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Preface

The development of nanotechnology and nanomaterials has great potential for
Danish industry in a wide number of areas. The last 10 years we have seen an
increase in the development and use of ngmarticular materials. At the same
time, research results have indicated a suspicion of possible health risks related to
exposure to nanoparticles in the working environment.

This booklet focuses on the risks of exposure to airborne nanoparticles in the
working environment and possible strategies to prevent exposure. It includes 1)
production of nanoparticles, 2) handling of naparticular powdered materials and
suspensions, and 3) dust and aerosol formation from handling composite materials
containing nanoparticles.

The booklet is directed at members of internal safety organisations from
laboratories who work with materials containing nanopatrticles. It gives inspiration
to how to handle airborne nanoparticles in laboratory work. Further information
and tools can be found in the accompanying inspiration catalogues and the online
tool NanoSafer via www.ibar.dk and www.baf.dk.

The information in the booklet is based on knowledge from 2010. It is expected that
it will need continuous updating in the years to come based on new experiences
and an increasing number of results from the many ongoing national and
international research projects.

The reader should note that there is presently no specific legislation in the area, and
the booklet is not approved as an occupational guide from the Danish Working
Environment Authority it only expresses the partners' preliminary
recommendations.

The booklet contains the following sections:

Preface and content 3
Introduction to nanomaterials 4
Safety measures 6
Nanomaterials in the laboratory 11
Introduction til NanoSafer 18
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Introduction to nanomaterials

The development of nanomaterials with new or improved properties has a great
potential for Danish industry and society in areas such as environmental
technology, biegpharmaceuticals, energy and catalysis, optics, electronics,
information and communication technologies, plastics, construction, paints and
sealants, and surface treatment.

Nanotechnology is a relatively new technology. Although many products and
technologies have been nartechnological for many years, until recently
nanotechnology was primarily a scientific discipline where work and research took
place in laboratories. As such, the concept "nanotechnology” includes materials,
knowledge, and production technology for measuring, analysing and manipulating
materials. Industrial uses of nanotechnology are seen in areas such as:

o Catalysts

e Information and communications technology

e Production of fibre optics and sensor technology

e Surface treatment

e Polishing and grinding

e Production of paints and sealants, plastics and concrete
e Pharmaceuticals

o Foods

e Cosmetics

e Textiles

Nanoparticles and nanomaterials

The wordnanocomes from Greek and means dwarf. Nano is a unit of measurement
corresponding to one thousand millionth (B) and 1nanometre (nm) is one
thousand millionth of a meterNanoparticlesare defined from a physical size of
approx. 1nm to 100nm. The definition of nanoparticles includes different shapes of
particles, including fibres, sheet and spherical particles.

Nanoparticles

Nanoparticles is a collective name for all substances in which the primary particles
have a least one dimension below approx. 100nm.

Currently there is no scientific proof that the 1nm and 100nm limits are correct in
relation to classifying the particles. Discussions on definitions are ongoing within
the framework of ISO and the EU's scientific committee SCHENHIR. Consequently,
the upper and lower limits may be changed in the future when more knowledge has
been established. Special definitions of nanomaterials apply in the cosmetics and
pharmaceutical industries.
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The picture shows
examples of the many
different geometric shapes
of nanoparticles [ http:/
www.tf.uni_-kiel.de/matwis/

fnano/img/
almanach200801.jpg .

The table shows a
calculation of number of
particles and total surface
area in 1 mg particles.
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Industrially produced nanoparticles may have many different and complex
geometric shapes. The nucleus of nanoparticles often consists of metal, metallic
oxide, silicate, carbide or organic cell wide substances, such as peptides and
phosphorous lipids. Synthetic nanoparticles may be doped with other elements
and/or surface modified with inorganic and organic layers and chemical
functionalities.

Origin of nanoparticles

Nanometersize particles are not a new phenomenon and are seen in nature in
many places. We differentiate between the following three types of particles:

o Natural nanoparticlesire created through volcanic eruptions and burning
organic materials (e.g. from a forest fire).

e Industrial byproductsare created through human activity. They include
soot and particles from emissions from cars and industrial machinery, and
they are therefore found in all towns and near a number of industrial
processes (e.g. emissions from welding).

e Synthetic nanoparticleare designed and made with a view to specific
research and for commercial purposes.

Nanoparticles have a very large surface in comparison to their mass. This means
that in comparison to large particles they are much more reactive. Table 1
illustrates how big the difference is between the total surface area and the number
of particles as a result of the particle size in 1 mg of a specific material.

Synthetic nanoparticles require much attention in the safety organisations. Their
special physicehemical properties, which make them ideal for a number of
industrial and research purposes, also give rise to a suspicion of having harmful
health effects.

Particle diameter 0,0106m (10, 106m (10[1206m (1.00/0nm)
Number of particles 10" 10*2 10°
Total surface area 3.000 cm 2 300 cm ? 30cm 2

In the working environment work, it is essential to study all the types of airborne
particles. However, there is a big difference in the chemical composition of the
particles as well as their size and physical shape in accordance with their origin.
These factors are important for the toxicity of the particles.
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Safety measures

Research results from the last few years have given rise to suspicion and debate
about the possible health risks related to exposure to synthetic nanoparticles in the
working environment.

It is still unclear which particles are harmful to the health of humans, and to which
extent humans will be exposed to them. It also remains to be made clear how to
handle the complex shapes and composition of the particles in relation to specific
definitions and legislation in the area.

Safety measures are often based on data from product sheets and safety data
sheets. There is still no legislation that ensures unequivocal specification of labelling
and classification of products containing nanoparticles. If in doubt, you should take
advice from the supplier and as a minimum obtain data sheets on the materials and
products used.

Based on the available knowledge on airborne nanoparticles, we recommend that
you minimise exposure to airborne particles as much as practically possible and that
you follow the principle of precaution.

Use of the control hierarchy

In spite of the uncertainties concerning the possible harmful health effects of
nanopatrticles, it is possible to reduce the exposure to rpadicular dust and thus
create preventive working environment measures.

It is recommended that you go through possible exposure risks in the whole

workplace and, in particular, map uses and possible emissions of airborne

nanoparticles. In instances where it is necessary to set up or improve your safety
measures, it is a good idea to use the control hierarchy and set up safety measures
in a prioritised ranking. Often a combination of safety measures will be necessary.

The figure shows the
control hierarchy to be
used to prioritise possible
safety measures.
Elimination and substitution
of substances harmful to
health and work processes
is the first road to
protection. After that you
can consider technical
measures, etc., down
through the hierarchy.
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Elimination and substitution

According to the Adnstruction on working with substances and materials (AT C.1.3)
the employer must ensure that hazardous substances and materials in the
workplace are removed, replaced or limited to a minimum. In particular, this must
happen by replacing a hazardous substance or material with a safe, less dangerous
or less irritating substance or materiabr by changing the work process itself.

Together with relevant resource persons, the safety organisation must look at the
following questions:

e Can the products be designed with materials that are less harmful to
health? Including whether the specific nanomaterial can be used with
another functionalisation?

e Can the planned products be produced at suippliers with expertise in
handling nanomaterials or in a closed processing plant?

e Can the powder material be replaced with granulates, suspensions or less
dusty materials?

s * @ The Afinstruction indicates that substances and materials must be used in a form
Qo eo® . . . . . .
* o that carries the least risk of being affecting by the work. You could considerer using
[ ]
.'\ /" @ a granulate or suspensions of particles instead of a dusty powder.
[ ) 0.0 .'.

In connection with experimental research and development work, it is rarely
possible to substitute the nanomaterial as it is often the specific material's
properties that the researchers are trying to exploit or research.

Functionalization of nanoparticles can be decisive for the toxicity and exposure
potential of the particles. Functionalising nanoparticles may lead to an increased
risk, but in some cases it may also create an opportunity for substitution for a less
risky material.

In some cases it has turned out that it is possible to substitute the functionalisation
or the molecular shape of the nanoparticles and still obtain the desired effects. For
instance, in some cases it has been possible to replace fullerenes, carbon
nanotubes, quantum dots and different metallic oxides with materials that are
presumed to be less risky. The possibility of functionalising nanoparticles include:

e Change the crystalline or molecular shape.

e Add/remove dotations for chemical modification.
e Change the chemical surface.

e Change the size distribution of particles.

When studying alternative materials, satisfactory and consistent information must
be collected from suppliers for comparison. The outer environment is part of these
considerations.
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Technical measures

Technical measures include physical and technical solutions in the work process to
isolate, encapsulate and shield the process, as well as using mechanical ventilati
and filters (locally and/or centrally). Research indicates that already know
technical measures can decrease the exposure to nanoparticles efficiently if the
are designed correctly for the work process in questions.

In the workplace assessment work it is necessary to go through existing facilities
and new plants to ensure that encapsulation, shielding and ventilation are designed
correctly. Four areas are important when checking through technical measures.

e By designing laboratories and fume hoods correctly it is possible to reduce
the risk of coming into contact with nanomaterials.

e By ensuring that floors, walls and inventory are made from materials with
smooth and easyo-clean surfaces, collection of naparticular dust on
surfaces is reduced. This facilitates cleaning in connection with spills and
employees are less exposed.

e Dust or aerosetreating processes must as far as possible take place in a
protected environment. This can be in a glove box, fume hood or a LAF
bench equipped with HEPi#ter.

e Glass, apparatus, etc., must be placed in locked cupboards and be
correctly labelled. There should be as few items as possible in the room.
Nanomaterials must be kept under lock in labelled cupboards (together
with other hazardous chemicals if necessary).

Administrative measures

Apart from nanoparticles, many laboratories use a large number of potentially
hazardous materials and chemicals. Consequently, it is important to have detailed
procedures for registration, removal, use of laboratory facilities and protective

equipment. Moreover, employees must be trained and instructed in these

procedures. In some cases, many of these administrative measures are already

place, and some of them can be used in the work with nanoparticles with

advantage.

Administrative measures include restricted access, training in good practice work
routines, preparing work instructions and directions on handling daily work
routines, spills, accidents, cleaning, personal hygiene, fire, downtime, maintenance,
etc.

You will find more examples and inspiration for administrative safety measures in
blty2{FFSNI YR G§KS YIAY NBLRNI €bly2L) NGIAOEtSa A I NbBS
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The picture to the left
shows use of personal
protection equipment when
spraying a sun gel coating
on surfaces. The work
takes place in a ventilated
spray booth. The
researcher is using 2  -layer
gloves, protective sleeves
and fresh air breathing
apparatus.
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Personal protective equipment

Personal protective equipment must be the last resort used when protecting
employees. Nevertheless, it can be necessary as a supplement to other technical
and administrative measures. The equipment is used as the last resort to protect
employees against:

o Particles and materials that are suspected of being harmful to health or
o Particles and materials whose health impact is unknown.

If protective equipment is necessary, there is often a source of exposure in the
room. There must be clear written instructions and training of employees in relation
to cleaning. It must also be indicated when and where personal protective
equipment must be used and when and where it is safe to take off the protective
equipment again.

Breathing masks

Mask filters must be available in connection with production with fine dust/
particles. Mask filters can never protect 100% against nanoparticles. However, P3
masks are believed to be the best at picking up different size nanoparticles under
normal working conditions and during short periods of time.

The most important source of exposure when using masks is when the mask does
not fit tightly around the nose and mouth. A good fit is therefore essential.

Employees, who work with nanofibres (e.g. carbon nanotubes), must be extra
careful. They are advised to use fresh air masks and safety standards comparable to
work with asbestos or carcinogenic substances and materials.

Inspiration for laboratories




