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Introduction
Nanotechnology has been broadly introduced to a wide range of

industry fields such as aeronautics, agriculture, architectural design,
bio-medical engineering, communication sciences, constructions,
environmental science, food production, and information technology
over the last decades [1-4]. Nanotechnology has the perspective to
radically advance the efficiency of current industries and industrial
products and considerable effects on the development of new products
in all areas, ranging from disease diagnosis and treatment to
environmental remediation. Now, nanotechnologies and
nanomaterials are familiar terminologies and commonly applied to the
field of industry designs.

Although nanotechnology-based and nanomaterial-based products
are generally accepted at the precompetitive stage, an increasing
number of products and materials are becoming commercially
available. These include nanoscale powders, solutions, and suspensions
of nanoscale materials as well as composite materials and devices
having nanostructures [5]. Nanoscale products and materials are also
increasingly applied to a number of areas such as optoelectronic,
electronic, magnetic, medical imaging, drug delivery, cosmetic,
catalytic, and materials applications.

Nanomaterials often show unique physical and chemical properties
that impart specific characteristics to making engineered materials.
But, little is known about what effects from such exclusive features may
have on people’s safety and health issues. The current literature has
reported that the physicochemical characteristics of nanomaterials can
influence their effects on biological systems [6]. These attributes
include chemical properties, the degree of agglomeration, oxidant
generation potential, particle size, shape, surface area, and solubility
[7]. Until the results from research studies can fully clarify the
characteristics of nanoparticles that may pose health and safety risks,
precautionary measures are warranted.

Because of the wide range of possible applications of
nanotechnology, continued assessment of the potential health and
safety risks associated with exposure to nanomaterials is essential to
safeguard their secure handling [8]. There is also an insufficient
emphasis on application of nanomaterials in the domain of design
ergonomics [9]. Therefore, ergonomists should make an effort to aware
on applications of nanomaterials in the field of design ergonomics and
safety and health implications of nanotechnologies in their operations.

Nanotechnology Safety and Ergonomic Concerns

Nanotechnology and its concerns
Nanotechnology is broadly defined by size. It mainly deals with

particles of size less than 100 nm at least in one dimension [9,10].

These tiny-sized substances are known as nanomaterials and could be
either natural or anthropogenic in their origins [9]. Nanotechnology
involves the manipulation of matter on nanometer scales and offers the
potential for unparalleled improvements in many different areas [11].
The capability to operate matters at the atomic or molecular level
makes it possible to form new materials, structures, and devices that
develop exclusive physical and chemical properties related to nanoscale
structures.

Developments in the nanotechnology have been progressed quicker
than comprehending on the conceivable significances of their side
effects. Thus, nanotechnology raises many of the same issues as any
new technology, including concerns about the toxicity and
environmental impact of nanomaterials [12]. Workers within the
nanotechnology-related industries have the potential to be exposed to
exclusively engineered materials with nano-scale sizes and shapes and
physicochemical properties. Minimal information is currently
available on dominant exposure routes, potential exposure levels, and
material toxicity of nanomaterials [13].

This fact indicates that our knowledge on the nanomaterial is not
well understood and capability to prevent hazards from the
nanotechnology is limited as well. Because of extremely small sizes and
characteristics of the nanomaterial, the nanoparticles could translocate
to the brain or other organs of the employee. Hence, effectual solutions
for the exposure control should comprise a right hazard measurement
of the pretentious work areas.

Safety and health issues of nanotechnology
Nanotechnologies and nanomaterials are rapidly emerging in many

fields [9,14]. With large increases in demands, implications of
nanomaterials on human health-related and safety-related issues need
to be reviewed [15]. The recent literature reports that nanomaterials
and nanoparticles have direct adverse health eects such as neuronal
toxicity [16] and cardiopulmonary diseases [17]. Before applying
nanomaterials, therefore, we should have thorough knowledge on
nanoparticles-induced hazards and on how to handle them safely
[15,16,18].

Because of their unique physicochemical properties, in many cases,
it is dicult to assess toxic impacts of nanomaterials on biological
systems [9]. However, workers may be constantly exposed to
nanoparticles in dierent phases of working processes starting from
manufacturing to packaging [9]. For instance, nanoparticles can enter
into the human body through dierent routes [9] such as inhalation
[19], ingestion [20], dermal route [21], and parenteral route [22].
Hence, prerequisite actions are necessary to create healthy and safe
working environments. These arrangements should include supplying
ventilation systems with fume hoods and high-efficiency air filtration,
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personal protecting equipment, and product stewardship policies that
workers and managers can understand [13].

With such direct actions, identification of potential risks,
development of novel approaches for risk assessment, and
management to protect workers from any recognized adverse health
and safety eects also should be preceded to protect workers working
with nanomaterials. By implementing these solutions into safety and
health management programs, the nanotechnology industry can
accompany such inspiring new technologies to the marketplace whilst
guard the workers, publics, and environments.

The safety of nanotechnology has been continuously tested. There
has been some as yet unresolved debate on the potential toxicity of a
specific type of nanomaterial which has been associated with tissue
damage in animal studies [23]. However, the majority of available data
indicate that there is nothing uniquely toxic about nanoparticles as a
class of materials. Whether actual or perceived, the potential health
and safety risks associated with the manufacture and use of
nanomaterials must be carefully studied in order to advance our
understanding of this field of science and to realize the significant
benefits that nanotechnology has to offer society, such as for cancer
research, diagnostics, and therapy [23].

Ergonomic affairs for nanotechnology
Ergonomics is a multidisciplinary science which deals with

designing or arranging workplaces, products, equip or devices, and
systems so that it can fit the people or workers, their movements and
cognitive functions in relation to their work performance [9,24-28].
Ergonomics is actually a design-driven discipline so that
improvements in all the domains of nanotechnologies and
nanomaterials seem to be possible by the application of ergonomic
design principles.

Nanotechnology may produce remarkable new types of materials
with unique properties that can be harnessed by developing new
concepts of support, adjustment, aesthetics, and comfort [9]. A recent
study stated that nanotechnological revolution would profoundly aect
not only our daily lives but also the science and practice of human
factors/ergonomics [29]. Thus, nanotechnology and nanomaterials
seem to be beneficial in the creation of both sustainable and ergonomic
designs.

Moreover, workers and/or people who interact with nanomaterials
and nanoparticles may expose to potential health and safety risks. This
seems to be an emerging issue which can be an opportunity for
ergonomists to take over those typical challenges because ergonomics,
due to its interdisciplinary nature, can play a vital role to solve these
diculties associated with nanotechnological development [9].

To learn more about managing nanotechnology exposures in the
workplace, as well as other important controls as handling or working
with nanotechnologies and nanomaterials, ergonomic approaches
would be effective to improve safety and health issues in the
nanotechnology industry. Specifically, it can be expected that
ergonomic applications and trials in the field of nanotechnology with
special emphasis on occupational safety and health would be one of the
future directions of research to ergonomists and ergonomic society.

Conclusion
The emergence of nanotechnology and nanomaterials is generally

considered to be a major technological revolution in many fields [30].

As a result, nanotechnologies and nano-related techniques have been
applied to a range of industries such as aerospace, agriculture, car
manufacturing, communication and information engineering and
technology, construction, environmental science, healthcare, medicine,
sports, and textile industries [9].

Utilization of devices and/or gears of extremely small dimensions
(nanoscale) seem to appear as a new challenge for the man–machine
compatibility. Thus, ergonomic interventions become recognizable
solutions for designing optimal interfaces in the nanotechnology [9].
To date, however, there have only been limited studies on risk
management practices, neither in manufacturing nor in the handling
of nanomaterials within industrial units [30].

Although most of the important operations of nanomaterials in
diverse technology and industry fields are well known today,
applications of nanotechnology in the field of design with the
incorporation of ergonomic principles are less discussed [9]. Future
research needs to explore new ideas on how to apply the knowledge of
nanotechnology in the field of design with appropriate consideration
of ergonomic values. For example, increasing work eciency,
performance, and productivity by regulating temperature and reducing
cognitive impedance, ensuring occupational safety, and providing
health hazards measures using nanomaterials may require in-depth
investigations. Therefore, it can be expected that ergonomists take this
opportunity to apply diverse ergonomic applications and trials in the
field of nanotechnology and nanomaterials with special emphasis on
safety and health to develop a safer and healthier society and
workplace.
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