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Abstract: The development of nanotechnology is particularly in recent years very dynamic and is 
applied in many not only technical branches. This is not possible to say about monitoring 
of possible health and environmental undesirable influence. The first area of possible risk 
assessment is work environment because there is a lot of possible ways to exposition. 
The aim of the paper is to analyze current situation in the field of occupational safety 
and health management in the workspace with occurrence of nanoparticles not only 
like the engineered nanomaterials. Because there is a lot of influence which could have  
the negative impact on the employee's health.
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Introduction
The goal of Occupational Safety and Health 

(OSH) is to ensure work environment conditions 
which aim to minimize safety risk to staff.  
The primarily used preventive and safety measures 
are of both technical and systemic character and 
are intended for individuals as well as teams. 
The general OSH principles include company 
strategy (legislation, tasks and aims, programmes, 
sets of assessed objects), identification, analysis 
and assessment of hazard, control and corrective 
measures (monitoring, checking, prevention, 
records, inspections, audits etc.), continuous 
monitoring of the results achieved (external and 
internal ones) and comparing them with the expected 
results (Aven, 2016; ČSN EN OHSAS, 2007).  
A functional policy of safe work environment is 

also based on securing the socio-technical system 
as a whole including people (employees) with all 
their qualities (education, ambition, reliability etc.) 
(Aven and Ylönen, 2018; Aven, 2017; Carayon et al., 
2015). 

The development of technologies brings  
the need for a higher level of OSH. New fields 
emerge, especially in industry, where sufficient 
safety and preventive measures have not yet been 
provided, nanoparticles being an example. The issue 
is not only the health risks related to direct exposure 
to these particles. It is also the psychological aspects 
of an employee, their perception of the safety 
level, stress, well-being, attention, productivity etc.  
in work environment containing nanoparticles. 
Another aspect which is not considered is  
the potential resulting risks such as the impact on  
the company operation and the economic side 
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connected with the employees’ incapacity.  
The aim of the study is to analysed a current 
state of the OSH management system with  
the emphasis on the neccesarry of the increasing its 
standard and effectiveness in places which contain 
particles smaller than 2,5 μm. Currently there are 
methodologies and approaches in place for risks 
evaluations that are related to employee's health and 
safety, but they don't take employee's psychology 
(safety level perception, well-being, attention, 
performance, etc.) into account and at the same time 
don't consider possible subsequent risks (impact on 
business operations and economy).

OSH management and their 
tasks related to the occurrence 
of nanoparticles in work 
environment

Management of the work environment 
safety is a very complex system which requires  
the implementation of many supporting processes 
that must be further developed and enhanced to 
keep it fully functional for a long time. To achieve 
a functional system of OSH management, several 
different methods and tools can be used. Companies 
determine their own processes so that they can 
ensure the basic legal requirements using supporting 
tools (ČSN EN OHSAS, 2018; ČSN IEC, 1997; 
Mohammadfam et al., 2017). The current approaches 
select mainly proactive approaches with the emphasis 
on preventing the OHS related problems. We can 
see these new approaches being adopted especially  
in the form of various in-house policies in the sphere 
of OSH or Corporate Social Responsibility (CSR). 
Managers hereby undertake to keep developing 
the control processes and procedures designed for 
monitoring the OSH system. Although it could seem 
that it is only a marginal matter, such obligation 
to continually enhance the level of safety in  
the company combined with an active involvement 
of managers in these activities sets a very good 
example to the subordinates and may motivate them 
to follow their example. (Sheenan et al., 2016).  
The effectiveness of the OHS management systems 
is, for example, dealt with in the study. (Ghahramani, 
2016; Zink, 2005)

Supporting the health of employees by a business 
entity aims to prevent unsuitable working conditions 
and minimize risks. It results in healthy employees, 
who give a better performance and are active longer 
and therefore become a significant economic factor 
in the company. Certain discomfort of the employees 
may result in damage to their health. Risk assessment 

of the work environment should therefore include 
the monitoring of the employees’ complaints about 
excessive strain, decreasing work motivation, bad 
working climate, long working hours etc. (ZSBOZP, 
2018). That is why it is necessary to approach risk 
assessment and prevention comprehensively.

However, the development of society and 
technologies (see Fig. 1) may also result in new 
risks previously unknown to the society and at 
workplaces. These risks and the related work 
activities must be assessed and dealt with. The impact 
of the occurrence of these particles on employees 
is the subject matter of some research results such 
as (Senčík et al, 2016; Mička et al., 2015; Skřehot 
and Rupová, 2011), which focus primarily on the 
related health risks. These negative effects include 
risks related not only to the physical health but also 
mental, certain discomfort, perception of the safety 
level, incapacity etc. All this may also result in an 
adverse economic effect on the entity. It is mainly 
the psychological aspects related to work safety that 
are pointed out by the European Agency for Safety 
and Health at Work, the World Health Organization 
or professional studies (EU-OSHA, 2018; WHO, 
2018; Houtman et al, 2008). New technologies and 
the level of knowledge bring not only positive impact 
but also the risk of negative impact on humans and  
the society as such. Insufficient knowledge, 
awareness or incomplete and distorted information 
possessed by an individual or a group may result 
in hazards that need to be prevented. From  
the employees’ point of view, the whole situation is 
also intensified by the fact that there are currently 
no limits regarding nanoparticles determined by 
legislation. 

Fig. 1 Share of the Nanotechnology Patents to total 
patents [%] (StatNano, 2018)
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Nanoparticles in work 
environment and their impact 
on the health of employees

Nanoparticles are part of human life. They 
have always been on Earth, especially in a natural 
form, for example from volcanic eruptions. With  
the development of human society not only their 
origin began to change and people started to use 
them for example in the glass industry or civil 
engineering. It was not until the development of 
technology that these particles were observed, 
described and produced (Skřehot and Rupová, 
2011). Especially in the recent years there has 
been a rapid development of nanotechnologies 
and their application in medicine, industry, power 
engineering etc. A uniform definition of the terms 
„nanotechnologies“ and „nanomaterials“ has not yet 
been provided and therefore the recommendation of 
2011/696/EU is used within the EU:

"A natural, incidental or manufactured material 
containing particles, in an unbound state or as an 
aggregate or as an agglomerate and where, for 
50 % or more of the particles in the number size 
distribution, one or more external dimensions is in 
the size range 1-100 nm."

In relation to work environment we can divide 
the origin of nanoparticles or nanomaterials into  
3 basic groups:
•	 nanoparticles and nanomaterials created through 

their direct production (so called engineered 
nanomaterials, ENMs),

•	 ENMs used for further production and treatment 
(additives in paints, parts of filtering materials, 
surface treatment of textiles and footwear, 
buildings etc.),

•	 nanoparticles created unintentionally during 
work processes (welding, grinding, combustion 
processes, melting or refining of metal etc.).

In the sphere of OHS and the assessment of 
related risks emphasis is currently placed especially 
on ENMs. However, the work processes during 
which nanoparticles are created unintentionally 
should not be ignored either. (WHO, 2017) 

Risk assessment in work environment 
containing nanomaterials

The number of newly processed nanomaterials 
and their applications keeps increasing rapidly. 
When dealing with these materials, it is necessary 
to emphasize the importance of considering 
and controlling the potential undesirable and 

unacceptable impacts of nanotechnologies and aim 
to develop their possibilities and benefits. The main 
area of interest is the potential unacceptable impact 
on employees as they are the first in  the  company 
to be exposed to the potential risks posed by 
nanotechnology. OHS criteria defining a responsible 
development of nanotechnologies are needed. 
Schulte et al. (2014) introduces five critical 
actions that should be performed by decision-
making authorities on business and social levels - 
if nanotechnology is to be developed responsibly. 
They include:
•	 anticipating, identifying and monitoring  

the potentially hazardous nanomaterials at  
the workplace,

•	 assessing the exposure of the employees to 
nanomaterials,

•	 assessing and reporting hazard and risks that  
the employees face,

•	 risk management focused on occupational health 
and safety,

•	 supporting safe development of nanotechnologies 
and realizing their social and commercial benefits.

All the above-mentioned criteria are necessary 
for ensuring responsible development. Considering  
the fact that the commercialisation of 
nanotechnologies is in the early phase, there are 
still a lot of unknown and worrying questions 
concerning nanomaterials. Therefore, it is prudent to 
treat them as potentially hazardous until sufficient 
data are gathered on the toxicology and exposure for  
the assessment of risk and risk specific to 
nanomaterials (Fig. 2). In this period of development 
the extent of uncertainty and the need for careful 
measures must be clearly determined. 

Fig. 2 General principle of health risk assessment 
and management
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the potential health risk related to a certain material 
it is crucial to update the information about the new 
and changing information on its hazardousness. 

Fig. 3 The percentage of the total number of  
the safety data sheets where nanomaterial was 
put in the „dangerous“ (Y) and „harmless“ (N) 

categories. Group N also includes the safety data 
sheets for which no safety statement was made 

(Safe Work Australia, 2010b)

The basis of hazard identification is 
toxicological research. Responsible development 
of nanotechnologies requires further investment 
in such research. To ensure appropriate care  
in accordance with the TSCA in the USA or 
registration, evaluation, authorisation and 
restriction of chemicals (REACH) in the European 
Union, employers will have to continue investing 
in toxicological research into nanomaterials.  
On December 3rd, 2018 the new EU 2018/1881 
regulation of the Commission was introduced, 
which responds to the development of the current 
nanotechnologies and various nanoforms. This 
regulation changes the 1907/2006 regulation of 
the European Parliament and Commission on 
registration, evaluation, authorisation and restriction 
of chemicals, namely in appendices I, III, VI, 
VII, VIII, IX, X, XI, and XII, in order to take 
into consideration the nanoforms of substances. 
These changes will come into force in January 
2020. Combining toxicological testing with 
hazard determination is not new for the global 
chemical industry. The transition to the nano-level 
uncovered new or increased biological activity 
controlled by size and physical-chemical properties 
and employers will have to continue examining  
the role of these parameters in relation to toxicity.  
A better understanding of the relationship between 
the physical-chemical properties and toxicity will 
make it easier to assess the risks in new materials 
and to design safer nanomaterials. Tools for making 

The main power driving responsible 
development of nanotechnologies and each criterion 
is determination of the responsibility for safety in  
the workplace and exposure of employees. 
On company level it is the employer who is 
responsible for a safe and healthy workplace. When 
nanotechnologies started to be commercialised, a lot 
of employers said that they knew very little about 
the hazard, risks, exposure, and control related to 
nanomaterials. 

This uncertainty related to the hazard and risk 
could have caused that a lot of employers did not take 
the appropriate measures to protect their employees 
This uncertainty concerning the risks prompted 
government agencies to provide instructions on this 
matter. Employees and their representatives are also 
obliged to advocate safe and healthy workplaces, 
encourage the effort to manage risks on the company 
level and take part in it, and advocate safety 
instructions on the social level. Society as a whole 
is responsible for supporting employers, employees, 
trade unions, governments and others in fulfilling 
their obligations. Besides that, the public must be 
informed and involved in talks on new technologies, 
especially in relation to the potential health risks 
which may be connected with this technology. 

Appropriate care and legal mandates require that 
employers should be informed about the hazards that 
their employees might be exposed to and about all 
hazards in the facilities that they control (including 
nanomaterials and other chemical or physical risks). 
If there is any uncertainty about the nature, degree, 
and extent of the hazard posed by nanomaterials, it is 
up to the employers to know what nanomaterials are 
at their workplaces, to identify the processes during 
which exposure may occur, and to support studies 
focused on determining the biological activity of 
nanomaterials. This is not always an easy matter for 
the employers who might unknowingly use some 
components of products containing nanomaterials. 
(Schulte et.al., 2014)

Recent data show that important information 
regarding nanomaterials is not included in  
the current safety data sheets as is shown in Fig. 3 
(Safe Work Australia, 2010b; Eastlake et al., 2012; 
Lee et al., 2012). Besides that, after the introduction 
of the Globally Harmonized System (GHS) of 
Classification and Labelling of Chemicals it is not 
clear how nanomaterials will be identified, classified 
and labelled. However, employers must consider  
the potential hazard related to the materials that they 
produce or treat. If there is any concern, the employer 
should use the current instructions concerning 
exposure control or look up expert information 
on taking appropriate control measures. To assess  
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Fig. 4 Cycle of Risk Assessment Framework 
development and implementation (NIOSH, 2009a)

Last but not least, the kind of risk management 
procedures necessary for the protection of staff will 
depend on the extent of risk (Schulte and Ringen, 
1984; Jonsen, 1991; NRC, 2009; Gibson et al., 
2012). Risk is a probability concept depending on 
hazard (the degree of thereat) as well as exposure. 
Characterizing reliability and uncertainty in risk 
estimation is important for communication and risk 
management. Employers can carry out qualitative 
risk assessment by identifying where exposure 
to nanomaterials occurs and to what extent or by 
identifying possible exposure that could occur among 
their staff in their facilities. Moreover, quantitative 
risk assessment enables risk estimation based on 
empirical data. For QRA such as that carried out 
by authoritative organizations, the process involves 
the extrapolation of toxicological data from studies 
conducted on laboratory animals considering 
the limited accessibility of epidemiological data.  
For nanoparticles in the air it means  
the normalization of the pulmonary burdens related to 
the adverse effects on animals so that the equivalent 
human pulmonary burden can be estimated from  
the information about the exposure of staff. (Kuempel 
et al., 2006; Kuempel et al., 2012b)

Employers are responsible for risk management; 
however, they often need counselling from 
appropriate authorities regarding suitable risk 
management procedures. The general instructions 
recommend informing the authorities about where 
there are nanomaterials and if possible performing 
exposure control as a preventive measure. 
Preventive instructions emerged from the use of 
the proposed and current regulations related to 
nanomaterials, for example for producers to show 
their risk management plans related to carbon 
nanotubes based on the Significant New Use 
Rules (SNUR) to the United States Environmental 
Protection Agency (EPA) within TSCA (EPA, 2013). 
Besides that, the effort for the development of the 
voluntary consensus standards for safe treatment of 
nanomaterials in the workplace (e.g. ISO TC 229) 

categorical toxicity estimates such as various 
alternative testing strategies, quantitative structure-
activity relationship models (QSAR), computational 
toxicology, and bioinformatics must be applied to 
untested materials with similar properties and used 
as a basis for initial risk management. (Makoto et al., 
2017; Nel et al., 2013; Stone et al., 2013)

If the right decisions are to be made concerning 
the control of nanomaterials and the hazard and risk 
related to them, it is necessary to carry out scientific 
research in these areas (see Fig. 4). Considering 
the fact that the results of the tests of short-term 
toxicity of the first generation were used to predict 
the hazard of a small number of nanomaterials 
and to take measures for exposure control, in  
the final consequence, there is a need for standardized 
approaches to toxicological evaluation, specifying 
priorities for toxicity testing and long-term 
assessment; investigation (chronic health effects) 
(Van der Merwe, 2018; Savolainen, 2012; Bonner et 
al., 2013; Stone et al., 2013). If the degree of hazard 
has not been determined, the general instructions 
of government agencies should treat the candidate 
nanomaterials in their workplaces as if they posed  
a potential hazard, until a higher degree of certainty 
is available concerning the presence or degree of 
risk. If the extent of hazard has not been determined, 
the general instructions provided by the government 
agencies recommend treating specific nanomaterials 
in the workplace as potentially hazardous substances. 
(Philbrick, 2010; Schulte et al., 2012)

A critical factor in risk assessment and 
management is measuring the exposure to 
nanomaterials (Ramachandran et al., 2011). It is  
a comprehensive effort, especially in the early 
phase of the natural development of artificial 
nanomaterials, when it is not clear what the suitable 
exposure metric is (Brouwer et al., 2012; Ostraat 
et al., 2013). However, the latest instructions have 
suggested that the weight of particles/the volume 
of air can be a useful criterion for measuring  
the air exposure of nanomaterials. Since the first 
publication of the „NIOSH Approaches to Safe 
Nanotechnology“ document at the NanOEH2 
symposium in Minneapolis in 2005 the government 
instructions on how to assess the exposure of staff 
and implement the risk management strategy have 
been continually improved and updated as soon as 
new information is obtained. (NIOSH, 2009a)

pp. 25-37, DOI 10.35182/tses-2019-0009
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Approaches of risk management 
in workplaces containing nanomaterials

In relation to risk management in the workplace 
and establishing the overall OSH policy of 
specific entities, it is therefore possible to use  
the recommended procedures for managing these 
risks in the workplace. Probabilistic and deterministic 
approaches are generally applied in risk management, 
where the aim is to identify, analyse, evaluate and 
reduce the extent of risk using appropriate measures. 
As some professional studies say (Fojtík et al, 2014; 
YAH et al., 2012; Hirst et al., 2013; Oberdöster et 
al., 2005), the standard control hierarchy aiming to 
eliminate hazard and reduce exposure should also 
be respected in connection with nanotechnologies,  
as Fig. 5 shows. 

Fig. 5 Hierarchy of reducing the extent of risk 
in general (Roy et al., 2014)

The current recommended procedures in risk 
management, especially for nanoparticles, focus 
on the industrial area and processes, where there 
is occurrence of particles which originated as 
either primary or secondary products including  
non-productive processes. The approaches include:
•	 CENARIOS Risk Management - it is based on 

three principles which include hazard and risk 
assessment in relation to a product and process, so 
called 360° system of risk monitoring (estimating 
the relevant trends in research and development, 
focusing on regulation and technologies), 
management, and communication. (RMN, 2017)

•	 Control Banding - a qualitative and 
semi-quantitative approach focusing on  
the management of health and safety risk which 
generally consists of a scoring system for the 
hazard level of nanoparticles/nanomaterials 
and the level of exposure classified by defined 
parameters. Currently, the CB approach is 
implemented through the ISO/TS 12901-2:2014 
standard as a preliminary technical standard of 
ČSN P CEN ISO/TS 27687 Nanotechnology (part 
1 - terminology and definitions, part 2 - applying 

was an early example of responsible development 
(ISO, 2009). It is the responsibility of employers 
to use the best instructions available as the basis 
for exposure control in the workplace (including 
the instructors) and employees are responsible for 
cooperation with employers when carrying out risk 
management processes. 

In these early decades of commercial 
nanotechnology there are a lot of examples 
which show that the principles and procedures of 
responsible development are widely supported 
(Tomellini and Giordani, 2008; NNI, 2011; Forloni, 
2012; BIAC, 2013). However, it is not clear to what 
extent the preventive instructions are followed. 
This needs to be assessed on a national and global 
level. Preliminary research was a good start but it 
reflects a low rate of answers and potential bias of  
the volunteers (Engeman et al., 2012). To minimize 
these distortions, a stricter and more detailed 
evaluation is necessary. There are plans being prepared 
for making such evaluations. However, they are very 
expensive and it will also be difficult to identify 
companies which treat nanomaterials and get access to  
'the workplaces. (Schulte and Iavicoli, 2012; Federal 
Register, 2013). Businesses, the government, and 
other organizations must invest in the development 
and coordination of these evaluations. 

A critical criterion of responsible development 
of nanotechnologies is assessing the extent to 
which there is conformity with the preventive 
instructions about the protection of staff dealing with 
nanomaterials. Besides that, after carrying out this 
assessment, it will be important to identify hot spots, 
i.e. sectors, sub-branches and types of facilities or 
companies in which compliance with the regulations 
is less than suitable and then start rehabilitation and 
strategic intervention (e.g. information campaigns). 

Last but not least, it is important to mention  
a principle which is currently strongly promoted. 
It is the Safe-By-Design concept, which covers  
the whole life cycle of nanomaterials and also 
affects the area of OHS. Namely in the 3rd pillar, 
which focuses on safe conditions at the place where 
nanomaterials are produced, so called Safe industrial 
production. The aim is to gain sufficient knowledge 
and tools for risk assessment in relation to  
the safe industrial production and especially safety in  
the workplace. In this pillar, the focus is on 
professional training of staff regarding occupational 
safety and health. It is an important supplementary 
step and at the same time support for the previous 
pillars in ensuring the overall safety of nanomaterials 
(Micheletti et al., 2018).
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years, however, there is still discussion concerning 
the exact mechanism of this impact on living 
organisms. (Bundschuh et al., 2018; Pandey and 
Prajapati, 2018; Roy et al., 2014)

What are generally considered the main causes 
of the toxicity of inhaled nanoparticles are their high 
surface reactivity and the related tendency to interact 
with cellular bio molecules, especially DNA and 
proteins. These interactions can provoke oxidative 
stress or inflammatory processes in a human body 
depending on the composition of the nanoparticles 
and their other physical-chemical properties  
(e.g. shape, charge), which may lead to further 
secondary effects in the tissues. (Bundschuh et al., 
2018; Pandey and Prajapati, 2018; Roy et al., 2014)

Fig. 6 Nanoparticle exposure (Buzea et al., 2007)

Depending on their composition, some 
nanoparticles may have a toxic impact on the human 
nervous system (Hu and Gao, 2010; Karmakar, 
et al., 2014). There are studies which monitored 
the connection between the concentration of 
nanoparticles and the mental state of persons 
directly in a particular work environment. Park et 
al. (2014) compared the results of 8 psychological 
tests taken by people working in a factory producing 
manganese alloys. In some of the psychological 
tests, the results of the persons who were exposed 
were statistically significantly worse. A similar study 
was later carried out by (Saenen et al., 2016) for 
children attending three primary schools in Belgium. 
They evaluated the connection between the results 
of 6 psychological tests and the concentration of 
nanoparticles to which the children are exposed 
at school and at home. They found statistically 
significant associations between some of the test 
results and both short-term and long-term exposure 
to nanoparticles. Based on a meta-analysis of  

the CB approach). The CB approach is currently 
widely used in methods used for risk assessment 
such as CB Nanotool, Stoffenmanager Nano, 
ANSES Nano, NanoSafer, Swiss precautionary 
matrix. (NIOSH, 2013)

•	 EDF-DuPont NanoRisk Framework - based 
on six basic steps (material and application, 
life cycle, risk assessment, assessment of risk 
management, decision about risk, checking and 
adapting conditions), which are evaluated one by 
one and provide relevant information about risk.  
(U.S. EPA, 2012)

•	 10-step risk management model - a qualitative 
approach based on logically divided basic 
steps - basic knowledge of the work process, 
risk assessment, identification of nanoparticles, 
identification of associated hazard, gaining the latest 
information, evaluation of the ways of exposure, 
risk identification, taking measures, documenting 
the whole process, another assessment of risks and 
the way of their management. (U.S. EPA, 2012) 

•	 Precautionary Risk Management - based on four 
basic steps of risk management among which 
there are technology control (removing potential 
risks - raw materials, production, processes, 
production equipment etc.), production control 
(preventing and limiting the sources of risk etc.), 
personal protective working tools (protection 
of the respiratory tract, protection of the body 
surface etc.), monitoring the work environment. 
(Gourdazi et al., 2013)

Selecting a suitable risk management system 
depends on the type, frequency, and number of 
the processes which take place in the particular 
environment and are related to potential risks in 
the area of nanotechnologies and nanoparticle 
exposure. Considering the accessibility of 
relevant information, a possible modification of  
the approaches mentioned is sometimes 
recommended for a specific environment (Simko 
et al., 2014). However, it is necessary to maintain 
the basic character of the approach and at the same 
time use the knowledge and experience of experts 
when making a modification. The above-mentioned 
managerial approaches primarily use qualitative and 
semi-quantitative assessment. 

The impact of nanoparticles on the health 
of staff

In connection with the rapid development 
of technologies more and more focus is placed 
on research into the effects of nanoparticles on 
human health (Fig. 6). The toxic effect of inhaled 
nanoparticles has been proved many times in the last 
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The Organization for Economic Co-operation and 
Development (OECD) recommends the  following 
for monitoring nanoparticles in work environment 
(OECD, 2015): 
•	 measuring before, during and after the process 

in which nanoparticles are treated in work 
environment; 

•	 measuring simultaneously; 
•	 measuring both during a real production process 

with nanoparticles and during the same empty 
process run without nanoparticles;

•	 measuring in the long term so that the trends 
in nanoparticle distribution can be statistically 
recorded; 

•	 measuring both near the potential sources of 
nanoparticles and further from them in order to 
discover the sources statistically;

•	 measuring at a sufficient distance from the source 
causing air flow (e.g. ventilation).

Although there is still no suitable methodology 
in OSH for increasing safety when working with 
nanoparticles, it is necessary to take various 
measures. One of the options is isolation of  
the process or local ventilation. Myojo et al. 
monitored the leakage of nanoparticles in  
the production process. In the  study they recorded 
27 cases when isolation of the  production process 
or local ventilation was used to eliminate the risks. 
They found that isolation of the production process 
provides practically complete protection while when 
there is only a ventilation system the percentage of 
the nanoparticles captured was approx. 90 % (Myojo 
et al., 2017).

Another option is the behaviour of the staff. 
The  World Health Organization (WHO) think 
that the most effective way of nanoparticle risk 
elimination in work environment is the training 
of staff in the area of nanoparticle health risks and 
having them practise the procedures for their own 
protection. Apart from the training, using personal 
protective tools such as protective masks is also 
important (WHO, 2017).

The European Committee also recommends 
taking operational measures (EU, 2014):
•	 Reducing the number of staff who come into 

contact with nanoparticles.
•	 Reducing the time when the staff who come into 

contact with nanoparticles stay in the exposed 
space.

•	 Changing the current work procedures.
•	 Introducing stricter health procedures (HEPA 

filtration).

31 studies, (Clifford et al., 2016) think that the present 
findings suggest that inhaled nanoparticles have  
a negative impact on the human cognitive functions, 
at least if they are affected during adolescence or 
late ageing. Like other authors (Peters et al., 2015; 
Clifford et al., 2016) also emphasise the necessity to 
carry out more longitudinal studies to acquire more 
detailed information about the effect of nanoparticles 
on the human cognitive functions.

The highest concentrations of nanoparticles 
are usually recorded in facilities where metals are 
treated under very high temperatures such as iron 
and steel works or welding shops (Viitanenet et 
al., 2017). In these facilities the concentrations 
recorded are up to a hundred times higher compared 
with the surrounding atmosphere. Working  
in such environment poses a significant health risk 
for the  staff. People working in facilities using or 
producing nanomaterials which contain industrially 
produced nanoparticles may even be exposed to 
a higher risk (Pietroiusti and Magrini, 2014).

Monitoring nanoparticles in work 
environment for the purposes of risk 
assessment

For the reasons mentioned above, it is necessary to 
deal with nanoparticle exposure in work environment 
and monitor it. During model measurement it is 
important to characterize the source. It is necessary 
to consider leakage of nanoparticles during 
production or during the synthesis of nanomaterial, 
treatment or removal of nanomaterial in the form 
of powder, dispersion of substances containing 
nanoparticles (e.g. sprays), breaking or abrading 
products containing nanoparticles (e.g. grinding, 
cutting). 

The next step is to evaluate the degree of 
transport from the source to the worker. For the ideal 
transport model we must consider variables such as 
the extent of nanoparticle coagulation mutually or 
with the surrounding environment and the extent of 
the disintegration of agglomerate into nanoparticles. 
The last step involves the characterization of 
the  worker’s exposure. The worker can be 
potentially exposed in two basic ways. One is direct 
inhalation and the other is exposure of the worker’s 
digestive system and skin resulting from contact 
with the  contaminated surface, where fallout or 
adsorption of nanoparticles occurred (e.g. work top, 
wall or the worker’s clothes). (Schneider et al., 2011)
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assessment of the studies analyzed above shows 
that the information about the risks related to 
nanotechnologies and nanoparticles is not sufficient. 
One of the reasons is that nanotechnologies have 
been used for rather a short time to such a  great 
extent and the focus started to be placed on 
the potential risks only recently. If nanotechnologies 
are to avoid the kind of problems that afflicted 
the previous technologies emerging, it is necessary 
to define criteria for the responsible development of 
nanotechnologies. The cornerstone of responsible 
development is the obligation to protect the workers, 
who are the first people exposed to the potential 
risks of the technology. Another important aspect is 
the protection of the consumers and the environment 
but the basis of responsible development starts 
with the protection of the workers. This means that 
the  risks identified and also those almost expected 
must be managed properly. Therefore, the culture 
of safety needs to be created, which will include 
measures valid for dusty environments and similar 
protective tools will be used for the work environment 
containing nanoparticles and the  working modes 
used will be based on the principle that exposure to 
nanoparticles is possible only for a necessary period 
of time. 
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Other possible negative effects of 
nanoparticle occurrence in the workplace

There are other complications connected with 
the potentially negative impact of nanoparticles on 
the health of staff which may be very important for 
employers. It is long-term incapacity of the  staff. 
In fact, reducing the sickness rate is one of the main 
goals of every organization. The sickness rate has 
quite „deep roots“ and affects many areas of a business 
management including OSH. The  incapacity of an 
employee affects not only the area of accounting but 
also production. Incapacity can cause a reduction 
in productivity and therefore it is more difficult to 
achieve the targets. The economic impact connected 
with the absence of an employee because of illness 
includes primarily the wage compensation costs, 
the  costs related to a  substituting employee or 
paying for overtime. These costs can often reach up 
to 150 %. Managers know very well today how high 
the price is of an employee. An employee who leaves 
their job costs the company 18 monthly salaries on 
average. Shawn Achor, the author of The Happiness 
Advantage, says that happy employees have 
higher work productivity, produce higher sales and 
incapacity is much less likely for them. The studies 
(Gallagher, 2009) prove that happier employees are 
more precise and have better analytical abilities. 
Happier employees can cope with negative stress 
(Lyubomirsky, 2008), which, according to WHO, 
has fatal impact on the health of staff. Happier 
employees are more productive and hardly ever 
leave their jobs (Deloitte, 2014).

Conclusion
A lot of scientific studies have been published 

on the impact of nanotechnologies on human 
health especially in the recent years. However, an 
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