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Addressing the risks of nanoparticles requires knowledge
about release into the environment and occupational exposure.
However, such information currently is not systematically
collected; therefore, this risk assessment lacks quantitative
data. The goal was to evaluate the current level of nanoparticle
usage in Swiss industry as well as health, safety, and envi-
ronmental measures, and the number of potentially exposed
workers. A representative, stratified mail survey was conducted
among 1626 clients of the Swiss National Accident Insurance
Fund (SUVA), which insures 80,000 manufacturing firms,
representing 84% of all Swiss manufacturing companies (947
companies answered the survey for a 58.3% response rate).
The extrapolation to all Swiss manufacturing companies
results in 1309 workers (95% confidence interval [CI]: 1073 to
1545) potentially exposed to nanoparticles in 586 companies
(95% CI: 145 to 1027). This corresponds to 0.08% of workers
(95% CI: 0.06% to 0.09%) and to 0.6% of companies (95%
CI: 0.2% to 1.1%). The industrial chemistry sector showed
the highest percentage of companies using nanoparticles
(21.2%). Other important sectors also reported nanoparticles.
Personal protection equipment was the predominant protection
strategy. Only a few applied specific environmental protection
measures. This is the first nationwide representative study on
nanoparticle use in the manufacturing sector. The information
gained can be used for quantitative risk assessment. It
can also help policymakers design strategies to support
companies developing a safer use of nanomaterial. Noting
the current low use of nanoparticles, there is still time to
proactively introduce protective methods. If the predicted
“nano-revolution” comes true, now is the time to take
action.

[Supplementary materials are available for this article. Go
to the publisher’s online edition of Journal of Occupational
and Environmental Hygiene for the following free supplemen-
tal resource: a pdf file containing a detailed description of
the approach to statistical analyses, English translation of
the questionnaire, additional information for Figure 1, and
additional information for the SUVA-code.]

Keywords nanoparticle applications, occupational exposure, pro-
tection means

Address correspondence to: Michael Riediker, Institute for
Work and Health (IST), Rue du Bugnon 21, CH-1011 Lausanne,
Switzerland; e-mail: michael.riediker@alumni.ethz.ch.

INTRODUCTION

N anoparticles have a maximal diameter of 100 nm in
at least three dimensions.(1) Nanoparticles and their

agglomerates are suspected of having a potentially negative
impact on health and environment.(2,3) Nanoparticles are
used for the manufacturing of products that are available on
the global market. For risk assessment studies, toxicological
effects need to be combined with information about exposure
probabilities and exposure levels. However, information on ex-
posure is still basic and needs to be expanded.(4) Occupational
and environmental exposure assessment for the whole working
population is currently based on modeling, but models are only
as accurate as their data and need to use diverse, sometimes
descriptive sources.(5) So far, only a few literature sources
present data on nanomaterials in industry that could be used
for modeling and quantitative risk assessment.

Several reports show there are known nanoparticle
applications and potential products,(6–8) and several studies
have investigated the use of nanoparticles in companies
or products. For example, the U.K.’s Department for
Environment, Food and Rural Affairs (DEFRA) study was
designed as a voluntary reporting system (http://www.
defra.gov.uk/environment/quality/nanotech/documents/vrs-
nanoscale.pdf), and the German BAUA survey investigated
the handling of nanoparticles focused on the nanotechnology
sector.(9) However, none of them provided systematically
acquired data on the prevalence of nanoparticles in
the production sector or the consumer goods of their
country.

In August 2007, a targeted survey among 197 Swiss compa-
nies evaluated the use of nanoparticles in Swiss industry.(10) It
showed that several types of nanoparticles are already used in
43 of the 197 companies; it showed that the median reported
quantity of handled nanoparticles was 100 kg/year and that
the protection means focused mainly on personal protection.
However, that survey was designed as a pilot study providing
descriptive data only. The preliminary survey provided an
overview on the different kinds of nanoparticle applications in
industry and the protection means used in companies that were
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known to handle nanomaterials. It did not, however, investigate
the prevalence of nanoparticle applications in Swiss industry.
To complete the qualitative data of the pilot study described
above, the present study was created as a layered representative
survey to provide an accurate quantitative estimation of the
nanoparticle applications prevalence in certain Swiss industrial
sectors.

This representative survey investigated the number of
companies using nanoparticles in Switzerland, a country with
a high number of patents in the field of nanotechnology.(11)

Assuming that the usage of nanotechnological applica-
tions in the manufacturing sector is similar in compara-
ble countries, the data presented here can therefore help
to estimate the number of concerned companies in these
countries.

The objective of this study was to create a systematic
database on the use of nanoparticles and their aggregates
in Swiss industry to create a basis to evaluate the health
and environmental risk in Swiss companies. The study
focused specifically on engineered nanoparticles. Information
consisted of quantity of nanoparticles used, current health
and environmental protection measures, and the number of
potentially exposed workers.

METHODS

Nanoparticle Definition
At the time of the survey, a common definition of

nanoparticles was not yet available. The present study defines
nanoparticles as

� All nanoparticles according to the ISO nomenclature TS
27687:2008(E).(1)

� All particles with a mean diameter between 100 to 1000
nm were assumed to contain nanoparticles, unless there
was concrete information about the size distribution and the
stability of agglomerates.

� Nanoparticle agglomerates or aggregates with unclear
information on the potential liberation of primary particles.

� The production of nanostructured surfaces with inade-
quately described methodology that does not respond
to the question of whether particles or droplets can be
released.

Statistical Unit Definition
In 2005, Swiss insurance law statistics showed 428,908

Swiss companies, of which 14,399 were in agriculture,
63,353 in manufacturing, and 350,537 were in the service
sector (Commission for Accident Insurance Statistic [KSUV],
insurance portfolio; annex 1.3–1.5 of the five-year report
2008).

Study Population
SUVA (Swiss National Accident Insurance Fund) is the

largest accident insurance provider in Switzerland; it is the
compulsory insurance for most manufacturing companies

(published data show 84.1% in the year 2005, unpublished data
show a very similar percentage for 2007). For this study, SUVA
clients were considered representative of the manufacturing
sector in Switzerland. The 15.9% non-SUVA clients of the
manufacturing sector were extrapolated, assuming that they
were similar to the SUVA clients. Of all the SUVA clients,
52.4% are manufacturing companies, 46.1% are in the service
sector, and 1.5% in the agriculture sector (KSUV). The
selection of companies to be contacted was based on the
total list of SUVA client for the year 2007 containing 91,804
companies.

Survey Design and Sampling
The survey was conducted in a stratified (layered) manner,

expecting a different prevalence of nanoparticle usage in each
economic sector. A total of 1900 Swiss companies (1.77% of
all SUVA clients) were randomly selected from 21 layers, each
consisting of one or several closely related economic sectors.
Companies with multiple productions sites were counted as
one company summarizing all sites. The random selection of
companies in each of the layers was proportional to the size of
the layers; however, to avoid small sample sizes; the minimum
was fixed at 50 companies.

To improve the quality of this survey, a panel of four experts
reviewed the economic sectors and excluded one layer from
the mailing. This layer consisted mainly of administrative
companies: economic and technical offices, travel service
and shops, government administration, post offices, employee
placement, and programs for temporary occupation of the
unemployed. This exclusion reduced the number of selected
companies from originally 1900 to 1625 and the represented
SUVA-clients from 91,804 to 78,559, a reduction of 14.4%.
For the remaining layer, such a definitive exclusion could
not be made, even though about 30–40% of the surveyed
companies were expected to be in the service sector. The
randomly selected companies represented, finally, 2.06% of
the study population.

Extrapolation
The actual proportion of companies dealing with nanopar-

ticles in each layer of SUVA clients was estimated by the
proportion in the corresponding layer of the survey responses.
Knowing that 84.1% of Swiss production companies are SUVA
clients (KSUV), a direct extrapolation was made to obtain
estimates for all Swiss companies with an extrapolation factor
of 1.19 applied to all layers in equal measure.

Of all the workers in Swiss manufacturing companies, 5.6%
are employed by non-SUVA clients (KSUV); therefore, the
extrapolation for the number of workers applied a factor of
1.06 to all layers in equal measure.

Two Complementary Surveys
To assure the quality of the representative survey, two

smaller surveys were realized investigating two special groups
of companies:
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� Top-99 survey: The 99 largest companies employ 400,000
workers (21.9% of the workers insured by SUVA). However,
as only a few of these companies would be selected in a
random sampling, an additional survey was conducted for
the 99 largest companies that were not administrative or
financial institutions.

� Targeted survey: Several economic sectors of different sizes
have been merged into one statistical layer. This means
that, potentially, companies of a smaller economic sector
are statistically underrepresented in the random selection
within a layer; 195 companies were therefore selected in
such underrepresented economic sectors. This additional,
targeted survey was not designed to be representative;
instead, it should fill an information gap and be informative
for various Swiss agencies.

Data Collection
For all three surveys, a questionnaire that was harmonized

with an unpublished version of the questionnaire of the
German Federal Institute for Occupational Safety and Health,
BAuA(9) was sent to the selected companies. The questionnaire
requested information about the following topics:

• General company information and protection strategies:
Type of production and protection

• Material: Product name if available, particle composition,
particle size

• Environment: Waste treatment and ventilation, yearly
turnover, stock size

• Occupational hygiene: Type of protection used, number of
workers related to the process and in the same production
hall

An English translation of the questionnaire is available in
the online supplemental material.

The questionnaires were not anonymous. Instead, it was
highlighted that all data would be transferred to their accident
insurance company (SUVA) and that the investigators were
contractually bound to strict confidentiality. The responding
persons had to sign the questionnaire and state that they
completed it to the best of their knowledge. The job function
of the responding person was also registered.

Data Validity Check
All questionnaire data were checked for coherence before

digitizing (no contradictory answers, only comprehensible
text information). Incomplete questionnaires or unclear de-
scriptions were verified by contacting the company directly.
To avoid misunderstandings, a random sample of companies,
having stated in their questionnaires that no sub/µm particle
applications were used, were contacted by phone to verify
their response. The companies were asked specifically about
nanoparticle applications, which were described in literature to
be potentially in their domain. The minimal necessary sample
size was calculated with the formula “binom.test” in S-Plus

6.2 (TIBCO Software Inc., Palo Alto, Calif.) for the frequency
of response observed.

Statistical Analysis
The reported prevalence of nanoparticles in companies

was compared with the response rate and the company sizes.
The nanoparticle usage was shown extrapolated by the Swiss
industrial sector. Based on the same extrapolation, the types
of nanoparticles and protection measures were presented.
The information, whether a company had a nanoparticle
application, served as depending variable, and the company
size served as independent variable. Company sizes were
clustered into four different size groups according to the Swiss
Federal Statistical Office (SFSO).(12)

A chi-square test (X2-test) was applied to test for a
difference between the companies receiving a letter and the
companies answering it. In addition, the difference between
responding and non-responding companies was analyzed by
number of employees with a Wilcoxon rank sum (Mann-
Whitney) and by zip code as a surrogate for region. The
zip codes were divided into five regional groups with an
equal number of sent letters. The difference between the
response and non-response group was compared for each layer
individually (Table I). As the tests were made for 20 layers,
the rejection level was lowered to 1%. Stata (v. IC10) was used
for the Wilcoxon rank-sum test and Microsoft Excel (v. 2007)
was used for the X2-tests.

Calculation of the Confidence Interval for the
Number of Companies

For the calculation of the confidence interval of the number
of companies with nanoparticle applications, the approach
by Tillé(13) and Graiss(14) was applied, which uses Bernoulli
statistics. No confidence interval could be calculated for
sectors not reporting nanoparticle application. A detailed
description of these calculations is available in the online
supplemental material.

Calculation of the Confidence Interval for the Total
Number of Potentially Exposed Swiss Workers

The number of workers among SUVA clients was extrapo-
lated. The confidence interval of the number of workers was
calculated as a normal stratified selection, according to Tillé(13)

and Grais.(14) A detailed description of these calculations is
available in the online supplemental material.

RESULTS

Response Rate and Sample Representativeness
In the layered survey, the average response rate was 58.3%

(947 out of 1626 companies), and all 20 layers showed a
response rate higher than 45%.

The response rates of the different language regions of
Switzerland were similar: German-speaking 58.4% (702 out of
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TABLE I. Percentage of Companies with Nanoparticles and Percentage of Workers Dealing with a
Nanoparticle Application

Answer Nanoparticle Nanoparticle X2Test Wilcoxon Test
Layers SUVAA WorkersB QuestionnairesC Rate (%) CompaniesD(%) WorkersE Zip CodeF Company SizeG

Chemical industry 633 79,856 45 73 21.21 0.53 0.32 0.54
Ceramics and glass 334 7035 49 63 6.45 0.23 0.19 0.79
Surface modification 366 6761 43 60 3.85 0.30 0.10 0.94
Stone 248 1856 50 64 3.13 0.92 0.59 0.09
TradeH 3506 153,585 58 69 2.50 0.22 0.17 0.29
Electrotechnics 5524 195,689 92 57 1.92 0.13 0.71 0.04
Automobile 11,283 100,282 186 50 1.08 0.16 0.98 0.35
Building and

construction,
inside

16,301 132,186 265 48 0.00 0.00 0.57 0.14

Metals 3862 80,555 62 66 0.00 0.00 0.71 0.41
Engine construction 4481 143,783 72 64 0.00 0.00 0.07 0.05
Carpenter 5670 50,335 95 56 0.00 0.00 0.22 0.27
Paper and printing 1441 55,587 49 53 0.00 0.00 0.10 0.43
Plastics or polymersI 778 27,080 48 69 0.00 0.00 0.72 0.28
Textiles and leather 1172 25,915 49 69 0.00 0.00 0.04 0.61
Food and agriculture 447 49,271 48 69 0.00 0.00 0.46 0.83
Public institutions

and administration
2985 139,439 50 64 0.00 0.00 0.07 0.71

Building and
construction,
outside

10,364 141,348 167 55 0.00 0.00 0.13 0.09

Public and private
transportation

5666 129,295 93 60 0.00 0.00 0.56 0.00∗

Electricity 3394 70,202 55 49 0.00 0.00 0.26 0.02
Workplace

integration for
disabled

281 32,702 49 84 0.00 0.00 0.63 0.44

Sum (numbers) /
average (%)

78,736 1,622,762 1625 58J 0.63K 0.076K 0.32 0.37

ANumber of companies represented in SUVA.
BRepresented number of workers covered by SUVA.
CNumber of sent questionnaires.
DCompanies dealing with nanoparticles.
EWorkers working with nanoparticles or products containing nanoparticles.
F p-values of a X2 test for zip code (five regions), without correction for multiple comparisons.
Gp-values of a two-sample Wilcoxon rank-sum (Mann-Whitney) test for company size (number of workers), without correction for multiple comparisons.
H Based on average of the other layers.
I None of the plastic producers/users declared use of carbon black.
J Overall response rate.
KAverage weighted by layer.

1202 companies replied), French-speaking 56.4% (185 out of
328), and Italian-speaking 62.5% (60 out of 96). The response
rates were 65.6 % (128 out of 195) for the targeted survey and
64.6 % for the Top-99 (64 out of 99).

Size distribution in the survey sample was compared with
the SUVA clients’ size distribution (the 2006 SUVA client
database) and all the production companies of the Swiss
industry(12) (Figure 1). The proportions between the subsets
were generally similar; differences can be explained with the
study design. The X2 test showed no significant difference
between the group of sent questionnaires (selected sample) and
the group of responses: Pearson chi2 = 6.4532, Pr = 0.092.

The questionnaires were signed by members of the man-
agement (54% of the responses), by administration personnel
(17%), by health and security staff (10%), by human resources
(4%), by workers (3%), and by environment/health specialists
in less than 1%. In 12% of the questionnaires, the job function
was not declared.

Nanoparticle Prevalence
Four of the companies stating that they have a nanoparticle

application were excluded. A chimney sweep reporting soot,
a carpenter reporting a particle application by error detected
during a quality control call, a company reporting smoke from
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FIGURE 1. Company size distribution in each subset. All Swiss
production companies (Swiss Federal Statistical Office, SFSO),
all SUVA-clients (SUVA client database 2006), the SUVA-clients
without the removed administrative sector, the layered survey
sample and the responding subset.

a miller process, and a company using metal pieces that had
a surface layer based on a nano-polymer without particle or
droplet generation.

The following numbers of responses were taken into
account: 947 in the main survey, 68 in the Top-99 survey, and
131 in the targeted survey. Among these answers, the numbers
of companies declaring a use of nanoparticles were 14, 7, and
20 respectively.

The 14 companies declaring nanoparticle applications in the
main survey reported that a total of 24 workers dealt directly
with nanoparticles or products containing nanoparticles. The
distribution between the sexes of these workers was 94% men
and 6% women.

Figure 2 shows that the response rate generally increased
with the company size; however, the Top-99 companies
showed a slightly lower response rate. The percentage of
reported nanoparticle applications generally increased with
the company size.

To verify the answer “no sub/µm-particle application,” a
random sample of 59 companies (sample size necessary to
reject false negatives at 95%) among the ones declaring that
they did not deal with nanoparticles were contacted by phone
The interview partners were asked again about the usage of
nanoparticles, this time specifically about applications cited in
literature to occur in this economic sector.(8) This answer was
shown to be correct and not based on a misunderstanding for
all 59 companies.

Table I shows the results of the X2-test, based on the zip
code. There was no significant difference between responders
and non-responders. Based on the size of the companies the
difference was significant in one layer: public and private
transportation.
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FIGURE 2. Response rate and percentage of companies report-
ing the use of nanoparticles compared with the company size.
Both the response rate and the percentage of companies dealing
with nanoparticles increased with the company size (number of
employees). The data of the additional survey Top-99 (99 largest
Swiss companies) are in support of the tendency for more frequent
nanoparticle applications in larger companies.

Extrapolation from Survey to SUVA and to
Switzerland

Based on the number of companies and workers among the
SUVA clients, the total number of companies and workers in
Switzerland was extrapolated.

Table I shows the percentage of SUVA clients per layer
dealing with nanoparticles. Responses in the main survey
were extrapolated for all SUVA clients, weighted according
to the size of each layer. Among all SUVA clients, 0.6% (95%
confidence interval: 0.2% to 1.1%), or 493 companies (95%
CI: 122 to 864), deal with nanoparticles. The extrapolation
for Swiss industry calculates the corresponding number of
companies dealing with nanoparticles to be 586 companies
(95% CI: 145 to 1027).

Table I also shows the reported percentage of concerned
workers among SUVA client companies. An average of 2.5
workers per company dealt directly with nanoparticles or
products containing nanoparticles, while 4.3 people worked
in the same room. The number of workers in the “Trade” layer
was interpolated from this average; the trade sector is basically
composed of companies buying and reselling materials not
manufacturing them. For all Swiss workers, this corresponds
to 0.08% (95% CI: 0.06% to 0.09%), or 1309 workers (95%
CI: 1073 to 1545). A total of 0.2% (95% CI: 0.17% to 0.22%)
work in the same room as a nanoparticle application, which
corresponds to 3403 workers (95% CI: 2990 to 3816).

Economic Sectors with Nanoparticle Applications
Figure 3A shows the distribution of companies dealing

with nanoparticles among the economic sectors of the Swiss
production sector; Figure 3B shows the distribution of
potentially exposed workers among the economic sectors of
the Swiss production sector; Figure 3C the amount of stocked
material, and Figure 3D shows the yearly turnover (usage
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FIGURE 3. Distribution of companies with nanoparticle applications within the Swiss production sector. A) by company from the different
sectors; B) by number of workers in these sectors. The frequency of the indicated stock size and yearly turnover of nanoparticles among the
companies declaring a nanoparticle application is shown in C) amount of stocked material, and D) yearly turnover (usage rate) of nanoparticles.

rate) of nanoparticles. Four sectors comprised the majority
of reported nanoparticle users. The stock sizes as well as the
yearly turnover ranged from grams to around 1 ton. No stock
or yearly turnover of nanoparticles larger than 5000 kg was
reported in the main survey.

Stocks and turnovers of more than 5000 kg were reported
only in the additional surveys. The targeted survey reported
two companies with a stock of around 100 tons (organic
pigments and carbon black). The targeted survey identified
two more layers nanoparticle applications: outside building
construction and the paper/print sector.

Types of Nanoparticles
The reported nanoparticles were grouped into inorganic,

organic, and metallic. In the main survey, inorganic nanoparti-
cles were reported mainly in the range of 0.1 to 5000 kg, with
an average of 1426 kg. Organic nanoparticles were used in the
range of 10 to 1400 kg, with an average of 365 kg. Only one
company reported usage of metallic nanoparticles in a liquid
application of 500 L at 100 ppm.

The Top-99 survey showed results similar to the main sur-
vey. However, in the targeted survey, two companies reported

large amounts of nanoparticles: A paper production company
using a CaCO3slurry (yearly turnover of several hundred tons
of inorganic nanoparticles) and a paint production company
(100 tons of powder-based organic pigments).

Protection Measures
Figure 4A shows the types of measures used to protect

workers in the companies that reported a nanoparticle applica-
tion in the main survey. Among all the protection means, none
showed a clear predominance. Personal protective equipment,
technical measures, and organizational measures were used. In
the case of liquid applications, however, the integrated strategy
to enclose a process completely was the most dominant
protection type. Workplaces without any specific protection
were reported only for liquid applications. Figure 4B shows
the environmental protection means used. Most companies did
not apply any special measure to protect the environment from
potential nanoparticle release.

Only a small minority of companies indicated the presence
of nanoparticles in their products when sold to a customer.
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FIGURE 4. Measures to protect worker and environment. A)
Types of worker protection measures used in the companies of the
Swiss production sector. Frequency of companies using a type of
protection divided in liquid applications and powder applications.
No company used nano-powder without protection. B) Types of
environmental protection measures used in the companies of the
Swiss production sector. The non-usage of all types of protection
measures was predominant over the usage.

DISCUSSION

T his is the first representative study on the prevalence
of industrial use of nanoparticles in an entire country.

The companies selected included all industrial sectors. The
study design therefore allowed an estimation of the number
of companies in Switzerland using nanoparticles, and of
the number of Swiss workers potentially exposed at their
workplaces due to the handling of nanoparticles or being
present in the same area as a nanoparticle application.

The representative survey presented here was designed to
evaluate the percentage of concerned companies. It therefore
complements the previously published targeted survey, which
was a qualitative survey on users or producers of nanoparticles
that describes in more detail the types of particles used in
Switzerland.(10)

The survey showed a usage of nanoparticles in only 0.63%
of Swiss manufacturing companies. This is a surprisingly
low number considering that Switzerland has a rather long
tradition of nanotechnology R&D and has one of the highest
levels of patents and publications per capita.(11) Nanoparticle
applications were most frequent in the industrial chemistry
sector (21% of the companies of this sector). In the automobile-
related industry, electrotechnics and general trade sectors
showed a smaller percentage of nanoparticle users; however,
in terms of absolute numbers they are important sectors and
therefore the number of concerned companies is comparable
to the chemistry industry. The low amount of nanoparticle
usage, mostly around a few kilos per year, suggests that these
materials are only slowly introduced into industrial processes.
The representative survey identified only companies using
nanoparticles but none that was producing them. Only one
nanoparticle-producing company was found in the targeted
survey, which again suggests that the nano-market is still rather
young.

The relatively low number of positive responses does not
allow a detailed, sector-specific analysis of the occupational
health and safety strategies. However, the overall message
across all sectors regarding the use of personal protection
equipment corresponds well to the findings of a previous,
more detailed qualitative pilot study.(10) This gives additional
credibility to these observations. Only in a few companies
were some technical or organizational measures applied.
This suggests, on one hand, that the need for protection
was recognized, but on the other hand, the more efficient
but less quickly introducible technical and organizational
measures were not yet implemented. Most companies still
have considerable room to improve their protection strategies.

Several descriptive studies already investigated the occu-
pational and environmental use of nanoparticles. Being non-
representative they used very different approaches to gain
information. The UK’s DEFRA study was based on a voluntary
reporting system with a low participation rate. According
to DEFRA (as of June 2009), during the 2-year trial, 13
data submissions were received, while the Woodrow Wilson
consumer product inventory focused only on products that
were commercially advertised as containing nanotechnology.

The German BAuA-study focused on the use of nanoparti-
cles in a targeted sample of companies(9) with a low response
rate. Still, they showed similar types and quantities of nanopar-
ticles per company as found in the present study for Swiss
companies. A descriptive survey among French companies
and laboratories estimated a low number of potentially exposed
workers; however, as they look mainly at companies producing
nanoparticles, they estimate the percentage of potentially
exposed workers to be 50–80% per company.(15)

An Italian study tried to investigate the potential use of
nanoparticles in industry and proposed an extrapolation based
on the number of workers per economic sector for which an
application was known.(16) As the study did not account for the
prevalence of particles used in these industries, their result is
to be considered as a maximal number of potentially exposed
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workers. The study presented here contrasts these results,
showing that the percentage of companies using nanoparticles
is very small.

A U.K. report estimated the number of workers potentially
exposed to nanoparticles in the U.K. to be 2000.(6) Knowing
that the U.K. population is about 10 times the Swiss population,
this seems to be lower than the present study of 1309 workers
for Switzerland. However, the U.K. study focused only on
novel nanotechnology industry and did not include other kinds
of industry. The two studies’ estimations are therefore not
necessarily contradictory.

The design of the present representative survey has some
limitations. The amount of extrapolation and some of the
confidence intervals indicate the uncertainty that several layers
did not show any companies using nanoparticles. The outcome
does not allow the distinction between “no application” and
“only a few applications” in these layers. A larger sample size
would be necessary to achieve a more accurate result for these
layers. However, the estimates provided here might be very
useful for the design of future studies. Another limitation of
the design is that two different assumptions could influence the
results: first, the extrapolation from SUVA clients to all Swiss
manufacturing companies (risk of overestimation); second, the
fact that not all SUVA clients were manufacturing companies
(risk of underestimation).

� The extrapolation from SUVA clients to all Swiss pro-
duction companies based on the assumption that the 84%
SUVA clients do not differ from the 16% non-SUVA clients.
However, Swiss companies presenting specific dangers
are forced by law to insure their employees with SUVA
against occupational accidents. This might result in an over-
proportional number of manufacturing companies being
SUVA clients and, therefore, to a slight overestimation in
the extrapolation. Unfortunately, no federal statistics are
available to clarify this issue.

� The SUVA client list, although focused on industrial
production, also contains non-manufacturing companies.
One whole layer of administrative companies was excluded
from the statistical selection. However, an estimated 30–
40% of non-manufacturing companies remained in the
survey. These non-manufacturing companies reduced the
chances of a positive response in the survey, which might
have led to an underestimation of the nanoparticle usage.

The questionnaire did not specifically mention workers
involved in the servicing of the plants. Therefore, these
workers might not be included in the answers, even though
they are potentially exposed to the nanoparticles remaining in
an apparatus. None of the plastic producers/users declared
usage of carbon black, despite the fact that this material
was specifically mentioned in the introductory notes of the
questionnaire as an example of sub/µm particles.

The recently adopted Swiss action plan on “Risk As-
sessment and Risk Management for Synthetic Nanomaterials
2006–2009” envisages risk research in the fields of nanotech-

nology that will allow not only the development of safer
nanomaterials but also the creation of knowledge about the
safer handling of these newly developed materials.(17) The
collected data about the types of particles and applications
may be used for research on prevention strategies and adapted
protection means.

The information about the distribution among different
industrial sectors can help estimate the situation of nanopar-
ticle usage in countries other than Switzerland. In a simple
approach, this can be done by adapting for stratification and
total size of the economic sectors in other countries. Large
companies were more likely to use nanoparticles (Figure 2 ),
which could imply that an adjustment for company size might
also be needed.

This survey did not identify any producers of nanoparticles.
This confirms information obtained from trade organizations
and federal agencies: there are only a handful of producers in
Switzerland. As the number of potentially exposed workers
in a nanoparticle-producing company might be elevated,(15)

the expected number of potentially exposed workers could be
higher in a country with higher production of nanoparticles.

CONCLUSION

I n conclusion, the representative survey presented here
shows a small prevalence of nanoparticle applications, a

small amount of used nanoparticles, and a still limited number
of concerned workers in the Swiss industry. This knowledge
might be interesting for quantitative risk assessments and
the development of worst-case scenarios. Only a handful of
companies use a large amount of particles; on average, the
amount is very low. The small number of concerned Swiss
companies indicates that there is still time to introduce nec-
essary protection means in a proactive and cost-effective way.
However, to reflect the most recent trends, this information
has to be continuously updated, and a large-scale or even a full
inventory of the usage may be indicated.
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