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Flower Bouquet, a 3-D nanostructure grown by controlled nucleation of silicon carbide nanowires on Gallium catalyst particles. As
the growth proceeds, individual nanowires ‘knit’ together to form 3-D structures. Credit: Ghim Wei Ho and Professor Mark Welland,
Nanostructure Center, University of Cambridge. Courtesy: National Science Foundation




The past decade has seen intense interest in developing technologies based
on the unique behavior of nanometer-scale (nanoscale) structures, devices,
and systems which has lead to the rapidly expanding and highly diverse field
of nanotechnology.

Nanotechnology is somewhat loosely defined, although in general terms it
covers engineered structures, devices, and systems that have a length scale
between 1 and 100 nanometers. At these length scales, materials begin to
exhibit unique properties that affect physical, chemical, and biological
behavior. Researching, developing, and utilizing these properties is at the
heart of new technology.

One of the best channels to achieve the goal of keeping workers safe from
potential harm of this new technology is by collaborating on research in

the field of nanotechnology. A recent symposium held at the XVIII World
Congress on Safety and Health at Work, “Approaches to Safe Nanotechnology:
A Global Perspective”, brought seven international scientists together to discuss
the topic. The lessons learned and the importance of global collaboration on
nanotechnology safety and health research were discussed.
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Nanotechnology is revolutionizing the development of new materials with unprecedented
functional properties. The field of nanotechnology will likely transform a broad range of con-
sumer, medical, and industrial sectors. As with any new technology, we are faced with many
unknowns; all of which raise questions concerning occupational safety and health. In the
United States, the National Institute for Occupational Safety and Health (N10sH) is commit-
ted to ensuring high-quality research for worker protection as nanotechnology develops.

It is imperative that the scientific community come together to advance our understanding
of nanotechnology and its implications in the workplace. It is paramount for nations to share
any relevant information or experience pertaining to the field of nanotechnology based on a
broad and strong foundation of basic research. Through continued coordination with other
governments, industry, and other stakeholders, the occupational safety and health commu-
nity can remain a leader in the responsible development of nanotechnology.

As our knowledge grows, N10sH plans to provide valuable guidance for the safe handling
of nanoparticles and other safe approaches to nanotechnology. This effort will evolve as the
technology advances, and our knowledge and experience grow.

N10sH developed the first version of Approaches to Safe Nanotechnology in October 2005.

A revised version with updates from N10sH research results was released in March 2009 as
NI10sH Publication No. 2009-125. The document describes the N10sH strategy for addressing
priority research on the occupational safety and health aspects of nanomaterials to under-
stand the potential risks that nanotechnology may have to workers. The approach is driven
by the breath of issues; from exposure, to managing risks, and the overarching need to mea-
sure and characterize nanomaterials in various work environments. Our research approach
and framework continue to emphasize understanding and prioritizing potential risks as well
as the mechanisms and strategies to manage such risks.
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Korea is one of the major developers of nanotechnology. According to the 2nd comprehen-
sive plan for the development of nanotechnology (2005), the estimate gross investment for
developing nanotechnology is expected to be 4,855 million UsD from 2006-2015. Due to
rising interest on social impacts of nanotechnology, the issue of safe nanotechnology was
adopted as one of four main goals in the 2nd comprehensive plan.

The Korean government is well aware of nano safety and conducts many activities related
with these concerns. kosHa held the international symposium on nano safety titled “The
Health Risks Associated with Nanotechnology” in 2005. It triggered concerns about safe
nanotechnology especially with the protection of workers from exposure to the unknown
hazards of nanoparticles. It was suggested that a multidisciplinary team approach is needed
for research on nano safety. The main approach for nano safety in our occupational safety
and health issues are categorized by three major fields: 1) toxicity and risk assessment, 2)
analytical method and exposure monitoring, and 3) exposure mitigation and hazard commu-
nication information contained in Material Safety and Data Sheets.

KOSHA has performed hazard assessments via inhalation and skin absorption for non-pur-
posely induced ultra fine particles & aerosols in the workplace, such as Red 195 dye, CrO3
mist (Mps: 1.0 um, 2001), metal working fluid aerosol (Mps: 1.56 um, 2004), SiOz2 in ultra
fine particles (2005), and welding fume in cynomolgus monkeys (mMps: 0.579 um, 2006).

Several studies on cytotoxicity in vitro with commercial nanoparticles such as Ag, Cu, Fe,
Ni, Magnetic nanoparticles, single-walled carbon nanotubes, multi-walled carbon nanotubes,
and spiral and straight carbon nano fibers were performed by xosHaA (2005). In vitro mam-
malian chromosomal aberration test for Fullerene followed (2007). Monitoring multiwalled
carbon nanotube exposure in a carbon nanotube research facility was performed using a mul-
tidisciplinary team approach (2008). kosHA participates in the Organisation for Economic
Co-operation and Development (0OECD) testing program for 14 manufactured nanomaterials.



There is a great deal of research under way. Until more information on toxicity of nanoma-
terials is collected, we still need safe guidelines for the workers who work with nanomaterials
and researchers in nano facilities. A draft of guidelines for safe treatment of nanomaterials in
the workplace was submitted to the Korean Occupational Safety and Health Agency in 2008.
The Ministry of Labor is aware of the affairs of legislation such as new chemical notification,
Threshold Limit Value (T1v), and Msps for nanomaterials in the Occupational Safety and
Health Act.

‘The Ministry of Environment (MoE) implemented the nano safety project, Ecotechnomia21,
to support the establishment of an infrastructure necessary to minimize potential risks
derived from the manufacture, distribution, and disposal of nanomaterials and nanomaterial-
containing products (until 2010, 0.5 million USD per year, in total 3 million usp). The project
is designed to be used for the supportive data to international cooperation activities of the
Working Party on Manufactured Nanomaterials (wpmN) under the oEcD.

The Korean Food and Drug Administration’s support for a research project on the toxic-

ity of nanomaterials for food, drug, and cosmetics was 1.21 million UsD in 2007. The

Korea Agency for Technology and Standards (kats) under the Ministry of Knowledge and
Economics (MKE) participates in 1s0/TC 229 for international standardization on definitions,
characterization, and evaluation.

Titanium dioxide microsphere 1-50 microns in diameter with (approximately) closed-packed spherical inclusions. These can be
thought of as small “photonic crystallites,” which are expected to scatter light very efficiently. Credit: Sascha Klein, Fred Lange and
David Pine, University of California, Santa Barbara. Courtesy: National Science Foundation




In Japan, same as in other developed countries, newly developed nanomaterial is expected
to contribute an economic boost to the country. An approximate 70 tons of single-walled
carbon nanotube (swcNT) and 6o tons of multi-walled carbon nanotube (MwcNT) yearly are
already in use as industrial materials in Japan. Despite the fact that this technological break-
through is very competitive and costly, and despite the predictably high risk of failing to
market such material, there has been little interest in generating research on nanotechnology
safety, such as hazard assessment and exposure studies, toxicology studies, and research proj-
ects examining appropriate methods for controlling the nanotechnology work environment.

Recently, the Japanese government has recognized the need for safe nanotechnology. In 2007,
the Council for Science and Technology Policy put forth a set of cooperative policies, entitled
“Promotion of Novel Interdisciplinary Fields Based on Nanotechnology and Materials,
Research & Development”. The government has also guided efforts by administrative organs
for the enforcement of comprehensive survey and research for safe nanotechnology in the
workplace. In February of 2008, the Ministry of Health, Labour, and Welfare introduced the
guideline for workers producing or handling nanomaterial. As a result of these efforts, it is
expected that the progression of survey and research for safe nanotechnology in Japan will be
accelerated.

This scanning electron microscope image shows ZnO nanowires grown on Si. The average width of these rods is 40 to 50 nanome-
ters, and appear to be cylindrical. Credit: Dr. Yicheng Lu, Dr. Sriram Muthukumar and Dr. Nuri Emanetoglu, Dept. of Electrical and
Computer Engineering, Rutgers University. Courtesy: National Science Foundation




In May 2007, the Australian Government announced support for implementation of the
National Nanotechnology Strategy (the Strategy). The Strategy will help Australia benefit
from nanotechnologies while effectively addressing health, safety, environmental issues, and
community concerns.

The objectives of the Strategy are to: encourage the responsible uptake of nanotechnology;
ensure the effective management of health, safety, and environmental impacts; establish
world class metrology capability that supports regulation and industry use; and build public
confidence by providing balanced and factual information about nanotechnology.

Under the Strategy there is a particular focus on the environment, public and occupational
health, and safety issues. The Australian Government has funded the Office of the Australian
Safety and Compensation Council (ascc) to establish a nanotechnology occupational health
and safety research and development program (oxs Program) to help examine and address
any potential OHs issues.

Four key aims of the ohs Program are to: undertake Australian nanotechnology ohs research;
develop and evaluate workplace nanotechnology ohs controls; review the Australian ohs
regulatory framework in relation to nanotechnology; and provide ohs support for Australian
nanotechnology businesses and research organizations.

The program is primarily Australia-focused but will also contribute to global efforts relating
to nanotechnology ons through extensive consultations and collaborations with Australian
and overseas researchers and policy and regulatory agencies.

Australian priorities for nanotechnology ous policy and guidance development are currently
being identified. By considering the priority materials, applications, processes, and control
methodologies relevant to Australian industry and research organizations, work on potential
oHs issues will target Australian needs effectively.



The occupational health risks associated with engineered (i.e. produced intentionally with
specific properties) nanoparticles and more generally nanostructured particles are not yet
clearly understood. The studies published to date challenge conventional exposure and risk
assessment approaches. Therefore, addressing the risks of engineered nanostructured par-
ticles will be among the major ongoing occupational safety and health concerns in coming
years [1]. Risk is a combination of both the hazard and the potential for exposure. This
paper examines one side of the risk equation, namely exposure to nanostructured particles,
by addressing the following questions: How can the occupational exposures of workers and
researchers be measured today? Considering the limitations of the instruments and meth-
ods available, what are the requirements for developing appropriate ones? It focuses on the
inhalation of airborne nanostructured particles because the occupational health risk due to
inhalation is widely hypothesized to be the most potent.

Although current knowledge is far from conclusive, it is apparent that characterizing
exposures to nanoaerosols in terms of mass concentration and chemical composition does
not seem appropriate under all circumstances. Therefore, conventional exposure sampling
methods are limited and require careful interpretation. In addition to the two other major
physical exposure metrics (i.e. number and surface area concentrations), additional nanopar-
ticle characteristics like size, shape, degree of agglomeration/aggregation, crystallinity, charge,
surface chemistry, and solubility are thought to be relevant in determining the potential
health impact. Although such a full characterization cannot be carried out on a routine basis,
there is a need to develop detailed and adequate knowledge of the characteristics of the nano-
aerosols in work environments at risk of exposure to engineered nanoparticles; these include
laboratory research development, production and manufacturing, and disposal and recycling.

There is now a battery of instruments and methods for measuring and characterizing
nanoaerosols, but the majority of them have been designed for aerosol research applications
rather than for occupational exposure measurements. Figure 1 summarizes the predominant



instruments and methods currently available in terms of particle ensemble or size-resolved
characterization methods, real time or off-line analysis, and the three exposure metrics: mass,
number, and surface [3]. For each of the instruments, suitable particle size selective inlets
need to be employed.

Filter sampling + weighing /analysis

Off-line nurber | Filter sampling + MET /MEB
Filter sampling + weighing/BET
Oscillating microbalance (TEOM)
Real-time number }——> Condensation Particle Counters
Diffusion Chargers
Low pressure impactors
Diffusion batteries
Electrical Low Pressure Impactor (ELPI)

Mobility Particle Sizers (SMPS & FMPS)

Diffusion battery (EDB & SAC)

Figure 1: Predominant instruments and methods currently available for
measuring nanoaerosols within the context of exposure characterization.

Each of the instruments and methods listed has its drawbacks (i.e. in terms of detection
limit, overloading, data interpretation, off-line analysis, complexity, handling etc.), but when
used in combination they may give an insight into some of the characteristics of the nano-
aerosols. Besides, it is possible to derive, by combining two or more instruments together,

a characteristic (i.e. related to shape or density) that could not be derived from each instru-
ment used in isolation.

Among the major limitations of all these measurement methods are that they cannot 1)
discriminate agglomerates/aggregates from single particles, and 2) distinguish engineered
nanoparticles from nanometer-sized particles already present (background). In addition, most
of the instruments have been developed for fixed location measurement, none having been
designed as yet exclusively for personal sampling. Thus, one of the key issues when using
these instruments is the sampling strategy [2]. As a minimum, this should include identifying
potential sources of nanometer-sized particles (outdoor sources, industrial activities, traffic,
etc.), determining the background (concentration, temporal variation etc.), understanding
the ventilation system, and selecting appropriate locations.



Surprisingly, there is a lack of knowledge concerning the performances of several of the
existing instruments in relation to some of the characteristics of nanoaerosols that can be
encountered in the atmospheres of workplaces. The responses of the latest instruments must
therefore be studied in greater depth and adapted to exposure measurements in workplaces.

Because nanoparticles and exposure scenarios (existing and future) related to nanotechnolo-
gies are expected to be very diverse, appropriate new instruments and methods are needed.
However, developing instruments per se is irrelevant unless it is considered in relation to

the metric(s) that is (are) likely to be considered the most important for various conditions.
Among the solutions for new instruments and methods, the ideal one should be capable

of [3]: measuring different nanoaerosol characteristics simultaneously in real time (particle
number, surface-area and mass concentrations, size distribution, charge), measuring in the
breathing zone (portable, battery powered), and differentiating engineered nanoparticle from
background being used in industrial and research workplaces (particle size and concentration
ranges, robustness). Moreover, any viable new instrument should be relatively inexpensive so
as to be affordable for routine measurements within a variety of companies and laboratories.
Developing, testing, and making such an instrument or method available and applicable is
far from being an easy task, and seems to be achievable only through targeted research and
collaboration with aerosol scientists, manufacturers, toxicologists, and industrial hygienists.

Considering that materials containing nanoparticles are presently manufactured and handled
by workers and researchers, and that hardly any occupational exposure experimental studies
have been published, it is hoped that the points discussed in this paper will go some way to
highlighting and fulfilling this significant research need.
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One part of the risk assessment of nanoparticles comprises the assessment of the exposure.
Although the hazard from nanoparticles is not clearly defined, there appears to be a particu-
lar health risk from ultrafine dust particles and nanoparticles respectively in respiratory air.
Ultrafine aerosol particles are, for the most part, by-products of thermal and chemical reac-
tions, whereas nanoparticles are specifically engineered.

BGIA (Institute for Occupational Safety and Health of the German Social Accident Insurance
(pGuv)), in conjunction with the German institutions for statutory accident insurance

and prevention, carries out a measurement programme at selected workplaces. The aim is

to gather and catalogue information on ultrafine and nanoparticles occurring at different
work processes. Workplaces in metal processing like melting, casting, welding, solder-

ing, cutting, laser beam processes; workplaces in glass production, vulcanization of rubber,
processes in food industry like bakery or meat smokery; and workplaces on an airport field
were scrutinized. The particle size distribution between approximately 1onm and 70onm
and the number concentration of these particles were determined. BG1a was equipped with

a suitable measurement device, a scanning mobility particle sizer (smps) for these particular
measurements, along with instruments like a cascade impactor or aerosol samplers for the
inhalable and respirable dust fraction. The number concentrations in the measurement range
varied between approximately 10,000 particles per cm? in clean areas, and up to 40,000,000
particles per cm? in welding plumes. Peaks in particle size varied between nanometers up to
a few hundred nanometers, depending on the degree of aggregation and agglomeration. We
also would like to report that these are the first measurements of nanoparticles in the air.

The institutions for statutory accident insurance and prevention hope to provide thus a basis
for a discussion on this topic, and improve the possible methods of prevention.
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gress on

‘The nanotechnologies offer opportunities for social development, but uncertainties prevail
about their impact on human and environmental health. Right now there is still a huge gap
between technological progress and research into the health and safety aspects of nanomateri-
als. Since the turn of this century, nanotechnology has grown exponentially, as confirmed by
the number of products on the market and the funds dedicated to research and development
in this sector. Estimates have it that by 2014, nanotechnologies will be widely used in our
society, and ten million new jobs will be created.

The international scientific community is showing increasing interest in the risks of exposure
to nanomaterials in the workplace: a recent survey on research priorities in occupational safety
and health run by the Italian Institute for Occupational Prevention and Safety (1spest), has
shown that the safety of nanotechnology has received the highest score among all the priority
issues in the perception of the of partner representatives involved. In this view, the following
gaps and needs for the scientific knowledge come to light: limited information, difficulties in
relating nanotechnologies and production of nanomaterials to specific areas of application,
efforts required to assess the hazards posed by nanomaterials in realistic exposure conditions,
ethical issues about nanotechnology in the workplace likely to arise from today’s knowledge
about the hazards of nanomaterials, and the risks nanomaterials may pose to workers.

In view of this imbalance between our scant knowledge of the potential health risks linked to
the use of nanomaterials and the exponential spread of this technology likely in the near future,
there is a pressing need for research focused on risk analysis for exposed workers. Finally, an
integrated approach to research, cooperation, and communication strategies is essential if we are
to direct our efforts towards responsible and sustainable growth of nanotechnologies.
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