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Abstract This study is positioned in a multidisciplinary
research field addressing questions of innovation, fore-
sight, risk perception, regulation, and the role of stake-
holder experts as regards nanomaterials and nanotech-
nology. Nanotechnology is an innovative scientific field
with many potential societal benefits but also high un-
certainty about risks to human health and the environ-
ment. This study is based on a survey distributed to a
sample of 237 expert stakeholders in Sweden working
in the field of nanotechnology innovation and regula-
tion. The sample comprises experts in both industry and
government organizations. The paper explores the ex-
pert’s assessment of benefits, risks, and their views of
nanotechnology regulation. The experts generally
agreed on the need for further regulation of nanotech-
nology, although they differed in their support for dif-
ferent regulatory measures. Support for government
regulation was increased by greater perceived risk and
by ethical concerns, while perceived benefit decreased
support for government regulation. If nanotechnology
was important for the respondent’s organization of affil-
iation, support for government regulation decreased.
Experts in government organizations were more in favor
of stronger government regulation, perceived higher
risks, and were more concerned about the ethical impli-
cations of nanotechnology than were the industry
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experts. While previous research has discussed views
of experts, as well as comparing the attitudes of the
general public with experts, this study contributes to
the field by analyzing and identifying differences be-
tween industry experts and experts working in
government.
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Introduction

Nanotechnology has been described as one of the most
important scientific frontiers and as the defining science
of the twenty-first century (Anderson 2007). Commonly
defined as the study or manipulation of matter in the 1—
100 nm size range, it encompasses various techniques to
change the properties of particles at the molecular level to
obtain new qualities with a broad range of applications.
Having qualities such as strength, durability, water resis-
tance, ability to absorb UV light, and increased conduc-
tivity, engineered nanomaterials are used in areas as
diverse as electronics, coatings, cosmetics, textiles, and
medicine. Nanotechnology is associated with promises of
radically improved consumer products, revolutionary
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mnovation in life science, and new environmental tech-
nology and is predicted to contribute to more resource-
efficient production, improved healthcare, new jobs, and
economic growth.

Large amounts are being spent globally on nanotech-
nology research in both the private and public sectors. In
2011, an estimated SEK 1.2 billion was spent by private
and public nanotechnology research funders in Sweden
(Hartmanis 2013). In 2010, 694 researchers were working
on nanotechnology in various disciplines at all major
Swedish universities. Sweden has good research infra-
structure with advanced laboratories for nanotechnology
research (Hartmanis 2013), and the Swedish public is
generally positive toward nanotechnology innovation
and products (Larsson and Boholm 2018). Nanotechnol-
ogy is expected to have high potential to generate eco-
nomic growth and new jobs in Sweden (Hartmanis 2013).

Nanotechnology has great promise, but there are still
concerns about the safety of engineered nanomaterials
and nanotechnology applications, leading to several risk
management and regulatory challenges. The toxicity of
manufactured nanoparticles is not entirely predictable
from the toxicity of the source materials in bulk or
molecular form, and assessing the toxicity of
nanomaterials is demanding due to systemic and struc-
tural complexities and physical-chemical-biological in-
teractions at the nano level for any specific nanomaterial
(Miller and Wickson 2015; Renn and Roco 2006). Al-
though there is a growing body of research into the
toxicity of various engineered nanoparticles, uncertainty
remains about future use, exposures, and long-term
effects regarding ecosystems and human health
(Fadeel et al. 2017). That methods for describing, char-
acterizing, and testing nanomaterials are still partly lack-
ing adds to the uncertainty about the potential harmful
effects of nanomaterials (OECD 2012, 2013).

There is no straightforward way to introduce nano-
specific safety prescriptions and regulations, and
there is ongoing political and scholarly debate on
how nanotechnology should best be regulated. One
reason for these difficulties is that nanotechnology,
nanoparticles, and nanomaterials refer to diverse ma-
terials and techniques used in many different compo-
nents and products (Pidgeon et al. 2009). There is a
lack of consensus on definitions of nanomaterial and
nanoparticle (Boholm and Arvidsson 2016), and rig-
orous risk assessments and great uncertainty make it
difficult for scientists to produce policy-relevant in-
formation in the field (Ho et al. 2011). Furthermore,
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it is politically challenging to legislate and implement
regulation covering global production chains. The
regulation of nanotechnology arguably poorly fits
existing traditional regulatory frameworks (Bosso
2016). New ways of developing regulation better
suited to handling complex international product
chains have been called for (Beaudrie et al. 2013;
Grieger et al. 2010; Wang et al. 2013).

The manufacturing and use of engineered
nanomaterials in Sweden is currently covered by a
patchwork of laws and regulations. In the last decade,
there have been several calls to introduce nano-specific
regulations in Europe and the USA, given the specific-
ities of engineered nanoparticles and nanomaterials. In
Europe, there are currently some nano-specific regula-
tions, including the mandatory labeling of nanoproducts
in cosmetics and sunscreens. In most cases, however,
nanotechnology research, manufacturing, imports, and
sales are regulated by laws and regulations not specifi-
cally targeting nanotechnology and nanomaterials
(Hansen and Baun 2012). However, EU Member States
recently voted in favor of the EU Commission’s sugges-
tion to introduce nanospecific regulations within
REACH (Registration, Evaluation, Authorisation and
Restriction of Chemicals) calling for information about
nanomaterial ecotoxicity and the capacity of specific
nanomaterials to be absorbed into the human body.
These new regulations will be applied starting in Janu-
ary 2020 (Buxton 2018).

Various stakeholder organizations in Swedish society,
including government organizations, industry, unions,
and civil society organizations, are concerned with nano-
technology innovation and regulation. Experts within
these organizations work in the areas of, for example,
innovation, regulation, risk assessment, and work envi-
ronment (Larsson et al. 2017). These experts have im-
portant roles in society because they can be expected to
be working at the forefront of the safe development and
use of nanotechnology applications. While some organi-
zations work primarily on producing and promoting
nanotechnology, others are primarily concerned with
ensuring that the materials used are safe for humans
and the environment. The various stakeholders are joint-
ly concerned about the safe development of useful prod-
ucts and applications, but, depending on the organiza-
tion, they have different emphases and might have dif-
ferent understandings of nanotechnology-related issues.
Stakeholders are known to have different rationales for
decision-making and problem assessment depending on
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their organizational role, responsibility, and culture
(Apostolakis and Pickett 1998; Jenkins-Smith and
Bassett 1994). Different actors can therefore be expected
to have divergent views of nanotechnology regulation
and different understandings of nanotechnology risk and
benefit. Given the great uncertainty in the nanotechnol-
ogy field and the resource-demanding nature of risk
assessment, scholarly debate has argued that stakeholder
deliberation is central to the successful development and
safe use of nanotechnology (Hansen 2010; Renn and
Roco 2006; Shatkin et al. 2010).

This is a study of expert stakeholders working with
issues related to nanotechnology in Swedish society.
The overarching aim of this study is to investigate the
views of expert stakeholders in Sweden who work in
industry or government organizations as to the bene-
fits, risks, and regulation of nanotechnology. This re-
search addresses the influence of perceived risk/benefit
on nanotechnology regulation; differences in percep-
tion of nanotechnology depending on organizational
affiliation; influence of self-rated knowledge on atti-
tudes toward nanotechnology; and influence of ethical
considerations, gender, and education level on attitudes
toward nanotechnology, factors known from previous
research to influence attitudes toward nanotechnology
risk and benefit.

While previous research has discussed views of
experts, as well as comparing the attitudes of the
general public with experts, this study contributes to
the field by analyzing and identifying differences
between industry experts and experts working in
government. The study improves our knowledge of
expert stakeholders and their views and of their
agreement or disagreement on problem definitions
and solutions concerning nanotechnology innova-
tion. Because expert stakeholders have a key role
as translators between science and industry, between
science and policy, and, not least, between policy
and industry, they are crucial to the successful and
effective societal management of nanomaterials.

The paper proceeds as follows. First, we review
previous studies of risk perception and attitudes toward
nanomaterial regulation and present the hypotheses to
be tested in the study. Second, we present the method-
ology of the study. In the third section, we present the
results of the study. In the fourth section, we discuss the
results and their implications as well as discussing lim-
itations of the study and, finally, in the conclusion, we
summarize the results.

Previous research: perception of the risks, benefits,
and regulation of nanotechnology

In 2008, Besley et al. wrote that there were many
studies of how the general public perceives nanotech-
nology, but few investigating comparable attitudes of
scientists and other experts. A decade later, this situ-
ation has changed. Now, many publications examine
expert views of nanotechnology, as well as how sci-
entists and experts from different disciplines and with
different societal roles evaluate risks and benefits,
and what influences their attitudes. Experts’ views
of nanotechnology have been considered worth
studying because experts have a privileged knowl-
edge position, influencing regulations, political deci-
sions, and implementation, as well as helping shape
public opinion by participating in public debate
(Gupta et al. 2013; van Dijk et al. 2017). Prevalent
themes in these studies are how experts evaluate the
risks and benefits of nanotechnology and their views
of regulation. The studies demonstrate that experts’
perceptions of nanotechnology vary with both inter-
nal factors (e.g., whether risk perception influences
the perceived benefit of nanotechnology and attitudes
toward regulation) and external factors (e.g., gender,
religion, political views, and media habits).

Before discussing the results of these previous stud-
ies of experts, we will briefly review studies of the
general public’s views of nanotechnology. Public atti-
tudes toward nanotechnology have been considered to
merit study because public acceptance is such an impor-
tant factor for the successful commercialization of new
technologies. Given the backlash against GM technolo-
gy and the controversies surrounding nuclear power,
there is arguably an acute need to consider public opin-
ion when making policy decisions affecting new tech-
nologies (Priest 2011). Given the poor general knowl-
edge of nanotechnology, it has also been argued that
studies of lay understandings of nanotechnology and of
what influences lay decisions would yield insight into
how laypeople assess new technology in general. Stud-
ies of public attitudes toward nanotechnology have fo-
cused on the public’s knowledge, views of risks and
benefits, and views of nanotechnology regulation
(Besley 2010; Corley et al. 2011; Gaskell et al. 2005;
Kim et al. 2014; Larsson and Boholm 2018;
Macnaghten 2010; Scheufele and Lewenstein 2005;
Pidgeon et al. 2009; Priest et al. 2011; Siegrist et al.
2007; Su et al. 2015).
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A common finding is that the public have poor
knowledge of nanotechnology but are mainly positive
toward nanotechnology innovation and perceive little
associated risk (Besley 2010; Gaskell et al. 2005;
Larsson and Boholm 2018; Pidgeon et al. 2009; Priest
et al. 2011). Another important finding is that there is
great variability in the acceptability of nanotechnology
depending on its intended use (Cacciatore et al. 2011;
Larsson and Boholm 2018; Siegrist et al. 2007). High
perceived risk associated with nanotechnology among
respondents correlates with less support for nanotechnol-
ogy applications (Scheufele and Lewenstein 2005). A
finding of this literature is that lay views are influenced
by value predisposition as indicated by, for example,
religion, political views, and other heuristics (i.e., mental
shortcuts or associations). In the USA, levels of religios-
ity are found to affect lay attitudes, respondents with
higher religiosity being more inclined to see risk and be
less supportive of nanotechnology (Brossard et al. 2009;
Ho et al. 2010, 2011; Scheufele et al. 2009).

Another factor proven to be associated with a positive
view of nanotechnology is trust in or deference to scien-
tific authority (Lee et al. 2005). A study of the general
public in the USA (Su et al. 2015) concluded that value
predispositions also played a critical role in influencing
attitudes toward nanotechnology regulation, with re-
spondents reporting high religiosity or a more liberal
worldview (as opposed to conservative in a US political
context) being more in favor of stronger regulations on
nanotechnology. Acceptance of nanotechnology has also
been found to be associated with ethical concerns among
lay audiences (Davies and Macnaghten 2010; Gupta
et al. 2015; Macnaghten 2010). Although studies of the
influence of demographic factors are inconclusive, some
studies indicate that gender influence risk perception of
nanotechnology, with female respondents being more
prone to emphasize risk (Bainbridge 2002; Satterfield
et al. 2009; Vandermoere et al. 2010).

While public opinion on nanotechnology is relatively
casily investigated through surveys distributed to a rep-
resentative sample of a national population, it is more
difficult to study scientists and other experts in the
nanotechnology field. Although experts working on
nanotechnology-related issues are not a predefined
group from which one can easily draw a randomized
sample, how scientists and other experts assess nano-
technology risk, their views of nanotechnology, and
what influences these attitudes are nevertheless relevant
to study. As with research into public opinion,
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prominent themes are experts’ weighing of nanotech-
nology risk versus benefit, and experts’ views of nano-
technology regulation. Studies of experts include studies
both of natural scientists specifically working on nano-
technology (Bertoldo et al. 2016; Besley et al. 2008;
Chenel et al. 2015; Corley et al. 2009, 2013; Johansson
and Boholm 2017; Kim et al. 2012; Powell 2007) and of
stakeholders involved in nanotechnology legislation,
commercialization, and production (Engeman et al.
2012; Gupta et al. 2012, 2013; Hansen 2010;
Tachikawa 2012; van Dijk et al. 2017).

These studies find that experts emphasize nanotech-
nology benefit over risk (Besley et al. 2008). Van Dijk
et al. (2017) demonstrated that risk perception is influ-
enced by the perception of benefit, suggesting that per-
ceived benefit might be offset by perceived risk. Risk is
generally rated low, but experts seem to differentiate
between environmental risk, risk to human health, and
societal risk (Besley et al. 2008). A study of US
nanoscientists (Corley et al. 2009) suggests that experts
are particularly concerned about the impact of nanotech-
nology on human health. Benefit is generally empha-
sized over risk, but the perception of risk and benefit
varies depending on the nanotechnology application
(Gupta et al. 2012, 2015; van Dijk et al. 2017), that is,
whether nanomaterials and nanotechnology are to be
used in, for example, cosmetics, medical applications,
or food. Research investigating the acceptability of
different application areas suggests that several factors
influence why some areas are considered more or less
beneficial or risky. Van Dijk et al. (2017) found that the
acceptability of nanotechnology in different application
areas is largely influenced by perceptions of risk and
benefit, but also by other factors, such as urgency,
anticipated consumer exposure, uncertainties about risk,
and trust in industry in the specific field.

Another prevalent theme in the literature on how
experts understand nanotechnology is their views of
and support for regulation in general and various spe-
cific regulatory measures in particular (Besley et al.
2008; Corley et al. 2009, 2013; Kim et al. 2012; Su
et al. 2015). A general finding is that respondents em-
phasizing risk are also more positive toward stronger
regulation (Besley et al. 2008; Corley et al. 2009, 2013;
Su et al. 2015). Although Corley et al. (2009) hypothe-
sized that respondents who see more benefit from nano-
technology should also be less inclined to support reg-
ulation in order to enable development, they did not find
a significant correlation between perceived benefit and
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perceived risk. An important factor determining support
for regulation among experts is whether the regulations
in question are understood to hinder scientific progress
(Corley et al. 2013; Su et al. 2015). Other studies exam-
ine experts’ views of regulation and various regulatory
measures. A study of stakeholders in a US regulatory
context (Hansen 2010) concluded that there was a rela-
tively high level of alignment between different types of
stakeholders, and that they all generally favored a com-
bination of voluntary measures, incrementalism, and a
new regulatory framework.

Studies of experts have found that perceived risk
and benefit vary with organizational affiliation
(Beaudrie et al. 2013; Besley et al. 2008; Corley
et al. 2009; Powell 2007). Upstream scientists (i.e.,
working in laboratories developing nanotechnology)
are more likely to emphasize benefit and downplay
risk, while downstream scientists (i.e., studying the
effects of nanomaterials) do the opposite, emphasiz-
ing risk and downplaying benefit (Powell 2007). The
disciplinary culture of academic experts influences
their risk perception of nanotechnology, as suggested
in an ethnographic study of laboratory work
(Johansson and Boholm 2017). Differences in atti-
tude are influenced by organizational affiliation, for
example, with NGOs, academia, industry, or govern-
ment (Gupta et al. 2012; Hansen 2010; van Dijk et al.
2017), which can arguably be understood as resulting
from the societal role and responsibility of the orga-
nization of affiliation (van Dijk et al. 2017). Tradi-
tionally, governmental organizations are understood
to be responsible for regulation and public health and
safety, and environmental NGOs for protecting the
environment and human safety, while industry and
trade organizations are expected to promote innova-
tion and commercialization (van Dijk et al. 2017).
Government and NGO stakeholders, in this line of
thought, would be more likely to see risk and less
likely to see benefit, and would also more positive
toward imposing stronger regulations than would
industry stakeholders. Van Dijk et al. (2017) found
variability among stakeholders in line with this argu-
ment, with experts employed by NGOs having a
relatively more negative opinion of nanotechnology
than did experts employed by industry.

Some studies have compared expert and lay opinions
on nanotechnology (Ho et al. 2011; Gupta et al. 2015;
Scheufele et al. 2007; Siegrist et al. 2007; Su et al.
2015). These studies show that experts are generally

less inclined to perceive risks and more inclined to
emphasize benefits than are laypeople (Ho et al. 2011;
Scheufele et al. 2007). Ho et al. (2011) argued that this is
due to experts’ specialized knowledge in the field, sug-
gesting that high levels of knowledge of nanotechnolo-
gy are associated with lower perceived risk and higher
perceived benefit. However, a US study (Scheufele et al.
2007) demonstrated that experts are more concerned
with some risks than is the general public. It has also
been demonstrated that experts are less influenced by
value predisposition and heuristics than are the public
when forming their attitudes toward nanotechnology
regulation (Su et al. 2015).

Still other studies have shown that experts do rely on
heuristics and use normative values when assessing the
risks and benefits of nanotechnology and when evaluat-
ing regulation. Arguably, this is especially the case when
attitudes concern complex and uncertain scientific
topics (Silva and Jenkins-Smith 2007). Corley et al.
(2009) demonstrated that scientists with liberal political
views (as opposed to conservative in an American po-
litical context) are more supportive of nanotechnology
regulation. Ho et al. (2011) found that trust in science
influenced experts’ risk judgments, with experts having
high trust in science perceiving significantly less risk
than do those with low levels of trust. Studies comparing
attitudes among the public with those of experts have
been criticized for methodological flaws, especially
concerning the issue of the representativeness of sam-
ples of relevant experts (Ho et al. 2011). Previous stud-
ies have been conducted in different countries with
differing institutional, cultural, and regulatory contexts.
This study contributes to this scholarly debate by study-
ing Swedish experts within the Swedish national and
EU regulatory jurisdictions and by comparing the atti-
tudes of experts associated with government organiza-
tion and industry.

The study is designed to explore the following re-
search hypotheses, developed from previous research
into expert stakeholders’ positions on nanotechnology.

H1: For the reason that experts in previous studies
are less prone to emphasize risk compared to the
general public (Ho et al. 2011; Scheufele et al. 2007),
we postulate that self-reported knowledge of nano-
technology negatively influences perceived risk.

H2: Based on findings in previous research (Besley
etal. 2008; Corley et al. 2009, 2013; Su et al. 2015),
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we hypothesize that perceived risk positively influ-
ences support for government regulation.

H3: Based on previous findings suggesting that
nanotechnology is associated with ethical concerns
(Davies and Macnaghten 2010; Gupta et al. 2015;
Macnaghten 2010), we hypothesize that concern
about ethical aspects positively influences support
for government regulation.

H4: As government organizations can be under-
stood as responsible for regulations while a primary
rationale for the industry is to promote innovation,
we hypothesize that government expert stake-
holders perceive higher nanotechnology risk and
are more inclined to support government regulation
than are industry expert stakeholders. This is hy-
pothesis is in line with previous research comparing
experts in government and experts in industry re-
garding nuclear waste management (Jenkins-Smith
and Bassett 1994).

Method
Sample and procedure

This study examines a sample of 237 Swedish expert
stakeholders affiliated with government, industry, unions,
and civil society engaged in their professional roles with
issues concerning nanomaterials and nanotechnology.
The sample was obtained by identifying potentially rele-
vant organizations through web searches, reports from
government authorities and other organizations, open
sources such as lists of participants in conferences and
workshops on nanotechnology and nanosafety, and
through the established networks of the authors. The
aim was to identify and target all relevant stakeholders
working professionally on issues relating to nanotechnol-
ogy in Sweden. Data were collected between January and
March 2017 using a web questionnaire survey. Three
reminders were sent out, but no incentive was offered.
Of 237 expert stakeholders, 167 completed the sur-
vey, for a 70.0% response rate. Sociodemographic infor-
mation reported in the questionnaire indicated that
33.3% of the participants were women and 66.7% men.
The respondents were generally well educated, 55.2%
having a doctoral degree and 39.4% a bachelor or
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master’s degree. The respondents were educated in var-
ious disciplines: 30.3% in engineering, 29.1% chemistry,
10.3% physics, 10.9% social sciences, 6.1% toxicology,
3.0% medicine/pharmacology, 3.0% biology, 2.4% en-
vironmental sciences, and 4.8% other disciplinary fields.
For some of the analyses in this paper, we isolated two
sub-groups of experts, from industry (n=71) and gov-
ernment (n=159). The industry category comprises ex-
perts from both business corporations and trade organi-
zations, while the government category comprises ex-
perts associated with government authorities, county
councils, and other state-owned organizations (excluding
universities). The roles in which the experts engage with
issues related to nanomaterials and/or nanotechnology
are presented in Fig. 1. Multiple entries were possible for
each respondent and the results show that they come into
contact which issues concerning nanomaterials and
nanotechnology in many different ways, including
research/research funding, risk assessment, product de-
velopment, as well as regulation and legislation.

Questionnaire/measures

The questionnaire contained items addressing perceived
risk, perceived benefit, attitude toward regulation, and
other items helping explain the drivers of attitudes. The
items included in the questionnaire have been developed
in relation to previous research on experts’ views on
nanotechnology (van Dijk et al. 2017; Siegrist et al.
2007). The first page of the questionnaire stated that
the survey targeted respondents in their role as experts
working on nanotechnology and that the questionnaire
would take about 15 min to complete. Respondents were
not required to respond to all items. Initially, the respon-
dents were asked to provide information on gender,
organizational affiliation, and educational background.

To measure perceptions of the risks and benefits of
nanotechnology, respondents were asked to provide their
overall assessments of the risks and benefits of nano-
technology for human health, environment, and society
(all rated on five-point scales ranging from 1 =“Very
little risk/benefit” to 5=“Very large risk/benefit”).
When collapsed, these measures were used as a compos-
ite measure of the experts’ perceived risk and benefit of
nanotechnology. Respondents were also asked to pro-
vide information on the perceived benefits and risks of
different nanotechnology application areas using five-
point scales ranging from 1="Very little risk/benefit”
to 5 =“Very large risk/benefit.”
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Fig. 1 Role of the respondents in the nanotechnology field (multiple entries were possible for each respondent)

The questionnaire items measuring respondents’
attitudes toward various regulatory measures are pro-
vided in the footnotes of Table 6. To measure atti-
tudes toward government regulation, participants rat-
ed their degree of agreement with the statements in
Table 1 using a five-point Likert-type scale ranging
from 1="Do not agree at all,” through 3 =“Partly
agree,” to 5 = “Totally agree.” An acceptably reliable
index (Cronbach’s av=.81) was obtained by averag-
ing the reversed coded ratings of the items below,
with a high value indicating a positive attitude toward
government regulation.

Table 1 Items measuring attitude toward stronger government
regulation

The regulation of nanomaterial and nanotechnology is currently
fully sufficient.

Companies on their own will be able to develop secure methods
to handle nanomaterials.

Companies should be allowed to formulate regulations
in their own fields.

Companies know their security needs better than the
authorities do.

Respondents were asked to rate their knowledge of
nanomaterials on a five-point scale ranging from 1 =*
Very little knowledge” to 5 =“Very great knowledge.”
The respondents were also asked to rate the relative
importance of nanotechnology to their organization on
a five-point scale ranging from 1=‘“Very little
importance” to 5=‘“Very great importance.” Further-
more, the respondents were asked to rate their agreement
with the statement “There are ethical concerns associated
with the use of nanomaterials and nanotechnologies” on
a five-point scale ranging from 1 =“Do not agree at all”
to 5="Totally agree.” The respondents were finally
asked to state their highest completed level of education.
These items were used as independent variables for self-
rated knowledge, ethical concern, importance of nano-
technology for the organization, and education.

Results
Perceived risks and benefits of nanotechnologies

For the entire sample of experts, the variable for risks is
2.75 (SD=0.89) and for benefits is 3.73 (SD=0.89),
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indicating that benefits were rated higher than risks by
the respondents.1 There were, however, large variations
in the perception of risk and benefit depending on the
area of application. Experts’ evaluations of the risks and
benefits in 11 nanotechnology application areas are
presented in Table 2. The mean perceived benefit in all
application areas is 3.92 (SD = 0.66). The greatest over-
all perceived benefits are for coatings (4.42), electronics
(4.42), and materials and material production (4.40),
while the lowest are associated with cosmetics and
hygiene products (2.60) and agriculture and food (2.71).

There are also large variations in perceived risk be-
tween different areas of nanotechnology application
(Table 2). The mean perceived risk in all application
areas is 2.50 (SD =0.79). Experts perceived the lowest
risks for measuring instruments and sensors (1.76) and
electronics (2.00) and the highest risks for applications
in cosmetics and hygiene products (3.30) and agricul-
ture and foods (3.07), the last two application areas
being the only ones in which experts rated the risks
higher than the benefits.

Perceived benefit might be offset by perceived risk in
some areas, as suggested by previous research (Gupta
etal. 2015), so respondents might perceive lower benefit
because of high perceived risk. As seen in Table 3,
however, the only area of nanotechnology application
where there is a significant negative correlation between
perceived risk and perceived benefit is cosmetics and
hygiene products. In all the other application areas, other
factors determine the expert stakeholders’ evaluation of
benefit. Possible explanations as to why some areas
were considered more or less beneficial will be ad-
dressed in the discussion section.

Drivers of perceived nanotechnology risk and benefit

To investigate the drivers of the perceived risk of nano-
technology, we conducted a hierarchical ordinary least
square multivariate regression using perceived risk as the
dependent variable. The independent variables were en-
tered in two blocks: the first block consisted of the
sociodemographic variables gender and education, while
the second block consisted of the sociodemographic vari-
ables and experts’ self-rated knowledge of nanotechnology,

! These variables comprise the collapsed value of respondents’ overall
assessments of the risks and benefits of nanotechnology for human
health, environment, and society (all rated on five-point Likert-type
scales), as described in the method section.
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importance of nanotechnology for the organization, ethical
concern, and perceived benefit. As seen in Table 4,
sociodemographic variables had no influence on expert
perceptions of the risk associated with nanotechnology.
Furthermore, risk perception was not influenced by how
important nanotechnology was in the respondent’s organi-
zation of affiliation, nor was it influenced by the respon-
dents’ self-reported knowledge, so Hypothesis 1 must be
rejected. The only investigated variables that influenced
perceived risk were experts’ ethical concern with nano-
technology (3= 0.34, p <.001) and perceived benefit (3=
0.18, p<.05). The results indicate that ethical concemns
about nanotechnology use increased the perceived risk of
nanotechnology, while high perceived benefit had an op-
posite effect on perceived risk. Altogether, however, these
variables explain only a marginal part of the variance in
perceived risk #*=0.16).

Similarly to perceived risk, the drivers of experts’
perceived benefit of nanotechnology were studied by
regressing the same variables as above, except that
perceived benefit instead of perceived risk was intro-
duced as an independent variable (Table 5). As in the
previous regression, sociodemographic variables had
no influence on the dependent variable. The only
investigated variables that influenced experts’ per-
ceived benefit of nanotechnology was importance of
nanotechnology for the organization (=0.38,
p <.001), showing that respondents were more likely
to emphasize the perceived benefit if nanotechnology
was relatively more important for their organizations.
Altogether, these variables explain only a modest
proportion of the variance in experts’ perceived ben-
efit of nanotechnology (+* = 0.10).

Experts’ attitudes toward different regulatory measures
and the drivers of attitudes toward stronger regulation

As shown in Table 6, about 83% of experts partly or fully
endorsed further regulations, while only about 4% strong-
ly opposed them. In other words, the general attitude of
the respondents was that current nanomaterial and nano-
technology regulations were insufficient. However, as
seen in Table 6, the support for different regulatory mea-
sures varied. There was relatively strong support for
selective bans, with about 73% of experts agreeing partly
or fully with the statement “Certain nanomaterials should
be banned entirely,” although 14 experts strongly
disagreed with selective bans as an applicable regulatory
measure. Labeling as a regulatory measure divided expert
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Table 2 Perceived benefit and risk of nanomaterials and nanotechnology in different application areas

Area of application Perceived Standard Perceived Standard Difference between
benefit’ deviation risk? deviation perceived benefit and risk®
Medicine and medical care 4.13 0.81 237 0.89 1.76
Environmental and energy 3.94 0.97 232 1.02 1.62
technology
Measuring instruments 4.28 0.76 1.76 0.73 2.52
and sensors
Cosmetics and hygiene products 2.60 1.10 3.30 1.07 -0.70
Agriculture and food 2.71 0.96 3.07 1.06 -0.36
Packaging 3.34 1.15 232 0.96 1.02
Electronics 4.42 0.81 2.00 0.87 242
Coatings 4.42 0.74 241 1.02 2.01
Materials and material 4.40 0.78 2.52 0.99 1.88
production
Catalysts and filters 4.36 0.76 224 091 2.12
Paint 3.95 0.88 2.76 1.05 1.19
Total 3.92 0.66 2.50 0.79 1.42

4 Experts’ ratings of the benefits of different areas of nanotechnology application were assessed using a five-point Likert-type scale

®Experts’ ratings of the risks of different areas of nanotechnology application were assessed using a five-point Likert-type scale

¢ This figure is the variable for perceived benefit minus the variable for perceived risk, with a positive number indicating that perceived

benefit exceeds perceived risk

opinion, with 35 experts strongly disagreeing with this
regulatory tool and 27 experts strongly agreeing. There
was low support for self-regulation as a regulatory mea-
sure, and when it came to faxation, there was agreement
among most experts that taxes were ineffective or
inappropriate.

Table 3 Correlation between perceived benefit and perceived risk
in the different areas of nanotechnology application

Area of application Pearson Sig.

correlation  (two-tailed)

To investigate what drives experts’ attitudes toward
stronger governmental nanotechnology regulations, a hi-
erarchical multivariate regression analysis was conducted
with attitude to stronger government regulation as the
dependent variable (specifically, using the indexed value
of support for government regulation as described in the
“Method” section as the dependent variable). The inde-
pendent variables were the same as in the previous hier-
archical regressions and were entered in two blocks: the
first block consisted of the sociodemographic variables

Table 4 Hierarchical regression with perceived risk as the depen-

Medicine and medical care —-0.016 0.865
Environmental and energy technology ~ 0.032 0.760
Measuring instruments and sensors 0.000 1.000
Cosmetics and hygiene products -0.379 0.000%*
Agriculture and food -0213  0.053"
Packaging -0.179 0.114
Electronics -0.175  0.083"
Coatings —0.092 0.331
Materials and material production -0.037 0.706
Catalysts and filters -0.072 0.512
Paint 0.002 0.987

fp<0.1; *p<0.01

dent variable

Variables Model 1 Model 2
Gender —0.11 —0.08
Education —0.04 0.03
Self-rated knowledge -0.07
Importance of nanotechnology -0.16
for the organization

Ethical concern 0.34#%%*
Perceived benefit —0.18%
Total <1% 16.3%

#p <0.05; *##5p < 0.001
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Table 5 Hierarchical regression with perceived benefit as the
dependent variable

Variables Model 1 Model 2
Gender 0.13 0.07
Education —-0.01 —0.06
Self-rated knowledge —0.03
Importance of nanotechnology 0.38##*
for the organization
Ethical concern 0.04
Perceived risk -0.16"
Total <1% 10.0%

Tp<0.1; #5p <0.001

gender and education, while the second consisted of the
sociodemographic variables as well as self-rated knowl-
edge, importance of nanotechnology for the organization,
ethical concern, as well as the perceived benefit and
perceived risk of nanotechnology. The sociodemographic
variables in the first block had no influence on experts’
attitudes toward further regulation of nanotechnology. In
the second block, importance of nanotechnology for the
organization (3=0.21, p<.05), ethical concern (3=
0.21, p<.01), perceived risk (=0.33, p<.001), and
perceived benefit (3=0.15, p <.05) together explained a
significant part of the variance in experts’ attitudes toward
further regulation (+*=24.1). The variables ethical

concern and perceived risk of nanotechnology were pos-
itively related to attitude toward government regulations,
so that respondents were more in favor of government
regulation if they understood nanotechnology use to be
associated with risk and with ethical considerations; con-
sequently, Hypotheses 2 and 3 were confirmed. If nano-
technology was important for the respondent’s organiza-
tion of affiliation, there was less inclination to support
government regulations. High perceived benefit also de-
creased the support for government regulation (Table 7).

Attitudinal gap between government experts
and industry experts

To investigate the importance of organizational affilia-
tion for experts’ assessments of nanotechnology benefit
and risk and for their attitude toward regulation, we
isolated two important groups of experts from the sam-
ple, namely, government experts and industry experts.
As revealed in, the value of the variable attitudes toward
stronger government regulations was 2.50 (SD =0.84)
for industry experts and 3.00 (SD =0.55) for govern-
ment experts, meaning that experts working in govern-
ment organizations more strongly supported govern-
ment regulations than did experts in industry (¢=
— 3.94, df=129, p<.001), confirming Hypothesis 4.
Moreover, experts affiliated with government had

Table 6 Experts’ attitudes toward different nanotechnology regulatory measures

n Mean SD 1 2 3 4 5 Balance!
Regulation is insufficient® 154 3.66 1.14 6 20 39 44 45 40.9
Self-regulation” 156 2.01 1.02 61 48 36 7 4 —62.8
Labeling® 155 2.90 1.39 35 27 37 30 26 -39
Selective bans* 151 3.40 1.31 14 27 35 34 41 22.5
Taxation® 149 1.53 0.85 95 36 14 1 3 —85.2

 This variable is the reverse coded value of the response to the statement “The regulation of nanomaterials and nanotechnology today is fully

sufficient” (1 = strongly disagree, 5 = strongly agree)

® This variable is the value of the response to the statement “Companies should be responsible for formulating regulations in their field of

business” (1 = strongly disagree, 5 = strongly agree)

¢ This variable is the value of the response to the statement “Mandatory labeling of all products containing nanomaterials and nanoparticles

should be required” (1 = strongly disagree, 5 = strongly agree)

4 This variable is the value of the response to the statement “Certain nanomaterials and nanoparticles should be banned entirely in products”

(1 = strongly disagree, 5 = strongly agree)

€ This variable is the value of the response to the statement “Excise taxes are an appropriate way of controlling the risks of nanomaterials and

nanotechnologies” (1 = strongly disagree, 5 = strongly agree)

"The balance value is the percentage of respondents who chose one of the two lowest values, minus the percentage of respondents who chose
one of the two highest values. In other words, the balance value is a number between — 100 and 100. A strongly positive number indicates a
generally supportive attitude, whereas a strongly negative number indicates low general support for the regulatory measure
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Table 7 Hierarchical regression with attitude toward stronger
government regulations as the dependent variable

Variables Model 1 Model 2
Gender -0.15 —0.06
Education 0.03 0.07
Self-rated knowledge 0.06
Importance of nanotechnology —0.21*
for the organization
Ethical concern 0.217%*
Perceived risk (0.33 %%
Perceived benefit —0.15%
Total <1% 24.1%

*p<0.05; ¥¥p <0.01; **¥p <0.001

stronger ethical concerns and perceived higher risks
than did experts in industry, while experts in industry
rated both their knowledge and the importance of nano-
technology for their organizations higher. However,
both groups of experts had similar levels of education
and there were no significant differences in the percep-
tion of nanotechnology benefits (Table §).

Discussion

Perceived risks and benefits of nanotechnology
and nanotechnology applications

This study has demonstrated that the studied Swedish
stakeholders generally had a positive attitude toward nano-
technology and that the stakeholders emphasized the

benefits of nanotechnology over the risks. This finding is
aligned with previous studies of the perception of nano-
technology (Besley et al. 2008). In line with previous
research (Gupta et al. 2012, 2015; van Dijk et al. 2017),
this study found large differences in attitudes depending on
the area of nanotechnology use. Although respondents
were positive toward most nanotechnology applications,
the perceived risk exceeded the perceived benefit for use in
the application areas cosmetics and hygiene products and
in agriculture and food. This result indicates that benefits
do not always outweigh risks in the view of experts.
Previous research has shown that experts are more positive
toward nanotechnology use in medicine than in foods (van
Dijk et al. 2017); similarly, this study found that Swedish
expert stakeholders viewed applications in medicine as
more beneficial and less risky than applications in food.
There were substantial differences in the perceived risks
and benefits between the different application areas.

The application areas considered most beneficial
were electronics, coatings, and materials and material
production and the areas considered least beneficial
were cosmetics and hygiene products, agriculture and
food, and packing. It can be assumed that several factors
influence how expert stakeholders evaluate the benefit
of nanotechnology in each application area. As
discussed regarding previous research, perceived benefit
might be offset by high perceived risk (Gupta et al.
2015). However, this can only partly explain the risk
perception for applications in cosmetics. It is reasonable
to assume that perceived benefit is influenced by how
beneficial the area of application is considered for soci-
ety at large. This might be why nanotechnology appli-
cations in medicine are rated as more beneficial than

Table 8 Differences between government experts and industry experts (¢ test with means and standard deviations in parentheses)

Variables Government (n =59) Industry (n="71) t value
Gender 1.60 (0.49) 1.65 (0.48) -0.57

% Male 60.3% 63.3%

Education 4.56 (0.68) 4.48 (0.73) 0.52

% PhD degree 57.9% 47.9%

Self-rated knowledge 2.73 (0.98) 3.10 (1.11) —1.99%
Importance of nanotechnology for the organization 2.42 (1.00) 3.14 (1.27) — 3.52%%*
Ethical concern 291 (1.18) 2.44 (1.18) 2.13%
Perceived risk 3.52(1.41) 3.02 (1.31) 2.07*
Perceived benefit 3.92 (0.94) 4.05 (1.03) -0.75
Attitude to stronger government regulation 3.00 (0.55) 2.50 (0.84) 3.94%%%

*p<0.05; ¥¥p <0.01; **¥p <0.001
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applications in cosmetics. It is also reasonable to assume
that existing well-functioning nanotechnology products
in a specific application area would make experts more
likely to emphasize benefits in that area. This might
explain why nanotechnology use in medicine is consid-
ered less beneficial than its use in coatings, materials
and material production, and electronics: there are al-
ready existing nanotechnology applications in these
fields, while there are few such applications in medicine
and medical care and little commercialization due to the
strict regulation of drugs and medical applications
(Larsson et al. 2017).

As shown in the “Results” section, there were also
large differences in risk perception depending on the field
of nanotechnology application. The respondents associat-
ed greater risk with applications in cosmetics and hygiene
products, agriculture and food, and paint, and lower risk
with applications in measuring instruments and sensors,
electronics, and catalysts and filters. Why respondents
have different risk perceptions for different fields of ap-
plication might have several explanations. As a large
majority of the experts had natural science backgrounds,
it is plausible that perceived toxicity and anticipated ex-
posure to nanomaterials used in a specific field of appli-
cation might influence their risk perception. From this
perspective, applications in electronics can be understood
as less risky than applications in cosmetics, where diffu-
sion of nanomaterials into the environment is harder to
control. The three application areas considered most risky,
1.e., agriculture and food, cosmetics and hygiene products,
and paint, are application areas that potentially involve
bodily exposure, and are areas where relatively large
quantities of nanoparticles would be used, with a higher
probability of crossover into the environment. As sug-
gested by previous research (van Dijk et al. 2017), a
negative view of a specific field of nanotechnology appli-
cation might be affected by factors such as low urgency or
lack of trust in actors in a specific field. Additional re-
search is needed to explain how expert stakeholders form
their judgments of different fields of nanotechnology ap-
plication, and whether or not the acceptability of using
nanotechnology in different application areas diverge
from the acceptability of utilizing other new technologies
within these same application areas.

Drivers of perceived risk and perceived benefit

What factors influenced the Swedish expert stake-
holders’ general attitude toward the benefits and risks

@ Springer

of nanotechnology, and are these factors aligned with
previous research? As demonstrated here, general per-
ceived risk was influenced by the perceived benefit,
meaning that respondents who were more inclined to
perceive benefit were less inclined to perceive risk, a
result in agreement with previous research (Gupta et al.
2015). Risk perception is influenced by ethical con-
cerns, and respondents inclined to have ethical concerns
with nanotechnology were more likely to perceive risk,
also a result in agreement with previous research (Gupta
et al. 2015). This is unsurprising, and ethical consider-
ations can very well include risk awareness, and nano-
technology might then become an ethical problem due
to associated risk.

Risk perception among the respondents was not in-
fluenced by the demographic factors gender or educa-
tion level. Although previous research is inconclusive
when it comes to the influence of demographic factors
on the attitudes to nanotechnology some previous stud-
ies of the perception of nanotechnology have identified
gender differences in risk perception (Vandermoere
et al. 2010), though we found no such effects when it
came to assessing nanotechnology risk. A possible ex-
planation is that demographic factors such as gender are
more influential on attitudes among the general public
compared to the attitudes of experts.

Self-rated knowledge of nanotechnology did not in-
fluence risk perception among the Swedish experts al-
though experts with a high level of knowledge are
generally less inclined to perceive risk than are members
of the general public with a low level of knowledge (Ho
et al. 2011; Scheufele et al. 2007). Our study also
demonstrated that the relative importance of nanotech-
nology for the respondent’s organization of affiliation
did not affect risk perception. Our finding that neither
knowledge nor proximity (defined as the importance of
nanotechnology for the organization) affected risk per-
ception stands in contrast to previous research in risk
psychology, which have demonstrated that knowledge
of and proximity to a certain technological area gener-
ally gives a higher sense of control and consequently a
lower risk perception (Slovic 2000).

That neither knowledge nor proximity influenced risk
perception might be because nanotechnology and
nanomaterials encompass such a wide range of applica-
tions that knowledge of nanotechnology in one applica-
tion area might not translate into knowledge in other such
areas. The finding that knowledge of nanotechnology and
nanomaterials did not affect perceived risk does not mean
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that experts do not rely on their professional knowledge
or on scientific methods in assessing risk in their areas of
expertise, but that high knowledge in one area of nano-
technology in particular does not automatically imply
greater acceptability of nanotechnology in general.

As with general perceived risk, general perceived
benefit was not influenced by gender, education level,
or self-rated knowledge. Unlike perceived risk, per-
ceived benefit was not influenced by ethical concerns.
Also unlike perceived risk, benefit was influenced by
the importance of nanotechnology for the respondent’s
organization of affiliation. It is perhaps unsurprising that
experts, especially in industry, were more likely to em-
phasize benefits if nanotechnology was important for
their organizations.

Attitude toward different regulatory measures,
and drivers of support for government regulations

This study demonstrated that Swedish expert stake-
holders were generally supportive of the regulation of
nanomaterials and nanotechnology, with a majority
claiming that current regulation is insufficient (Table 6).
Selective bans were preferred to taxation and self-regu-
lation. The high support for selective bans indicates that
experts saw some nanomaterials as potentially danger-
ous, and that it might be necessary to introduce selective
prohibitions to protect human health and the environ-
ment from specific nanomaterials, without affecting the
production and use of other nanomaterials. The low
support for self-regulation as a regulatory measure indi-
cates agreement that industry alone cannot be responsi-
ble for regulation and safety measures. Labeling as a
regulatory measure seemed to divide the experts: many
were supportive, but many opposed labeling as an ap-
propriate regulatory measure. The benefit of labeling is
that it allows consumers to make choices, though man-
datory labeling might cement the impression of nano-
technology as something dangerous to be avoided
(Larsson et al. 2017).

What influences Swedish expert stakeholders’ sup-
port for government regulations? This study has shown
that the general attitude toward regulation is influenced
by perceived risk: If a respondent perceives greater risk,
he or she is more inclined to support stronger regulation,
a result aligned with previous research (Besley et al.
2008; Corley et al. 2009, 2013; Su et al. 2015). A likely
explanation is that stakeholders more likely to perceive
risk are more supportive of regulation to prevent

dangerous pollution and exposure. This study has also
identified a small but significant correlation between
perceived benefit and attitude toward regulation, with
respondents who see greater benefit also being less
inclined to support the regulation of nanotechnology.
A possible explanation is that respondents with a posi-
tive attitude toward nanotechnology want less regula-
tion in order to facilitate innovation and commercializa-
tion. Other factors that influence support for government
regulation are ethical concerns and the importance of
nanotechnology for the respondent’s organization of
affiliation. If nanotechnology is important for their or-
ganizations, experts are less positive toward regulation,
while ethical concern has the opposite influence on
support for government regulation.

Differences depending on organizational affiliation

This study has identified significant differences between
stakeholders associated with government versus indus-
try organizations. We conjectured that experts’ attitudes
toward the regulation of nanomaterials would be influ-
enced by the organizational context in which they work,
as different societal organizations have different roles
and responsibilities and follow different institutional
logics (Apostolakis and Pickett 1998; Jenkins-Smith
and Bassett 1994). Although all such experts share a
concern for the safe development of useful products,
experts working in government organizations are tradi-
tionally understood to be responsible for risk assessment
and regulation, and can thus be expected to be more
concerned with the risks and ethical implications of
nanotechnology and more inclined to support govern-
ment regulations (van Dijk et al. 2017).

In contrast, experts working in industry are primarily
concerned with innovation and the commercialization of
nanotechnology and nanomaterials, and can be expected
to be less inclined to emphasize risk and ethical con-
cerns, and less supportive of government regulation (van
Dijk et al. 2017). In line with this logic, we identified
variability in the sample of Swedish experts, with gov-
ernment experts being more inclined to emphasize risk
and ethical concerns. Support for government regulation
was also affected by whether or not the respondent was
affiliated with government or industry, with experts in
government being more likely to emphasize the need for
further regulation. These results can be understood as
aligned with the different concerns and societal roles of
the different groups of stakeholders. According to the

@ Springer



57 Page 14 of 17

J Nanopart Res (2019) 21: 57

same logic, industry experts might be expected to em-
phasize benefits more than do government experts,
though no such pattern was identified here.

Policy implications

Nanotechnology is a knowledge-intensive field, and
government or individual industry actors lack the capac-
ity to conduct risk assessments and ensure the safe
development of nanotechnology products. The establish-
ment of trustworthy, legitimate, and effective governance
frameworks for the regulation of nanomaterials arguably
demands inter-institutional and inter-organizational col-
laboration among a broad range of societal actors (Bosso
2016). Expert stakeholders consequently can be expect-
ed to play an important role in developing the safe
management and regulation of nanotechnology
(Hansen 2010). Successful cooperation between actors
will require at least partial agreement on the problem
definition and characterization, and some shared defini-
tions of specific concepts. This study contributes to such
knowledge on stakeholder expert’s agreement and dis-
agreement in views of nanotechnology.

This study found relatively strong overall support for
regulation, although industry stakeholders were less
likely to support stronger regulations and less likely to
emphasize risk, while both industry and government
stakeholders had similar views of the benefits of nano-
technology. It is of interest to know how expert stake-
holder view different regulatory measures. Expert stake-
holders viewed self-regulation by industry as insuffi-
cient, while selective bans were considered an appropri-
ate regulatory measure. The experts were divided in
their views of labeling as an appropriate regulatory
measure to ensure nanosafety. Taxation was considered
inadequate for regulating nanotechnology.

Furthermore, the study found that experts’ attitudes
toward risk were influenced by perceived benefit, and
that the specific area of application was important for
how experts assessed risk versus benefit. More research
is needed to explore how organizational affiliation,
goals, and orientation influence expert stakeholders’
perception of the risks and benefits of nanotechnology,
and what regulatory tools and measures they prefer and
why. A policy implication of the study is that arenas for
dialog and the cross-fertilization of the knowledge, per-
spectives, and views of different stakeholder groups are
needed. This has been said many times before (Shatkin
et al. 2010), but the message is still relevant if
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nanotechnology is to be developed responsibly with
the support of society at large.

Limitations

A limitation of this study is that the selection of respon-
dents was not randomized. As discussed above, there is
no given population of nanotechnology experts from
which a random sample could be drawn. The aim was
to include all organizations and experts currently en-
gaged with issues concerning nanotechnology. As ar-
gued by Besley et al. (2008), such a sampling procedure
makes the most sense for a specialized population such
as that explored here, although it is not technically a
sample. Even though some organizations and potential-
ly relevant experts are missing and it is difficult to
analyze the potentially missing actors, the sample in-
cludes a large part of the current community of expert
stakeholders in the nano-field, comprising stakeholders
from 161 Swedish organizations.

Conclusions

The overarching aim of this study was to investigate
Swedish expert stakeholders’ perceptions of nanotech-
nology risks and benefits and their attitudes toward the
regulation of nanotechnology. The main findings are
summarized in this brief conclusion. The study has
demonstrated that self-rated knowledge among the ex-
perts did not affect perception of risk or benefit, or
support for government regulation; gender and educa-
tion level did not influence perceived benefit, perceived
risk, or support for government regulation.

If nanotechnology was important for the respondent’s
organization of affiliation, there was a tendency to em-
phasize benefits and less inclination to support govern-
ment regulation, though the importance of nanotechnol-
ogy for the organization did not influence risk percep-
tion. Perceived risk was increased by ethical concerns
and decreased by perceived benefit. Industry respon-
dents were less inclined to perceive risk and less sup-
portive of government regulations, but there was no
significant difference in the perceived benefit of nano-
technology between government and industry expert
stakeholders. The general perceived benefit outweighed
perceived risk in the entire sample of respondents.

The perceived risk and benefit depended on the spe-
cific application area: the areas considered most
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beneficial by respondents were electronics and coatings,
while the areas considered most risky were cosmetics
and hygiene products and agriculture and food. The
areas perceived as most beneficial were those with
existing applications of nanotechnology. The applica-
tion areas considered risky share high potential bodily
exposure and use of large quantities of nanoparticles
with the possibility of the crossover of nanoparticles
into the environment.

Most of the expert stakeholders favored stronger
governmental regulations. They had a positive atti-
tude toward selective bans but a negative attitude
toward self-regulation and taxation as regulatory
measures for ensuring the safe use of nanomaterials
and nanotechnology. Labeling as a regulatory mea-
sure divided the experts. High perceived benefit de-
creased support for government regulation, while
high perceived risk and ethical concerns increased
support for government regulations.
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