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Abstract: This review paper is focused on the application of nanoparticles in the health
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sectors, and industries and the risks of nanomaterials in workers and employers in
workplaces. Nanotechnology is a facilitating science and new technology that mainly
changes matters at a nanosized scale. Nanotechnology and sciences are used for disease
diagnosis and screening, drug delivery systems, and health monitoring. Nanoparticles have
a great significant purpose in novel drug development due to their very small size and
large surface area. As it is broadly used in the industries and health sectors, there is a
great risk of exposure in the workers to the nanomaterial in their workplaces through skin
contact, inhalation, or ingestion and particularly in powder form can cause the risk of
explosion especially particulate nanometer, whereas non-nano sized same substances that
not have this effects. The workers and employers should be aware of the potential hazards
of nanomaterials in their workplaces, and employers should be taken their appropriate
measures to control the exposure, especially in a developing country like Africa.
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area in the body with greater accuracy and precision as well as it
can be formulated with the active components better permeates cell
membranes, reducing the required dose by the scientists using
nanotechnology. However, there is little knowledge about the risk
of nanomaterial by the worker and employers in the workplace,
especially in the developing country. The services of healthcare
can be varying in locations that include clinics, hospitals, and
mobile emergency centers and homes.

1. INTRODUCTION

A new and dynamically developed science is nanotechnology
which has great applications in the medicinal fields such as drug
delivery systems, disease diagnosis, and health monitoring.
Nanotechnology is not considered a tiny science and should not
view as a single technique that means it covers a broad range of
structures and huge products. Nanotechnology is producing a new
and sophisticated nanosized material and also that design the
application of the materials at the molecular and atomic scale [1].
Particles with very smaller than one micron and nanoparticles are
particles with at least one dimension smaller than one micron and
theoretically as small as atomic and molecular length scales (~0.2
nm) besides they have a shape of regular crystalline and
amorphous based structure also their surfaces may act as carriers
for liquid droplets or gases which are generally nanoparticles.
Nanoparticles have original physical and chemical features of bulk
material due to their enormous surface-to-volume ratio, greater
interaction, immovability, bioaction, bioaccessibility, and ordered
particle size, ordered the discharge of medications, site-definite
directing, and ordered arrival of capsules [2].

1.1 Properties of a Nanomaterial at the

Nanoscale
Particles that have a diameter smaller than about one hundred
nanometers (100 nm) can be considered nanoparticles.
Nanoparticles in other word defined as nano-objects and it has all
three dimensions in the range of 1-100 nm [4]. It includes
nanofibres and nanotubes, composite materials, and nanostructured
surfaces. As shown in Fig. 1, in most cases, nanoparticles show
that different physical and chemical, as well as biological features,
also thus acts differently with the materials of the same rough
structure of the molecular composition of matter. Nanomaterials
have a high fixed surface or interface area and they are more

Characteristics of nanomaterials are generally combined into the reactive than the same thicker arrangements with the same mass as

high surface also in bulk materials. Physicochemical and biological
properties can be developing with the matter in the nanoscale.
Nanoparticle levels such as bioavailability improvement, drug
distribution that may be varied from body parts like brain, liver,
lungs, and other body parts in delivering system in which can be
increasing the efficiency and safer of drugs [3]. The challenge of
modern medicine that the entire drug dose not absorbed by the
patient body and therefore, drugs can be ensured to the specific
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many reactions of biological and chemical reactions that take place
at the material surfaces. Because nanomaterials are much small in
size, they easily move through the biological systems in the body
and have a high ability to across or penetrate the cell membrane in
the cell tissues that were taken by the cell-like lung, brain, and
other cell tissue and therefore they cause unexpected and unusual
exposure [5].
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Fig. 1: Bulk materials cannot be implemented in most fluid products unless made very small [6]

For the surface of nanoparticles, metal ions, minor molecules, and polymers most important to functionalized. As shown in Table 1, a broad
range of material properties can be selectively adjusted by structuring at the nanoscale.
Table 1: Some changeable properties of nanomaterial [7]

Properties Examples
. v" Due to the higher ratio of surface-to-volume, catalytic efficiency is high
Catalytic g n y 9
. v Increase in metallic resistance
Electrical . . . . . L
v"Increase in ceramic and magnetic nanocomposite electrical conductivity
. v' Magnetic coactivity and superparamagnetic behavior increase
Magnetic 9 y perp 9
. v" The hardness and toughness of metals and alloys increased
Mechanical - . L
v The ductility and superplasticity of ceramics improved
Ontical v" The spectral properties of optical absorption and fluorescence are shifted
P v" Quantum efficiency of semiconductor crystals increase
Biological v" The biocompatibility is improved
9 v" Permeability is increased in membranes, blood-brain barrier

1.1.1 Catalytic properties
Every nanoparticle will have a precise extraordinary surface area to volume ratio. This means for catalyzing the reaction of the percentage of
atoms that available on the surface of the particles with the inverse of the radius of the particles [8].

1.1.2 Optical properties

The valuable properties of nanoparticles are optical properties in which its application includes the optical detector, solar cell, photo-
electrochemistry, photo-catalysis, imaging, laser, biomedicine, and sensor [9]. Diameters of particles that less than 10 nm are quantum dots
which are a nanoparticle subset. The small sizes of the particle that affect the intrinsic bandgap of the semiconductor are semiconductor
nanoparticles which are quantum dots. The bonding and antibonding configuration of the crystal lattice causes valence and conduction band in
the semiconductor [8]. As shown in Fig. 2, the parameters like shape, size, doping, and surfaces of the nanomaterial affect the photosensitive
characteristics [9].
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Fig. 2: Fluorescence emission of (CdSe) ZnS quantum dots of various sizes and absorption bands of numerous sizes and shapes of gold
nanoparticles [9].

1.1.3 Electrical properties

Electrical properties are the most important characteristics of nanoparticles. Nanoparticles have notable electrical, quantum effect, and lattice
characteristics due to their very small size and great symmetrical structure. Nanoparticles can act as metals. They can carry a current which is
100 times greater than metals and semiconductors or insulators and this very important to make materials with high temperature [10, 11].

1.1.4 Mechanical properties

Nanoparticle characteristics mainly differ from the individual atoms, molecules, and wholesale materials. Various mechanical parameters may
be surveyed to identify the mechanical nature of nanoparticles, for example, hardness, stress, elasticity, strain, abrasion, and linkage [12, 13].
The most important characteristics of the nanoparticle are a mechanical property that studies the bulk metallic and ceramic materials, the
influence of grain size, superplasticity, the influence of porosity, filled polymer composites, particle-filled polymers, and polymer-based
nanocomposites filled with platelets, carbon nanotube-based mixtures [9].

1.1.5 Magnetic properties

The most important characteristic of nanoparticles is their magnetic behavior which is of great interest for investigators from a diverse range of
disciplines for instance catalysis of heterogeneous and homogeneous, attractive fluid, biomedicine, and data storing magnetic resonance image
(MRI). When the size of nanoparticles is < critical value i.e. 10-20 nm, it is the best performance [12, 14]. Nonmagnetic metals like bulk gold
and platinum at nanosize can act as magnetic properties. The surfaces of atoms are different from the bulk materials and also can be modified by
collaboration with chemical samples [9].

2. Methods of Nanoparticles Synthesis

Several materials are used to synthesize nanoparticles, such as organic compounds like polysaccharides, protein molecules, and polymers.
Nanoparticles can be manufactured in different ways, but out of many types, there are two most common methods. Based on the fig.3, the
production of nanoparticles can be generalized from top-down and bottom-up methods [15]. The first is the top-down or breakdown method of
synthesis, in which the solid sample is broken up by external forces and the second, is the bottom-up or build-up method, in which atoms
transform or molecules condense.

15



Alemu Talema; ISAR ] Mul Res Stud; Vol-1, Iss-6 (Dec- 2023): 13-24

[ Tor Down NMethods

P ow o e

M anoparticles

A o resative’ A ogolomn erate

PV ol T

| BFottoms - LTy Mvleth odd = |

Fig. 3: The two methodologies of nanoparticles production [15]

2.1 Top-down method

From Fig.4, we can observe that larger materials undergo a process by removing matter until only the nanometric dimensions are reached.
However, this approach requires the use of grinding; lithography, etching, and engineering precision are the most common techniques [3]. It
includes the structural decomposition of the coarser-grained structure as the result of this severe flexible deformation. It is a more popular
method because it uses inexpensive equipment; it is simpler and suitable for producing amorphous or nanocrystalline alloy particles, elemental
or compound powders [3].

Top-down method

Lithography Cutting, Etching, Grinding

Electronic devices,

Precision Engineered Surfaces

Chip masks

High-Quality Optical Mirror

Quantum well,

Laser computer chins

Fig.4: The top-down method of nanoparticles preparation [3]
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The top-down method further categorized in to dry method and wet method. There is an increase in the surface energy in the grain refining of
particles that causes an increase in particle aggregation. The solid sample is ground by different methods such as shock, friction, and
compression using a hammer mill, a roller mill, ball mill, and tumbling mill in the dry grinding method. However, the solid sample is ground by
using a vibratory ball mill, a tumbling ball mill, a planetary ball mill, and a son. In the wet processing method, the condensation of nanoparticles
is easily prevented than in dry methods as the result can obtain highly spread nanoparticles [10].

2.1 Bottom-up method

This method starts from a very small unit of materials, individual molecules, or even atoms, and assembles these building-block units into larger
structures—clearly the domain of chemistry [16]. Limiting the concentration is one of the ways used for controlling the size of the nanoparticles
as well as this methodology can be influenced by on the standard of super-saturation to control particle dimension [17]. This method can be
carried out in three ways, such as chemical synthesis, self-assembly, and positional assembly [18].

As shown in Fig. 5, the bottom-up methods use chemical, electrical as well as physical forces to form a nanomaterial atom-by-atom or molecule-
by-molecule by starting with component materials (often gases or liquids) [3, 19].

Bottom-up method

Chemical Synthesis Self-Assembly
Positional -Assembly
Particles,
Molecules Crvstals, Films, Tubes

Experimental Assembly

Or Molecular Devices

Cosmetics, Fuel additives

Displays

Fig.5: The bottom-up method of nanoparticles preparation *

The bottom-up method can be further divided into the gaseous phase and liquid phase method. In the gaseous phase approach, there is a
chemical and physical vapor deposition method that involves a chemical reaction and uses cooling of the evaporated material respectively.
Organic impurity occurrences are lower in the gaseous phase method than in the liquid phase method. Mainly, nanoparticles are prepared by the
liquid phase method, and they can be subdivided into liquid-liquid and sedimentation methods. In the liquid-liquid method, nanoparticles are
produced in various shapes and sizes by the chemical reduction of metal ions [10].

3. Applications and Risks of Nanomaterials in the Healthcare Sector and Industry

3.1 Applications of Nanomaterials in the Healthcare Sector

Nanotechnologies have basic inventions that contribute to human health and environmental safety in different ways, like cleaning drinking
water, increasing efficiency of energy conversion, and energy storage. Nanomaterials can circulate through blood vessels in the body by moving
in and out of the vessels, and they can interact with biomolecules on the cell surface and inside cells in various areas of the human body by
entering cells [20]. Due to their very small size, nanoparticles have the potential to penetrate certain protective cell membranes in the body, so
they can be used as carriers for targeted drug delivery. As a result, nanomaterials can easily circulate through the blood vessels and have a high
ability to penetrate the cell membrane, have a high potential to detect diseases and prevent diseases in new ways. As shown in Table 2, the
physical and chemical properties of the nanomaterial generally allow us to monitor, prevent, and diagnose diseases, such as cancer,
cardiovascular diseases, and neurodegenerative and psychiatric diseases, diabetes, and infectious diseases [21].
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Table 2: Applications of some of the types of nanomaterials in the health sector.

Type of nanomaterial

Applications in healthcare

Metallic particles (e.g. iron (111) oxide, gold or silver))

*
*
+

Hyperthermia cancer treatment

Selective magnetic bioseparations

Covered with antibodies to cell-specific antigens, for departure from
the surrounding matrix

Membrane transport studies

Drug delivery

Magnetic Resonance Imaging contrast agent %

Silver nanoparticles

= # | F

Anti-microbial agent

Incorporated into a wide range of medical devices, including bone
cement, surgical instruments, surgical masks [22]

Gold shell nanoparticles

+
+

Improve solubility of drugs

Permit further conjugation [22]

Carbon nanomaterials [fullerenes and carbon nanotubes (CNTSs)]

+

Buckyballs’ (football-shaped structures made of 60 carbon atoms) are
used in drug delivery systems to support the optimal transport and
release of medicines to the right target inside the body [22, 23]

Coatings for prosthetics and surgical implants
Functionalized CNTSs:
v’ for therapeutic delivery

v’ for biomedical applications such as vascular stents and neuron
growth and neuron growth and regeneration

v gene therapy, as a strand of DNA, can be bonded to a nanotube

Quantum dots

Tag multiple biomolecules to monitor complex cellular changes and
events associated with diseases

Optics technology [22, 24]

Disease diagnosis and screening technologies

Dendrimers

Polymerized macromolecules—highly branched structures with
interior nanocavities or channels with properties different from those
on the exterior

Used as a transporter for a diversity of drugs (e.g. anti-cancer, anti-
viral, anti-bacterial, etc.) with the capacity to improve solubility and
bioavailability of poorly soluble drugs [22]

Lipid-based nanoparticles

Can fuse with the cell membrane and deliver molecules inside the
cells

Ceramic nanoparticles

Inorganic systems used as drug vehicles (if porous and
biocompatible); used in cosmetic applications (zinc oxide, titanium
dioxide) [22]

Nanotubes, nanowires, magnetic nanoparticles

Disease diagnosis and screening technologies, including ‘lab on a
chip [22, 24]
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Nanoparticles have a great ability to deliver drugs in the optimal amount range, resulting in increasing the therapeutic efficiency of the drugs and
weakened side effects which have more interest in every branch of medicine [12, 25]. Polymers and hydrophilic nanoparticles can be used to
deliver the drug to the targeted part of the body and minimize the side effects [12].

3.2 Applications of Nanomaterial in the Industries

Today, industrial development, therefore, considers nanoparticles as an extended toolbox containing traditionally difficultly to realize properties.
Fig. 6 shows how nanomaterials can be used in a variety of industries, including food processing and drinking, agricultural areas, textile
industries, and so on [7]. Nanoparticles can have different applications in mechanical industries, particularly in lubricants, coating, and adhesive
applications as shown by their mechanical properties. When nanoparticles are inserted into metals and polymer matrix, the tribological properties
at the nanoscale can be controlled to increase mechanical strength. Nanoparticles can improve low friction and wear in the lubricated contact
area because of their rolling mode [12, 13].

Food and drinks
v' Package materials
v Storage life sensors
v/ Additives
v Clarification of fruit juices

Textile/fabrics

v Surface-processed textiles Energy
v Smart clothes “  Fuel cells
% Solar cells
[\ < Batteries
« Capacitors
Automotive industry
v Lightweight construction
v painting (fillers, base coat,
clear coat)
v' catalysts -
v’ tires (fillers .
v senso(rs ) \ Nanomaterial Cosmetics
v Coatings for windscreen >  Sun protection
v and car bodies > Lipsticks
»  Skin creams
»  Toothpaste

\

Chemical industry

v" Fillers for paint systems

v" Coating systems based on
nanocomposites

v" Impregnation of papers

Switchable adhesives

v' Magnetic fluids

Chemical industry

v' Fillers for paint systems

v' Coating systems based on
nanocomposites

v' Impregnation of papers

Switchable adhesives

v' Magnetic fluids

<
AN

Engineering

v Wear protection for tools and machines
(anti-blocking coatings, scratch-resistant
coatings on plastic parts, etc.)

v Lubricant-free bearings

Fig.6: Overview on applications of nanomaterial-based products in different areas [7]

Nanotechnology can be used to develop textile characteristics, for instance fabric softness, toughness, breathability, water repellency, fire
retardant, anti-microbial characteristics, and the like in fibers, yarns, and fabrics, and nanoparticles and nanomaterials are being used for water
and wastewater treatment [26].
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3.3 Risks of Nanomaterials in the Healthcare Sector and Industries

Workers may be exposed to nanoparticles during the manufacturing of these materials, transportation of these materials, formulation of these
materials into products, and handling of these materials. The nano-scale materials have a high frequency of exposure to the worker due to higher
concentrations and high surface area. Special attention is required in the workplace. The study concluded that occupational exposures of
Nanomaterials are most likely to happen during handling and bagging of the materials and there is a high risk of dermal uptake [27].

Parts of the human body, like the skin, lungs, and gastrointestinal region directly or indirectly interact with the environment. Nanoparticles may
be discharged to the surroundings throughout fabrication, usage, additional treating, and removal. Due to their unique shape, small size,
composition distribution, reactivity, and morphology of nanoparticles are estimated to affect their toxicity, creating their toxicity assessment
complex as well as they may stay in the human environment and the body for a longer period compared to their larger corresponding item [28].
Not all nanoparticles produce adverse health effects and the effects or toxicity of nanoparticles depend on several factors, including morphology,
size, shape, aggregation, crystallinity, etc. Some of the main effects of nanoparticles found in the lung include cell tissue damage, inflammation,
chronic toxicity, oxidative stress, cytotoxicity, and tumor formation, among other things, while nanomaterials also affect the cardiovascular
system [24]. As illustrated in Fig. 7, nanomaterials can enter the human body through several pathways, potentially posing a risk to occupational
health:

e The most common method is inhalation, in which exposure to airborne nanomaterials at work can deposit in the lungs and respiratory tract.
As the result of inhalation, they can cross to blood vessels and reach various body organs and tissues as well as reach the brain through the
olfactory [29, 30].

e Asshown in Fig. 7, nanoparticles can enter the body through the ingestion transfer from hand to mouth from the contaminated surface or by
contaminated food or water ingestion as well as nanomaterials also ingested as the result of inhalation of nanoparticles [29, 30].

e Nanomaterials have a high potential to penetrate dermal organs. As a result, they can enter the body in this way and to less extent damage
the skin surface [31].

e Nanomaterials can enter into the blood circulatory systems that are related to blood clots, heart diseases, arrhythmia, and cardiac death, etc.
[32].

NANOPARTICLES INTERNALIZED
IN CELLS

Brain (neurological diseases:

o \ * Parkinson's, Alzheimer's disease)

Nanoparticle inhalation

.

~+Lungs

:

*Circulatory (Artheriosclerosis, vasoconstriction,
system thrombus, high blood pressure)

Mithocondrion «
Nucleus «__
Cytoplasm «- (Asthma, bronchitis, emphysema,
cancer)

Membrane «—
Lipid vesicle -/

Nanoparticles
ingestion
* Heart (arrythmia, heart disease, death)
Gastro-intestinal
system \

(Crohn's disease,
colon cancer)

(disease of unknown

Other organs etiology in kidneys, liver)

Y
“Lymphatic

system

(Podoconiosis,
Kaposi's sarcoma)

Orthopedic implant ¢
wear debris
(Auto-immune diseases,
(Auto-immune diseases,
o *Skin dermatitis)

dermatitis, urticaria,
vasculitis)

Fig. 7: Diagrams of the human body with paths of exposure to nanoparticles, affected body parts, and related diseases from epidemiological
studies [32].
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In standard atmospheric environments, nanoparticles can form agglomerates or aggregates greater than 100 nm, so changing their nano-specific
characteristics. However, nanoparticles can be released from softly assured groups, and definite environments, they can be discharged from
further toughly assured aggregates. Just before determine whether this be situated promising, research should be conducted into lung fluid
subsequently inhalation of agglomerates or else entire sum [24, 33]. Nanomaterials found in the form of agglomerates of as entire sum should be
agglomerates as well as entire sum containing nanomaterials should be taken into consideration in the workplace risk assessment. As shown in
the Fig. 8, after inhalations or ingestion of nanoparticles, they simple distributed throughout the body by the blood circulation that cab causes to

different illness and metabolism disorder.

Some environments that exposure to nanomaterials in healthcare can occur during [29]:

e  Extradisposal of nano drugs from patients
e  Spills of nanomaterials

e Handling of items containing nanomaterials

e Consumption of food and beverages that are contaminated with nano-drugs and

e  Cleaning and maintenance of areas where nano-drugs are handled.

Y&

Lung

Tirain Nanooarticles
‘Bluudfﬂ irculation
j .1
Liver/spleen romb osenesis Athermanous
Plagues

ﬁ‘( Inflammation

Autonomic
Nervous system

/

L

Cardiovascular deaths, hospitalizations

Lung cancer,

COPD

Fig. 8: Summary of potential human effects of nanoparticles 2°

3.3.1 Risk Assessment of Nanomaterials

Knowledge of the identity of the toxicity or risks of the products
besides the exposure levels at the different workstations is
considered by way of hazard valuation [34]. Exposure to
nanomaterials is becoming one of the most significant risks in the
workplace [35], especially for developing countries like African
countries. The risks and occupational exposures of workers or
employers to nanoparticles are caused by a severe lack of
knowledge in these critical areas for assessing danger or risk,
particularly in African countries [34]. In general, to control the risk
and exposure of nanomaterials, there are three approaches, such as

21

engineering techniques, administrative means, and individual
protective equipment [36].

Employers should measure worker contact to nanomaterials to find
the control actions desired and conclude if the controls used are
active in decreasing exposures by [34]:

e  Detecting and describing processes and job tasks where
workers may be exposed to nanomaterials;

e Identifying the physical state of the nanomaterials (dust,
powder, spray, or droplets)
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e Determining paths or methods of contact (breath, membrane
interaction, or digestion) of particulates, slurries, suspensions,
or solutions of nanomaterials;

e Determining what extra controls may be needed based on the
exposure valuation results as well as evaluating the
effectiveness of controls already in place.

3.3.2 Prevention

Companies must guarantee that each worker receives acceptable
and occasionally repeated health and welfare information and
training. Therefore, the obligatory workshop risk assessment and
the hierarchy of regulator actions like elimination, substitution,
technical procedures at source, organizational actions, and
individual caring apparatus (PPE) set in these employees’ safety
directives also apply to workplaces in the healthcare sector and
nanomaterials [37]. There are many types of limitations related to
the nanoparticles at the workplaces that are carried out:-

1. Knowledge of the hazardous properties of nanomaterials;

2. To identify the source of emission and nanomaterials, the
availability of methods and devices

3. The user chains down when the nanoparticles or products
containing the nanomaterials are used or processed that
nanomaterials present in the mixture or articles.

Generally, there are some methods that employers may use to
reduce the potential of nanoparticles at the workstation [38].

a. Personal Protective Equipment (PPE)

It is the last mark of protection in the hierarchy of contact
regulators which provides employees with proper individual
protective apparatus such as respirators [29, 39] gloves as well as
protecting wear. The investigation is ongoing interested in the
suitable choice of lab-coat material as it is related to nanoparticle
penetration.

1. Respirators

Local ventilation systems cannot be sufficient in the activities that
relate to airborne nanomaterials, for instance, milling of bridges or
implants that contain nanomaterials, grinding, sanding. As a result,
respiratory protection such as gas mask respiratory, dust masks,
filtering face-piece respiratory, and powered air-purifying
respirators [39] must be used.

2. Gloves

Most of the time gloves are used in the chemical hazards and in the
health sectors which are effects from the synthetic polymer formed
to protect from the nanomaterials [40]. For particular
nanomaterials, the effectiveness of the glove depends on its form in
the workplaces which is tested with the supplier of the glove. The
actual flow rate of the nanomaterial in the glove depends on the
width plus usage of two pairs of gloves recommended at the same
times [41].

3. Protective clothing
Best prevent the method of dermal contact to nanoparticles; there is
no guide to the choice of other wear.

b. Engineering Controls
Most workplaces in the healthcare sector cannot have a
methodological system for protecting or reducing exposure to

22

nanomaterials, for instance, closed systems that create a physical
barrier between a person and the nanoparticles due to the nature of
the work [42]. This controlling method has used the application of
nanotechnology that is similar to those that are currently used in
controlling aerosols (gases, dust, chemical vapors, etc.) found in
other laboratory applications and/or processes [43].

c. Elimination and substitution

As with all other hazardous materials, the appropriate measure of
elimination and substitution must be given priority over other
prevention measures to prevent workers from exposure to
nanoparticles. If the nanoparticles are possessed, workers should be
eliminated or substituted by other less toxic or hazardous
ingredients. Organizational controls, which are policies and
procedures, are one method for reducing and preventing worker
exposure to nanomaterials or risk [44].

d. Administrative controls

One most important method to reduce and preventing of worker
exposure to nanomaterial or risks is organizational controls which
are policies and procedures [45]. These methods mainly include a
nanoscale material hygiene plan; preparation, training in, and
monitoring use of standard operating procedures; reduction of
exposure time; modification of work practices; and good
workplace and housekeeping practices. These also provide hand
washing facilities and information that encourages the use of good
hygiene practices. To clear out the nanomaterial spills, the
appropriate procedure must be established and the surfaces would
be decontaminated to minimize employee contact [38].

CONCLUSIONS

Nanotechnology and nanoparticles are a fast-growth or expanding
and emerging interdisciplinary  field of  technology.
Nanotechnology is a science that studies materials on a nano-
dimensional scale that is completely different from the same
substances with larger compositions or dimensions. Nanoparticles
have many applications in other fields, not only in healthcare
centers but his review is focused only on the application and risks
of nanoparticles in the healthcare sector. The physicochemical
properties of nanomaterials and health effects must give more
attention at the workplaces especially in developing countries. In
developing countries like Africa, the full information about the
chemical and physical properties of nanomaterials is still not
addressed or completed. The suitable hazard assessment and
prevention systems must be improved and continue in these
countries.
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