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Preface

In an increasingly interconnected world, partnerships between universities and corporations

emerge as pivotal agents of change. Their collaborative efforts wield a profound impact on the

global pursuit of the Sustainable Development Goals (SDGs). This book serves as a testament to the

critical role they play in shaping our future, revealing significant market opportunities across diverse

research domains.

The year 2021 marked a profound transformation in how we perceive and address safety

and health in the workplace. On the occasion of the World Day for Safety and Health at Work,

the International Labour Organization (ILO) issued a clarion call to nations worldwide. This call

implored them to strengthen their occupational safety and health (OSH) systems, ensuring resilience

to confront future health crises effectively. The solution, we are told, lies in substantial investments in

OSH infrastructure, seamlessly integrated into comprehensive national emergency preparedness and

response plans. The overarching objective is to safeguard the well-being of workers while fortifying

the foundations of business continuity.

Within these pages, you will embark on a journey of exploration into the ever-evolving landscape

of work environments. As economic challenges test our resolve, a resounding message echoes

forth from the European Agency for Safety and Health at Work (EU-OSHA): the cost of inadequate

occupational safety and health measures is not solely human but also financial. Furthermore,

a multitude of case studies unveiled in this volume illustrate a direct correlation between

proficient OSH management within organizations and the enhancement of overall performance and

profitability.

This book, a collaborative endeavor of diverse contributors from around the globe, casts a

wide net over the realms of Advances in Occupational Health and Safety Management and Risk

Management. It aspires to provide a holistic view of these domains, shedding light on their

multifaceted intricacies. It delves into topics as varied as the mechanics of occupational health

and safety management systems, the art of risk assessment, the cultivation of resilient systems,

the influence of psychosocial factors, the impact of human factors and ergonomics, the criticality

of cost-benefit analysis, and the imperative for accident prevention.

But this book transcends the ordinary. It casts its gaze into the horizon of emerging risks

with profound health and safety implications. It unravels the intricacies of navigating the circular

economy, digitization, nanomaterials, green jobs, and telework, examining their potential effects

on worker well-being. Furthermore, it navigates the uncharted waters of artificial intelligence in

occupational health and safety management and delves into the implications of Industry 4.0 on the

health and safety of the workforce.

As we embark on this collective odyssey through the pages that follow, let us remember that

the pursuit of knowledge is a journey, not a destination. May the insights contained herein serve as

beacons, guiding us toward a future where the principles of safety, health, and sustainability form the

bedrock of our endeavors.

Let us delve deep, challenge conventions, and emerge armed with the wisdom and innovation

needed to shape a world where every workplace is a haven of safety, every task is infused with

purpose, and every individual’s well-being is protected.

Delfina Gabriela Garrido Ramos

Editor
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Overview

This Special Issue of the International Journal of Environmental Research and Public Health
is devoted to the “Frontiers in Occupational Health and Safety Management”. This issue
intends to contribute to the knowledge in the field regarding the new challenges for Occu-
pational Safety and Health (OSH) management. This concern is stated in the EU Strategic
Framework on Health and Safety at Work for 2021–2027, which sets out the key actions
needed to improve the health and safety of workers in the years to come. This new strategy
focuses on three cross-cutting objectives, namely, anticipating and managing change in
the context of green, digital, and demographic transitions; improving the prevention of
work-related accidents and diseases and striving towards a Vision Zero approach to work-
related deaths; and increasing the preparedness to respond to current and future health
crises [1]. This strategy is expected to have a significant impact on the management of
OSH at all levels, including companies from all sectors. It is also a basis for increasing the
awareness and funding support for the improvement of the health and safety of workers.
The European Agency for Safety and Health at Work (EU-OSHA) has an important role
in implementing this strategy at the European level, but also in coordination with the
numerous National Agencies.

The COVID-19 pandemic has had a profound impact on nearly every aspect of the
world of work. The frontiers of OSH were pushed when outbreaks of SARS-CoV-2 were
observed in workplaces, exposing workers, their families, and communities to the risk of
infection. In addition to the risk of infection, workers in all sectors face additional hazards
that have emerged due to new work practices and procedures adopted to mitigate the
spread of the virus. Teleworking, for example, has led to ergonomic and psychosocial risks
with some 65% of surveyed companies reporting that workers’ morale has been difficult to
sustain while working from home [2,3]. Additionally, self-reported symptoms of computer
vision syndrome have increased in several settings [4]. The time spent by workers looking
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at the computer screen during the pandemic has increased due to the long working hours,
thereby increasing eye and vision complaints. To face these problems, new guidance has
emerged with respect to working safely during the COVID-19 pandemic, providing a set of
guidelines to manage the risks that have been arising and to enable the effective and timely
adaptation to changing situations (e.g., ISO/PAS 45005:2020 [5]).

The COVID-19 pandemic, by showing that organisations were not prepared to lead
with this new risk, drew attention to emergency management, particularly for organiza-
tions in the field of public health. The International Labour Organization (ILO), on the
World Day for Safety and Health at Work (28 April 2021), called on countries to implement
resilient OSH systems for future health emergencies. This will require investments in OSH
infrastructure and its integration into comprehensive national crisis emergency prepared-
ness and response plans to protect the safety and health of workers and support business
continuity. Thus, organizational resilience has been given a new boost [2].

Resilience can be defined as the process and outcome of successfully adapting to diffi-
cult or challenging life experiences, especially through mental, emotional, and behavioural
flexibility and adjustment to external and internal demands. The concept of resilience has
become very popular, especially in the 21st century. In the perspective of organisations, it
becomes clear that they must be resilient to rapid technological, environmental, or other
types of changes and install or remove controls quickly and efficiently. Therefore, dynamic
decision making on risk controls will challenge the traditional strategies of OHS [6]. Risk
management, also considered as uncertainty management, allows organisations to attempt
to prepare for the unexpected by minimising risks and extra costs before they happen [7].
From the individual point of view, self-confidence is a good means to cope with the stresses
of life and plays an important part in resilience. Becoming more confident in one’s personal
abilities, including the ability to respond to and deal with a crisis, is a great way to build re-
silience for the future. This concept has become increasingly important with the COVID-19
crisis and has also a certain connection with OSH.

The industry revolution has completely changed the way work is executed. At the
same time that it brought solutions for OSH, it also brought new risks that need to be
recognized and minimized. The frontiers in OSH changed again with the concept of
Industry 4.0, which is now evolving towards Industry 5.0. The human factor becomes
the central axis for the formation of smart cyber-physical socio-technical systems that are
integrated into workplaces’ physical and cultural host environments. New risks have
emerged, leading to a potential transformation of OSH, and giving rise to a new model
called OSH 5.0, in which innovation, digitalization, and cultural transformations constitute
sources of value in work and in its development contexts, in parallel with the concept of
Industry 5.0 [8]. Therefore, the frontiers of OSH are enlarged within this context.

There is a gradual transition to a circular economy, which is a key driver of the EU’s
goal of achieving carbon neutrality by 2050 while creating sustainable growth and jobs.
The circular economy has significant policy and regulatory implications that will affect
future jobs. It will also have consequences for workers’ safety and health. There is, for
instance, an impact on jobs in hazardous sectors related to maintenance and repair as well
as disassembly and recycling, which can have a negative impact on working conditions [9].
The circular economy contributes to better and greater environmental sustainability and
a better intervention at the social level [10]. The circular economy also leads to changes
in organizational processes and/or redesigning tasks, which can have an impact on job
content and satisfaction. The circular economy also influences the enlargement of the
frontiers of OSH [9].

Technological advancement is often a double-edged sword in that it presents both
risks and opportunities. The increasing use of artificial intelligence (AI) is continuously
transforming jobs and work tasks. Although AI-based systems in the workplace offer
many benefits, there is a growing debate on how they impact OSH. The automation (or
semi-automation) of cognitive tasks in particular introduces concerns about workers’ psy-
chosocial wellbeing that must be addressed by policymakers. The recent EU-OSHA report
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on ‘Artificial Intelligence and automation of cognitive tasks: Implications for occupational
safety and health’ identifies a number of key risks that should be addressed by policymak-
ers through analysing labour law and data protection regulation. The most obvious concern
is the threat of job loss, followed by feelings of precarity at work and poor mental health. As
intelligent programs more efficiently process forms, applications, claims, legal documents,
etc., it will no longer be necessary for humans to complete these ‘mind-numbing’ and
alienating tasks [11].

The impact of artificial intelligence on the workplace might create opportunities but
also new challenges for OSH, its management, and its regulation. Artificial intelligence has
also facilitated the emergence of new forms of monitoring and managing workers based
on the collection of large amounts of real-time data. These novel forms may provide an
opportunity to improve OSH surveillance, reduce exposure to various risk factors, and
provide early warnings of stress, health problems, and fatigue. However, they might also
give rise to legal, regulatory, and ethical questions, as well as concerns for OSH [12]. Again,
Artificial Intelligence broadens the frontiers of OSH.

Big data refers to data sets that contain greater variety, arriving in increasing volumes
and with greater velocity, as they are too large or complex to be dealt with by traditional
data-processing application software. According to Wang and Wang [13], big data has
an important influence on safety management in various fields where its applications are
becoming more prevalent. The analysis results of big data have become an important
reference influencing safety-related decision making.

The implementation of integrated management systems allows organizations to
achieve efficient results in reducing risks and increasing productivity, providing a bet-
ter understanding of how management systems influence the OSH risk management in
organizations, particularly in SMEs. The success of the integration of risk management in
OSH depends on both technical and human aspects [14].

In the last decade, there has been a rapid emergence of nanotechnology into several
consumer products, which has led to concerns regarding the potential risks for human
health following consumer exposure. There is also a concern in terms of occupational safety
and health, related to the exposure of workers involved in the manufacturing, process-
ing, and handling of consumer goods containing nanomaterials. Exposure to engineered
nanomaterials has been associated with several health effects including pulmonary in-
flammation, genotoxicity, carcinogenicity, and circulatory effects. Textiles are one of the
most heavily traded commodities in the world. The textile industry is already an impor-
tant user of nanotechnologies and there are a significant number of “nanotextiles” in the
market, including many consumer skin-contact goods, which have been introduced by
the incorporation of nanoparticles [15]. The risk for the workers and for the consumers
is linked to the characteristic properties of nanomaterials that make them different from
their macroscale counterparts and are determined by the physicochemical properties of the
nanomaterial, the interactions with the materials, and the potential exposure levels. The
growing concern about the possible negative effects of nanomaterials on humans and on
the environment can lead to restrictions for consumer products incorporating nanoparticles.
There are many studies about the penetration of nanoparticles into the skin, related, for
instance, to sunscreens and cosmetics, which are often based on nanomaterials. In fact,
only the smaller nanoparticles seem to be able to penetrate the undamaged skin, although
if the skin is injured, larger nanoparticles can penetrate [15]. Nanotechnology is no doubt a
concern and broadens the frontiers of OSH.

Industrial intelligence is a global trend. In developed countries, industrial intelligence
has been developing under relatively mature economic and technology conditions, known
as a tech-led pattern. In other words, industrial intelligence occurs naturally under the
mature conditions of economic and technological conditions. In addition, one of the most
critical conditions for industrial intelligence involves the skills of workers. Recent research
argues that industrial intelligence creates better technology that reduces occupational
injuries [16].
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Recent research argues that robots could replace workers in dangerous work envi-
ronments, for instance, in chemical and mining industries, with a strong impact on the
reduction of occupational injuries [16,17]. However, according to Yang et al. [18], robot
applications do not have a persistent impact on occupational injuries and can even increase
the rate of occupational injuries in developing countries.

Concerning the more familiar occupational injuries, as outlined by Leitão et al. [19],
there is still room for addressing the traditional motivators and hygiene factors associated
with the promotion of the quality of working life (QWL), such as having an appropriate
salary, having a safe work environment, and benefiting from occupational healthcare; thus,
increased attention should be devoted to burnout factors, the so-called de-motivators, as a
moderator of the relationship between QWL and the contribution to productivity at the
organisational level. In this scope, the intelligent and learning algorithms and technologies
could play a preventative role.

Implementing Industry 4.0 and interconnected robotization in industrial enterprises
promotes occupational changes. It is essential to develop cooperation and collaboration
between a robot and a human in a common robotized workplace so that robotization is safe
and effective. A robotic device that works in collaboration with a human operator is called
a cobot. Workplace robotization is particularly suitable for work environments that involve
hazardous chemical substances that are carcinogenic and toxic to humans. Robotization
also helps to improve workplace ergonomics and to avoid, for humans, very laborious and
often repetitive work [17]. The automation of tasks with robots can remove workers from
hazardous situations, and cobots can facilitate access to work for aging workers or those
with disabilities [12]. The use of robots also presents a broadening of the frontiers of OSH.
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Abstract: Being a teacher is one of the most demanding jobs, as a result of this responsibility, these
workers face many psychosocial risks. This study aims to characterize and compare psychosocial
factors in Portuguese and British teachers and discuss how new developments in technology, namely
digital technology can improve education and, in particular, contribute to fewer issues related to
mental health. The Copenhagen Psychosocial Questionnaire Medium Version (COPSOQ II) was
applied to the teachers of six Portuguese schools (three public schools and three private schools), three
British public schools and three private schools with an international British curriculum (Switzerland,
Spain and Portugal). The results showed that cognitive, emotional, and quantitative demands, as
well as work rhythm and work/family conflict, are the key psychosocial factors among these teachers.
Differences were found between the teachers of both countries. Some models are proposed, through
the proposals of Society 5.0, for their minimization and/or removal. Society 5.0 is the vision of a new
human-centered society in the fifth stage launched by Japan in April 2016, and it is cited in our study
with the hope that it will contribute to solving many problems of today’s society.

Keywords: COPSOQ II; education; psychological risks; occupational health; Society 5.0

1. Introduction

Mental health problems are one of the most relevant disorders in occupational set-
tings [1,2]. It is estimated that mental health problems are responsible for around 50% to
60% of all lost workdays [1]. In fact, many psychosocial risk factors often have a high impact
on people’s lives and lead to illnesses such as burnout, stress, anxiety, and depression [1,3].
One of the jobs in which there has been a significant increase in these problems is the
teaching profession [2]. The mental health condition of teachers with different academic
degrees continues to be a concern in different countries, as it can lead them to abandon
the profession, as well as negatively influence students during the teaching-learning pro-
cess [4]. Different risk factors have been contributing to this scenario, making it important
to characterize them and implement appropriate measures to minimize psychosocial risks
in the teaching profession.

It is undeniable that the world is changing rapidly due to the advancement of new
technologies beyond the advancement of information technologies, leading us from the
evolution of our society to the super-intelligent society called Society 5.0 [5]. This is
a human-centered society that balances economic advancement with resolving social
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problems, and a system that integrates physical spaces and cyberspace [6,7]. Given this,
the quality of life can be improved by applying Society 5.0 in education, especially for
teachers in middle and secondary schools [6]. In Society 5.0, people expect social reform
(innovation); with this, we will create a society that faces its future looking through its
eyes, breaking the pattern that exists of being in stagnation. This will be a society where its
members can show respect that will transcend generations, and all citizens can have an
active and pleasant life [6].

In this study, we aim to characterize and compare psychosocial factors in Portuguese
and British schoolteachers, identifying the main factors that affect teachers and providing
possible solutions to minimize psychosocial risks according to the data evidence. These
schools work mainly to ensure that students complete their secondary studies and do their
assessments to join universities.

Through the comparison of the two countries’ realities and curriculums, we wish
to discuss findings in light of Society 5.0, by understanding how new developments in
technology can help education to become better, with fewer issues related to mental health.
It is the opinion of the authors of this work that Society 5.0 will contribute to the creation of
a better future, which is based on the most advanced technologies, but which will have
the human being at its center. It promises the creation of new value through innovation
and the simultaneous promotion of economic development and effective solutions to social
challenges. It will free individuals from the countless constraints to which they are subject
today and will focus on imagination and creativity. It will be an intelligent society capable
of achieving the sustainable development goals towards the ideal society [5,6].

2. Literature Review

2.1. Psychosocial Risks in Education Teachers

Teachers are the key elements of educational services, as they are responsible for the
development of educational programs and education of students at different levels. In
their daily work, they deal with different demands. Their duties include planning and
preparing classes, providing additional support to students, applying teaching-learning
methodologies that ensure student’s participation and engagement, grading tests and
documenting progress, assigning homework, providing individual support, attending
several meetings with co-workers and students’ parents, promoting extracurricular projects,
and completing other administrative tasks. Usually, a good teacher becomes an example
for several students and a source of inspiration and motivation. However, it is essential to
ensure their workability, particularly regarding mental health.

Psychosocial risks are of particular concern for teachers, since they have been related
to high turnover and high absenteeism, which when referring to teachers have a negative
impact on the students’ academic success [8,9]. A recent meta-analysis showed that burnout
(exhaustion, depersonalization, and reduced accomplishment) and job satisfaction have an
important role in teachers’ intentions to leave the profession [4].

According to the literature, teachers are exposed to psychosocial risk factors that
can jeopardize their mental health. Psychosocial risks stem from aspects of how work is
organized, social factors at work and in the work environment, equipment, and hazardous
tasks. In this workgroup, having to deal with challenging students is a common concern,
as identified in the report ESENER in 2019 [10]. In fact, some studies have shown the
importance of students’ bad behavior on teachers’ mental health [11,12]. However, other
psychosocial risk factors are also relevant; particularly those related to demands and
stressors that teachers experience daily beyond students’ behaviors. Baeriswy et al. [11]
emphasized conflicts with parents, workload, and prolonged working hours in emotional
exhaustion in homeroom teachers. Time pressure and discipline problems were predictive
of emotional exhaustion. Skaalvik and Skaalvik [13] verified that when teachers experience
a feeling of value consonance, supervisory support, and positive relations with colleagues
and parents, they report a feeling of belonging. Mijakoski et al. [14], through a literature
review, identified different determinants of teacher exhaustion, including job satisfaction,
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work climate or pressure, teacher self-efficacy, neuroticism, perceived collective exhaustion,
and classroom disruption.

Burnout is a highly prevalent phenomenon among teachers. For example, Bermejo-
Toro et al. [15] showed that between 10 and 20% of teachers could suffer from high burnout
levels and between 20 and 40% from moderate levels. Fernet et al. [16] stated burnout
is predicted by changes in teachers’ perceptions of the school environment, in particular
demands (e.g., work overload, role conflict) and resources (e.g., teacher efficacy, support by
colleagues), and motivational factors (autonomous motivation and self-efficacy).

2.2. Society 5.0 and Its Role in Teachers’ Mental Health and Well-Being Improvement

Society 5.0 is the vision of a new human-centered society in the fifth stage launched by
Japan in April 2016. It is cited in our study with the hope that it will contribute to solving
many problems of today’s society.

Society 5.0 is technology-based, focused on people, and encompasses a multitude
of ‘smart’ applications. The important thing here is that this model puts people right at
the heart of it. Originally coined by the Japanese government, Society 5.0 stands for an
intelligent, fully networked, and sustainable society [17]. In Society 5.0, people expect a
better society than the current one, that is, a society that faces its future where its members
will be able to show intergenerational respect, and citizens will be able to live better [6].
To be able to reach this point, it will be necessary to start deep reforms in several areas,
namely, enterprise reform, individual reforms, and social problem solving.

The purpose of this system will be to use information and communication technologies
to help in the process of improving everyone’s lives. As long as retirement ages are
not extended without compromising the state of the economy, which stops when that
happens, citizens have a good level of health, allowing them to enjoy their last years
without constraints, for example, such as musculoskeletal injuries [18].

It is also the objective of Society 5.0 that all citizens have a quality of life. So, that their
profession does not lead them to have health problems, whether physical, psychological, or
mental during their career.

According to Salgues [5], keywords for Society 5.0 include: (i) adaptability, (ii) agility,
(iii) mobility, and (iv) reactivity. These are linked to the fact that mutations, changes, and
evolutions are constantly observed in our daily lives, reflected in our structure, knowledge,
and skills. Adaptability, agility, and reactivity are crucial and require the implementation
of the Industry 4.0 model, which implies the use of additive techniques that increase the
consumption of a few resources for producing the goods. However, mobility has effects
on means of transport and in our homes, and we see that we are increasingly in a more
mobile and interconnected age. In this new society, Society 5.0 translates to a “new world”,
in which exchange is the most important factor. There will be the concept of the primacy of
issues involving economic exchanges and the primacy of ideas. In western democracies,
what prevailed for years has been the transaction of goods, and its performance of the means
of transport led to globalization, but the primacy of ideas is what will take precedence. For
example, China in 1992 developed its soft power of primacy of ideas, and consequently
today we see all of its economic development. France is also an example of this, in another
field designated as cultural exceptions. This leads us to the concept that the export of ideas
and knowledge has become a source of wealth in a period in which the export of goods is
in decline and the demand for services is increasing [19]. In developed countries, namely
in the United States of America, a high percentage of young law graduates encounter
great difficulties in professional insertion. This happens with the help of AI (artificial
intelligence). The internet of things and cybernetics, in some cases, offer legal advice in just
seconds both for simple and more complex legal cases with an accuracy level of 90% (above
70% of human accuracy). As a result, it is expected that in the coming years, this profession
will see a reduction in staff: 90% fewer lawyers and only those who are specialized will
survive. It is expected, according to Salgues [5], that as early as 2030, the computer will be
able to compete with human intelligence. It is easy to see, even nowadays, that our mobile
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phones already have image recognition software, which can be used for many functions:
for example, looking for people, which is dethroning professional physiognomists.

Social acceptance, however, is a prerequisite to creating Society 5.0. Many fear
change—or are skeptical about technological progress—and this must be addressed. There’s
a growing fear that AI -powered automation will lead to mass redundancies, and some
commentators have said that up to 800 million jobs will go by 2030. This can be a terrible
reality, which we are approaching. Hence, the education system must be geared towards
the new Society 5.0—both in terms of research and teaching. Universities and schools have
a duty to adapt their educational programs for digital natives, particularly when it comes
to preparing for tomorrow’s job market [17]. The implementation of appropriate measures
for a new way of teaching, in which teachers are the main players, is an absolute necessity.

3. Materials and Methods

3.1. Study Design

This is a cross-sectional study, whose aim is the characterization of psychosocial
factors among teachers from European public and private schools, using the Portuguese
and British curriculum. The research questions that guided the study were based on schools
that work primarily to ensure that students finish their secondary studies and take their
assessments to enter universities, as described in the introduction. The difference between
public schools in England and private international schools’ curriculum is that there is
more coursework to cover, which will lead teachers in private international schools to have
more pressure while teaching the British syllabus.

There are similarities between these schools’ countries. Public school teachers only do
their contact time with their pupils and have free periods to cope with all work required
from the job. Apart from their contact time with students, private school teachers have to
cover lessons to replace their peers, exam invigilation, and a more extended shift day than
public school teachers. Consequently, they have an increased workload after they leave
school. The research questions that guided the study were: What are the main psychosocial
risk factors that affect all teachers?; What are the main differences between the psychosocial
factors among Portuguese teachers and British teachers?; What are the main differences
between the psychosocial factors among private and public schools? The schools that
participated in the study were chosen firstly because they met the criteria established for
the study and also because the Heads were interested to know how their teachers were
feeling at that time and wanted to assess the psychological state of their teachers due to an
increase in sick leaves.

3.2. Instruments

The Portuguese middle version of COPSOQ II [20] was used to assess the psychosocial
factors among all the teachers using the Portuguese curriculum. The questionnaire was
applied in international schools. Teachers could be of different nationalities and they had
knowledge of the British curriculum.

Psychosocial risk analysis was performed using questionnaires on the Google Forms
platform to ensure data confidentiality. In response to the questionnaires, respondents
responded privately. These answers were not disclosed to the hierarchical superiors of the
educational establishment.

National and international public and private schools participated in the study, namely:

• 3 Portuguese public schools with a Portuguese curriculum (North Region, Lisbon, and
South Region);

• 3 private schools with Portuguese curriculum (North Region, Lisbon, and South Region);
• 3 public schools in the City of London with a British curriculum;
• 3 private schools with an international British curriculum (Switzerland, Spain,

and Portugal).

The selected schools are essentially dedicated to preparing students for the completion
of secondary education and conducting exams for access to university education. These
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schools began their activities in different decades, but they all have the objective of promot-
ing the academic success of their students in common. Emphasis was given to the number
of students admitted to universities. It was decided that only teachers from the 3rd cycle
and secondary education (teachers with students aged between 13 and 18 years old) would
be studied at the school. This choice was based on the fact the tasks performed by this
group of workers are exposed to greater psychosocial risks as they deal with a group of
students with an average of 25 students during school periods.

The questionnaire was applied online, following a previous contact given the informed
consent by the teachers. The Copenhagen Psychosocial Questionnaire II (COPSOQ II) was sent
via email to be completed, which could be done on computers on the school premises or at
home. These results were stored in the Google forms database.

The items of COPSOQ II are measured using a five-point Likert scale, and the results
of the scales can be presented from one to five points or transformed using the cutting
points of 2.33 and 3.66 in order to obtain a traffic light graphic [20].

The variables measured on a Likert scale were analyzed through the presented cate-
gories, while the quantitative variables were analyzed from the measured values, such as
the average obtained for each question (for questions on a scale of 1 to 5, a value greater
than 3 is greater than the midpoint of the scale), the standard deviation associated with
each question representing the absolute dispersion of responses, the coefficient of varia-
tion illustrating the relative dispersion of responses, the minimum and maximum values
observed for the answers given to the various questions. An internal consistency analysis
was also carried out, allowing the study of the properties of measurement scales and the
questions that integrate them. Cronbach’s Alpha is the most used model in the social
sciences for checking scales’ internal consistency and validity, measuring how a set of
variables represent a given dimension. An internal consistency coefficient value measured
by Cronbach’s Alpha greater than 0.80 is considered adequate, and an internal consistency
coefficient between 0.60 and 0.80 is considered acceptable. Statistical tests used in this
study serve to ascertain whether the differences observed in the sample are statistically
significant, that is, whether the conclusions of the sample can be inferred for the population.
The value of 5% is a reference value used in Social Sciences to test hypotheses; it means
that we establish the inference with an error probability of less than 5%. As the sample size
is in these conditions, it will not be necessary to verify the assumption and parametric tests
can be applied. As the groups under study can be considered significant, the parametric
Student’s t-test is used to analyze a quantitative variable in both classes of a dichotomous
qualitative variable to verify the significance of the differences between the means observed
for both the groups of the dichotomous variable. The t-test poses the following hypotheses:

◦ H1. There is no difference in means between the groups of the dichotomous variable.
◦ H2. There is a difference in means between the groups of the dichotomous variable.

When the test value of the t-test is greater than 5%, the null hypothesis is accepted.
That is, there are no differences between the two groups. The null hypothesis is rejected
when the test value is less than 5%. Therefore, there are differences between the two groups.
The use of the chi-square test is addressed; in the face of two nominal variables or a nominal
and an ordinal variable, the appropriate test to verify the relationship between each pair of
variables is the chi-square, in which we have the hypotheses:

§ H3. The two variables are independent, that is, there is no relationship between the categories
of one variable and the categories of the other.

§ H4. The two variables present a relationship between themselves, that is, there is a relationship
between the categories of one variable and the categories of the other.

The null hypothesis is rejected when the test value is less than 5% (0.05), concluding
that the two variables are related. When the test value is greater than the 5% reference
value, we cannot reject the null hypothesis that the two variables are independent; it is
concluded that they are unrelated.
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3.3. Participants

The sample encompassed 340 teachers from public (N = 170) and private schools
(N = 170), following the Portuguese (N = 170) and British (N = 170) curriculum (Table 1).
These teachers belong to European schools located in different countries: six Portuguese
schools following the Portuguese curriculum, three of them private and the remaining three
public; three British public schools located in London, following the British curriculum;
and three international private schools following the British curriculum, and located in
Switzerland, Spain, and Portugal.

Table 1. Sample characterization.

Portuguese Curriculum British Curriculum

Public School Private School Public School Private School

Number of teachers 85 85 85 85

Gender F M F M F M F M

74 11 74 11 80 5 84 1

Total
170 170

340

We also collected the data about the age group of each teach for each specific school
(Table 2). The schools chosen for the project were chosen because the students had similar
backgrounds, high expectations, and engagement to work at school. So, if students do
not differ so much, the teachers will face similar pressures that will introduce the same
psychosocial risks. Also, regarding the differences between British and Portuguese curric-
ula, the international schools deliver both syllabi (British and the local curriculum), and
the differences between the syllabus created some problems between colleagues (teachers)
arguing about who works more or has the most demanding syllabus. It was this behavior
between peers (that could lead to psychosocial risks) that led to the present study.

Table 2. Sample characterization in terms of age.

Age

<30 Years 30 < Years < 40 40 < Years < 50 >50 Years

Portugal—Public N 0 29 39 17
% no Grupo 0.0% 34.1% 45.9% 20.0%

Portugal Private N 10 44 25 6
% no Grupo 11.8% 51.8% 29.4% 7.1%

International Public N 24 33 21 7
% no Grupo 28.2% 38.8% 24.7% 8.2%

International Private N 22 32 14 17
% no Grupo 25.9% 37.6% 16.5% 20.0%

4. Results

The global assessment of the psychosocial factors among the sample of all teachers of
this study showed the presence of several risk factors, mainly related to the dimension work
demands, but also present in the dimensions of interpersonal relations and work-individual
interface. Also concerning are the results obtained through the health and well-being scales.

According to the respondents, the main risk factors, showed in red label in Figure 1
(from right to left), are those presenting the higher percentages of respondents, which were:
89.7% for cognitive demands; 80.6% for emotional demands; 76.5% for pace of work; 72.9%
for quantitative demands; 70.6% for work/family conflicts; and 65% for labor conflicts.
Among the health and well-being scales, exhaustion (or burnout), showed the higher
percentage of unfavorable results (68.8%), which means a big risk.
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Figure 1. Description of COPSOQ II scales by a traffic light graphic among all teachers.

There are issues that help to minimize the risk, of which we highlight: meaning
of work, development possibilities, transparency of the role-played at work, and social
community at work, among others.

As this study was carried out for Portuguese teachers and foreign teachers, we wanted
to know if the health risks for Portuguese teachers were different from those of international
teachers. Also, it is important to note that Portuguese schools (public or private) have a
massive bureaucratic workload that puts more pressure on teachers’ shoulders, and they
believe that this factor makes their life difficult.

For this analysis, we used descriptive statistics and T-tests to check if they are the same
or if the risks are different.

The horizontal axis of Figure 2 represents the means of all responses obtained for
each case. An asterisk* has been added to the most significant results. Thus, by analyzing
Figure 2, it is possible to confirm that significant statistical differences exist between these
groups on some study scales while others are not significant. Therefore, for these results
and looking only to those that exist, on statistical difference, we can state that for teachers in
Portugal, when we compare with teachers from other countries, the main risks are, among
others, emotional demands, cognitive demands, work/family conflict, labor conflicts, and
exhaustion, that is, burnout. In comparison, the risks that involve more teachers in the
international system are, among others: development possibilities, meaning of work, pace
of work, social community at work.

It is possible to confirm that work conditions are varied, which can create tensions and
different perspectives for teachers.

As this study was carried out for public and private schools, we wanted to know if
the risks of public education teachers are different from those private education teachers.

It is necessary to be aware that when we speak about public schools, these are schools
that have public funding from the local authorities. It’s called public because the taxpayer
pays for it. When referencing private schools, which are paid for by the students’ parents or
careers, the school provides the British curriculum if it is called private international. The
factors: pace of work, quantitative demands, labor conflicts, horizontal trust, work/labor
conflicts and exhaustion (or burnout), are more prevalent for teachers in private schools.
The horizontal axis of Figure 3 represents the means of all responses obtained for each
case. An asterisk * has been added to the most significant results. Thus, as it is shown in
Figure 3, the differences observed are not statistically significant. In the sample, according
to Figure 3, the factors cognitive demands, emotional demands, development possibilities,
social community at work, quality of leadership, general health, sleeping problems, stress,
and depressive symptoms are more prevalent for public school teachers.
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Figure 2. Statistical differences between groups in different countries. *:The ones with the * sign are
the statistically significant.

Figure 3. Statistical differences between public and private schools. *: The ones with the * sign are
the statistically significant.

The factor labor insecurity is more prevalent for teachers in private education. The
factor “meaning of work” does not differ between the two groups.

Not all the differences observed are statistically significant. The ones with the * sign
are the statistically significant. When we analyze the results given by Portuguese teachers,
we can verify the risks do not differ much among all samples. When we analyze the
differences between private and international public education, we find that from the
statistical analysis, we can say that the proof value is less than 5% for Work/family conflict
and Predictability.
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From the obtained results, it is possible to verify that teachers are exposed to the
same risks, but they can change in order. Still, they are the same, and the first seven are
in decreasing order cognitive demands, emotional demands, pace at work, quantitative
demands, work/family conflict, exhaustion (or burnout), and labor conflicts. However,
countries have different bureaucracies and syllabuses in their education system, so the
risks will be different.

When checking the risks regarding public or private management at school, it is
possible to see that exhaustion (or burnout), and work/family conflict are present in all of
them and are important factors. However, the Portuguese teachers have other associated
risks, and they are different due to the organization and requirements of the school. Teachers
that work with the British syllabus do not have statistically significant differences; only the
general health and rewards level are very different.

5. Discussion

Many authors, from the most varied countries, have published studies on exhaustion
work of teachers, which is teacher burnout. For instance, Li et al. [21] conducted a study in
China designed to examine how achievement goals, burnout, and school context relate to
beginning teachers’ turnover intention in China. The results showed that mastery goals
and performance-avoidance goals were related to teachers’ turnover intention because of
burnout. They made a study to examine how achievement goals, burnout, and the school
context relate to teachers beginning to work to turnover their intentions due to reasons that
lead them to burnout, such as mastery goals, performance-avoidance goals, time, pressure
and discipline problems.

Saloviita and Pakarinen [22] conducted a study on Finnish teachers. This study
documented several associations between teacher burnout and background variables.
This work is in line with the work presented here as it confirms the existence of burnout
in teachers.

Prasojo et al. [23] comducted research on Indonesian education. The dataset presents
a relationship for possible predictors of burnout. The study developed by these researchers
suggests that emotional exhaustion (characterized by emotional and quantitative demands
in this study), depersonalisation (in labour conflicts), and reduced personal accomplishment
are the three components that lead people to develop burnout.

Hassan and Ibourk [24] conducted a study to test burnout and job satisfaction among Mo-
roccan elementary school teachers. The results of the study confirmed the two-dimensionality
of the burnout measurement scale.

Brown and Biddle [25] did a study in the USA in which the participants were teachers.
The results showed that the professional protection factor of working in a positive school
climate showed a negative indirect effect specifically on burnout.

From all the studies mentioned here, which also includes our study, we can demon-
strate that teacher burnout is a serious problem at an international level. We know that the
risks really exist, and we have to learn to minimize them [26,27].

Digital transition can have an important role in teachers’ mental health by reducing
their workload. If the work becomes more accessible and more efficient, prolonging
working hours, a relevant risk factor of emotional exhaustion, is avoided, and the teachers
have more time to develop more timely health-promoting actions [11]. Despite recent
changes in schools using online platforms, it is not expected to look to AI as a digital
transition; however, it must be seen as a tool for teachers to decrease their workload. With
the evolution towards Society 5.0, teachers must be able to get a better quality of life.
It’s also a fact that using artificial intelligence, big data, and the internet of things does
not only have benefits, and we are at the start of this transition, so this means that the
systems are not as accurate as they should be and will also process tasks in a stringent
line. So, although everything requires some teacher supervision, this will also lead to more
workload depending on the subjects. Also, because there will be development of the system
and leaving the traditional methods used in schools, this can lead to a more complex overall
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system that some teachers will not be able to follow and will leave some teachers behind
(creating more psychosocial risks).

By the results obtained during our study, and other studies referenced, their mental
health is affecting their quality of life. It is not difficult to explain that psychosocial risks
like the pace of work, quantitative demands required from leadership, and work/family
conflicts generated by the workload and labor conflicts with students and colleagues will
significantly impact teachers’ mental health. This affects peace of mind and, in some cases,
the interaction with pupils, colleagues and family can be quite demanding and challenging
to manage. We cannot forget that people of all ages use sarcasm and irony, so they want to
undermine others in a way that their language and actions cannot target them.

These risks are a relay that brings distress to their lives, but no one may notice it.
However, they can be noticed by work colleagues, leadership, and also family members.
All can see changes in their attitudes, such as error-making decisions and feelings of guilt
and anxiety. Also, their physiological health shows signs like tiredness and different
problems in their musculoskeletal system, which can lead to mistakes or accidents.

With the help of artificial intelligence and internet of things, perhaps it will be possible
to reduce in a significant way the risks regarding quantitative demands and the pace of
work that will lead to a decrease in work/family conflict. Therefore, Big Data allied to
artificial intelligence can reduce the amount of work by providing regular updates to
teachers. It will also help by having access to worksheets and assessments, assisting the
teachers in knowing what each student’s weaknesses are to provide accurate feedback or
resources that will help him to thrive. Of course, there is a need for an online platform that
needs to be updated continuously and should have different languages.

Allowing teachers worldwide to be able to connect and work together will create
support from colleagues even if at that school they do not have that support. It is also
possible to develop new platforms with a lot more resources that can help teachers reach the
goals required by their managers. One of the biggest causes of stress for teachers is marking
assessments, especially when they have to mark exams that are important to provide access
to universities. Due to different perspectives, different training, and because the teams that
support the examiner markers sometimes do not provide an answer in useful time, this can
produce unfairness when grading. Therefore, we can request cybernetics help to perform
the correction of assessments. With this, we will be ensuring uniformity for all students
using the same rules for everyone, and of course accelerating the process to make sure
that results and feedback will be provided to students a lot faster. If we can decrease the
workload for a teacher, they will able to do better work, providing a better balance in life
with work and family. This, in turn, will lead to a decrease in stress eliminating depression
symptoms, insomnia and exhaustion, or burnout. These work improvements will help
them value their job, and not affect them in the way as it is does today. A double effect will
be created: an increase in satisfaction for the teacher who will be a more effective teacher
and will make sure that students will have better preparation for their future. On the other
hand, it will be possible to decrease the amount of money spent every year in health care
for these professionals minimizing the financial impact for governments.

6. Limitations and Future Research

As limitations of this work, we can consider the low number of schools and countries
involved. As future research, we propose expanding the number of schools and countries,
because as we see in this work, the psychosocial risks of teachers is a common problem in
many countries.

7. Conclusions

It is possible to conclude that the risks teachers face are the same in any education
system. Furthermore, those risks are cognitive demands, emotional demands, the pace of
work, quantitative demands, work/family conflicts, exhaustion (or burnout), and labor
conflicts. However, regarding countries/syllabus, those risks are for certain, different. Thus,
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we can conclude that the working conditions that cause these feelings of discontent or
tension are different in different countries. Therefore, in Portugal, differences between the
public and private system of education are statistically different, impacting teachers’ lives.

There are, however, some limitations to this study; several teachers from the private
schools were not comfortable answering this questionnaire. Another aspect that influenced
the results is the massive difference in how the teachers in Portugal get their jobs because
they might have to distance themselves from relatives when moving country, increasing
the risk of psychosocial risks. It was also necessary to complement this study with other
analysis, like TISES (Teacher Interpersonal Self-efficacy Scale) and MBI-ES (Maslach Burnout
Inventory™), to show more critical factors and their real impact.

It is necessary to help teachers to resolve problems like burnout and work/family
conflict; with these problems dealt with, they will be able to develop a better life, which
will lead to fewer emotional, psychological, and physical issues. Measures need to be
taken to improve the life of these professionals. In conclusion, Society 5.0, with the help of
robotics, Big Data, and artificial intelligence can be the chance to help teachers recover their
mental wellness. However, it is imperative to start to think of them as vital to reduce the
psychosocial risks to improve the quality of life for teachers.
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Abstract: Nanomaterials offer new technical and commercial opportunities. However, they may
also pose risks to consumers and the environment and raise concerns about occupational health and
safety. An overview of the standardization in the area of nanomaterials is presented. Focus is given
to the standard ISO/TS 12901-2:2014, which describes the use of a control banding approach for
controlling the risks associated with occupational exposures to nano-objects and their aggregates
and agglomerates greater than 100 nm. The article also presents a case study on a textile finishing
company that implements two chemical finishes containing nanomaterials. A risk analysis was
conducted to assess the hazards associated with workers handling nanomaterials. Control banding
was applied, and measures such as appropriate ventilation and use of protective equipment are
proposed to mitigate risks. In some cases, additional measures, such as a closed booth and smoke
extractor, are required. The safety data sheets are a primary source of information on how to handle
and care for products containing nanomaterials, but the information provided is still limited in terms
of the specific hazards and risks posed by nanomaterials.

Keywords: nanomaterials; occupational health and safety; risk management; control banding;
standardization; textiles

1. Introduction

1.1. Nanomaterials

Nanomaterials are incredibly small particles, as tiny as 10,000 times smaller than a
human hair. To be considered as “nano”, they must have at least one dimension that is
less than 100 nanometers. They can be found in various everyday products, such as food,
cosmetics, textiles, electronics, etc. [1,2].

Nanomaterials have unique characteristics that make them very valuable. This is due
not only to their miniature size but also factors such as shape and surface area. In reality,
the properties of nanomaterials may differ significantly from those of the same materials at
larger scales [1,2].

Due to these distinctions in properties, nanomaterials bring new and exciting pos-
sibilities to different industries and areas, such as engineering, information technology,
medicine, and pharmaceuticals. However, the same characteristics that give nanomate-
rials their special properties can also lead to potential impacts on human health and the
environment [1–4].
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Nanomaterials can be found naturally, such as in volcano emissions, or as a result of
human activities, such as diesel exhaust fumes or tobacco smoke. Of particular interest
are manufactured nanomaterials designed specifically for a certain use, which are already
being incorporated into a vast array of products and applications.

Some nanomaterials have been used for many years, such as synthetic amorphous
silica in concrete and food products, while others are more recent discoveries, such as
nano-titanium dioxide, used as a UV blocking agent in paints and sunscreens; nano-silver,
used as an anti-microbial in textiles and medical applications; or carbon nanotubes, which
are used for their mechanical strength, light weight, heat dissipation properties, and
electrical conductivity in fields such as electronics, energy storage, spacecraft and vehicle
structures, and sports equipment. The market for nanomaterials is rapidly growing and
new generations of nanomaterials are being developed at a fast pace. Note that despite the
numerous advantages of nanomaterials, there is still a significant amount of knowledge
missing regarding their potential health risks [1,4].

In fact, there are significant concerns regarding the health effects of nanomaterials [4].
The Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR)
found that there are proven health hazards associated with a number of manufactured
nanomaterials. Not all nanomaterials necessarily have a toxic effect, however, and a
case-by-case approach is necessary while ongoing research continues [2].

The most significant effects of nanomaterials have been observed in the lungs, includ-
ing inflammation, tissue damage, fibrosis, and the generation of tumors. The cardiovascular
system may also be affected. Some types of carbon nanotubes have been shown to have
effects similar to asbestos. Nanomaterials have been found to reach other organs and
tissues, such as the liver, kidneys, heart, brain, skeleton, and soft tissues. The small size and
large surface area of particulate nanomaterials in powder form can pose a risk of explosion,
while their coarser materials may not [2,5].

Workers can be exposed to nanomaterials in various work environments where nano-
materials are used, handled, or processed, which can cause them to become airborne and
potentially inhaled or come into contact with the skin. This type of exposure is most
common during the production stage, but workers throughout the supply chain may also
come into contact with nanomaterials without realizing it [4]. This raises concerns about the
lack of measures in place to prevent exposure, making it crucial to educate workers about
the potential risks. The European Agency for Safety and Health at Work (EU-OSHA) has
published several resources on risk awareness and communication related to nanomaterials
in the workplace [1].

1.2. Legislation and Standardization

It is important to emphasize that, in 2014, the European Commission published a
recommendation regarding the definition of nanomaterials, which has recently been revised
(Commission Recommendation of 10 June 2022):

“Nanomaterial means a natural, incidental or manufactured material consisting
of solid particles that are present, either on their own or as identifiable constituent
particles in aggregates or agglomerates, and where 50 % or more of these particles
in the number-based size distribution fulfil at least one of the following conditions:
(a) one or more external dimensions of the particle are in the size range 1 nm
to 100 nm; (b) the particle has an elongated shape, such as a rod, fiber or tube,
where two external dimensions are smaller than 1 nm and the other dimension
is larger than 100 nm; and (c) the particle has a plate-like shape, where one
external dimension is smaller than 1 nm and the other dimensions are larger
than 100 nm” [2].

Within the European Union, there is legislation in place to protect workers from
the potential risks associated with nanomaterials, even though the legislation does not
explicitly mention these materials. The Framework Directive 89/391/EEC, the Chemical
Agent Directive 98/24/EC, and the Carcinogen and Mutagen Directive 2004/37/EC, as
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well as the regulations on chemicals such as Registration, Evaluation, Authorization and
Restriction of Chemicals (REACH) and Classification, Labelling and Packaging (CLP), are
particularly relevant in this context. This means that employers must assess and manage
the risks of nanomaterials in the workplace.

If the use and generation of nanomaterials cannot be eliminated or substituted by less
hazardous materials and processes, the exposure of workers must be minimized through
preventive measures following a hierarchy of control that prioritizes elimination, substitu-
tion, engineering controls, administrative controls, and personal protective equipment in
that order. Although many uncertainties still exist, there is a high level of concern about the
safety and health hazards of nanomaterials. Therefore, employers and workers must take a
precautionary approach to risk management and the selection of prevention measures [1,4].

Standard documents are essential to support the effective implementation of legis-
lation. Standards cover terminology, test methods, material specifications, management
systems, and other relevant areas. The authors of this text recently published a review of
standards related to the occupational risk and safety of nanotechnologies [6]. A summary
and update of this review is presented below.

At the international level, ISO has been developing a large set of standards re-
lated to nanotechnology, especially within ISO Technical Committee 229, created in 2005.
Working group three deals specifically with health, safety, and environmental aspects
of nanotechnologies.

At the European level, the Technical Committee CEN TC 352, created in 2006, is
engaged in standardization in the field of nanotechnologies. The standards that have
already been published or are under preparation include those that deal with science-based
health, safety, and environmental practices.

The European Commission has recognized the importance of standards in supporting
legislation and has issued a mandate to the European standardization bodies to develop
testing methods and tools for characterizing, understanding the behavior of, and assessing
the exposure to nanomaterials. This exposure assessment takes into account the health and
safety of workers, as well as the protection of the consumers and of the environment [5].

The coordination of this mandate falls under CEN/TC 352, but multiple CEN and
ISO technical committees are involved in its execution. Several European standards have
already been published under this mandate, and others are currently being developed.
Many of these standards are related to occupational health and safety.

Up to now (April 2023), 32 European standards have been published, including 26
EN/ISO documents developed in conjunction with ISO/TC229. Nine new standards are
being prepared. The updated list can be consulted at https://standards.cen.eu/, accessed
on 15 April 2023.

Related to ISO/TC229, up to now (February 2023), 102 standard documents have
already been published and 32 are under development covering health and safety aspects.
The following documents are especially relevant:

• ISO/TR 12885:2018—Nanotechnologies—Health and safety practices in occupational settings;
• ISO/TS 12901-1:2012—Nanotechnologies—Occupational risk management applied to

engineered nanomaterials—Part 1: Principles and approaches;
• ISO/TS 12901-2:2014—Nanotechnologies—Occupational risk management applied to

engineered nanomaterials—Part 2: Use of the control banding approach;
• ISO/TR 13121:2011—Nanotechnologies—Nanomaterial risk evaluation;
• ISO/TR 13329:2012—Nanomaterials—Preparation of material safety data sheet (MSDS).

In 2006, the Organization for Economic Co-operation and Development (OECD)
established the Working Party on Manufactured Nanomaterials (WPMN) as a subsidiary
body of the OECD Chemicals Committee. This program is focused on examining the
implications of manufactured nanomaterials for human health and the environment. Since
its inception, the WPMN has published more than 100 documents under the “Safety of
Manufactured Nanomaterials” series, some of which are related to standards. A complete
list of all freely downloadable documents can be found at: http://www.oecd.org/env/
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ehs/nanosafety/publications-series-safety-manufactured-nanomaterials.htm, accessed on
15 April 2023 [6].

At the European level, it is also important to mention the Malta Initiative, which
was launched during the Maltese EU Council Presidency in 2017. Although this is a self-
organized group without any legally binding status, it involves 18 European countries,
several Directorates-General of the European Commission, the European Chemicals Agency
(ECHA), authorities, research institutions, NGOs, universities, and industry representatives.
The goal of this initiative is to make legislation enforceable, particularly in the chemicals
sector. To achieve this, it is necessary to ensure that essential test, measurement, and
verification procedures are available. The work of the Malta Initiative is focused on
amending the OECD Test Guidelines in the area of nanomaterials to ensure that the REACH
Regulation is duly adapted to fully cover materials at the nanoscale [6].

1.3. Control Banding Approach Applied to Engineered Nanomaterials

The control banding approach has been widely recommended for the selection of
exposure controls for engineered nanomaterials. This approach is particularly useful for
controlling workplace exposure to potentially hazardous agents with unknown or uncertain
toxicological properties and where quantitative exposure estimations are lacking [6–9].

Already in 2009, the National Institute for Occupational Safety and Health NIOSH)
published an extensive review about control banding [4]. There are several control banding
tools available, such as NanoSafer, Stoffenmanager-Nano, NanoTool, Precautionary Matrix,
ANSES, etc., which can lead to different results [8,9]. In the present study, the ISO Technical
Specification ISO/TS 12901-2:2014 was chosen as it is an internationally recognized method.

The control banding process, as defined in ISO/TS 12901-2:2014, involves several
elements, including information gathering, assignment of nano-objects to a hazard band
based on a comprehensive evaluation of all available data, description of potential exposure
characteristics based on workplace scenarios, definition of recommended work environ-
ments and handling practices by applying control banding methods, and evaluation of the
control strategy or risk banding. Factors such as toxicity, in vivo biopersistence, the ability
of particles to reach and be deposited in various regions of the respiratory tract, and their
potential to elicit biological responses are considered when assigning a hazard band to each
material. Actual exposure measurement data and the potential for dust generation during
processes are also taken into account when defining exposure scenarios at the workplace.

A new registration system for nanomaterials has been introduced under REACH
Regulation, which took effect in January 2020 (Commission Regulation (EU) 2018/1881 of
3 December 2018). It is recommended that chemical suppliers incorporating nanomaterials
provide more information on hazards and risk mitigation measures in safety data sheets
based on the guidelines provided in ISO/TR 13329:2012. This information is necessary for
the implementation of the control banding approach [10].

More recently, the new Commission Regulation (EU) 2020/878 was introduced on
18 June 2020, which amends Annex II to REACH, providing requirements for compiling
safety data sheets used to provide safety information on hazardous chemical substances and
mixtures in the EU. This regulation, which came into full force in January 2023, provides
more detailed requirements to be included in the safety data sheets of chemicals that
include nanoforms.

1.4. Use of Nanotechnology in Textiles

Nanotechnology is frequently used in textile products to provide specific function-
alities, such as incorporating nanoparticles into textile materials. The common effects
include antibacterial effects (using, for instance, nanosilver), ultraviolet protection (using
nano-titanium oxide), and self-cleaning through the nanostructuring of the surface. The
durability of nanoparticles in textiles depends not only on their attachment to the fabric but
also on the impact of the fabric’s lifecycle, which can cause damage to the textile material
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or the bond between the nanoparticle and fibers due to abrasion, mechanical stress, UV
radiation, body fluids, water, detergents, and temperature changes [11–13].

Nanoparticles can interact with the human body through inhalation, ingestion, and
skin contact, with skin contact being the most relevant pathway for textiles. As part of
the European Commission’s mandate, CEN/TC248 (Textile and Textile Products) has de-
veloped a specific test method for skin exposure to nanomaterials. The technical report
CEN/TR 17222:2019 titled “Textile products and nanotechnologies—Guidance on tests to
simulate nanoparticle release—Skin exposure” has been published [14]. This method is
based on existing textile standard test methods, which include the extraction of nanoma-
terials using artificial perspiration solutions under physical stress (a method adapted by
Goetz et al. [15]) and measuring the release to the air from the textile due to mechanical
action [11,12].

2. Materials and Methods

2.1. Control Banding: ISO/TS 12901-2:2014

The control banding approach was originally developed by the pharmaceutical indus-
try to safely handle new chemicals with limited or no toxicity data. This practical method
can also be utilized to manage the risk of exposure to possibly hazardous agents in the
workplace that have unknown or uncertain toxicological properties, such as nanomaterials,
where quantitative exposure estimations are not available.

Developing a control banding approach for nanomaterials presents a significant chal-
lenge, as it is necessary to determine which parameters and criteria are relevant to assign a
nano-object to a control band and which operational strategies to implement. Producers
or importers are responsible for identifying whether their product contains nanomaterials
and must provide relevant information in safety data sheets, labels, etc., in accordance with
existing regulations. By utilizing this information, companies and employees can recognize
potential hazards and implement appropriate controls [4,6,11,12,16].

ISO/TS 12901-2:2014 mentioned above is a Technical Specification developed by the
ISO that presents a guide to the use of control banding in managing occupational risks
associated with engineered nanomaterials. Given the level of uncertainty in assessing po-
tential work-related health risks from nano-objects, including aggregates and agglomerates
larger than 100 nm, control banding is a valuable tool for risk assessment and management
of nanomaterials. The control banding process outlined in this standard includes several
elements, which are well-summarized in the infographic presented in the standard and
briefly described below.

First, information must be gathered, and if there are limited or no data available,
“reasonable worst-case assumptions” should be used along with management practices
appropriate for those options. Then, hazard banding is used to assign a hazard band to
nano-objects based on a comprehensive evaluation of available data, taking into account
parameters such as toxicity, in vivo biopersistence, and respiratory tract deposition. Ex-
posure banding is used to assign an exposure scenario to an exposure band, taking into
account the physical form and amount of the nano-object, dust generation potential, and
actual exposure measurement data. Next, control banding is implemented proactively or
retroactively to define recommended work environments and handling practices based on
hazard banding and fundamental factors mitigating anticipated exposure potential. Finally,
periodic and as-needed reviews are conducted to ensure that the information, evaluations,
decisions, and actions from the previous steps are kept up to date [4,7,11,12].

ISO/TS 12901-2:2014 describes five hazard bands, as summarized in Table 1 [7].
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Table 1. Hazard bands.

Category Hazard

HB A No significant risk to health
HB B Slight hazard—slightly toxic
HB C Moderate hazard
HB D Serious hazard
HB E Severe hazard

Details of the allocation of the different hazard bands can be found in Table 1 in
the standard.

In terms of exposure banding, the standard proposes four levels from EB 1 to EB 4
corresponding to increased levels of exposure to nanomaterials. In the case of production
processes where nanomaterials are handled in liquid form, exposure banding using the
levels EB1 or EB2 is normally suggested. When nano-objects are in suspension in a liquid,
the choice depends on the amount of liquid and number of nano-objects involved, as well
as the potential for aerosol generation [12].

Table 2 presents the control measures proposed in the standard.

Table 2. Specific control measures for risk mitigation bands.

Level of Risk Control Measure

CB 1 Natural or mechanical general ventilation

CB 2 Local ventilation: extractor hood, slot hood, arm hood,
table hood, etc.

CB 3 Enclosed ventilation: ventilated booth, fume hood,
closed reactor with regular opening

CB 4 Full containment: glove box/bags, continuously
closed systems

CB 5 Full containment and review by a specialist:
seek expert advice

Control banding can be determined by combining the hazard bands and the potential
exposure band. The corresponding matrix included in ISO/TS 12901-2:2014 is presented in
Table 3 [7].

Table 3. Control band matrix as a result of hazard and exposure potential bands.

Hazard Band Exposure Band

EB 1 EB 2 EB 3 EB 4

HB A CB 1 CB 1 CB 1 CB 2
HB B CB 1 CB 1 CB 2 CB 3
HB C CB 2 CB 3 CB 3 CB 4
HB D CB 3 CB 4 CB 4 CB 5
HB E CB 4 CB 5 CB 5 CB 5

2.2. Case Study

In a case study conducted by Ramos et al. [11], the methodology of control banding
was applied in a Portuguese textile finishing company specialized in producing knitted
fabrics. The study focused on the use of nanomaterials in two chemical finishes—namely,
mosquito repellent and antibacterial finish—which were applied to specific customers’
textile products. The risk analysis was mainly focused on four workers who were in-
volved in preparing the finishing baths and operating the stenter frame for knitted fabric
finishing [4,7,11,12].
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The safety data sheets for the two chemicals, in accordance with the CLP regulation
(Regulation EC No 1272/2008), present the hazard statements (H) and precautionary
statements (P) shown in Tables 4 and 5.

Table 4. Product A (mosquito repellent).

Product A (Mosquito Repellent)

Hazard Statements (H) Precautionary Statements (P)

H319—causes serious eye irritation P233—keep container tightly closed
P261—avoid breathing dust/fume/gas/mist
/vapors/spray
P305 + P351 + P338—if in eyes, rinse cautiously with
water for several minutes; remove contact lenses, if
present and easy to do; continue rinsing
P305 + P351 + P338—if in eyes, rinse cautiously with
water for several minutes; remove contact lenses, if
present and easy to do; continue rinsing
P403 + P233—store in a well-ventilated place, keep
container tightly closed
P501—dispose of contents/container according to
local/regional/national/international legislation

Table 5. Product B (antibacterial finish).

Product B (Antibacterial Finish)

Hazard Statements (H) Precautionary Statements (P)

H302—harmful if swallowed
H318—causes serious eye
damageH332—harmful if inhaled

P233—keep container tightly closed
P261—avoid breathing dust/fume/gas/mist
/vapors/spray
P280—wear protective gloves/protective clothing
/eye protection/face protection
P273—avoid release to the environment

H410—very toxic to aquatic life with
long-lasting effects

P301 + P312—if swallowed, call a poison center or
doctor/physician if you feel unwell
P305 + P351 + P338—if in eyes, rinse cautiously with
water for several minutes, remove contact lenses, if
present and easy to do, continue rinsing
P501—dispose of contents/container to approved
incineration unit

The two chemicals, delivered in cans in an aqueous suspension, are applied to cotton
knitted fabrics through padding and heat setting in a stenter frame. It should be noted that
neither the product information nor the safety data sheets explicitly mention that these
chemicals contain nanomaterials, although this information is indirectly provided by the
suppliers. In one case, the information just states that the remaining composition of the
product is kept secret by the company.

The risk analysis primarily focused on the four workers involved in the preparation of
the finishing baths, starting in the chemical warehouse, and in the operation of the stenter
frame. The workers’ tasks included opening the cans, weighing the required amount for
each batch, transporting the chemicals to the production process, transferring the chemicals
to the stenter frame (via automatic dispenser), mixing and preparing the chemicals (with
the addition of water), and, finally, developing the finishing process in the stenter.

3. Results and Discussion

The hazard band HB B was selected for product A (mosquito repellent) due to the
potential for serious eye irritation. Exposure band EB 2 was chosen because it is in a
suspension form and used in quantities greater than 1 L, with low potential for aerosol
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formation. During production, the exposure of workers to nanomaterials is low, resulting
in the selection of EB 1. The control band CB 1, which includes natural or mechanical
general ventilation, was chosen in accordance with Table 2.

The company has already implemented all of the measures recommended in this
study, ISO/TS 12901-2: 2014, and the product safety data sheet for product A. Workers
wear protective glasses, 0.7 mm thick butyl rubber gloves, protective clothing, and a
respiratory mask when vapors are released. The results of the control banding process for
the different tasks performed by workers handling product A are shown in Table 6.

Table 6. Selection of control bands for product A (mosquito repellent).

Task Hazard Band Exposure Band Control Band

Opening of the packaging and
weighing of

the chemicals
HB B EB 2 CB 1

Transportation and
trans-shipment HB B EB 2 CB 1

Preparation and start HB B EB 2 CB 1
Production HB B EB 1 CB 1

Product A has potential to cause serious eye irritation, so hazard band HB B was
chosen for all tasks performed by the workers. Exposure Band EB2 was selected for
all tasks except the production phase, as the chemical is in a suspension form with low
potential for aerosol formation but is used in quantities greater than 1 L. For the production
phase, EB 1 was selected due to the low exposure of workers to the chemicals. In accordance
with Table 3, the corresponding control band CB 1 was chosen, needing only natural or
mechanical general ventilation [12].

The company has already implemented all suggested measures for product A, includ-
ing personal protective equipment (PPE), such as protective glasses, gloves, clothing, and
respiratory masks.

Table 7 presents the results of the control banding process applied to the different
tasks performed by the workers involved in handling product B.

Table 7. Selection of control bands for product B (antibacterial finish).

Task Hazard Band Exposure Band Control Band

Opening of the packaging and
weighing of

the chemicals
HB C EB 2 CB 3

Transportation and
trans-shipment HB C EB 2 CB 3

Preparation and start HB C EB 2 CB 3
Production (stenter) HB C EB 1 CB 2

Product B has potential to cause serious eye damage and other health issues. Therefore,
the hazard band HB C was selected for all tasks performed by the workers. Exposure band
EB 2 was selected since this chemical is in a suspension form with low potential for aerosol
formation but is used in quantities greater than 1 L. However, in the case of the production
phase, where worker exposure to nanomaterials is low, EB 1 was chosen. In accordance
with Table 3, the corresponding control band for product B is CB 3 for all tasks except
for the production process, where CB 2 is suggested. CB3 involves the need for enclosed
ventilation (a ventilated booth, fume hood, closed reactor with regular opening) whereas,
for the production process, local ventilation is sufficient, such as an extractor hood, slot
hood, arm hood, table hood, etc.

The company has implemented measures recommended by the product safety data
sheet and ISO/TS 12901-2:2014. Workers wear protective glasses, nitrile rubber gloves,
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protective clothing, and respiratory protection when vapors are released. Further measures
requiring more investment will be implemented at a later stage [12].

4. Conclusions

The control banding approach was used to suggest risk mitigation measures based on
work station analysis and supplier information concerning the chemicals used.

Although there are, in most cases, still no legal occupational exposure limits, it is
recommended that the company conduct exposure measurements for chemicals with
nanoscale materials at the workplace as these limits can come up in the future.

The lack of information on specific nanomaterials and corresponding risks in safety
data sheets is a major issue. To address this, it is suggested that suppliers include more
detailed hazard and risk information in safety data sheets based on ISO/TR 13329:2012
recommendations [10].

Note that, since January 2023, within the European Union, it is required to include
information concerning the nanoforms present in chemicals.

It is also recommended to measure occupational exposure to engineered nanomaterials;
for instance, using the method used by Iavicoli et al. [17].

The use of other control banding tools is also suggested for future work, allowing a
comparison of the results obtained.

It is worth noting that ISO/TS 12901-2 is currently under revision, so updating the
present study in the future is also recommended.
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Abstract: Studies have shown there is an association of chronic diseases with working days lost,
considering the impact of these pathologies on the levels of vulnerability of the individual’s health,
with an increased risk of work disability. This article is part of a more comprehensive investigation
on the sickness absenteeism of civil servants of the legislative branch in Brazil, with the purpose of
determining the comorbidity index (CI) of the individuals and its correlation with days of absence
from work. Sickness absenteeism was counted from the data of 37,690 medical leaves, from 2016 to
2109, involving 4149 civil servants. The self-administered comorbidity questionnaire (SCQ) was used
to estimate the CI, based on the diseases or chronic health problems declared by the participants.
The average number of working days lost per servant per year was 8.73 days, totaling 144,902 days
of absence. The majority of the servants (65.5%) declared at least one chronic health condition.
A significant association between the CI scores and working days lost was observed (r = 0.254,
p-value < 0.01), thus showing that the CI may be an important predictor of sickness absenteeism.
Chronic diseases or health problems are a characteristic of the general population, often affecting
working capacity.

Keywords: chronic disease; comorbidity; multimorbidity; sickness absenteeism; comorbidity index;
civil servant

1. Introduction

Work absenteeism is a global phenomenon that affects public and private organizations
with detrimental effects on employers, employees, government, and society. Globally,
annual statistics indicate the occurrence of about 374 million non-fatal work accidents,
which cause at least four days of absence from work. In addition, over 2.7 million worker
deaths from occupational accidents or illnesses have been reported [1]. In Europe, sickness
absenteeism averaged 11.5 days per worker per year from 1970 to 2019 [2]. In Brazil, a
total of 2,934,155 occupational accidents were recorded from 2015 to 2019, of which 34%
caused at least 16 days away from work. Of these accidents or occupational diseases,
85,603 occurrences involved Brazilian civil servants from the executive, legislative, and
judiciary branches [3]. Moreover, the International Labor Organization (ILO) has reported
negative economic effects at around 3.94% of the Gross Domestic Product worldwide each
year due to work absenteeism [1].

Several studies on sickness absenteeism in the public service have reported some
pathological predictors of work absences, including mental health problems, musculoskele-
tal disorders, trauma to different parts of the body, and respiratory system diseases, among
others [4–7]. In this context, individuals with comorbidity may present a higher degree of
absence from work due to the level of human vulnerability. In Australia, individuals with
comorbidity reported greater symptom severity, poorer work performance, and a greater
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number of working days lost when compared to individuals with more favorable health
conditions [8].

1.1. Work Absenteeism and Sickness Absenteeism

Work absenteeism is the absence or non-attendance of the worker at work, regardless
of the reason and legality [9]. As reported by De Oliveira (2016, p. 14) [10], absenteeism can
be understood as a phenomenon of multifactorial etiology, characterized by an unplanned
absence from the workplace. In addition, absenteeism is understood as absences due to per-
sonal health problems, leading to medical leaves [4]. According to the ILO, absenteeism is
the absence from work due to a worker’s incapacity for the working tasks, caused by illness
or an accident injury, or risk of transmission of some disease, excluding non-attendance
at work resulting from pregnancy and imprisonment [11]. Sickness absenteeism is a phe-
nomenon that affects private and public organizations since all work exercises can expose
the worker to dangers inherent to the environment and general working conditions, regard-
less of the type of work. As reported by Rodrigues et al., (2013, p. 138) [5], absenteeism
is a worldwide phenomenon of multidimensional character, resulting from non-specific
complaints and declared illnesses, and its occurrence and evolution are influenced by
socio-demographic, behavioral, and occupational factors, among others.

1.2. Comorbidity

The term comorbidity does not reflect a conceptual consensus or convergence re-
garding its application in health care, with distinct approaches from several authors and
health institutions. However, there is no disagreement about the association of this health
condition with incapacity to work, and therefore absenteeism from work. Briefly, comor-
bidity has been described as the coexistence of two or more diseases in a patient, taking
as reference an index disease, while multicomorbidity comprises an equivalent condition
regarding the presence of diseases or chronic health problems in the same individual, with-
out considering a medical condition as reference or dominant [7,8]. When dealing with the
conceptualization of comorbidity, Valderas et al., (2009) [12] recognize that although there
is no agreement on the subject, comorbidity is most often defined according to a specific
index condition (main or reference disease). In this regard, the author presents Feinstein’s
definition, which describes comorbidity as any additional different entity that has existed
or may occur during the clinical course of a patient with an index disease under study. On
the other hand, the author brings the concept of multimorbidity as the “co-occurrence” of
multiple chronic or acute diseases and medical conditions in the same individual, with no
reference to an index condition. As the proponents of the term multimorbidity prefer to
focus on primary care, the term index disease is often not applied. Valderas et al., (2009) [12]
refer to the morbidity burden, defined as the total burden of physiological dysfunction, or
diseases with some impact on the physiological reserve of an individual. In turn, the term
patient complexity can be defined as an interaction between the socioeconomic, cultural,
environmental, and behavioral characteristics and the health conditions of the individ-
uals, which can exert an influence on the morbidity burden. Figure 1 shows a graphic
representation of these concepts.

According to the authors, comorbidity and multimorbidity are associated with ad-
verse health outcomes. Eventually, the emphasis on an index disease may be important
in specialized care. On the other hand, when primary care is the interest, the burden of
multimorbidity becomes the focus, thus the patient should be treated as a whole, without
privileging any specific medical condition [13]. Depending on the perspective of analysis,
the differentiation between multimorbidity and comorbidity can be unreal since the same
individual can be considered in both situations [13]. The conceptual relevance of comorbid-
ity and multimorbidity is due to the impact of the approach on healthcare systems dealing
with patients with multiple chronic conditions, which leads to a direction in research. In
this regard, the term “comorbidity” was first proposed in 1970 by Feinstein to describe
any pathology or health problem additional to an index disease. However, since 1976, the
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term “multimorbidity” has been used more frequently by researchers to designate the same
thing as morbidity [14]. Due to a growing ambiguity in the adoption of the two terms, in
1996 Van den Akker et al. suggested keeping Feinstein’s original concept for comorbidity,
while multimorbidity was defined as the occurrence of multiple chronic or acute diseases
and medical conditions in the same individual [14].

  

 

Figure 1. Comorbidity constructs, adapted from (Valderas et al., 2009 [12]).

Due to their representativeness in individual health, comorbidity and multicomor-
bidity should be considered highly relevant variables in studies aimed to estimate absen-
teeism due to illness in organizations, whether private or public. This article is part of a
larger investigation on sickness absenteeism of civil servants that work in the Legislative
Houses (Federal Senate, House of Representatives, and Legislative Assembly of the State
of Goias—ALEGO) in Brazil, which aims to evaluate the prevalence of diseases or chronic
health problems of the participants, as well as the effects of this medical condition on the
number of working days lost by these servants.

2. Materials and Methods

2.1. Experimental Design

The present study consists of an observational, cross-sectional, and analytical quanti-
tative approach to sickness absenteeism of civil servants working in the legislative branch
in Brazil. The research was developed with the approval of the Ethics Committee of the
Federal University of Goias, under register number 3.962.630 on 9 April 2020.

2.2. Participants

The counting of sick leave involved a total of 4149 servants who were absent from work
for health reasons between January 2016 and December 2019. To evaluate the individual
health condition determined through the comorbidity index, 447 electronic questionnaires
answered voluntarily by the participants were validated, which meets the sample sizing
requirements for a sampling error ≤ 0.5 and confidence level = 95%.

2.3. Measurements and Data Collection

The medical leaves with the reasons for absence and the respective working days
lost by the servants, as well as the sociodemographic and occupational information, were
made available by the organizations participating in the research, in a spreadsheet de-
veloped especially for this purpose. The health condition of the servants was evaluated
using the self-administered comorbidity questionnaire (SCQ), developed, and validated
by Sangha et al., (2003) [15]. All absent servants who agreed to participate in the study
answered the SCQ in electronic format, under the condition of anonymity, which allowed
for estimating the CI of the participants. This instrument allows the evaluation of the comor-
bidity condition from individual responses about the presence of diseases/chronic health
problems, necessary medical treatments, and limitations imposed by medical conditions
in the execution of activities. According to the SCQ, the higher the incidence of chronic
diseases, combined with the need for medical treatment and restrictions in performing
activities, the more serious the state of health. People with high CIs may have a higher level
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of personal health vulnerability, leading to a greater likelihood of work absences, especially
when their health status is ignored in the workplace. Concerning the SCQ score, an individ-
ual can score a maximum of 3 points for each medical condition, consisting of 1 point for the
presence of the active health problem, 1 point for the existence of medical treatment, and
an additional point in case of functional limitation. The questionnaire presents 13 health
problems and 3 additional possibilities, totaling a maximum score of 48 points or 39 points
when the open items or closed items are used, respectively. Comorbidity was expressed as
an index (CI) with a value between 0.00 (no morbidity) and 1.00 (maximum score on the
questionnaire), obtained by the ratio between the score achieved by each individual and
the maximum possible score.

2.4. Statistical Analysis

The counting and preliminary treatment of the sick leave data as well as the CI calcu-
lation were performed using Microsoft Office’s Excel software, version 2302. The statistical
analysis of absolute and relative frequencies and measures of position and dispersion and
the correlation between variables were performed using IBM® SPSS Statistics (Statistical
Package for the Social Sciences, Inc., Chicago, IL, USA)

3. Results

3.1. Sociodemographic and Occupation Characteristics

The servants that responded to the comorbidity survey (n = 447) were predominantly
male (52.7%), married/stable union (69.1%), and a mean age above 46 years. Table 1 shows
the sociodemographic details of the participants.

Table 1. Sociodemographic and occupation characteristics of the participants.

Variables
ALEGO

House of
Deputies

Federal Senate All LH

n (%) n (%) n (%) n (%)

Gender Male 11 (61.1) 117 (48.4) 104 (57.8) 232 (52.7)
Female 7 (38.9) 125 (51.6) 76 (42.2) 208 (47.3)

Marital status Single/widowed 2 (11.1) 37 (15.3) 53 (29.5) 92 (20.9)
Married/stable union 12 (66.7) 187 (77.3) 105 (58.3) 304 (69.1)

Separated 4 (22.2) 18 (7.4) 22 (12.2) 44 (10.0)
Education Elementary school 1 (5.6) 0 (0.0) 1 (0.6) 2 (0.4)

High school 2 (11.1) 6 (2.5) 4 (2.2) 12 (2.7)
College 7 (38.9) 29 (12.0) 33 (18.3) 69 (15.7)

Specialization 6 (33.3) 141 (58.3) 110 (61.1) 257 (58.4)
Master 2 (11.1) 44 (18.2) 26 (14.5) 72 (16.4)

PhD 0 (0.0) 22 (9.0) 6 (3.3) 28 (6.4)
Age M(SD) 1 43.1 (10.0) 46.6 (7.6) 45.5 (9.1) 46.3 (9.4)

Working hours M(SD) 1 6.4 (0.6) 8 (0.0) 7.6 (0.6) 7.8 (0.5)
Length of service

(Seniority) M(SD) 1 12.4 (12.4) 14.5 (8.3) 14.2 (9.7) 15.8 (10.5)

1 Mean (Standard deviation).

3.2. Global Sickness Absenteeism Data

The work absences of civil servants from the three Legislative Houses (LH) were
counted by the number of medical leaves (ML) granted and working days lost, which
was taken as the parameter to portray absenteeism due to illness. In the study period
(2016 to 2019), LHs issued a total of 37,690 ML, involving 4149 servants, which resulted in
144,902 working days lost. Table 2 presents a summary of these absences.
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Table 2. Sickness absenteeism in the 3 Legislative Houses, from 2016 to 2019.

All Houses Absences (Days) Percentage (%)
Number of

Absent Servants
Percentage (%) Mean (d/s/yr)

ALEGO 4272 2.9 107 2.6 9.98
House of Deputies 103,981 71.8 2567 61.9 10.13

Federal Senate 36,649 25.3 1475 35.6 6.21
Total 144,902 100 4149 100 8.73

As shown in Table 2, The number of working days lost is quite different among the
three LHs, probably due to the number of servants in these Legislative Houses and the
criteria used by these organizations to measure absenteeism. The House of Deputies and
the Federal Senate issue ML for absences starting from 1 day of absence due to health
problems, while ALEGO recorded only absences of more than 3 days. The other cases of
non-attendance at work, less than 4 days, were managed by the immediate superior. It is
worth mentioning the annual average of working days lost per server (d/s/yr), as shown
in the last column of Table 2, as it represents the real average of sickness absenteeism. In
this sense, ALEGO and the House of Deputies had a very similar performance, around
10 d/s/yr, while the Federal Senate positioned well above these figures, with an average
absence of 6.2 d/s/yr. It should be noted that, except for very few cases, ALEGO did
not compute absences of 1 to 3 days in its general absenteeism register, which may have
affected its average work absences. On the other hand, the much more favorable situation
of the Federal Senate may be associated with a more adequate general working condition,
among other factors.

3.3. Individual Health Condition (Comorbidities)

The individual health status of the servants regarding the presence of active or chronic
health problems was evaluated using an electronic questionnaire (self-administered comor-
bidity questionnaire—SCQ), which allows the calculation of the CI. This index allows for
estimating the situation of individuals regarding the existence or absence of permanent
or long-term morbidities. An individual who declares no pathology or health problem
has a CI score of 0.00. An individual with a pathology or chronic health problem without
the need for medical treatment or restrictions in the performance of any type of activity
receives a CI score of 0.02. Table 3 shows the CI scores determined in the three LHs.

A total of 154 servants (34.5%) declared no chronic health problems. In contrast, most
respondents (65.5%) reported at least one chronic problem/illness. The highest frequency
score (CI = 0.04) was registered in 77 cases and may correspond to the presence of two
comorbidities or only one morbidity combined with the need for medical treatment, or
difficulties to perform activities. The most serious situation, CI = 0.44, was declared by only
one servant and corresponds to a health condition that can show a significant vulnerability.
However, all cases with CI scores above 0.20 deserve more attention because it implies the
presence of at least 4 pathologies/health problems combined with medical treatment and
difficulties to perform activities.

Table 4 presents the distribution of individuals according to the number of diseases or
health problems. Among those who declared a diagnosis of chronic diseases (293 individu-
als), 44.4% reported a single occurrence, while the remaining individuals, 55.6%, reported
having two or more comorbidities.
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Table 3. Comorbidity index (CI) for all LHs.

CI Frequency Percentage (%) Cumulative Percentage (%)

0.00 154 34.5 34.5
0.02 29 6.5 40.9
0.04 77 17.2 58.2
0.06 41 9.2 67.3
0.08 33 7.4 74.7
0.10 16 3.6 78.3
0.13 30 6.7 85.0
0.15 18 4.0 89.0
0.17 11 2.5 91.5
0.19 12 2.7 94.2
0.21 6 1.3 95.5
0.23 2 0.4 96.0
0.25 8 1.8 97.8
0.27 2 0.4 98.2
0.29 1 0.2 98.4
0.31 3 0.7 99.1
0.33 2 0.4 99.6
0.35 1 0.2 99.8
0.44 1 0.2 100.0

Total 447 100.0

Table 4. Distribution of comorbidity events.

Number of Diseases or
Health Problems

Individuals Percentage
Cumulative
Percentage

0 154 34.5 34.5
1 130 29.1 63.5
2 65 14.5 78.1
3 52 11.6 89.7
4 33 7.4 97.1
5 7 1.6 98.7
6 4 0.9 99.6
7 1 0.2 99.8
9 1 0.2 100.0

Total 447 100.0

Among the items suggested in the SCQ and those included by the participants,
622 records of diseases were reported, 362 referring to those in the questionnaire, and
260 new items informed by the servants. Among the chronic health problems included
in the questionnaire, back pain was the most frequent, with 126 records, followed by
hypertension and depression, with 70 and 54 records, respectively. On the other hand,
the pathologies/chronic health problems directly declared by the respondents as “Other
Health Problems”, in the categories of Problem-1, Problem-2, and Problem-3, resulted in
156, 74, and 30 records, respectively. Figure 2 presents a graph with the frequency of the
diseases/health problems, in percentages, resulting from the CI estimation among the
servants from all LHs. All diseases/health problems reported by the participants (differing
from those in the questionnaire) are represented by the categories Other Health Problems 1,
2, and 3, considering the vast list of specific pathologies reported by the servants. Figure 3
shows an overview of self-reported chronic diseases, in the form of a word cloud, highlight-
ing back pain, hypertension, depression, and other musculoskeletal disorders (Other-DME)
with higher frequencies.
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Figure 2. Frequency of chronic diseases/health problems.

Figure 3. Chronic diseases/health problems among civil servants.

Other pathologies and health problems reported by the servants also proved to be
very important in the estimation of the CI score. In order, the cases of diabetes, ulcers,
anxiety, and hypothyroidism stand out. It is also worth noting the cases of cancer and
kidney disease.

The CI score becomes more significant when it also reflects the need for the respective
medical treatment, which denotes a condition that requires permanent control. Moreover,
the health condition can evolve and become more serious when the comorbidity situation
prevents or makes it difficult for individuals to perform work activities. Figures 4 and 5,
respectively, show the percentage of servants with chronic diseases/health problems re-
quiring medical treatment and those who have difficulties in performing work activities.

As shown in Figure 4, the vast majority of the civil servants with CI scores above
zero (83%) received some type of treatment for their health situation. Moreover, 54% of
these servants with comorbidities reported no difficulty performing any activity given their
health condition. In contrast, 46% informed that the presence of chronic pathologies/health
problems causes restrictions in performing activities.
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Figure 4. Individuals with CI > 0.00 with medical treatment.

 

Figure 5. Individuals with CI > 0.00, with and without difficulties to perform activities.

The presence of chronic diseases or health problems can make individuals more vul-
nerable due to several factors, including a risk to personal health, and greater susceptibility
of these individuals, due to daily exposures, to risk factors (at work or outside work), which
can increase the degree of severity of the effects resulting from exposure.

3.4. Correlation between Comorbidity Index (CI), Working Days Lost, and Sociodemographic Variables

The association between the individual health status measured by the CI, and the
absenteeism measured in working days lost, as well as the sociodemographic variables
were analyzed through bivariate correlation. Higher CI scores indicate a level of increased
vulnerability to individuals’ health and may influence work absences. Table 5 shows the
result of this analysis through Pearson’s coefficient.

The CI scores were positively and significantly associated with the work absences
of the servants at a 1% level (r = 0.254, p-value < 0.01), thus an increase in the level of
vulnerability of the individual’s health due to chronic diseases is associated with an increase
in the working days lost. Moreover, the CI was positively and significantly associated
with both the age of the servants at a 5% level (r = 0.116, p-value < 0.05) and the length
of service (seniority) at a 1% level (r = 0.133, p-value < 0.01). Therefore, an increase in
the age of the servants and their length of service is correlated with an increase in the CI
score, which can lead to a longer time away from work. It should also be noted that age
and seniority were statistically highly significant at a 1% level (r = 0.762, p-value < 0.01).
Thus, the greater length of time on the job implies an increase in the servants’ age, which
represents a favorable situation for higher CI scores.
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Table 5. Correlations between CI, working days lost, and sociodemographic variables.

Correlation

Variables CI Age Seniority
Working

Hours
Number of Working

Days Lost

Age
(r) 0.116 * 1 - - -

N 447 4149 - - -

Seniority
(r) 0.133 ** 0.762 ** 1 - -

N 447 4149 4149 - -

Working hours
(r) −0.046 −0.053 ** −0.045 ** 1 -

N 447 4149 4149 4149 -

Number of working days lost
(r) 0.254 ** 0.107 ** 0.117 ** 0.032 * 1

N 447 4149 4149 4149 4149

* The correlation is significant at the 0.05 level (2 extremities). ** The correlation is significant at the 0.01 level
(2 extremities).

Sickness absenteeism, as already mentioned, is a multifactorial phenomenon; that is, it
consists of a variable dependent on several other variables that act as predictors of work
absences motivated by health problems. However, the CI proved to be a possible predictor
of relative importance, considering the moderate correlation (r = 0.254) with the working
days lost by the legislative servants from all LHs.

Regarding the prevalence of comorbidities according to the gender of the participants,
no significant differences between genders were observed through the independent t-test
(t 445 = 0.039; p-value = 0.969). There may be qualitative differences once male and female
servants present differences in terms of the type of diseases or health problems.

4. Discussion

4.1. Sickness Absenteeism

The average annual rate of days of absence of civil servants of the three Legislative
Houses in this study was 8.73 d/s/yr, which is relatively moderate when compared to
other national and international cases of work absences in the public service due to health
problems. The sickness absenteeism of civil servants of the City Halls of Goiania, between
2005 and 2010, and Coritiba, between 2010 and 2015, had an average of working days lost
of 12.07 d/s/yr [4] and 23.04 d/s/yr, respectively [6]. Similar studies with civil servants
in Canada and Australia indicated an average civil servant absence of 11.6 d/s/yr [5].
However, much lower values of days away from work in the public sector have been
reported, as in the case of the UK countries that achieved an average annual working day
loss of 4.4 d/s/yr in 2018.

The poorer results of sick leave in the legislative houses of the present study may be
related to the less adverse general working conditions in the executive branch, mainly in
the areas of education, health, and public security. These areas present frequent occurrences
of absence from work due to health problems, considering the pathological potential of
these sectors, due to direct contact with the public, high social demand for such services,
or operational difficulties faced by educators and health and public safety professionals.
Moreover, the legislative servants participating in this study perform only internal admin-
istrative activities of support to parliamentarians and have their own health service that
provides care, including basic health promotion actions.

4.2. Comorbidity

The presence of chronic health diseases/conditions in the general population is a
reality for millions of people. In Brazil, according to the National Health Survey, in 2019,
52% of the population aged 18 years or older reported having been diagnosed with at
least one chronic disease, with hypertension standing out with 23.9% of individuals, and
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depression reaching 10.2% of the population [16]. This situation seems to be more com-
prehensive with the working population. The results of this study showed that most
legislative staff (65.5%) reported at least one chronic disease or health problem, while the
others (34.5%) reported no chronic pathology. Among the servants with chronic diseases
or health problems, 44.4% reported a single occurrence, while 55.6% reported two or more
comorbidities. A study conducted with more than 10,000 workers in the general popula-
tion in Denmark found that 56.8% of the participants had one or more chronic diseases,
which were associated with the risk of leaving for health treatment [17], corroborating the
present research.

Back pain, hypertension, and depression were the pathologies with the highest fre-
quency for all LHs, reaching 19.6, 11.0, and 8.8%, respectively, of all reported chronic
diseases/problems, considering the category Other Health Problems 1, 2, and 3. Several
studies corroborate the prevalence of these pathologies among workers and the general
population, including civil servants. Serranheira et al., (2020) [18] investigated 735 workers
from different occupational fields and reported that 69% of the respondents presented at
least one episode of low back pain in 12 months, with the highest proportion of individuals
presenting more than six episodes of low back pain per year among civil servants (31.8%).
Research involving 4844 public service workers in Nigeria found a prevalence of 35% of
cases of hypertension and 36.4% of prehypertension, with a slight predominance among
male employees, while only 2% of employees diagnosed with hypertension were aware of
their health condition [19]. Finally, a study evaluated the factors associated with temporary
work incapacity among Brazilian university servants and found 30% of recurrent depres-
sive disorders among 1753 cases of temporary incapacity for the 21 most prevalent diseases
studied [20].

4.3. Comorbidity and Sickness Absenteeism

In general, sickness-related absenteeism is an outcome variable of several other vari-
ables within the work environment, in addition to external and individual factors. In
this study, the main purpose was to assess the role of chronic diseases or problems in
work absences.

The statistical analyses revealed that the CI that contemplates the presence of patholo-
gies/chronic health conditions was highly significantly associated with the working days
lost (r = 0.254, p-value = 0.01), therefore the number of days away from work increases with
the increase in the CI score. This correlation was evidenced in other research involving civil
servants. It is known that the chance of absenteeism among workers with chronic diseases
is 6.34 times higher when compared to those in the opposite situation. Moreover, there is a
higher probability of the occurrence of negative critical incidents with these individuals
at work [21]. The presence of chronic diseases associated with a low capacity (physical
and mental) for work is correlated with a high risk of long-term absence in the general
working population [17]. A study on the association between comorbidities and general
labor force participation of Australian workers with back pain showed that an individual
with these conditions and heart disease was ten times more likely to be out of the labor
force. Absenteeism was also associated with long-term work incapacity among workers
with episodes of comorbid depressive disorders or anxiety [22]. Finally, multicomorbidity is
common among young adult workers and is related to absenteeism as well as presenteeism
at work [23].

In this study, a significant and positive correlation between the CI scores and age and
length of service (seniority) was observed, i.e., the level of vulnerability of individual health
of legislative workers to diseases and chronic health problems increases with increasing
age and length of service. This finding demands attention since in some countries the
multimorbidity rates for the population over 65 years of age are estimated at 80–90%, which
may represent a greater susceptibility of older workers to the onset of diseases, leading to a
greater occurrence of work disability or permanent disability to work.
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The results showed no significant differences between men and women regarding
the CI scores for the total number of participants, regardless of age or activity. This result
may vary when some specific criteria are considered, including education, age, or specific
pathology, among others. However, there is usually a prevalence of chronic diseases in the
group of women in the general population. Regarding the population aged 18 years or older
in Brazil in 2019, hypertension was more prevalent among women (26.4%) when compared
to men (21.1%). Likewise, regarding diagnoses of depression, women showed a prevalence
of 14.7% when compared to 5.1% among men [16]. More specific population extracts,
such as the legislative staff participating in this research, do not necessarily reproduce the
general profile of the population in terms of comorbidities.

5. Conclusions

The main purpose of this study was to evaluate the chronic health condition among
civil servants that work in the legislative houses in Brazil, through the comorbidity index,
as well as its effects on sickness-related absenteeism, expressed in working days lost.

The statistical analyses revealed that the vast majority of the participants had at least
one chronic disease or health problem. In turn, the comorbidity index showed that at least
8 out of 10 of these individuals use medication or other medical treatment, and no less
than four individuals reported difficulties or restrictions in performing some activity due
to their health condition. Thus, it is reasonable to conclude that the population under study
presents a profile strongly characterized by the presence of chronic health conditions, which
affect the personal health of these individuals, imposing the need for some kind of medical
monitoring and the risk of losing working capacity.

Regarding the effects of the chronic health condition on work absences assessed by
the comorbidity index, it was evident that the individual health condition was strongly as-
sociated with the working days lost by the civil servants with diseases or chronic problems.
Therefore, the presence of diseases or chronic health problems had important effects on the
work absenteeism of this group of civil servants. As already discussed, absenteeism is a
phenomenon of multifactorial etiology and may be associated with internal and external
factors to work. However, individual characteristics such as the socio-demographic profile
and individual health conditions act to mitigate or aggravate absences from work activities.

Studies aimed at detailing the prevalence of chronic health problems of workers and
the impact of this medical condition on the reduction of working capacity can help in
understanding sickness-related absenteeism, providing a more adequate and humanized
management of work, with possible positive effects on people’s health and productivity.

Author Contributions: Writing—review & editing, F.E.S.; Supervision, M.J.S.O., J.A. and E.F. All
authors have read and agreed to the published version of the manuscript.

Funding: This research has not received any external funding.

Institutional Review Board Statement: This study was developed with the approval of the Ethics
Committee of the Universidade Federal de Goiás, Brazil, under registration number 3.962.630 on
9 April 2020.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data and information in this article can be found in the doctoral
thesis: bsenteísmo-doença de servidores públicos do poder legislativo no Brasil, available from
6 December 2023, in the respository of the University of Porto, Portugal, at the request of the author
who decided to publish a book, based on his research. access link: https://repositorio-aberto.up.pt/
handle/10216/147784.

Conflicts of Interest: The authors declare no conflict of interest.

39



Int. J. Environ. Res. Public Health 2023, 20, 5036

References

1. ILO (International Labour Organization). Safety and Health at Work. 2021. Available online: https://www.ilo.org/global/topics/
safety-and-health-at-work/lang--en/index.htm (accessed on 6 August 2021).

2. European Health Information Gateway. Absenteeism from Work Due to Illness, Days per Employee per Year. 2021. Available on-
line: https://gateway.euro.who.int/en/indicators/hfa_411-2700-absenteeism-from-work-due-to-illness-days-per-employee-
per-year/ (accessed on 6 August 2021).

3. BRASIL, Secretaria da Previdência. Dados Estatísticos—Saúde e Segurança do Trabalhador. 2019. Available online: https://www.
gov.br/previdencia/pt-br/assuntos/previdencia-social/saude-e-seguranca-do-trabalhador/dados-de-acidentes-do-trabalho
(accessed on 7 July 2021).

4. Leão, A.L.D.M.; Barbosa-Branco, A.; Neto, E.R.; Ribeiro, C.A.N.; Turchi, M.D. Absenteísmo-doença no serviço público municipal
de Goiânia. Rev. Bras. Epidemiol. 2015, 18, 262–277. [CrossRef] [PubMed]

5. Rodrigues, C.D.S.; De Freitas, R.M.; Assunção, A.; Bassi, I.B.; De Medeiros, A.M. Absenteísmo-doença segundo autorrelato de
servidores públicos municipais em Belo Horizonte. Rev. Bras. Estud. Popul. 2013, 30, 135–154. [CrossRef]

6. Daniel, E.; Koerich CR, C.; Lang, A. The absenteeism profile among municipal public servants of the city of Curitiba, from 2010 to
2015|O perfil do absenteísmo dos servidores da prefeitura municipal de Curitiba, de 2010 a 2015. Rev. Bras. Med. Trab. 2017,
15, 142–149. [CrossRef]

7. McGrandle, J.; Ohemeng, F.L.K. The conundrum of absenteeism in the Canadian public service: A wicked problem perspective.
Can. Public Adm. 2017, 60, 215–240. [CrossRef]

8. Deady, M.; Collins, D.A.J.; A Johnston, D.; Glozier, N.; A Calvo, R.; Christensen, H.; Harvey, S.B. The impact of depression,
anxiety and comorbidity on occupational outcomes. Occup. Med. 2021, 72, 17–24. [CrossRef] [PubMed]

9. Sampaio, E.; Baptista, J.S. Absenteeism of Public Workers—Short Review. In Occupational and Environmental Safety and Health;
Springer International Publishing: Cham, Switzerland, 2019; pp. 345–353. [CrossRef]

10. de Oliveira, P.L. Impacto das Características e Condições de Trabalho no Absentismo em Assistentes Operacionais de Escolas e Jardins de
Infância; Universidade Fernando Pessoa: Porto, Portugal, 2016.

11. Santi, D.B.; Barbieri, A.R.; Cheade, M.D.F.M. Absenteísmo-doença no serviço público brasileiro: Uma revisão integrativa da
literatura. Rev. Bras. De Med. Do Trab. 2018, 16, 71–81. [CrossRef]

12. Valderas, J.M.; Starfield, B.; Sibbald, B.; Salisbury, C.; Roland, M. Defining Comorbidity: Implications for Understanding Health
and Health Services. Ann. Fam. Med. 2009, 7, 357–363. [CrossRef] [PubMed]

13. Broeiro, P. Multimorbilidade e comorbilidade: Duas perspectivas da mesma realidade. Rev. Port. Med. Geral E Fam. 2015,
31, 150–160. [CrossRef]

14. Harrison, C.; Fortin, M.; Akker, M.V.D.; Mair, F.; Calderon-Larranaga, A.; Boland, F.; Wallace, E.; Jani, B.; Smith, S. Comorbidity
versus multimorbidity: Why it matters. J. Multimorb. Comorbidity 2021, 11, 263355652199399. [CrossRef] [PubMed]

15. Sangha, O.; Stucki, P.D.m.G.; Liang, M.; Fossel, A.; Katz, J. The Self-Administered Comorbidity Questionnaire: A new method to
assess comorbidity for clinical and health services research. Arthritis Rheum. 2003, 49, 156–163. [CrossRef] [PubMed]

16. Instituto Brasileiro de Geografia e Estatistica. Pesquisa Nacional de Saúde; Rio de Janeiro. 2019. Available online: https:
//teca.ibge.gov.br/visualizacao/livros/liv91110.pdf (accessed on 6 August 2021).

17. Sundstrup, E.; Jakobsen, M.D.; Mortensen, O.S.; Andersen, L.L. Joint association of multimorbidity and work ability with risk of
long-term sickness absence: A prospective cohort study with register follow-up. Scand. J. Work Environ. Health 2017, 43, 146–154.
[CrossRef] [PubMed]

18. Serranheira, F.; Sousa-Uva, M.; Heranz, F.; Kovacs, F. Low Back Pain (LBP), work and absenteeism. Work 2020, 65, 463–469.
[CrossRef] [PubMed]

19. Aladeneyi, I.; Adeneyi, O.V.; Owolabi, E.O.; Fawole, O.; Adeolu, M.; Goon, D.T.; Ajayi, A.I. Prevalence, awareness and correlates
of hypertension among urban public workers in Ondo State, Nigeria. Online J. Health Allied Sci. 2017, 16, 1.

20. Dias, A.; Gómez-Salgado, J.; Bernardes, J.M.; Ruiz-Frutos, C. Factors affecting sick leave duration for non-work-related temporary
disabilities in brazilian university public servants. Int. J. Environ. Res. Public Health 2018, 15, 2127. [CrossRef] [PubMed]

21. Fouad, A.M.; Waheed, A.; Gamal, A.; Amer, S.; Abdellah, R.F.; Shebl, F.M. Effect of Chronic Diseases on Work Productivity:
A Propensity Score Analysis. J. Occup. Environ. Med. 2017, 59, 480–485. [CrossRef] [PubMed]

22. Hendriks, S.M.; Spijker, J.; Licht, C.M.; Hardeveld, F.; de Graaf, R.; Batelaan, N.M.; Penninx, B.W.; Beekman, A.T. Long-term work
disability and absenteeism in anxiety and depressive disorders. J. Affect. Disord. 2015, 178, 121–130. [CrossRef] [PubMed]

23. Troelstra, S.A.; Straker, L.M.; Harris, M.; Brown, S.; van der Beek, A.J.; Coenen, P. Multimorbidity is common among young
workers and related to increased work absenteeism and presenteeism: Results from the population-based raine study cohort.
Scand. J. Work. Environ. Health 2020, 46, 218–227. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

40



Citation: Antohi, V.M.; Ionescu, R.V.;

Zlati, M.L.; Iticescu, C.; Georgescu,

P.L.; Calmuc, M. Regional Regression

Correlation Model of Microplastic

Water Pollution Control Using

Circular Economy Tools. Int. J.

Environ. Res. Public Health 2023, 20,

4014. https://doi.org/10.3390/

ijerph20054014

Academic Editor: Delfina G. Ramos

Received: 13 January 2023

Revised: 15 February 2023

Accepted: 21 February 2023

Published: 23 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Regional Regression Correlation Model of Microplastic Water
Pollution Control Using Circular Economy Tools

Valentin Marian Antohi 1,2,*, Romeo Victor Ionescu 3, Monica Laura Zlati 1, Catalina Iticescu 4,

Puiu Lucian Georgescu 4 and Madalina Calmuc 5

1 Department of Business Administration, Dunarea de Jos University of Galati, 800001 Galati, Romania
2 Department of Finance, Accounting and Economic Theory, Transylvania University of Brasov,

500036 Brasov, Romania
3 Department of Administrative Sciences and Regional Studies, Dunarea de Jos University of Galati,

800201 Galati, Romania
4 Department of Chemistry, Physics and Environment, REXDAN Research Infrastructure,

Dunarea de Jos University of Galati, 800008 Galati, Romania
5 REXDAN Research Infrastructure, Dunarea de Jos University of Galati, 800008 Galati, Romania
* Correspondence: valentin.antohi@ugal.ro

Abstract: Water pollution caused by microplastics represents an important challenge for the environ-
ment and people’s health. The weak international regulations and standards in this domain support
increased water pollution with microplastics. The literature is unsuccessful in establishing a common
approach regarding this subject. The main objective of this research is to develop a new approach to
necessary policies and ways of action to decrease water pollution caused by microplastics. In this
context, we quantified the impact of European water pollution caused by microplastics in the circular
economy. The main research methods used in the paper are meta-analysis, statistical analysis and an
econometric approach. A new econometric model is developed in order to assist the decision makers
in increasing efficiency of public policies regarding water pollution elimination. The main result of
this study relies on combining, in an integrated way, the Organisation for Economic Co-operation
and Development’s (OECD) data on microplastic water pollution and identifying relevant policies to
combat this type of pollution.

Keywords: microplastics; water pollution; water anti-pollution policies; circular economy

1. Introduction

The global economy, in its quest for economic efficiency during the period of extensive
development (1970–2010), developed alternative materials based on polyethylene and
polyurethane elastomer compounds. These compounds directly increase the marginal yield
of production, but their impact on the environment and the health of the population has
been neglected. In the case of water, microplastics are also found in sediments. The main
characteristic of microplastics is their slow biodegradation, which leads to the formation of
microplastic residues contaminating the environment and aquatic organisms. Poor aquatic
wildlife health directly impacts human consumers in the food chain.

The presence of microplastics in the marine and freshwater aquatic environment has
gradually increased and there is now a high rate of contamination of ecosystems and
food chains, which are exposed to increasing amounts of new microplastics, hampering
remediation efforts by the relevant entities.

Current research shows that the impact of microplastics on the environment, especially
the aquatic environment, is devastating, leading to irreversible changes in the biodiversity
of the aquatic macroenvironment and causing multiple diseases in the population.

In this context, our approach aims to demonstrate that anti-pollution policies, although
heavily supported financially, are currently not very effective, particularly due to disparities
in anti-pollution policies regarding types of plastic and at a regional level.
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Regional disparities lead to the dissipation of efforts to combat pollution, and more
effective pollution-control measures are needed.

In the case of microplastics, both consumption and production show a large regional
disparity (see Figure 1).
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Figure 1. Regional disparities in microplastics consumption and production.

The authors have arrived at these disparity rates using statistics found in the United
Nation’s Environment Programme, “Mapping of Global Plastics Value chain and Plastics
Loses to the Environment” [1].

We started our approach with the European Commission’s implementation of the
EU Plastic Strategy, which strongly emphasises the elimination of intentionally added
microplastics in various products. This approach by the European Commission is supported
by the European Chemicals Agency (ECHA). Unfortunately, there is no common concern in
this area at the global level either, except for the relatively limited involvement of the OECD.

Returning to the EU27, some Member States have already banned by national legisla-
tion the intentional use of microplastics in consumer products. These bans cover a wide
area, from food to cosmetics.

According to international statistics, 42,000 tonnes of microplastics end up in the
environment every year in Europe [2]. The main sources of microplastic pollution in
European waters are artificial turfs for sports fields and the wear and tear of larger pieces
of plastic produced as commercial packaging waste.

In 2022, the European Commission launched a draft regulation on Registration, Evalu-
ation, Authorisation and Restriction of Chemicals (REACH) regarding synthetic polymer
microparticles [3], which came up for discussion among Member States at the end of 2022
and will be finalised in 2023.

The main directions are to set strict criteria for the release of non-degradable polymers,
as the lower limit size of the particles has been eliminated.

In this case, one opposition came from the Committee for Socio-Economic Analysis
(CASE) in December 2020, which supported imposing a lower limit of 1 nm for restricting
microplastics.

In support of this scientific approach, we define the following research objectives:
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O1. Determine the level of connection of microplastic water pollution to the regional
microplastic limiting capacity;

O2. Determine the level of connection of water pollution with the level of implementa-
tion of the circular economy;

O3. Define a regional regression correlation model of microplastic water pollution
control using circular economy tools;

O4. Define relevant public policy proposals to increase the effectiveness of actions to
combat water pollution caused by microplastics.

The study continues with the Section 3, in which the model-building methodology is
presented, followed by the Sections 4 and 5 in which the working hypotheses and policy
proposals are demonstrated. The Section 6 is dedicated to conclusions.

2. Literature Review

The latest research in the field of microplastic water pollution presents significant,
sometimes contradictory, aspects of pollution management, sources of pollution and its
impact on the environment and human health.

An extremely unpleasant finding reveals that microplastics are widely found in aquatic
environments. Authors such as Shi et al. [4] look for solutions regarding the efficient
removal of microplastics from water and propose nano-Fe3O4 magnetic technology, which
causes optimal magnetization of microplastics by surface adsorption. The next operation
consists of magnet suction. The yield of this process varies between 62% and 87% in
case of water pollution with polyethylene, polypropylene, polystyrene and polyethylene
terephthalate, with dimensions of about 200–900 μm.

According to Wang et al. [5], cases of advanced microplastic-contaminated water,
treatment technologies, exoelectrogen biofilm and associated microbial electrochemical
processes occupy an important place. The analysis quantifies the impact of microplastics
on the exoelectrogenic biofilm, with potential mechanisms revealed at the gene level. The
authors believe that this approach can lay the methodological foundations for the future
development of efficient water treatment technologies.

Since microplastics are present in both water resources and water supply systems
(in pipes), some specialists, such as Chu et al. [6], focus on quantifying the presence of
these microplastics throughout the distribution system. The analysis found that nylon
and polyvinyl chloride were predominant in the water samples, but that the existence of
efficient drinking water treatment plants and distribution systems prevented microplastics
from entering the tap water. Furthermore, the authors note the necessary correlation
between the stability of pipe scales and improved water quality and safety. Monitoring the
presence of microplastics in water sources is also reviewed by Nicolai et al. [7], who use a
new particle counter based on a real-time fluorescence emission analysis. The case study
covers polyvinyl chloride and high-density polyethylene. The presence of microplastics in
a drinking water treatment plant in Barcelona (Spain) is analyzed by Dronjak et al. [8]. The
analysis focuses on microplastic particles in water with sizes between 20 μm and 5 mm. The
authors use Fenton’s reagent and hydrogen peroxide, as well as a zinc chloride solution.
Visual identification was carried out with an optical and stereoscopic microscope, finally
obtaining a microplastic removal yield of 98.3% from water, the main types of microplastics
removed being polymers and synthetic cellulose, polyester, polyamide, polypropylene,
polyethylene, polyurethane and polyacrylonitrile.

The conceptual approach to microplastic water pollution using reference materials is
by Seghers et al. [9]. The authors support the use of a kit with microplastics immobilized in
solid NaCl and a surfactant that they implemented for polyethylene terephthalate (PET)
particles in water. Information on particle size distributions and shapes was obtained
using laser diffraction, and the homogeneity of these particles was calculated using an
ultra-microbalance.

Other authors, such as P. Wang et al. [10], propose the use of solar energy for the
efficient removal of plastic particles from water. Basically, a bubble is created in a high-
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power density glass ball by focusing it in sunlight. It then collects the plastic particles into
large clumps. The advantage of this method is that it does not use chemical or biological
reagents or filters. Additionally, the costs of implementing the procedure are much lower
than those of “classical” technologies.

An alarming finding is made by Karapanagioti and Kalavrouziotis [11], who state
that “no microplastic removal treatment is currently used for drinking water”. The authors
analysed the presence of microplastics in waters from different regions of the world, such
as Russia, India, Italy, Greece and Cyprus, finding a direct connection between microplastic
concentrations in water and surrounding land uses. The studies involved direct sampling
of water and soil as well as sampling organisms that interacted with microplastics, such as
zooplankton or zebra mussels.

An alternative method of treating water pollution containing plastic is presented by
Martin et al. [12] and consists of using iron oxide nanoparticles with hydrophobic coatings
to magnetize waste plastic particles. The authors claim that this method allows for the
complete removal of particles 2–5 mm in size, and almost 90% of nanoplastic particles
100 nm–1000 nm in size, using a simple 2-inch NdFeB permanent magnet.

The presence of microplastics in lake waters is reviewed by Viitala et al. [13], focusing
on the Lake Saimaa sub-basin (Finland). The authors quantify the connection between the
presence of the local wastewater treatment plant and the plastic concentration in different
compartments of the receiving lake based on the collection of bottom sediment samples.
These samples were analysed using pyrolysis-gas chromatography-mass spectrometry. The
results showed the presence of higher concentrations of polyethylene (PE), polypropy-
lene (PP) and polystyrene (PS) in the water near the wastewater treatment plant effluent
discharge site compared to other sites.

Microplastic pollution is more pronounced in semi-enclosed seas to which many
urban conurbations have access. Authors such as Trani et al. [14] have studied the case of
the Mediterranean Sea since 2012, focusing on the Salento peninsula (Apulia, Italy). The
analyses cover both surface waters and microplastics ingested by certain marine organisms.
For this purpose, Neuston and Manta net monitoring were used and the level of microplastic
contamination of different fish and mussel species was targeted. The results of the analysis
show that microplastic water pollution is higher in the Adriatic Sea than in the Ionian Sea
and that the concentration of microplastics at the sea surface and in the gastrointestinal
tract of targeted species is higher. Another semi-enclosed sea is the Black Sea, whose plastic
pollution is analysed by Strokal et al. [15] based on five scenarios modelled using a model
assessing riverine inputs of pollutants to the sea (MARINA-Global) for 107 sub-basins. The
authors state that European rivers flowing into the Black Sea discharge more than half of
all microplastics and, as a result, make proposals for environmental policies capable of
reducing pollution in the Black Sea to zero. Microplastic pollution of marine systems is the
subject of an investigation by Yuan et al. [16] that reviews the current state of research in
this area. The authors consider seafood consumption, lung inhalation and skin infiltration
to be the main causes of human exposure to microplastics from the marine environment.
The authors highlight the risks that microplastics in water pose on human health, referring
to certain cancers and chronic and acute toxicity. The risks microplastics pose to human
health are also addressed by Sarma et al. [17]. The authors conclude that urban wastewater
flushing is the main source of microplastic water pollution. The impact of microplastics on
human health through commercial fish, crustacean and bivalve species, is addressed by
Sánchez-Guerrero-Hernández et al. [18], based on a case study of the main commercial fish
species in Spain: the European anchovy and the European sardine. In order to determine
the presence of microplastics in these fish, the authors used an alkaline organic oxidant
(KOH-H2O2), which identified nylon as the main polymer found in both fish species. The
impact of microplastics on health is the subject of a study by Kadac-Czapska et al. [19],
who consider that the most common route of exposure is the gastrointestinal tract. In this
context, microplastics (PET, PE, PP, PS, PVC, PA and PC) enter the human body through
the consumption of fish, shellfish and water.
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Technologies to remove microplastics from water are investigated by Gao et al. [20],
who consider both technical processes and related costs. Furthermore, the authors refer to
the practical efficiency of plastic removal technologies from water and their impact on the
environment.

Microplastic pollutants < 5 mm in diameter from different countries and regions are
reviewed by Yang et al. [21] in terms of abundance, morphology and polymer types in
water and lake sediments. The authors conclude that the level of microplastic pollution
depends on the level of local development and the economic structure of the areas analysed.
The authors sound the alarm for an optimal microplastic pollution control system in
lake systems.

The connection between microplastics (polyethylene and polyvinyl chloride), UV and
bacteria (Gram-negative and Gram-positive) in water is presented by Manoli et al. [22]. The
authors aim to quantify the effect of microplastics on UV disinfection performance in order
to increase the efficiency of physical and chemical disinfection processes in different waters.

The increase in plastic production, the development of international trade in these
products and plastic waste and the intensification of the use of plastics in the economy
on the African continent are addressed by Deme et al. [23]. The authors study legislation
supporting sustainable economic development in African countries and conclude that
national policymakers’ approaches are ineffective in this area. As a result, these authors
support environmental policy decisions based on price, legislation and the implementation
of the best practices in microplastics waste management.

An interesting analysis developed by Usman et al. [24] discusses plastic production,
plastic waste management defects and human health. The analysis shows that the presence
of microplastics in food and drinking water has long-term health effects on the population.
The authors mention that “there is no regulation of plastic contamination of food and
drinking water” and propose increased collaboration in this area at international and
national levels. Microplastic water pollution can lead to rare forms of cancer, as shown in a
study by Mocanu et al. [25]. This approach is also taken up in the research carried out by
Nastase et al. [26].

Lofty et al. [27] critique the circular economy from the perspective of the use of
sewage sludge generated by wastewater treatment plants in agriculture. The authors
believe that there is a possibility that plastic successfully removed from sewage treatment
plants and deposited in the soil may return to natural waters through runoff or seepage
into groundwater. Based on official statistics provided by the European Commission and
Eurostat, the authors state that the practice of spreading sludge on agricultural land can lead
to the creation of an impressive global reservoir of plastic pollution. A contrary approach
sees the circular economy as the key to a more sustainable use of plastic. The authors of
this approach, Syberg et al. [28], consider that “explicit considerations of microplastics
contamination are rarely taken into account in studies of the transition to a plastic circular
economy”. Furthermore, they state that there are situations and areas where recycling can
lead to increased microplastic contamination. The circular economy from the perspective
of microplastic water contamination is addressed by Syberg et al. [28], with the authors
providing recommendations on how reducing microplastic contamination and transitioning
to the circular economy can be interlinked in future research. Moreover, in the view of
Cook et al. [29], the development of the circular economy must not have negative effects
on human health and the environment. The authors use the scenario method to quantify
the environmental impact of post-consumer plastic packaging resource recovery processes
and recommend to developing countries the mechanical reprocessing of these plastics at
the expense of chemical recycling procedures. In the framework of the circular economy,
bioplastics represent a great challenge according to Rosenboom et al. [30] in the process
of transforming them into high-quality materials. The authors stress the need for new
regulations and financial incentives to support the sustainable recycling of these categories
of bioplastics.
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Perpetuation of plastic pollution along the food chain in the aquatic environment of
the Vipacco River, northeastern Italy is studied by Bertoli et al. [31], who state that the
main source of microplastic pollution in the aquatic environment is urban wastewater
discharge. The effects of this pollution are quantified at the level of entire macrobenthic
invertebrate communities and have results that are difficult to generalize. As a result, the
authors stress the need for further studies. In this context, other authors, such as Mehinto
et al. [32], propose a risk-management system for aquatic ecosystems. The authors establish
four thresholds for plastic contamination of water based on studies in the literature, on
the basis of which they define two mechanisms of effects: dietary dilution with thresholds
ranging from ~0.5 to 35 particles/L and tissue translocation with thresholds ranging from
~60 to 4100 particles/L. Another model for risk assessment of marine water pollution with
plastic is presented by Yuan et al. [33], who call for a screening strategy. This strategy
allows the prioritisation of polymers of primary interest in marine waters: PUR, PVC, PAN,
ABS, PMMA, SAN, TPU, UP, PET, PS and HDPE. The authors make recommendations
to policy makers on how to better manage microplastics in marine waters. Microplastics
are, according to Hossain et al. [34], one of the fastest-growing wastes in the world. The
authors conduct an impressive meta-analysis of Australia’s plastic waste management
system in the context of the transition to the circular economy. The analysis shows that
the most widespread forms of plastic in the environment are high-density polyethylene,
polyethylene terephthalate and low-density polyethylene. In the case of microplastics,
households generate the largest amount of PET and HDPE. The management of microplastic
waste, including that found in water, is strongly influenced by the involvement of local and
regional communities.

According to research by Campanale et al. [35], 50% of microplastic particles between
0.02 and 0.1 mm in size are transported by water runoff. The authors focus their research
on temporary ponds, stormwater retention ponds and small streams, drawing attention
to the extremely small number of studies (eight) conducted so far on the ecosystems and
related to these water resources.

Other authors, such as Vuori and Ollikainen [36], point out that there are no standards
regulating the amount of microplastics in wastewater. Their approach focuses on the
cost-effectiveness of three types of wastewater treatment (activated sludge, rapid sand
filtration and membrane bioreactor) and two sludge management technologies (anaerobic
digestion and incineration), aiming to quantify the impact of microplastic pollution on the
aquatic environment and aquatic ecosystems. The analysis concludes that the removal of
microplastics from wastewater is technically feasible and economically profitable.

An interesting cause of increased water pollution caused microplastics is the impact
of flooding on waste management facilities. According to Ponti et al. [37], these floods
can release micropollutants into freshwater systems, impacting the marine environment,
agricultural ecosystems and human health. Based on the existing situation in the UK, the
authors propose a correlated analysis of the official waste statistics with rainfall and river
flood extent maps. Furthermore, they believe that site-specific mitigation measures and
containment systems capable of reducing the amount of flood-induced microplastics from
waste management facilities are needed.

Risk management for aquatic ecosystems is considered by Mehinto et al. [32] to be
closely related to pollution control measures that mitigate environmental emissions. The
authors use four pollution risk thresholds, official statistical data, microplastic toxicity
studies and a metanalysis in the field. Following this analysis, the authors make recom-
mendations on the quantification of water pollution, including microplastics, and a more
efficient identification of risk thresholds. Risk management of microplastic pollution of
water sources is also addressed by Thornton Hampton et al. [38], who point out that there
is no internationally unified approach to how microplastic concentrations should be re-
ported. For this reason, the authors recommend that microplastic concentrations should be
calculated at least by both mass and number.
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An analysis of the degree of pollution of water sources caused by microplastics is
carried out by Chakraborty et al. [39] and covers the period of 2015–2021. The authors
use Raman spectroscopy and conclude that the most widespread microplastics in water
sources are polystyrene (PS), polyethylene terephthalate (PET), polyethylene (PE) and
polypropylene (PP). In addition to this, the authors define the main sources of microplastic
water pollution as urban waste, fishing activities and industrial waste.

An interesting study carried out by Angelakis et al. [40] highlights, on the one hand,
the historical evolution of water quality and, on the other hand, the current challenges for
water quality management and protection. The authors believe that the analysis of the
methods and solutions offered by the evolution of mankind in relation to the management
of water sources is beneficial to look at for present and future solutions in this field.

The analysis of microplastic pollution in Italian marine waters is carried out by Sbrana
et al. [41], in the context of European marine water protection legislation and its impact
on marine ecosystems. The analysis reveals that the concentration of microplastics in the
water decreases with distance away from the coast, except in areas where sea currents are
very strong. Moreover, the concentration of plastic in surface waters is four times higher
than in deep waters.

In the case of the Lis river basin (Portugal) and coastal area, microplastic pollution
is analysed by Sá et al. [42], the authors using a sample of 105 companies in the area and
comparing samples collected from surface water and sediment. The most common particles
in the water analysed were polyethylene (37%), polyacrylate (18%) and polystyrene (18%),
and in sediments, polyethylene terephthalate (29%) and polyacrylate (23%). The analysis
concludes that factors contributing to the increase in microplastic water pollution are
population growth, plastic production and environmental conditions conducive to the
transmission of microplastic particles into water sources. A similar approach, carried out by
Kittner et al. [43], considers microplastic pollution in the Danube River and aims to define a
systematic pollution-monitoring strategy. Chemical analysis is performed using the thermal
extraction desorption technique, gas chromatography/mass chromatography. Following
the analysis of the collected samples, polyethylene, polystyrene and polypropylene were,
alarmingly, found in abundance in the water.

The lack of standard protocols and technologies for removing microplastics from water
through wastewater treatment plants is addressed by Sadia et al. [44], who review the
efficiency of wastewater treatment plants and the possibility of converting microplastics into
renewable energy sources. To this end, the authors developed a sustainable methodology
for wastewater treatment.

Other authors such as Melchor-Martínez et al. [45] stress the need for sustainability of
microplastic production under conditions of increasing economic efficiency. The authors
conducted a meta-analysis of production methods, highlighting the environmental impact
and mitigation of conventional and emerging plastics, as well as regulations in the field.

In terms of plastic recycling, according to Nikiema and Asiedu [46], only 9% of the
9 billion tonnes of plastic ever produced has so far been recycled. The authors reviewed
microplastic removal technologies and their efficiency, starting with pollution sources and
until microplastics reach the sea, covering stormwater, municipal wastewater treatment
and drinking water. The final result provides a guide on implementable measures for the
treatment and elimination of water pollution caused by microplastics.

A new technology for removing plastics from water sources is the use of superhy-
drophobic surfaces, which have a water contact angle of >150◦. According to Rius-Ayra
et al. [47], the increase in research related to this technology shows its importance. The au-
thors believe that superhydrophobic materials allow the removal of five types of emerging
pollutants, including microplastics.

The literature review is an argument in favour of the present scientific approach and
highlights the need for a new approach in the field.
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3. Materials and Methods

Since the intensification of global trade, interventions to limit environmental pollution
caused by microplastics, especially in the aquatic environment, have become a priority for
international environmental organisations. Several campaigns have been carried out to
monitor pollution and inform stakeholders about its effects.

These issues have taken on a global dimension through OECD efforts to collect infor-
mation on microplastic pollution. In our scientific research, we used OECD databases [48]
for the period of 1990–2019 for the indicators presented in Table 1.

Table 1. Description of the indicators used in the analysis.

Region Symbol Name
Unit of

Measure
Databases (accessed on 3 January 2023)

1. United States (US)
2. Canada (CAN)
3. OECD America
4. OECD EU
5. OECD non-EU
6. OECD Asia
7. OECD Oceania
8. OECD Latin America (OECDLatAmerica)
9. Other non-OECD EU (OthEU)
10. Other Eurasia (OthEurasia)
11. Middle East North Africa (MENorthAfrica)
12. Other Africa (OthAfrica)
13. Non-OECD Asia (NonOEDASIA)
14. China
15. India

PWCR
plastic waste
collected for

recycling
tonnes (t) of

plastics

https://stats.oecd.org/viewhtml.aspx?datasetcode=
PLASTIC_WASTE_6&lang=en [49]

PLAE
plastic leakage to

aquatic
environments

https://stats.oecd.org/viewhtml.aspx?datasetcode=
PLASTIC_LEAKAGE_5&lang=en [50]

PUR plastics use by
region

https://stats.oecd.org/viewhtml.aspx?datasetcode=
PLASTIC_USE_9&lang=en [51]

PWRELF
plastic waste by
region and by
end-of-life fate

https://stats.oecd.org/viewhtml.aspx?datasetcode=
PLASTIC_WASTE_5&lang=en [52]

Based on the collected data and literature review, we formulated the following research
hypotheses:

H1. At the global level, the policy to combat water pollution caused by microplastics is directly
and proportionally oriented towards the reduction of regional pollution, with the awareness that
this approach will have an effect of at least 98% in the total reduction in water pollution caused by
microplastics. The hypothesis is a continuation of the results of the research by the authors Blanco
et al., Chu et al., Dronjak et al., Karapanagioti and Kalavrouziotis, Nicolai et al., Seghers et al., Shi
et al., P. Wang et al. and S. Wang et al. [4–11,53].

H2. Globally, plastic recycling mechanisms have been set up on the assumption that this will have a
direct impact on reducing microplastic water pollution. The definition of this hypothesis was made in
accordance with the results of the research undertaken by the authors Angelakis et al., Chakraborty
et al., Kittner et al., Mehinto et al., Sá et al. and Thornton Hampton et al. [32,38–40,42,43].

H3. From the point of view of the coherence of water pollution reduction policies, there is an
increasing trend in the dynamics towards the reduction in correlation errors of the indicators as
the overall experience of the implementation of these policies increases. The construction of this
hypothesis was based on research conducted by the authors Melchor-Martínez et al., Nikiema and
Asiedu, Rius-Ayra et al. and Sadia et al. [44–47].

H4. At the EU level, against the background of intensified efforts to promote the circular economy,
the disparities in terms of combating water pollution caused by microplastics are widening, especially
for countries where the implementation of the circular economy is at an early stage. This hypothesis
is also supported by research carried out by the authors Cook et al., Lofty et al., Rosenboom et al.
and Syberg et al. [27–30].

Using data reported by the OECD (Table 1), we performed a multiple regression
correlation diagram for 15 regions in the world. It has as its pivot the dependent variable
assimilated to the circular economy, i.e., the amount of plastic waste collected for recycling,
which we treated in relation to the monitoring indicators of plastic waste produced at
the regional level, end-of-life plastic waste and the impact of plastic pollution on the
aquatic environment.

48



Int. J. Environ. Res. Public Health 2023, 20, 4014

The system of regional equations for the variables in Table 1 is presented as follows:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

PWCRUS = 1.693 ∗ PLAEUS + 0.043 ∗ PURUS + 0.068 ∗ PWRELFUS − 0.742
PWCRCAN = 1.448 ∗ PLAECAN − 0.086 ∗ PURCAN + 0.143 ∗ PWRELFCAN − 0.111

PWCROECDAmerica = 1.003 ∗ PLAEOECDAmerica − 0.173 ∗ PUROECDAmerica + 0.236 ∗ PWRELFOECDAmerica + 0.14
PWCROECDEU = 3.874 ∗ PLAEOECDEU − 0.158 ∗ PUROECDEU + 0.2 ∗ PWRELFOECDEU − 1.7

PWCROECDNonEU = −0.021 ∗ PLAEOECDNonEU − 0.272 ∗ PUROECDNonEU + 0.509 ∗ PWRELFOECDNonEU − 0.299
PWCROECDASIA = 0.094 ∗ PLAEOECDASIA − 0.275 ∗ PUROECDASIA + 0.592 ∗ PWRELFOECDASIA + 0.115

PWCROECDOceania = 21.215 ∗ PLAEOECDOceania − 0.009 ∗ PUROECDOceania − 0.204 ∗ PWRELFOECDOceania + 0.003
PWCROECDLatAmerica = 1.644 ∗ PLAEOECDLatAmerica + 0.084 ∗ PUROECDLatAmerica − 0.175 ∗ PWRELFOECDLatAmerica − 0.083

PWCROthEU = 11.154 ∗ PLAEOthEU − 0.014 ∗ PUROthEU − 0.141 ∗ PWRELFOthEU + 0.045
PWCROthEurasia = 4.762 ∗ PLAEOthEurasia + 0 ∗ PUROthEurasia − 0.03 ∗ PWRELFOthEurasia − 0.025

PWCRMENorthA f rica = 1.096 ∗ PLAEMENorthA f rica − 0.029 ∗ PURMENorthA f rica − 0.005 ∗ PWRELFMENorthA f rica + 0.065
PWCROthA f rica = 0.611 ∗ PLAEOthA f rica + 0.073 ∗ PUROthA f rica − 0.105 ∗ PWRELFOthA f rica − 0.06

PWCRNonOECDASIA = 1.06 ∗ PLAENonOECDASIA − 0.037 ∗ PURNonOECDASIA − 0.048 ∗ PWRELFNonOECDASIA + 0.156
PWCRChina = 5.051 ∗ PLAEChina + 0.05 ∗ PURChina − 0.158 ∗ PWRELFChina − 0.525
PWCRIndia = 5.577 ∗ PLAEIndia + 0.035 ∗ PURIndia − 0.226 ∗ PWRELFIndia − 0.029

(1)

From the analysis of the system of equations constructed on the basis of the β coeffi-
cients of the 15 regional models, it is evident that the variable that best correlated with the
outcome indicator of circular economy efficiency (dependent variable) is the indicator of
monitoring the impact of plastic pollution on the aquatic environment. Thus, the impact of
the circular economy results in long-term effects on the reduction of microplastic pollution,
especially in China, India, Oceania and Europe (see Figure 2).
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Figure 2. Correlation diagram of the effects of the implementation of the circular economy on the
reduction of water pollution caused by microplastics (PWCR vs. PLAE).

The diagram shows that, at the level of the performing sample, the average correlation
is 500%, i.e., the impact of reducing environmental plastic pollution generates a 5-fold
reduction in the impact of microplastics on the aquatic environment in the circular economy,
the maximum magnitude belonging to the Oceania region, where the impact is 21 times
greater. At the European level, in OECD member countries, the impact is up to 3.8 times
and up to 11 times in non-OECD member countries.

Non-EU countries show the lowest correlation between the two indicators, with an
inversely proportional variation of 0.21%. This means that, in these countries, the impact of
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the circular economy is low and the strategies to reduce microplastic pollution are not in
accordance with the global and European action guidelines.

After using a multiple regression correlation at the regional level (see Figure 3), it was
observed that there is an inversely proportional relationship between plastic consumption
and use in the regional circular economy of the USA, Canada, OECD America, OECD EU,
OECD Non-EU, OECD Asia, OECD Oceania, Other EU, ME North Africa and non-OECD
Asia. The average value of the inverse correlation is 10%. For the other regions analysed in
the sample, the correlation is directly proportional, but reduced by a maximum of 8%, which
shows that, in relation to the development objectives of clean industry, plastic consumption
does not show significant changes. We consider this a major vulnerability of pollution
policies, which, in this light, should focus additional efforts to improve public policies.

 

Figure 3. Correlation diagram of the effects of circular economy implementation on plastic use by
region (PWCR vs. PUR).

Figure 4 shows a significant disparity in the correlation between the implementation
of the circular economy and the reduction of the mass of end-of-life plastic waste, where
developed regions of the world (USA, Canada, OECD America, OECD EU, OECD Non-
EU, OECD Asia) have higher correlation rates. These regions have access to superior
technologies to combat microplastic pollution according to its chemical properties with
significant biological impact. The average correlation reaches 30%, with a maximum of 60%
in the region of Asian OECD member states.

In the other regions analysed, the correlation is inversely proportional, which means
that the policy to combat microplastic pollution does not meet the proposed goal, one
explanation being the orientation of these regions towards commercial expansion and
extensive economic growth.
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Figure 4. Correlation diagram of the effects of the implementation of the circular economy on
end-of-life plastic waste (PWCR vs. PWRELF).

4. Results

Through the application of modelling techniques, the regional model was summarized,
which generated statistically significant coefficients for all 15 regions studied, with the level
of statistical significance exceeding 98% for these regions, with a standard maximum error
estimate of 8% at the level of the sample studied, as shown in Table 2.

This validates hypothesis H1. At the global level, the policy to combat microplastic
water pollution is directly and proportionally oriented towards the reduction of regional
pollution, with the awareness that this approach will have an effect of at least 98% in the
total reduction of microplastic water pollution.

Table 2 shows the distribution of the statistical F function values between the minimum
value of 236.93 points and the maximum value of 5058.97 points, thus demonstrating a
significant regional disparity of policies to combat microplastic water pollution. The
maximum values are attributed to the regions: USA, OECD Latin America, Other Africa
and non-OECD Asia. With respect to these regions, the analysis of the interval between
1990–2019 shows that the value of the circular economy’s impact on microplastic water
pollution reaches the maximum value at the correlation function.

At the opposite pole, the lowest values were recorded for the regions: OECD America,
OECD Non-EU and OECD Asia. It should be mentioned that the level of Sig. coefficients
assimilated to the F function is lower than the selected error representativeness threshold
α = 0.05, which allows for all 15 regions analyzed to reject the null hypothesis and maintain
the alternative hypothesis. This allows the validation of the regional model to combat
microplastic pollution. The ANOVA test is presented in Table 3.

The ANOVA statistical test for the regional models shows the statistical weight of
the regression squares is allocated to the correlational function (98.5%), while the residual
variable has an allocation of only 99.5%. This demonstrates that the model is valid and
representative of the phenomenon studied, validating hypothesis H2. At the global level,
plastic recycling mechanisms were created assuming that this approach will have a direct
impact on reducing microplastic water pollution.

To prove hypothesis H3, we projected in Figure 5 the dynamic distributions of the
evolution of the dependent variable in relation to its predicted values according to the
regional PP-Plot distribution graph. From Figure 5, it follows that the error distribution of
the dependent variable at the regional level has different error peaks (y).

Figure 5 shows that, as experience increases and the current period approaches, the
experience gained by policy makers in the field of pollution control helps straighten the
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trend curves, which proves hypothesis H3. From the point of view of coherence of water
pollution abatement policies, there is an increasing trend to reduce the correlation errors of
the indicators as the overall experience of implementing these policies increases.

Table 2. Model Summary.

Model R R Square
Adjusted R

Square
Std. Error of
the Estimate

Change Statistics
Durbin-
Watson

R Square
Change

F Change df1 df2 Sig. F Change

1. 0.999 a,b 0.997 0.997 0.099143 0.997 2992.770 3 26 0.000 0.715
a. Predictors: (Constant), PWRELFUS, PURUS, PLAEUS
b. Dependent Variable: PWCRUS
2. 0.998 a,b 0.997 0.997 0.013844 0.997 2857.987 3 26 0.000 0.831
a. Predictors: (Constant), PWRELFCAN, PURCAN, PLAECAN
b. Dependent Variable: PWCRCAN
3. 0.994 a,b 0.988 0.987 0.054194 0.988 727.162 3 26 0.000 0.456
a. Predictors: (Constant), PWRELFOECDAmerica, PUROECDAmerica, PLAEOECDAmerica
b. Dependent Variable: PWCROECDAmerica
4. 0.998 a,b 0.995 0.995 0.285726 0.995 1822.884 3 26 0.000 0.608
a. Predictors: (Constant), PWRELFOECDEU, PUROECDEU, PLAEOECDEU
b. Dependent Variable: PWCROECDEU
5. 0.991 a,b 0.982 0.980 0.099378 0.982 465.494 3 26 0.000 0.543
a. Predictors: (Constant), PWRELFOECDNonEU, PUROECDNonEU, PLAEOECDNonEU
b. Dependent Variable: PWCROECDNonEU
6. 0.982 a,b 0.965 0.961 0.156510 0.965 236.939 3 26 0.000 0.254
a. Predictors: (Constant), PWRELFOECDASIA, PUROECDASIA, PLAEOECDASIA
b. Dependent Variable: PWCROECDASIA
7. 0.998 a,b 0.997 0.997 0.003728 0.997 2865.476 3 26 0.000 1.108
a. Predictors: (Constant), PWRELFOECDOceania, PUROECDOceania, PLAEOECDOceania
b. Dependent Variable: PWCROECDOceania
8. 0.999 a,b 0.997 0.997 0.047812 0.997 3143.947 3 26 0.000 0.396
a. Predictors: (Constant), PWRELFOECDLatAmerica, PLAEOECDLatAmerica, PUROECDLatAmerica
b. Dependent Variable: PWCROECDLatAmerica
9. 0.998 a,b 0.996 0.996 0.004837 0.996 2360.164 3 26 0.000 0.491
a. Predictors: (Constant), PWRELFOthEU, PUROthEU, PLAEOthEU
b. Dependent Variable: PWCROthEU
10. 0.998 a,b 0.996 0.995 0.027975 0.996 1973.765 3 26 0.000 0.177
a. Predictors: (Constant), PWRELFOthEurasia, PUROthEurasia, PLAEOthEurasia
b. Dependent Variable: PWCROthEurasia
11. 0.998 a,b 0.996 0.995 0.027183 0.996 2052.844 3 26 0.000 0.454
a. Predictors: (Constant), PWRELFMENorthAfrica, PURMENorthAfrica, PLAEMENorthAfrica
b. Dependent Variable: PWCRMENorthAfrica
12. 0.999 a,b 0.998 0.998 0.019682 0.998 4091.570 3 26 0.000 0.362
a. Predictors: (Constant), PWRELFOthAfrica, PLAEOthAfrica, PUROthAfrica
b. Dependent Variable: PWCROthAfrica
13. 0.999 a,b 0.998 0.998 0.047965 0.998 5058.977 3 26 0.000 1.023
a. Predictors: (Constant), PWRELFNonOECDASIA, PURNonOECDASIA, PLAENonOECDASIA
b. Dependent Variable: PWCRNonOECDASIA
14. 0.998 a,b 0.996 0.996 0.275743 0.996 2227.735 3 26 0.000 0.389
a. Predictors: (Constant), PWRELFChina, PLAEChina, PURChina
b. Dependent Variable: PWCRChina
15. 0.998 a,b 0.996 0.995 0.074138 0.996 2115.586 3 26 0.000 0.294
a. Predictors: (Constant), PWRELFIndia, PLAEIndia, PURIndia
b. Dependent Variable: PWCRIndia

In order to prove hypothesis H4, the authors analysed the results obtained by the
proposed model (Equation (1)), finding that, at the level of the dependent variable assimi-
lated to the circular economy, the correlation with the impact of water pollution caused
by microplastics was strong, i.e., reducing the amount of plastic waste has the effect of
reducing water pollution caused by microplastics by 3.8 times. It can be seen from equation
1 that the impact of the circular economy on the regional size of plastic consumption in the
EU is inversely proportional, which can be presumed to have a causality with the high level
of regional disparity in plastic consumption. In order to determine the level of regional
disparity of plastic use in the EU, we accessed the Our World in Data database [54] for
the year 2019 (the latest year for which official statistical data are available) and selected
Member States for which we performed an algorithm to plot regional averages against
the overall average for the following indicators: share of EU average mismanaged plastic
waste (%); share of EU average mismanaged plastic waste to ocean (%) and share of EU
average mismanaged plastic waste per capita (%) (see Table 4).
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Table 3. ANOVA test.

Model Sum of Squares df Mean Square F Sig.

1.
Regression a,b 88.251 3 29.417 2992.770 0.000 b

Residual 0.256 26 0.010
Total 88.507 29

a. Dependent Variable: PWCRUS
b. Predictors: (Constant), PWRELFUS, PURUS, PLAEUS

2.
Regression a,b 1.643 3 0.548 2857.987 0.000 b

Residual 0.005 26 0.000
Total 1.648 29

a. Dependent Variable: PWCRCAN
b. Predictors: (Constant), PWRELFCAN, PURCAN, PLAECAN

3.
Regression a,b 6.407 3.000 2.136 727.162 0.000 b

Residual 0.076 26.000 0.003
Total 6.483 29.000

a. Dependent Variable: PWCROECDAmerica
b. Predictors: (Constant), PWRELFOECDAmerica, PUROECDAmerica, PLAEOECDAmerica

4.
Regression a,b 446.456 3.000 148.819 1822.884 0.000 b

Residual 2.123 26.000 0.082
Total 448.578 29.000

a. Dependent Variable: PWCROECDEU
b. Predictors: (Constant), PWRELFOECDEU, PUROECDEU, PLAEOECDEU

5.
Regression a,b 13.792 3 4.597 465.494 0.000 b

Residual 0.257 26 0.010
Total 14.048 29

a. Dependent Variable: PWCROECDNonEU
b. Predictors: (Constant), PWRELFOECDNonEU, PUROECDNonEU, PLAEOECDNonEU

6.
Regression a,b 17.412 3.000 5.804 236.939 0.000 b

Residual 0.637 26.000 0.024
Total 18.049 29.000

a. Dependent Variable: PWCROECDASIA
b. Predictors: (Constant), PWRELFOECDASIA, PUROECDASIA, PLAEOECDASIA

7.
Regression a,b 0.119 3.000 0.040 2865.476 0.000 b

Residual 0.000 26.000 0.000
Total 0.120 29.000

a. Dependent Variable: PWCROECDOceania
b. Predictors: (Constant), PWRELFOECDOceania, PUROECDOceania, PLAEOECDOceania

8.
Regression a,b 21.561 3 7.187 3143.947 0.000 b

Residual 0.059 26 0.002
Total 21.621 29

a. Dependent Variable: PWCROECDLatAmerica
b. Predictors: (Constant), PWRELFOECDLatAmerica, PLAEOECDLatAmerica, PUROECDLatAmerica

9.
Regression a,b 0.166 3.000 0.055 2360.164 0.000 b

Residual 0.001 26.000 0.000
Total 0.166 29.000

a. Dependent Variable: PWCROthEU
b. Predictors: (Constant), PWRELFOthEU, PUROthEU, PLAEOthEU

10.
Regression a,b 4.634 3.000 1.545 1973.765 0.000 b

Residual 0.020 26.000 0.001
Total 4.654 29.000

a. Dependent Variable: PWCROthEurasia
b. Predictors: (Constant), PWRELFOthEurasia, PUROthEurasia, PLAEOthEurasia

11.
Regression a,b 4.551 3 1.517 2052.844 0.000 b

Residual 0.019 26 0.001
Total 4.570 29

a. Dependent Variable: PWCRMENorthAfrica
b. Predictors: (Constant), PWRELFMENorthAfrica, PURMENorthAfrica, PLAEMENorthAfrica

12.
Regression a,b 4.755 3.000 1.585 4091.570 0.000 b

Residual 0.010 26.000 0.000
Total 4.765 29.000

a. Dependent Variable: PWCROthAfrica
b. Predictors: (Constant), PWRELFOthAfrica, PLAEOthAfrica, PUROthAfrica

13.
Regression a,b 34.916 3.000 11.639 5058.977 0.000 b

Residual 0.060 26.000 0.002
Total 34.976 29.000

a. Dependent Variable: PWCRNonOECDASIA
b. Predictors: (Constant), PWRELFNonOECDASIA, PURNonOECDASIA, PLAENonOECDASIA
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Table 3. Cont.

Model Sum of Squares df Mean Square F Sig.

14.
Regression a,b 508.152 3 169.384 2227.735 0.000 b

Residual 1.977 26 0.076
Total 510.129 29

a. Dependent Variable: PWCRChina
b. Predictors: (Constant), PWRELFChina, PLAEChina, PURChina

15.
Regression a,b 34.885 3.000 11.628 2115.586 0.000 b

Residual 0.143 26.000 0.005
Total 35.028 29.000

a. Dependent Variable: PWCRIndia
b. Predictors: (Constant), PWRELFIndia, PLAEIndia, PURIndia

 

Figure 5. P-P Plot diagrams of regional distribution.
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Table 4. Analysis of the degree of regional disparity on policies to combat plastic water pollution in
the EU.

Country (2019)
Share of EU Average
Mismanaged Plastic

Waste (%)

Share of EU Average
Mismanaged Plastic
Waste to Ocean (%)

Share of EU Average
Mismanaged Plastic
Waste per Capita (%)

Std. Deviation

Belgium 19.70% 44.21% 27.41% 10.2%
Bulgaria 26.89% 15.00% 61.65% 19.8%
Croatia 151.36% 813.69% 588.16% 274.9%
Cyprus 7.22% 37.54% 96.66% 37.1%

Denmark 3.36% 23.39% 9.36% 8.4%
Estonia 5.18% 135.77% 62.65% 53.4%
Finland 22.61% 0.00% 65.60% 27.2%
France 239.68% 54.13% 59.06% 86.3%

Germany 437.21% 24.06% 84.01% 182.3%
Greece 38.87% 309.41% 59.57% 122.9%
Ireland 23.08% 0.00% 75.87% 31.8%

Italy 334.78% 102.57% 88.73% 112.9%
Latvia 8.24% 70.80% 69.34% 29.2%

Lithuania 8.95% 38.05% 52.02% 17.9%
Malta 2.23% 0.00% 81.50% 37.9%

Netherlands 131.42% 237.80% 123.36% 52.2%
Poland 121.86% 11.48% 51.62% 45.6%

Portugal 32.94% 111.50% 51.70% 33.5%
Romania 450.02% 61.98% 372.95% 167.7%
Slovakia 14.83% 0.00% 43.62% 18.1%
Slovenia 7.28% 79.38% 56.21% 30.1%

Spain 175.57% 75.43% 60.29% 51.2%
Sweden 36.71% 53.81% 58.70% 9.4%

Std deviation 136.0% 169.2% 123.7% 65.5%

The overall pollution disparity index calculated based on the standard deviation of
the three regional data sets in Table 4 is 65%. Thus, there is a significant difference between
policies to reduce plastic water pollution and policies to reduce plastic consumption per
capita in the EU. At a regional level, the share of the EU average mismanaged plastic waste
indicator has a disparity of 136%, close to the value of the disparity of the share of the
EU average mismanaged plastic waste per capita indicator, which means that, in terms
of communicating the effects on the environment, there is a successful communication
effort in the EU, with 90% of European citizens aware of the consequences of pollution
on the deterioration of environmental quality. This results from a comparison of regional
disparities between the two indicators.

On the other hand, the Share of EU average mismanaged plastic waste to ocean
indicator shows an increase in regional disparities, up to 169.2%, mainly due to the regional
territorial configuration. The most advanced countries in implementing environmental
policies in this area are Malta, Finland, Ireland and Slovakia. At the opposite end are
Croatia, Greece, the Netherlands, Estonia and Portugal.

In the overall ranking for the three indicators, the highest levels of disparity were
assessed for Croatia, Germany and Romania, with these countries showing the most fluctu-
ating variations from the calculated EU average. These aspects demonstrate hypothesis H4.
In the EU, as efforts to promote the circular economy intensify, the disparities in combating
water pollution caused by microplastics are widening, especially for countries where the
implementation of the circular economy is at an early stage.
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5. Discussion

The research results allow the following aspects to be presented:

• In the US, the synergy between anti-pollution policies and the acceleration of the
circular economy is marked by the period 2004–2013, which covers the global recession
of 2007–2008, with a significant impact on the US economy;

• The period 2004–2012 was the impact period for Canada’s economy, which takes on
the effects of the US crisis;

• In OECD countries in the Americas, there was a reduction in errors relating to the
projection of forecast values in relation to the trend line, the peaks being characterized
by the period 1997–2004. This was against the backdrop of the terrorist attacks of 11
September 2001, followed by the stock market crisis and the effects of the war in Iraq
in 2011–2003. These events redirected public policies towards security, minimising
efforts for other policies such as pollution control;

• With 22 EU OECD member states, the distribution of errors is significant when com-
pared to correct forecast rates and covers extended periods, namely 1992–1995, 2000–
2004 and 2010–2014. In the first mentioned timeframe, major changes in the European
economic policy occurred as a result of the fall of the communist regime in SE Europe.
The second timeframe was assimilated to the EU enlargement efforts, which culmi-
nated in 2004 with the accession of 10 former communist states to the European bloc.
The 2010–2014 timeframe represents the period of global recession triggered in 2007 in
the US and rapidly propagated in the EU. This was a period that saw the bankruptcy
of some renowned European institutions and the reshaping of European policies on
financial risks and stock market trading risks. The phenomenon was boosted by the
last two EU enlargements in 2007 and 2013;

• The distribution of errors was also transferred to the OECD Non-EU countries in the
region, which, in the periods 1997–2000, 2005–2007 and 2010–2016, faced problems
accessing the European single market and structural changes in trade due to EU
regional reconfiguration;

• For Asian OECD member countries, the distribution of trend curves in relation to
predicted values for the circular economy-like variable is superior, with more efficient
correlations. The main disruptions the took place in 1995–2000 and 2011–2014. In
the first period, the economies of these countries were heavily affected by the major
financial crisis that began in Thailand involving the link between the Thai baht and
the U.S. dollar. Indonesia, South Korea and Malaysia were involved in this crisis and
their capital inflows were affected by more than $100 billion in the first year of the
crisis. The effects of the Asian financial crisis spilled over into the economies of Russia
and Brazil. The second period was a consequence of the global economic crisis that
started in 2008;

• In Oceania’s case, the values for the distribution of errors relative to the trend curve
are flattened, the significant periods being 1990–1995 and 2012–2016;

• In the case of OECD Latin American countries, no significant error distributions were
found, with the right-hand side of the forecast containing the likely values of the
regression function;

• In the case of other non-OECD European countries, error distributions were found for
the periods 1996–1999 (the fall of the communist regime and its consequences) and
2003–2014. These periods coincided with the reconfiguration of EU borders and the
major global crisis of 2009;

• Non-OECD Eurasia shows the most significant errors distributed over the period
2011–2013, corresponding to the global crisis of the early 2010s;

• In the non-OECD African region, there are no significant distributions of errors to the
right of the trend. The model is representative of this region;

• In non-OECD Asian countries, the period that witnessed function errors is clustered
between 2012 and 2017 and was strongly influenced by the effects of the economic
crisis in China in 201;
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• At the level of the Chinese economy, there is a significant distribution of errors to the
right of the trend for several periods, namely: 1990–1995, 1997–1999 and 2004–2009;

The Indian economy was characterized by significant error distribution in the periods
of 1999–2000 and 2015–2019,

Based on the results of the analysis, we formulated the following proposals to improve
public policies in the field of combating water pollution caused by microplastics (see
Table 5).

Table 5. Proposals for improving public policies in the field of combating water pollution caused by
microplastics.

Pollution Factor
Plastics Polymer

(Bioplastics–Dependent
Variable)

Effectiveness of
Implemented

Control Measures

Public Policy
Proposals

Graphical Distribution of Correlations with the Reference
Pollutant Factor (Bioplastics) *

Marine coatings

Increased in relation
to the reference
pollutant factor

bioplastics (superunit
level of pollution
reduction in the

correlative
assessment in
relation to the

dependent variable
of value 4.255).

Introducing higher
quality standards for

paints used in the
shipping industry in
order to protect the
environment and

reduce water
pollution caused by

microplastics.

2 

2 

1 

1 

0 

Low-density polyethylene
(LDPE) and Linear

Low-Density Polyethylene
(LLDPE)

Reduced in relation
to the reference
pollutant factor

bioplastics
(super-unit level of

pollution reduction in
the correlative
assessment in
relation to the

dependent variable is
close to 0, i.e., 0.043).

Realising an
international

agreement– on LDPE
and LLDPE water
pollution whereby

plastic manufacturers
declare the

ingredients in their
plastic products and

their effects on
health.

High-density polyethylene
(HDPE)

Reduced in relation
to the reference
pollutant factor

bioplastics
(super-unit level of

pollution reduction in
the correlative
assessment in
relation to the

dependent variable is
close to 0, i.e., 0.040).

Improving the
management of
HDPE waste to

enable its recycling in
terms acceptable to

the circular economy.

2 

2 

1 

1 

0 

57



Int. J. Environ. Res. Public Health 2023, 20, 4014

Table 5. Cont.

Pollution Factor
Plastics Polymer

(Bioplastics–Dependent
Variable)

Effectiveness of
Implemented

Control Measures

Public Policy
Proposals

Graphical Distribution of Correlations with the Reference
Pollutant Factor (Bioplastics) *

Polypropylene (PP)

Reduced in relation
to the reference
pollutant factor

bioplastics (sub-unit
level of pollution

re-reduction in the
correlative

assessment in
relation to the

dependent variable is
close to 0, i.e., 0.032).

New public policies
to control the
production,

consumption and use
of PP in areas such as
consumer packaging,

plastic parts and
textiles in the

automotive industry.

Polystyrene (PS)

Reduced in relation
to the reference
pollutant factor

bioplastics (subunit
level of pollution

re-reduction in the
correlative

assessment in relation
to the dependent
variable is 0.112).

Realising new
international

agreements that
reduce the

production and use
of PS in the

construction,
packaging,
automotive,

pharmaceutical and
medical industries.

Polyvinyl chloride (PVC)

Reduced in relation
to the reference
pollutant factor

bioplastics (subunit
level of pollution

re-reduction in the
correlative

assessment in relation
to the dependent
variable is 0.046).

Implementation of
new measures to

improve the
collection, treatment
and proper disposal

of PVC waste used in
the construction,
textile, electrical,

cable and upholstery
industries.

 

2 

2 

1 

1 

0 

Polyethylene terephthalate
(PET)

Reduced in relation
to the reference
pollutant factor

bioplastics (subunit
level of pollution

re-reduction in the
correlative

assessment in relation
to the dependent
variable is 0.089).

Adopting new
measures to raise

public awareness of
the impact of PET on
the environment and

public health.

 
0 
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Table 5. Cont.

Pollution Factor
Plastics Polymer

(Bioplastics–Dependent
Variable)

Effectiveness of
Implemented

Control Measures

Public Policy
Proposals

Graphical Distribution of Correlations with the Reference
Pollutant Factor (Bioplastics) *

Polyurethane (PUR)

Reduced relative to
the reference

pollutant factor
bioplastics (subunit

level of pollution
re-reduction in the

correlative
assessment relative to

the dependent
variable of 0.130).

New pollution
mitigation policies
for polyurethane

elastomers used for
furniture and

vehicles as well as
sound insulation

materials.

Fibres

Reduced relative to
the reference

pollutant factor
bioplastics (subunit

level of pollution
re-reduction in the

correlative
assessment relative to

the dependent
variable of 0.037).

Adopting new
policies to inform the

public about the
impact of fibres on

the environment and
public health.

Road marking coatings

Increased in relation
to the reference
pollutant factor

bioplastics
(supra-unit level of

pollution
re-reduction in the

correlative
assessment in
relation to the

dependent variable
of value 3.441).

Introduction into
educational

programmes at
different levels of

information on how
to reduce pollution
with road markings

and pedestrian
markings.

Elastomers (tyres)

Reduced in relation
to the reference
pollutant factor

bioplastics (subunit
level of pollution

re-reduction in the
correlative

assessment in relation
to the dependent
variable of 0.289).

Awareness of the
problem of elastomer
waste generation in

the automotive
industry which is

significant and has a
global environmental

impact. Hence the
need for sustainable

recycling of this
waste.

 
* Arrived at by authors using official statistical data base [55].
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The importance of this study lies in combining in an integrated way OECD data
on microplastic water pollution and identifying relevant policies to combat this type of
pollution.

6. Conclusions

The authors have achieved the objectives proposed in the research as defined in the
introduction. The literature review allowed the development of research hypotheses, which
were subsequently demonstrated in Sections 3 and 4 of the paper.

An interesting econometric model was built to study the connection between the
factors contributing to the increase of microplastic water pollution. Following the im-
plementation of this model at the OECD database level, proposals for improving public
policies in the field of combating water pollution caused by microplastics were carried out.

The novelty of the econometric model and public policy proposals for decreasing
water pollution caused by microplastics are the strengths of this scientific approach. The
novelty of the approach lies in linking chemical elements with economic and social impacts
at a regional level. The model is entirely unprecedented and is in no way an adaptation or
update of an existing model. The public policy proposals in this area were also innovative.

This scientific work encountered difficulties, including the lack of official statistical
information on water pollution caused by microplastics and the lack of a unified approach
and common regulations at an international level.

The main limitation of this paper is the relatively small number of indicators used in
the analysis. The authors propose to expand the number of indicators analysed and the
statistical basis of observations through international collaboration, at least at the academic
level, in a future scientific approach on the same topic.
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Abstract: Background: Occupational accidents are rising, but there is little evidence on the outcomes
of patients who received case management during Return to work (RTW) programs. This study
examined the case management-based on RTW program features that improve the work ability index
(WAI) and quality of life (QoL). Methods: This cross-sectional research involved 230 disabled workers
due to an occupational injury in Indonesia, 154 participated in RTW, and 75 did not participate
in RTW (non-RTW) during the COVID-19 pandemic. Sociodemographic and occupational factors
were used to examine the RTW results. We used the Finnish Institute of Occupational Health’s
WAI questionnaires to measure the work ability index and World Health Organization Quality of
Life Brief Version (WHOQOL-BREF) for quality of life. Results: The study found a statistically
significant difference in working duration and preferred treatment for RTW between the groups
(p-value = 0.039). Furthermore, the quality of life in the domain of environmental health and work
ability index score also demonstrated a significant difference between the groups (p-value = 0.023 and
0.000, respectively). Conclusions: During the COVID-19 pandemic, this study found that the RTW
program improved the quality of life and work abilities of disabled workers.

Keywords: case management; return to work; disabled workers; work ability index; quality of life

1. Introduction

The outbreak of COVID-19 has affected every region of the world since November
2019. To combat the impact of this pandemic, governments have implemented measures
such as adjustments to existing occupational accident insurance programs within their
social security frameworks. These changes aimed to address the specific challenges posed
by COVID-19 [1]. Local government institutions play a crucial role in balancing the need
for social distancing to prevent the spread of COVID-19 and the need for economic recovery,
as seen in the study of 28 provincial governments in China during the early outbreak of
2020 [2]. Moreover, the World Health Organization issued a series of physical distance-
related regulations to ensure that the COVID-19 pandemic would be contained [3]. As a
result of the outbreak of COVID-19, plenty of unfavorable things have occurred concerning
work all over the globe. More than a hundred individuals have died in Indonesia due to
the COVID-19 pandemic, and the bankruptcy of several companies has had a knock-on
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effect on the country’s economy [4] and the quality of life of its workers. It shows that
despite their abilities, the pandemic has made it difficult to access a range of activities.
As one of the most vulnerable groups affected by the COVID-19 pandemic, people with
physical disabilities are at high risk of COVID-19 exposure and have difficulty carrying
out daily activities including following COVID-19 prevention protocols [5,6]. During
the COVID-19 pandemic, stakeholders focused on ensuring the baseline health of RTW
participants and the health and safety considerations for disabled employees, particularly
if they had underlying health disorders that increase the risk of COVID-19. Workers with
physical disabilities need special equipment or environmental adjustments to carry out
the rehabilitation activities as part of the RTW program. Due to constraints on in-person
connections and limited resources, implementing these adjustments during a pandemic may
be challenging. During the pandemic, some health care providers adopted telemedicine,
which may be challenging for disabled workers who need in-person treatment [7]. In
addition, the pandemic has made the condition more challenging to return to work after
being injured in a workplace accident. This concern has been highlighted because it is
imperative for a person whose impairment was caused by a workplace accident to make
significant alterations to cope with the new phase of their life.

Indonesia has a unique social security system based on employment, which allows
the government to provide a benefit from occupational accident insurance in the form of a
specific disability management program called Return To Work (RTW). This program is dis-
tinct compared to those offered by other developing nations [8]. The RTW program serves
as a complement to in-kind benefit services by providing a comprehensive rehabilitation
program. This program included medical, vocational, and psychological rehabilitation
with the assistance of case managers [9]. Moreover, in the context of social security and oc-
cupational injury insurance, an in-kind benefit is a type of non-cash benefit that is provided
to an individual as part of their insurance coverage. These benefits can include things like
medical treatment, rehabilitation services, and other forms of assistance that are designed to
help an individual recover from an occupational injury or disease. In-kind benefits may be
provided directly by the insurance provider, or they may be arranged through third-party
providers. For example, an insurance company may cover the cost of medical treatment
from a specific hospital or clinic, or they may provide a payment to an individual to cover
the cost of rehabilitation services [10].

In this case, BPJS Ketenagakerjaan, the Indonesian social security organization, pro-
vides a combination of cash and in-kind benefits to a person who has experienced an
occupational injury or occupational disease. A worker could receive a cash payout to
compensate lost income due to an occupational accident as well as in-kind benefits to
cover the cost of medical care, and rehabilitation services in the form of a case management
system and the RTW program [11]. In-kind benefits play an important part in social security
and occupational injury insurance systems, supporting those who have been injured or
suffered a disease because of their job, and enables individuals to regain their dignity by
enhancing their productivity during the course of the RTW program.

The RTW program in Indonesia is designed to support workers who have suffered a
disability due to an occupational accident or disease and have been registered as customers
of BPJS Ketenagakerjaan. The program provides employees with a range of support services
including medical rehabilitation, vocational rehabilitation, and psychosocial rehabilitation
to help them regain their physical and mental abilities and to make the transition back to
work as smooth as possible. Eligibility for the RTW program is typically determined by
BPJS Ketenagakerjaan based on medical indications such as the type of impairment and
the employee’s ability to perform essential job tasks.

Disability is a complex phenomenon that includes biological functions, activity limits,
impediments to participation, and environmental influences, among others [12]. Nonethe-
less, the social stigma associated with a disability is still widely held in today’s culture,
which is one of the environmental aspects to consider. Some individuals still have the view
that people with disabilities are entirely reliant on the kindness and assistance of others.
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Due to this viewpoint, many people with disabilities face discrimination, which prevents
them from leading independent lives.

Regulations about equal job opportunities initially sought to enhance the personal
well-being of people with disabilities. Unfortunately, the participation of disabled people
in the labor market is minimal, and their earnings are meagre. Measuring the quality of
life as a kind of individual welfare for employees with disabilities is one way to evaluate
the effectiveness of employment restrictions for people with impairments [13]. Disability
discrimination in the workplace is a significant issue, and it is important to think about
ways to reduce the stigma that disabled people experience at work. Promoting equality
and inclusiveness in the workforce requires addressing the stigma faced by disabled indi-
viduals [14]. The RTW program for disabled workers can reduce disability discrimination
by providing support and accommodation for reintegration into the workforce.

By examining their employment capability, businesses may better accommodate per-
sons with disabilities and provide them with equal chances in the workforce. The work
ability index, which accounts for factors such as mental and physical well-being and the
capacity to manage obstacles in the physical realm [15,16], may be used for this measure-
ment. On the other hand, quite a few researchers have studied the connection between
RTW results and job-related factors such as the quality of life and work ability index among
impaired workers. Therefore, this study aims to examine the dynamic relationship between
the quality of life and work capability index among disabled workers by analyzing a case
management system of disability management through a RTW program experienced by
disabled workers during the COVID-19 pandemic.

2. Methods

2.1. Study Setting

This descriptive cross-sectional study measured the QoL and WAI of workers with
disabilities after participating in the RTW program. This study was conducted between
January and June 2021, identifying the claims for RTW during the outbreak of COVID-19
in Indonesia. Workers who had been registered as customers with the Indonesian Na-
tional Social Security Agency for Employment (BPJS Ketenagakerjaan) were recruited for
participation in this study.

The participants in the study were separated into two groups, RTW and non-RTW,
based on their participation in the return to work (RTW) program after receiving workers’
compensation benefits from BPJS Ketenagakerjaan. The RTW group consisted of individuals
who took part in the program, while the non-RTW group consisted of those who did not.
This division aimed to examine the effect of participating in the RTW program on the
individuals and compare it to those who did not participate. To be eligible for this study,
individuals had to be between 18 and 65 years old, employed during the COVID-19
outbreak, and engaged in the RTW program.

2.2. Data Collection

All data regarding participants in the RTW program were obtained from BPJS Ketena-
gakerjaan. The authors sent the invitation to potential applicants through a widespread
email. A total of 165 individuals in the RTW program who had been asked to participate
in the study and met all prerequisites were enrolled at the outset. During the starting
procedure, only 154 people agreed to be interviewed and completed our questionnaires.
Moreover, we extended invitations to an additional 165 disabled patients who had had an
occupational injury but were hesitant to take part in the RTW program. However, only
75 people agreed to participate in this study.

The data were collected by the first and third authors. The lead author conducted a
three-hour training session on RTW, WAI, QoL, and instructions for data collection and
ethical issues to 11 case managers of BPJS Ketenagakerjaan in 34 provinces throughout
Indonesia before commencing the data collection. The case managers involved in this
study were employees of BPJS Ketenagakerjaan and were not specifically added for the
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current study. The case managers acted as enumerators and collected data from patients
participating in RTW programs at trauma centers and rehabilitation hospitals, and received
training from the lead author on RTW, WAI, QoL, and data collection, and ethical issues. The
data collection was carried out by 11 case managers in 34 provinces throughout Indonesia,
who were assigned to hospitals based on their location. The data were collected through
printed surveys to reduce nonresponse bias. The data collectors analyzed the recovered
questionnaires to minimize missing responses and asked for responses in cases of missing
items.

The questionnaire included topics on sociodemographic variables as well as disability-
related aspects. In addition, a questionnaire assessing the quality of life and work ability
index was also included in the research. For the purpose of determining the quality of life
(QOL) and the work ability index (WAI), respectively, the WHOQoL-BREF developed by
the World Health Organization (WHO) and validated WAI questionnaires developed by
the Finnish Institute of Occupational Health were used.

2.3. Data Analysis

The Shapiro–Wilk test was used to check for normality in the data, which was per-
formed by the first author. The purpose of checking for normality in the data is to ensure
that the data are normally distributed. A normally distributed dataset is essential for the
validity of statistical tests. The categorical patient sociodemographic data were analyzed
using frequency statistics. The Mann–Whitney U test was used to compare the RTW and
non-RTW groups, while Pearson’s correlation was used to analyze the relationship between
the free variables and both the dependent and independent variables (r). Free variables are
variables that are not controlled by the researcher but can affect the outcome of the study.
The Pearson’s correlation (r) was used to assess the strength of the relationship between
the independent and dependent variables. r ranged from −1 to 1, with negative correlation
indicating that one variable decreases as the other increases, and positive correlation indi-
cating both variables increasing or decreasing together. The strength of the relationship
was categorized as negligible (r < 0.2), low (r = 0.2–0.49), moderate (r = 0.5–0.69), high
(r = 0.7–0.85), or very high (r = 0.86–1.00), with higher values indicating stronger linear
relationships.

For the continuous data, we used independent sample t-tests (t), and for the ordinal
data, we utilized Mann–Whitney tests. The Chi-square tests were used in order to inves-
tigate the differences in the categorical data. Multivariate logistic regression was used to
investigate the association between several predictor factors and the outcome variable. To
address the research question of this study in analyzing the relationship between the work
ability index and quality of life between the RTW and non-RTW participants, multivariate
logistic regression is the most suitable approach since it controls for the effects of other
variables.

The study used logistic regression to assess the association between independent and
dependent variables while controlling for other factors. The aim of the analysis was to
examine the relationships between various factors and the outcome of interest, taking into
account the influence of other variables. The independent and dependent variables were
determined using a questionnaire that included sociodemographic and disability-related
questions as well as assessments of QOL and WAI using validated questionnaires. The
logistic regression was performed using SPSS version 26.0, with a p-value of less than
0.05 and a 95% confidence interval.

3. Results

3.1. Return to Work Program as Case Management for Disabled Workers

In accordance with the foregoing concept, this study investigated the aspect of RTW
implementation in Indonesia. The research was carried out during the COVID-19 pandemic
and we compared the outcomes of the RTW program for employees with impairments and
non-RTW participants. The study compared two groups of people: those who participated
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in the RTW program during COVID-19 and those who did not participate. The research
was designed to shed light on the implementation of the RTW program and its outcomes for
employees who were impaired due to occupational injuries or occupational diseases during
the COVID-19 pandemic. The research began with an assessment of the sociodemographic
characteristics of the subjects. The following factors were considered as variables: age,
gender, marital status, occupation, level of education, work period, and place of living. In
Table 1, we see how the quality of life and work ability index scores of disabled workers
are distributed on a general level.

Table 1. Statistic result comparison of RTW and non-RTW participants.

Variables

RTW Non-RTW
Mann–Whitney,

t, and χ2
Multivariate Logistic

Regression

N (%) or
Mean ± SD

N (%) or
Mean ± SD

p-Value OR (95% CI) p-Value

Age
69(30.43%) 39(16.96%) 39 ± 16.96%

0.430 3.726 0.84777(33.48%) 35(15.22%) 35 ± 15.22%
8(3.48%) 1(0.43%) 1 ± 0.43%

Gender
33(14.40%) 24(10.50%) 24 ± 10.50%

0.083 0.184 0.125121(52.80%) 51(22.30%)) 51 ± 22.30%

Marital status
24(10.50%) 13(5.70%) 13 ± 5.70%

0.736 4.876 0.585130(56.80%) 62(27.10%) 62 ± 27.10%

Job description 146(63.80%) 72(31.40%) 72 ± 31.40%
0.692 2.792 0.7698(3.50%) 3(1.30%) 3 ± 1.30%

Level of education
132(57.60%) 64(27.90%) 64 ± 27.90%

0.939 0.283 0.36722(9.60%) 11(4.80%) 11 ± 4.80%

Work Period

8(3.50%) 12(5.20%) 12 ± 5.20%

0.000 * 0.430 0.039 *
48(21.00%) 33(14.40%) 33 ± 14.40%
69(30.10%) 22(9.60%) 22 ± 9.60%
29(12.70%) 8(3.50%) 8 ± 3.50%

Location of residence
83(36.52%) 36(15.65%) 36 ± 15.65%

0.493 1.143 0.26410(4.35%) 7(3.04%) 7 ± 3.04%
61(26.52%) 32(13.91%) 32 ± 13.91%

Work Ability Index

0(0.00%) 37(16.20%) 37 ± 16.20%

0.000 * 0.692 0.000 *
42(18.30%) 20(8.70%) 20 ± 8.70%
84(36.70%) 14(6.10%) 14 ± 6.10%
28(12.20%) 4(1.70%) 4 ± 1.70%

Quality of Life

72.94 ± 11.94 65.91 ± 10.72 65.91 ± 10.72 0.000 * 0.988 0.374
74.35 ± 10.13 70.84 ± 9.82 70.84 ± 9.82 0.016 * 0.956 0.367
76.14 ± 14.45 74.13 ± 14.17 74.13 ± 14.17 0.388 1.029 0.055
69.89 ± 8.78 63.64 ± 8.52 63.64 ± 8.52 0.000 * 1.062 0.023 *

* p < 0.05 indicates a significant difference between the two groups (RTW and Non-RTW) at a level of 95%
confidence. * p < 0.01 indicates a highly significant difference between the two groups at a level of 99% confidence.

The data in Table 1 are presented in a numerical format (N%) for the nominal and
ordinal data and as the mean and standard deviation for the continuous data.

Table 1 shows the results of a study comparing various demographic and health-
related variables between two groups: RTW (Return to Work) and Non-RTW (non-Return
to Work). The Mann–Whitney test, t-test, and Chi-squared test were used to assess the
significance of differences between the two groups for each variable, and multivariate
logistic regression was used to determine the odds ratio (OR) and 95% confidence interval
(CI) for each variable. The OR (odds ratio) estimate in the multivariate logistic regression
captures the relationship between the independent variables and the dependent variables.
It measures the odds of an event occurring (i.e., having a certain quality of life or work
ability index) given a set of independent variables (i.e., age, gender, marital status, job
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description, level of education, work period, location of residence). The CI for OR estimates
the 95% confidence interval (CI) for the OR estimate represents the range in which the true
value of the OR is likely to fall with 95% certainty. It provides information on the precision
of the OR estimate.

The results of the Mann–Whitney test, t-test, and Chi-squared test indicated that there
were statistically significant differences between the RTW and Non-RTW groups in terms
of age (p-value = 0.430), work period (p-value = 0.000 *), quality of life (p-value = 0.000 *),
and work ability index (p-value = 0.000 *). The multivariate logistic regression analysis
revealed that the odds of RTW were 3.726 times higher in the older age group (95% CI:
0.847–15.726) and the odds of RTW were 0.430 times higher for those with a longer work
period (95% CI: 0.039–0.737).

The results of the study suggest that age and work period may be important predictors
of RTW in injured workers. Additionally, the significant difference in the quality of life
between the RTW and non-RTW groups highlights the importance of addressing mental
and physical well-being in rehabilitation programs for injured workers.

3.2. A Glimpse of the Quality of Life among Workers with Disabilities

In this study, the quality of life of employees with impairments was evaluated using
the WHOQoL-BREF as the standard of measurement. An evaluation of the quality of life
involved the domain of physical health, psychological, social bound, and environment,
respectively, in this research. This research found that when compared to other dimensions
of quality of life, the social bound domain had the greatest mean value. However, as
shown in Table 1 and Figure 1, the average value of all categories of quality of life for RTW
participants was greater than for those who did not engage in the RTW program.

 
a b 

c d
Figure 1. The comparative value of the domains of the disabled employees’ QoL in relation to WAI
among the RTW and those who did not participate in the RTW. (a) Physical health, (b) social bound,
(c) psychological, and (d) environmental health.

The data suggest that there may be a noticeable difference in the quality of life for dis-
abled workers, as evidenced by the measurements of QOL and WAI. Moreover, according
to Figure 1, which provides a look into the quality of life among workers with disabilities in
Indonesia during the COVID-19 outbreak, individuals who participated in RTW program
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showed a higher level of quality of life in all domains than workers who did not participate
in the RTW program. As shown in Figure 1, the horizontal axis represents the domain of
QOL of the participants in the study. The vertical axis represents the work ability index
(WAI) of the participants in the study. Figure 1a shows that the workers who participated
in RTW programs tended to have better physical health) outcomes (OR (0.988), mean S.D.
(72.94 ± 11.94)) and WAI score compared to those who did not participate. Additionally,
the same pattern of outcomes was seen in other domains including social bound (Figure 1b,
OR (1.029), mean S.D. (76.14 + 14.45)), psychological health (Figure 1c, OR (0.956), mean S.D.
(74.35 ± 10.13)), and environmental health (Figure 1d, OR (1.062), mean S.D. (69.89 ± 8.78)).

The results of a multivariate logistic regression analysis are shown in Table 1, indicating
that the working period, workability index, and the domain of environmental health in the
quality of life had a p-value of less than 0.05, showing a statistically significant relationship
between participation in the RTW program and the variables. In this case, the p-value of
0.023 suggests that there is a statistically significant relationship between participation in
the RTW program and the environmental health domain of quality of life.

3.3. Work Ability Index of Workers with Disabilities

Both the RTW and non-RTW groups included individuals with a diverse age range
from around 26 to 55 years old, as shown in Table 1. Based on the line graph, it was
determined that the average work ability index for disabled workers was 39.29. (SD 4.39).
Figure 2 provides a detailed illustration of the work ability index based on the age and
work period, and the work ability index after research [16] revealed that there was also a
correlation between age and the index.

10–14 years 6–9 years 3–5 years More than 14 years 

Figure 2. Distribution score of the work ability index based on the age and working period.

According to the description in Figure 2, the distribution score of the work ability index
sets the majority of the data in the “good” category for a group of workers participating in
the RTW program, which was between 37 and 44 [17]. Conversely, those who were disabled
but did not participate in the RTW program showed a lower score of WAI. The use of WAI
analysis among employees with disabilities in this research, which were practically in the
same context as the study [17,18] of the work ability index in the population of people
receiving state insurance, was accomplished.

The results in Figure 3 indicate that the work ability index (WAI) of disabled workers
who participated in the return to work (RTW) program appeared to be higher compared
to those who did not participate in the RTW program. Specifically, the average WAI score
of disabled workers in the non-RTW group was 37%, which is considered poor, while
the RTW group had a higher proportion of disabled workers with an excellent WAI score
of 28 (12.20%). Furthermore, there were no disabled workers in the poor category after

71



Int. J. Environ. Res. Public Health 2023, 20, 3094

participating in the RTW program, implying that the RTW program is associated with
an increased work ability index score of disabled workers, however, it is important to
recognize the implication of this research for further study to investigate the causality that
the RTW program is effective in enhancing the work ability index of disabled workers.

Figure 3. Work ability index dynamic value based on the category.

4. Discussion

4.1. Interpretation of Results in Relation to the Effectiveness of the Return to Work Program

The findings of our study highlight the potential benefits of the return to work pro-
gram for disabled workers during the pandemic. Our analysis found that workers who
participated in the program had significantly higher scores in the measures of quality of
life and work ability compared to those who did not participate. There may have been a
difference between the participants and non-participants in the RTW program in terms
of the severity of their impairments and their motivation to work. It is possible that the
participants in the RTW program had less severe injuries or were more motivated to return
to work than those who did not participate. This could potentially influence the outcomes
of the program and must be taken into account when evaluating the results. This suggests
that the RTW program was effective in supporting disabled workers to return to work and
maintain their ability to work during the pandemic.

We also observed that the participants who had been out of work for a longer period
of time were more likely to prefer the RTW program compared to those who had only been
out of work for a shorter period. This may indicate that the longer an individual is out of
work, the more likely they are to seek support and resources through the RTW program to
return to work. However, it is important to note that there were also a significant number of
participants who preferred not to engage in the RTW program, regardless of their working
period.

In terms of quality of life, our study found that physical health, psychological health,
and environmental health were significantly better among workers who preferred to
participate in the RTW program compared to those who preferred not to. This suggests
that the RTW program was successful in improving the physical and psychological health
outcomes for participants. However, we did not find a significant difference in the domain
of social bonds between those who preferred to participate in the RTW program and those
who preferred not to participate. This could be due to the fact that the RTW program was
focused on supporting individuals to return to work and did not specifically address social
connections.

Finally, it is widely believed that participating in return to work programs can have an
association with physical health, which is a key component of work ability. RTW programs
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can support workers in their recovery from injuries or illnesses and promote physical
activity and well-being. This study supports these beliefs, as workers who participated in
the RTW program tended to have better physical health outcomes compared to those who
did not participate.

4.2. The Current State of Information from Findings

This study examined the effectiveness of a return to work (RTW) program for individ-
uals with occupational injuries during the pandemic in Indonesia and provides insights
into the support and resources available to disabled workers during this challenging time.
To the best of our knowledge, this is the first study of its kind to assess the quality of life
(QOL) and work ability index (WAI) among disabled workers who participated in a RTW
program during this time.

Our findings suggest that the RTW program was effective in improving the QOL
and WAI scores for participants, indicating that it was successful in supporting disabled
workers to return to work and maintaining their ability to work during the pandemic.
These results have important implications for policy and practice in supporting disabled
workers during challenging times such as the COVID-19 pandemic.

4.3. Implications for Supporting Disabled Workers during the Pandemic

Workers who are disabled because of an accident or disease at work are most concerned
about their quality of life and their ability to work again after the injury. In order to
protect workers from this risk, some countries include occupational injury insurance in
their social security programs. Moreover, a study on rural–urban migrants in China
highlights the challenges they faced during the COVID-19 pandemic including housing
evictions and difficulties with travel [19]. This sheds light on how disabled people, as
another disadvantaged population group, may also be impacted by similar issues, and
highlights the need for policies to address the needs of various disadvantaged groups.
Policy instruments such as occupational health and safety initiatives are necessary to
facilitate the work resumption of disadvantaged workers during COVID-19, however,
more comprehensive evaluations and implementation details are needed to determine their
effectiveness [20]. The implementation of coverage under occupational injury insurance has
taken the shape of a case management system which is the Return to Work program [21–25].
Despite the fact that during the pandemic, the state of employment in temporary contracts
was related to enhanced well-being and increased performance, the research found that
they were also associated with decreased job security [13].

Workers who have been disabled due to an accident or disease might have their dignity
restored and their chances of returning to work improved by RTW programs [26]. This is
in line with the journey of businesses taking part in the RTW assistance program offered by
BPJS Ketenagakerjaan, Indonesia. In addition, there has been an increase in the promotion
of career options for those who are either disabled or have a permanent complete handicap.
Workers regain their productivity when employers invest in their education and re-entry
into the workforce, putting them in a position to compete for better job prospects and, on a
larger scale, become one of the elements contributing to good economic development [27].
The success of the RTW program will increase the number of workers engaging in the
labor market. The effective management of a disabled workforce can play a critical role
in promoting the participation of disabled workers who have suffered from occupational
injuries in the labor market. The RTW program supports disabled workers returning to
the workforce, promoting their participation in the labor market and effectively managing
disabilities. By providing support and accommodation, RTW programs help address the
challenges faced by disabled workers. RTW programs are essential for effectively managing
disabilities and supporting the workforce [28,29]. This, in turn, will increase the output
level, affecting the economy’s status in Indonesia.

Our study found that the variable of working period was significantly related to
the preference for participating in the return to work (RTW) program, with a p-value of
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0.000 for the Chi-square test and a p-value of 0.000 in the multivariate logistic regression.
This suggests that the length of time an individual has been out of work plays a significant
role in their preference for participating in a RTW program. Additionally, we found that the
category of working period among workers in the RTW group was dominantly 10–14 years
(69 ± 30.10%). In the non RTW group, the dominant category was 5–9 years (69 ± 30.10%).
These findings suggest that those who have been out of work for a longer period of time
are more likely to prefer the support and resources provided by the RTW program in order
to return to work.

It is important to consider the potential implications of these findings for policy and
practice. Employers and policy-makers may wish to consider implementing RTW programs
that are targeted toward those who have been out of work for longer periods of time, as
they may be more likely to benefit from the support and resources provided. Additionally,
further research is needed to understand the specific factors that influence an individual’s
preference for participating in a RTW program such as personal and professional goals, job
availability, and health and wellness.

This study shows an identical outcome to a study carried out in Malaysia [22,30] that
demonstrated that the outcomes of RTW had a significant correlation with the physical
health domain of workers who participated in RTW programs. Under certain situations to
turn for equating with a study that followed that sequence, this study shows the results.
Research with the same questionnaire was also undertaken for people with disabilities [31],
and the results indicated that all means of QOL domains were accordingly lower than this
report revealed. Furthermore, this study’s setting differed significantly from other studies.
Moreover, this research analyzed how the RTW program’s comprehensive rehabilitation
affects the quality of life for persons with disabilities. It would seem that the RTW program
beneficially impacts the practical approach during the COVID-19 pandemic to improve the
quality of life among disabled workers.

In addition, regarding the work ability index, this investigation used the work ability
index questionnaire developed by the Finnish Institute of Occupational Health [32]. This
tool describes the respondents’ current work capabilities while also allowing for projections
of the health concerns they experience. The results may mean that the category is poor if
the score is between 7 and 27 points, and the category is moderate if the result is between
28 and 36 points. In this case, the category is considered good if the score is between 37 and
43 points and excellent if it is between 44 and 49 points. The questionnaire is an instrument
for self-evaluation, and its purpose is to determine an individual’s job competence by
analyzing how that person interacts with the environment in which they are employed. It
is flexible enough to be utilized by individual workers and teams [32,33].

The work ability index results classified all participants in a range from moderate to
excellent. The broad range of WAI scores in this study ranged from 29 to 49. The results of
this study should therefore be seen as a response to specific previous findings [16]. There
is some evidence to suggest that there may be a correlation between the WAI and age
and working period. Some studies have found that older workers and those with longer
working periods tend to have lower WAI scores, while younger workers and those with
shorter working periods tend to have higher WAI scores [34]. This may be due to the
increased physical and mental demands of work as well as the accumulation of health
problems over time.

The purpose of occupational health management that may be achieved by imple-
menting WAI is to consider maintaining and making efforts to improve the quality of
work for an inclusive society that includes people with disabilities in accordance with the
UN’s Sustainable Development Goals (SDGs). It has been revealed that 54.2% (n = 84) of
the total number of disabled workers who participated in the RTW program significantly
improved their working abilities due to their participation. During the COVID-19 outbreak
in Indonesia, it was observed that 27.3% (n = 42) of employees fell into the moderate group,
while 18.2% (n = 28) had an exceptionally excellent work ability index.
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5. Conclusions

In conclusion, our study found that the return to work program was effective in
improving the quality of life and work ability of disabled workers during the COVID-19
pandemic, as seen by the significant difference in scores between the RTW and non-RTW
participants. Policy-makers and employers should consider using assessment tools and
gathering feedback to regularly assess the program and make necessary improvements.

Limitations and Strengths

There were some flaws in how the study was conducted that need to be pointed out. It
is important to consider the limitations of our study including the sample size and specific
geographic location. Further research with a larger sample size and diverse location is
needed to further understand the effectiveness of RTW programs for disabled workers dur-
ing the COVID-19 pandemic. The data collection was conducted using a purposive sample,
which refers to situations during the pandemic that allowed researchers to approach the
subjects through indirect encounters or online, which profoundly affected the willingness of
participants to continue with the study, resulting in possible biases. There are, nevertheless,
certain advantages to consider. We demonstrated the importance of contextual factors in
implementing RTW, especially when examining the program’s outcomes in measuring the
functional ability and quality of life of workers with disabilities. This was carried out by
using various data from very different social and cultural backgrounds and a wide variety
of social assistance background frameworks.
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Abstract: Among the visible effects as Sustainable Development (SD) transitions from theory into
practice, there are Green Jobs (GJs). There are multiple variants in naming this phenomenon in
the labor market. Among them are green collars, green employment, and sustainable employment,
all indicating a profound inconsistency in the GJ definition. This article aims to identify keyword-
specified areas around which the topic of GJs revolves in the scientific literature indexed in the
Scopus database. The usage of two methods has achieved this goal. First is the Structured Literature
Review (SLR) variation with queries, and it is used to explore the scientific database to determine
GJ’s definition consistency by the queries syntax. The second method is the search results analysis
performed in the Scopus database online to identify the most cited publications and most contributing
authors. Then the bibliometric analysis was performed to create bibliometric maps of the most critical
keywords in VOSviewer software. The combination of those two approaches allowed this research
to indicate the most influential research directions on GJs. The results are presented in graphical
forms, and tables with main co-occurring keyword clusters were identified. GJs are a key part of
green economy development, where green self-employment and green entrepreneurship play a
pivotal role. The presented results can inspire other researchers who are looking for a research gap or
describing the state of the art. Politicians and decision-makers can be influenced by the presented
contextualization of green job’s meaning in the labor market.

Keywords: green jobs; green labor market; green economy; sustainable development

1. Introduction

The technological transition from a brown economy (based mainly on the exploitation
of fossil fuels) to a green economy (based on renewable energy sources) is a multidimen-
sional, worldwide process [1,2] that involves all sectors of the modern economy [3,4]. This
process is the result of the need to implement the idea of Sustainable Development (SD) in
socio-economic practice [5,6]. The assumption is that the green economy is about conduct-
ing all economic activities with respect for nature’s assets and in such a way as to prevent
irreversible changes to the environment [7]. Therefore, there are changes taking place in all
business processes and decision-making aiming at a low-carbon, and a resource-efficient
economy based on green technologies [8,9]. The examples of the changes towards SD are
visible in all economic sectors and there is a gradual green transformation of the whole
economy taking place [10,11]. This shift towards a green economy is particularly visible
in the labor market [12,13]. In this economic area, there is the creation of new jobs or the
change of existing jobs for the needs of a gradually greening or circular economy [14,15].
Such jobs created as a result of pro-environmental transformations of activities undertaken
by various types of entities are called green jobs (GJs) [9,16,17]. GJs are the result of the
ongoing transformation focused on SD [18] and are an important part of the scientific analy-
ses raised around the topic of a green economy [19,20]. In particular, the scientific literature
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emphasizes that employees employed in GJs should be characterized by appropriate levels
of knowledge [21,22], skills [23,24], attitudes [25], and pro-environmental behavior [26,27].
Hence, there are a growing number of scientific studies addressing the issue of the green
competence of employees [28,29]. Based on previous research on the issue of GJs, it is
possible not only to point out how they differ from non-green jobs [30,31], but also to draw
the conclusion that it is on the degree of development of human capital in the context of
sustainability issues that progress aimed at greening modern economies depends [32]. GJs
can be characterized by both quality and degree of greening [9,33]. Thus, GJs can be called
a kind of litmus test of the greening of modern economies of both the countries concerned
and international communities [34].

There is an ongoing scientific discussion on the question of defining what GJs
are [9,15]. This discussion is triggered by diverse scientific and research approaches to
such specific positions [35,36]. The result of the considerations undertaken by researchers
is the identification of GJs with given economic sectors [37,38], which are called green
sectors [39,40], or with specific jobs [41,42]. According to the most popular definition
of GJs, they represent “work in agricultural, manufacturing, research and development,
administrative, and service activities that contribute substantially to preserving or restor-
ing environmental quality” [43]. Recently, special attention has been paid to the energy
sector [44,45], where it is indicated that the transformation of this sector towards renewable
energy sources contributes to the creation of GJs [4,33]. In addition, researchers on the
subject recognize another important aspect resulting from the indicated transformation,
namely that the renewable energy sector creates more jobs per unit of energy than the
fossil fuel-based sector [46,47]. Thus, what is occurring in this area is not only a qualitative
change in jobs but also the creation of new GJs [48,49]. In light of the research conducted
to date on the topic of GJs, a view directed toward qualitative research of all jobs in the
economy in terms of their greening is also evident [9,50].

The aim of this article is to identify key areas around which the topic of GJs revolves in
the literature. Such an area-based systematization is important since a significant systematic
research gap is still apparent in this field. Previous literature studies aimed at this goal
primarily ignore the issue of the different nomenclature of GJs [51], or analyze the indicated
issues in rather narrow periods [52], and thus make the undertaken deductions incomplete.
The research problems observed are the main reason for this study. The purpose of the
article presented above is accompanied by verification of the statement that GJs and their
nomenclature are constantly evolving, which in itself is an important field for researchers
and management theory development.

To achieve a such goal to identify key areas and keywords, around which GJs are
developed in the scientific literature, the bibliometric analysis was performed. The adopted
method was Structured Literature Review (SLR) variation method with queries. The
scientific database explored in this bibliometric study is the Scopus collection of peer-
reviewed articles, conference proceedings, book chapters, etc. In this study, the whole
collection was analyzed according to the presented in the Materials and Methods section
methodology. Using the VOSviewer software (version 1.6.18) the co-occurrences networks
were generated to identify associations between frequently occurring keywords in scientific
articles indexed in Scopus.

Following the logic adopted in this paper as a bibliometric review, the presentation
of the GJs subject is divided into four interrelated sections. After presenting in the first
section the reasons for bibliometric research and explaining the purpose of the work, a
description of the research methodology is presented in the second section. The results
of the research are presented in the third section with the support of bibliometric maps
and their descriptions. The article concludes with a discussion of the results, along with
recommendations and directions for future research on the GJs subject.
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2. Materials and Methods

There are two complementary methods used in this research. First is the SLR variation
with queries (Figure 1, path no. 1), and it is used to explore the scientific database to
determine GJ’s definition consistency by the queries syntax. The second method is the
search results analysis performed in the Scopus database online to identify the most cited
publications and most contributing authors (Figure 1, path no. 2). The first method results
are analyzed in VOSviewer in form of bibliometric maps. The second method is the analysis
of the results in Scopus and is a development of the first used in this paper method, the
SLR results method. Therefore, this section is divided into two subchapters.

Figure 1. Methods and stages of the research. Source: Authors’ elaboration.

The stages of the research covered 5 months of the bibliometric study. In the first
period, based on the initial query formulation and calibration, observations have been
made. In this stage, Supplementary Materials File S1 has been constructed. The conclusions
and remarks have been gathered after all stages were completed and have been introduced
into proper sections of this paper.

2.1. Structured Literature Review Method Variation

The SLR method variation is supported by the research queries exploring the Sco-
pus database. The SLR has its own procedure, which is not presented in detail in this
paper [53,54]. In this study, the SLR method is used as a tool for the identification of knowl-
edge gaps and the future direction of the research collected in bibliographic databases [55].
The SLR method variation is based on the research queries, which are used to explore the
Scopus database. In this paper, the whole Scopus database was researched without any
limitation to specific years or periods. The subject of this study is metadata of scientific
literature collected in the Scopus database. This database was selected due to its broad
scientific recognition and wider collection of content than other databases [55,56]. The
information related to the bibliometric records of the Scopus database were explored by the
bibliometric visualization tool software. The results of this method are presented in form of
bibliometric maps with the use of the VOSviewer program (version 1.6.18). This software
is commonly used by researchers in bibliometric studies in different research areas [57,58].
The method used in this research is to perform bibliometric analysis to produce a network
visualization of keywords for the queries. In the variation of the SLR method, the three
original queries were formulated and developed as presented in Table 1. There are differ-
ences in the formulated queries, although the queries have a syntax that corresponds with
the database on which they are used. There are different numbers of results depending on
the number of used green job equivalents and variants such as green employment, green
collar, environmental job, or sustainable job.
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Table 1. Queries focused on typologies used in the Scopus scientific database exploration on
20 August 2022.

Symbol Query Syntax
No. of Results

(20 August 2022)

Q1
TITLE-ABS-KEY (“green job” OR “green employment” OR “green collar” OR “sustainable job” OR

“sustainable employment” OR “sustainability job” OR “eco-friendly employment” OR “eco
employment” OR “environmental job” OR “environmental employment”)

1094

Q2
TITLE-ABS-KEY (“green job” OR “green employment” OR “green collar” OR “sustainability job” OR

“eco-friendly employment” OR “eco employment” OR “environmental job”
OR “environmental employment”)

702

Q3 TITLE-ABS-KEY (“green job” OR “green employment” OR “green collar”
OR “sustainability job” OR “environmental job”) 684

Source: Authors’ elaboration.

The data presented in Tables 1 and 2 queries’ construction and calibration are presented
in Supplementary Materials File S1 in detail. These queries are focused on the GJs typologies
visible in Scopus database-indexed publications. The subject areas in this research were not
chosen automatically by the selection in the Scopus database but each paper was carefully
reviewed to exclude misleading results to be further analyzed. This time-consuming
operation explains the different dates presented in Tables 1 and 2 results. There are
differences in the formulated queries in Table 2, although the queries have a syntax that
corresponds with the database on which they are used [59].

Table 2. Syntaxes used in Queries after calibration for the Scopus scientific database exploration GJs concept.

No. Query Syntax
No. of Results

(31 December 2022)

Q4

TITLE-ABS-KEY ({green job} OR {green jobs} OR {green-jobs} OR {‘green’ job} OR {‘green’ jobs} OR
{‘green job’} OR {‘green jobs’} OR {green collar} OR {green-collar} OR {‘green-collar’} OR {‘green collar’}
OR {green employment} OR {green employments} OR {environmental job} OR {environmental jobs} OR

{‘environmental job’} OR {sustainability job})

671

Q5

TITLE-ABS-KEY ({green job} OR {green jobs} OR {*green job*} OR {green-jobs} OR {‘green’ job} OR
{‘green’ jobs} OR {‘green job’} OR {‘green jobs’} ) OR ({green collar} {green collars} OR {*green collar*}

OR {green-collar} OR {‘green-collar’} OR {‘green collar’} OR {green employment} OR {*green
employment*} OR {green employments}) OR ({environmental job} OR {environmental jobs} OR

{*environmental job*} OR {‘environmental job’} OR {environm* employment}) OR ({sustainab* job} OR
{sustainab* employment} OR {environm* employment})

611

Source: Authors’ elaboration.

Presented queries do not differ in the publication type, years, or category, because
such filters were not used to explore the Scopus database. The results obtained from
Queries 4 and 5 (Q4 and Q5, respectively) were downloaded each time as a set of files in
.csv format and during the export procedure, all fields on the publication were marked.
Further analyses were carried out on the collected data in the VOSviewer program and the
results are shown in bibliometric maps [60].

This research has its own limitations because the choice of the number of co-occurrences
determines the result obtained in its graphical presentation and bibliometric map clarity.
Therefore, a minimum number of 10 keyword co-occurrences was set for each bibliometric
map initially, then it was changed and indicated specifically before each figure with the
bibliometric map. The VOSviewer program allows researchers to define the research gaps
covered by the published paper and indicate the directions of scientific development [55].
The exploration of the scientific database, presented in Table 2 Q4 and Q5, leads to the
comparison of the GJ variants in two sets of query results.

2.2. Search Results Analysis in Scopus

Search results analysis in Scopus is a continuation of the SLR method. This analysis
was based on Query 1 (symbol Q1 in Table 1), 1094 results, and was performed on the
Scopus database online website after the option “analyze search results” was selected. The
years 1966–2022 were the time frame for this online analysis. There were no other fields
selected or deselected on the Scopus website.

82



Int. J. Environ. Res. Public Health 2023, 20, 2886

3. Results

This section is divided into two subsections and reflects the two methods used in
this research. The first subsection presents the bibliometric analysis which is gaining in
popularity and is based on the SLR modification with queries and VOSviewer software.
The second subsection contains the simple search results analysis offered by the Scopus
database among the results of the indexed documents.

3.1. Bibliometric Analysis of SLR Method Results

Queries 4 and 5 (Table 2) were used for studying the Scopus database with different results
for the same time point. The obtained results of those two queries were 671 and 611 publications,
respectively (Table 2). Those results were analyzed in the VOSviewer software in form of
bibliometric maps representing the keywords frequently occurring together.

Figure 2 is a bibliometric map of keyword co-occurrences of indexed keywords from
publications index in Scopus distinguished as the Q4 results (Table 2). The method used
to generate Figure 2 was full counting, and in this method 2418 indexed keywords were
identified, among them 67 indexed keywords met the threshold of 10 co-occurrences.
Among those results, keywords were referring to the countries and organizations’ names
that were deselected from the proposed keywords list. Additionally deselected keywords
from the proposed in VOSviewer list were: “human”, “humans”, “article”, “female”,
“male”, and “adult”. Then from 67 keywords, 11 were deselected. Finally, there are
56 keywords collected in four clusters automatically colored and identified by the VOSviewer
software. Figure 2 presents the keywords most often used in the scientific publications
dedicated to green jobs, green collars, green employment, and sustainable employment and
their combinations explored by the Q4 syntax. As a result, only two keywords representing
“green jobs” and “green job” were placed in the bibliometric map (Figure 2).

There are four clusters presented in Figure 2 and Table 3, and those clusters were
automatically organized by the VOSviewer software. There are different numbers of
keywords in each of the four clusters. In the first red-colored cluster there are 23 items and
this is the most numerous group of keywords. The second is marked in green in Figure 3;
this cluster consists of 15 keywords. The third cluster consists of 13 keywords presented in
blue in Figure 2. There is also a yellow cluster with 5 automatically distinguished keywords.
At this aggregate level, it is possible to identify themes of clusters of keywords based on
the co-occurrence’s frequency. The size of nodes presented in Figure 2 is proportional
to the number of occurrences of indexed keywords. Another important feature of the
presented bibliometric map is the fact that closer proximity between nodes indicates a
closer relationship between keywords. These characteristics allow aggregate keywords into
clusters presented in Table 3. The number of occurrences for each keyword is indicated in
parentheses, after each keyword.

Based on the generated results of Q4 there was also an overlay map generated
(Figure 3). The purpose of this figure is to present the evolution of the scientific inter-
ests represented by the keywords related to the GJs. Figure 3 has automatically generated a
time scale by VOSviewer. Figure 3 is similar to Figure 2 in shape and represents the same
nodes, and edges as in Figure 2 and occurrences in Table 3.

In Figure 3 there are visible darker and lighter elements. The dark blue color represents
the oldest keywords and this group reflexes the fourth cluster in Table 3. Keywords
represented by the yellow nodes in Figure 3 represent the newest and still actual fields of
interest in the subject of green jobs, and even the keyword “green job” is still in yellow in
Figure 3. The importance of these yellow-marked keywords is the basis of the discussion
and conclusions for future research directions in respective sections of this paper.
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Figure 2. Bibliometric map of keywords co-occurrences Q4 results analysis in Scopus. Source:
Authors’ elaboration.

Table 3. Clusters of keyword co-occurrences presented in Figure 2 for Scopus Q4.

Cluster Color Keywords

1 Red

alternative energy (23), carbon dioxide (12), carbon emission (10), climate change (34), commerce (13),
economic and social effects (14), economics (28), emission control (10), energy efficiency (28), energy policy

(24), energy utilization (12), fossil fuels (14), gas emissions (11), green economies (18), green jobs (59),
greenhouse gas (13), greenhouse gases (17), investments (21), renewable energies (28), renewable energy

resources (21), renewable energy source (10), renewable resource (22), wind power (11)

2 Green
economic development (23), economic growth (11), education (10), employment (96), employment generation

(13), environmental economics (36), environmental impact (17), environmental policy (20), green economy
(33), green job (48), innovation (11) investment (18), labor market (27), policy making (10), sustainability (36)

3 Blue
conservation of natural resources (10), energy conservation (16), environmental protection (21), occupation

(15), occupational exposure (14), occupational health (15), occupations (11), planning (11), recycling (15), risk
assessment (11), statistics and numerical data (10), sustainable development (72), waste management (14)

4 Yellow energy resource (10), environmental health (17), labor unions (15), organization and management (14), trade
union (16)

Source: Authors’ elaboration.

Figure 4 is a bibliometric map of keywords co-occurrences of indexed keywords from
publications index in Scopus distinguished as the Q5 results (Table 2). The method used
to generate Figure 4 was full counting of indexed keywords co-occurrences, and in this
method, 2213 indexed keywords were identified, among them 58 indexed keywords met
the threshold of 10 co-occurrences. Among those results, keywords were referring to the
countries and organizations’ names that were deselected from the proposed keywords list.
Additionally deselected keywords from the proposed in VOSviewer list were: “human”,
“humans”, and “article”. Then from 58 keywords, 7 were deselected. Finally, there are
51 keywords collected in four clusters, automatically colored and identified by the VOSviewer
software. Figure 4 presents the keywords most often used in the scientific publications
dedicated to green jobs, green collars, green employment, and sustainable employment and
their combinations explored by the Q5 syntax. As result, only two keywords representing
“green jobs” and “green job” were placed in the bibliometric map (Figure 4).
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Figure 3. Overlay Visualization of keywords co-occurrences Q4 results analysis in Scopus. Source:
Authors’ elaboration.

Figure 4. Bibliometric map of keywords co-occurrences Q5 results analysis in Scopus. Source:
Authors’ elaboration.
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There are five clusters presented in Figure 4 and described in Table 4 which are
automatically colored by VOSviewer software. There is the most numerous of all clus-
ters colored in red the first cluster with 18 items. Second is the green cluster with
14 distinguished keywords. The third is a blue cluster consists of 9 items and collects
the keywords: “recycling”, “waste management”, “risk assessment”, “occupational expo-
sure”, “occupational health”, occupation”, “environmental health”, “energy conservation”,
and “sustainable development”. There is also a fourth yellow cluster with 5 items. The
fifth cluster in Table 4, consists also of 5 keywords but it is colored purple. The number of
occurrences for each keyword is indicated in parentheses, after each keyword, in Table 4.

Table 4. Clusters of keywords co-occurrences visible in Figure 4 for Scopus Q5 results.

Cluster Color Keywords

1 Red

carbon dioxide (11), climate change (33), commerce (13), economic and social effects (14), economics (27), energy
efficiency (27), energy policy (22), energy utilization (12), fossil fuels (13), gas emissions (18), green economies (18),
green jobs (59), greenhouse gases (17), investments (19), renewable energies (28), renewable energy resource (20),

renewable energy sources (21), wind power (11)

2 Green
economic development (22), economic growth (11), employment (88), employment generation (13), environmental

economics (35), environmental impact (14), environmental policy (19), green economy (31), green job (48), innovation
(11), investment (18), labor market (26), policy making (10), sustainability (33)

3 Blue energy conservation (15), environmental protection (19), occupation (11), occupational exposure (13), occupational
health (12), recycling (14), risk assessment (11), sustainable development (67), waste management (14)

4 Yellow alternative energy (23), carbon emission (10), emission control (10), greenhouse gas (13), renewable resource (22)

5 Purple energy resource (10), environmental health (17), labor unions (15), organization and management (14), trade union (16)

Source: Authors’ elaboration.

There are similarities between the presented two tables with VOSviewer results auto-
matically divided into clusters, although Table 3 consists of more keywords than Table 4.
The number of clusters in Table 4 is also smaller than in Table 3. The first cluster in Table 4
revolves around negative aspects of the GJs definition expressed in human activities’ pres-
sure on the natural environment measures. The second cluster presented in Table 4 consists
of positive aspects of the GJs definition expressed in progress, economic development,
and sustainability. There is also a third cluster in Table 4 and this cluster revolves around
employee health protection and conservation of the resources. The fourth cluster presented
in Table 4 represents the rules or regulations associated with the GJs which influence “en-
ergy resources”, “environmental health”, “labor unions”, “organization and management”,
and “trade union”.

There are the same similarities between Figures 4 and 5 as the described similarities
between Figures 2 and 3, in terms of the shape and connections. In Figure 5 there is also
an automatically distinguished time scale of co-occurring keywords evolution. The oldest
keywords marked in darker colors correspond with the fifth subnetwork of the created map
and parts of the other clusters. The distribution of those older keywords is then complex.
However, the lighter keywords representing the relatively newest scientific interests are
scattered. In Figure 5, attention is deserved for two centrally located keywords “green
job” and “green jobs” marked in lighter colors, which indicates the ongoing debate which
revolves around those terms. Based on Figure 5, the view on the perspective and emerging
future directions of studies are developed in the discussion and conclusion sections.

The order of keywords in each cluster is automatically proposed by the VOSviewer
software. Their complex relations prove that the concept of GJs emerged from the concept
of sustainable development and the assumption that greening the economy or creating a
green economy, would generate GJs [61]. Therefore, the most important and biggest node
in Figures 2 and 3 is the “employment” keyword. Its central place in the bibliometric map
reflects the research results, which claim that with GJs it is possible to fight unemployment
as well as to counteract environmental degradation [62].
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Figure 5. Overlay Visualization of keywords co-occurrences Q5 results analysis in Scopus. Source:
Authors’ elaboration.

There are not only quantitative differences in Q4 and Q5 results but also qualitative,
related to the GJs definition. The broad definition of GJs has raised concerns among the
expert teams and created the need to clarify the direction of further work on the definition
of GJs. As part of their work on the GJs definition, the teams identified their specific sectors
for their regions that meet the condition of respecting nature’s assets and residents [63,64].
The colors presented in Figures 2 and 4 are also different, although the keywords in
Tables 3 and 4 are similar. The shapes of Figures 2 and 4 are also matching. The most
interesting feature of both figures is separated on the right side of the area of the figures
which consists of five keywords. These nodes are as follows: “energy resource”, “envi-
ronmental health”, “labor unions”, “organization and management”, and “trade union”.
These keywords are mainly related to the green labor market or labor conditions and are
the same in both bibliometric maps.

3.2. Search Results Analysis in Scopus

The analysis performed online on the Scopus website was based on 1094 documents
indexed in Scopus scientific database, which are Q1 results (Table 1). The first publication
among these results and related to the GJs was an article by Ronald J. Burke, titled Are
Herzberg’s motivators and hygienes unidimensional? published in the 1966 Journal of Applied
Psychology [65]. This publication used the term “environmental job” and research revolved
around job satisfaction or dissatisfaction in a such-named green job [65]. Therefore, the
time frame of the Scopus exploration starts in 1966.

Figure 6 presents the rapid growth in the amount of indexed publications dedi-
cated to GJs or their variant names (as indicated in Q1 syntax) that occurred in 2008
(with 26 publications). Since then, the linear trend is growing, and 2022 was the year in
which the highest number of publications (119 documents in Scopus) dedicated to GJs
were published.
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Figure 6. Documents results of Q1 in Scopus. Source: Authors’ elaboration.

The analysis of the Q1 result allowed for identification of the main quantitatively
contributing authors in the field of GJs by a number of authored documents collected in
Scopus. In Figure 7 are presented selected authors with six and more publications indexed
in Scopus. There is a similar analysis result for the other queries [66].

Figure 7. Documents by authors. Analysis of the results of Q1 in Scopus. Source: Authors elaboration.

The authors who contributed most to the subject of GJs (Figure 7) are not the most-
cited authors. Those are presented in Table 5, where the most cited publications (over
400 citations in Scopus) among results of Q1 are also listed.

The Publications presented in Table 5 revolve around different name variants for GJs.
The first publication titled Comparing structural and index decomposition analysis uses the
term environmental employment [67]. The second publication is related to sustainable
jobs and explores smart manufacturing subjects [68]. The only book among the most cited
publications is dedicated to the GJs concept and labor market issues. In his book, Ross
surveys “the new topography of the global workplace and finds an emerging pattern of
labor instability and uneven development on a massive scale” [69]. The fourth of the
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most cited publications indexed in Scopus does not refer to any of explored GJs variants
proposed in queries employed in this article. The article published in the Energy Policy
journal presents an analytical job creation model for the USA power sector from 2009 to
2030 [46]. Therefore, all works gathered in Table 5 combine non-fossil fuels technologies,
resource-efficient economy, and technologies of carbon capture and storage with positive
changes in the labor market expressed by GJs creation [37,70]. The different qualitative
approaches lead to new implications in the number of created jobs related to green and
sustainable economic transformation.

Table 5. Top Four most cited publications dedicated to the subject of GJs.

Document Type Document Title Authors Source Cited by

Journal article Comparing structural and index
decomposition analysis [67]

Hoekstra, R., van der Bergh,
J.J.C.J.M.

Energy Economics,
2003, 25(1), pp. 39–64 620

Journal article
Smart manufacturing, manufacturing
intelligence and demand-dynamic
performance [68]

Davis, J., Edgar, T., Porter, J.,
Bernaden, J., Sarli, M.

Computers and Chemical
Engineering, 2012, 47,
pp. 145–156

481

Book Nice work if you can get it: Life and labor
in precarious times [69] Ross, A.

Nice work if you can get it:
Life and labor in precarious
times, New York University
Press, New York, 2009,
pp. 1–263

432

Journal article
Putting renewables and energy efficiency
to work: How many jobs can the clean
energy industry generate in the US? [46]

Wei, M., Patadia, S., Kammen,
D.M.

Energy Policy, 2010,
38(2), pp. 919–931 418

Source: Authors’ elaboration.

4. Discussion

Based on the analyses carried out, it is important to note the lack of uniform naming
of GJs, which is overlooked by some of the researchers of this problem. As a result, the
resulting analyses are not fully comprehensive; however, they present the most popular
keywords associated with the GJs. The existing used terms of GJs, which are presented in
the third part, indicate the evolution of this concept and the slowly establishing pattern
in the literature of the name GJs, which is the most frequently cited name of the explored
phenomenon. Nevertheless, there are still many researchers who use quotation marks to
refer to this type of job or a completely different name in the form of various equivalents
of the names: green employment [71,72], green collar [73,74], environmental job [75], or
sustainability job [76]. The results show that the use of terms equivalent to green jobs de-
pends on the context of their use. Green collars appear in engineering articles on renewable
energy technologies. Sustainability jobs, on the other hand, appear in articles related to
strategy formulation. Authors of publications seeking scientific novelty create new names
for already defined terms, which is why constructs such as “ecojobs” appear [77].

Emerging new concepts make it difficult to carry out a comprehensive analysis of
the concept of green jobs and expand the context for searching databases. Therefore,
the analysis undertaken focuses on commonly occurring synonyms for green jobs. The
analysis undertaken is devoid of the mantle of linguistic research or somatic analysis of
words as undertaken by the authors of the publications under investigation. At the same
time, it may be an interesting new direction for future research, which may show the
different perceptions of researchers regarding green jobs. Such different nomenclature
forces researchers on the subject of GJs to analyze the content of individual articles quite
meticulously at the stage of selection for analysis, which is carried out using programs
such as VOSviewer. Researchers should especially pay attention to “green collar”, a name
that also appears concerning issues related to military areas (with the absence here of any
reference to sustainability issues). This forces researchers to perform an in-depth qualitative
analysis of the surveyed publications when qualifying them for analysis using VOSviewer.
Only after such a qualitative analysis that leads to the exclusion of articles not related to
the topic of sustainability the procedure presented in Figure 1 can be applied.
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The year 2008 was linked to the global economic crisis [78]. The study observed a
multidimensionality of social economic and environmental problems, which were closely
interlinked. In this context, solutions were sought to find a way out of the crisis. It
was noted that the current paradigm of economic development, which is mainly based
on non-renewable resources, is unreliable and does not provide opportunities for future
generations [77,79]. The researchers, therefore, drew attention to the need to implement
sustainable development and related green jobs into economic practice [80,81]. This ex-
plains the growing interest in green jobs, not only from a scientific but also from a practical
point of view [82].

A limitation of this study is the lack of a detailed dynamic analysis performed in
VOSviewer which addresses the strength of the connections between individual keywords.
Such a dynamic analysis is only possible when using the VOSviewer program and its
graphical representation is impossible, due to a large number of identified connections
(graph edges). However, the lack of such an analysis does not affect the quality of the
presented research results and conclusions.

It should be recognized that GJs are a key element of the green economy. They bind
numerous areas of the economy together with their issues. Based on the analysis carried out,
it can be concluded that when discussing the issue of GJs, an important emphasis is placed
on the “education” keyword, which is located close to “employment” in a green cluster
in Figure 2. To the “education” keyword there are other related terms such as knowledge,
skills, attitudes [83,84], and pro-environmental behavior of employees researched deeply
in Green Humans Resources [29,85]. These are the elements of complex business activities
that indicate whether or not an employee employed at a given green job will contribute to
minimizing the negative impact of a given economic entity on the environment [84]. This
area was indicated also automatically by the bibliometric software as the first and most
numerous cluster in both analyses of Queries 4 and 5.

5. Conclusions

In this paper 671 (Q4 in Table 2) and 611 (Q5 in Table 2) peer-reviewed academic
publications associated with green jobs (GJs) using Scopus were identified. This study used
the VOSviewer software to present a bibliometric analysis and to identify key areas around
which the topic of GJs revolves in the literature. Then, identified clusters of keywords were
associated with different aspects of green jobs. The very separation of GJs from the total
number of jobs contributes to the segmentation of the labor market. The authors would
like to emphasize that GJs form a key element of the green labor market [86]. At the same
time, based on the analyzed scientific studies, it can be seen that due to the fact of gradual
greening of the economy, not all employees who would like to work in GJs will find such
employment, despite having the appropriate green competencies and qualifications, as
well as being characterized by pro-environmental behavior and attitudes. Hence, to ensure
that their green capital is not depreciated based on non-GJs, an alternative is to take up
green self-employment. This area should be recognized by policymakers influencing the
creation of national policies on labor market issues [87]. The active labor market policy
instruments should be developed in the context of supporting green self-employment [63].

The creation of GJs contributes to the need to implement an appropriate management
process in business entities so that green human capital is properly used to achieve compet-
itive advantages [88]. In addition, proper management of green human capital in business
entities is aimed at preventing its depreciation. Hence, one should notice the emerging
theme of green human resource management, or sustainable human resource management,
in the scientific studies analyzed. Thus, the emergence of GJs not only causes effects of an
economic nature (the need to commit adequate capital to green existing jobs or create new
GJs), but also strictly organizational in terms of the need to develop a new model of human
capital management in the organization.
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Abstract: The benefits of metal 3D printing seem unquestionable. However, this additive manufactur-
ing technology brings concerns to occupational safety and health professionals, since recent studies
show the existence of airborne nanomaterials in these workplaces. This article explores different
approaches to manage the risk of exposure to these incidental nanomaterials, on a case study con-
ducted in a Portuguese organization using Selective Laser Melting (SLM) technology. A monitoring
campaign was performed using a condensation particle counter, a canning mobility particle sizer and
air sampling for later scanning electron microscopy and energy dispersive X-ray analysis, proving
the emission of nano-scale particles and providing insights on number particle concentration, size,
shape and chemical composition of airborne matter. Additionally, Control Banding Nanotool v2.0
and Stoffenmanager Nano v1.0 were applied in this case study as qualitative tools, although designed
for engineered nanomaterials. This article highlights the limitations of using these quantitative
and qualitative approaches when studying metal 3D Printing workstations. As a result, this article
proposes the IN Nanotool, a risk management method for incidental nanomaterials designed to
overcome the limitations of other existing approaches and to allow non-experts to manage this risk
and act preventively to guarantee the safety and health conditions of exposed workers.

Keywords: incidental nanoparticles; control banding; risk management; occupational exposure;
metal additive manufacturing

1. Introduction

Freedom of design, time efficiency, reduction of labor and machine costs are a few
examples of the several advantages mentioned when the subject is metal 3D Printing, also
known as metal Additive Manufacturing (AM) [1]. Regardless of its considerable potential,
metal AM has been raising some concerns regarding occupational health and safety [2].
Among other occupational risks, it is known that during these processes incidental metal
nano-objects are emitted and it is essential to manage the risk of exposure to this airborne
matter to reduce possible negative ill-health effects on workers [3].

Different approaches have been used to assess and/or manage the occupational risk
of exposure to incidental nanomaterials in AM processes, but the definition of standard-
ized methods still remains an urgent need [4]. Looking at this occupational risk from the
point of view of the common industrial hygiene approach, it is possible to monitor and
to quantify the airborne matter released during metal 3D printing. Recent publications in
this field endorse the use of direct-reading instruments (for example condensation particle
counter—CPC, optical particle counter—OPC and scanning mobility particle sizer—SMPS)
and/or the collection of samples and subsequent structural and chemical analysis, by using
scanning electron microscopy (SEM), transmission electron microscopy (TEM) and/or
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energy dispersive X-ray analyzers (EDS) [2,3,5–8]. However, this attempt at a more in-
dustrial hygiene conservative approach has limitations that cross all these studies: The
lack of clearly defined and standardized occupational exposure limits for metal incidental
nanomaterials and the lack of standardized sampling strategies. Some of these studies
use as comparison reference values for nanomaterials proposed by different competent
local entities and institutes, but so far, no specific limits have been proposed for metal
incidental nanomaterials. The most common approach is to compare the results to the
recommended benchmarks defined by the Nanosafety Research Centre of the Finnish Insti-
tute of Occupational Health (FIOH), i.e., 20,000 nanoparticles/cm3 (with a density higher
than 6000 kg/m3) for an 8-h exposure time. This limit was later adopted by the Institute
for Occupational Safety and Health of the German Social Accident Insurance (IFA DGUV)
and the IVAM Environmental Research UVA BV in the Netherlands [5,9]. Even if this
value is assumed to be an appropriate reference for metal AM case studies, the quantitative
risk assessment still has limitations, namely the possible lack of access to equipment and
laboratory analysis for these monitoring campaigns and also the lack of experts to perform
them and interpret the results.

Another possibility to assess this risk during metal AM has been to apply qualitative
methods originally designed for engineered nanomaterials (ENM), namely control banding
based ones. Sousa et al. [8] and Dugheri et al. [5] applied Control Banding Nanotool v2.0 to
assess the risk of exposure to ultrafine particles during metal 3D printing operations. Sousa
et al. [8] highlight some difficulties on using this approach for incidental nanoparticles,
especially the lack of background information on the particles (such as size, shape, and
solubility, among others). These authors suggest the design of new methods for incidental
nanomaterials, with different inputs than the ones for ENM, to reduce the uncertainty
associated with the assessment. Dugheri et al. [5] also emphasize the importance of
searching different strategies to assess this occupational risk.

This article aims to explore different approaches to study the potential exposure
to incidental nanomaterials during metal AM, through a case study conducted in an
organization using Selective Laser Melting (SLM) technology. The main purpose of this
article is to propose a risk management tool, entitled IN Nanotool, designed for incidental
metal nanomaterials originated from metal AM processes to overcome the limitations of
other existing approaches.

2. Materials and Methods

2.1. Facility, Operation Conditions and Materials

This study was conducted in an organization that uses Selective Laser Melting (SLM)
technology for metal additive manufacturing. The SLM printer is located in a room
dedicated to prototyping, with approximately 85 m2 and 3 m in height. On the data
collection day, no other equipment besides the printer was operating.

The printing process consists in the deposition of layers of a metal powder, usually
20 to 70 microns depending on materials, followed by the application of an infrared laser
light scan (1064 nm) of 250 W that melts the powder to reproduce a three-dimensional part,
previously defined in a CAD program. The material used was a nitrogen gas atomized
spherical powder for additive manufacturing: Stainless steel 316L, with particle size be-
tween 20 and 53 μm. Stainless steel 316L is an alloy of iron (>75%) and chromium (≈17%)
which also contains nickel (≈12.5%), molybdenum (≈2.5%) and other elements in less
significant amount. In this case study, 59.15 cm3 of this powder were used during the
printing process but the final part only had 0.35 cm3 (approximately 0.59%).

In addition to the initial preparation for printing (which includes CAD design and
filling the powder in the printer), the worker’s tasks can be divided into 3 distinct phases,
as described in Table 1.
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Table 1. Description of the tasks under study.

Task 1 Supervision of printing process

Task 2 Removing the part from the printer and cleaning it with a brush

Task 3 Removing the remains of powder, sieving it for reuse and cleaning the
powder container

Data gathering included a sample of powder before and after the printing process,
technical and material safety data sheets of the powder, information on operation conditions
and on-site measurements.

2.2. Quantitative Approach

In the attempt to study the risk of exposure to airborne nanomaterials using a quanti-
tative assessment, the following equipment was used:

• A thermo-hygrometer, TSI® Model 9545 (TSI Incorporated, MN, USA), to measure air
velocity, room temperature and relative humidity.

• Portable condensation particle counter (CPC), TSI® model 3007, to measure the total
particle number concentration from 10 nm to >1000 nm in 1-s time resolution.

• A scanning mobility particle sizer (SMPS), TSI® Model 3910, to measure nanoparticle
size distributions and concentrations, with a size distribution from 10 to 420 nm. The
number of particles per size was measured by an internal CPC which counts single
particles to provide accurate counts, even at low concentrations.

• A personal air sampling pump, SKC AirChek® TOUCH (SKC, PA, USA), to collect
samples for subsequent Scanning Electron Microscopy (SEM) and Energy-dispersive
X-ray spectroscopy (EDS) analysis. The samples were collect using a polycarbonate
membrane filter (with 25 mm diameter and 0.4 μm porosity) and a heat-treated quartz
filter (DPM Cassette with 0.8 μm Impactor), since these types of filters were used in
previous studies and proved to be effective for nanomaterials [10–12].

The monitoring campaign started with background measurements before any printing
activity. Then, measurements were performed during three different tasks, previously
described in Table 1.

Even though the printer works closed and has an exhausting system working during
the printing activity to avoid emissions, the operator stands frequently near the control
panel. For that reason, measurements were carried out during this task, to better know the
risk of exposure to potential emissions while parts are being printed.

2.3. Qualitative Approach

Control Banding has been often used for studying the risk of exposure to ENM and
has been suggested as a potential approach to assess the risk of exposure to incidental
nanomaterials [8]. In 2021, Sousa, Silva and Arezes [13] published a review on control band,
focusing the occupational exposure to incidental nanoparticles. This study provided an
overview on different Control Banding approaches designed for ENM and their potential
to be used for incidental nanomaterials, highlighting CB Nanotool and Stoffenmanager
Nano as potential methods in this field, considering some adaptations. Therefore, Control
Banding Nanotool (version 2.0) and Stoffenmanager Nano (version 1.0) were used in this
case study. While both methods are control banding based, their approach is significantly
different, especially regarding the inputs for the determination of bands and the risk
control considerations.

CB Nanotool 2.0 was proposed in 2009 [14] and revalidated by its authors 10 years
later [15]. Applying this method, it is possible to determine the risk level of a particular
operation using a four-by-four matrix, based on severity and probability scores. The
severity score depends on factors associated with the nanomaterial (70% of the severity
score) and with the parent material (30% of the severity score). Nanomaterial (NM) factors
include: Surface chemistry; particle shape; particle diameter; solubility; carcinogenicity;
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reproductive toxicity; mutagenicity; dermal toxicity; and asthmagen. The parent material
(PM) factors are scored considering: Occupational Exposure Limit (OEL); carcinogenicity;
Reproductive Toxicity; Mutagenicity; Dermal Toxicity; and Asthmagen. The second step is
to reach the probability score, for which the following factors are considered: estimated
amount of material used; dustiness/mistiness; number of employees with similar exposure;
frequency of operation; and duration of operation. Finally, after reaching a severity and
probability score, this tool leads to one of four risk levels (RL), which correspond to a
certain control measure: RL 1—general ventilation; RL 2—fume hoods or local exhaust
ventilation; RL 3—containment; and RL 4—seeking specialist advice.

However, Stoffenmanager Nano 1.0 is a risk-banding tool created to prioritize the
risk of exposure to manufactured nano-objects and to help defining control measures [16].
This tool defines five hazard bands (A being the least hazardous until E which is the most
hazardous), considering hazardous characteristics of the nano-object under study, such as
particle size, water solubility, persistent fibers or other structure and classification based on
data available on the nano-object or on the hazardous potential of its parental material. Four
exposure bands are also determined (1 to 4, with 1 being the lowest exposure), considering
nine modifying factors related to source emission, transmission, and immission (receptor):
Substance emission potential, handling (activity emission potential), localized controls,
segregation, dilution/dispersion, personal behavior, separation (personal enclosure), sur-
face contamination, and respiratory protective equipment. The online tool guides the user
through six steps:

• Step 1—General: Allows the user to select the source domain of potential release
of nanomaterials, among four options: release of primary particles during actual
synthesis; handling of bulk aggregated/agglomerated nanopowders; spraying or
dispersion of a ready-to-use nanoproducts; or fracturing and abrasion of manufactured
nano-objects-embedded end products.

• Step 2—Product characteristics: Includes information provided by product informa-
tion sheets and/or material safety data sheets (if available), such as dustiness, moisture
content, concentration, presence of fibers, and inhalation hazard.

• Step 3—Handling/process: Considers information to characterize tasks such as the
way the product is handled, duration and frequency of the task, distance to the
breathing zone of employees and number of employees performing the task.

• Step 4—Working area: Takes into account information on frequency of room cleaning,
inspections and maintenance, as well as volume and ventilation conditions of the
working room.

• Step 5—Local control measures and personal protective equipment (PPE): Includes
information regarding control measures, location of the employees and type of PPE
used during the task.

• Step 6—Risk assessment: Inputs of the 5 previous steps are considered to calculate the
exposure-hazard-class and show the risk priority band using the risk matrix. Overall,
1 represents the highest priority and 3 the lowest priority.

2.4. Semi-Quantitative Approach—Proposal for a New Risk Management Method

After applying the previously mentioned qualitative and quantitative approaches in
this case study, a different approach was designed. As highlighted by Sousa et al. [13],
the existing qualitative and quantitative approaches have significant limitations when
aiming to manage the risk of exposure to incidental nanomaterials, mainly during metal
3D printing. Therefore, in this study, a new semi-quantitative risk management tool was
designed and verified.

The IN Nanotool is based on control banding and aims to enable the risk management
of exposure to incidental metal nanomaterials released in AM processes. The existing
control banding methods for studying the risk associated with exposure to nanomaterials
in workplaces were designed for engineered nanomaterials [13]. However, there is a need
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to create methods to study the risk of exposure to incidental ones, since the number of
workers exposed to them is significantly higher than the ones exposed to ENM [17].

Therefore, IN Nanotool was designed taking into consideration the limitations and
opportunities already identified in previous studies regarding exposure to incidental
nanomaterials in addition to the results of this particular case study.

3. Results

3.1. Quantitative Assessment
3.1.1. On-Site Measurements

Temperature, relative humidity, and air velocity were determined to characterize the
background environmental conditions of the prototyping room and the conditions near the
3D printer while it was printing, as shown in Table 2.

Table 2. Environmental characterization provided by the thermo-hygrometer: Air velocity, room
temperature and relative humidity.

Measured
Parameters

Background
(before Printing)

Near the Printer
(Close to the Door)

Temperature [◦C] 27.4 28.1
Relative Humidity [%] 54.2 53.7

Air Velocity [m/s] <0.01 0.17

The CPC provided the particle number concentration, from 10 nm to >1000 nm, during
the three tasks under study, in addition to the background measurement. Table 3 indicates
the mean particle number concentration for these four distinct periods. Additionally,
Figure 1 illustrates how the concentration of this airborne particle changed over time
during the trial.

Table 3. Results provided by the CPC.

Background Task 1 Task 2 Task 3

Time [min] 15 105 8 15

Mean particle number
concentration [particles/cm3] 6003.07 12,636.92 12,734.70 11,121.98

Figure 1. Number particle concentration (#/cm3) over time measured by the CPC.

The SMPS allowed us to better understand the potential exposure to smaller particles,
by providing the size distributions from 10 to 420 nm. The corresponding results are
presented in Table 4 and Figure 2.
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Table 4. Results provided by the SMPS: Mean particle number concentration (particles/cm3) by
particle size.

11.5 15.4 20.5 27.4 36.5 48.7 64.9 86.6 115.5 154.0 205.4 273.8 365.2 Total GSD (1)

Background 219.69 461.75 458.70 630.35 709.28 684.59 602.07 502.39 347.25 153.61 3.89 0.00 0.00 4773.58 40.63

Task 1 1080.31 1379.35 788.44 1129.11 1250.13 1010.95 654.65 430.89 278.75 129.33 13.35 0.00 0.12 8145.38 30.66

Task 2 883.65 1611.25 1146.33 1365.82 1430.65 1206.07 836.94 527.58 274.65 72.86 0.00 0.00 0.00 9355.81 30.27

Task 3 714.64 1436.72 1118.46 1292.11 1353.58 1177.73 856.14 543.37 266.28 54.00 0.00 0.00 0.00 8813.04 31.19

(1) Geometric Standard Deviation.

Figure 2. Results provided by the SMPS: Mean particle number concentration (particles/cm3) by
particle size range.

3.1.2. SEM and EDS

The data collection included two samples of stainless steel 316L: One of the raw
powder before printing and other of the powder after the laser action, which is collected
after printing to be reused in future prints. Scanning electron microscopy and energy-
dispersive X-ray spectroscopy analysis were performed to these two samples, to study
possible changes in size, shape and/or chemical composition. The results are shown in
Figures 3–6.

  
(a) (b) 

Figure 3. SEM analysis results: Stainless steel 316L raw powder, before any AM process. (a) Size and
shape of particles in the sample; (b) image of the particle analyzed by EDS (results in Figure 4).
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Figure 4. EDS analysis results: Stainless steel 316L raw powder, before any AM process.

  
(a) (b) 

Figure 5. SEM analysis results: Stainless steel 316L powder after AM process. (a) Size and shape of
particles in the sample; (b) image of the particle analyzed by EDS (results in Figure 6).

To better characterize the size and shape of the particles released to the work atmo-
sphere during this AM process, the air samples collected on the polycarbonate membrane
filter and on the heat-treated quartz filter were subjected to SEM. EDS analysis was also
carried out to verify the elementary composition of these samples. Figures 7–10 illustrate
these results.
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Figure 6. EDS analysis results: Stainless steel 316L powder after printing.

  
(a) (b) 

Figure 7. SEM analysis results: airborne sample collected on quartz filter. (a) Size and shape of
particles in the sample; (b) image of the particle analyzed by EDS (results in Figure 8).

 

Figure 8. EDS analysis results: Airborne sample collected on quartz filter.
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(a) (b) 

Figure 9. SEM analysis results: airborne sample collected on polycarbonate filter. (a) Size and shape
of particles in the sample; (b) image of the particle analyzed by EDS (results in Figure 10).

 
Figure 10. EDS analysis results: Airborne sample collected on polycarbonate filter.

3.2. Qualitative Assessment
3.2.1. Control Banding Nanotool 2.0

As mentioned before, CB Nanotool 2.0 was one of the methods used to qualitatively
assess the risk of exposure to incidental nanoparticles during the tasks understudy. Table 5
summarizes the considerations and results of the application of this qualitative method.
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Table 5. Results of the application of CB Nanotool version 2.0.

CB Factors Task 1 Task 2 Task 3

PM OEL 200 μg/m3 1 200 μg/m3 1 200 μg/m3 1

PM Carcinogenicity yes 2 yes 2 yes 2

PM Reproductive Toxicity no no no
PM Mutagenicity no no no

PM Dermal Toxicity yes 3 yes 3 yes 3

PM Asthmagen no no no
NM Surface Chemistry unknown unknown unknown

NM Particle Shape unknown unknown unknown
NM Particle Diameter unknown unknown unknown

NM Solubility unknown unknown unknown
NM Carcinogenicity unknown unknown unknown

NM Reproductive Toxicity unknown unknown unknown
NM Mutagenicity unknown unknown unknown

NM Dermal Toxicity unknown unknown unknown
NM Asthmagen unknown unknown unknown

Severity Score | Band 63 | High 63 | High 63 | High

Estimated amount of material used >100 mg >100 mg >100 mg
Dustiness/mistiness high high high

Number of employees with similar exposure 1–5 1–5 1–5
Frequency of operation daily daily daily
Duration of operation >4 h <30 min <30 min

Probability Score | Band 85 | Probable 70 | Likely 70 | Likely

Risk Level and recommended controls
RL 4—Seek

specialist advice
RL 3—Containment RL 3—Containment

1 Considering the lowest OEL recommended in Portugal: Nickel inorganic compounds (Portuguese Institute of
Quality, 2014). 2 Carc. 2, H351 according to the material safety data sheet. 3 Skin Sens. 1, H317 according to the
material safety data sheet.

3.2.2. Stoffenmanager Nano 1.0

The results of the application of Stoffenmanager Nano 1.0 to assess qualitatively the
risk of exposure to incidental nanoparticles during the tasks understudy are in Table 6.

3.3. IN Nanotool—Design
3.3.1. Framework

As previously mentioned, one of the main goals of this study was to design a more
accurate control banding based method to manage the risk of exposure to incidental
nano-scale matter in metal AM workplaces. This was only possible after studying and
understanding the limitations and potential of the currently used methods.

The IN Nanotool redefined inputs by adapting them to incidental nanomaterials origi-
nating from metal powders. Additionally, this tool added quantitative data as a potential
input, given the possibility to include information on shape and size of nanomaterials,
taking into consideration that many authors consider this information fundamental to
classify hazards [16].

The IN Nanotool defines four hazard bands, considering metal powder properties and
airborne nanomaterials properties, and four exposure bands, considering materials and
operation conditions and existing control measures. Then, it allows for the determination
of the risk level associated with the exposure to nanomaterials during metal AM, according
to previously determined hazard and exposure bands, using a four-by-four matrix. Finally,
this method recommends additional control measures depending on the risk level, as an
increment to the existing ones.
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Table 6. Results of the application of Stoffenmanager Nano 1.0.

CB Factors Task 1 Task 2 Task 3

Product appearance powder powder powder
Dustiness very high very high very high

Moisture content dry product dry product dry product
Exact concentration of the nano component unknown unknown unknown

Concentration small (1–10%) small (1–10%) small (1–10%)
Fibers or fiber like particles in the product no no no

Inhalation hazard unknown unknown unknown
OECD components other MNOs other MNOs other MNOs

PM with one or more of the R phrases: R40,
R42, R43, R45, R46, R49, R68 1 yes yes yes

Hazard Band E E E

Task characterization
Handling of

products in closed
containers

Handling of products with low
speed or little force

Handling of
products with low
speed or little force

Duration task 30–120 min/day 1–30 min/day 1–30 min/day
Frequency task ≈4 to 5 days/week ≈4 to 5 days/week ≈4 to 5 days/week

Distance head-product (breathing zone) >1 m <1 m <1 m
More than one employee performing the task

simultaneously no no no

Room cleaned daily yes yes yes
Inspections and maintenance of

machines/ancillary equipment performed at
least monthly

no no no

Volume of the working room 100–1000 m3 100–1000 m3 100–1000 m3

Ventilation of the working room Mechanical and/or
natural ventilation

Mechanical and/or
natural ventilation

Mechanical and/or
natural ventilation

Local control measures
Containment of the

source with local
exhaust ventilation

none none

The employee is situated in a cabin no no no

Personal Protective Equipment used none Filter mask P3 (FFP3) Filter mask P3
(FFP3)

Exposure Band 1 2 2

Risk Level
RL 1—Highest

priority
RL 1—Highest priority

RL 1—Highest
priority

Recommended controls

� Product elimination
� Task elimination
� Product substitution
� Automation of tasks
� Enclosure of the source
� Local exhaust ventilation
� Enclosure of the source in

combination with local exhaust
ventilation

� Wetting of powders/substance
� Applying glove boxes/bags
� Use of a spraying booth
� Use of work cabins with clean air

supply
� Use of work cabins without clean

air supply
� Respiratory protection

� Product elimination
� Task elimination
� Process adaptations
� Product substitution
� Automation of tasks
� Enclosure of the source
� Local exhaust ventilation
� Enclosure of the source in

combination with local exhaust
ventilation

� Wetting of powders/substance
� Applying glove boxes/bags
� Use of a spraying booth
� Use of work cabins with clean

air supply
� Use of work cabins without

clean air supply
� Respiratory protection

1 Defined in Annex III of European Union Directive 67/548/EEC, no longer in force; replaced by CLP Regulation
No 1272/2008.
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IN Nanotool was thought to be used by occupational safety and health (OSH) profes-
sionals, including non-experts. Therefore, it aims to be an intuitive and user-friendly tool,
maintaining the necessary accuracy for an assertive risk management, guaranteeing the
safety and health conditions of exposed workers. The assessment steps are described in
detail on the following subsubsections.

3.3.2. Hazard Band Determination

The hazard band is determined by the sum of all points from 11 different factors
related to the metal powder characteristics (50 possible points out of 100) and the airborne
nanomaterials characteristics (50 possible point out of 100), as summarized in Table 7.

Table 7. Hazard factors and points per factor.

Metal Powder Characteristics

1. Powder Carcinogenicity: score is assigned based on whether the material is carcinogenic or not. It is possible to confirm this
information on the material safety data sheet, for example, by checking if any of these hazard statements are included in its hazard
identification: H350, H351 (according to CLP Regulation).

yes: 6 no: 0 unknown: 4.5

2. Powder Reproductive Toxicity: score is assigned based on whether the material is a reproductive hazard or not. It is possible to
confirm this information on the material safety data sheet, for example, by checking if any of these hazard statements are included
in its hazard identification: H360, H361, H362 (according to CLP Regulation).

yes: 6 no: 0 unknown: 4.5

3. Powder Mutagenicity Toxicity: score is assigned based on whether the material is a mutagenic or not. It is possible to confirm
this information on the material safety data sheet, for example, by checking if any of these hazard statements are included in its
hazard identification: H340, H341 (according to CLP Regulation).

yes: 6 no: 0 unknown: 4.5

4. Powder Dermal Toxicity: score is assigned based on whether the material is a dermal hazard or not. It is possible to confirm this
information on the material safety data sheet, for example, by checking if any of these hazard statements are included in its hazard
identification: H310, H311, H312 (according to CLP Regulation).

yes: 6 no: 0 unknown: 4.5

5. Powder Inhalation Toxicity: score is assigned based on whether the material is toxic if inhaled or not. It is possible to confirm
this information on the material safety data sheet, for example, by checking if any of these hazard statements are included in its
hazard identification: H330, H331, H332, H333 (according to CLP Regulation).

yes: 6 no: 0 unknown: 4.5

6. Other health hazards of the powder: score is assigned based on other hazards of the material besides the ones already scored in
factors 1 to 5. It is possible to confirm this information on the material safety data sheet, for example, by checking if any hazard
statement starting with H3 is included in its hazard identification (besides the ones already mentioned in factors 1 to 5).

yes: 4 no: 0 unknown: 3

7. Lowest OEL applicable to powder [μg/m3]: a different score is given depending on the lowest OEL defined for the metal
powder’s components.
<100 μg/m3: 8 100–1000 μg/m3: 4 1001–10,000 μg/m3: 2 >10,000 μg/m3: 0 unknown: 6

8. Powder Solubility: score is given depending on the water-solubility of the material, considering it is soluble if the solubility
higher than 1 g/L. If this property is unknown, 3 points are given.

insoluble (<1 g/L): 4 soluble (>1 g/L): 0 unknown: 3

9. Powder Average particle size [μm]: the score is assigned according to the available information or analyzes performed. If
unknown, 3 points are given.

<50 μm: 4 50–1000 μm: 3 >100 μm: 1 unknown: 3

Airborne nanomaterials characteristics

10. Shape: the score is assigned according to available information, for example, to SEM or TEM analyzes results, considering the
most common shape verified. If unknown, 18.75 points are given.

tubular, fibrous: 25 anisotropic: 12.5 compact/spherical: 6.25 unknown: 18.75

11. Size: the score is assigned according to available information, for example, to SEM or TEM analyzes results, considering the
main size of airborne materials. If unknown, 18.75 points are given.

<100 nm: 25 100–500 nm: 12.5 >500: 6.25 unknown: 18.75
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Regarding the properties of the metal powder, the first six factors are related with the
hazard classification of the powder: Carcinogenicity, reproductive toxicity, mutagenicity,
dermal toxicity, inhalation toxicity and/or other significant health hazards. These properties
can be verified, for example, on the second section of the material safety data sheet (MSDS)
of the product (hazard identification), confirming if any of the related hazard statements
are included. Other CB methods for ENM also include some of this information [14,16,18].
Regardless, IN Nanotool attempts to better catalog these hazards in different factors and
also to simplify the process of classification by using as guideline the related hazard state-
ments, according to European Classification, Labelling and Packaging (CLP) Regulation.
Many authors considerer that standardized communication, such as MSDS, should be the
source of hazard information, including Stoffenmanager authors [19].

There are three more factors for the characteristics of the metal powder: Lowest
Occupational Exposure Limit (OEL) applicable, solubility, and average particle size. The
first one is based on the CB Nanotool factor Parent Material OEL, considering that it is
important to take into account the known and already established occupational exposure
limits. These limits may originate from bibliography, legislation, standardization or other
reliable source. Next factor, solubility, is a physicochemical property considered in most
CB approaches to study exposure to ENM [20]. A material is not considered water-soluble
unless the solubility limit exceeds 1 g/L or is listed as soluble or highly water-soluble.
Points are given considering that even if the material is soluble does not mean there is
no hazard; thus nano-specific properties are expected to be lost when particles are in
solution [16]. Finally, the average particle size factor is taken into account, since the size
of the primary particles is an important input for a precautionary approach [21]. The
particle size can sometimes be found in the material safety data sheet of the product or in
its technical sheet. Alternatively, it is possible to obtain this information by performing
a SEM or TEM analysis. The points are given depending on a range of sizes, that goes
from smaller than 50 μm to higher that 100 μm. Even though, in SLM technology it is very
common to use metal powders with a typical particle size of 40 μm [7], there are other
technologies that use different size ranges. For instance, several AM technologies use metal
powder between 15 to 100 μm [22].

To complete the hazard band determination, there are two significant factors related
to the properties of airborne nanomaterials: Shape and size. Shape is also an input in CB
Nanotool 2.0 for the severity band of ENM [14] and it was also considered in IN Nanotool
given its relevance. It can be scored considering, for example, results of a SEM or TEM
analysis. Regarding size, despite the definition of nanomaterial, cells and organisms are
also affected by particles whose external dimensions are bigger than 100 nm, since cells are
capable of absorbing particles of up to approximately 500 nm [21]. Therefore, it is possible
to assign different scores in this last factor, depending on the main size range: Lower
than 100 nm, between 100 and 500 nm or higher than 500 nm. This factor can be scored
considering, for example, results of a SEM or TEM analysis. If it is not possible to obtain
accurate information on the shape and size of airborne matter, the IN Nanotool allows the
user to assign 18.75 points to each factor, assuming it is unknown. In fact, for all 11 factors
it is possible to classify the factor as unknown, giving the uncertainty in these studies.

After assigning scores to all 11 factors, the hazard band is determined depending on
the sum of these points. There are four different hazard bands: low (0–25), medium (26–50),
high (51–75) or very high (76–100).

3.3.3. Exposure Band Determination

The exposure band is determined by the sum of all points from five distinct factors
related to material operation conditions (60 possible points out of 100) and four factors
associated with existing control measures (40 possible points out of 100), as presented in
Table 8.

107



Int. J. Environ. Res. Public Health 2023, 20, 2519

Table 8. Exposure factors and points per factor.

Operation Conditions

1. Powder Dustiness: points are provided based on a judgment of whether the material’s dustiness is high, medium, or low. If
unknown, 11.5 points are given.

high: 15 medium: 10 low: 5 unknown: 11.25

2. Frequency of operation: points are provided depending on the regularity of the procedure.
daily: 10 weekly: 5 monthly: 2.5 >monthly: 0 unknown: 7.5

3. Duration of operation (per day): score is assigned based on the daily time dedicated to the operation.
>4 h: 10 1–4 h: 5 30–60 min: 2.5 <30 min: 0 unknown: 7.5

4. Task characterization: points are provided based on a judgment of whether the quantity of dust generated and dispersed during
the task is large, low or negligible during manual handling. If there is no manual handling or it is performed in a closed container
(for example printing operation in a closed printer), 0 points are assigned to this factor.

manual handling the powder
where large quantities of dust are

generated and dispersed: 15

manual handling the powder
where low quantities of dust are

generated and dispersed: 10

manual handling the powder
where negligible quantities of dust

are generated and dispersed: 5

no manual
handling or
handling in

closed
containers: 0

Existing control measures

5. Working room control measures: points are provided by confirming on-site ventilation conditions.

no general ventilation: 10 natural ventilation: 5
mechanical ventilation (alone or

combined with natural
ventilation): 0

unknown: 7.5

6. Source control measures: score is given by confirming the control measures on the source of emissions.

no control measures at the
source: 15

use of a product that limits the
emission: 10

local exhaust ventilation or fume
hood: 5

containment of
the source or
glove box or
glove bag: 0

7. Preventive procedures: score is assigned according to the existing cleaning and maintenance routines.
room cleaned daily and printer maintenance

performed at least monthly: 0
cleaning and maintenance procedures less frequent

than previous option: 10 unknown: 7.5

8. Worker related control measures: points are chosen considering the personal protective equipment (PPE) used by the worker.
The worker does not work in a separate room/cabin and does not use any PPE: 5
The worker uses eye protection and/or protective clothing (including gloves): 4
The worker uses filter mask P2/FFP2: 4
The worker uses filter mask P2/FFP2 and protective clothing (including gloves) or eye protection: 3
The worker uses filter mask P2/FFP2, protective clothing (including gloves) and eye protection: 2.5
The worker uses filter mask P3/FFP3: 3
The worker uses filter mask P3/FFP3 and protective clothing (including gloves) or eye protection: 2.5
The worker uses filter mask P3/FFP3, protective clothing (including gloves) and eye protection: 1
The worker uses powered/supplied air respirator: 1
The worker uses powered/supplied air respirator and protective clothing (including gloves) or eye protection: 0.5
The worker uses powered/supplied air respirator, protective clothing (including gloves) and eye protection: 0
The worker works in a separate room/cabin with independent ventilation system: 0

The first five factors are related with the material and operation conditions: Dustiness,
frequency of operation, duration of operation per day, task characterization and estimated
amount of powder used in that task. When handling a powdered material, the main factor
for intrinsic emission potential is dustiness [23], therefore this is factor number one in
the exposure band factors of the IN Nanotool. Points are given based on a judgment of
whether the material’s dustiness is high, medium, or low. Most of these five factors are also
considered in the other nano CB approaches, since they are essential to study exposure to
nanomaterials [24]. In IN Nanotool, the number of employees exposure was not considered,
since 3D printers usually are operated by only one or two workers, which means this is not
a very relevant input to determine exposure in these workplaces.
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The last four factors are related to existing control actions. Considering the already
implemented control measures, it is possible to assess the actual exposure of the worker.
Therefore, IN Nanotool follows a similar approach to Stoffenmanger Nano [16], which
does not compromise the subsequent proposal for additional control measures that can be
implemented and effectively reduce the risk.

After summing the scores of the nine factors, the exposure band is defined according
to the following criteria: low if the score is under 25, medium if the score is between 26 and
50, high if between 51 and 75 or very high if the sum is 76 or higher.

3.3.4. Risk Level Determination

After defining the hazard and exposure bands, IN Nanotool allows the user to de-
termine the risk level using a four-by-four matrix, as commonly used in other CB strate-
gies [25]. This risk matrix is presented in Figure 11, and it is based on the matrix of the CB
Nanotool 2.0.

Figure 11. IN Nanotool risk matrix. The darker the color the higher the risk level.

3.3.5. Risk Control

The IN Nanotool aims not only to assess the risk of exposure to incidental metal
nanomaterials, but also to help users to properly manage this risk by providing recom-
mendations for risk control. These recommendations depend on the risk level and on
the control measures already implemented. They aim to be an increment to the already
existing measures. For each risk level, there is more than one recommendation. The user
must analyze the options and select one (or more) that is not yet implemented and that
can ideally have an impact on the higher scored factors. A new risk assessment may be
performed after the implementation of the recommended controls, to validate the risk level
decrease. However, when selecting the control, the user can take advantage of the tool to
assess the impact of that measure in the risk level, helping to choose the more effective
control measure. Table 9 shows the list of recommended additional control measures based
on risk level.

3.4. IN Nanotool—Case Study Application

To experiment and verify the potential of IN Nanotool concept, this tool was applied
to the SLM printer case study. The inputs had in consideration the MSDS and the tech-
nical sheet of the powder, the Portuguese Standard NP 1796:2014 (regarding the lowest
OEL) [26], SEM results presented in Section 3.1, printer manufacturer information and in
situ observation and consultation of workers. Table 10 shows the results of the application
of the IN Nanotool to this case study.
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Table 9. Recommended additional control measures based on risk level.

Risk Level Total Score
Recommended Additional Control Measures Based on

Risk Level

RL 4 151–200

Seek specialist advice
Product replacement
Task elimination or automatization
Containment/Glove box/Glove bag
Worker isolation (separate room/cabin)

RL 3 101–150

Task elimination or automatization
Containment/Glove box/Glove bag
Worker isolation (separate room/cabin)
Local exhaust ventilation or fume hood
Change operation conditions

RL 2 51–100

Worker isolation (separate room/cabin)
Local exhaust ventilation or fume hood
Change operation conditions
Mechanical ventilation
Change Personal Protective Equipment

RL 1 ≤50

Change operation conditions
Mechanical ventilation
Change Personal Protective Equipment
Improve internal preventive procedures

Table 10. Results of the application of the IN Nanotool.

CB Factors Task 1 Task 2 Task 3

Powder Carcinogenicity yes 1 yes 1 yes 1

Powder Reproductive Toxicity no no no
Powder Mutagenicity no no no

Powder Dermal Toxicity no no no
Powder Inhalation Toxicity no no no

Other Hazards of the powder yes 2 yes 2 yes 2

Lowest OEL applicable to powder 200 μg/m3 3 200 μg/m3 3 200 μg/m3 3

Powder Solubility insoluble insoluble insoluble
Powder Average particle size <50 μm <50 μm <50 μm

Airborne NM Shape anisotropic anisotropic anisotropic
Airborne NM Size 100–500 nm 100–500 nm 100–500 nm

Hazard Score | Band 47 | Medium 47 | Medium 47 | Medium

Powder Dustiness high high high
Frequency of operation daily daily daily

Duration of operation (per day) 1–4 h <30 min <30 min

Task characterization No manual handing

Manual handling the
powder where large
quantities of dust are

generated and dispersed

Manual handling the
powder where large
quantities of dust are

generated and dispersed
Estimated amount powder used 100–1000 g 100–1000 g 100–1000 g

Local control measure—
Working room Natural ventilation Natural ventilation Natural ventilation

Local control measures—
Source Containment of the source No control measures at the

source
No control measures at the

source

Local control measures—
Preventive procedures

Room cleaned daily and
printer maintenance
performed at least

Room cleaned daily and
printer maintenance
performed at least

Room cleaned daily and
printer maintenance
performed at least

Local control measures—
Worker

The worker uses
protective clothing

The worker uses filter
mask P3/FFP3 and
protective clothing

The worker uses filter
mask P3/FFP3 and
protective clothing
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Table 10. Cont.

Exposure Score | Band 46.5 | Medium 70 | High 70 | High

Risk Level RL 1 RL 3 RL 3

Recommended controls

� Change operation conditions
� Mechanical ventilation
� Change Personal Protective

Equipment
� Improve internal preventive

procedures

� Task elimination or automatization
� Containment/Glove box/Glove bag
� Worker isolation (separate room/cabin)
� Local exhaust ventilation or fume hood
� Change operation conditions

1 Carc. 2, H351 according to the material safety data sheet. 2 Skin Sens. 1, H317 and Stop RE 1, H372 according
to the material safety data sheet. 3 Considering the lowest OEL recommended in Portugal: Nickel inorganic
compounds (Portuguese Institute of Quality, 2014).

4. Discussion

4.1. Quantitative Assessment

On-site measurements showed the lowest mean number particle concentration on
the background trial, as expected, since the printer was not yet operating. After the AM
operation started, the highest mean number particle concentration was obtained while the
worker removed the part from the printer and cleaned it with a brush (task 2), as shown
in Table 3. This number is very close to the one measured during the first task (printing).
In reality, when analyzing Figure 1, it is possible to verify that the highest values of the
number of particles occurred during the printing process, and not during the subsequent
tasks. This result may be an indicator that, although the metal parts are printed in a closed
chamber, there is still emission of matter during the process that may be released into
the work atmosphere. In fact, the real-time measurement of air velocity near the door
of the printer indicated 0.17 m/s, as shown in Table 2, endorses this possibility, since it
is significantly higher than the background measurement (<0.01 m/s). Regardless this
finding, several studies showing results of workplace airborne matter measurements during
metal 3D printing do not consider the printing process [5,6,8]. In view of these results,
further investigation is needed in this field, to verify if currently containment conditions
are enough to prevent workers’ exposure to nanomaterials during printing processes, or if
containment improvement is required and/or if safety-by-design measures are needed at
the printer manufacturing stage.

The results of the SMPS shown in Table 4 are consistent with the ones from the CPC
(Table 3). When comparing these results to the previously mentioned recommended value
of 20,000 nanoparticles/cm3 for an 8-h exposure time (mean number of particles between
10 and 100 nm lower than 9300 particles/cm3 for all tasks), it is possible to conclude that
the results are consistently lower, which does not mean an absence of risk. In Figure 2, it is
possible to confirm that SMPS measurements indicate that the smaller particles are released
during the printing activity.

Another finding of this quantitative approach, by using the EDS technology, was
that there was no significant change in the chemical composition of the powder after
laser action (Figures 4 and 6). The same results were achieved in similar studies [7]. The
results of SEM analysis to the airborne samples (Figures 7 and 9) indicate the presence of
agglomerates/aggregates of nanometer-scale particles, with an anisotropic shape.

This quantitative approach gives good insights on number particle concentration, size
and shape of airborne matter, chemical composition, and environmental conditions.

4.2. Qualitative Assessment

Qualitative assessments present risk levels as a result and allow the user to access
information on recommended controls. Additionally, opposite to quantitative analysis, this
approach does not require access to measuring equipment.
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Table 5 summarizes the application of CB Nanotool 2.0 to this case study. Since
stainless steel 316L is an alloy of iron and chromium and contains a significant quantity of
nickel (≈12.5%), nickel inorganic compounds’ OEL was considered as PM OEL, since it is
the lowest one amount the significant components of this alloy. According to the material
safety data sheet, the metal powder used is carcinogenic (H351) and skin sensitizing
(H317), so PM carcinogenicity and PM dermal toxicity factors were scored as yes (this
last one considering a precautionary approach). All nanomaterial related factors were
classified as “unknown” since there is no information available for these airborne incidental
nanomaterials. These considerations lead to a severity score of 63 (high band) for all
tasks performed.

Regarding probability band, the amount of powder used in each task is similar (always
more than 100 mg). So is the number of employees exposure and the frequency of the
operation, thus scores were the same. Only the duration of the operation is different, so the
probability score for task 1 (the longest one) is 85 (Probable band) and for task 2 and 3 the
score is 70 (Likely band). According to these results, for task 1 it is recommended to seek
specialist advice since risk level is the highest possible. For task 2 and 3 the recommendation
is containment since the Risk Level is 3.

These results may be considered unexpected, since the highest risk level is usually
associated with handling tasks, like sieving and cleaning [27]. Another observation of the
CB Nanotool results is related to the recommended controls. Containment may not be
adequate for task 2 and 3 since it may not be viable when carrying the part to remove it
from the chamber of the machine and when removing the remains of powder.

However, Stoffenmanager Nano 1.0 lead to different results, as presented in Table 6
since it is a source-receptor model [28]. The criteria for the hazard band were the same for
all tasks: dry powder with very high dustiness, small concentration of nanocomponents
and unknown characteristics of the nanomaterials (concentration and inhalation hazard).
In the factor related to OECD components, the option “other MNOs” was selected in the
absence of another specific for incidental NM and, in the last factor, it was necessary to
establish a relation between the current hazard identification and the one considered in this
method, defined in Annex III of European Union Directive 67/548/EEC, which is no longer
in force (replaced by CLP Regulation No 1272/2008). Hazard band E, the hazardous one,
was therefore the result for the 3 tasks. In this method, hazard band E is assigned when the
parental material is classified for carcinogenicity, mutagenicity, reproduction toxicity, or
sensitization [16].

Concerning the exposure band, the duration of each task was considered, as well as
distance to the breathing zone of the worker and specific existing local control measures for
each operation. Thus, exposure band 1 was the result for task 1 (lowest band) and exposure
band 2 for the other tasks. Despite the different exposure bands, the overall risk level for
all tasks was RL 1 (highest priority).

Subsequent controls recommended for each task are listed in Table 6 and they are dif-
ferent for tasks 1 as it shows lower exposure. The recommendations for printing operation
include automation of tasks and enclosure of the source, which are already implemented.
It also mentions controls that are not viable for this operation, such as wetting the powder
or eliminating this task, since it would compromise all the manufacturing process. For task
2 and 3, recommendations also mention already implemented controls, such as respiratory
protection, and not suitable solutions, like using a spraying booth or wetting the powder.

When applying Stoffenmanager Nano 1.0 to this case study, the hazard band E was
obtained for all tasks, therefore risk level 1 was the corresponding final result by default. In
view of these results, it is possible to conclude that, although this method considers relevant
inputs for incidental NM and considers some control measures already implemented, it is
not a suitable method for metal AM workstations, since it does not differentiate the level of
risk of different tasks performed and it does not provide tailored control actions aiming at
the reduction of the exposure risk in these workplaces.
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4.3. IN Nanotool

Considering all results and limitations from the previous described qualitative and
quantitative approaches, IN Nanotool was designed for managing the exposure to inciden-
tal NM in metal 3D printing workstations and it was applied in this case study. The results
of this application are presented in Table 10, in which it is possible to verify that the results
obtained by using the IN Nanotool are significantly different from the ones achieved by the
other approaches.

When analyzing the hazard band, the first six factors were provided by the properties
of the metal powder present in the MSDS of the product, being clear that it is a powder
with carcinogenicity and other associated health hazards. The lowest OEL criteria was
the same as the one used for CB Nanotool 2.0 application. According to its MSDS the
powder is water insoluble, and the average particle size range is between 20 and 53 μm.
The two remaining factors to define the hazard band (shape and size) were possible to score
due to the results of SEM analysis (Figures 7 and 9). If these SEM results would not be
available, the score of these two factors would be 18.75 (unknown), which would increase
the hazard band, since a precautionary approach is intended. The hazard band obtained
for all three tasks is Medium (47 points), since the material used is the same throughout all
3D printing process.

Regarding the exposure band in this case study, material and operation conditions
were determined by observing the conditions in situ and consulting the organization and
the workers involved. The outcome was an exposure score of 46.5 (medium band) for
task 1, mainly because it was considered that there is containment of the source and high
dustiness, even though the time of exposure is higher, and no PPE were used during this
period. For tasks 2 and 3 the exposure score was 70, meaning the exposure band is high.
In this case, although the worker uses filter mask FFP3 and protective clothing, no eye
protection is used and there is no containment of the source or isolation of the worker,
when dustiness is high.

Using the risk matrix from Figure 11, it is possible to conclude that the printing process
represents a Risk Level 1 and the other two tasks a Risk Level 3. These results are different
from the ones obtained by applying CB Nanotool 2.0 and Stoffenmanager Nano 1.0. Using
IN Nanotool, distinct risk levels are obtained for considerably different operations and the
results seem to support the belief that not contained manual handling processes are the
ones with higher risk [26].

It should be highlighted that in this case study using IN Nanotool the highest risk level
(RL4) was not assigned to any of the tasks under study. This is aligned with the quantitative
results, that show that the measured number particle concentration was not high when
comparing to other metal 3D printing case studies [6,8] and to previously mentioned nano
reference values.

Finally, according to the IN Nanotool, additional risk control measures should be
considered. Critically analyzing the recommended controls for task 1 (see Table 10), in
addition to the already containment of source, mechanical ventilation can be installed in
the room, the operation conditions can change (for example, by reducing the frequency
and/or duration), additional PPE can be used by precaution and/or internal procedures
can be improved. For tasks 2 and 3, it is possible to clean the part with a brush and to sieve
the powder in a glove box or bag, to install local exhaust ventilation or fume hood and/or
to change operation conditions.

5. Conclusions

The difficulties to manage the risk of exposure to incidental nanomaterials and the
lack of information on this matter have been recently discussed and are a cause of concern.
Quantitative assessments require access to specific measurement equipment and don’t
provide control recommendations, requiring expert knowledge to assess and control the
risk. On the other hand, limiting the risk management approach to the existing qualitative
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tools focused on ENM may be biased. Using those methods for incidental NM represents a
significant difficulty in background data gathering, as shown in this case study.

The main objective of this study was to explore and highlight these difficulties and to
design and test a tool to manage the risk of exposure to metal incidental NM in 3D printing
processes. IN Nanotool redefined the inputs of CB approaches for incidental NM and added
quantitative ones. Unlike quantitative approaches, this method does not necessary require
special measurement equipment and it is not dependent from reference or limit values.
Moreover, this method culminates in risk control recommendations, allowing to manage
the risk of exposure to airborne incidental NM originated in metal AM processes, without
the need to resort to a specialist. This tool was designed to enable this risk management,
by providing a comprehensive and accessible approach to OSH professionals, including
non-experts. However, there are limitations to this method. For instance, if the user does
not have access to majority of background information, the method allows to score factors
as unknown, resulting in a high risk level. This precautionary result may lead to the
suggestion of exaggerated control measures in relation to the real risk. Additionally, this
tool requires additional testing and further validation. Regardless of its limitations, the IN
Nanotool application to the present case study led to reliable results that are more in line
with the state-of-the-art, showing its potential to fill the lack of methods for incidental NM.
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Abstract: Drawing from social system theory, social identity theory, and social exchange theory, this
study examines how safety management practices are linked with employee safety performance
through safety consciousness and safety climate. Furthermore, responsible leadership is introduced
as a boundary condition in the safety consciousness—safety performance and safety climate—safety
performance relationships. Data were collected from employees belonging to pharmaceutical firms
located in different industrial zones of Lahore, Pakistan. The support is found for full mediation
of safety consciousness and safety climate for the safety management and safety performance re-
lationships. Responsible leadership moderates the safety consciousness—safety performance and
safety climate—safety performance relationships so that when the safety climate is weak or the safety
consciousness is low, a high level of responsible leadership enhances safety performance.

Keywords: safety performance; safety climate; safety consciousness; responsible leadership;
industrial safety

1. Introduction

Occupational safety and safety performance can provide competitive advantage to the
firms [1] and have has become a prominent area of research in the last three decades [2,3].
The focus of this research is to identify safety-related outcomes and to provide guidance for
improving health and safety in organizations. An inadequate safety management system is
the root cause of the majority of industrial disasters [4]. Hence, organizations’ adoption of
safety management systems is linked with their attempt to achieve performance excellence.
Safety performance is one of the key factors for gaining a competitive advantage in today’s
rapidly globalizing world. Effective preventive measures like safety management systems
or behavior-based system approaches can help in the reduction in occupational accidents.

According to the most recent data on workplace health and safety, there are currently
2 million people who believe their illnesses were made worse by their employment, and
each employee loses an average of 30 million days (1.3 days) every year because of illness
or injury [5,6]. This is a result of potential carelessness on the part of the companies in
maintaining safety procedures. Some businesses fail to give health and safety the pri-
ority it needs, despite the clear necessity for proactive management. This could be the
result of insufficient staff resources or a lack of expertise, skills, and motivation. How-
ever, employee safety management and alertness are the keys to reducing the ratio of
work-related illnesses and accidents at work. Safety management relates to the real pro-
cedures, duties, and responsibilities involved in staying safe [7,8]. Safety consciousness,
on the other hand, is the awareness of risks and the vigilance for danger. It has a strong
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influence on the actions of an individual because of his desire to remain alive and unin-
jured. There is always a need to develop safety consciousness because most injuries can
be traced to someone’s lack of safety consciousness [3,9]. It is a key predictor of safety
outcomes that has attracted limited attention.

According to Kirwan [8], safety management is related to all practices that are asso-
ciated with remaining safe, which includes actual practices, roles, and functions. Safety
management is a sub-system of organizational management systems that are integrated
into the organization and has a focus on controlling the hazards that can negatively affect
the health and safety of employees [4]. Safety management systems not only implement
policies and procedures, activities that are required to control the hazards, but also comply
with the existing legislation applicable to the organization. The safety management system
is an important antecedent of a safety climate [3,4] and the development of safety con-
sciousness in employees. A safety climate is the shared perception of employees regarding
the state of safety of their organization [10]. Similarly, safety consciousness is the awareness
of an individual regarding the safety issues and concerns of an organization [11]; this
awareness can be at both cognitive and behavioral levels [4]. Neal et al. [12], and Vinod-
kumar and Bhasi [4], have considered safety climate as a factor that influences the safety
performance (including safety compliance and safety participation) of an organization. de
Koster et al. [13] identified safety consciousness as an antecedent of the safety performance
of employees in an organization. Based on social system theory (SST), social identity theory
(SIT), and social exchange theory (SET), safety consciousness and safety climate are both
proposed as mediators for the safety management and safety performance relationship.

A responsible leadership role in safety management and performance relationship is
implicit as the majority of organizations’ central goal is to ensure the value of safety is in
the minds of employees [14]. The personality, values, and choices that employees make,
the people they trust, the appeals they respond to, and the way they invest their time and
energy in an organization are the outcomes of the values of leadership [14,15]. Based on
social identity theory (SIT) and social exchange theory (SET), responsible leadership is
proposed as moderator for the safety consciousness and safety performance and safety
climate and safety performance relationships.

The importance of small and medium-sized enterprises (SMEs), especially in develop-
ing countries, cannot be denied. SMEs are considered a major contributing sector to the
economic development of emerging and developing economies. Similar to other develop-
ing and emerging economies, most businesses in Pakistan are SMEs [16,17]. According to
one report, about 99% of economic establishments are SMEs and their GDP contribution
is 40% with 26% exports from the manufacturing sector [18]. The majority of firms in the
pharmaceutical industry of Pakistan are SMEs [19]. Even though safety management and
its outcomes have been researched and reported from various parts of the world, there
is not much evidence available from small and medium-sized pharmaceutical firms in
Pakistan, where safety performance is yet to get the priority it deserves.

The aim of the current investigation is to identify the impact of safety management
practices on safety performance while taking safety consciousness and safety climate
as mediators and responsible leadership as the moderator in pharmaceutical firms in
Pakistan. This investigation is attempting to contribute to the literature in three ways:
first, by empirically investigating a comprehensive mediated moderation model of safety
management and safety performance; second, by generalizing the safety management and
safety performance investigations that are majorly focused on developed countries to a
developing country; and last, by focusing on the pharmaceutical industry of Pakistan.

Theoretical Framework

The theoretical foundations for this study come from three theories, namely social sys-
tems theory, social identity theory, and social exchange theory. The social system theory [20]
holds social behavior as the result of the interaction of the institution’s role and expectations
and individual personality and needs [21,22]. In an organization, organizational behaviors

118



Int. J. Environ. Res. Public Health 2022, 19, 13686

are products of interaction between the organizational factors and individual factors. The
safety management practices adopted by the organizations in terms of safety-policy making,
safety training, safety communication, and preventive planning lead to developing a safety
climate that further boosts safety performance. Skyttner [23] stated that the emergence
of anything results from the interaction of independent parts when they stop being inde-
pendent and start to influence each other; therefore, it is posited that when individuals
come together (the leader and employees) and develop a common sense of implementing
safety in the organization it creates a safety climate in the organization, thus satisfying the
social systems approach. It is noted that when individuals adopt safety practices, they
try to achieve safety synergy [24], reflecting the social systems approach. Individual after
individual following the safety standards combine together and make it a success.

Similarly, according to social identity theory, positive CSR perceptions (safety manage-
ment, safety consciousness, safety climate, and safety performance) enhance organizational
identification. This leads to the desire to maintain this positive identity and group mem-
bership, which later on translates into commitment. In safety-oriented organizations, the
people feel safe and tend to retain their jobs for longer times.

The theory of social exchange [25] postulates that in any social interaction where one
party acts in a manner that benefits a second party, a mutual expectation will emerge that
obligates the second party to reciprocate, at some later stage, by acting in a way that benefits
the first party [26]. The social exchange theory (SET) is a theory that describes relationships
as result-oriented social behavior. It is based on the reciprocity of the behaviors. The
social behavior in the interaction of organization and employees is used for a cost–benefit
analysis to create a win–win situation [27]. In this situation of give and take, this study
argues that responsible leaders, by virtue of taking care of the stakeholders [28], will
ensure the formulation of effective health and safety policies and procedures, provide the
necessary knowledge, skills, and abilities, provide support on such policies and procedures,
communicate performance standards, and promote a safety climate. As suggested by the
social exchange theory [25], responsible leaders will be fostering a trusting relationship
among employees (as stakeholders) through their proactive participation in ensuring the
implementation of health and safety procedures, thereby acting as role models of health and
safety rules and regulations [29]. Moreover, it is noted that socially responsible behaviors
such as safety behaviors cannot be implemented without the influence of the leaders [30].
Under such arguments, it is posited that when employees get something of value from their
leaders, they try to give it back through their hard work and by following the practices
they require from them to ensure performance targets. The employees who take training
from their responsible leaders tend to stand with them and try their best to practice safety
at the workplace, thus enforcing the social exchange. The proposed research framework is
presented in Figure 1.

Figure 1. Proposed Research Framework.
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2. Literature Review

2.1. Safety Management and Safety Consciousness

According to Barling et al. [11], safety consciousness consists of two components: the
cognitive component and the behavioral component. This indicates that the idea goes
beyond only being aware of safety risks and that taking necessary action is important
too [31,32]. Furthermore, in the organizations, the modeling of behaviors depends upon
demands put forth by the top managers. The managers emphasize the importance of
health and safety policies and procedures and will inspire subordinates to ponder safety,
hence increasing their safety consciousness [33]. Similarly, safety management requires
clear communication of the health and safety policies. This requires the provision of
training to the employees to enhance their subordinates’ consciousness. Studies suggest
that consciousness is an important predictor of safety behaviors.

The main goal of safety management is to prevent workplace injuries, illnesses, and
deaths, as well as the suffering and financial hardships of the organizations [34]. The
recommended practices use a proactive approach to managing workplace safety and health,
instead of using the reactive ones, i.e., problems are addressed only after a worker is injured
or becomes sick. These recommended practices recognize that finding and fixing hazards
before they cause injury or illness is a far more effective approach [35].

The rate of accidents can be minimized through safety management and consciousness.
This relationship forms a pattern that affects the well-being of all workers. The factor of luck
may distort the pattern, but over a long period of time the pattern remains unchanged [36].
The employees are required to perform in a safer way that would not harm themselves and
their co-workers [37]. Common causes of error may include time pressure, mental pressure,
fatigue, being new to the task, distractions, and overconfidence.

The safety management practices enforced through safety policies, plans, procedures,
training, and frequent safety communication enable people to avoid accidents [13,38].
The push to follow the safety practices from the managers adds to the consciousness.
This consciousness as mindfulness brings positive results for individuals and organiza-
tions. Safety-conscious workers are more likely to notice potential risks, make unbiased
judgments, and control their unsafe or risky behaviors [39,40]. Bahari [41] conducted a
safety-related study and found that the employees’ safety can be improved by employees’
understanding of safety, knowledge about safety, and the skills necessary to ensure safety.
Moreover, the management’s attitude and actions toward safety were found to be crucial in
improving organizational safety.

Accidents at work generally occur because of deficient knowledge or training, deficient
supervision, and deficient procedures to carry out task safety [42]. The organizations can
prevent the dangers via a safety policy implementation across the organization by setting
safety objectives. This enables employees to achieve the set safety objectives, which directly
means facing low risks and damage [43]. At the same time, preventive planning is a key to
ensuring safety in organizations [44].

An effective way to promote safety management is safety communication. Pandit
et al. [45] found safety communication to be an effective way of promoting safety man-
agement in the organization and poor safety communication can lead to disasters. It is
also noted that when not only the managers but also the employees do not communicate
frequently about the hazards involved in their work and possible preventive measures to
be taken, this leads them to unexpected injuries. Safety training is equally important and
enables employees to learn the relevant knowledge, skills, and abilities to tackle possible
dangers [9]. The social systems theory posits that when components of a system combine
and work in the same direction, they achieve a synergetic safety working (see Figure 1).
Therefore, the hypothesis developed is:

Hypothesis 1. There is a positive impact of safety management on safety consciousness.
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2.2. Safety Management and Safety Climate

Management concern for safety develops the safety climate. The safety climate is the
perceptions and attitudes of the organization’s workforce about surface features of the
culture of safety in the organization at a given point in time [46]. Safety management is
the adoption of practices to reduce errors, which fosters a safe climate in the organization.
A better safety climate in an organization is associated with committing fewer errors and
better outcomes.

Anticipated benefits would stem from the ability of organizations (use of safety prac-
tices) with strong safety climates to cultivate behaviors that enhance collective learning by
addressing unproductive beliefs and attitudes about errors, their cause and cure [47].

According to Mearns et al. [48], the organizations that want safe operations have
to ensure a safe climate. Research has focused on supervisors as role models for instill-
ing safety awareness and supporting safe behavior [48]. Involvement of the workforce
in safety-decision-making has also received attention [49]. These things require a con-
sideration of the safety philosophy of upper management and the safety management
system of the organization. Organizations with lower accident rates were characterized
by the presence of upper managers who were personally involved in safety activities, the
prioritization of safety in meetings and in decisions concerning work practices, and the
thorough investigation of incidents [48,50]. The accumulation of the safety practices and
compelling employees to follow the safety measures while at work makes a safety climate
in the organization.

Guo et al. [51] noted that the climate can be developed through management empha-
sizing safety practices. A safety climate consists of social support, management safety
commitment, knowledge of safety, and pressure of production. Management’s commitment
to safety has a direct relationship with social support [52]. Hence, management should
establish clear policies on safety and safety issues that encourage people to follow safety
standards. The present study posits that the managers with safety concerns will ensure the
formulation of effective health and safety policies and procedures, provide necessary train-
ing on such policies and procedures, communicate performance standards, and promote a
safety culture [53].

The safety climate is the shared perceptions of employees about the importance of
safety within the organization. This is developed when the individual parts work together
and develop a common sense of safety in the organization to make a system, as per social
systems theory (see Figure 1). In the light of such arguments the hypothesis developed is:

Hypothesis 2. There is a positive impact of safety management on safety climate.

2.3. Safety Climate and Safety Performance

Griffin and Neal [54] argued that employees’ perceptions of the policies, procedures,
and practices relating to safety comprise the safety climate. The safety climate acts as a
frame of reference for the behavior and attitudes of individuals and groups of employees,
and it is argued that it will also affect their accident involvement. The employees with
more favorable safety perceptions (indicating a positive safety climate) are less likely to
engage in unsafe acts [55]. Safety performance is defined by Neal et al. [12] as the level
of safety compliance and safety participation. Safety compliance means “adhering to
safety procedures and carrying out work in a safe manner”, and safety participation means
“helping co-workers, promoting the safety program within the workplace, demonstrating
initiative and putting effort into improving safety in the workplace” (p. 101).

Humans play an important role in the occurrence of workplace accidents, but the
safety climate can achieve excellence in prevention [56]. At the individual level, the safety
climate is concerned with employees’ understanding of safety stimuli such as practices,
procedures, and policies in the workplace. The safety climate, in fact, serves as a benchmark
for directing and guiding suitable and adaptive safety behavior [57].
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Guo et al. [51] believe that if individuals have favorable perceptions of safety, they are
less likely to act unsafely on site. As a result, accident rates are likely to decline. As such, a
safety climate can cause a profound change in employees’ behavior and mentality, leading
to true safety implementation, thus enhancing safety performance. Borgheipour et al. [52]
found a positive result for a safety climate influencing safety performance. The safety
climate inculcates danger-avoiding practices and improves safety performance. The safety
climate encourages employees to learn safety practices, thus fostering safety performance.

Jafari et al. [58] worked on the development of the safety climate scale and found
10 dimensions, namely management commitment, workers’ empowerment, communication,
blame culture, safety training, job satisfaction, an interpersonal relationship, supervision,
continuous improvement, and a reward system, to be effective in making the safety climate.
Management commitment to safety and safety training make people capable of better safety
performance. Eskandari et al. [59] developed a scale for measuring safety performance.
They considered three factors for their examination, such as the organizational factors, the
environmental factors, and the individual factors. They found organizational factors had
the highest contribution toward safety performance. A safe climate is rightly considered an
organizational factor that encompasses a common understanding of safety among employees.

A safety climate, that is, the common perceptions and attitudes of the employees
about ensuring safety practices in the organization at a given point in time [46], leads to
minimizing errors at work. This further leads to efficient working and low waste-age of
resources, thus ensuring safety performance in the organization. Clarke [60] stated that the
assumption underlying the link between an organizational safety climate and the accident
rate is that climate provides guidance on suitable organizational behavior, so that a more
positive climate encourages safe behaviors through organizational rewards (e.g., recogni-
tion and feedback for making safety suggestions), while a more negative safety climate
reinforces unsafe behaviors by removing incentives to improve safety (e.g., prioritizing
production over safety), which, in turn, are related to the occurrence of workplace accidents.

The social identity theory posits that positive corporate responsibility perceptions
like providing safety training to the stakeholders, i.e., employees, having frequent commu-
nication, and so forth, leads to safety performance. The safety ensured in work leads to
organizational identification. People tend to work in the organizations characterized by
safety [61]. The hypothesis developed is:

Hypothesis 3. There is a positive impact of a safety climate on safety performance.

2.4. Safety Consciousness and Safety Performance

The employees’ knowledge about safety standards encourages them to ensure safety
performance. Worker engagement in safety may systematically act to reduce the probability
of human errors from occurring by making workers more involved with and aware of their
tasks/surroundings and associated risks, as well as the error traps that could be present. Thus,
increased levels of worker engagement in safety activities could possibly be related to increased
safety performance as measured by standard safety outcomes, i.e., accident rates [38].

Knowledge about safety standards and practices leads to enhanced levels of cognitive
engagement [62]. The employees display focus, attention, and concentration on the safety
aspects of the job. By displaying safety behavior, the employees working in the organization
are known to be safety-minded people. Safety mindedness leads to leading others by
example. They are the ones who are fond of continuous learning. They respond to
feedback quickly and have strong communication skills. Safety-conscious people try not
to harm others and make people learn safety practices by adopting safety organizational
citizenship behaviors [63]. A positive safety climate is developed when the employees have
a perception of management safety values and commitment to safety [48].

Safety consciousness refers to an “individual’s own awareness of safety issues” [11].
This awareness works on both a cognitive and a behavioral level. Cognitively, safety
consciousness means being mentally aware of safety in your work and knowing what
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behaviors foster operational safety. Behaviorally, safety consciousness enacts the behaviors
that foster operational safety. Safety consciousness can be separated from the safety climate
in a manner that safety consciousness is about the safety of oneself, whereas a safety climate
is about the safety of the whole workplace in the organization. We argue that the extent to
which the individuals are aware of the safety hazards and are aware of possibly avoiding
them indicates whether they are in a better position to minimize the accidents, i.e., the safety
performance. Safety performance is the extent to which companies are able to prevent
accidents and errors.

Kelloway et al. [64] argued that if anything could reduce the chances of accidents, it
would be employees’ awareness of issues that threaten safety, their knowledge of how
to prevent them, and their behaviors oriented toward preventing them (i.e., safety con-
sciousness). Safety consciousness comes from the segments of the organization working
together. Individuals, when seeing one another following the safety principles, tend to
adopt safe work practices, which thus resembles the social systems theory. In light of the
above arguments, the hypothesis developed is:

Hypothesis 4. There is a positive impact of safety consciousness on safety performance.

2.5. Responsible Leadership as Moderator for Safety Consciousness and Safety Performance

Clarke [60] noted that “there is very limited understanding of the impact of leadership
styles on safety outcomes” (p. 1175). Except for a transformational leadership style, empow-
ering leadership, and safety leadership, which drew more research attention, leadership
styles have not been adequately investigated in this context [65–67]. Many argue that
leaders are the prime drivers of high-reliability organizations (i.e., [68]). For example, top
management is often responsible for the implementation of safety-enhancing systems and
the development of a safety-oriented culture. When the responsible leaders weigh different
stakeholder claims before deciding, it helps in building trust and people feel free to share
their safety problems and seek solutions. This enhances safety consciousness and ensures
safety performance. Rare evidence is available in the literature explaining responsible
leadership with relation to safety outcomes. However, it is possible that when the leaders
act as role models, as per social exchange theory, the people adopt the same behaviors as
their role models [69]; this boosts safety compliance and performance.

Abbas et al. [70] argued that employees are the critical stakeholders of organizations
and are responsible for protecting the organizational environment via their safety mindful-
ness and interpersonal interaction. The safety of mindfulness and interactions are shaped
by the responsible leader’s powerful forces of protection, acquisition, connection, and
understanding [71]. In the presence of reinforcement from the responsible leaders, this
mindfulness further leads to better safety performance.

Hypothesis 5. Responsible leadership significantly moderates the relationship between safety
consciousness and safety performance.

2.6. Responsible Leadership as Moderator for Safety Climate and Safety Performance

Leaders demonstrate normatively appropriate conduct through personal actions and
interpersonal relationships and promote such conduct to subordinates through two-way
communication, reinforcement, and decision-making [72]. Rare evidence is available
for responsible leaders influencing the safety outcomes. However, this mechanism can
be explained as responsible leadership being characterized as involving stakeholders
in decision-making and looking after their demands. Moreover, he has an idea of the
consequences of his decisions on the stakeholders. This enables the employees to get
involved in the safety procedures and they conduct periodic checks on the execution of
the prevention plans. Furthermore, they participate in evaluating the risks. This premise
is based on the social exchange theory. The positive exchanges taking place between
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the leader and the employees lead to compliance as a matter of showing gratitude. The
hypothesis developed is:

Hypothesis 6. Responsible leadership significantly moderates the relationship between safety
climate and safety performance.

3. Methodology

The population of the current study includes small and medium-sized pharmaceutical
firms located in industrial zones of Lahore, Pakistan. A list of 100 small and medium-
sized pharmaceutical firms operating in the industrial zone near Lahore, Pakistan was
compiled. The criteria of the National SME Policy 2007 of Pakistan, “an enterprise with an
employment size up to 250, capital of Rs. 25 million and annual sales up to Rs. 250 million”,
was used for defining an SME. Out of 100 firms, 37 agreed to participate in the study;
hence, these 37 firms were contacted for data collection. CEO, plant manager, production
manager, quality assurance manager, quality control manager, pharmacists, technical staff,
and assistant managers were contacted via Google Forms, which was shared either through
email or WhatsApp. A total of 209 fully completed self-report surveys were received and
used for data analysis.

3.1. Data Collection

Self-administered survey forms were used for data collection. The purpose of the
survey was to analyze the behavior of respondents toward the safety management practices,
safety climate, level of safety consciousness, and safety performance of their firm and
responsible leadership. A non-probability, convenience sampling technique was employed
for respondent selection and data collection.

3.2. Instrumentation

For the measurement of safety management, an 18-item scale was adopted from
Beatriz Fernández-Muñiz et al. [73]. The safety management scale has four subcategories,
namely safety policy, training in safety, communication in prevention issues, and preventive
planning. For the measurement of safety consciousness, a seven-item scale was adopted
from Westaby and Lee [9]. Item samples are “I always take extra time to do things safely”
and “People think of me as being an extremely safety-minded”. A safety climate scale
was adopted from Beatriz Fernández-Muñiz et al. [73] with seven items. Sample items
are “Periodic checks conducted on execution of prevention plans and compliance level of
regulations” and “Accidents and incidents reported, investigated, analyzed, and recorded”.
The variable safety performances were measured with the help of an eight-item scale
developed and used by Beatriz Fernández-Muñiz et al. [74]. Similarly, a scale of responsible
leadership with five items was adopted from Voegtlin [75]. Sample items are “My direct
supervisor demonstrates awareness of the relevant stakeholder claims” and “My direct
supervisor considers the consequences of decisions for the affected stakeholders”. The
survey instrument/questionnaire is attached in Appendix A.

4. Data Analysis

4.1. Descriptive Analysis

Majority of data collected were from males. Out of 209 responses, 128 were males,
while the remaining 81 were females. Similarly, the majority of respondents were of the age
group between 30–39 and were from lower- to middle-level management categories; 14%
were holding undergraduate degrees, 67% had master’s degrees, and the remaining 18%
had higher-level degrees.

4.2. Common Method Variance

Self-reported data raise the issue of the potential effect of common method variance
(CMV) [76]. Prior to hypothesis testing, CMV was tested using Harman’s one-factor test
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by loading all items into a single factor. The results revealed that 33% of the variance is
explained by the single factor that is below the recommended threshold value of 50%. The
result revealed that the data are free from CMV.

4.3. Scale Validation

Confirmatory factor analysis (CFA), also known as the measurement model, was used as
an analytical strategy for the validation of the scale. CFA was conducted using AMOS 17. SM
18, and SP 7 was removed at this stage as it was not successfully loaded into its latent construct.
The results of CFA provided acceptable model-fit indices and are presented in Table 1.

Table 1. Results of confirmatory factor analysis (CFA).

Construct/Variable βeta Alpha CR AVE

Safety Management 0.973 0.975 0.740
SM1 0.775
SM2 0.863
SM3 0.866
SM4 0.829
SM5 0.831
SM6 0.877
SM7 0.833
SM8 0.833
SM9 0.778
SM10 0.762
SM11 0.787
SM12 0.825
SM13 0.853
SM14 0.846
SM15 0.862
SM16 0.830
SM17 0.780
SM18

Safety Consciousness 0.948 0.949 0.728
SC1 0.766
SC2 0.843
SC3 0.889
SC4 0.858
SC5 0.868
SC6 0.895
SC7 0.847

Safety Climate 0.959 0.960 0.774
SCL1 0.830
SCL2 0.867
SCL3 0.889
SCL4 0.889
SCL5 0.906
SCL6 0.897
SCL7 0.880

Responsible Leadership 0.903 0.907 0.662
RL1 0.744
RL2 0.841
RL3 0.886
RL4 0.834
RL5 0.753

Safety Performance 0.948 0.949 0.728
SP1 0.848
SP2 0.864
SP3 0.862
SP4 0.831
SP5 0.859
SP6 0.819
SP8 0.887

Goodness of fit indices
χ2 = 1482; d.f. = 845; χ2/d.f. = 1.75; p < 0.001; CFI = 0.93; GFI = 0.76; AGFI = 0.73; RMR = 0.05; RMSEA = 0.06

β: standardized coefficient; alpha: Cronbath’s alpha; CR: composite reliability; AVE: average variance extracted.
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4.4. Statistical Assumptions

The statistical assumptions including normality, reliability, and validity of the collected
data were checked before hypothesis testing.

4.4.1. Normality Analysis

Univariate normality can be accessed through skewness and kurtosis indices, which
should lie between the absolute value of 3 and 10, respectively [77]. The skewness values
for the current data lies between −1.888 and 0.210, while kurtosis values were between
−0.928 and 3.05, hence showing univariate normality in the dataset.

4.4.2. Reliability Analysis

Internal consistency and reliability of the dataset was checked using both Cronbatch’s
alpha values and composite reliability. The alpha values were calculated using SPSS 20,
while composite reliability measures were obtained through CFA output. The overall scale
provided the alpha of 0.911 while the alpha values were between 0.903 and 0.973 and
composite reliability values were between 0.907–0.975 for each latent construct. The Cron-
batch’s alpha and composite reliability values for each latent construct presented in the
model are given in Table 1.

4.4.3. Validity Analysis

Convergent validity can be achieved by getting the loadings of observed variables on
their respective latent constructs significant (p < 0.001) and the squared multiple correlation
value of each observed variable greater than 0.5. The validity analysis results indicated that
the dataset was valid for further analysis. The values of squared multiple correlation are
presented in Table 2.

Table 2. Descriptive statistics and correlations.

Variable No of Items Mean s.d. SM SC SCL RL SP

1 SM 17 3.84 0.88 0.740

2 SC 7 3.15 1.04 0.241 **
(0.058) 0.728

3 SCL 7 3.44 1.06 0.159 *
(0.025)

0.800 **
(0.640) 0.774

4 RL 5 2.93 1.01 0.005
(0.0002)

0.233 **
(0.054)

0.181 **
(0.033) 0.662

5 SP 7 3.91 0.89 0.024
(0.0005)

0.343 **
(0.1180

0.431 **
(0.186)

−0.286 **
(0.082) 0.728

* correlation significant at 0.05. ** correlation significant at 0.01 shared variance are in parenthesis. AVE
is on diagonal.

Similarly, the discriminant validity for the dataset was evaluated using the criteria
presented by Fornell and Larker [78], where the shared variance of any construct should
not be greater than the average variance extracted (AVE). The AVE value for every variable
was greater than the shared variance of all variables, hence indicating a discriminant
validity of the data.

4.5. Hypotheses Testing

All proposed hypotheses were tested using PROCESS Macro by Hayes [79]. PRO-
CESS Macro was preferred over other analytical techniques because of its robustness and
bootstrapping approach. The PROCESS Macro provides biased corrected 95% CI and can
simultaneously analyze the moderation and mediation effect for complex models.

We have used an incremental approach to test our hypotheses, where at the first step
we assessed two mediation models by taking safety consciousness and safety climate as
mediators. After that, two moderation models taking safety consciousness and safety
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climate, respectively, were analyzed. Finally, the full mediation moderation model was
assessed. In total, five models using PROCESS Macro have been analyzed.

4.6. Mediation Model

To test the first set of proposed hypotheses, PROCESS Macro (extension in SPSS) by
Hayes [79] Model No. 4 was used. The results identified that SM has insignificant direct
effect (B = −0.0641; p > 0.10) on SP. However, the indirect effect through SC is significant
(B = 0.086; p < 0.10), hence identifying full mediation. Similarly, for safety climate as
mediator, the SM has insignificant direct (B = −0.047; p > 0.10) and significant indirect
effects (B = 0.069; p < 0.10) through safety climate, providing support for full mediation.
The results of PROCESS Model 4 are presented in Tables 3 and 4.

Table 3. Five thousand bootstrap results for direct and indirect effects. PROCESS Model 4 (safety
consciousness as mediator).

Path Estimate SE

SM→SP (Direct Effect) −0.0641 0.07
SM→SC 0.285 * 0.08
SC→SP 0.310 * 0.06

Standardized Direct and Indirect Effects using 5000 Bootstrap 95% CI

Path Effect SE LL 95% CI UL 95% CI
Direct Effect −0.641 0.07 −0.199 0.071

Indirect Effect (SM→SC→SP) 0.086 * 0.04 0.025 0.164

SM: safety management; SP: safety performance: SC: safety consciousness; * p < 0.10.

Table 4. Five thousand bootstrap results for direct and indirect effects. PROCESS Model 4 (safety
climate as mediator).

Path Estimate SE

SM→SP (Direct Effect) −0.047 0.06
SM→SCL 0.192 * 0.08
SCL→SP 0.371 * 0.05

Standardized Direct and Indirect Effects using 5000 Bootstrap 95% CI

Path Effect SE LL 95% CI UL 95% CI
Direct Effect −0.047 0.06 −0.175 0.081

Indirect Effect (SM→SCL→SP) 0.069 * 0.04 0.066 0.144

SM: safety management; SP: safety performance: SCL: safety climate; * p < 0.10.

4.7. Moderation Analysis

PROCESS Macro (extension in SPSS) by Hayes [79] Model No. 1 was used to test
the proposed moderation hypotheses for responsible leadership. PROCESS Macro by
Hayes [79] was preferred over simple regression analysis using interaction term and struc-
tural equation modeling because of its robustness. PROCESS Macro uses a bootstrapping
approach with biased corrected at 95% confidence intervals that calculates the Johnson-
Neyman outputs for the interaction term. The variables that define product term were first
mean centered. Conditioning values at mean and ±1SD and Johnson-Neyman outputs
for the interaction graph were also calculated. We have used a separate PROCESS Model
No. 1 for safety consciousness and safety climate. The result of PROCESS Model 1 are
presented in Table 5.
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Table 5. Five thousand bootstrap results for PROCESS Model No. 1, simple moderation analysis.

DV: SP DV: SP

Estimate SE LL 95% CI UL 95% CI Estimate SE LL 95% CI UL 95% CI

SC 0.241 * 0.055 0.131 0.351
RL 0.174 * 0.057 0.061 0.287

SC*RL −0.163 * 0.057 −0.265 −0.061
SCL 0.302 * 0.053 0.196 0.407
RL 0.186 * 0.054 0.078 0.293

SCL*RL −0.117 ** 0.048 −0.212 −0.022
Model Fit
F-value 17.22 * 23.02 *

R2 0.20 0.25
R2 Change 0.04 * 0.02 **

SM: safety management; SP: safety performance: SCL: safety climate; SC: safety consciousness; RL: Responsible
Leadership * p < 0.01, ** p < 0.05.

The results identified that the interaction terms for both SC (B = −0.163 *; p < 0.01) and
SCL (B = −0.117 **; p < 0.05) were significant and there was no zero in the lower and upper
bound of the 95% confidence interval. Interaction graphs for low and high (Mean ± SD)
values of SC and RL and SCL and RL were plotted. The interaction graph of the SC and RL
relationship (shown in Figure 2) suggests that RL significantly enhances the relationship
between safety consciousness and safety performance when safety consciousness is low.
The role of RL as moderator is significant at low levels of safety consciousness, and it
becomes insignificant when safety consciousness is high. Similarly, for safety climate, in
the interaction graph of the RL and SCL relationship (shown in Figure 3), RL is significant
at low levels of safety climate. The slope test shows that the presence of RL enhances the
positive relationship of SP and SC and SP and SCL when SC and SCL are low.

 

Figure 2. Interaction plot for responsible leadership and safety consciousness.
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Figure 3. Interaction plot for responsible leadership and safety climate.

4.8. Mediated Moderation Analysis

Finally, to test mediation and moderation simultaneously, we have used PROCESS
Macro Model No. 14 with 5000 bootstraps sampling and 95% biased corrected confidence
intervals. We have run PROCESS Model No. 14 twice, one with safety consciousness as
a mediator and one with safety climate as mediator. The results of moderated mediation
analysis identified that there is a significant indirect effect of SM on SP through both SC
and SCL. Out of the two proposed mediators, only safety consciousness has a significant
index of mediated moderation (index = −0.457; LB: −0.1053; UB: −0.0069). Similarly, the
conditional indirect effects (indirect effects in presence of moderators) of SM on SP were
significant. The results of PROCESS Model No. 14 are presented in Table 6.

Table 6. Five thousand bootstrap results for PROCESS Model No. 14, mediated moderation analysis.

Path Estimate SE

SM→SP (conditional direct Effect) −0.025 0.06
SM→SC 0.285 * 0.08
SC→SP 0.247 * 0.06
RL→SP 0.1730 * 0.06

RL*SC→SP −0.161 * 0.05
SM→SP (conditional direct Effect) −0.016 0.06

SM→SCL 0.3045 * 0.05
SCL→SP 0.192 ** 0.08
RL→SP 0.1856 * 0.05

RL*SCL→SP −0.167 ** 0.07

Conditional indirect effects of X on Y in presence of moderator using 5000 bootstrap 95% CI

Path Effect SE LL 95% CI UL 95% CI
SA→SC→SP 0.4096 * 0.07 0.263 0.556

SA→SCL→SP 0.4214 * 0.06 0.296 0.547

SM: safety management; SP: safety performance: SCL: safety climate; SC: safety consciousness RL: Responsible
Leadership, * p < 0.01, ** p < 0.05.

5. Discussion

Due to the considerable human and monetary costs associated with workplace acci-
dents, it is important to study various factors that help reduce mishaps [80]. Various factors
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are examined to test the framework of this study. The results show a positive relationship
between safety management and safety consciousness (Hypothesis 1) in the workplace.
This study supports the findings of the earlier studies [81,82]. The employees are required
to perform in a safer way that would not harm themselves and their co-workers [37]. This
consciousness can be enhanced through developing a plan for work, reporting all the
possible hazards, safety training, reporting all the hazards that actually occurred during the
work, accepting the responsibility for any misconduct and taking measures to avoid them in
the future, and teaching ourselves and our colleagues about preventing the accidents [38].

The safety standards and procedures enforced by the organization keep employees
in touch with the use of safety procedures and can avoid dangerous situations [9]. Safety
management can be made effective through safety policy, as a part of safety climate
(Hypothesis 2). The policy helps coordinate the other HR policies to ensure employees’
well-being. The written policies show the management’s concern for safety and this written
document reminds the employees about the safety standards to be implemented while
at work. The written documents also provide the procedures to follow to avoid any
possible health hazards [13]. The policies available lead to continuous improvements in
the workplace and save all from the dangers. Another important component of safety
management is the priority of providing training to the employees to avoid any uneven
situation at the workplace. The avoidance of dangerous situations and compelling others
to be safe by themselves and keep others safe becomes mandatory while working, thus
boosting safety consciousness [41].

The managers who provide safety training as a part of a safety climate, as a priority
to learn safety measures, provide an opportunity to make a safe competitive environment
that is safety performance (Hypothesis 3). People try to learn as much as they can to
avoid accidents, thus adding to their safety consciousness [41]. The organizations must
communicate about the risks associated with work. Frequent communications can help
in two ways. First, the employees become aware of the hazards associated with their
work, and, second, if anything goes wrong it will be well-communicated in time to reduce
the damage as much as possible [45]. Better safety management frequently transmits the
principles and rules of action. This makes people mindful of safety. Preventive planning is
another way to add timely emergency plans that can reduce the possible level of danger
at the workplace. Involving employees in making preventive plans can enable people
to think of their safety, thus making people conscious of their safety. In short, policies,
training, communication, and preventive planning collectively motivate employees to
remain conscious of their workplace safety for positive outcomes [44] (Hypothesis 4).

The results of this study found a positive impact of safety management on the safety
climate. Safety training, communication, preventive planning, and policy-making are
important for developing a common sense of safety in the organization [41]. A written
declaration available to and signed by all workers reflects management’s concern for safety.
This puts compulsion on the employees to develop a safe climate. Moreover, the safety
policy puts emphasis on commitment to continuous improvement. This leads to conducting
periodic checks on the execution of prevention plans [81].

The continuous and periodic training of employees enables them to apply their safety
knowledge, skills, and abilities in a manner that saves themselves and their co-workers [9].
This also helps to keep procedures in place and to check the achievement of the objectives
set. Similarly, the instruction manuals or work procedures elaborated can help employees
prevent accidents. The frequent communication for transmitting the principles and rules
of action leads to collective awareness [45]. Moreover, the written circulars and meetings
inform workers about risks associated with their work and how to prevent possible acci-
dents. Similarly, the written circulars and meetings force employees to conduct systematic
inspections periodically. This ensures the effective functioning of the whole system.

Organizations that focus on emergency plans by practicing responsible leadership
can protect employees from harm. Effective organizations always have emergency plans
in place. The prevention plans are based on an assessment of the risk and employees are
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empowered to know the possible degree of risk. They keep themselves aware of the risks
and try their best to be alert while assuming risky tasks [43] (Hypothesis 6).

The results show a positive impact of the safety climate on safety performance, i.e., con-
sistent with the results [52,58,59]. The improvement in the safety climate means reducing
potential safety threats. The employees conduct periodic checks as a result of the frequent
communication and training provided to them. This enhances the compliance levels and
ensures safety in the workplace [81]. The timetables available for the safety checks support
compliance. The periodic checks of the procedures and equipment to use keep track of the
personal protection equipment and keep the inventory up to date. That further strengthens
the safety performance. The predetermined plans enable employees to improve working
conditions by following the standard operating procedures and minimizing the errors
involved. The minimized errors save time and other resources from wastage [47].

The results confirm the positivity in the relationship of these two variables, such as
the findings of Lee et al. [82] and Wong et al. [81]. The higher the knowledge of the safety
standards, the greater the application of the safety standards can be ensured. Moreover,
one who is convinced about the use of safety procedures can compel himself and others
to remain safety-minded [63]. At times it becomes difficult for the employees to use the
safety equipment, but the policies and rules enforce the adoption of safety measures.
The employees who remain involved in the evaluation of the safety risks tend to show
discomfort when they see other people acting dangerously [44].

In the safety-enforced environment, the employees are compelled to make sure that
other people do the things that are safe and healthy. Participation in setting the safety
objectives and improving safety practices also gives a sense of ensuring collective safety at
the workplace by inculcating safety-mindedness [52]. Compliance with the safety standards
encourages employees to avoid dangerous situations. Participation of employees in the
risk evaluations and safety inspections, and in making suggestions about improving the
safety situation at the workplace, compel them to do the safest possible things as the
best strategy [38].

Results found that responsible leadership is significant when the safety consciousness
and safety performance relationship is low. The leaders play important roles in shaping
safety behaviors (Hypothesis 5). As per the social exchange theory, socially responsible
behaviors such as safety behaviors cannot be implemented without the influence of the
leaders [30]. The leader’s concern to take care of the stakeholders makes a stronger bond to
keep closely in touch with the employees. The employees keep in touch with the leaders
and share their concerns and problems about safety. The leader guides them and involves
them in decision-making and setting the safety parameters. This involvement and the
knowledge of the safety practices enhance the consciousness of employees and they become
capable of avoiding accidents.

The results show that responsible leadership is a moderator for the safety climate and
safety performance relationship (Hypothesis 6). The social exchange theory supports the
leader’s involvement in shaping the safety climate. The leaders who make people learn
and develop a common sense of safety in the organization help people learn and retain the
knowledge. This further leads to ensuring safety performance. Based on social identity the-
ory and social exchange theory, this study aims to investigate the mechanisms underlying
the responsible leadership, safety consciousness, and safety performance relationship.

Responsibility is one of the essential components of effective leadership in the field
of organizational management [83]. Due to a lack of leadership accountability in today’s
accident-prone climate, businesses are experiencing a crisis of low trust. Lack of trust by
employees make them pay less attention to the safety instructions given by their leaders,
which leads to mishaps and a loss of health and safety. As a result, executives need to act
more responsibly toward employees and other stakeholders. The socially responsible lead-
ers are more effective and have greater impact on the organizations than other leadership
styles [84]. As per social identity theory, the people are inclined to categorize themselves
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and others into social groups and establish a positive self-concept by identifying with
groups that enhance their self-esteem.

Furthermore, individuals tend to boost their self-image by identifying with organiza-
tions recognized for their social engagement and responsibility [85], which subsequently
motivates employees to strive for organizational safety objectives.

Additionally, people tend to feel better about themselves when they associate with
organizations that are known for their social responsibility, such as with a safety climate [85].
This inspires employees to work toward the achievement of organizational safety objectives.

Furthermore, social exchange theory posits that individuals’ voluntary actions are
motivated by the returns they expect from others [25]; the responsible leaders take care of
the stakeholders and in return the employees take care of the leaders and try to oblige them
by following the safety standards, thus showing safety performance.

6. Conclusions

Three theories are supported through this examination: the social identity theory, the
social systems theory, and the social exchange theory. Safety consciousness and safety
climate are necessary for showing safety performance. Moreover, responsible leadership is
the key to achieve better safety performance in the organization when the safety climate is
weak or safety consciousness is low.

7. Implications

The following practical implications can be drawn from this investigation for the
managers and policymakers. Prevention of accidents is only possible through inculcating
safety consciousness, a safety climate, and safety performance in the organizations with
responsible leaders who can enforce and implement safety standards in the organization
through policy making, planning, training, and communication.

Safety management practices have a direct effect on the safety consciousness of the
employees. Safety management can foster safety consciousness by means of policy-making,
training, communication, and preventive planning that possibly protect the organizations
from accidents and disasters. Employees with safety consciousness have a greater chance
to avoid accidents and can remain healthy to perform without errors. The higher the
level of consciousness, the greater will be the safety practices applied while doing work.
Merely the presence of safety equipment or kits is not necessary, but the employees must
have the tendency to remain safe and use the kits available to prevent dangers associated
with their work.

The direct influence of management commitment on safety compliance can be consid-
ered as a result of the individual wisdom of the employees, earned from the overall interest
shown by the management toward the safety of their employees, to protect themselves
from accidents. Safety performance can become a priority for the employees by having the
management’s strong concern for safety. The role of responsible leadership is significant
for developing safety consciousness, a safety climate, and safety performance of employ-
ees. The traits of responsible leadership should be developed in other top managers to
prevent accidents.

8. Limitations

Like other research studies, this study has a few limitations. First, only a single
sector/organization was selected for the study, which provided a limited sample size.
Therefore, one should be cautious in generalizing the results of this study to other indus-
tries/sectors/organizations. Second, the companies with poor safety practices may have
been reluctant to provide an original response to the questionnaire; therefore, there may
be an influence from selection bias. Third, the survey itself was cross-sectional. A future
longitudinal study could provide stronger support for causal relationships between safety
climate and safety outcomes vis-a-vis the responsible leadership style used for the study.
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Appendix A. Survey Questionnaire

Safety consciousness adopted from and Westaby Lee [9]

1. I always take extra time to do things safely.
2. People think of me as being an extremely safety-minded person.
3. I always avoid dangerous situations.
4. I take a lot of extra time to do something safely even if it slows my performance.
5. I often find myself making sure that other people do things that are safe and healthy.
6. I get upset when I see other people acting dangerously.
7. Doing the safest possible thing is always the best thing.

Safety compliance and performance adopted from Beatriz Fernández-Muñiz et al. [74]

1. I always comply with the safety standards and procedures.
2. I am convinced about the importance of the safety procedures.
3. I use the personal protection equipment even if it is uncomfortable.
4. I participate in setting objectives and drawing up plans to improve safety.
5. I participate in evaluating risk.
6. I participate in the safety inspections.
7. I make suggestions about how to improve the working conditions.
8. I frequently discuss safety problems with their superiors.

Safety climate adopted from Beatriz Fernández-Muñiz et al. [73]

1. Periodic checks conducted on execution of prevention plans and compliance level
of regulations.

2. Standards or pre-determined plans and actions are compared, evaluating implemen-
tation and efficacy in order to identify corrective action.

3. Procedures in place (reports, periodic statistics) to check achievement of objectives
allocated to managers.

4. Systematic inspections conducted periodically to ensure effective functioning of
whole system.

5. Accidents and incidents reported, investigated, analyzed, and recorded.
6. Firm’s accident rates regularly compared with those of other organizations from same

sector using similar production processes.
7. Firm’s techniques and management practices regularly compared with those of other

organizations from all sectors, to obtain new ideas about management of similar
problems.

Safety management adopted from Beatriz Fernández-Muñiz et al. [73]

1. Safety policy:

(1) Firm coordinates its health and safety policies with other HR policies to ensure
commitment and well-being of workers.
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(2) Written declaration is available to all workers reflecting management’s concern
for safety, principles of action and objectives to achieve.

(3) Safety policy contains commitment to continuous improvement, attempting to
improve objectives already achieved.

2. Training in safety:

(1) Worker given sufficient training period when entering firm, changing jobs or
using new technique.

(2) Training actions continuous and periodic, integrated in formally established
training plan.

(3) Training plan decided jointly with workers or their representatives.
(4) Firm helps workers to train in-house (leave, grants).
(5) Instruction manuals or work procedures elaborated to aid in preventive action.

3. Communication in prevention issues:

(1) There is a fluent communication embodied in periodic and frequent meetings,
campaigns or oral presentations to transmit principles and rules of action.

(2) Information systems made available to affected workers prior to modifications
and changes in production processes, job positions or expected investments.

(3) Written circulars elaborated on and meetings organized to inform workers
about risks associated with their work and how to prevent accidents.

4. Preventive planning:

(1) Prevention plans formulated setting measures to take on basis of information
provided by risks assessment in all job positions.

(2) Standards of action or work procedures elaborated on basis of risk evaluation.
(3) Prevention plans circulated among all workers.
(4) Firm has elaborated emergency plan for serious risks or catastrophes.
(5) Firm has implemented its emergency plan.
(6) All workers informed about emergency plan.
(7) Periodic simulations carried out to check efficacy of emergency plan.

Responsible leadership adopted from Voegtlin (2011) [75]

1. My direct supervisor demonstrates awareness of the relevant stakeholder claims.
2. My direct supervisor considers the consequences of decisions for the affected stakeholders.
3. My direct supervisor involves the affected stakeholders in the decision-making process.
4. My direct supervisor weighs different stakeholder claims before making a decision.
5. My direct supervisor tries to achieve a consensus among the affected stakeholders.
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Abstract: This study analyzes the relationship between burnout and quality of work life among
municipal workers subjected to higher levels of stress and emotional exhaustion, impacting their
occupational health in the context of the COVID-19 pandemic. With a sample of 459 municipal
workers, the relationship between burnout and quality of work life is tested by considering the
isolated mediating effect of the feeling of contributing to productivity and the combined effects of
two mediators representing the feeling of contributing to productivity and receiving an appropriate
salary. The main findings include a negative association between the three dimensions of burnout:
emotional exhaustion, feelings of cynicism, and a sense of being less effective, and the mediators:
contribution to productivity and appropriate salary. Also detected was an important mediating role
associated with the effects of not feeling contributive at work, as well as not being well paid, on the
relation between the burnout syndrome dimension of low effectiveness and quality of work life. For
future action by public authorities and public managers, the need is highlighted to create innovative
human resource management frameworks and flexible work organization, with remuneration plans
based on productivity goals and aimed at an improved balance between personal life and work.

Keywords: burnout; occupational health; public sector; quality of work life; well-being

1. Background

The concepts of quality of work life (QWL) and job satisfaction are interrelated, when
attempting to define a good work environment or a good and healthy life. Sirgy et al. [1]
state that QWL relates to job satisfaction in the sense that job satisfaction is one of many
outcomes of QWL. Job satisfaction is crucial because it influences job performance, cus-
tomer satisfaction, employment retention, employee absenteeism, and organizational
commitment [2]. Moreover, QWL does not only affect job satisfaction but also satisfaction
in other life domains, such as family life, leisure life, social life, and financial life. In fact,
women working from home during the COVID-19 lockdown experienced a set of negative
effects from working remotely, namely the invasion of privacy, family time, the occurrence
of distractions while working resulting in failures, and the increasing interference of work
in private life [3]. Therefore, the focus of QWL goes beyond job satisfaction. It involves the
effect of the workplace on satisfaction with the job; satisfaction in non-work life domains;
and satisfaction with overall life, personal happiness, and subjective well-being [1].

Work occupies one’s thoughts, determining decisions and thus contributing to one’s
social identity [4]. Such subjective and behavioral components of the QWL, namely super-
visors’ support, a good work environment, and collaborative support from co-workers,
as well as the feeling of being respected professionally and personally, have an important
influence on forming an employee’s individual desire to contribute to the organization’s
productivity. This is also supported by the statement that QWL is associated with job
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satisfaction, motivation, productivity, health, job security, safety, and well-being, embracing
four main axes: a safe work environment, occupational healthcare, appropriate working
time, and an appropriate salary [5,6].

With the increasing workloads of the past decades, plus the COVID-19 pandemic,
the number of employees experiencing psychological problems related to occupational
stress has increased rapidly, raising costs in terms of absenteeism and loss of productivity
and also increasing healthcare consumption and raising public health issues in the long
term [7]. Conversely, not only at the employees’ level, but also at the level of SME owners,
who faced, during the COVID-19 crisis, high stress, mostly derived from the shortage of
personnel, financial constraints, liquidities, repeated closures, and reopenings, as well as
great difficulty in adapting to such a changing environment [8].

Added to the above, occupational stress and self-reported sleep quality are also
strongly associated with both QWL and work ability, highlighting the urgent need for the
screening and handling of these health issues [9]. Occupational stress leads to organiza-
tional burnout, whose effects were formerly analyzed as moderators of the relationship
between employees’ QWL and their perceptions of their contribution to the organization’s
productivity by integrating the QWL factors into the trichotomy of (de)motivators of pro-
ductivity in the workplace [10]. Our previous findings suggest that QWL hygiene factors
(e.g., safe work environment and occupational healthcare) have an important influence
on productivity, and burnout de-motivator factors (that is, low effectiveness, cynicism,
and emotional exhaustion) significantly moderate the relationship between QWL and the
contribution to productivity.

The COVID-19 pandemic—which has been (and will continue to be) a key issue
throughout and beyond the 2020s—had an effect on individual–organizational relations
and consequently, on organizational performance [11]. This took a toll not only on frontline
workers (physicians, nurses, and hospital workers) but also on other public servants, such
as municipal workers, not studied so far, who were affected by the changing the location
of their work, tasks, the demands at work, and the demands they face outside work,
endangering the balance between professional and personal life [12,13].

Furthermore, the financial insecurity and financial stress that already interfered with
work [14] increased unexpectedly as COVID-19 aggravated these concerns. Due to the
COVID-19 pandemic, employees are generally more aware of financial security. According
to Kulikowski and Sedlak (2020), studies on work engagement and job performance have
shown that employees ranked financial security as a factor of the highest significance [15].
These concerns could trigger stress, impacting employees’ health and leading to mental
illnesses such as post-traumatic stress disorder (PTSD) [13] but also high rates of tension,
anger, anxiety, depressed mood, mental fatigue, and sleep disturbances. Such problems,
usually referred to overall as distress, are often classified as neurasthenia, adjustment
disorders, or burnout [7,16]. Focusing on younger, unmarried female healthcare workers
with low monthly incomes who were studied in Jordan during the pandemic, they revealed
high anxiety symptoms, which were exacerbated one year after the beginning of COVID-19,
particularly for the physicians, with intense schedules, and those who were infected [17].
This situation is intensified in the public healthcare system, during pandemics, as it is
characterized by a scarcity of resources and reduced accountability, thus increasing the
lack of trustworthiness in the health system [18]. Strategies to improve healthcare systems’
efficiency, physicians’ motivation, management routines, patient flows, and information are
a need during extreme crises, such as COVID-19. These strategies were implemented in a
nodal-designated COVID-19 center in Qatar and proved to be effective, lowering mortality
and increasing efficacy, capabilities, and patient satisfaction [19].

Furthermore, employees’ mental health has a positive relationship with job perfor-
mance, although this same relationship is mediated by innovative behavior and work
engagement, which are also positively associated with job performance [20].

Knowledge on the influencers of QWL has remained relatively limited. In order to
forecast and make possible an anticipated action on the part of responsible managers, it is
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essential to assess hypothetical unexplored effects associated with other mediating factors
of the core relationship between burnout and QWL [21].

Set against this background, a relevant research question arises concerning the need to
advance the still limited knowledge about other types of motivating and economic media-
tors affecting municipal workers’ QWL, especially in terms of disorders associated with
burnout, in the context of the COVID-19 pandemic. An effective response to the COVID-19
pandemic required effective administration, which in turn depended on the effort and
capacity of millions of public sector workers from the front line to central administration.
Added to the above, for many public servants, COVID-19 has fundamentally changed
not only where and how they work but also the increasing demands of their jobs and
day-to-day life [12].

2. Burnout during COVID-19 for Public Servants

When the World Health Organization (WHO) declared the outbreak of a new coron-
avirus disease (COVID-19) and then characterized it as a pandemic, all working people
were affected. Not only because of their (or their relatives’) health, but also due to the
implications for the workplace. Here, we can identify three main groups of people who
could be affected by burnout, namely: (a) people who kept their jobs and continued to
work in the same location, (b) people who kept their jobs but started to work from home,
and (c) people who lost their jobs.

The term “burnout” was first used by Freudenberger (1974), who described his own
experience as “a combination of feelings, exhaustion and fatigue, a lingering cold, headache
and gastrointestinal disturbances, sleeplessness and shortness of breath” [22]. The discus-
sion on burnout has grown since then, being continuously updated in terms of symptoms
but also in terms of consequences, not only for the employee, but also for the employer.

The multidimensional theory of burnout [23–25] defines burnout as being grounded
in three core components: (i) emotional exhaustion, as the individual stress dimension
of burnout, refers to energy depletion or the draining of emotional resources; (ii) deper-
sonalization, which represents the interpersonal dimension, refers to the development of
negative, cynical attitudes towards the recipients of one’s service or care; and (iii) reduced
or lack of personal accomplishment, which refers to a decline in one’s feeling of competence
and successful achievement in one’s career; this is the self-evaluation dimension of burnout.
Furthermore, burnout is characterized by: (a) loss of enthusiasm for work; (b) psychological
exhaustion; (c) indolence, and the appearance of negative attitudes and behaviors towards
patients and the organization; and (d) the appearance, in some cases, of feelings of guilt [26].

Globally, burnout entails a state of physical, emotional, and mental exhaustion result-
ing from a long period of involvement in highly emotional demanding work situations [27].
Burnout is a psychological syndrome of exhaustion, cynicism, and inefficacy in the work-
place. It is also considered to be an individual stress experience embedded in a context of
complex social relationships, involving a person’s perception of both the self and others
on the job [28,29], associated with limited resources, low abilities, and low energies and
interest in long-term work [30]. This condition involves emotional exhaustion, deper-
sonalization, and a lack of personal accomplishment. Burnout can arise through stress
disorders triggered by stress on the job and is also often defined as an emotional-exhaustion
experience by employees [15,31]. Theoretical frameworks such as the JD-R model claim
that high, unfavorable job demands are consistently related to burnout [32–36]. Moreover,
the combination of those high demands with low job resources can lead to some kind of
long-lasting burnout and employee disengagement.

As a phenomenon that is context-specific, it is worthwhile to try to deepen the still-
scarce knowledge about the impact of pandemic circumstances on occupational health,
insofar as it has influenced working conditions, involvement, QWL, and burnout levels,
bearing in mind the limited knowledge about the situation for public servants, including
municipal workers. According to Meyer et al. (2021, p. 1) [37], “ ( . . . ) the COVID-19 pan-
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demic poses new challenges for employees’ psychological health that go beyond previous
findings in the area of demands and resources (e.g., [35,38]).

The spread of COVID-19, followed by swift responses by companies and governments,
created many new challenges that have brought about profound changes and affected the
normal health routines and lifestyles of people of all ages, restricting outdoor or physical
activity, increasing sedentary time, and consequently, disrupting sleep [39]. Nevertheless,
the same authors outline that the isolation of workers at home had mixed effects on adult
health behaviors in China, stressing that those workers focused more on their eating quality
and patterns, which had a positive influence on their quality of life. The biggest change
for most workers was the remote work experience. Prior to COVID-19, most workers had
little remote working experience, nor were they or their organizations prepared to adopt
this practice. Now, the unprecedented pandemic has required millions of people across the
world to become remote workers, inadvertently leading to a de facto global experiment on
remote working [40,41]. According to a study by Moretti et al. (2001) of the home-working
population, home workers perceived themselves to be less productive compared to their
office working period and less satisfied due to isolation [42].

In this respect, COVID-19 highlights employees’ and employers’ vulnerability. As
many businesses around the world will be restructured or disappear due to the pandemic,
workers will be retrained or laid off and the economic, social–psychological, and health
costs of these actions are likely to be immense. Indeed, the impacts of the pandemic affect
some groups of workers more than others, for example, based on their age, race and
ethnicity, gender, or personality [41]. These impacts were affirmed by Wang et al. (2021),
who stated that, as schools in China shut down during the COVID-19 outbreak, working
parents faced a challenge in balancing work and family roles and time, creating higher
levels of exhaustion, depression, and burnout [40].

Blake at al. (2020) conducted a survey of frontline/healthcare workers to understand
the psychological impacts on employees and how these translated into negative conse-
quences for organizations [43]. They found that the extreme pressure experienced by
workers during the COVID-19 pandemic might increase their risk of burnout, which has
adverse outcomes, not only for their individual well-being, but also for patient care and
for the healthcare system. In addition, fear of exposure to COVID-19 or even due to the
scarcity of personal protective equipment (PPE), allocation of resources, accountability, and
the efficient management of patient flows, as well as a lack of or a reduction in training
on practical skills to deal with emergency situations and critical care, can put even more
pressure on frontline/health professionals [18,44]. There is also the fear of taking the
disease home or even being responsible for bringing it to the workplace, infecting other
patients. All this combined with the normal challenges of supporting a family, changes in
workload and schedules, and facing new or unknown clinical situations may substantially
increase levels of anxiety, emotional strain, and physical exhaustion.

At the coalface of the pandemic, healthcare workers and public service providers
have jobs and occupations that have proven to be associated with increased mental health
problems during pandemic crises and high personal and work-related burnout [13].

A survey applied to Portuguese healthcare workers during the COVID-19 pandemic,
wherein frontline working positions were associated with higher levels of stress and
depression, showed a significant association with increased burnout levels. In this survey,
higher levels of satisfaction with life and resilience were highly associated with lower
levels of burnout [45]. This is also supported in the research developed by Hofmam and
Hubie (2020), wherein surveys conducted among frontline workers from two health units in
Cascavel-PR (Brazil) identified that all participants obtained higher than expected burnout
scores, emotional exhaustion, and a feeling of low professional achievement [46].

Pandemics bring new ways of performing jobs in several sectors of activity, including
among public servants not directly working in health-related areas, as happens with
municipal workers. The institutionalization of remote working and the rapid, sometimes
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reckless, digitalization by companies and public organizations has increased the frequency
of workers’ burnout with consequences for families’ personal life and budget [47].

During the COVID-19 pandemic, municipal workers working in sectors closer to
citizens were forced to work remotely, which has caused unique supervisory demands for
human resources managers [12], as well as exacerbated burnout caused by self-isolation
policies, which can increase social isolation and relationship difficulties [48].

Other public sector activities and their workers, for instance, those connected with
education, were also put under pressure by the effects of pandemics. Marelli et al. (2021)
showed a high percentage of both students and university administration staff workers
denoting symptoms of depression or anxiety [49], and Evanoff et al. (2020) pointed out
the important prevalence of stress, anxiety, depression, work exhaustion, burnout, and
worsened well-being among university employees [50]. Another study on insomnia among
employees in occupations critical to the functioning of society (e.g., health, education, wel-
fare, and emergency services) during the COVID-19 pandemic also found that employees
reported higher levels of insomnia symptoms compared to normative data collected before
the pandemic [51]. These findings only highlight the associations of health and well-being
with additional personal and work factors beyond the COVID-19 pandemic, without ad-
dressing the role played by motivating and economic mediators of the relationship between
burnout and QWL.

A study of social workers in the United States during the COVID-19 pandemic, showed
a high level of PTSD and burnout symptoms among the participants enrolled in frontline
jobs dealing directly with the risk of contagion [52]. Bapuji et al. (2020) stated that organi-
zational and societal inequalities feed into each other, giving rise to concerns that growing
inequality after COVID-19 will also contribute to a downward spiral of negative trends in
the workplace in the form of decreased work centrality and increased burnout, absenteeism,
deviant behaviors, bullying, and higher job rotation [53].

3. Methods

3.1. Research Question and Model Design

The aim of this study is to address the following core research question: Does the
feeling of contributing to productivity and receiving an appropriate salary mediate the
relationship between the burnout condition and the QWL of municipal workers in the
context of the COVID-19 pandemic?

To address this research question, the model specification presented in Figure 1 below
intends to evaluate the relationship between three burnout dimensions and QWL, medi-
ated by motivating and economic factors, including both the feeling of contributing to
productivity and receiving an appropriate salary, regarding municipal workers.

Figure 1. Mediators of burnout and QWL: Model design.

3.2. Study Design and Participants

This cross-sectional quantitative study examined municipal workers in Portugal. The
survey was administered by emailing the questionnaire to Portuguese municipalities, from
December 2020 to April 2021, with 459 responses being received from municipal workers
developing professional activities during the COVID-19 pandemic, with a diversified set
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of socio-economic characteristics and professional profiles, in municipal institutions with
different sizes, as presented below in Table 1.

Table 1. Socio-economic characteristics, professional profiles, and the size of the institutions of the
municipal workers.

Socio-Economic Characteristics

Gender
Female 67.00%
Male 33.00%

Age 20–25 years 0.60%
26–35 years 8.00%
36–45 years 34.00%
46–55 years 38.00%
>55 years 19.40%

Age Single 19.00%
Married 67.00%

Other 14.00%

Professional profiles

Insitutional role Leadership positions 25.60%
Qualified workers 66.40%

Non-qualified workers 8.00%

Education Post-graduate 24.00%
College 48.00%

Secondary school 28.00%

Contract Permanent 50.00%
Open 40.00%

Fixed period 5.00%
Temporary 5.00%

Municipal Institutions

Size <50 employees 5.00%
[50; 249] employees 10.00%
[250; 999] employees 36.00%
≥1000 employees 49.00%

3.3. Survey Procedures

The research methodology was developed using different surveys, which were de-
signed taking a set of eleven international benchmarks into consideration, namely:
(i) health and well-being at work: a survey of employees, 2014, UK, Department for
Work and Pensions [54]; (ii) ACT Online Employee Health and Wellbeing Survey 2016,
Australian Capital Territory Government [55]; (iii) British Heart Foundation 2012, em-
ployee survey [56]; (iv) British Heart Foundation 2017, staff health and wellbeing template
survey [57]; (v) Rand Europe (2015), Health, wellbeing and productivity in the workplace—
Britain’s Healthiest Organization summary report [58]; (vi) South Australia Health, Gov-
ernment of South Australia staff needs assessment, staff health and wellbeing survey;
(vii) Southern Cross Health Society and Business NZ, Wellness in the Workplace Survey
2017 [59]; (viii) State Government Victoria, Workplace Health & Wellbeing needs survey;
(ix) East Midlands Public Health Observatory, Workplace Health Needs Assessment for
Employers, February 2012 [60]; (x) Tool for Observing Worksite Environments (TOWE).
U.S. Department of Health & Human Services [1]; and (xi) Measure of QWL, as originally
proposed in [61].

With the motivation of accomplishing the objectives, this study was analytical and
correlational, because it sought to explore the variables and the relationships between
them, and it was cross-sectional because the sample was collected in a single period. The
purpose of the study was descriptive because it aimed to analyze the relationship between
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burnout and quality of work life among municipal workers subjected to higher levels of
stress and emotional exhaustion, interacting with their occupational health in the context
of the COVID 19 pandemic. Through a quantitative, objectivist, and, therefore, deductive
approach, this research was supported by models built on results and previous research,
with quantitative indicators collected through a survey.

The survey includes four sections: (i) health, (ii) well-being, (iii) QWL, and (iv) sample
characterization (gender, age, marital status, role in the organization, type of employee
contract, academic qualifications, size of the organization). In the first three sections, Likert
scales were used (ranging from 1 to 7), in order to evaluate the level of agreement with a set
of affirmations, which were used to assess the level of agreement with a set of sentences in
each sub-section. These scales had been transformed into binary considering the variables
under analysis. In the fourth section, levels of answers were used, considering values
ranging from 1 to 4 equaling 0 and values 5, 6, and 7 equal to 1.

The study period included a declaration of national calamity twice and two subsequent
stages of easing lockdown measures following the states of national emergency (between
19 March and 4 May 2020 and between 15 January and 15 March 2021). A questionnaire
built in the Google platform was provided to participants via a link shared through direct
e-mail to municipalities’ contacts.

3.4. Measures and Covariates

Socio-demographic and other mental health related data were collected through a self-
administered survey. The variables used in to measure burnout were: emotional exhaustion,
cynicism, and low effectiveness [8]. All items were scored on a 7-point Likert scale. The
variables used to measure QWL were: supervisor support, co-worker support, good work
environment, professional respect, work–life balance, and skills development [4]. QWL was
then generated as a new variable, computed by using the six prior variables, attributing the
value 1 if the levels of agreement were positive and 0 otherwise. Regarding the mediators,
the variables of contribution to productivity and appropriate salary were used. The former
was scored on a 7-point Likert scale, ranging from 1 if the worker felt they contribute to the
organization’s productivity, 0 otherwise, while the latter ranged from 1 to 7, 1 being if the
workers did not agree and 7 if they totally agreed.

3.5. Data Analysis

The data collected from Google® Forms were exported to an Excel spreadsheet, and
all statistical analyses were carried out using STATA Statistics (version 14.1). Variable
characterization was performed by means of absolute and relative frequencies, means and
standard deviations (SDs).

Two mediation analyses were performed using two models. Model 1 used the in-
termediate variable (contribution to productivity), and Model 2 used two intermediate
variables (contribution to productivity and appropriate salary). These mediators intend to
explain how or why a set of independent variables influences an outcome (here the QWL).
To do so, structural equation modeling (SEM) was used, as it is a powerful multivariate
technique, which makes use of a conceptual model, path diagram, and system of linked
regression-style equations in order to capture complex and dynamic relationships within an
agglomerate of both observed and unobserved variables. This technique allows a reciprocal
role played by a variable and enables the inference of causal relationships. According
to Gunzler et al. (2013), the option for the SEM framework in a mediation analysis is
advantageous when the model comprises latent variables such as quality of life or stress,
as it will make interpretation and estimation easier [61]. As SEM was created partly to
test complex mediation models in a single analysis, this technique simplifies the testing of
mediation hypotheses. Moreover, the option here is also justified as this work extends the
mediation process to multiple independent variables.

145



Int. J. Environ. Res. Public Health 2022, 19, 13035

4. Findings and Discussion

4.1. Sample Profile

The selection of this population was justified as it ensured a diversified sample with the
representation of distinct municipal workers with distinct socio-economic characteristics,
professional roles, education, contracts, and working in different sized municipal institu-
tions. Due to limitations, in terms of data access, the convenience sample procedure tried to
incorporate the maximum number of institutions, for a total number of 308 municipalities
in Portugal, in order to ensure the total geographical coverage of Portugal, including five
regions of continental Portugal: north, center, metropolitan area of Lisbon, Alentejo, and
Algarve, and also two autonomous regions: Madeira and Azores. Based on the complete
survey responses from 459 respondents, the convenience sample was generated. Previously,
we described the socio-economic characteristics, professional profiles, and the size of the
municipal employees’ institutions (see Table 1).

A total of 89.98% of participants reported a feeling of contributing to productivity, with
69.28% stating that they felt they were experiencing a good QWL. Nevertheless, only 27.67%
of workers considered their salary appropriate. Taking as reference the three dimensions
of assessing burnout, i.e., emotional exhaustion, cynicism, and low effectiveness, 44.23%
agreed they experienced emotional exhaustion and feelings of high levels of stress/anxiety
in the workplace; 28.54% expressed feelings of cynicism, stating they had become more crit-
ical at work, both of colleagues and working conditions; and 30.06% felt low effectiveness
at work, lacking satisfaction in job achievements. Table 2, presented below, summarizes
this descriptive information.

Table 2. Sample characteristics (n = 459).

Characteristics n %

Contribution to productivity 413 89.98
QWL 318 69.28

Appropriate salary 127 27.67
Emotional exhaustion 203 44.23

Cynicism 131 28.54
Low effectiveness 138 30.06

4.2. Burnout and QWL: Contribution to Productivity as Mediator (Model 1)

Concerning model 1, the direct effects (Table 3), indirect effects (Table 4), and total
effects (Table 5) were assessed using one mediator variable, i.e., contribution to produc-
tivity. The level of z (and/or p) considered to be significant for the statistical analyses
was 0.05. Regarding the first dimension of burnout, i.e., emotional exhaustion, the total
effect is −0.8160712, which is the effect found if there is no mediator in the model. It
is significant with a z of −4.79. The direct effect of emotional exhaustion is −0.8076825,
which, while still significant (z = −4.74), is smaller than the total effect. The indirect effect
of emotional exhaustion that passes through the contribution to productivity is −0.008388
and is not significant.

The proportion of the total mediated effect is −0.008388/−0.8160712, resulting in
−0.8263497. The ratio of the indirect to direct effect is −0.008388/−0.8076825, equaling
−0.0103852. The ratio of the total to direct effect corresponds to −0.8160712/−0.8076825,
equaling −1.0103861. The proportion of the total effect that is mediated is almost −0.83,
which is a respectable amount. The ratio of the indirect effect to the direct effect is about
−0.010, and the total effect is about −1.010 times the direct effect.
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Table 3. Model 1: Direct effects.

OIM Coef. Std.Err. z P > z [95% Conf.Int]

Structural
contribution to productivity

QWL 0.0744012 0.099308 0.75 0.454 −0.1202389 0.2690412
Burnout Dimension I
Emotional-exhaustion <-

contribution to productivity −0.1127498 0.0799756 −1.41 0.159 −0.2694992 0.0439995
QWL −0.8076825 *** 0.1702603 −4.74 0.000 −1.141387 −0.4739784

Burnout Dimension II
Cynicism <-

contribution to productivity −0.1562514 * 0.0802144 −1.95 0.051 −0.3134687 0.000966
QWL −0.8447911 *** 0.1707687 −4.95 0.000 −1.179492 −0.5100907

Burnout Dimension III
Low-effectiveness <-

contribution to productivity −0.2946748 *** 0.0829586 −3.55 0.000 −0.4572706 −0.1320789
QWL −1.732726 *** 0.1766108 −9.81 0.000 −2.078877 −1.386575

Legend: *** 1% statistical significance; and * 10% statistical significance.

Table 4. Model 1: Indirect effects.

OIM Coef. Std.Err. z P > z [95% Conf.Int]

Structural
contribution to productivity

QWL 0 (no path)
Burnout Dimension I
Emotional-exhaustion <-

contribution to productivity 0 (no path)
QWL −0.0083887 0.0126798 −0.66 0.508 −0.0332407 0.0164633

Burnout Dimension II
Cynicism <-

contribution to productivity 0 (no path)
QWL −0.0116253 0.0166251 −0.70 0.484 −0.0442099 0.0209594

Burnout Dimension III
Low-effectiveness <-

contribution to productivity 0 (no path)
QWL −0.0219241 0.0299074 −0.73 0.464 −0.0805416 0.0366933

Table 5. Model 1: Total effects.

OIM Coef. Std.Err. z P > z [95% Conf.Int]

Structural
contribution to productivity

QWL 0.0744012 0.099308 0.75 0.454 −0.1202389 0.2690412
Burnout Dimension I
Emotional-exhaustion <-

contribution to productivity −0.1127498 0.0799756 −1.41 0.159 −0.2694992 0.0439995
QWL −0.8160712 *** 0.1705243 −4.79 0.000 −1.150293 −0.4818497

Burnout Dimension II
Cynicism <-

contribution to productivity −0.1562514 * 0.0802144 −1.95 0.051 −0.3134687 0.000966
QWL −0.8564164 *** 0.1713683 −5.00 0.000 −1.192292 −0.5205407

Burnout Dimension III
Low-effectiveness <-

contribution to productivity −0.2946748 *** 0.0829586 −3.55 0.000 −0.4572706 −0.1320789
QWL −1.75465 *** 0.1789124 −9.81 0.000 −2.105312 −1.403988

Legend: *** 1% statistical significance; and * 10% statistical significance.
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Concerning the second dimension of burnout, i.e., cynicism, its total effect is −0.8564164,
which is the effect found if there is no mediator in the model. It is significant, with a z of
−5.00. The direct effect of cynicism is −0.1562514, which, while still significant (z = −1.95),
is smaller than the total effect. The indirect effect of cynicism that passes through the
contribution to productivity is −0.0116253 and is also not significant.

The proportion of the total effect mediated is −0.0116253/−0.8564164, resulting in
−0.0135743. The ratio of the indirect to direct effect is −0.0116253/−0.8447911, equaling
−0.0137611. The ratio of the total to direct effect corresponds to −0.8564164/−0.8447911,
equaling −1.0137611. The proportion of the total effect that is mediated is almost −0.014,
which is a small amount. The ratio of the indirect effect to the direct effect is about −0.014,
and the total effect is about −1.014 times the direct effect.

Concerning the third dimension assessed for burnout, i.e., the feeling of low effec-
tiveness, its total effect is −1.75465, which is the effect found if there is no mediator in
the model. It is significant, with a z of −9.81. The direct effect of low effectiveness is
−0.2946748, which, while still significant (z = −3.55), is smaller than the total effect. The
indirect effect of low effectiveness that passes through the contribution to productivity is
−0.0219241, and it is also not significant.

The proportion of the total effect mediated is −0.0219241/−1.75465, resulting in
−0.0124948. The ratio of the indirect to direct effect is −0.0219241/−1.732726, equaling
−0.0126529. The ratio of the total to direct effect corresponds to −1.75465/−1.732726,
equaling −1.0126528. The proportion of the total effect that is mediated is almost -0.013,
which is a small amount. The ratio of the indirect effect to the direct effect is about -0.013,
and the total effect is about −1.013 times the direct effect.

4.3. Burnout and QWL: Contribution to Productivity and Appropriate Salary as Mediators
(Model 2)

Considering model 2, the same set of effects are analyzed (cf. Tables 6–8), evaluating
two mediators (i.e., contribution to productivity and appropriate salary). For the first
dimension of burnout, i.e., emotional exhaustion, the total effect is −1.054325, which is the
effect found if there are no mediators in the model. It is significant, with a z of −6.64. The
direct effect for emotional exhaustion is -1.019637, which is still quite significant (z = −5.99),
although slightly smaller than the total effect. The indirect effect of emotional exhaustion
that passes through the contribution to productivity and appropriate salary is −0.0346888
and is not significant.

The proportion of the total effect mediated is −0.0346888/−1.054325, resulting in
−0.0329014. The ratio of the indirect to direct effect is −0.0346888/−1.019637, equaling
−0.0340207. The ratio of the total to direct effect corresponds to −1.054325/−1.019637,
equaling −1.0340199. The proportion of the total effect that is mediated is almost −0.33,
which is a respectable amount. The ratio of the indirect effect to direct effect is about −0.03,
and the total effect is about −1.034 times the direct effect.

Concerning the second dimension of burnout, i.e., cynicism, its total effect is -1.011313,
which is the effect found if there are no mediators in the model. It is significant, with a z of
−6.30. The direct effect for cynicism is −0.9078191, which, while still significant (z = −5.29),
is smaller than the total effect. The indirect effect of cynicism that passes through the
contribution to productivity is −0.01034937 and is also not significant.

The proportion of the total effect mediated is −0.01034937/−1.011313, resulting in
−0.0102335. The ratio of the indirect to direct effect is −0.01034937/−0.9078191, equaling
−0.0114001. The ratio of the total to direct effect corresponds to −1.011313/−0.9078191,
equaling −1.1140027. The proportion of the total effect that is mediated is almost −0.010,
which is a small amount. The ratio of the indirect effect to direct effect is about -0.011, and
the total effect is about −1.114 times the direct effect.
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Table 6. Model 2: Direct effects.

OIM Coef. Std.Err. z P > z [95% Conf.Int]

Structural
contribution to productivity

QWL 0.2031458 ** 0.0940108 2.16 0.031 0.018888 0.3874035
Appropriate salary <-

QWL 1.210284 *** 0.1492337 8.11 0.000 0.9177917 1.502777
Burnout dimension I

Emotional-exhaustion <-
contribution to productivity −0.0748569 0.0787106 −0.95 0.342 −0.2291269 0.0794131

Appropriate salary −0.016097 0.0495843 −0.32 0.745 −0.1132804 0.0810865
QWL −1.019637 *** 0.1703282 −5.99 0.000 −1.353474 −0.6857996

Burnout dimension II
Cynicism <-

contribution to productivity −0.1226739 0.0793634 −1.55 0.122 −0.2782234 0.0328755
Appropriate salary −0.0649211 0.0499955 −1.30 0.194 −0.1629105 0.0330683

QWL −0.9078191 *** 0.1717408 −5.29 0.000 −1.244425 −0.5712133
Burnout Dimension III

Low-effectiveness <-
contribution to productivity −0.2445894 *** 0.0820851 −2.98 0.003 −0.4054733 −0.0837055

Appropriate salary −0.1833378 *** 0.0517101 −3.55 0.000 −0.2846877 −0.0819878
QWL −1.444998 *** 0.1776306 −8.13 0.000 −1.793147 −1.096848

Legend: *** 1% statistical significance; and ** 5% statistical significance.

Table 7. Model 2: Indirect effects.

OIM Coef. Std.Err. z P > z [95% Conf.Int]

Structural
contribution to productivity

QWL 0 (no path)
Appropriate salary <-

QWL 0 (no path)
Burnout dimension I

Emotional-exhaustion <-
contribution to productivity 0 (no path)

Appropriate salary 0 (no path)
QWL −0.0346888 0.0627665 −0.55 0.580 −0.1577088 0.0883312

Burnout dimension II
Cynicism <-

contribution to productivity 0 (no path)
Appropriate salary 0 (no path)

QWL −0.1034937 0.0646212 −1.60 0.109 −0.2301489 0.0231615
Burnout Dimension III

Low-effectiveness <-
contribution to productivity 0 (no path)

Appropriate salary 0 (no path)
QWL −0.2715781 *** 0.0741744 −3.66 0.000 −0.4169573 −0.126199

Legend: *** 1% statistical significance.

Regarding the third dimension of burnout, i.e., the feeling of low effectiveness, its total
effect is −1.716576, which is the effect found if there are no mediators in the model. It is
significant, with a z of −10.15. The direct effect for low effectiveness is −1.444998, which,
while still significant (z = −8.13), is smaller than the total effect. The indirect effect of low
effectiveness that passes through the contribution to productivity is −0.2715781, and it is
also highly significant.
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Table 8. Model 2: Total effects.

OIM Coef. Std.Err. z P > z [95% Conf.Int]

Structural
contribution to productivity

QWL 0.2031458 ** 0.0940108 2.16 0.031 0.018888 0.3874035
Appropriate salary <-

QWL 1.210284 *** 0.1492337 8.11 0.000 0.9177917 1.502777
Burnout dimension I

Emotional-exhaustion <-
contribution to productivity −0.0748569 0.0787106 −0.95 0.342 −0.2291269 0.0794131

Appropriate salary −0.016097 0.0495843 −0.32 0.745 −0.1132804 0.0810865
QWL −1.054325 *** 0.1586904 −6.64 0.000 −1.365353 −0.743298

Burnout dimension II
Cynicism <-

contribution to productivity −0.1226739 0.0793634 −1.55 0.122 −0.2782234 0.0328755
Appropriate salary −0.0649211 0.0499955 −1.30 0.194 −0.1629105 0.0330683

QWL −1.011313 *** 0.1605389 −6.30 0.000 −1.325963 −0.6966623
Burnout Dimension III

Low-effectiveness <-
contribution to productivity −0.2445894 *** 0.0820851 −2.98 0.003 −0.4054733 −0.0837055

Appropriate salary −0.1833378 *** 0.0517101 −3.55 0.000 −0.2846877 −0.0819878
QWL −1.716576 *** 0.1691313 −10.15 0.000 −2.048067 −1.385085

Legend: *** 1% statistical significance; and ** 5% statistical significance.

The proportion of the total effect mediated is −0.2715781/−1.716576, resulting in
−0.1582091. The ratio of the indirect to direct effect is −0.2715781/−1.444998, equaling
−0.1879435. The ratio of the total to direct effect corresponds to −1.716576/−1.444998,
equaling −1.1879435. The proportion of the total effect that is mediated is almost −0.16,
which is quite an important amount. The ratio of the indirect effect to direct effect is about
−0.19, and the total effect is about −1.19 times the direct effect.

4.4. Discussion

The COVID-19 pandemic showed an increase of stress levels and emotional-exhaustion
experiences related to employees’ occupational health, with higher absenteeism rates, loss
of productivity, and increased healthcare consumption [7]. In fact, such impacts showed an
important correlation with the loss of QWL and work ability [9].

The findings from this study show that, concerning the three dimensions of burnout
assessment, i.e., emotional exhaustion, cynicism, and low effectiveness, approximately
44% answered that they were experiencing a condition of emotional exhaustion, feeling
high stress/anxiety levels in the workplace. Almost 29% expressed feelings of cynicism,
stating they had become more critical at work, both of colleagues and working conditions.
For 30% of workers, feelings of being less effective at work and lacking satisfaction in job
achievements occurred often.

Aligned with the results of prior research, COVID-19 not only impacted negatively
on stress levels and QWL among frontline workers in the healthcare sector (physicians,
nurses, and hospital workers) but also on other public servants [12,13]. Public servants
closer to citizens, such as municipal workers, were suddenly forced to work remotely,
changing public-sector work environments, raising contingent supervisory demands [12],
and acting as a major stressor, increasing chronic anxiety, social isolation, and relationship
difficulties [48].

The findings presented here confirm the burnout syndrome as a multidimensional
phenomenon whose dimensions affect QWL in different ways. To understand how much
of the measured effect of the independent variable (burnout dimensions) on the dependent
variable (QWL) is attributable to motivating and economic mediator variables: contribution
to productivity (in model 1) and satisfaction with salary (in model 2), we used mediation
analysis. In model 1 (cf. Tables 2–4), the total effect comprises a direct effect pathway of
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the independent variables on the dependent variable (path C) and an indirect pathway of
the independent variables on the dependent variable through the mediator (path A and
path B). The first model analyzed the mediator effect of the contribution to productivity on
the relation between the first dimension analyzed for burnout, i.e., emotional exhaustion,
on QWL. Our results revealed a significant direct effect but found no significance in the
mediating role of the worker feeling productive between this dimension of burnout and
QWL. This mediating role had no significant effect concerning the second dimension,
cynicism, or the third dimension, the feeling of low effectiveness, only showing important
direct effects.

In contrast, model 2, assessing the mediation role of workers’ contribution to produc-
tivity if associated with lower satisfaction with salary in the relation between municipal
workers’ burnout and decreased QWL (cf. Tables 5–7), our findings confirm the significant
direct effects, for the first two dimensions of burnout on QWL but, as in model 1, found no
significance in the mediating role of the worker feeling productive and satisfied with salary
between this dimension of burnout and QWL. Nevertheless, and contrasting with the first
dimensions of the burnout syndrome, the third one, i.e., the sense of low effectiveness,
revealed not only important direct effects but highly significant indirect effects, which are
in line with prior research highlighting the multidimensionality of burnout and the diverse
effects on QWL.

The results of the present study are aligned with the literature on the determinants
of QWL, which highlights the association between altered work conditions, including for
public servants not directly working in health-related areas, and increased worker burnout
exacerbated by the consequences for families’ personal life and budget [47].

5. Conclusions

This study contributes to the literature on occupational health, with an application
for the public sector, especially the situation of municipal workers developing profes-
sional activities during the COVID-19 pandemic. It addressed the relationship between
the multidimensional construct of burnout and QWL, by innovating in empirical assess-
ment, considering both the isolated mediator of contribution to productivity and the joint
mediator of the contribution to productivity and an appropriate salary.

In fact, the set of evidence presented outlines an important mediating role of not
feeling contributive at work, as well as not being well paid, in the link between the burnout
syndrome dimension of low effectiveness and QWL. These findings shed new light on the
need for public managers in leading roles, as well as human resource departments in the
public sector, to design innovative incentives, appropriate measures, and work schedules
to counterbalance such tendencies.

Regarding implications for public authorities, and based on our previous direct con-
tacts and auscultation in the context of online training delivered to municipal workers, in
order to address the negative association between the three burnout dimensions: emotional
exhaustion, feelings of cynicism, and feeling less effective, and the motivating and economic
mediators: contribution to productivity and appropriate salary; progressive remuneration
mechanisms should be created, including a (fixed) basic salary and a (variable) supple-
mentary salary indexed to productivity goals, and aligned with a new production and
evaluation framework, to be implemented in public administration. Also taking into con-
sideration the results of brainstorming, co-creation, and open innovation groups dynamics
promoted in the previously referred online training delivered to municipal workers, further
action is required to promote occupational health, QWL, and gender equality in public
administration, aiming to diminish income inequality and foster the work–life balance of
both female and male public servants.

Adding to the above, and considering the previous experience and project-based and
organization innovation views of the authors collected in the previous exercise of public
administration roles, it is suggested that public managers adopt innovative organizational
practices, including flexible work schedules; project management practices; work innova-
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tion labs; mindfulness programs; hybrid work formats; and special incentives for workers
with families, including children at school and older people with special needs, in order to
tackle the negative associations and mediating effects found in the current study.

Despite the important set of discoveries made in the course of the current study, it is
not free of limitations that should be considered in future research. Firstly, this study uses a
cross-sectional online survey, which might have limited access by municipal workers who
are less familiar with the internet or less likely to use it, for instance, manual workers rather
than office workers. The convenience sampling procedure was obtained by direct contact
with chief positions (middle managers) in the municipalities during online training courses,
something that could bias access by some groups or individuals. This is a non-probability
sampling method wherein units are selected for inclusion in the sample because they are
the easiest for the researcher to access. The use of this non-random sampling can be due to
availability at a given time or willingness to participate in the research, as occurred in the
context of the previously referred online training.

One limitation associated with the empirical test of the convenience sample is that
mixing functions and qualifications of municipal workers could bias the results, making
it impossible to focus on one category of municipal workers. Nevertheless, bearing in
mind the sample’s dimension and the observed diversified set of institutional roles, it was
found to be advantageous to consider municipal workers with leadership roles, as well as
qualified and non-qualified workers.

It is also worthwhile to outline that the limited sample size was confined to Portuguese
municipalities and, therefore, these results cannot be generalized to municipalities in other
countries. Another aspect associated with the representativeness is the fact that the sample
is related only to public municipalities, excluding from the study other public municipal
firms. Therefore, representativeness is limited, and the results of the study cannot be
generalized to the entire Portuguese municipal system, including the entrepreneurial units
with the participation of municipal bodies.

The study was carried out during a five-month period, during a pandemic, which
corresponded to one lockdown and then the relaxation of some lockdown measures. Fur-
thermore, the inexistence of data gathered before the pandemic means comparisons cannot
be made. Future studies could focus on participants who already felt burnout symptoms
before the COVID-19 pandemic, to examine the increase, maintenance, or decrease of symp-
toms during the pandemic. When gathering information through a questionnaire, bias can
appear linked to the tendency to present a favorable image of oneself. This tendency could
be increased as sending the invitations to the leading positions inside the institutions can
also produce a biased collection. In the sample used, 26% have leadership positions and
65% were qualified workers, while only 8% were non-qualified workers.

Future research endeavors on the relationship between burnout and QWL should
perform a comparative analysis of different hierarchical positions, for different activities in
the public sector, in order to assess the mediating effects of the contribution to productivity
and appropriate salary, considering different cohorts of remuneration, education, and age.
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Abstract: The relationship between employee mental health and job performance has been one of
the key concerns in workplace. However, extant studies suffer from incomplete results due to their
focus on developed economies’ contexts and the unclear path of employee mental health’s impact on
performance. In this paper, we investigate the mechanism of employee mental health influencing
job performance. We use the data of Chinese firms to test these hypotheses. Drawing on a sample of
239 firms from China, we find that employee mental health positively impacts job performance, and
such relationship is mediated by innovative behavior and work engagement. The findings not only
enrich the discipline’s knowledge on mental health in an emerging economy setting but also extend
the implications of mental health, innovative behavior, and work engagement to job performance.

Keywords: mental health; job performance; innovative behavior; work engagement; emerging economy

1. Introduction

Employee mental health has long been a topic of concern for researchers and practi-
tioners alike [1]. One reason for this interest is that employee mental health is increasingly
prominent within workplaces, which leads to significant costs including absenteeism,
burnout, employee compensation claims, work–family conflict and low productivity [2,3].
In particular, with the outbreak of COVID-19, the uncertainties and fears associated with
the virus outbreak, along with survival crisis of enterprises, lead to increases in employees’
mental disorders [4–6]. For example, Xiong et al. [7] found that people in China, Spain, Italy
and five other countries had higher levels of symptoms of anxiety, depression, traumatic
stress disorder and other mental health problems during the COVID-19 pandemic. Bufquin
et al. [8] showed that since the outbreak, employees in the restaurant industry experienced
higher levels of psychological distress and drug and alcohol use than furloughed employ-
ees. In this regard, it is timely to examine the influence of the mental health of employees
on outcomes.

Recent studies have shown the relationship between employee mental health and
different organizational outcomes, including employee emotional expression, job satis-
faction, daily work behavior, job performance and firm performance [6,9–12]. Among
these, the relationship between employee mental health and job performance has been an
important research topic and has received more and more attention. Scholars suggested
that employees with good mental health will show a positive working state and devote
themselves to work tasks with more enthusiasm [13], whereas poor mental health may
lead to inactivity at work and degradations in interpersonal relationships, which, in turn,
negatively impacts employees’ work performance [14–17].

Although the relationship between mental health and job performance has been
well-documented, there still remain some insufficiencies in the previous research. As a
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result, our extant knowledge on how employee mental health shapes job performance has
remained fragmented and limited. First, the path of how employee mental health affects job
performance is still unclear. The psychological characteristic–behavior–outcome framework
indicates that although a strong individual attribute is important for an outcome, it does not
automatically yield that outcome; instead, it influences outcome via appropriate behaviors.
Second, such studies have been primarily conducted in Western economic contexts, whereas
examinations in Eastern cultures such as China are lacking, which impedes upon the field’s
global relevance. Studies have shown that culture, such as individualism and collectivism,
will affect individuals’ mental health [18,19]. Therefore, the impact of mental health on
performance may be different under different cultural backgrounds.

With the goal of addressing this gap of the unclear path of employee mental health-job
performance in the literature, we consider the mediating role of employee innovation
behavior and work engagement on this relationship. It additionally aims to identify the
antecedents of job performance. Because research on the employee mental health–job
performance relationship in emerging economies is lacking, we also aim to analyze the role
of employee mental health in job performance in China. To achieve the goals adopted in the
study, we examine the employee mental health–job performance relationship, innovation
behavior, the work engagement–job performance relationship, and the mediating role of
innovation behavior and work engagement in the mental health–job performance rela-
tionship using data from Chinese firms. Our results show that employee mental health is
positively associated with job performance, and that these effects are mediated by employee
innovative behavior and work engagement.

The present paper contributes to the literature in several ways. First, complementing
previous research investigating the role of employee mental health in job performance in
developed economies, we examine employee mental health’s impact on job performance in
China. Second, we contribute to the research on job performance by analyzing the role of
innovative behavior and work engagement in job performance. Although prior research
has provided insightful understanding of the drivers of job performance, knowledge on
job performance could benefit from identifying further drivers that explain this important
concept. Third, we explored the pathways of employee mental health affecting job per-
formance ignored by extant research, thus extending the relationship between employee
mental health and job performance.

The rest of the article is structured as follows. Firstly, the literature on employee mental
health is reviewed, and the corresponding theoretical hypotheses are put forward. Second,
this study proposes the methods and results. Then, we conclude by discussing our results
and their implications for theory and practice and suggesting future research directions.
Finally, we draw a conclusion of this study.

2. Literature Review and Hypothesis Development

2.1. Employee Mental Health

The World Health Organization [20] defines mental health as “a state of well-being in
which the individual realizes his or her own abilities, can cope with the normal stresses
of life, can work productively and fruitfully, and is able to make a contribution to his or
her community”. Over the years, researchers have developed a variety of operational
definitions. For example, Ford et al. [13] suggest that mental health refers to an individual’s
affective experiences and behavior. Montano et al. [16] define mental health as a continuum
of neurophysiological and cognitive states related to thinking, mood and emotion, and
behavior including negative and positive mental health states. Sharma et al. [21] show that
mental health is a positive expression, which is the absence of anxiety, social dysfunction
and the presence of condition. Based on these definitions, scholars have developed a variety
of measurement instruments that include both positive and negative terms in order to
describe mental health more accurately [22]. Although definitions and measurements differ
among scholars, it is widely accepted that positive affective states are often described as
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‘good’ mental health, while a state of emotional suffering such as depression and anxiety is
often used to refer to ‘poor’ mental health [8,23].

2.2. Employee Mental Health and Job Performance

The relationships between mental health and job performance have received increased
attention in the organizational literature. We propose that employee mental health is posi-
tively correlated with job performance. This view is consistent with the happy–productive
worker hypothesis that suggests that mental health is positively related to job perfor-
mance [24,25]. Specifically, mentally healthy employees with positive affective states can
improve cognitive flexibility and find more solutions to problems in work tasks [26]. Thus,
employees with good mental health perform better on work tasks than those with poor
mental health. Moreover, positive affective states are associated with individuals building
good interpersonal relationships [27], which enable them to receive help from their leaders
and colleagues at work. Studies also showed that good social relationships are an important
source of job-related information and knowledge [28]. Finally, many studies also support
this hypothesis. For example, in a meta-analytic study from 111 independent samples ob-
tained from a search of the literature, Ford et al. [13] indicated that psychological health was
a moderate-to-strong correlate of work performance. Similarly, Zacher, Jimmieson and Win-
ter [25] showed that employees’ mental health had a positive effect on work performance
in the sample of 165 employees providing in-home eldercare, as well as one colleague and
one family member of each employee. At the same time, several meta-analytical findings
indicate that poor mental health such as anxiety, depressive symptoms and job stress has a
negative impact on job performance [16]. Hence, we expect:

Hypothesis 1. Employee mental health is positively related to job performance.

2.3. Work Engagement, Innovative Behavior and Job Performance

Work engagement is defined as an active state of work characterized by vigor, ded-
ication, and absorption [29,30]. Engaged employees are energetic and passionate about
their work and are often fully immersed in their work [31,32]. In this regard, by investing
their cognitive, emotional and social resources into their work, employees can enhance
their responsibilities and emotional connection to work, and put more effort and more time
into work, which is conducive to achieving high work performance [33]. At the same time,
employees with high work engagement have a strong work identity and expect to achieve
good results such as high performance through work [34]. Indeed, several studies have
shown that work engagement is positively related to job performance [35–37].

We further propose that employee innovative behavior has a positive effect on job
performance. Innovative behavior is a process of going beyond given paradigms and
routines and generating new ideas and implementing them through experimentation [38].
In this process, employees can access a broad range of information to generate creative
and new ideas, which facilitate a more detailed understanding of existing problems and
alternative solutions through experimentation [39,40]. Moreover, experimentation and trial
and error in innovation behavior produce a larger and more elaborate pool of knowledge
and involve the recombination or creation of resources [41,42]. This again will facilitate
learning and develop capacity [42,43], which in turn improve work performance. Hence,
we expect:

Hypothesis 2a. Employee work engagement is positively related to job performance.

Hypothesis 2b. Employee innovative behavior is positively related to job performance.

2.4. Work Engagement and Innovative Behavior as Mediators

Finally, we propose that mental health has an effect on work engagement and innova-
tive behavior, which, in turn, is positively related to work performance. In other words, we
argue that work engagement and innovative behavior mediate the relationship between
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mental health and work performance. Specifically, according to the broaden-and-build
theory of positive emotions, positive emotions expand people’s thought–action repertories
and build their enduring personal resources including self-efficacy and resilience [26,44].
Studies have shown that such personal resources have a strong motivational potential and
are vital antecedents of work engagement [45–48]. In addition, positive mental health leads
to higher work motivation [13]. Employees with positive affect will set high goals for work
and expect that engaging in work generates positive outcomes [49]. Finally, positive affect
also leads to a heuristic and global information processing pattern that allows employees
to concentrate on an ongoing activity, which is an important aspect of work engagement.
In contrast, poor mental health such as depression and anxiety is associated with overesti-
mations of risk and underestimations of self-worth, which may lead to lower effort when
working [13].

At the same time, the broaden-and-build theory of positive emotions also indicates
that positive emotions broaden the array of individual’s existing cognitive frameworks [26],
which increases individual cognitive flexibility and the cognitive resources available for
recognizing the potential connections between things [44]; this, in turn, helps individuals
generate novel ideas not previously available [27,50]. Moreover, some theories propose
that affect provides information about the world around us [51–53]. A positive emotional
state signals that everything is going well and the current situation poses no serious
threat [27,50,54,55]. These reactions, in turn, encourage employees to engage in active
efforts to try novel things such as innovation [54]. In addition, innovative behavior is a
multi-stage process from idea generation to implementation of new and useful ideas within
an organization [56–58], which is filled with high uncertainty and risks [42,59]. Employees
with good mental health have confidence to overcome obstacles in innovation processes
and persist longer in efforts to develop and implement innovative ideas [60,61].

In sum, we suggest that the better one’s mental health, the higher their work engage-
ment and innovative behavior. Moreover, work engagement and innovative behavior are
shown to be direct antecedents of work performance. Hence, we expect:

Hypothesis 3a. Work engagement mediates the relationship between mental health and job
performance.

Hypothesis 3b. Innovative behavior mediates the relationship between mental health and job
performance.

3. Methodology

3.1. Data Collection and Samples Characteristics

Considering the impacts of COVID-19, an online survey was conducted to test the
hypotheses in this study. In order to let participants fully understand the purpose of this
survey, we provided important information about the online questionnaire on the first
page. In addition, we provided an informed consent at the front of the questionnaire.
Additionally, all subjects were required to give their informed consent for inclusion before
they started the survey. The questionnaires were from employees’ self-reports. Participants
were anonymous and they could quit at any time during the survey. Therefore, this study
did not collect any data without consent.

According to the study of Shan et al. [62], the process of developing the questionnaire
is shown as follows: First, several employees from different companies were interviewed.
This step let us understand more about the core concepts of this study, including job
performance and employees’ mental health. Then, we developed a draft questionnaire
based on the interviews and previous studies. Finally, we conducted a pilot study to test
the preliminary questionnaire. Based on a small-scale survey, we revised the questionnaire
and a formal questionnaire for this study was generated. The process could ensure the
accuracy of the questionnaire.

Based on the above, this study carried out a formal survey in China. The survey was
conducted from October to December, 2021. Participants came from different companies
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in several provinces, such as Jilin Province, Shandong Province, and Yunnan Province.
These companies were located in different regions in China. Our team members sent the
questionnaires or links by WeChat, email and other ways. Participants were employees in
different positions, such as managers (e.g., middle-level managers) and technical engineers
(e.g., employees in production line). About 500 questionnaires or links were sent out to the
target employees. We confirmed the samples and eliminated the samples for which the
completion rate was low (less than 75%).

Finally, we collected 239 valid samples. These samples came from different industries,
including manufacturing industry, construction industry, and service industries. Addi-
tionally, the samples were distributed in different regions, such as Northeast, East coast
and Southwest China. The characteristics of the samples are as follows. Most participants
(73%) are grass-roots employees, and 27% of participants are middle-level or above. 69.2%
participants have received a Bachelor’s degree, Master’s degree, or Ph.D., while 30.8% of
participants’ education level is low, including Junior college, High school or below. Most
participants (66.7%) have worked for less than eight years. Most participants (62.3%) are
from mature companies (created more than 10 years ago).

3.2. Measurement

We utilized a seven-point Likert scale to measure the core variables in this study. All
scales of the related variables have been tested in other studies.

Dependent variable: job performance. Based on the research of Williams and Ander-
son [63], we utilized four items to measure the variable of job performance. Example items
include “I am satisfied with my job performance”, “I could adequately complete assigned
duties” and ““I try to work as hard as possible” (Cronbach’s α = 0.858).

Independent variable: Employee mental health. Employee mental health used nine
items, mainly from the study of Kashyap and Singh [64]. Example items include “I am
always very nervous and feel stressed”, “I always feel unhappy or depressed” and “I
always could not concentrate when I do something” (Cronbach’s α = 0.952).

Mediating variables: Work engagement and employee innovative behavior. First, we used
four items to measure work engagement based on the study of Suárez-Albanchez et al. [65].
Example items include “I am passionate about my work”, “I feel full of energy when I am
working” and “Time flies when I’m working” (Cronbach’s α = 0.849). Second, according
to the research of Scott and Bruce [66], we used eight items to measure the variable of
employee innovative behavior. Example items include “Always search for ideas for new
technologies, processes, and/or products”, “Always generate creative ideas” and “Always
promote and support ideas to others” (Cronbach’s α = 0.958).

Control variables: The selection of control variables is important for the results. In this
study, firm age, the number of firm employees (firm size), the educational background of
employees, and the work experience of employees were set as control variables. Firm age is
calculated by the years since the firm was created (1–5 years, 1; 6–10 years, 2; 11–15 years,
3; more than 15 years, 4). Firm size is determined by the number of employees (more
than 200 employees, 4; 51–200 employees, 3; 21–50 employees, 2; 20 or fewer employees,
1). Employees’ educational background reflects the levels of employees’ education (high
school degree or below, 1; junior college education, 2; Bachelor’s degree, 3; Master’s degree,
Ph.D., 4). Work experience refers to the year(s) an employee has worked in the company.

3.3. Validity and Common Method Bias

Firstly, we test the possible problem of common method bias. According to a study
of Podsakoff and Organ [67], Harman’s one-factor test could be utilized. This method has
been widely used in previous studies. The results show that there is no significant problem
of common method bias because the largest factor in this study only explained 38.121% of
the entire variance. Secondly, the validity of the samples is conducted. The results show
that all factor loadings are greater than 0.7 and none were below 0.6. Thus, the validity of
the samples is very high in this study.
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4. Data Analysis and Results

SPSS (IBM, Armonk, NY, USA) was used in this study. First, we calculate the correla-
tions among core variables of this study. The results are shown in Table 1. The coefficients
are not high. Second, the descriptive statistics are calculated. We can see that there is
no significant problem with the mean and S.D. (standard deviation) of the core variable.
All the correlation coefficients do not exceed 0.7. Third, the multicollinearity issue may
impact the results. Consequently, we calculate the coefficients of variance inflation factors
(VIFs). The results show that there is no VIF that exceeds 10. This indicates that there is no
significant multicollinearity based on the view of Hair et al. [68].

Table 1. The results of the correlation matrix and descriptive statistics.

1 2 3 4 5 6 7 Mean S.D.

Firm age 1 2.978 1.064
Number of employees 0.676 *** 1 3.830 1.420
Education background 0.162 * 0.359 *** 1 2.760 0.790

Work experience 0.202 * 0.186 * −0.074 1 5.800 4.214
Employee mental health −0,015 −0.041 −0.056 0.135 1 4.657 1.458

work engagement 0,060 −0.11 −0.073 0.095 0.235 *** 1 4.873 1.288
innovative behavior −0.036 −0.122 −0.042 0.069 0.382 *** 0.572 *** 1 5.188 1.210

job performance 0.027 −0.031 −0.049 0.162 0.292 *** 0.524 *** 0.609 *** 5.219 1.170

Note: *** p < 0.001; * p < 0.05.

Fourth, we apply hierarchical linear analysis (HLA) to test the hypotheses proposed in
this study. Seven models are created and the results are shown in Tables 2 and 3. We control
the firm age, the number of firm employees, the educational background of employees,
and the work experience of employees. Model 1 showed the results of the impact of three
control variables on job performance. The results of model 1 verified that the influence
of control variables is not significant. Then, the results of model 2 indicated that H1 was
verified. The coefficient for employee mental health is 0.256, which is significant at p < 0.01.
(Model 2). Therefore, the influence of employee mental health is positive. Model 3 was built
to test H2a and H2b. From the results of model 3, both coefficients for work engagement
and employee innovative behavior were positive and significant. The results show that
work engagement and innovative behavior are positively related to job performance.

Table 2. The results of regression analysis (models 1–3).

Variables
Dependent Variable: Job Performance

Model 1 Model 2 Model 3

Control variables
Firm age 0.078 0.080 −0.008

Number of employees −0.070 −0.045 0.019
Education background 0.004 0.032 −0.003

Work experience 0.164 0.126 0.113
Independent variable

Employee mental health 0.256 **
Mediating variables
Work engagement 0.309 **

Innovative behavior 0.295 ***
R2 0.031 0.094 0.313

Adj-R2 0.001 0.058 0.280
F-value 1.038 2.642 * 9.628 ***

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.
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Table 3. The results of regression analysis (models 4–7).

Variables
Job Performance Work Engagement Innovative Behavior

Model 4 Model 5 Model 6 Model 7

Control variables
Firm age 0.008 0.023 0.161 0.129

Number of employees −0.035 0.051 −0.023 −0.217
Education background 0.034 −0.012 −0.005 0.098

Work experience 0.113 0.105 0.030 0.048
Independent variable

Employee mental
health 0.129 0.108 0.284 *** 0.335 ***

Mediating variables
Work engagement 0.447 ***

Innovative behavior 0.444 ***
R2 0.273 0.262 0.103 0.142

Adj-R2 0.239 0.227 0.068 0.109
F-value 7.949 *** 7.524 *** 2.949 ** 4.252 ***

Note: *** p < 0.001; ** p < 0.01.

In order to test H3a and H3b, we built models 6 and 7 (Table 3). The results show that
the impact of employee mental health on work engagement is positive (Model 6: β = 0.284;
p < 0.001). Additionally, the impact of employee mental health on innovative behavior is
positive (Model 7: β = 0.335; p < 0.001). The results indicated that both H3a and H3b were
verified by the samples.

Model 4 was built based on model 2, which was applied to test the mediating role of
work engagement. The results of model 4 indicated that the coefficient for work engagement
is significant (model 4, β = 0.447; p < 0.001). However, the coefficient for employee mental
health was not significant (model 4, β = 0.129; ns). From the results of model 2, model 4
and model 6, we could see that the positive mediating effect of work engagement on the
relationship between employee mental health and job performance is significant. Therefore,
hypothesis 4a is supported by the samples.

Model 5 was built based on model 2, which was applied to test the mediating role of
innovative behavior. The results of model 5 indicated that the coefficient for innovative
behavior was significant (model 5, β = 0.444; p < 0.001). However, the coefficient for
employee mental health is also not significant (model 5, β = 0.108; ns). From the results of
model 2, model 5 and model 7, we could see that the positive mediating effect of innovative
behavior is significant. Therefore, hypothesis 4b is supported by the samples.

The endogeneity problem may be driven by some unobservable characteristics of the
firm and employee [69]. Therefore, we consider several control variables in the model.
We control the firm age, the number of firm employees, the educational background of
employees, and the work experience of employees. Moreover, job satisfaction is considered
as a proxy variable of employee mental health. We conduct the hierarchical linear analysis
(HLA) and find that Hypotheses 1–3 are supported by data. Therefore, the results show
there is not a significant endogeneity problem.

5. Discussion

The present study pursued three goals in extending the extant knowledge on the
relationship between employee mental health and job performance. First, we set out
to investigate how employee’ mental health influences job performance in an emerging
economy context. In line with previous theories and research in developed economies [25],
we predicted and found that employee mental health also exerts a positive influence on
job performance in China. This finding indicates that the mental health of employees is an
important factor to predict job performance. Moreover, the result that employee mental
health positively affects job performance is robust and valid.
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Second, to enrich our insights into the antecedents of job performance, we predicted
and found that employee innovation behavior and work engagement positively affect job
performance. It is plausible that job performance is enhanced because employees who are
more dedicated to work and exhibit more innovative behavior are more effective in meeting
the demands of firms, thereby leads to better development of the firm. Importantly, this
result extends the findings on factors that promote job performance.

Third, we found that employee mental health is indirectly associated with job perfor-
mance via innovative behavior and work engagement, which addresses tasks associated
with work effectiveness. The positive affect state inherent to mental health is conveyed
through innovative behavior and work engagement that are important for work demands.
In turn, these two behaviors are positively associated with job performance. These results
concerning indirect effects suggest an important nomological chain that begins with the
mental health of the employee, which is positively connected with investing more energy
and resources via innovative behavior and work engagement to create positive, productive
work conditions, leading to better job performance. This indirect connection leads to useful
insights into the mental health–job performance relationship.

5.1. Theoretical Implications

There are several theoretical implications. Firstly, this study explores the relationship
between employee mental health and job performance and tests it in a Chinese context.
The important role of employees’ mental health in an organization is a concern for existing
scholars. More and more studies observe that mental health strongly influences the individ-
ual performance and organizational performance. However, previous studies examine the
mental health-job performance relationship in developed countries. Few studies test the
relationship in emerging economies such as China. Using the samples from China, we find
a positive relationship. By doing so, the findings of this study contribute to the literature
on the roles of employees’ mental health in an emerging economy.

Secondly, we identify two types of employee behaviors and analyze their impacts on
job performance. Work engagement and innovative behavior are important behaviors that
may influence individual work efficiency. In this study, we explore the impacts of work
engagement and innovative behavior on job performance. By doing so, the findings extend
the antecedents of job performance.

Thirdly, this study reveals the paths of how employee mental health affects job perfor-
mance, and find that employees’ work engagement and innovative behavior play a positive
mediating role in the relationship between employee mental health and job performance.
Existing studies have ignored the impact mechanism of employee mental health on job
performance. What remains unknown is how employee mental health influences individual
performance. Based on the framework of individual characteristics–behaviors–outcome,
we view employees’ work engagement and innovative behavior as two salient types of
behavior that are affected by mental health. This study examines and finds that employees’
work engagement and innovative behavior mediate the mental health–job performance
relationship. These findings further extend the relationship between employee mental
health and job performance.

5.2. Managerial Implications

The managerial implications of this study are reflected in the following aspects. Firstly,
employees (or managers) should pay attention to mental health problem and make neces-
sary adjustments. Poor mental health may lead to absenteeism and low productivity [2].
For employees in a highly competitive environment, the mental health problem is becoming
a big challenge for them to improve job performance. Especially under the context of the
outbreak of COVID-19, many employees are suffering from mental health problems. It
is important for them to maintain their mental health. This requires them to adjust their
mental state. Secondly, top managers or leaders in different organizFations could stimulate
employees’ work engagement and encourage them to engage in innovative behavior. Espe-
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cially for employees with good mental health, their intention to work and innovation is
strong. How to utilize their passion is important for organization. Hence, managers should
observe employees and apply their healthy mentality to improve their job performance.
Thirdly, we suggest companies (or organizations) care about employees’ mental health
and foster an atmosphere to improve it. Employees are the core capital of companies.
Employees with good mental health support enterprises to achieve high organizational
performance. Therefore, companies should be concerned about their employees’ mental
health and foster a healthy mentality for them.

5.3. Limitations and Future Research

There are still some limitations which should be taken into account in future studies.
Firstly, the data and samples of this study were collected in China. There are many other
emerging economies, such as India and Brazil. In the future, more samples from other
emerging economies could be considered to test the model. Additionally, future studies
could compare the results of different countries or regions. Secondly, we identify work
engagement and innovative behaviors as the mediating variables of the impact of employee
mental health on job performance. Are there any other more important mediating variables
to be considered? This question should be addressed by future research. Thirdly, we
do not consider contextual factor(s) in this study. The relationship between employee
mental health and job performance may be influenced by some contextual factors, such as
perceived environment, individual personality, and so on. Therefore, future studies could
identify certain moderating variables to further explore the relationship between employee
mental health and job performance. Finally, this study does not consider the impact of
different industries. In different industries, the situation of employees’ mental health may
be different, such as the IT industry, manufacturing industry, etc. Hence, future studies
could consider the results of different industries, as well as test the model in them.

6. Conclusions

Based on existing research gaps, this study explores the impact of employee mental
health on job performance. Considering that few studies in the literature focus on the
context of China, an emerging economy, this study uses samples in China and finds that
employee mental health plays an important role in improving job performance. Chinese
organizations should try to maintain employee mental health to achieve high job perfor-
mance. Furthermore, we discuss the employee mental health–job performance relationship.
The paths of how employee mental health influence job performance are revealed in this
study. The results show that work engagement and innovative behaviors play positive
mediating roles in the relationship between employee mental health and job performance.
These findings reveal the relationship between employee mental health and job perfor-
mance and further enrich the literature on employee behaviors. Furthermore, this study
extends the research of employees’ characteristics and their influences on job performance.
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Abstract: Healthcare-associated infections (HCAIs) are a significant concern for both healthcare
professionals and patients. With recent advances in imaging modalities, there is an increase in
patients visiting the radiology department for diagnosis and therapeutic examination. The equipment
used for the investigator is contaminated, which may result in HCAIs to the patients and healthcare
professionals. Medical imaging professionals (MIPs) should have adequate knowledge to overcome
the spread of infection in the radiology department. This systematic review aimed to examine
the literature on the knowledge and precaution standard of MIPs on HCIAs. This study was
performed with a relative keyword using PRISMA guidelines. The articles were retrieved from
2000 to 2022 using Scopus, PubMed, and ProQuest databases. The NICE public health guidance
manual was used to assess the quality of the full-length article. The search yielded 262 articles,
of which Scopus published 13 articles, PubMed published 179 articles, and ProQuest published
55 articles. In the present review, out of 262 articles, only 5 fulfilled the criteria that reported MIPs’
knowledge of Jordan, Egypt, Sri Lanka, France, and Malawi populations. The present review reported
that MIPs have moderate knowledge and precautionary standards regarding HCIAs in the radiology
department. However, due to the limited studies published in the literature, the current review
limits the application of the outcome in the vast MIPs population. This review recommended further
studies to be conducted among the MIPs worldwide to know the actual knowledge and precaution
standards regarding HCIAs.

Keywords: knowledge; attitude; healthcare-associated infection; medical imaging professionals;
occupational health; risk assessment

1. Introduction

Medical imaging professionals, such as radiologists, radiologic technologists, and
other imaging specialists, may have some knowledge of healthcare-associated infections
(HAIs). However, their level of knowledge may vary depending on their specific area
of expertise and their exposure to patients with HAIs. HAIs are infections that patients
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acquire while receiving medical care, and they can occur in any healthcare setting, in-
cluding hospitals, outpatient clinics, and long-term care facilities. HAIs are a significant
public health concern, and healthcare professionals across all specialties are responsible for
preventing and controlling these infections. Medical imaging professionals may have some
knowledge of HAIs because they work closely with patients and often come into contact
with contaminated equipment and surfaces. They may be trained in infection control
measures, such as proper hand hygiene, cleaning and disinfection of equipment, and the
use of personal protective equipment (PPE) to reduce the risk of transmission. In addition,
medical imaging professionals may be involved in the diagnosis and treatment of patients
with HAIs, particularly those that affect the respiratory system, such as tuberculosis or
pneumonia. They may use imaging techniques such as chest X-rays, computed tomography
(CT), or magnetic resonance imaging (MRI) to detect and monitor the progression of these
infections. Overall, medical imaging professionals are an essential part of the healthcare
team and play a critical role in preventing and controlling HAIs. While their specific
knowledge of HAIs may vary, they should receive ongoing education and training on
infection control measures to ensure the safety of both patients and healthcare workers.

The pandemic outbreak of Zoonotic viral diseases such as Corona, Nipah, and Ebola
has resulted in a public health emergency with months of lockdown and financial loss to
major tax-collecting departments such as tourism, aviation, and import–export. Further,
the Zoonotic viral diseases have threatened the world economy with the loss of manpower,
funds rerouting to the healthcare sector and vaccine research, and the health of human
beings, leading to mass deaths and hospitalizations [1]

The World Health Organization (WHO) notified COVID-19 as a pandemic disease
on 11 March 2020, and the global containment and quarantine efforts contamination
incidents continue to increase post-haste. In developing countries such as India, there is
a noticeable increase in the in-flow of infected patients to the hospital due to the recent
and past outbreaks of pandemic Zoonotic viral diseases. The chances of cross infections
increase with more immunocompromised patients visiting the hospital for other underlying
cases. Still, they become infected with nosocomial infections, creating the need to assess
cross-infection locations.

The infected patients with Zoonotic viral diseases primarily presented with dyspnoea,
fever, and dry cough [2]. Further, these patients are highly contagious, and the infection is
transmitted between people through droplets, close contact, and fomite [3,4]. The virus-like
COVID-19 remains viable for 72 h on plastic and stainless steel and up to 3 h in aerosols [5].
The estimated half-life of the virus in the aerosol ranged from 1.1 to 2.1 h. Metals such
as stainless steel have a half-life of 5.5 h, and the half-life of the plastic is 6.8 h [6]. The
presence of bioaerosol in the surrounding air has profoundly influenced the health of
humans, animals, and plant life. Further, both the viable and nonviable pathogens such
as bacteria, fungi, and viruses present in the surrounding environmental air may also
influence health [7,8].

Colonized and highly contagious infected patients visiting the hospital for different
treatments may increase the chance of HCAI for patients and healthcare workers. De-
veloping countries have a much higher risk of HCAI, with a radio of 20:1 as compared
to developed countries [9]. In the past, HCAI was limited to inpatients. However, the
recent pandemic virus outbreak resulted in increased HCAI in outpatients. Since the
Department of Radiodiagnosis and Imaging plays a significant role in diagnosing differ-
ent infectious diseases, there is a high probability of HCAI among radiology staff and
patients [10]. Equipment such as radiography, magnetic resonance imaging, computed
tomography, fluoroscopy, ultrasound, echocardiography and positron emission tomog-
raphy used for diagnostic and therapeutic examinations were more prone to infection,
resulting in healthcare-associated infections (HCAI). The other infected equipment in the
Radiology Department (RD) including the imaging tables, keyboard, touchscreen, com-
puter mouse, lead apron, radiographic markers, and transferring table are also more prone
to the HCAIs [11–18].
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However, despite the improvement in the practices, HCAI is still prevalent in the
healthcare facilities affecting patients worldwide each year. In the recent outbreak, HCAI
has reported that 3.8% of the total infections are related to COVID-19 [19]. To overcome
the challenges of HCAIs, the knowledge and precautionary standards regarding HCPs
must improve [20]. The HCPs such as Medical Imaging Professionals (MIP) working in
the radiology equipment should know standardized operating protocols to minimize the
spread of HCAIs via the radiology equipment [21,22].

Since there is limited research regarding the knowledge of the HCAI among the HCPs
reported in the literature, the awareness of MIPs on the HCAI has also been underexplored.

The purpose of this study is to interpret research reports pertaining to knowledge and
precaution standards among MIPs.

2. Materials and Methods

This systematic review was performed to identify MIPs’ knowledge and precautionary
standards regarding HCAIs in the radiology department. PRISMA-reporting guidelines
were followed in this study [23].

2.1. Search Strategy

The electronic databases PubMed, Scopus, and ProQuest were considered to retrieve
the studies reported from 2000 to 2022. The literature search was performed from 1 June
2022 to 30 June 2022 and restricted to studies published in English. The keywords and
search strategy used are presented in Table 1. A manual search was also performed to
identify the relevant articles using the included studies’ citations.

Table 1. Keywords Strategy.

Sl. No. Search

1 “(nosocomial infections or hospital-acquired infections or
healthcare-associated infections)”

2 “(knowledge or education or understanding or awareness)”

3 “ (radiographer or radiologist technologist).”

1 AND 3

1 AND 2 AND 3

4 “ (nosocomial Infections)”

5 “(knowledge) “

6 “ (radiographer)”

4 AND 5 AND 6

2.2. Selection Criteria

Research papers focused on the “knowledge”, or “education”, or “understanding”,
or “awareness” of the HCAI among the MIPs were included. Articles published in the
English language were considered for this study. The full-length research papers were
independently reviewed by the two reviewers and then shortlisted. The disagreement
between the reviewers over eligibility were resolved through discussion and concession
with the third reviewer.

2.2.1. Selection of the Studies

The title and abstract of the articles were appraised for relevance to the aim of the
present review. The articles that were not relevant were eliminated. The full text of
the remaining article fulfilled the objective of the evaluation and was acquired to assess
further relevance based on the inclusion and exclusion criteria. The full-length research
papers were independently reviewed by the two reviewers and then shortlisted. The
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third reviewer verified shortlisted articles based on the review criteria. The disagreement
between the reviewers over eligibility was resolved through discussion and concession
with the third reviewer.

2.2.2. Data Extraction

The data of the included full-length articles were extracted into the Microsoft Excel
sheet. The year, country, samples, study design, number of items present, validation of the
questionnaires, ethical approval of the studies, and mode of data collection were considered
during the data extraction.

2.2.3. Risk of Bias

The NICE public health guidance manual was used to assess the risk of bias for the
included studies [21,22] (Table 2). Two reviewers performed the assessments independently,
and the correlation was determined.

Table 2. Criteria to assess the risk of bias.

Criteria’s Score

Clarity of the questioners +/−
Details of the study methodology +/−
Details of data collection +/−
Research content +/−
Data analysis +/−
Result revenant to the study’s objective +/−
Ethics approval +/−
Overall ++/+/−

++ must meet at least six criteria indicated above. + must meet at least four criteria mentioned above. ++ denotes
the low level of bias; + means the moderate level of bias; and − indicates a poor level of bias.

2.2.4. Criteria for Inclusion and Exclusion

Exclusion: focus on HCP, not focus on medical imaging, other language.
Inclusion: focus on the medical imaging, published in English.

2.2.5. Data Analysis

The Kappa test was performed to determine the two reviewers’ agreement using SPSS
16. A meta-analysis was used to obtain the pooled estimate. The random-effects model was
used for the meta-analysis. Chi-square statistics and I-square statistics were used to report
heterogeneity. A meta-analysis was performed using STATA software version 13.1.

3. Results

The magnitude of the publication related to the knowledge and standard precautions
of HCAIs among the MIPs was initially unknown. Therefore, the present research question
was focused on MIPS. The literature searches across the three electronic databases resulted
in 247 articles in the current review. The additional 14 articles were obtained by the manual
search based on the references. Once the duplicate papers were eliminated, the study
number was reduced to 238 articles. A total of 221 articles that were not focused on the
MIPs were removed. The full text of the remaining 11 articles [24–34] was collected and
screened for the inclusion and exclusion criteria, out of which only 5 articles are eligible for
review and evaluation [24,25,29,30,32]. The PRISMA is presented in Figure 1 [23].
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Figure 1. Flow diagram of the article selection process.

3.1. Characteristics of the Included Studies

A total of five articles published from Jordan, Egypt, Sri Lanka, France, and Malawi
were considered for the present review [24,25,29,30,32]. All the articles were published
between 2008 and 2018 (Table 3). Out of five studies, only two studies reported the
questionnaire specific to the MIPs’ knowledge of infection control practices specific to
the RD. However, all the items included in the questionnaire were validated before the
data collection. The questionnaire used in the studies to evaluate the knowledge and
precautionary standards varied from 18 to 50 items. All the included studies reported that
ethical approval was obtained to collect the data via a self-administered survey.

Table 3. Characteristics of the included studies.

Author

M.A.
Abdelrahman

et al. [25]

El-Gilany
et al. [24]

Jayasinghe
et al. [29]

Marie-Pierre
et al. [32]

Nyirenda, D.
et al. [30]

Year 2017 2012 2014 2008 2018

Country Jordan Egypt Sri Lanka France Malawi

Samples 128 14 213 94 62

Study design CS CS CS CS CS

No of items 41 50 18 25 36

Ethical approval Yes Yes Yes Yes Yes
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Table 3. Cont.

Author

M.A.
Abdelrahman

et al. [25]

El-Gilany
et al. [24]

Jayasinghe
et al. [29]

Marie-Pierre
et al. [32]

Nyirenda, D.
et al. [30]

Mode of data collection SA SA SA SA SA

Validation Yes Yes Yes Yes Yes

Items specific to radiology Yes No No No No

Environment and HCAIs Poor * Poor poor Good

Intervention and HCAIs Good * Moderate Good *

Standard precaution and HCAIs Good Moderate Good Good Moderate

Gloves recommend and HCAIs Poor * Poor Moderate *

* indicates Not reported, and CS indicates a Cross-sectional study, SA—Self Administered.

3.2. Methodological Quality

The quality of the selected articles has been summarized in Table 4. All five stud-
ies were found to be of quality ++. A moderate agreement was reported between the
two reviewers, with a kappa value of 0.545.

Table 4. Quality of the articles.

Study
Items

1 2 3 4 5 6 7 Overall

M.A. Abdelrahman et al. [25] + + + + + + + ++

El-Gilany et al. [24] + + + + + + + ++

Jayasingheet al. [29] + + + + - + + ++

Marie-Pierre et al. [32] + + + + + + + ++

Nyirenda, D. et al. [30] + + + + - + + ++

1—Clarity of the questioners, 2—Details of the study methodology, 3—Details of the data collection, 4—Research
content, 5—Data analysis, 6—Result relevant to the study’s objective, 7—Ethics approval. ++ denotes the low
level of bias; + means the moderate level of bias; and − indicates a poor level of bias.

3.3. Meta-Analysis

In the present review, out of five included studies, only three studies [25,29,32] were
considered for the meta-analysis. The pooled effect of the outcome measures related to
the “Environment as a major source of infection,” “Invasive procedures increase the risk of
nosocomial infection,” “Gloves recommendation” and “Precaution standards during the
procedure” is reported in Table 5. The studies which did not report the specific outcome
measures were excluded from the meta-analysis [24,30].

Table 5. The effect size of the outcome measures.

Outcome Measure Effect Size (95% CI)

“The environment (air, water, inert surfaces) is the major source of bacteria responsible for
nosocomial infection.” 0.18 (0.08, 0.28)

“Invasive procedures increase the risk of nosocomial infection.” 0.76 (0.44, 1.07)

“Medical Imaging Professionals knowledge on standard precautions recommend the use of gloves.” 0.41 (0.17, 0.65)

“Precaution standards to protect the patients and the healthcare workers.” 0.87 (0.77, 0.97)

174



Int. J. Environ. Res. Public Health 2023, 20, 4326

3.4. Environment and HCIAs

The MIPs show poor knowledge with a pooled effect size of 0.18 (0.08, 0.28). Con-
siderable heterogeneity is present among the studies, with I2 of 85.39% and p ≤ 0.001
(Figure 2).

 

Figure 2. MIPs’ knowledge of “The environment (air, water, inert surfaces) is the major source of
bacteria responsible for nosocomial infection”. (Marie et al., 2008 [32], Abdelrahman et al., 2017 [25],
Duminda et al., 2014 [29]).

3.5. Gloves Recommendation during the Procedure

The MIPs reported poor knowledge with a pooled effect size of 0.41 (0.17, 0.65).
Considerable heterogeneity is present among the studies included, with I2 of 96.25% and
p ≤ 0.001 (Figure 3).

 

Figure 3. MIPs knowledge on “Gloves recommendation during the procedure.” (Marie et al., 2008 [32],
Abdelrahman et al., 2017 [25], Duminda et al., 2014 [29]).
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3.6. Precaution Standards

The MIPs possess excellent knowledge with a pooled effect size of 0.87 (0.77, 0.97).
Considerable heterogeneity is present among the studies included, with I2 of 96.96% and
p ≤ 0.001 (Figure 4).

In the present review, the medical imaging professional shows good knowledge, with
a pooled effect size of 0.76 (0.44, 1.07). Considerable heterogeneity is present among the
studies included, with I2 of 98.91% and p ≤ 0.001 (Figure 5).

 

Figure 4. MIPs’ knowledge of “Precaution standards to protect the patients and the HCPs”. (Marie
et al., 2008 [32], Abdelrahman et al., 2017 [25], Duminda et al., 2014 [29]).

 

Figure 5. MIPs’ knowledge of “Invasive procedures increase the risk of HCAIs”. (Marie et al.,
2008 [32], Abdelrahman et al., 2017 [25], Duminda et al., 2014 [29]).
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4. Discussion

This systematic review was aimed at investigating the knowledge of the MIPs on
the HCAIs. The literature search resulted in five articles, of which three articles were
considered for the meta-analysis.

4.1. The Spread of Infection

The RD plays a vital role in the diagnosis and treating of the patient’s disease using
X-ray, CT scanner, MRI Scanner, interventional radiology, and ultrasound (USG). The
probability of the HCAIs may increase due to the colonized and infected patients waiting
for the diagnostic procedure [13]. Further, the contaminated hand is considered to be
one of the primary sources of transferring the HCAIs. The contaminated hand of the
MIPs and the other HCPs, including nurses, practitioners, and attendees, can lead to the
transfer of the infection pathogens from one person to another person, adjacent surface, and
equipment [35]. Nyirenda et al. reported that 98% of Malawi MIPs have good knowledge
about the primary source and spread of infection [30]. However, in the present review,
the MIPs reported that the environment was a major source of multi-resistant bacterial
transmission, with a pooled effect size of 0.18 (0.08, 0.28). Giacometti et al. reported
that 41.7% of the X-ray tube, 91.7% of control panels and imaging plates, and 8% of the
X-ray cassettes were contaminated, which may transmit the HCAIs [36]. Therefore, faculty
working in the RD should have updated knowledge and standard operating procedure to
reduce the HCAIs spread via radiology equipment or the HCP in the RD.

4.2. Knowledge of Hand and Machine Hygiene in RD

Olu O. et al. [37] reported 95% of healthcare professionals acquired the HCAI dur-
ing the outbreak of Ebola in 2014. Therefore, the HCAI in the Healthcare Professional
(HCP) may accelerate the transmission and result in mortality [5]. However, if healthcare
professionals adhere to the guidelines and protocol of disinfection and isolation, the risk
of HCAI may drop to 10.7% [37]. The HCAI can be overcome by hand hygiene and san-
itation practices, which may lower the incidence of the disease, as opposed to treating
the disease [38].

The microbial growth on an MIP’s hand can be effectively overcome by sterilization of
the hand. The alcohol-based hand sanitisers were most commonly used for the sterilization
of hand fields [13]. Further, proper sterilization of the imaging equipment can prevent
one-third of the HCIAs [36]. Carling et al. reported that 88% of MIPs were aware that the
primary reason for the contamination of the radiology equipment is due to the inadequate
disinfection procedures followed in the department [39]. Cleaning the equipment and cas-
sette between the patient’s examinations using the alcohol wipe and chlorhexidine-based
detergents is effective, and they are recommended as compared to soap and water [40,41].
The alcohol gel, disinfecting wipes, and the standard hand wash are recommended to disin-
fect the radiographer’s markers during the procedure [40]. However, special consideration
is required for the ribbon markers [42].

The American Institute of USG in medicine recommended using water and soap or
quaternary ammonium disinfectant spray for the USG [40]. The MRI machine’s disinfection
is difficult compared to the other imaging equipment in the RD [41]. However, it is recom-
mended to use the solution of 1000 parts of hypochlorite with a million parts of chloride to
disinfect the MRI machine [11]. Abdel-Hady El-Gilany et al. reported that the MIPs have
inadequate knowledge about sanitation practices as compared to the other HCPs [24].

During the portable examination of the infected patients, especially EBOLA and
COVID-19 patients, specific emphasis on hand hygiene is necessary [35]. Further, additional
precaution measures include the proper use of gloves while performing and handling high-
risk patients. The gloves are also recommended when there is a risk of MIPs in contact with
blood during the procedure [11]. However, it is not recommended to use gloves for every
radiological procedure [25]. In the present review, the MIPs show poor knowledge of the
glove’s recommendation, with a pooled effect size of 0.41 (0.17, 0.65).
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4.3. Recommendations of Precaution Standards to Protect the Patients and HCP

The MIPs can break the chain of HCAIs from other HCPs through proper education,
hand hygiene surveillance, vaccination against preventable disease, and prevention of
needle-struck injury. Abdel-Hady El-Gilany et al. reported that the MIPs have inadequate
knowledge about needle-struck injury as compared to the other HCPs [24].

Training the MIPs with high-quality education can break the spread of the HCAIs
in the radiology department [22]. Bello et al. reported that only half of the MIPs have
intermediate knowledge of infection control measures [43]. However, in the present study,
the MIPs show poor knowledge about the “Precaution standards recommendations to
protect the patients and the healthcare workers” with a pooled effect size of 0.87 (0.77, 0.97).

4.4. Invasive Procedures and HCIAs

Interventional radiology is considered a high-risk area for imparting HCAIs [36,44].
The radiation protective equipment used during the intervention procedure has also been
observed to be more prone to HCAIs [45]. The reduction in infection in interventional
radiology requires the identification of the risk, the appropriate use of antibiotic prophylaxis,
and appropriate patient care [46]. In the present review, the medical imaging professional
shows good knowledge about invasive procedures that increase the risk of HCIAs, with a
pooled effect size of 0.76 (0.44, 1.07).

Overall, the discrepancy in the result is present among the studies included in the
current review. The MIPs have poor knowledge of the spread of HCIAs infection and
the gloves recommendation. However, MIPs reported good knowledge of precaution
standards to protect the patients and healthcare workers.

4.5. Limitations of the Included Studies

According to the hierarchy of evidence, the cross-section and observational study
design ranked low as compared to the randomized control trials [42]. All five studies
included in this review are of the cross-section study design that typically lacks the adequate
methodology rigour that minimizes the effect of bias. However, applying a rigid design
hierarchy to this research is potentially less significant than evaluating the precision of the
study methodology [47]. Of the five systematic review studies, one used a sample of fewer
than fifty subjects. However, no studies justified the sample size. The small sample size
may result in the probability of non-significant results [48]. Out of five studies, only one
was reported using random sampling techniques. This further limits the further the ability
to find the wider population. Of the rest of the studies, one used convenience sampling,
and four did not state the sampling procedure. The ability to extrapolate the survey to the
other MIPs is difficult due to the limited number of studies. Variable types of items in the
questionnaire were used in the surveys. In the current review, three out of five studies used
similar questions, of which only one study reported specific to the MIPs.

4.6. Limitation of the Present Review

In the present review, the literature search was performed based on only three elec-
tronic databases (PubMed, Scopus, and ProQuest). Further, the systematic review was
limited to the articles published between 2000 to 2022 and restricted to studies published
in English. Due to the limited number of papers published and the diversity in the items
present in the questionnaire, a meta-analysis for the present study was performed with
three articles with similar items. However, the outcome of the current review on MIPs’
knowledge and precautionary standards regarding HCAIs may limit the application of the
result to the vast population.

4.7. Future Recommendations from the Present Review

Based on the current review, several research gaps have been identified. A minimal
study was undertaken and published worldwide. Further research can be performed
to develop a valid tool for understanding the MIPs’ knowledge specific to the radiol-
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ogy department in preventing the HCAIs. All the studies included in this review are
questionnaire-based quantitative studies. There was no study reported in the qualitative
research methodology. Conducting the focus group discussion may result in a better un-
derstanding of the knowledge of MIPs on HCAIs. The present review has not focused on
other allied health professionals. A systematic review needs to be undertaken among all
the allied health professionals. Further, a study on infection control with proper guidelines
and the HCP’s compliance in involving these measures may be imperative in reducing the
HCAIs, thereby reducing the burden and improving both HCP and patient outcomes [15].

4.8. Future Scopes

The qualitative and quantitative study on the awareness of the spread of infection
among MIPs may provide better knowledge and understanding among imaging profes-
sionals. Diversity in the items in the questionnaire was observed; therefore, a standardized
questionnaire must be developed to assess knowledge, awareness, and practice of handling
infectious diseases in the Radiology Department. Further reviews have to be conducted
on MIPs’ understanding of the HCAI and the application of modern imaging techniques
during the outbreak of infectious disease to reduce the risk of HCAI to MIPs.

5. Conclusions

The current review aimed to understand MIPs’ knowledge and the precaution stan-
dards regarding the HCAIs in the RD. The present study resulted in five articles which
fulfilled the inclusion criteria. Of these, only three used similar items related to the spread
of infection, knowledge of precaution standards and hygiene, and risk of disease in inva-
sive procedures. The present study reported that MIPs have moderate knowledge and
precautionary standards toward the HCIAs in the RD. However, due to the limited studies
published in the literature, the outcome of the current review may limit the application of
the outcome results in the vast MIPs population worldwide. This review recommended
further qualitative and quantitative studies to be conducted among imaging professionals
worldwide to discern the actual knowledge and precaution standards regarding HCIAs.
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