risks as manageable
throughout the life cycle of NM and nano-related prod-
ucts (Kirkegaard et al. 2019).

According to the public respondents from the online
consumer survey, participants agreed that the pros and
cons of nanotechnology are balanced, and nanotechnol-
ogy has a positive or neutral connotation for them with
positive effect on life (Fig. 3). More than 50% of par-
ticipants in all three countries (Denmark, Germany and
Spain) perceived nanotechnology as a symbol of prog-
ress and an option for breakthrough in future technolo-
gies. However, they anticipate a high responsibility for
future generations in all three countries, especially in the
development of nanotechnologies.

The participants in the focus groups have indicat-
ed that nanotechnology should be a solution for
technical and/or social problems and should support
the development of society. Yet, there are some
differences amongst the answers of respondents
from the various countries regarding their percep-
tions on how well the advantages and disadvantages
of NMs are balanced. Our study did not seek to
address these inter-country differences in partici-
pants’ perceptions of risks/benefits.

During the focus group interviews, participants
assessed nanotechnology based on their own expe-
rience and how they got in contact with it. After
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Fig. 1 Level of knowledge of the different SH groups about NMs and their potential impact on the society and the environment (Nyydustry =

29; NRescarch = 21; NPolicy = 13; Ncsos = 6)

discussion about its advantages and disadvantages,
they developed a more critical opinion about the use
of nanotechnology, expressing concern about the

——Industry

——Research

——Policy Makers/Risk Assessors
——CSOs (Civil Society Org)

Ethical and social domain

Economic aspects

safety of nanotechnology for society, the environ-
ment and economy as well as individual and family
health (public and workers’ health).

Worker health
5

Public health

Animal health

Environment
Ranking ("very low risk" (1) to "very high risk" (5))

Fig. 2 Perception of risks [on a scale of 1 (very low) to 5 (very high)] deriving from the production, use and disposal of NMs and nano-
related products for the SHs involved in the Delphi survey (Ninaustry = 295 Nresearch = 215 Npoticy = 135 Nesos = 6)
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Fig. 3 Appraisal of 0%

nanotechnology according to
public respondents using the
online consumer survey. Answers
to the question: Nanotechnology
has for me a positive (1)/negative
(5) connotation

Ranking ("positive" (1) to "negative" (5))

By combining the results from the different con-
sultations, it appears that the level of risk perception
by the different groups of SHs is only to a certain
extent related to the level of knowledge about nano-
technology, NM and nano-related products
(Table 2). Our results also showed that there was
significant awareness about potential risks for the
EHS during research/development/fabrication of
NMs and nano-related products (Fig. 2, Table 2),
which was also confirmed by the outcomes of the
SH workshop and individual SH interviews in in-
dustry and academia. At the same time, the public
respondents are concerned about EHS risks (Fig. 4,
Table 2) but appreciate on average the positive con-
notations of nanotechnologies (Fig. 3). It should be
noted that the perceived social and ethical risks are
greater to CSOs and public respondents than to the
other three categories of SHs.
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Although some caution is required in interpreting the
results in Table 2, compared to earlier studies (Grobe
et al. 2008), neither a clearly positive correlation nor a
negative correlation between knowledge on NMs and
risk concern is observed.

In this context, it is important to consider that the
different SH groups and the public respondents do not
perceive the same level of risk in all nanotechnology
applications. In fact, a considerable difference is ob-
served across different sector applications (Fig. 5). The
respondents representing industry consider the highest
risks associated with the use of NMs in food, agri-food,
cosmetics and packaging, and chemicals and materials,
but the level of risk perception is somewhat lower than
that expressed by the CSOs’ representatives who also
consider applications in textiles and the environment
potentially risky. Academic researchers are most con-
cerned about nanotechnology in chemicals and
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materials followed by the use of nanotechnology in
application sectors related to energy, electronics, optics
and information and communication technologies
(ICTs).

The perceived sector application risk pattern reported
by the CSOs is in good agreement (with a few excep-
tions) with the outcomes of the focus groups and online
consumer survey (Fig. 6), where the main concerns are
about nano-related products that people may come into
direct physical contact with (absorbed through the skin,
inhaled, ingested, etc.).

It is interesting to see that the highest acceptance of
nano-related products from the public respondents refers
to IT/electronics with miniaturised electronic compo-
nents and to medical products which potentially provide
new forms of detection and treatment of disease.

In summary, although some differentiation emerges
across the SH categories and the public respondents, our
results provide evidence that medium to moderately
high risks are perceived in all application domains and
market sectors (see Figs. 5 and 6), but at the same time,
potential benefits of nanotechnology are recognised and
appraised by many (Fig. 4).

Although the development of nanotechnology is con-
sidered as an opportunity for improving performances
of products and systems, the perceived uncertainty on
their potential risks is seen to influence to a certain
extent and limit their purchase. This point was sustained
by a good fraction of the participants in the online
consumer survey (Fig. 7), focus groups and Delphi
study. Results are reported in Table 3 where a rather
high level of convergence of views between all the SHs
and the public respondents is observed.

Once again, policy makers/risk assessors/insurers
show a lower concern about the effect of risk perception
on the market than the other categories of SHs.

Factors limiting acceptance and adoption of NMs

In this section, we present perspectives from all the SHs
on the factors that still hamper a wider acceptance and
adoption of NMs and nano-related products. The partic-
ipants in our consultation activities have clearly indicat-
ed that one of the most important factors for limiting the
diffusion of nanotechnology into the market is a certain
lack of dialogue and specific knowledge/education ini-
tiatives. Moreover, the SHs perceive an often misleading
(or biased) information on NMs and nano-related prod-
ucts that may create a sense of suspicion in the

entrepreneurs, end-users and consumers and make it
difficult to evaluate the risk/benefit ratio with respect
to the use of more conventional materials/products. In
this respect, SHs participating in the Delphi study
underlined that: “From the consumer side, I think that
a general factor is the lack of scientific education and the
influence of certain media attitude”. Thus, “Normal
customers mostly know simple black and white, and
cannot differentiate between various scenarios of grey”.

It was pointed out by many different SHs and the
participants in the consumer survey that greater trust of
the potential users could be gained through transparent
and exhaustive information on safe use, storage and
disposal of NMs and nano-related products.

Industry representatives are also concerned about
existing uncertainties and insufficient knowledge about
worker and consumer exposure, hazard and life cycle
assessment. One of the industry representatives
underlined that: “From the business side, there is the
complete lack of knowledge about NMs: most SMEs
[small and medium sized enterprises] do not know what
they are and how they can be used. Therefore, once
confronted with the possibility, entrepreneurs stay away
from the unknown, the potentially not safe solutions,
and rely on more traditional innovative materials...”.

Further scientific research on NMs is asked for, in order
to decrease risks and increase confidence in their use.

A strong request emerging from both the online
survey (public respondents) and the focus groups is the
need for a clearer: “balance between pros and cons of
nanotechnology”, which takes into account the impact
of NMs and nano-related products on (human and ani-
mal) health and safety and the environment. To this
respect, a telling statement from a researcher (Delphi
survey) is that: “NMs used to cure cancer should be
permitted, even if these NMs may induce some negative
effects to human health and the environment”. This
concept is broadened by one of the industry representa-
tives: “Potential risks of the innovation must always be
balanced against the risk of not realizing an innovation”.

In this context, CSOs’ representatives pointed out the
need to set up an evaluation system of the risks posed by
specific NMs and nano-related products, which must be
based on principles such as openness, full independence
and transparency, and thus become trustable for con-
sumers. Industries should disclose their data to inform
this system.

The participants in the focus groups and online con-
sumer survey stressed the importance of having access
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Table 2 Cross-comparison of the level of knowledge on NMs and nano-risk perception by different groups of SHs

Industry Policy makers/ | CSOs
Representatives Risk Assessors/ | Representatives | Public
Researchers Insurers respondents
Level of
knowledge on
NMs 3.72 4.37 4.16 3.53 1.91
Level of perception
of EHS risks 2.80 2.97 2.48 3.72 2.75
Level of perception
of social/ethical
risks 2.36 2.53 1.90 3.40 2.93
Color scale (from 1-very low to 5-very high)
2 3 4

Averaged data from the Delphi study are presented in columns 1-4 (Ninausiry = 295 Nresearch = 215 Npoticy = 135 Nesos = 6). Averaged data
from the online consumer survey are presented in column 5 (Germany, N = 1030; Spain, N = 1034; and Denmark, N = 1037)

to public product registers containing information about Given that labelling about the presence of nano-

the ingredients (including nano-ingredients) of all ingredients is already mandatory for food and cosmetic

products. products, the opportunity to extend this requirement to
Ranking

("yes, in any case" (1) to
"no under any circumstances" (5))

1 2 3 4 5
My knowledge of NN is high. Y

Public knowledge of NN is high. 2
NN is positive for me.
NN is positively posed in public.
NN is a technology of the future.
The pros and cons of NN are sufficiently balanced.
NN is a symbol of progress.

—Spain
We have a responsibility for future generations.

====Denmark
Germany
Technology is a solution to problems

Fig. 4 Overview of the knowledge, awareness and perception of nanotechnology for the consumers in Germany, Spain and Denmark
(results from the online consumer survey) on a scale of 1 (yes, in any case) to 5 (no, under no circumstances)
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Mechanical Engineering
Equipment & instruments

Textiles

Paper

Constructions

(Food)-Packaging

Agri-food

Cosmetics

Medical devices

Medicine and Health Care

Security and defence

Aerospace

Transports
Environment

Energy

Electronics, optics and ICT

Chemicals and materials

-
-
[3,]
N

B CSOs (Civil Society Org.) ®Policy Makers/Risk Assessors/Insurers

Fig. 5 Delphi survey. Perception by the different categories of
SHs of the risks potentially posed by production use and disposal
of NMs and nano-related products in different application domains

all sectors is still up to debate. A very high percentage
(95%) of the consumers participating in the online con-
sumer survey think that if a product contains NMs, they
have to be highlighted in the list of ingredients on the
label. On the same way, some SHs participating in the
Delphi study think that: “nano-labelling could give a
wrong message that all nano-products are dangerous
since consumers are not aware or competent to distin-
guish between sensible and non-sensible applications”.

In the course of the consultation activities, the SHs
underlined that the perception of uncertainty in the
safety of NMs and nano-related products is enhanced
by some insufficiency and incoherence of the legislation
all over Europe and by the lack of universally accepted
definition of the term nanomaterial, of clear
nanomaterial labelling/registration procedures and of

e

N
(3]
w
w
[3,]
=Y

4.5 5

Research ®|ndustry

and market sectors on a scale of 1 (very low risk) to 5 (very high
risk). (Nlndustty = 29; Nrescarch = 21; NPolicy = 13; Ncsos = 6)

specific guidelines for implementing current
regulations.

In particular, the existing normative framework is
considered, to some extent, not fully adequate for risk
governance of nanotechnology, above all by the CSOs’
representatives and by researchers participating in the
Delphi survey (see Fig. 8). A more moderate criticism
stems from the policy makers/regulators.

In summary, in the course of our consultation activ-
ities, it was recommended by the relevant SHs and the
public respondents to develop the following actions
with the aim to foster the diffusion of NMs and nano-
related products into the market:

* Organise more specific knowledge and education
initiatives addressed to the public respondents.
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Spain

Denmark

Germany Agriculture

Building materials

Medical products

Cleaning/Care products

Foods

Textiles

Cosmetics

IT/Electronics

Appliances

-~

Baby accessories

Food packaging

Ranking ("yes in any case" (1) to "no under no circumstances" (5))

Fig. 6 Purchase intention of nano-related products in Germany, Spain and Denmark [on a scale of 1 (yes, in any case) to 5 (no, under no

circumstances)]

* Provide clear information to consumers on how to
safely handle and dispose of NMs and nano-related
products.

* Ensure transparency in the communication from
producers to consumers.

*  Promote public dialogue about the risks-to-benefit
ratio.

» Sustain scientific progress in assessing the real risks
of NMs and nano-related products (including the
toxicological and biological properties).

* Improve the existing normative frameworks for
NMs and nano-related products.

SH expectations on nano-risk governance

In the following section, we focus on the expectations
expressed by the SHs in the course of our inquiries for
viable risk assessment, communication and manage-
ment of nanotechnology.

The first point concerns the generally acknowledged
need to improve the existing normative framework for
NMs and nano-related products. When asked in the
course of the Delphi survey about the policy options to
better integrate risks related to NMs and nano-related
products in the existing regulation, different opinions
emerged across the various categories of SHs. Policy

@ Springer

makers/risk assessors/insurers were more in favour of
inclusion of specific requirements for NMs in the
existing “horizontal” regulations (e.g. REACH, CLP)
whereas CSOs’ representatives insisted on the need for
specific requirements in existing “vertical/product” reg-
ulations (e.g. cosmetics, medical devices, biocides) or
even on the development of new regulation specifically
designed for NMs and nano-related products. Some
interest was expressed for the development and use of
voluntary tools for risk governance; however, one of the
SHs underlined that: “Voluntary tools need to be accept-
ed by regulators and competent authorities, as well as
seen as trustworthy by consumers”, otherwise they are
not useful.

Although there are some divergent opinions on the
development of the new regulatory frameworks, there is
a very high consensus amongst all the SHs on the
importance of risk assessment procedures for safe pro-
duction, handling and use of NMs and nano-related
products (see Fig. 9).

A respondent from industry commented that: “I be-
lieve we need to have good methods to assess and also
to communicate risks. There will be more confidence in
the assessment if it is systematic and transparent, and a
good assessment procedure provides the structure and
data for clear communication about the approach and
the findings”.
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Fig. 7 Risk. “Uncertainty about 0%

risks with NMs is significant (5)/
insignificant (1) for my purchase
intention”. Comparison between
the online consumer survey re-
sults in Germany (N = 1030),
Spain (N = 1034) and Denmark
(N =1037)

Ranking ("insignificant" (1) to "significant" (5))

5

Some divergences appear, however, on the most
appropriate stage(s) of the value chain of where to
address the assessment of the potential risks posed by
the development of NMs and nano-related products.

In the opinion of the researchers participating in the
Delphi survey, risk assessments should preferably be
performed at the basic research/proof of concept stages
to anticipate the potential risks and consider the risk
mitigation plan: “Earlier done risk assessments reduce
the potential of late development failures which may be
costly”.

The importance of involving consumers and consum-
er organisations in the risk assessment procedures is
stressed by many. In particular, more than 88% of the
consumers participating in the online consumer survey
support the idea of the early involvement of consumer
organisations in the risk assessment of nano-related
products, though only about 69% recommend that the

20% 40% 60%
7.4%
Spain
= Denmark
19.4% m Germany

45.3%

46.8%
45.8%

16.4%

18.4%

11.4%

18.4%

Respondents (%)

consumers themselves should be involved in the follow-
ing development stages.

Some industry respondents, however, are very con-
cerned about the possibility that risk assessments per-
formed: “at the very early stage of the innovation, could
lead to a premature end of the research”. This is due to
the high degree of uncertainty: “on how the final prod-
uct will look like, and as well on its potential risks”. It
was added that: “Risk assessments should not hinder the
research process”. These SHs suggested that: “the best
step is at the prototype phase”, or even later “in the go to
development phase (that, however, is often the most
expensive)”.

As opposed to this point of view, some industry
representatives and researchers think that the most ef-
fective approach, if there are enough resources, would
be to carry out risk assessment procedures all along the
value chain, possibly through a tiered approach.
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Table 3 Cross-comparison of the opinions of different SHs and the public respondents on the perception of nano-risks in industrial sectors

and its effect on the market

Industry
Representatives | Researchers

Policy makers/
Risk Public

Assessors/ CSOs respondents
Insurers Representatives

Perception of
potential nano-
risks in industrial
sectors

2.90

3.10

2.44 3.17 2.80

Effect of perceived
uncertainty in the

NM safety on their
diffusion 3.41

3.33

2.80 3.00 2.76

Color scale (from 1-very low to 5-very high)
1 2 3 4

Data from the Delphi study are presented in columns 14 (Nipgusry = 295 Nresearch = 215 Npoticy = 135 Nesos = 6). Averaged data from the
online consumer survey are presented in column 5 (Germany, n = 1030; Spain, n = 1034; and Denmark, n = 1037)

Due to the complexity of risk management proce-
dures for safe production, use and disposal of NMs and
nano-related products, the availability of decision sup-
port (DS) tools is judged in a positive way by all the
SHs, above all by the industry representatives. These
tools should support learning and orientation in
decision-making on how to ensure safety of the research
and innovation processes, including identification of
safe by design approaches and definition of priorities
for risk assessment and management of NMs and nano-
related products.

Presently, the main barriers to the adoption of these
tools were indicated as the complexity in their use,
insufficient information on the features/capabilities of
these tools and the difficulty in providing input data.

The DS tools should be linked to reliable and ex-
haustive sources of data for risk assessment, and possi-
bly support risk-benefit evaluation. Availability of
benchmarks (e.g. bulk materials) would also be
welcomed.

In order to be widely accepted by SHs, these tools
should be aligned with and support compliance with
existing regulatory frameworks.

The possible impact of all these findings on the
development of a viable risk governance framework
for NMs and nano-related products is presented and
discussed in the next paragraph.
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Discussion

This study provides critical insights on current SH opin-
ions on risk perception and risk governance of NMs and
nano-related products using a mixed method approach.
We analysed the results according to SH groups as well
as their level of knowledge and awareness of NMs,
nano-related products and nanotechnologies more gen-
erally. In addition, this study leverages the outcomes
from a number of previous, generally more focused,
studies on SH opinions undertaken in the last decade,
and provides an opportunity to confirm or observe
changes in attitudes and perceptions of SHs since earlier
studies were conducted.

We found that the majority of the study partici-
pants regard nanotechnologies as a symbol of inno-
vation and progress and perceive that their use could
imply both benefits and risks. The highest risks
perceived are related to the health and safety of
workers, consumers and public health and impact
on the environment in the use of NMs. In addition,
we found that informed SHs have a medium-to-high
perception of the risks of NM, and that they consid-
er existing uncertainties on risks of NM as a major
barrier for their market exploitation. They strongly
believe further research is needed on evidence-based
approaches for risk analysis.
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Fig. 8 Position of the respondents to the Delphi survey on the adequacy of current guidance and regulation for effective risk governance in
manufacturing/use/disposal of NMs and nano-related products. (Ningustry = 285 Nresearch = 20 Npoticy = 13; Nesos = 5)

We also found that SHs with more limited awareness
of nanotechnologies, including the public respondents’
category, generally had a more of a positive attitude

Not important

Slightly important 2%
0%

Moderately
important
8%
Very important_/
54%
Important
36%

Fig. 9 Percentages of responses to the question. “Indicate the
importance you attribute to risk assessment procedures as effective
tools for diagnosis and management of risks deriving from pro-
duction/use/disposal of NMs and nanorelated products” (from the
Delphi study; N = 63)

towards the development of nanotechnologies in most
sectors. The highest appraisal and acceptance of nano-
related products from the public respondents refers to
electronics/IT with miniaturised electronic components
and to promising medical products. Other scholars con-
firmed these findings as part of their research (Cobb and
Macoubrie 2004; Priest and Greenhalgh 2011; Gupta
et al. 2015). At the same time, the risk perception of
NMs and nano-related products was greater for products
that could get in direct contact with the body (e.g.
cosmetics, food, agri-food). Potential intake of NMs is
seen as alarming, and nano-based food products are seen
as non-genuine and artificial. These findings confirm
previous studies as, for example, those reported in the
literature (Siegrist et al. 2007a, 2007b; Grobe et al.
2008; Siegrist et al. 2008; Ferdinand et al. 2013;
Brown et al. 2015).

Furthermore, the majority of SHs (including the pub-
lic respondents) were aware of and agree on existing
gaps and barriers for risk governance of NMs, thus
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pointing towards a clear need for more robust and ef-
fective approaches to risk governance. In terms of the
adequacy of existing regulatory frameworks, many SHs
considered that these are not fully satisfactory, or at least
not sufficiently comprehensive, to ensure control and
oversight of production, use and end-of-life of NMs and
nano-related products. The lack of harmonised ap-
proaches across regulatory domains, uncertainties in
the implementation of regulation and also limited
awareness on most recent developments in regulation
(as NMs are now explicitly considered in several EU
regulations) are all elements that contribute to this
perspective.

One interesting and perhaps novel outcome of the
present work is that our study revealed a tendency
towards a convergence of opinions between different
SHs (industry representatives, researchers, policy
makers, regulators, insurers, society representatives
and the public respondents) and a positive attitude to-
wards future developments of risk governance of nano-
technologies. In fact, across our study, there were no
strongly controversial issues or opposing views between
informed SHs and the public respondents. This is in
contrast with previous studies, in which more
polarisation of debate was reported (Einsiedel 2005;
Grobe et al. 2008; Ferdinand et al. 2013).

This study also identified some elements that strong-
ly influence SH risk perception, with implications for
the acceptance of NMs and nano-related products. For
instance, given a specific product, or research and inno-
vation value chain, risk analysis should take into ac-
count predefined conditions such as the sector and type
of application concerned, the risk domains (e.g.
workers, consumer health, end-of-life of product(s)),
regulatory domains as well as any prior knowledge or
background conditions in terms of public opinions and
media coverage. Other key factors for risk governance,
on which it is possible and requested to intervene,
include the level of awareness or knowledge of SHs,
the actual or perceived risk-benefit ratio of the specific
product concerned and the quality, reliability and ease of
understanding of available information such as, e.g.
EHS and NM characterisation data, safety procedures
and product information.

Based on these findings, we consider these aspects
should deserve greater attention and should be taken
into account by policy makers, research and industry
representatives, using a research and innovation value
chain perspective, considering the role, influence and
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interaction of different SHs on risk governance issues in
each of the product development phases. While previ-
ous studies have emphasised the public respondents (i.e.
business to consumer interactions), our analysis reveals
that there is a need for improving risk communication
also between and towards informed SHs including
research-to-business SHs and business-to-business SH
interactions. We believe that increased agreement and
confidence of these actors is a prerequisite to inform and
shape public opinion on issues related to risk gover-
nance of nanotechnologies.

Further development of the traditional evidence-
based approach for risk assessment is seen by all SHs
as essential. This includes improving the knowledge
base, tools, guidelines and procedures for the character-
isation and testing of NMs. The need to consider multi-
parametric approaches and to address uncertainties in
long-term impacts of NMs on public health and the
environment is an aspect that has been emphasised by
SHs. However, results of our study seem to suggest
there is also a need to accompany the conventional
science and evidence-based approach with novel risk
governance approaches in order to address the complex-
ity, as well as the pervasive and dynamic character of
nanotechnology development. Therefore,
harmonisation of practices and procedures within and
across regulatory domains (and countries) should be
promoted, to overcome current ambiguities and lack of
guidance for the implementation of regulation, includ-
ing issues of definition of NMs. This might require
strengthening the cooperation between technology de-
velopers and regulators in order to deal with novel
applications of nanotechnologies, which could also re-
quire specific or unexpected control and oversight ap-
proaches. In line with on-going activities in EU-funded
projects on risk governance of nanomaterials, we rec-
ommend that a specific system or mechanism should be
put in place to ensure access to reliable information and
guidance on safe handling, use and disposal of NMs and
nano-related product all along the research and innova-
tion value chain, from the producers to the consumers.
Building off of this need for reliable information and
guidance, there is also a need for an evaluation system of
the risks and benefits posed by specific NMs and related
products, which must be based on principles such as
openness, independence and transparency and thus be-
come trustable for SHs. The type of NM, application
sector, use scenarios along the life cycle, risks and
benefits and customer and market segments should be
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considered in such an evaluation system. To underpin
reliable information dissemination, there is also a need
for more effective and harmonised communication ef-
forts to achieve greater legitimacy, trust and trustworthi-
ness amongst all the actors involved in developing,
producing, regulating and selling an innovative nano-
related product.

Concluding remarks

The study obtained information on SH perceptions of
NMs and nano-related products in order to better inform
and develop risk governance frameworks for NMs.
These data are leveraged within the research project
caLIBRAte in order to prioritise developments for a first
nano-risk governance portal underpinned with nano-risk
governance guidance and models for risk-screening,
qualitative and quantitative risk assessment and man-
agement, which have been tested and approved in the
project to improve trust in decision-making and risk
communication. Recently, started H2020 governance
research projects (Gov4Nano, NanoRigo and
RiskGone) are now working to develop a broader risk
governance framework, including better the safe-by-
design concept, to connect and interlink data, experi-
ences and competences across research areas, regulatory
domains and SHs.
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