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Preface

Occupational and Environmental Safety and Health II is a compilation of the most
recent work of some selected authors from 13 countries within the domain of
occupational safety and health (OSH). The included works are focused on selected
topics, including occupational safety, risk assessment, safety management, ergo-
nomics, management systems, environmental ergonomics, physical environments,
construction safety and human factors, among others.

This book represents the state of the art, and it is mainly based on research
carried out at universities and other research institutions, as well as some on-field
interventions and case studies. Due to the broad scope, relevance and originality
of the contributions, it is expected that this book contains useful and up-to-date
information, and it presents fundamental scientific research that is being carried out
in the subject, as well as it contributes to the outreach of practical tools and
approaches currently used by OSH practitioners in a global context. All the
included contributions were selected based on their potential to show the newest
research and approaches, giving visibility to emerging issues and presenting new
solutions in the field of occupational safety and health.

This book is based on selected contributions presented at the 16th edition of the
International Symposium on Occupational Safety and Hygiene (SHO 2020), which
was held on 6-7 April, in Porto, Portugal.

All the contributions included in this book were previously peer-reviewed by, at
least, two of the 131 members from 17 different countries of the International
Scientific Committee of the 2020 edition. The event is organised annually by the
Portuguese Society of Occupational Safety and Hygiene (SPOSHO).

Editors would like to take this opportunity to thank their academic partners,
namely the School of Engineering of the University of Minho, the Faculty of
Engineering of the University of Porto, the Faculty of Human Kinetics of the
University of Lisbon, the Polytechnic University of Catalonia and the Technical
University of Delft. The editors also would like to thank the scientific sponsorship
of several academic and professional institutions, the official support of the
Portuguese Authority for Working Conditions (ACT), as well as the valuable
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support of several companies and institutions. Finally, the editors wish also to thank
all the reviewers, listed below, who gave a critical contribution, without which it
would not be possible to develop and publish the current book.

Guimaraes, Portugal Pedro M. Arezes
Porto, Portugal J. Santos Baptista
Guimaraes, Portugal Moénica P. Barroso
Guimaraes, Portugal Paula Carneiro
Guimaraes, Portugal Patricio Cordeiro
Guimaraes, Portugal Nélson Costa
Cruz Quebrada—Dafundo, Portugal Rui B. Melo
Guimaraes, Portugal A. Sérgio Miguel
Porto, Portugal Gongalo Perestrelo

April 2020
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Safety Score Permit (SSP) to Enhance M)

Check for

Safety Performance

A. Fundo, M. Carrasqueira, B. Dias, J. Santos, D. Antunes, J. Dias
and C. Jacinto

Abstract This paper addresses the need for efficient management control tools and
it focuses on behavioural performance. This work aimed to develop a system to
monitor and improve behaviours in Occupational Health and Safety (OHS). The
new system is called Safety Score Permit (SSP) and its development was based on
three main concepts, namely, the behavioural-based philosophy, the score cards
system, and the reasoning underlying the “point system” in use for road safety.
Behaviors are assessed by direct observation, either by OHS specialists, or by
trained “observers” elected by their peers. There are bonus and penalty points,
depending on the safe/unsafe behaviors observed. The SSP tool is intended to
promote effective management control through the implementation of a strategy
focused on collective and individual performance. This approach to reinforce OHS
management could play an important role in improving workers’ risk perception
and encourage safe behaviours. The SSP tool will allow everyone—workers and
managers—to know, at any time, their individual and collective performance, as
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well as to disseminate positively the best practices and commitment to safety, which
clearly will influence the whole organization. It has the potential to become a useful
and transparent tool for monitoring OHS performance of employees in all hierar-
chical levels.

Keywords Safety score permit - OHS performance - Behavior-based safety

1 Introduction and Background

A large part of workers’ life is spent at the workplace; therefore, the relevant safety
precautions should be taken in their sometimes quite hazardous workplaces to
safeguard their lives and well-being [1]. Many organisations around the world
support their safety management on international standards, of which the ISO
45001:2018 is the most recent and is quickly replacing the well-known OHSAS
18001:2007 widely used for certification purposes. Within the novelties brought by
the ISO 45001, is the way it reinforces the importance of effective Leadership
commitment and Workers participation.

Among the many strategies available to improve workplace safety is the
Behaviour Based Safety (BBS) approach, which is recognized for its ability to
influence attitudes, both individual and collective. BBS is becoming increasingly
popular across industry sectors, and it has the “great advantage of needing the
involvement of the individual employee, in addition of course, to employer com-
mitment” [2]. Thus, this approach has great potential to assist in the implementation
of ISO 45001.

Adhesion to BBS in the industry is considered beneficial, as it will increase
safety culture and human welfare [3]. This topic has been well covered in the
literature for decades, namely after the 1980s, giving evidence of its maturity and
suitability to enhance safety. According to DePasquale and Geller [4], “behaviour-
based safety starts by defining one or more critical behaviours to target. Then these
behaviours are observed and recorded in particular work settings”. Despite the need
to ensure employers’ commitment and leadership, BBS is considered an out-
standing technique to improve safety among “front-line workers”, and to achieve an
accident-free work culture [5, 6].

In contrast with traditional safety programs, which allocate responsibility for
accident prevention to top management, the BBS philosophy aims at educating
employees and employers to examine the root causes of their accident-prone
behaviours [7].

A more recent study [8], reports a BBS initiative based on a card-issuing system.
The purpose of the study was to evaluate the effectiveness of the BBS card system
as a tool for reducing accident frequencies, and the findings suggest that the card
system brought a significant decrease in accident rates. These authors [8] highlight
that the card system had a significant influence in the mind-set of workers towards
safer working practices.
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On the other hand, performance evaluation (e.g.: quality, safety, etc.) can be
attained through scored-based systems. There is evidence that scorecards have been
applied in different ways, and across a range of activities, and have proven to be
promising tools to help organizations address challenges and support strategic
decisions [9]. Among such tools, a recognized referential is the “point system”
(scored system) used internationally on drivers’ licenses [10, 11].

This paper describes a joint project aimed at developing a score system/tool
especially designed to monitor and enhance safety performance. The system is
called Safety Score Permit (SSP) and it combines the new requirements of ISO
45001, the BBS philosophy and transposes the road safety “point system” to the
management of occupational health and safety.

2 Development Methodology

The development of Safety Score Permit (SSP) was based on both theoretical and
empirical foundations. Figure 1 illustrates the general approach followed by this
project for developing the proposed tool. The current paper gives account of the
first stage, up to draft version “1” of the tool. This represents the conceptual stage
aimed at monitoring safety performance of individuals; this version already went
through a pilot testing using past records of real accidents/incidents (named here a
laboratory testing).

The second and final stage will be carried out during 2020 and it includes more
work, such as the inclusion of tailored safety performance indicators (at company
level), field testing (i.e., with participation of companies), refinement, and valida-
tion, after which the SSP will be released for use (final version). In parallel, the
corresponding SSP electronic platform is already being developed by a specialised
consortium.

3 Results. Description of SSP®

3.1 Characteristics and Overview

From a management point of view, the SSP tool can provide an assessment of
overall organisational performance and also reveal trends to ascertain whether the
strategies/efforts are being well addressed. It can provide information at micro level
by the analysis of individual performance and assess to what extent the actions
adopted (when necessary) promote safe behaviours on workers. It is clearly a
complementary tool for supporting continuous improvement to achieve and sustain
a good level on safety culture (Fig. 2).
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Fig. 1 Development of SSP—methodological steps

3.2 Specification of Performance Levels. Criteria

The scale of performance levels. SSP scale is designed with six performance
levels (Fig. 3). The neutral level, by default, is worth 12 points. This is called the
“initial level”. The positive behaviours will entitle the person to climb three levels
(on the right-hand side), worth 16-18-20 points respectively. Excellence is attained
at 20 points. It was considered important to define a maximum limit, since there are
historical data on the Demerit Point System (DPS) applied to road safety, in a study
made by Castillo-Manzano [12], which proved that one of the factors that led to
poor effectiveness of some long-term solutions was that the initial fear of reprisals
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Fig. 2 Potential of SSP system as a complementary management tool
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Fig. 3 Point system—recognition bonus (positive) and penalties (negative) levels

had relaxed over time. So, by setting a maximum upper limit, the SSP system
prevents the employee from being over self-confident and becoming complacent.

By contrast, infractions are negative safety behaviours and, therefore, will lead to
a decrease of points down to 6 and 0, respectively. The person can recover from this
situation and is encouraged to do so. At the 6 point level, for instance, the employee
is subjected to a compulsory training session followed by specific evaluation.

Bonus criteria. Similar to what is suggested for the implementation of a BBS in a
safety management system, it is necessary to give positive feedback to reinforce
exemplary behaviours and influence the other employees follow them [2].

As the objective is providing a comprehensive solution and support companies
to progress to a safety excellence level, workers (at all levels) will be subsidized
with points. It is suggested that organizations reward good behaviours on a regular
basis to encourage discipline and recognise good examples, thus allowing every
person to reach the level of excellence.
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SSP is a transparent system based on direct observations; it intends to be a tool
that values safe behaviours and pro-activity, giving bonus points to individuals
who, during a period of time (annually), do not have any penalties and/or make
efforts to propose suggestions for improving or solving problems. To earn points,
such suggestions need to be evaluated by management and be considered a “viable
solution that worth being implemented”. However, the individuals cannot, by this
way, exceed 18 points.

To achieve the top—excellence level—the employee needs to attain 20 points. If
an employee has 18 points registered in his/her Safety Score Permit and, addi-
tionally, he/she is recognized as an example to follow in terms of OHS (through
criteria defined in each company), the employee will receive the distinction of
excellence, i.e., the person reaches the excellence level by receiving the two
additional points. Thus, the transition from 18 to 20 points requires a peer
recognition.

Penalties criteria. The practice of a safety infraction/violation determines the
subtraction of points to the employee’s permit. It was decided to relate the number
of lost points to both the frequency and severity/seriousness of the infraction/
violation resulting in accidents, or that could have caused an accident. This will
help increase the credibility and fairness of the system. To evaluate and apply the
penalties, the analysis of deviations is based on three levels, namely, Human,
Technical and Organizational (Fig. 4). Moreover, the system distinguishes between
an error/mistake and a violation based on Reason’s classification [13]. To facilitate
the evaluation and promote transparency of the whole process, a decision-tree was
built and is embedded in the tool, but it can be customized by each organisation. If
it is proven to be a violation, the decision-tree will help to analyse whether the
situation was generated solely by the worker, or if the respective manager(s) knew
or have influenced the occurrence. The SSP system covers the entire hierarchy.
The number of points to be subtracted will depend on (1) the seriousness of the
occurrence, (2) whether it is a recurrence or (3) whether there are multiple
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infractions/violations (Fig. 5). To avoid complexity in the system, and in the case of
multiple infractions (Fig. 5¢), 1 penalty point will be added to the most serious one.
Similarly, in case of recurrence, 1 extra point is added to the respective infraction
level.

Whenever an employee completes one year without committing any infraction/
violation, he/she will receive a bonus point. Therefore, it will take 3 years to
recover from a serious infraction, and 5 from a very serious one. In any case, as
previously mentioned, the person can only accumulate 16 points due to absence of
infractions. In addition to the safety training sessions that are given to all workers
on a regular basis, there will be a special training scheme for those who first get
down to a score of 6 points, or less. At the end of this training there will be an
evaluation; if the employee achieves a grade of 95%, he/she will recover 1 point, if
not additional training (on-job training) will be necessary. The permit will be
cancelled when the employee reaches the lower limit of 0 points, and disciplinary
measures must be applied.

3.3 Infractions. Types and Categories

The SSP considers 85 types of infractions. These 85 infractions are classified into 9
categories or classes (Fig. 6). The referred 9 categories will allow identifying where
the main problems, deviations and deficiencies are located and, therefore, the
system can assist in the design of prevention, and be a complementary management
tool.

3.4 Preliminary Testing (Laboratory Testing)

The preliminary testing of the system’s applicability and consistency was made
through the analysis and categorisation of real accident records (archive records).
These accidents occurred in 4 companies collaborating in the project. By analysing
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Fig. 7 Extract of human safety violations/infractions from the accidents of 4 companies’
database, a number and b relative distribution by categories using the classification of SSP system

all investigation reports, the first step was to set aside all cases where any kind of
“human (mis)action” had occurred and had been explicitly identified.

From this first step, a total of 211 cases were selected for testing the infraction’s
classification (and criteria) proposed in SSP. The results are summarized in Fig. 7.
From the 211 accidents analyzed, 46 were violations/infractions and not just human
errors/mistakes. In addition, from the categories’ classification it was observed that
the higher number of situations occurred within the category operation/
maintenance. Going deeper into the system will allow identifying which are,
specifically, the prevalent types of violations/infractions. This ability of the system
will help to spot and understand the main problems, and consequently will help to
develop strategies to continuously monitor and improve the OHS management
system already in place.

The length restrictions of the paper do not allow a more in-depth description.
However, the next stage is an industrial “piloting implementation”, which will be
carried out in 10 companies of different activity sectors and it will allow a further
and more realistic validation of the system.
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4 Concluding Remarks

This paper described the design and construction of a new safety tool called Safety
Score Permit (SSP) intended to encourage positive safety behaviours of individuals
(both workers and managers) that will last over time within an organisation. The
prototype already developed and explained here (stage 1; Fig. 1) will proceed to
stage 2, which involves further development of new functions based on key indi-
cators to asses overall performance.

The SSP proposed herein has real potential to become a valuable new generation
tool for executive decision-support, with watch-lists, configurable visualisations
and customisable alerts and notifications. It is a system that perceives, and gives
alert on what the weaknesses are, namely the seriousness of errors/violations that
have occurred, at both individual and collective levels. It allows classifying the
deviations in specific categories, and thus, facilitates taking effective preventive
measures; moreover, it allows to measure and sustain results improvement, which is
a top priority for industry managers. SSP tool is a transparent system, provides a
means for rapid and continuing feedback, it is flexible and allows setting up
individual strategies for improving safety behaviours.

Its adequate implementation is expected to decrease unsafe behaviours and
incidents and, consequently, to reduce direct and indirect associated costs, namely,
insurance costs, absenteeism, or shutdowns due to accidents; all such factors will
contribute to an increased productivity and better health and safety at work.
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Abstract Live working (LW) is a complex and of high organizational requirement
process. It requires the interaction of all actors in the process, from the beginning to
the end, and therefore there is a great need to determine the security rules that are
fundamental to minimize the occurrence of accidents related to electric risks. The
main objective of this study was to make a risk assessment and compare the results
obtained between the different methods used. In order to accomplish this study, it
was necessary to monitor on the spot some works in LW, to be able to carry out a
risk assessment as close to reality as possible. This risk assessment was performed
based on three different methods: William T. Fine, NTP 330 and the method
developed and used by the company, and 119 risks were evaluated. Although
different types of risks have been considered, those that pose a greater risk to the
health and hygiene of the workers are: “Live Working” and “Work at Height”. In all
methods, these tasks represented the highest level of danger and therefore require
more attention. Considering the risks that presented a higher level of risk, they
should be monitored systematically and require urgent intervention to minimize the
consequences.

Keywords Live working - Risk assessment - William T. fine - NTP 330
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1 Introduction

The technological advancements that are widely spread and rooted in today’s
society have shaped every known field which means the occupational health and
safety situation in the European Union has also been shifted. On one hand, the
facilities automation allowed the mitigation or even elimination of some of the
traditional risks, but, on the other hand, new risks associated with the use of new
technologies were raised [1, 2].

In 2015, and considering only the universe composed by the European Union
(EU) countries, Portugal ranked 4th in terms of accidents number, which involved
100,000 of the total employed people: of the 134,378 accidents taking place during
that year in national territory, 161 were fatal. Work-related accidents accounted for
about 3.4% of all accidents (fatal and non-fatal) that occurred in 2015 in all EU
countries. In Portugal, and according to the available statistics, just in 2014, 45,238
occupational accidents were registered. Of these, 4 were fatal occupational acci-
dents. Considering the sectors of electricity, gas, steam, hot and cold water and cold
air (that account for sector D), it is possible to notice that of the 45,238 accidents
that occurred in that year, 238 corresponds to that sector [3]. Currently, the most
common form of energy in industrial society is electricity, essentially because of its
ease of transportation and transformation into other forms of energy [4]. However,
in specific situations, electricity can pose a risk to the safety of people, since, due to
its characteristics, electricity is something that does not have a particular scent and
cannot be seen [5, 6]. In this way, it is necessary to understand what rules should be
implemented in order to minimize the electrical risks present in the occupations
involving electricity. The execution of live working is a complex process and of
great organizational requirements [7, 8]. It entails the interaction of all role-players
in the process, from its beginning to its conclusion and, for this very reason, there is
a great need to determine the safety rules that are crucial to minimize the occurrence
of accidents related to this hazard [9]. Nonetheless, there is a difficulty in drawing
the workers’ attention to this issue and making them realize what the risks are and
how serious is the occurrence of an accident during the work on very high voltage
lines. Therefore, this study addresses the minimization of the electric risk of the
activities in very high voltage lines. Its main objective was to carry out a risk
assessment in order to identify the hazards and risks associated with the tasks
performed during the different works executed in tension in these lines. The sec-
ondary outcomes were the following:

e To identify the risks associated with each task in the different activities
observed;

e To conduct a critical analysis of the results obtained;

e To understand the advantages of each method and its limitations.
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2 Materials and Methods

In order to develop a risk assessment that could simultaneously be useful to the
company and to answer more theoretical and statistical questions, it was decided to
use three methods of risk assessment [10, 11]:

e William T. Fine Method
e NTP 330 Method
e The method developed and currently used by the company.

The William T. Fine method is based on the characterization of the level of risk
in three variables [12]: consequence, which is the most probable result of a potential
accident; exposure, which represents the frequency with the risk situation occurs;
and the probability, that represents the probability associated with the occurrence of
the accident. Based on these variables, the hazard or risk level is defined as the
product of the extent of the consequences, exposure and probability. The NTP 330
method allows quantifying the magnitude of the existing risks and, consequently,
ranking its correction priority [10]. The risk assessment method developed and used
by the company is based on the history of incidents, analysis of nonconformities,
processes and workplaces audits results, workers’ communications as well as other
interested parties, information on facilities and activities of the company, techno-
logical options, technical data, inventory of hazardous materials, toxicological and
other data on occupational safety and health, and context of the protection measures
implemented in the company. The risk assessment that is associated with the dif-
ferent processes, activities and locations of the company is based on the following
main criteria: severity (S), reflecting the result of integrating the severity of the
incident into exposure to the effects of the occurrence; and probability (P), which
represents the number of times that a dangerous situation can materialize in a
pre-established time frame. The chosen activity to test this methodology was the
method to the potential, which consisted of two distinct tasks:

Fig. 1 Replacement of an
insulator in an LW suspension




16 A. Sofia Azevedo et al.

Fig. 2 Work in bundle
combactors

e Replacement of an insulator in an LW suspension and substitution of a half-span
insulator in LW (Fig. 1)
e Replacement of an insulator in an LW mooring (Fig. 2).

3 Results and Discussion

By applying the risk assessment, it was possible to perceive which risks presented
the greatest magnitude, and which risks required greater attention in terms of
preventive or corrective measures. Table 1 summarizes the hazards and risks
encountered during the activity. Regarding the “work in the support”, 77 risks were
identified and 42 were identified for the “half-way work™. In total, 119 occupational
risks were assessed between the two types of work.

In the case of the obtained results with William T. Fine method, both in the
“work in the support” and in the “half-way work™, it was possible to perceive that
most risks are classified as “Low”, as can be seen in Fig. 3. However, there are risks
that in both cases are classified as “Extreme”, as it is the case of “Use of vehicles”
and “Live Working”. Risks classified at this level require an immediate system
shutdown as well as continuous assessment.

In the case of the obtained results with the application of the NTP 330 method
and according to Fig. 4, it is possible to perceive that most of the risks are classified
with the intervention level II. According to this methodology, risks assessed at an
intervention level III, require measures that better address the risk, which means
measures that allow the risk to be mitigated or reduced so as not to pose a danger to
the health and safety of workers. In the case of risks assessed at the intervention
level 11, it is necessary to adopt control measures. For risks classified as intervention
level I, which is considered a critical situation, they require an urgent correction.
Examples of these risks are the “Use of vehicles” and “Live Working”.
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Table 1 Major hazards and risks

Hazard Risk

Use of vehicles Collision/rollover
Fatigue

Work in the presence of animals/interaction with animals Stings
Bites

Machines

Falling objects
Crush

Irregular floor

Fall to the same level

Disorganization of material

Shock against objects

Fall to the same level

Handling of materials in height

Falling objects

Live working

Electrification

Electrocution

Work at height

Fall in height

Fig. 3 Results with
William T. Fine method

Fig. 4 Results with NTP 330
method

Rk Magnitude

Risk Magnitude

LW suspension vs Bundle Combactors

LW suspension

Bundle Combactors

| l ===
Moderate High
Risk Classification

LW suspension vs Bundle Combactors

LW suspension

Bundle Combactors

Risk Classification

In the case of the method developed and currently used by the company, through
the results obtained and by the analysis of Fig. 5 it is possible to perceive that most
risks are classified as “Low” in both cases. Risks classified as “Low” are not
considered a priority for intervention. In this way, they can be managed by routine
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LW suspension

Bundle Combactors

Rk Magnitude

Fig. 5 Results with the method developed and currently used by the company

procedures and do not require the creation of additional risk control and prevention
measures. In the case of risks classified as “Moderate”, such as “Over-efforts” and
“Fall in height”, appropriate measures should be identified for the treatment of the
risk and their implementation should be planned within a set deadline, with the aim
of reducing the risk. The risks assessed as “High”, as is the case of “Live Working”,
are considered to be a priority and urgent. In this way, and due to their severity,
these risks should be reported immediately. In addition, they require urgent action
to be taken to minimize the consequences.

Although the results are not totally coincident, what is expected given the
subjectivity of a risk assessment, it is possible to perceive that the operations where
the use of equipment in tension is verified and where it is necessary that the worker
comes into contact with the electric chain in high-intensity values are those that
require more attention. These operations require extensive knowledge and experi-
ence of the operators, as well as a preliminary analysis by the technicians and
managers of the whole environment and the way in which the operations will be
carried out, in order to minimize to the maximum a risk that will always be present.

4 Conclusions

Risk assessment is not the answer to all questions, but it allows determining pos-
sible situations with harmful consequences for both workers and materials and
should be carried out whenever possible and well in advance. In this study, 119
risks were evaluated where the danger is the presence of an electric chain, in which
contact with it results in electrocution/electrocution that can result in death. The
operations were evaluated according to three different risk assessment method-
ologies: William T. Fine, NTP 330 and the method developed by the company.
Although risk assessment is a very subjective working tool, it is very important in
the prevention of workers’ safety and health. Evaluation should be structured
effectively so that no hazards and their respective risks are overlooked. The success
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of any risk management program depends on the importance that is given to risk
assessment and how it is carried out, and should always focus on prevention rather
than correction [13]. In general, it was possible to perceive that of the three methods
the one that presents major limitations is the method developed and used by the
company. This is because this method takes into account the accident history to
calculate the probability of occurrence of a certain event. However, LW do not
occur very frequently and so there is no accident history that allows one to realize
the probability of a dangerous situation materializing as an incident. In this way, the
need arises to choose to carry out the risk assessment for live working through
another method. This method can be William T. Fine or even the NTP 330- since
these methods do not contemplate the history of accidents, but rather the probability
of the worker being exposed to a certain risk factor. With this study, and based on
the methodologies used as well as the bibliography analyzed, it is possible to
conclude that it is essential to carry out the risk assessment by utilities, organiza-
tions and entities that work with risk activities [14, 15].
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Evaluation and Control of Professional M)
Risks in Intensive Care Units sk

Ana Ferreira, Joao Paulo Figueiredo, Mariana Girao and Ana Lanca

Abstract We know that certain areas of work pose a greater risk to the health and
safety of the worker, and for this reason the present study focused on the intensive
care units (ICU), where risks are a constant, allowing a more individualized
intervention professional risk assessment and control. It was proposed, as objective
of this study, to evaluate the occupational risks to which the workers of the
intensive care units are exposed. This was a descriptive-analytical, cross-sectional,
observational, where the working conditions of workers in the intensive care units
of the Coimbra county hospitals were evaluated. The risk assessments identified
multiple risk factors in the intensive care units under study and showed the most
incidental risks are those of biological and ergonomic origin. The analytical studies
showed unsatisfactory results in some parameters when compared with the legis-
lated values. It is concluded that the work in intensive care units presents multiple
and constant risk factors, in which it is evident that the most prevalent are biological
and ergonomic risks, however, in order to explain the probability of the damage it is
necessary to point out that the exposure is related to the time spent on the tasks.
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1 Introduction

The study of the occupational hazards to which ICU workers are exposed is related
to the fact that they provide direct and continuous assistance to the users, besides
constituting a greater representation of personnel within the hospital, acting in
diverse contexts like the promotion, prevention and recovery of health [1].

The work performed in the hospital area is considered extremely unhealthy
because, in addition to grouping patients with several infectious diseases, it is the
scene of numerous invasive and non-invasive procedures that offer risks of acci-
dents and illness to their workers [2]. The relationship between work and health
must be seen as decisive when considering the injuries that can occur to the worker.
In this perspective, there is a need to ensure appropriate conditions for the devel-
opment of workers’ activities, protecting and promoting their health [3].

The ICU differentiates itself as a sector dedicated to providing complex care to
patients with serious health problems. These patients end up needing diverse
technological resources, as well as a specialized multiprofessional team [4].
Treatment usually involves continuous monitoring and ongoing care, as the pos-
sibility of instability of these patients is a constant [5]. The characteristics of the
intensity of care performed in this type of unit, such as more frequent performance
of procedures with the patient, consequently gives these workers greater exposure
to occupational risks [6]. These units are characterized by being a multidisciplinary
and differentiated area that are directed towards the diagnosis and treatment of
acute, potentially reversible disease in patients who present with failure of one or
more vital, imminent or already installed functions [7].

Professionals perform their functions in a context where the characteristics
described above coexist, such as working directly with vulnerable people; the high
level of responsibility for their tasks and the consequences of possible mistakes; the
need to face unpredictable events, suffering, pain and death; the development of
critical judgment in relation to the actions derived from a medical diagnosis;
interaction with the families of the caregivers; and maintaining the balance between
work and personal life [8, 9].

Currently, some standardizations are established for the operation of intensive
care units, which aim to reduce the risks to patients cared for, to professionals and
to the environment. These standardizations refer to the ICU as a critical area in
which there are increased risks for the occurrence of healthcare related infections.
Such risks may be present in activities involving critical materials or biological
material, in performing invasive procedures and in the presence of patients more
subject to pathogens [10].

Health professionals are exposed to working conditions that include high stress
and shift workload environments, and both can have an impact on the physical and
mental health of these professionals [11, 12]. Workers’ health may, in turn, affect
patient safety both by the potential for increased error and by increased risk of
transmission of hospital infections [13, 14].
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Occupational health and safety require that a wide range of occupational factors
be taken into account, from the individual workload to the time of movement. Given
the occupational exposure to which ICU workers are exposed, it can be said that their
health, not only physical but also psychological, is compromised. In this sense, it is
important that the risk is always estimated with the aim of eliminating it and, if this is
not possible, its control or reduction. Studying the work from the worker’s point of
view reduces evaluation mistakes and, therefore, the rationality of researchers and
technicians is not enough, it is necessary to involve the one who lives the work
situation so that, from the singularities, there is actually construction collective [15].

The main objective of the study was to evaluate how health and safety conditions
influence the quality of life and health of ICU workers in hospital settings.

2 Materials and Methods

2.1 Research Design, Population and Sample

This study was an observational, descriptive-analytical and cross-sectional study
where the working conditions of the workers of the intensive care units of three
hospitals in the county of Coimbra were evaluated. The target population was the
workers of intensive care units, the sample being represented by them. The type of
sampling was non-probabilistic and for the sampling technique, this was for con-
venience. The inclusion criteria were: the workers of the intensive care units.

2.2 Instruments and Data Collection

In the first phase, the theoretical data were collected through a bibliographical
research, to analyze the subject in question. In the second phase, a checklist
designed on the basis of the legislation in force to support the assisted observation
study was carried out and applied in order to assess the conditions of the service in
question. Subsequently, the measurements of the analytical studies were carried out.
In the third and last phase, the application of methodologies for the evaluation of
professional risks and the treatment of data occurred.

The risk assessment was carried out using the Simplified Method of Assessment
of Professional Risks, evaluating the degree of hazard (GP) according to the
probability of an accident (P), the frequency of exposure to risk (£) and the con-
sequences (C) normally expected in the case of the accident occurring translating by
the expression [16, 17]:

GP=PxExC (1)
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The methodology of risk assessment is proactive and direct [17]. It is based on
an assisted observation study based on checklists drawn up for this purpose. It
identifies hazards, quantifies the magnitude of existing risks and, consequently,
rationally prioritizes its intervention. This methodology is qualitative, given that the
hazard identification, the estimation of the magnitude (gravity) and the probability
of occurrence are made on a qualitative basis, also complying with the legislation in
force, which is based on the general principles of prevention, present in the leg-
islation in force. The present methodology takes into account the classification of
professional risk factors [18, 19].

In relation to the analytical studies, with regard to indoor air quality, the
equipment used was a MultiFunctions Marca TSI, Model 9565-X. Parameters such
as CO,, T (°C) and % Hr were evaluated and later compared and analyzed through
DL n° 118/2013, of August 20 and Port. No. 353-A/2013, of December 4,
(Threshold of protection, comfort), DL n°® 243/86 of August 20 (Regulation of
hygiene and safety at work in commercial establishments, offices and services) and
through the ACSS (Technical recommendations for heating, ventilation and air
conditioning (HVAC), and the method applied was to evaluate the existing
infrastructural and functional conditions and also through a previous diagnosis. In
order to carry out the measurements, the following aspects were considered:
Conditions in which the measurements were taken (season, morning or afternoon),
ventilation (natural or artificial), measurement site, number of workers and mea-
surement time.

As for the analytical studies of illuminance, the equipment used was a Center
337 Mini Light Meter and the method applied was by direct observation through the
characterization of the work environment. The Luximeter was placed on top of the
equipment present in the workplace, in front of the worker and, where possible,
with the worker at the workplace. The values of the illuminance were recorded after
the stabilization of the Luximeter, and were later compared and analyzed with DIN
5035 (1990) and ISO 8995: 2002.

2.3 Statistical Analysis

Data were processed using the IBM SPSS 25 software. At the level of statistical
inference, we used Student’s t-test, Chi-square test of Independence. Finally, the
inference was based on a confidence level of 95% for a random error up to 5%.

3 Results

In this study, the workers of the intensive care units of each hospital under study
were integrated. With regard to workers, these can be divided into three groups:
Operational Assistants, Nurses and Doctors. For Hospital A we have: 8 operational
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assistants, 33 nurses, 11 doctors and 1 technical assistant; for Hospital B we have: 4
operational assistants, 23 nurses, 15 doctors and 1 technical assistant; finally, for
Hospital C we have: 10 operational assistants, 30 nurses, 8 doctors and 1 technical
assistant.

The service distribution of the workers of these units is done through three shifts
throughout the 24 h daily: morning shift, afternoon shift and night shift. With this
study, we sought to understand and evaluate the working conditions to which
intensive care workers are exposed in view of the nature of the risk factors to which
they are exposed in relation to the tasks performed. When analyzing the results
which shows the nonconformities observed during the risk assessments, we found
that the three hospitals had a high number of nonconformities, ranging from 40
(32%) in Hospital C and 43 (33.6%) in Hospital B. In Hospital A, 42 (33.6%)
nonconformities were found, of which 11 (26.2%) were related to the general
conditions of the unit, 9 (21.4%) related to biological risks, 6 (14.3%) with
chemical risk and 5 (11.9%) related to ergonomic risks. At hospital B, the most
commonly found risk was chemical risk with 11 (25.5%) nonconformities, followed
by 9 (20.9%) related to biological risk and 9 (20.9%) related to general conditions
of the unit and we also highlighted 4 (9.3%) nonconformities found related to
ergonomic risks. As for Hospital C, once again, we found a greater number of
chemical nonconformities, 9 (22.5%), followed by 7 (17.5%) of a biological nature,
7 (17.5%) related to the general conditions of the unit and still 6 (15%) of an
ergonomic nature.

As for the tasks performed by the workers of the intensive care units we can
discriminate them: “Resting bathing suits”; “Organize and tidy up unit”; “Preparing
bath water”; “Provide support during bathing”; “Remove all types of waste from the
unit”; “Disinfection of showers”; “Replacing consumables in the unit; Provision of
general hygiene care”; “Providing oral and ocular hygiene care”; “Patient posi-
tioning”; “Monitoring of vital parameters”; “Arterial and venous puncture”;
“Referral of users for exams”; “Nasoenteral, nasogastric, bladder of relief and
delay”; “Colostomy bag installation”; “Patient and family information on treatment
progression”; “Exchange of information with a multidisciplinary team”; “Handling
biological waste and short-perforating objects”; “Hospital discharge” and
“Liberation of the body in case of death”.

After identifying the tasks performed in the three hospitals, we sought to analyze
and identify the occupational risks inherent in the tasks. According to the results, it
was verified that the risks that presented higher values are, respectively, the
exposure to biological agents (45%), the adoption of incorrect postures and the
efforts of the upper and lower limbs (35%) and shock and blows against objects and
equipment (25%).

Next, we verified the risk factors associated with occupational risks that most
affected in the course of the tasks performed. We found that the risk factors most
involved in the tasks are biological risks (40%), ergonomic risks (35%) and
mechanical risks (30%). Despite fewer incidents, it is important to emphasize
chemical risks and physical risks (20%).
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One of the objectives of this research was to carry out analytical studies and,
thus, the level of illumination and indoor air quality in the intensive care units of the
three hospitals under study were evaluated. For the assessment of indoor air quality
the parameters to be taken into account were carbon dioxide (CO,), carbon
monoxide (CO), air temperature (°C) and relative humidity (% Hr). Note the fol-
lowing tables.

Observing the Table 1, we could verify that the average value of illuminance in
the three hospitals was much lower than the recommended value (500 Ix).
Comparing the values obtained in the three hospitals, it can be stated that, although
all three patients had values that were much lower than expected and recommended,
Hospital B (174.33 Ix) presented lower values.

According to the Table 2, we found that the CO, values obtained in the three
study units were well below the value established in the legislation for the
Protection/Comfort Threshold that is 1250 ppm.

Regarding the values of carbon monoxide in the intensive care units, we found
that in all of them they are much lower than the limit established by the law (9
ppmv), since the mean values vary between 0.33 & 0.21 ppmv in Hospital A and
0.79 £ 0.43 ppmv in Hospital B (p < 0.0001).

When observing the results obtained regarding the temperature, we verified that,
in the majority (84.6%), they were inadequate, according to the technical recom-
mendations for HVAC installations. Regarding Hospital A and C, the temperature
should be between 24 and 25 °C, depending on the measurement site, and only two
places in Hospital A and one in Hospital C had adequate values. Regarding
Hospital B, the values should vary between 24 and 27 °C depending on the mea-
surement sites, and only one place was of adequate value. Of the 26 temperature
measurements performed in the three hospitals, 22 (84.6%) were inadequate and
only 4 (15.4%) were in accordance with the recommendations.

Table 1 Hospital illuminance parameter

Canteen Lux

n Mean Standard deviation P
Hospital A 11 268.04 183.39 0.002
Hospital B 8 174.33 88.95 <0.0001
Hospital C 9 274.83 158.73 0.003

Test: Student t test for population mean

Table 2 CO, parameter versus hospital

Canteen Lux

n Mean Standard deviation P
Hospital A 11 531.46 205.16 <0.0001
Hospital B 8 570.56 233.87 <0.0001
Hospital C 9 505.67 311.59 <0.0001

Test: Student t test for population mean
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At Hr level, we could observe that, as with temperature, the values were not
adequate according to the technical recommendations for HVAC installations. In
Hospitals A and C the % Hr should be between 40 and 50% and, of the 17
measurements performed in both hospitals, only one was adequate. It should be
noted that all values obtained for Hospital C were inadequate, according to the
recommendations. For Hospital B, the% Hr should vary between 40 and 60%,
depending on the sites, and of the 7 measurements performed only 2 (28.6%) were
adequate.

4 Discussion and Conclusion

The results showed that, in the three hospitals under study, the number of non-
conformities found in each of them was shown to be high. These nonconformities
were verified in the risk assessments carried out and are based on situations of risk
witnessed, related to various types of risks. In this sense, it is emphasized that these
risks are understood as the possibility of situations that affect in some way the
health of the worker in his place of work [20].

As regards biological risks, they have been found to pose a serious problem to
the health of workers, in view of their high incidence, as workers, in particular
doctors and nurses, provide care that includes invasive and non-invasive technical
procedures, which put them in direct contact with body fluids and secretions [21].
Other studies are in agreement with these facts and also say that they are one of the
main causes of work accidents in hospital environment [22]. Among the most
common biological risks in the hospital environment, contact with body fluids is the
most important, since contamination by secretions and eliminations is considered to
be serious for the health of the worker, exposing him to the infections transmitted
by microorganisms present in the blood or other organic fluids [23]. As for ergo-
nomic hazards, physical wear and tear on workers can often lead to fatigue and even
exhaustion. This is mainly due to the existence of a constant need for movement
and motor actions during the care given to the patient physically and may also be
related to a high work letter [24]. In addition to physical wear and tear, workers may
have the need to adopt incorrect postures due to poor lighting, which can create
reflections and shadows, inducing neck flexion and back pain. It should be noted
that the manual movement of loads is a constant in an intensive care unit and the
posture adopted by workers is always influenced by the size of the furniture, the
work organization, as well as the age and anthropometric characteristics of each
professional. Studies have shown that many of the accidents that occur are caused
by excessive weight lifting or transfer, in relation to obese and/or dependent
patients during the bath, as well as transport of equipment and stretchers [26].

The ICU needs to have institutional regulations related to biosafety measures.
The measures shall include occupational and environmental safety relating to
biological, chemical and physical aspects. For this, guidelines for the use of
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individual and collective protection equipment, as well as handling, transportation
and proper disposal of biological material are essential [26].

It is concluded that the work in intensive care units presents multiple and con-
stant risk factors, in which it is evident that the most prevalent are the biological and
ergonomic risks. However, in order to explain the probability of the damage it is
necessary to point out that the exposure is related to the time dedicated to the tasks.
As to the tasks, it was possible to conclude that the most likely to be at risk due to
the biological risk factor are those in which the presence of biological agents is a
constant, such as arterial or venous puncture, nasoenteral probing and placement of
a colostomy bag, among others. Faced with the ergonomic risk factor, two of the
tasks where this risk is most incident is the provision of support in the baths and the
positioning of patients. In addition to these two risk factors, it is important to pay
attention to the mechanical and chemical risks that were also evident throughout the
study.

Taking into account the preventive measures already existing in the intensive
care units and based on the risk assessments carried out, we also concluded that the
implementation of Basic Precautions for Infection Control (BPIC) is a great ally for
the protection of the health and safety of workers. One of the most important
measures to reduce the transmission of infectious agents is hand hygiene which,
together with the use of personal protective equipment, provides adequate protec-
tion to workers [27].

In addition to this, it is extremely important to promote training, information and
awareness among workers on hazards and risks in the workplace, to request
improvements in lighting and HVAC systems and to provide ergonomic solutions
as well as to change the organization of work so as to risk exposure is as small as
possible.
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Adam Gorny

Abstract The successful assurance of safe working conditions is predicated on
successfully identifying the root causes of non-conformities and the extent of their
impact. This is helpful in defining the aims of improvement measures. Measures
should be targeted particularly at areas where accident rates soar. One such area in
Poland is the construction business. For added efficiency of improvement efforts,
the use of quality engineering tools is highly recommended. A broad range of such
instruments are available. The article emphasizes that the prime consideration in
this context is for companies to secure the ability to process the information at hand
and deploy adequate improvement measures and solutions with a view to achieving
effective outcomes and continuous adjustment to changing environments. Quality
engineering tools help recognize the complexities of the challenges faced, develop
an improvement strategy and select the most appropriate measures. To make certain
that the right tools for the job are selected, it is crucial to rely on accident reports
and statistics and examine risks and hazards. Proper account should also be taken of
any features of the concerned industry. The use of quality engineering tools is a
recommended way for gain benefits including assurance of working environment
improvements. Getting of benefits depends on use of proper tools to collect
information and identify improvement area.

Keywords Quality engineering tools - Safety - Polish construction companies

1 Introduction

In order to effectively improve safety by mitigating hazards and non-conformities, it
is imperative that improvement processes be structured and worker awareness
raised [1-3]. An essential means to this end is the early identification of issues and
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causes of non-conformities and an assessment of both their impacts and of the
capacity to make improvements [2]. The actions taken must be based on data and
information describing the actual state of safety in the companies.

Such measures will reduce the number of breaches of safety standards and, by
the same token, help lower occupational accident rates, the incidence of occupa-
tional diseases and the number of workers exposed to hazards. The above outcomes
can be viewed as effectiveness yardsticks in occupational safety management [2, 4].

Owing to the sheer complexity of the issue, it is crucial that improvements be
deployed in a systemic and orderly fashion [2, 5]. Improvements can be made more
effective with the use of proper support instruments that include quality engineering
tools. Efforts to ensure the safe operation of workers in the working environment
are particularly vital in industries plagued by high rates of accidents and hazards. In
Poland, such industries include the construction business and construction-related
fields.

2 Use of Quality Engineering Tools in Improving
the Working Environment

To conduct safety assessments covering accident statistics and a company’s oper-
ating conditions, it is essential to identify the causes of non-conformities and their
effects [2]. The assessment process can be improved by means of quality engi-
neering tools which, as an additional benefit, support the choice, planning and
optimization of improvement measures [6, 7].

Figure 1 shows an proceedings process for obtaining improving both working
conditions and the working environment. To assess safety undertakings need to
make use of adequate improvement tools that will enable them to evaluate safety,
identify the causes and nature of non-conformities and specify the key alterations
they seek to achieve using measures that are adequate for the issues they face. The
assessment of safety as well as the identification of sources and the nature of
non-compliance are unrelated actions that use information appropriate carry out. In
the first case, it may be statistical data, e.g. on accidents at work and their causes. In
the second case, these is characteristic of the work performed.

One tangible measure of corporate safety are accident statistics. Improvement
efforts also require that proper account be taken of the industry and the specific
features of the company’s operations that affect the nature of any non-conformities.
Once such considerations are duly accounted for, one can select and apply solutions
that will ensure effective improvements. Examples of data, on the basis the safety
can be assessed are provided in Sect. 3 of this article.

To ensure effective improvements, companies need first to identify hazards as
well as their causes and impacts [5, 8]. By putting the information they gather to
good use and recognizing the specific nature of an organization’s business, they can
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Assess accident statistics Assess in-house procedures and condition
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' Select and use the appropriate quality engineering tools '
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_____________________________________________ 22—

Fig. 1 Flowchart of measures taken to improve occupational safety

chart out future actions. The application of quality engineering tools requires reli-
able input data that is put to proper use [7, 9, 10]. Such tools can be seen as
instruments for supervising and diagnosing measures and observing the end result.

3 Poland’s Construction Industry

3.1 How the Characteristics of the Construction Industry
Affect Safety

The construction business is a sector covering the building, maintenance, renova-
tion and reconstruction of buildings and other structures. Due to the significant role
of investment in the social and economic development of countries, the sector is
considered to be a mainstay of national economies. The industry has the potential to
stimulate economic growth, mobilize societies and activate businesses in many
segments.

In Poland, construction is a major driver of economic growth. Its current share in
GDP stands at ca. 10% [11]. The construction industry is closely linked with and
dependent upon many other sectors of the economy. The uniqueness of construc-
tion companies lies in the nature of their business. Roughly 97% of the country’s
construction companies are privately owned, most of them falling into the category
of SMEs [11].

Due to its specific features, the Polish construction sector is plagued by
numerous non-conformities that result from the way work is performed. The key
factors that adversely affect safety at work include:
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— Unavailability of highly competent workers with proper work experience
forcing companies to High Representative persons whose knowledge of occu-
pational health and safety is insufficient and whose experience in this field is
limited,

— Seasonal intermittent nature of employment in construction companies coupled
with the absence of properly trained workers leading to the employment of
poorly-skilled employees, many of whom have a limited command of the Polish
language,

— High worker turnover leading to the employment of young unassertive workers
who view high-risk jobs as a challenge and a way to gain the approval of senior
workers,

— Focus on meeting deadlines ahead of occupational safety concerns placing high
time pressure on the workers,

— The complexity of construction projects resulting in heavy vehicle traffic that
raises accident risk on construction sites,

— Budget restrictions leading to hiring workers who accept lower pay but whose
professional skills are also more limited,

— Much of the work being performed by small and financially strapped companies
that are unable to invest in safety improvements,

— In an effort to meet shorter deadlines, companies are forced to work multiple
shifts, which leads to fewer supervisors per shift; in addition, work during the
night shift leads to greater fatigue, tends to be more monotonous and erodes
worker concentration, creating a more hazardous environment,

— Poorly arranged and managed construction sites and large waste volumes trigger
accidents and injuries suffered by workers and visitors alike.

The above factors were indicated on the basis of research carried out in Polish
construction enterprises.

The majority of construction projects involves multiple subcontractors, which
are small businesses that fail to adhere to systemic occupational safety management
guidelines, do not have safety policies in place, fail to identify safety objectives, fail
to assess risks and neglect to prevent on-the-job accidents in an orderly fashion.

3.2 Assessment of Safety in the Construction Industry

In Poland, safety assessments are performed by the Central Statistical Authority
based on worker-reported accident rates and causes. The aggregate rates can then be
associated with specific industries by accident severity. A detailed account of
accident trends in the construction sector between 2016 and 2018 is provided in
Table 1.
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Table 1 Accident rates in the construction industry

Year Number of occupational | Number of serious Number of fatal
accidents (total) accidents accidents
- Per 1000 - Per 1000 - Per 1000
workers workers workers
2016 | Industry total | 87,886 |7.00 467 |0.04 243 10.02
Construction | 5468 6.36 70 |0.08 52 10.06
2017 | Industry total | 88,330 |6.80 671 |0.05 270 |0.02
Construction | 5390 6.01 102 |0.11 58 |0.06
2018 | Industry total | 84,304 |6.37 517 |0.04 209 |0.02
Construction | 5247 6.02 84 10.06 48 | 0.06

Source [10, 11]

The available data reveal a trend in construction companies in recent years.
A comparison of accident rates in the construction sector and in the economy
overall puts the construction industry among the most accident plagued segments.
In particular, construction sector is a negative leader in the category of fatal
accidents.

A detailed analysis of safety levels and accident causes shows that the majority
of accidents are caused by inappropriate human behavior. For instance, ca. 32% of
accidents result from falls from heights causing grave injuries [11, 12]. The primary
causes of accident in the construction industry in Poland are shown in Table 2.

Table 2 Primary causes of construction accidents in Poland

Cause category Cause category
Poor work procedures » Work in inclement weather including
Category: procedural requirements ice-covered, snow-covered and wet surfaces,

gusty winds, etc.

» Work at heights despite the lack of physical
examinations that verify worker fitness for such
work

» Lacking or insufficient signage at sites posing
particular hazards of falling

No supervision over workers « Lacking supervision over proper use of technical

Category: procedural requirements means resulting in workers violating laws, e.g. by
failing to properly anchor scaffolds

» Workers allowed to perform work despite lacking
or insufficient personal protection items,
including protections against the consequences of
falling from heights

(continued)
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Table 2 (continued)

Cause category Cause category
Insufficient technical equipment * Use of makeshift solutions (platforms) that fail to
Category: technical requirements ensure safety while working at heights

* Failure to use protections to guard hazard zones
such as railings as protection against falling from
heights

* Failure to use (lack) of additional protections
such as safety nets

* Unavailability of personal protection items
necessary to secure against and minimize the
consequences of hazards

Inadequate training for work and work » Workers failing to comply with safety rules
performance in breach of requirements * Lacking or inadequate worker training on safe
Category: human factor work at heights leading to breaches of

occupational safety laws and principles

* Inability to move around the work area and loss
of balance by workers resulting in slipping and
tripping that ultimately lead to injuries

Source Own work based on accident records and accident statistics from the Central Statistical
Office

4 Tasks Tools of Quality Engineering in the Development
of Safety

Other than helping to assess safety, accident statistics should be a reviewed to
motivate companies to strive to prevent non-conformities. Such assessments can
also improve occupational safety. For any follow-up measures to be effective, it is
vital to identify the root causes of any non-conformities. A critical factor for the
successful implementation of measure is also their nature. Companies should make
sure not to limit their safety in particular efforts to technical and workflow modi-
fications. Their endeavors should encompass all aspects of safety, including
human-factor related [4, 13, 14], which incorporate people’s perceptions of hazards
and their understanding of the need for safe performance. All these conditions
influence the selection of the appropriate tools to identify the problem.

For safety improvements to be successful, it is best to use instruments that
promote effectiveness. The choice of such instruments should follow from the
specific nature of the circumstances at hand and the stage at which measures are
taken. The scope and nature of improvements should be tailored to the nature of
non-conformities. One should also bear in mind that a limited knowledge of quality
engineering tools and of the ways to use them will inevitably force companies to
rely on only the simplest quality management tools.

In order to apply such tools to manage the working environment, companies
need to improve the way they perform their tasks [4, 5, 15] by means of quality
engineering tools. This applies to the four fundamental abilities [14]:
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— The ability to identifiability of the nature of non-conformities,

The ability to discern hazards and the related risks,

The ability to specify how the workers should comply with safety requirements,
The ability to objectively identify proper improvement measures.

To learn to manage and effectively improve the working environment, busi-
nesses need to identify the factors that bear on the conditions in which work is
performed [13]. The tools they use to that end must ensure accurate issue identi-
fication and properly accounting for the knowledge and training of the concerned
workers. This will ultimately allow the companies to design a proper response and
compose a sequence of measures that will improve the company’s overall perfor-
mance and set it on a path of growth [1, 3].

In the modern approach to the working environment that incorporates safety
culture management, employers are expected to set an example by behaving
properly and assume responsibility for the health and lives of their workers. This is
highly important in those fields of business in which the consequences of irregu-
larities are particularly grave [14, 16] and is related to the operating conditions of
the enterprise [17]. In such fields, quality engineering tools that foster proper
worker behaviors and help garner benefits should be employed.

The necessary minimum requirement in this context is to recognize the
non-conformities that affect the effectiveness of rectification measures. In choosing
quality engineering tools, companies should seek to acquire the capacity to [7]:

— Collect information on factors affecting the final outcomes of their actions,
— Specify the timeline and logic of the measures they envision,

— Select the best way to achieve their objectives,

— Identify mutual links between the individual measures they envision,

— Structure a large number of ideas and information regarding specific issues,
— Account for any and all factors affecting the final outcomes of their actions,
— Identify relationships among all requirements,

— Structure the causes of specific problems,

— Find new aspects of issues and new ways to address them.

These factors should be considered as guidelines for choosing the appropriate
quality engineering tools.

Table 3 brings together the quality engineering tools whose application helps
ensure the effective implementation of improvement measures. Their descriptions
and features do not limit their applicability to any single area.

The tools can be used to analyze issues and select best improvement measures.
In order for such measures to be effective, due note needs to be taken of [14, 18]:
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Table 3 The possibility of using a quality engineering tool

Task Available quality engineering tools
Accident analysis — Control chart — Ishikawa diagram
— Relationship — Brainstorming
diagram
Identification of non-conformity causes — Ishikawa diagram — Tree diagram
— Pareto diagram — Matrix data
— Relationship analysis
diagram — Control chart
Choice of improvement measures — Tree diagram — Affinity diagram
— Matrix diagram — Brainstorming
— Matrix data
analysis
Planning and conduct of improvement — Block diagram — Arrow diagram
measures — Action plan

Source Own study based on [2, 7, 13, 15]

— The physical working environment covering machinery and equipment and
workstation workflows and procedures,

— Worker behaviors that result from the way workers perform their duties, per-
ceive safety rules, share information, engage in cooperation and care for safety,

— Workers’ internal characteristics such as worker knowledge, skills and
motivations.

In performing improvement measures, companies may not lose sight of the
harmonizing aspects of working environment management.

S Summary

Accident-triggering non-conformities require improvement measures that ade-
quately reflect the nature of such non-conformities. Therefore, the characteristics of
all issues faced by a company need to be thoroughly identified followed by the
selection of improvement measures, whose deployment should reflect the results of
such identification. The improvement tools used for that purpose must reflect the
nature of the non-conformities [18] as a necessary condition for the effective rec-
tification of problems [13]. The study indicates that the possibilities in this area are
great.

Despite growing safety awareness among managers and rank-and-file workers,
accident rates persist at a high level. This drives companies to take action and utilize
proper improvement tools. Some tangible outcomes of the use of such tools include
better compliance with safety and health requirements demonstrated by reductions
in accident rates and efficiency improvements. The use of quality engineering tools
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helps view and examine problems comprehensively and select the best improve-
ment measures tailored precisely to the nature of relevant issues.

This requires identifying the most appropriate tools for specific applications to

achieve the intended effects.
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Abstract Organizations typically have a lot of indicators for their safety perfor-
mance. Nevertheless, the information is not always used efficiently, and the rela-
tionship between the indicators and safety outcomes is not clear. Maturity analysis
can provide information on how safety performance measurement can be devel-
oped. The aim of this study was to analyse the level of safety performance mea-
surement maturity in Finnish industrial companies. A maturity model for safety
performance measurement was used to analyse the current level. Analysis was
carried out with a survey (n = 172) addressed to four companies. A maturity matrix
was drawn up based on the results. The results showed that the current measure-
ment practices were rather advanced while the use of performance information and
commitment to performance measurement were inefficient. Several more detailed
development needs were identified. Managerial support and employee commitment
related to performance measurement and utilization of performance information
(e.g. in planning safety procedures) were found to link positively to safety per-
formance while performance measurement practices (e.g. scope of measures and
supportive information systems) did not have this link. In the future, the links
between performance measurement and management practices and safety perfor-
mance should be studied in more detail. Also a further qualitative study can extend
the explanations related to the results of this study.
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1 Maturity in Safety Performance Measurement

Nowadays, safety is a priority and business value in many companies. Measuring
and controlling performance is the foundation of any business management process,
and there is no exception for safety performance management [1]. Organizations
typically have a lot of performance information related to safety [2]. Nevertheless,
the information is not always used efficiently [3], and the relationship between the
indicators and safety outcomes is not clear [4]. Maturity analysis can provide
information on how safety performance measurement can be developed. Maturity in
safety can be defined as a certain level of effectiveness and performance with regard
to the management of safety and occupational health and safety (OHS) risks [5].
Maturity in performance measurement can be defined as a combination of three
aspects: scope, sophistication and satisfaction of employees [6]. Scope means the
various areas where performance measurement can be used and the scope of
measures in use. Scope can be linked to the comprehensiveness of performance
measurement [7]. Sophistication relates to the possibility to provide and use
information at a more detailed way which means both in-depth measurement
information and more specific organizational area. It is also important to
acknowledge the context where performance measurement is used. The ultimate
test for performance measurement is the decision of managers to utilize the pro-
vided information. Hence, employee satisfaction completes the understanding of
performance measurement maturity [6].

Maturity models have been widely used in different fields such as information,
strategy and performance management [6, 8, 9]. Maturity models typically define
maturity levels which assess the completeness and sophistication of analysed
objects. These objects are measured by multi-dimensional criteria with attributes
describing the different stages or levels of maturity [10, 11]. Maturity models can be
used both as an assessment tool and as an improvement tool [12].

Current maturity models with regard to safety typically focus on safety culture
and climate [12—-14] or Occupational Health and Safety (OHS) management system
[15]. It is known that good safety culture links to high safety performance [16, 17].
Recently, Jadskeldinen et al. [18] suggested a new maturity model for safety per-
formance measurement. The model has three main themes, namely (A) Safety
measurement practices, (B) Commitment and culture related to safety performance
measurement, and (C) Use of safety performance information. The model provides
information on why safety performance measurement might be flawed and how the
information could be used better. However, more research is needed in order to
understand the maturity level of safety performance measurement and management
and its implications on safety performance. The aim of this study is to analyse the
status of safety performance measurement maturity in Finnish industrial companies
and to identify the link between performance measurement and management
practices, and safety performance.



Safety Performance Measurement Maturity in Finnish ... 43

2 Materials and Methods

A self-evaluation survey was carried out in four companies participating the study
(see Table 1). Industrial companies representing both manufacturing and service
sector were selected as a target group. The survey tool was tested by two fellow
researchers and four representatives of the target population. The testing resulted in
minor changes improving the understandability and clarity of evaluation statements.
The online survey was sent to 488 respondents, and 172 answers were received
(response rate of 38%). The respondents included top management (9%), middle
management (34%), supervisors (26%), safety experts (19%) and other expert
duties (12%).

The survey was based on Jadskeldinen et al. [18] model and consisted of 20
evaluation items in three main themes: (1) Safety performance measurement
practices, (2) Commitment and culture related to safety performance measurement,
and (3) Use of safety performance measurement. Written evaluation criteria (see
example in Table 2) for four maturity levels was chosen to differentiate the model
from some earlier maturity surveys using Likert scales and to clarify the alternatives
to the respondents.

The answers were scaled from 1 to 4 points where 1 presented the lowest and 4
the highest level of maturity. Satisfaction related to each of the 3 main themes were
also enquired and scaled with a 5-point Likert scale (from 1 very dissatisfied to 5
very satisfied). The final responses were further classified into four profiles by the
average of performance points and the average of satisfaction points received
(Fig. 1). The profiles can be interpreted as follows: 1. “Novice” (Low employee
satisfaction and basic practices), 2. “Experimenter” (Low employee satisfaction and
advanced practices), 3. “Facilitator” (High employee satisfaction and basic prac-
tices) and 4. “Advanced exploiter” (High employee satisfaction and advanced
practices).

In addition, the level of safety performance in an organization (10 questions) was
evaluated with 4-point Likert scale (from 1 totally disagree to 5 totally agree).
Information about the current level of safety performance was gathered to measure

Table 1 The background information of the participating companies

Company Number of employees in Finland Respondents | Response rate
(approx) (%)

Company 1400 59 27

1

Company 1500 53 54

2

Company 6000 41 41

3

Company 450 20 45

4
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Table 2 Example of item-level evaluation with written criteria

A. Jaiskeldinen et al.

Level Item: links between safety performance measurement objects

Level 1 | Linkages between measurement objects have not been considered

Level 2 | Linkages between measurement objects are discussed

Level 3 | Factors explaining the main measurement results are partially identified

Level 4 | Linkages between measurement objects are analysed and modeled (e.g. with a

strategy map). There is a common understanding in the organization regarding the
factors that should be improved in order to affect the main measurement results

Fig. 1 Maturity matrix based

on the results of performance i 4.

. 3. Satisfied, S
measurement points and = low PM satisfied,
satisfaction points = score high e

<] score

o

=

=]

3]

s 1. 2.

£ Dissatisfied Dissatisfied
b low PM high PM

score score

1 2 3 4
PERFORMANCE MEASUREMENT POINTS

if safety performance measurement is linked with safety performance. Linear
regression analysis with bootstrapping of 1000 was used to investigate how per-
formance measurement practices, commitment and culture and use practices of
performance information drive the level of safety.

3 Results

Based on the results of the survey in four companies, a safety performance mea-
surement maturity matrix was drawn up (Fig. 2). The averages of all companies’
responses were similar. All the companies ended up in the category with high
performance measurement (PM) scores and high satisfaction with the current
practices. However, there is still room for improvement within maturity profile 4.

When maturity scores were analyzed by different respondent groups, the results
showed that the top management had more positive picture of safety performance
measurement than other respondents (Fig. 3) while supervisors especially had less
positive perception.

When maturity scores were analysed in the three main categories evaluated, the
results showed that the performance points decrease when moving from category A
(Safety performance measurement practices) to category B (Culture and commit-
ment related to safety performance measurement) and category C (Use of safety
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performance measurement) (Fig. 4). The respondents were also less satisfied with
the use of performance information than with performance measurement practices
or related culture and commitment. However, in all categories the respondents were
rather satisfied with the current situation.

In Category A, most practices were at a satisfying level but measuring
safety-related costs was an issue for all companies. In addition, companies take
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notes of factors predicting occupational safety, but the focus is still on lagging
indicators and the links between safety performance measurement objects are not
fully identified. In Category B, major development needs are related to employees’
commitment and engagement in developing measurement practices as well as
resources for systematic analysis of the current indicators. In Category C, major
development needs were related to systematically utilizing safety performance
information in planning, development, rewarding, benchmarking and supplier
evaluating.

The level of safety performance was on average pretty high, 3.86 (1-5 Likert
scale). It appears that the safety climate is good in the studied organizations, since
employees can talk freely about safety. However, employees might take risks when
the schedule is tight. It is the only statement where any of the participated orga-
nizations received results below 3. Interestingly, high score was received in relation
to supervisors’ encouragement for employees to work by safety rules—even when
the schedule is tight. It seems that encouraging is not enough to ensure that rules are
followed.

Regression analysis shows that the level of safety performance is most essen-
tially driven by the culture and commitment towards performance measurement in
an organization (Table 3). Also the practices of using performance information
have a role in improving safety performance. Surprisingly, it appears that perfor-
mance measurement practices as such are not significantly linked to the level of
safety performance. Overall the examined variables explain around 25% of the
variance in safety performance which is a decent amount. However, it is clear that
several other aspects than performance measurement and its supportive practices
and structures explain the level of safety performance.

Table 3 Links between performance measurement and management practices, and safety
performance

Factor explaining Performance Culture and Use of performance

safety performance measurement commitment measurement
practices

Regression coefficient 0.024 0.353 0.241

p-value N.S. <0.001 <0.05

R2 0.249

Adjusted R2 0.237

F statistics 20.308"""

F change 20.308""

“p-value <0.05; ““p-value <0.01; “"p -value <0.001
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4 Discussion

This study answered to the need to analyse the maturity of safety performance
measurement and the performance implications of safety performance measurement
practices. It gave an overview of the current level of safety performance mea-
surement maturity in four Finnish industrial companies. A recently developed
safety performance measurement maturity model [18] was used to analyse the
current situation.

The results showed that the level of safety performance measurement is in a
rather good state and the organizations are quite satisfied with their current prac-
tices. Even though the measurement practices were satisfying, the use of perfor-
mance information was inefficient and commitment to performance measurement
was insufficient. Resources for using performance information are limited and
systematic approach for using the information was lacking. Safety performance
measurement is not always being regarded useful in the community and the views
of employees are not taken into account when developing measurement practices.
These observations explain the argument by Sinelnikov et al. [3] stating that turning
data into action is a real struggle for many organizations and their indicators are
often data-collecting machines rather than means for continuous improvement
efforts. However, the results also show that only the use of performance information
(e.g. in planning safety procedures) as well as supportive employee commitment
and managerial support relate positively to the level of safety performance. It is
therefore clear that the next development efforts should highlight these supportive
practices and structures of performance measurement [16, 17]. In addition to
ensuring sufficient resources and commitment of employees, performance infor-
mation usage needs to be improved by paying attention especially to the use of
performance information in developing OHS competencies, in incorporating dif-
ferent examination levels to safety management (e.g. whole company, business
lines, units) and in managing safety of suppliers.

The results gave new understanding of the factors affecting safety performance,
its measurement and related development needs. In practice, the companies can
clarify their weaknesses and strengths and use the information to develop these
further. Moreover, the companies can utilize the analysis to follow the suggested
evaluation criteria to give direction to the advanced maturation levels, i.e. the
evaluation instrument would give insights on the next level of practices. In the
companies participating in this study, the results will be utilized through discussions
with employees and identification of targets for improvement by evaluating the
individual items of the survey. According to Chen [15], organizations often fail in
following a sequential maturation that models suggest. Hence, after the analysis,
organizations will need resources and support in order to reach the higher levels of
maturity.

A further qualitative study could identify more detailed explanations for the
results observed in this study. Also the quantitative data set could be extended in
order to enable comparisons of different regions and industries. Further, the links
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between measurement practices and safety performance should be studied in more
detail. This could include mediation analysis and use of more detailed variables for
safety performance measurement, its use practices and the level of safety
performance.
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with Education and Training Using
Immersive Reality
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Abstract Construction sites are dynamic and complex environments, making them
difficult to control and monitor. Construction safety prevents people from dying or
becoming incapacitated. It is a socially relevant issue that persists despite several
initiatives. To cope with the pressure of avoiding accidents development, safety can
no longer rely on traditional accident preventions measures. The project (CSETIR
—Construction Safety with Education and Training using Immersive Reality,
co-funded by the Erasmus + Programme of the European Union—http://csetir.civil.
auth.gr/) arises from the synergy between higher education institutions and con-
struction company provider to implement the use of smart technologies in proper
training. The digital tools allow the creation of instruments that simulate con-
struction scenarios allowing the identification and prevention of risks for teachers,
technicians, and engineers. This approved project aims at enhancing knowledge
exchange between representatives of three sectors to innovate the accident pre-
vention approaches through effective collaboration between researchers in the
virtual reality filed and construction companies. The project will develop innovative
and interactive VR/AR (Virtual and Augmented Reality) solutions based on BIM
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modelling capacities to prevent accidents and train workers. The project intends to
create usable tools for teachers, technicians, and engineers that will be used in any
construction project. Project also aims at offering training sessions online on an
online platform (project website, wiki) to grant learners and trainees access to
interactive material and resources. These tools will range from applications to be
used on smartphones to virtual reality contexts depending on the needs of training.

Keywords Construction accidents - Prevention - Augmented reality - BIM -
Virtual reality

1 Preamble

Most of the accidents that happen on-site are due to human failure. Manual mon-
itoring and supervision are prone to error due to blind spots, workers loss of focus,
awareness, and fatigue. As a result, serious injuries and fatalities are occurring. The
human error theories discuss that human error is the factor to be blamed for the
accidents, with specific work, and under the environmental circumstances.

According to the Occupational Safety and Health Administration (OSHA) in
2015, 937 (21.4%) workers out of 4379 workers had fatal accidents were from the
construction industry. U.K. construction industry is responsible for 31% of the
overall work fatalities. In Portugal, there are about 0.5 million employees in the
construction sector and has 41 fatal injuries per year. New worker’s first months on
the job have more than 3 times the risk for injury than workers who have been at
their job for more than a year. Since new workers are unfamiliar with the site
conditions, they are generating danger for themselves and other workers, by
unrealizing or underestimating risks.

This will affect the ongoing work-flow, other workers, lower performance and
schedule delay. In addition to the non-accounted cost, which is direct costs
(equipment damage, workers compensation, insurance, medical expenses, rehabil-
itation, etc.) and indirect costs (well-being, productivity and the morale of the
workers etc.). This is a major setback in terms of the financial status and the growth
of the project and the enterprise.

Although all workers receive training and orientation meetings, they are not
receiving on-the-job, hard-knocks-type training that simulates the site conditions.
Nowadays, students finish their education and travel abroad to work, and every
construction site is unique with different activities, schedules, approaches etc. In
that sense, the construction sites are full of international people speaking different
languages and from different backgrounds, many training programs are being made
and they are showing to be effective and elevating the safety statues, but they lack
the flexibility and the ability to adapt to the current site environments, and to be
malleable according to the students, workers needs and capabilities. Yet, these
traditional methods will leave out people with disabilities or have limitations or
special educational needs, as well as foreigners or immigrants.
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HEIs educational programs especially civil engineers and occupational H&S
(masters and Ph.D. programs), lack the IPD methodology, and even with the
research being done everything is just theoretical far from practical. This is because
of the detached link between the industry and the HEIs and VET schools. The
educational programs need to be upgraded based on the needs of the industry, to
give students more experience and preparation before going to professional life.
The need to bridge the gap between the industrial sector and the educational sector
is crucial for both entities.

2 Needs Analysis

Based on several systematic and literature reviews done by researchers, involve-
ment in several international conferences, H&S meeting, having effective members
inside H&S organizations, having several members involved in the construction
sector, several aspects were becoming clear. First, the research on integrating
technologies such as VR/AR, machine learning is considered relatively new, but not
getting enough attention. After holding a meeting with safety professionals, con-
tractors and consultants from several countries it seemed that enterprises were
isolated from academia. Lacking the advancements of technologies and tools that
might assist workers. Although some enterprises demonstrated some digital edu-
cation and training techniques, these methods were not reaching their full potential,
including a lot of limitations. These issues were an indication to start involving new
technologies in the industry. After BIM/VR/AR showed a lot of potential in the
research field and is a promising tool for education and training, CSETIR was
created [1]. This project will offer innovative and different education and training
techniques. VR/AR had been in the market for a while and a lot of research is being
done involving them, it is time these tools are put into the test and especially in
terms of H&S [2].

Taking “hands-on” experiences and the digital platforms like BIM and VR/AR
simulations will be an innovative way of transmitting the diverse group roles of the
construction site in a familiar language to the youths, supporting schools in their
efforts to teach and attracting students to continue their education with a creative
and interactive mindset [3].

CSETIR will be based on a network of innovative cooperation activities, through
the creation of active links with institutions. As a complement to these initiatives,
the digital tools look for a more practical approach of teaching H&S in various
environments based on integrated design “Project Based Learning” as a knowledge
acquisition tool. CSETIR aims to apply a methodology for collaborative and
hands-on work, integrating a broad vision concerning a project where all disciplines
establish a very close and interconnected communication - an Integrated Project.
The tools to support enhanced communication are defined as well as the training
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sessions to convey the skills to work with them. Students (VET/HE) will experience
a more practical and innovative learning approach in an environment, mimicking
their actual future professional careers.

The transnational nature of the project will portrait the work reality of interna-
tional teams, a practice that is becoming more common. Additionally, an Integrated
and Innovative Project methodology allows the development of an autonomous
learning attitude (learning by doing) and the exchange of knowledge between all
participants. Additionally, the activities will enable the interaction between students
from different countries and from complementary fields. Therefore, the project’s
activities must encompass different types of innovative experiences that will happen
in the partner countries to fulfil this vision [4].

3 Methods and Results

The relation with the reality of the professional world and the active involvement in
solving problems that affect local communities present aspects that require further
engagement by HE courses and research. Given that, HEIs play a decisive role in
training new professionals, efforts should also be formulated to raise the students’
awareness about their future professional and human roles in building a society.
Nevertheless, employability, attractiveness, and visibility of EU HEI and its cur-
ricula are becoming important subjects on the European agenda and its emphasis is
moving from a national to an international perspective. Few types of research is
being done in terms of H&S in construction, and how to prepare students to go into
the working environment, emphasising the need for adopting proactive strategies
and tools.

In this context, CSETIR’s design was based on joint analysis and on partners’
know-how and experience, to propose viable solutions. The specific aims for the
projected are:

e Developing, implementing, validating and tuning of interactive VR/AR approa-
ches to promote multidiscipline creativity, innovative thinking, and practical skills
in the digital era.

e Ensuring education and research are mutually reinforcing, and strengthening the
role of institutions in their local and regional environments:

e Explore synergies and stimulate greater dialogue between HE, enterprises and
VET schools, in the scope of community and outreach activities;

e Supporting the civic and social responsibility of students and institutions

e involving people with special needs in terms of mental or physical limitation.

To elaborate on the previously mentioned aims and objectives CSETIR includes:

e Contribute indirectly by encourage (VET) school students and its staff to interact
with HEIs.
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e CSETIR intends to promote best practice exchanges, supporting the develop-
ment of more varied teaching methods and personalized learning, in accordance
with the 2012 “Bucharest Communication” (Ministerial Conference-EHEA)
recommendation of promoting ‘student-centred learning’ characterised by
innovative methods of teaching.

e CSETIR pedagogic development together with its activities is expected to
mobilise institutions, teachers, and students. CSETIR interactive learning tools
development and maintenance of an open, collaborative repository, including
general construction information, tutorials and operational guides that support
the performance of specific tasks.

e Contribute towards the development and application of rules of thumb and
practical guides for Architects and Engineers.

By taking into consideration the listed aims CSETIR will be achieving and
focusing on the collaboration and knowledge exchange between the HEI and
enterprises the objectives of the Knowledge Alliances action will be met. In
addition, the advancement and innovation in an HR/VET education, business and in
the broader socio-economic environment, developing an entrepreneurial mindset
and skills. Nevertheless, allowing the collaboration between HE and enterprises.
CSETIR will be developed using a multidiscipline team having different educa-
tional backgrounds, involved to create an educational and training strategy which
will boost the H&S in the construction industries. Involvement of company staff
into teaching and research aiming at strengthening employability, creativity, and
new professional paths. Furthermore, help in opening new learning and research
fields. It will set-ups to trial and test innovative measures.

4 Discussion

The CSETIR project is following a collaborative and hands-on strategy to learning,
integrating a broad vision concerning a project where all disciplines establish a very
close and interconnected communication (an Integrated Project), where the exchange
of co-creation of knowledge between HEIs and enterprises is a key factor. This
methodology defines the responsibilities of the stakeholders during the project and
within all its phases. Furthermore, the tools to support an enhanced communication
are defined as well as the training sessions to convey the skills to work with them.
Additionally, an Integrated Project methodology allows the development of an
autonomous learning attitude (learning by doing) and the exchange of knowledge
between all participants. Providing students with multidisciplinary and collabora-
tive activities including training session. Therefore, the project’s activities will
encompass different types of international experiences that will happen in the
partner countries. The fulfilment of this vision requires the development of physical
and software resources (innovative integrated VR/AR tools), online content and
platforms (supporting the dissemination of knowledge and implementation of the
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results), and collaborative processes (to strengthen the transnational nature of the
project) [5]. This intends to portrait the work reality of collaborative teams, a
practice that is becoming common and useful. For the project, the development and
communication are essential to achieve the project goals of raising civic and social
awareness and contributing to innovation. students will also be experiencing a more
practical learning approach in an environment like the one they may find in their
future professional careers [6].

The tasks were developed according to the expertise of each partners. Besides
Project Management, and Quality assurance tasks, the project activities were
divided into 4 main groups:

1. Preparation

(a) Identification of the state of art in the field strategies, solution, trainings,
studies, technologies etc.

(b) Selection of an online platform for interaction with users and content
developers.

This WP is crucial in setting the grounds for the Development and
Implementation WP.

2. Development and Implementation

(a) Physical content: the interactive VR/AR tools.

(b) Learning content: Development of interactive movies, VR/AR models and
simulations, written materials/manuals, and other forms of pedagogical
publications.

Both “Physical” and “Learning” content must be adequate for different kinds of
interaction. These different types of contents are project outcomes, as described in
the appropriate section of the proposal.

3. Validation and Tuning

(a) Development of activities in laboratories, construction sites, workshops; and
other facilities, including local and international events to implement vali-
date and tune the solutions.

(b) Testing of the learning tools amongst other HEIs so they can be improved,
gauged and validated for Engineering Education and Training.

4. Exploitation and Dissemination events

(a) Considering user participation and location, activities can be divided in three
main groups: Lab centred events, site centred activities, Online activities.

(b) Content developed in this project will be designed to allow use in different
environments, when possible. For each type of activities, videos and man-
uals will be developed and made available online. That allows these
activities to be adapted or simply replicated elsewhere. This section is where
the data is interpreted. The author should include explanation of how the
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results are similar/differ from those which were hypothesized, or are similat/
differ to those related with experiments performed by other researchers.
Relating the results with theoretical context is recommended.

5 Final Comments

Having the project on an international level it is important for these types of
multidisciplinary projects for several aspects. On the industrial level, enterprises
and local governments have their own H&S regulations and guidelines, different
construction and natural environment, culture and educational backgrounds of the
working groups, types of projects, costs and legislations etc. International HEIs and
enterprises will be able to implement interactive strategies regardless of regional
policies and guidelines.

On an educational level, the transnational nature of the project will portrait the
work reality of international teams, a practice that is becoming more common.
Additionally, an Integrated Project methodology allows the development of an
autonomous learning attitude (learning by doing) and the exchange of knowledge
between all participants. Providing HE students with multidisciplinary and col-
laborative activities including advanced tools. Extended collaborations and com-
munications are essential for this project to achieve the project goals of raising civic
and social awareness and contributing to innovation. Enabling students to work
safely while knowing the international H&S standards and regulations, since
nowadays student’s mobility and traveling to work abroad for different reasons is
common. So raising the student’s awareness in an international point of view will
prepare them to face and work in any construction site, under any circumstance.
Additionally, the activities will enable the interaction between students from dif-
ferent countries and from complementary fields (architecture, engineering, com-
puter sciences etc.). Therefore, the project’s activities must encompass different
types of international experiences that will happen in the partner countries to fulfill
this vision.

As for having European cooperation not only will it strengthen the collaboration
and cooperation between students and workers, it will be helpful to raise more
awareness, and reach a wider audience. The added value of these learning/teaching/
training activities will be the possibility of different students in different countries
with different cultures and learning methodologies to be in touch with each other
and to experience a transnational “Project Based Learning” activity.

Different configurations for learning materials and approaches will be tested,
leading to a virtual information repository that can be accessed by any student
regardless of his/her location, allowing results to be compared, different scenarios to
be tested and even different local prototypes to be visited and understood, under-
lining the requirement to adapt engineering solutions to local needs. If this type of
project is done as a national, regional or local level it would not have the same
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strength and effectiveness as it being international. Students and workers would
have a narrow vision of risks and access to limited solutions. It is expected that this
project will provide efficient and effective tools to be used by the different stake-
holders to reduce accidents in construction sites and to progress towards a Zero
Vision transformed in reality.
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Abstract Conflicts between workers and health experts and their multiple
rationalities must always be considered in the risk communication process.
Disagreements are frequent in understanding occupational exposure to environ-
mental agents among stakeholders. The present study aimed to describe the evo-
lution of differences between experts and oil industry workers in Bahia, Brazil. The
Tool of Instructions to the Double was applied and the results followed over three
annual assessment cycles (2017-2019). In the observed period, a reduction in the
share of disagreements between workers and experts was identified: 25.2%
(n = 183) to 3.1% (n = 22), representing a percent variation of 98.9% relating the
understanding of occupational noise exposure based on normative classification.
The relations of conflict between workers and experts and the multiple social and
cultural dimensions must always be considered as an important challenge in
workers’ health. Thus, the use of models encouraging dialogue and value knowl-
edge from the experience of workers seem to be more appropriate in conflicting
contexts, enhancing risk control, protection and health promotion.
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1 Introduction

Risk communication is an area of intervention in the field of public health and the
environment, through the use of multiple methodologies, with the objective of
mitigating risks, answering doubts of groups involved and resolving communica-
tion barriers, aiming at its greater effectiveness [1]. Such communication, seen as a
technology for risk control and health and safety promotion, aims to understand the
sociocultural context of the worker, in order to add information to their knowledge
and experience, and should be done in a clear and understandable way [2]. This
communication may imply a formal or informal estimate if an event poses a high or
low threat to personal worker safety and, based on that perceived threat, indicate
how to respond [3]. Findings from empiricist research in the context of liberal
democracies, among other aspects, consider that people’s risk and values are dif-
ferent, probabilities can be difficult to interpret, and risk debates are conditioned by
their social/political text [4]. Thus, this practice is more likely to succeed when the
audience, rather than manipulated, is empowered [5]. In dealing with risk com-
munication, it is often perceived that while scientists determine risks, potentially
exposed populations perceive it. According to Beck [6], there are multiple
rationalities around risk, sometimes generating conflicts, particularly in the rela-
tionship between scientists/experts and lay people, and a distancing of views on the
subject, constituting a point of divergence in a supposed dialogue between the
interested parties. Monetization of risks, i.e., when risk reduction in the workplace
is not possible and the employer compensates the worker with additional consid-
eration compensation due to work in more severe typified circumstances [7], can
also be a situation that generates disagreements in risk classification between lay
people and experts.

According to Sato [8], the clarification of a proposal for risk communication in
the workplace from the knowledge of workers is not a new practice, having the
Italian Labour Movement (ILM) [9] inspired in Brazil, the obligation to prepare the
Environmental Risk Map by the Internal Accident Prevention Commissions (CIPA)
[10] Thus, the mapping of risks in the workplace, or simply risk mapping is
recognized as the first configured contribution of ILM. Although this model has as
its premises the formation of homogeneous groups, workers’ experience or sub-
jectivity, consensual validation and non-delegation, thus enabling the participation
of workers, it has been questioning how referrals and discussions take place
between employees and employers, on the findings of the risk map limited to the
floor plan design to be displayed somewhere in the company [11]. Other more
technically strengthened methods adapted from Occupational Health and Safety
Assessment Standard (OHSAS) OHSAS 18001:2007 [12] and known in Brazil as
Preliminary Risk Analysis for Occupational Hygiene (APR-HO) have been used.
APR-HO is a formative document that aims to characterize and recognize the
exposure to occupational hazards of workers in a company, through field research
and information collected after observing the activities performed in the occupa-
tional environment. As it can be verified from observation and interview, it does not
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the highlight workers’ perceptions about potential risks to which workers may be
exposed, and further validation by the group of workers belonging to the homo-
geneous exposure group is consequently recommended.

This study aims to describe the evolution of divergences about environmental
risks between workers and experts in an oil company in Bahia, Brazil, based on risk
communication premises, considering the elaboration of APR-HO as a complex
integrator of experiences.

2 Materials and Methods

This is a descriptive study, developed over 3 cycles of annual periodic occupational
assessments, from January 2017 to September 2019, where 2116 workers in various
positions of an oil industry in Bahia, Brazil were individually evaluated. The
evaluation was performed by occupational hygiene experts and, at the same time,
the worker was assisted by a working physician, dealing with exposure to risks in
an interdisciplinary manner, considering the environment and the individual,
respecting the specific aspects of each subject involved (interdisciplinary). The
professionals had on average ten years of experience in the area. The occupational
evaluation range 15—40 min.

The evaluations followed the following procedures: (i) presentation of APR-HO,
produced in advance in the field through direct observation of the workers’ activ-
ities, (ii) discussion and validation of APR-HO, (iii) guidance on the use of
equipment personal protective equipment (PPE), respiratory protection equipment
(RPE) and chemical handling, (vi) performing mask screening test, (for workers
eligible for the respiratory protection program), (v) delivery of PPE and (vi) up-
dating records in computerized systems. By internal procedure, an APR-HO is
considered valid when the simple majority of the population that makes up the
homogeneous group (50% + 1), is in accordance with the description of environ-
mental risks and exposure times for each of the agents.

Workers who expressed disagreement with the risk description were selected and
visited at their workplace by a field team. In this practice, and individually, the
workers were submitted to the Tool of Instructions to the Double [9, 13], a
methodological approach based on the assumption that the worker has a degree of
knowledge (experience) that the expert (in their field as workers) does not have. As
Clot explains [14], this methodology implies group work in the course of which a
volunteer subject receives the following task: “Suppose I am your look-alike and
that tomorrow I must replace you in your job. What instructions should you give me
so that no one notices the replacement?” With this, the worker is invited to think
about what is performed automatically and usual, which seems simple, but which,
when detailed, allows to glimpse how much of unprecedent, creative and specific
there is in every work activity. During this period, the percentages of “disagree-
ments” with the risk mapping performed by occupational hygiene experts in the
field were followed up.
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The study was approved by the Research Ethics Committee of the Bahiana
School of Medicine and Public Health and CAAE no. 84318218.2.0000.5544.
Before participating in the study, all subjects gave their informed consent for
inclusion.

3 Results e Discussion

From January 2017 to September 2019, the percentages of workers who disagreed
with the experts regarding the exposure to environmental risks described in the
APR-HO showed significant variation, maintaining a downward trend, as shown in
Table 1.

A reduction in the number of workers in disagreement during the period from
2017 to 2019 was observed from 25.2 to 3.1% (from 183 to 22 workers). In this
period, a smaller movement of workers in this unit (inputs and outputs) can also be
observed, suggesting that the same population was subjected to the methodology
for consecutive years, consolidating the knowledge about risks in the workplace
and, at the same time, their experience contributing to improve field expert
assessment methods. In general terms, the disagreements were based on the
understanding on the part of the worker that the mere existence of noise in the
working areas was enough to cause some injury. Therefore, the layperson did not
consider for this judgment the limits imposed by the health and safety rules in force.

Table 2 presents the categorization of workers’ disagreement regarding exposure
to environmental risks.

The analysis of Table 2 shows a significant reduction in all categories of dis-
agreement, with the most significant variation being between 2017 and 2019 (—20
to 100%). In none of the categories is identified an aggravation, except for the “All
previous options” category, which presents a considerable aggravation between
2018 and 2019 (300%). However, with the best results (2017-2019), the categories
of disagreement between workers and specialists, namely “Other” (—100%), “Risk
category” (—94.1%) and “Described activities” (—93.0%), are highlighted. Overall,
total disagreements had an effective reduction of 98.9%

The categorization of disagreements enabled an approach directed to the specific
needs of each worker, resulting in a significant improvement of workers’ under-
standing of risk exposure. Considering a better workers acceptance in under-
standing the risk to which they are potentially exposed, it is necessary to understand

Table 1 Disagreement between workers and experts regarding exposure to environmental risks

Year 2017 2018 2019

n (%) n (%) n (%)
Disagreement 183 25.2 36 4.9 22 3.1
Total 726 100 737 100 716 100
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Table 2 Categorization of workers’ disagreements regarding exposure to environmental risks
(2017-2019)

Disagreement Categories 2017 % A 2018 % A 2019 % A
n (%) (2017- n (%) (2018- n (%) (2017-
2018) 2019) 2019)
Identified risk agents 35(19.1) | —62.9 13 -23.1 10 -714
(36.1) (45.5)
Described activities 43(23.5) | —90.7 4 (11.1) | —25.0 3(13.6) |—-93.0
Frequency/duration of risk 36 (19.7) | —86.1 5(13.9) |-20.0 4(18.2) |—88.9
exposure
Risk category 17 (9.3) -23.5 13 -92.3 14.5) -94.1
(36.1)
All previous options 527 —80.0 1(2.8) 300.0 4 (18.2) |-20.0
Other 47 (25.7) | —100.0 0 (0.0) 0.0 0 (0.0) -100.0
Total disagreements 183 —-80.3 36 (100) | —38.9 22 (100) | —98.9
(100)

Notes to the table: disagreements reduction in bold

that the work activity is not an object given to a researcher who would collect it, but
an object to be built and rebuilt, in partnership with the protagonists of the work
under review. This is because the activity is not limited to what can be directly
observed, recorded and quantified, and confrontation and verbalization of the
operator is essential [15].

In this sense, theoretical contributions provided by ergonomics are appropriated,
as a discipline that also explores the environment and its interaction with operators.
The method developed by Oddone et al. [16] was also able to unravel the lines
between work, based on four assumptions, in the form of concepts: the homoge-
neous group, the experience, or subjectivity, of the worker, the consensus validation
and non-delegation. It is necessary to understand that all living beings have nor-
mative capacity and that the curiosity and the search to learn from others is a
driving force [17]. Considering a better acceptance in understanding the risk to
which they are potentially exposed, it is understood that the work can be built and
rebuilt, in partnership with workers and specialists. This is because the activity is
not limited to what can be directly observed, recorded and quantified, being
essential to confront and verbalize the worker [18].

4 Conclusions

It should be noted here that risk communication prescribing risk prevention and
protection norms and conducts must be aware of the fact that these may be unre-
liable and acceptable to the population. Thus, conflicting relations between workers
and experts and the multiple social and cultural dimensions must always be con-
sidered as an important challenge. Thus, the use of Technique of Instructions to the
Double encouraging dialogue and value knowledge from the workers’ experience
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seem to be more appropriate in conflicting contexts. In order to minimize conflicts,
enhancing risk control, protection and health promotion using communication
strategies, it is necessary to analyse the sociocultural mediations involved.

Acknowledgements This research was funded by FCT — Fundagdo para a Ciéncia e a
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Abstract The Civil Construction Industry is considered dangerous due to its
dynamic nature. Occupational safety and health management systems establish,
implement and maintain processes for monitoring, measuring, analyzing and
evaluating safety performance. Most of the current proactive monitoring practices
rely on manual efforts that, not only require a lot of work, but are also prone to
errors. The main objective of this research is to propose a Worker Location-Based
Safety Performance Indicator (PI), based in a technology for collecting data in a
real-time procedure via sensors. The developed PI has potential to assist in mea-
suring one key issue in construction site safety, i.e. determining the number of
proximity events to hazardous areas. Using the proposed key PI as a leading safety
indicator, safety performance of each worker can be taken into evaluation. It is
feasible for a construction site safety manager to identify frequently occurring
proximity hazards before incidents happen. The importance of this study is linked
to the possibility of providing, using the proposed key PI, safety level scores that
may improve safety in construction sites.

Keywords Key performance indicator - Leading indicator - Safety -
Civil construction industry

1 Introduction

The Civil Construction Industry (CCI) is considered one of the most dangerous
industries due to its dynamic nature, which leads to high rates of work accidents.
For occupational safety and health management, construction companies must
establish, implement and maintain processes for monitoring, measuring, analyzing
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and evaluating safety performance. Based on the information on how a system is
working, it is possible to act on it to improve the situation if needed. Key
Performance Indicators (PIs) enable the assessment task to measure how good the
system is, allowing benchmarking different systems and prioritizing the actions, and
they might even show a reason for the inappropriate operation and give indications
of what should be done [1].

A PI can be classified according to its focus of measurement. If the focus is on
past results it is considered a lagging indicator. If the focus is on events that have
the potential to influence results it can be considered a leading indicator. Thus,
lagging PIs provide information of past events and support reactive actions to
improve results, while leading PIs provide information of events that support
proactive actions to improve results [2].

Current proactive monitoring practices depend on manual efforts which are
laborious and prone to errors, so construction companies have been looking for new
technologies to aid in safety management. An example of a solution and object of
study of this work is Smartsafety, a technological platform with pro-active real-time
safety technology, by which it is possible to warn and alert personnel immediately.
The goal of this paper is to design a PI as a post processing effort to convert the data
into information in order to add value to SmartSafety technology supporting
decision making.

The importance of this study for industry is related to the possibility of pro-
viding, using the proposed indicator, safety level scores for construction sites that
may result in improvements in the workers’ health and safety.

This paper is structured as follows: second section introduces theoretical back-
ground related to safety indicators, the technology used in the platform, the plat-
form itself and some technical issues related to the PI. The third section presents the
method used to create this PI, and in the fourth, its attributes. The last two sections
present discussion of the developed performance indicator and overall conclusions.

2 Theoretical Background

2.1 Safety Performance Indicators

A safety PI is a way of measuring changes in the level of safety over time as a result
of the actions taken. The main objectives of safety Pls are: (1) to monitor the level
of safety in a system; (2) decide, where and how to act; and (3) motivate those who
can take the necessary steps to do so.

Safety PI such as accidents, its frequency, severity and days of absence are
traditionally used by organizations to comply with legislation. Such PI are relatively
easy to collect, understand or benchmarking; and are useful in identifying trends
over time [3]. However, these PI have been criticized for several reasons. They can
be classified as lagging indicators that support reactive actions when the safety
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levels deteriorate. Regarding the CCI, registrable injuries are generally not valid nor
stable when measured in a single construction project due to the fact that, even in
very large construction projects, the frequency of accidents and injuries is insuffi-
cient to calculate a significant rate, and the absence of accidents in one place does
not necessarily mean that it is safer than another in which an accident occurred in
the same period [4].

In this way, the use of accident numbers as the only safety indicator for con-
struction sites is, in most cases, inappropriate, also they measure the absence of
safety [5], therefore cannot be considered as a direct measure of the level of safety
in a work system. Thus, even if a construction site does not present accidents, there
is no guarantee that safety risks are being controlled and that accidents will not
occur in the future [6]. It can also be concluded that number of accidents is a
lagging indicator, as the accident is a consequence of hazard situations. Thus, the
development of safety performance indicators should adopt leading indicators
related with preventive safety measures.

For these reasons, new methods are being proposed, based on measures con-
sidered proactive, that represent how well the company is in terms of activities that
prevent accidents and promote quality of life in the workplace, reflecting a more
effective level of safety. For example, research on proactive safety indicators has
studied the relationship between the quality of the work environment and occu-
pational safety to calculate a safety index. Finally, the same study found a corre-
lation between a higher safety index and a lower accident rate [7]. Another example
found in the literature is a project that resulted in the safety monitoring method
known as TR (Finnish word acronym meaning “civil construction”). It is a method
of observation to determine the percentage of correct items in terms of work habits,
scaffolding and ladders, machinery and equipment, lighting and electricity, fall
protection and organization. From the feedback on the weekly audit system based
on TR observation method, the participation of workers and performance man-
agement principles, the safety level of a construction site that served as a pilot study
increased, suggesting that proactive PIs are more trustable to implement on a
company [6].

Most of these proactive monitoring practices rely on manual efforts that, not only
require a lot of work, but are also prone to errors. To overcome it, data collection
technologies have been developed.

2.2 Technology for Data Collection

The CCI presents a dynamic work environment, the evolution and constant changes
in workflows and people make it difficult to control safety by conventional meth-
ods. Safety performance is generally observed, evaluated, and measured manually,
so there is not a frequent collection and share of information [8]. These limitations
of current practices can become a bottleneck for rapid and accurate decision making
at construction sites [9]. The use of technologies becomes an important ally to
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promote security since it allows the continuous collection and analysis of data, as
pointed out by several studies [§—11]. The automated monitoring is an innovative
approach that promises to address these problems [11]. Among the benefits gen-
erated using this type of technology in the CCIL, it is possible to highlight the visual
management. Availability of information generated in real time, automatically,
continuously and easy to interpret is a good support for decision making [6, 8, 9].

Safety monitoring at construction sites is one of the areas of application that has
benefited the most from real-time tracking and visualization [9]. For example [9]
and [10], have developed systems for transmitting safety-related information from
various construction projects to a centralized database where real-time safety
indicators are generated. Both were tested in pilot studies with positive safety
results. Another technology that can also be converted to real-time indicators is
related to the tracking and location of workers, which can be automatically com-
pared to previously identified areas of risk or to the location of moving objects. In
[8] it is presented a system that detects static and dynamic risk areas in a con-
struction site from sensors that automatically collect spacetime conflicts between
workers and identified risks. Using a similar technology, the research [12] analyzed
the behavior of the workers in these conflicts, and with safety training and feedback
of the data collected, it was observed an increase of awareness and consequent
decrease of unsafe behaviors.

Information regarding workers behavior in relation to hazardous areas usually
involves location and movement of workers which can be analyzed to assist safety
improvement in construction sites [13]. Concerning safety in construction, workers
engage in unsafe behavior by a lack of safety awareness, a macho culture, work
pressure, coworkers’ attitudes and other organizational, economic and psycholog-
ical factors [14]. It is hard to predict how and when such things may impact in the
workplace. Looking more specifically at some of the underlying organizational
factors linked with the construction site environment, it is apparent that the fol-
lowing are common and yet hard to control in terms of impact on safety behavior
[15]: (i) the differing nature of each project and the subsequent need for customized
safety training and induction; (ii) The transient and sub-contract nature of the
workforce on projects; (iii) the variable worker population over the life of the
project—the people on site change regularly; (iv) the way the work environment
and the object under production are the same thing, therefore the physical work
environment changes daily—as does the safety environment—until the product is
finally reached.

These issues are not easily controlled by pre-construction planning alone but
must instead be managed as dynamic variables during construction. Existing efforts
have tended to focus on enhancing safety management procedures, protective
measures, signage, and providing safety training [15].

One of the potential benefits of the real-time tracking and alerting technology is
that it can provide individually based feedback that has the potential to be quickly
and simply understood by a wide variety of users—thus dealing with quite a few of
the bullet point items mentioned above. What this article proposes, however, is a PI
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regarding safety level scores obtained through a technologic platform. It may
improve safety in construction sites by a post processing effort to convert the data
gathered by this real-time tracking technology into information.

3 Method

The SmartSafety technology platform developed by the company was studied in
relation to its functionalities [16]. This step was fundamental to understand the
database that the platform produces, and which PI can be constructed from such
data. For this, a document analysis was made of the materials available for con-
sultation: the platform user manual and project work plan. The literature was
revised to gather information on the methodologies that have been commonly used
to monitor the safety performance of the CCI and the functionalities of the
Management System were considered to guarantee the adjustment of the method-
ology to the reality of the platform.

In order to design the PI, the following attributes were defined: title, purpose,
relates to, target, formula, frequency, who measures, source of data, who acts on the
data, what do they do, notes and comments [17].

4 Design of Worker Location-Based Safety Indicator

4.1 Context, Platform for Data Collection and Control

The key PI proposed in this paper is applicable on any construction site that uses a
platform called SmartSafety. By using this technologys, it is possible collecting data in
a real-time base, and further post-processing and analyze it in order to create some
decision-making procedures to improve this specific PI. Hence, the Worker
Location-based Safety indicator is proposed to enable monitoring behaviors of
workers based on their location, not to measure their performance, but to improve their
safety conditions. The SmartSafety platform can provide to the managers information
about the location of the workforce, an interactive view of ongoing risk activities and
the proximity of workers to high risk areas, a versatile way for workers to receive
alerts, allowing the reinforcement of safe behaviors at the construction site.

Dangerous zones can be identified and tracked by detection technology, so it is
possible to manage the risks associated by assigning permission to workers to have
access to such areas according to their assigned permission [16]. A “cone” can be
placed on the hazardous areas in the construction site, such as work areas with
hazard of falling from height (Fig. la). Although the construction schedule is
dynamic, hazardous areas as the one exemplified in Fig. la have temporary
locations.



70 A. M. Reis et al.

(a) Cone with visual alert. (b) Beacon on the helmet.

Fig. 1 Smartsafety technologies

A wearable and interactive technology solution was adopted for the workforce,
incorporated into the safety helmet. In each helmet there is a beacon (Fig. 1b) that
transmits the identification of the worker who is in the area of risk. If the worker is
not allowed to access such area, the cone generates a beep and light signal (Fig. 1a),
alerting the worker about the prohibition.

Once the detected distances between workers and the surrounding controlled
areas are less than a permitted safety value, the warning signals are triggered and
sent to the real time locating mechanism, which retransmits the signal to activate the
warning devices, then the manager receives real time notifications as an alert,
identifying the worker(s) in unsafe locations. Workers who choose to ignore
warning signals and head toward hazardous areas are regarded as exhibiting unsafe
behaviors while those who take actions such as turning around or leaving the area to
avoid possible dangers are regarded as exhibiting safe behaviors.

4.2 Formula and Target

Based on smart safety functionalities regarding hazardous area monitoring, it is
suggested that the records of each location-based behavior be converted into per-
centage indexes, according to formula of Eq. 1 [13].

SI(%) = NSB/(NSB + NUB) * 100% (1)

where, Ngg is the number of observed instances of safe behavior, Ny is the number of
observed instances of unsafe behavior, and Ngg + Nyp is the sum of all instances of
the previously specified safety-related behavior. Workers who choose to ignore
warning signs and access danger zones exhibit unsafe behavior, while those who
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avoid potential hazards are viewed as exhibiting safe behaviors. As the number of
unsafe behaviors increases, action is needed to control the occurrence of accidents.
Therefore, this indicator can also be called the proactive index or leading PI.

A similar PI was used in a pilot study at a construction site in Hong Kong in
which an experiment was conducted with 198 workers. During this period, training
was conducted for workers and subsequently the safe behavior index was increased
from 60% at the beginning of the experiment to 90% after nine weeks [18]. The
application of this similar real-time alerting technology used for daily construction
operations has suggested the effectiveness of the proposed approach for improving
the safety in construction sites. It is expected to see a significant increase in the
safety of construction sites, since it helps workers to recognize areas of risk,
increases communication and transparency in the process and enhances employee
autonomy and engagement. The target for this PI is to achieve 100%.

4.3 Attributes of the Performance Measure

Based on the above, Table 1 summarizes the attributes of the key PI proposed in
this paper. As the system works based on real-time measurement system, streams of
data will be created over continuous time. The data analysis mainly depends on the
goals. Since the historic of workers safe and unsafe behaviors are recorded over

Table 1 Attributes of the performance measure

Title Worker location-based safety indicator

Purpose Enable to monitor the safe behavior of workers based on their location
Relates to Continuous monitoring and improvement

Target 100%

Formula Equation 1

Frequency Real time

‘Who measures

Software—Smartsafety

Source of data

Location-based sensors

Who acts on the
data

Safety staff (safety supervisors and project managers)

What do they do

Safety supervisors and project managers can: (1) encourage and reward
workers who behaved safely; (2) interview workers who did not behave
safely and discuss their behaviors; (3) provide retraining to workers who
did not demonstrate the necessary safety skills and safety awareness;

(4) Set up a continuous improvement group to identify reasons for poor
safety performance and to make recommendations as to how safety
behavior can be improved; (5) Publish all safety performance data as a
means of demonstrating commitment to empowerment

Notes and
comments

Location-based safety indicator scores can be generated according to a
variety of parameters: (1) individual; (2) by category; (3) by project
team-level; (4) daily or weekly; (5) scores for different subcontractors
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time, managers have access to analyze and evaluate data in different time intervals
i.e. hourly, daily or monthly. In order to calculate Eq. 1, it is required to define
update time for this formula to be able to reset the calculation, what generally
dependent on managers decision; changing this update time, in general, has no
influence on the formula.

The PI may not give the expected result until the technology do not reach the
stage of “human factor” testing, meaning testing how well the technology interfaces
with and influences human safety behavior on site. According to the culture of each
company, it might be easier or more difficult to adapt to some rules on how to
interact and react to technology. If people feel that they are being controlled with a
punishing purpose, its most likely that they will not cooperate with the safety
system. Also, on construction projects, hazard identification is often far from ideal,
so it is essential to review and update potentially dangerous zones.

5 Conclusion

This research developed a safety worker location indicator based on a platform
named SmartSafety, which provides real-time pro-active warning and alert tech-
nology. This is done by defining hazardous areas in the construction site and then
implementing real-time location-based technology, to monitor and quantitatively
visualize the safety level based on workers location and subsequently producing
timely reports for both workers and construction stakeholders.

The developed approach has potential to assist in measuring construction site
safety, determining the number of proximity events to hazardous areas. Using
Worker Location-Based Safety Indicator as a leading safety indicator, safety per-
formance of each worker can be taken into evaluation. Once such ratings are
available, it is feasible for a construction site safety manager to identify frequently
occurring proximity hazards before incidents happen. Actions that prevent incidents
can be taken ahead of time. This system has an effortless data collection mechanism
which gives the stakeholders situational awareness and helps decision-makers to
find better solution for improving safety level. The use of this system may reduce
construction costs related with injuries, fatalities and insurance costs. As a result,
this system is capable of measuring safety and improve safety management efficacy.

For future work, it is proposed to consider the severity level of each dangerous
zone by applying different weights to refine equation and the worker location-based
indicator data can be analyzed to understand workers behaviors.
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in Urban Rehabilitation Works ke
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and J. F. Silva

Abstract This research purpose concerns a major challenge facing civil con-
struction today: to promote, safely, the rehabilitation of historic centers. This
problem occurs due to several factors, either due to the difficulty of removing debris
from a work in historic centers, or because one does not know what the balance of
some constructive elements is. Also often in buildings of historical areas is
mandatory to maintain the facades. Therefore, this procedure must be carried out
very carefully, in order to avoid instability in the structure, which can lead to
serious or fatal accidents, since these are high-risk tasks and preventive measures
must be effective. A very effective alternative is the use of wooden beams to act as
shoring of facades, exerting an opposition to the operant compressive forces.
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1 Introduction

1.1 Population Flow

Nowadays, around the big cities there is typically a housing complex where many
people live, usually called dormitories. There was a movement of people from
urban centers to the periphery [1]. It is therefore necessary, for the municipalities, to
make a good management of the urban infrastructures and of the peripheries of the
cities. It is essential to find out where there will be concentration of people and
manage the issue of location and conditions of real estate, overcrowding, traffic and
mobility of residents. It is the responsibility of the urban infrastructure planning of
the municipalities and the outskirts of the populous cities to carry out previous
studies in the region to organize and limit the supply of real estate in order to avoid
that the region bear more people than it usually does [1].

In addition, an alternative that has proven to be effective enough to support the
large population in urban areas is the rehabilitation of historical centers, enabling
dwellings, previously uninhabitable (especially for safety reasons), to house people
with the purpose of restoring the constructive systems and promoting good housing.

Rehabilitation, according to Rocha and Calejo [2], should be considered as an
evaluation opportunity where the need is considered to perform a series of opera-
tions to make a building operational again according to current standards. It is,
therefore, an act that encompasses all actions designed to ensure knowledge of the
characteristics of the building and the study of the operational and constructive
anomalies that affect it, including all decisions resulting from the objectives behind
the act of rehabilitation. The rehabilitation of historic areas is of the utmost
importance, either by giving a new life to a vacant building, or by reusing a space
that was unused or uninhabited, or according to Rocha et al. [3], for the use of all
resources available on a need to build more efficient and sustainable buildings,
much to the scarcity of some of the resources, in an understanding of how the
project author has today to design, build and maintain the work of architecture.

1.2 Difficulties and Risks

Urban environments have been expanding constantly. However in the last three
years there has been a demand for housing in historic centers, which had been
uninhabited for years and without any type of restoration. According to Salgueiro
[4], the historical centers, besides being “the oldest parts of the city”, constitute a
“succession of testimonies from various eras, a monument that brings us alive the
past, gives us the temporal dimension with the sequence of facts that structure
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identities”. The need for restoration is observed to meet the needs of a growing
population. In most cases, very old cities expose irregular plants that lead to a
disorderly flow of goods and people in these areas, in addition to presenting eroded
buildings with no protection. After a certain interval of time without dwelling, the
constructions deteriorate. At the moment they are unsafe or unfit for use, it is
necessary to restore them.

The process of the demolition for the subsequent restoration is not limited to
throwing down walls in a disorderly way, throw everything down and transform the
property into a field full of rubble. In this act, carried out by an engineer (planning
the work), it is possible to check the structural elements of the building and some
danger zones. In the possibility of fragile parcels, allowing the risk of collapse, the
responsible professional must identify and determine the correct sequence for the
demolition to take place, eliminating or minimizing the risks [5].

It is fundamental to carry out a survey of the work with special risks in order to
program safety in construction. Rehabilitation works must be carried out by
experienced laborers, specialized companies, and practiced by a qualified techni-
cian. The most common risks include: the uncontrolled demolition of all parts of the
building, the fall in height of people and materials, noise pollution, the projection of
dust and particles, damage to neighboring structures and arising from them.

It should be noted that it is recommended to carry out the Neighborhood Report,
to avoid problems with the neighbors. Such a study ensures the state of conser-
vation of the real estate around the worksite for damages during the demolition of
the elements of the building that is intended to restore, determine responsibilities if
it is necessary to make repairs or ask for compensation.

A building permit is required, both for construction and for demolition, where
the building in question is located. The hiring of a demolition company is another
relevant issue that must be taken into account. The company must provide the
contractor with a complete and detailed description of the demolition process that
will be carried out.

The clauses concerning the safety of workers must be present in the demolition
plan. It should be borne in mind that, in a demolition work, the risk of accidents is
greater than in a construction site, since the act of building is more common than
the act of demolishing. According to Bowie et al. [6], research has shown increased
levels of lead in environmental dust during the demolition of lead paint houses in
Baltimore, Maryland, and increased dust on streets, alleys and sidewalks. During
this study, community residents and organizations provided reports of other con-
cerns about current demolition practices, including lack of prior notification and
health education, and minimal efforts to control dust, rats, wastewater, and public
access to sites.

Bowie et al. [6], in an investigation study, it was verified an increase of the levels
of lead in the environmental dust during the demolition of houses containing
lead-based paint, in Baltimore, Maryland, and an increase of the dust in the streets,
alleys and sidewalks. During that study, community residents and organizations
provided reports of other concerns about current demolition practices, including
lack of prior notification and sanitation education and minimal efforts to control
dust, rats, wastewater and public access to sites.
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Thus, before the demolition processes, a detailed study of the structure to be
dismantled and those in the vicinity should be carried out. In this sense, a Specific
Safety Plan becomes an element of paramount importance, since it highlights each
task to be carried out, ordering and the form of execution. Also, the aerial lines,
cables and pipelines existing in the vicinity must be signaled and protected and,
with fences, be bounded by the whole area surrounding the building to be
demolished. Likewise, the appropriate location for the removal of the debris should
be selected and ensure that all entrances to the public service such as water, elec-
tricity and gas have been properly closed and insulated. Otherwise, accidental
damage to these conduits can compromise the supply of the entire neighborhood
and generate an expense to the owner.

With regard to public protection, the standard is to isolate the zones conditioned
to the movement of machines and equipment with sidings, nets. It is mandatory to
place warning signs in the surrounding area of the building.

A Demolition Plan is essential to carry out this work, a complement to the
Health and Safety Plan (PSS), whose main objective is to establish the procedures
to be observed in demolition, assisting the actors and guiding the means involved,
with a view to the application of prevention and safety measures, seeking to
minimize and eliminate the observed risks.

The demolition process follows some essential steps, which are identified below.
After removal of the roof and the slab of the treadmill, it is continued to demolish
the last floor. When recovering massive bricks and some partitions, it is necessary
to carry out the work manually. Then the walls are demolished, with the help of
water in the presence of gypsum plaster, thus reducing the formation of dust, then
the removal of balconies or other existing consoles short with the help of levers and
picks. Then the removal and transport of the wood floor for reuse is started, with the
removal of the wooden beams supporting the floor. This whole process is repeated
on the remaining floors, from top to bottom until arriving at the ground floor, in the
case of total demolition of the building, with the proper accompaniment and dis-
assembly of part of the scaffold, the height of the floors already removed and
always taking into account that the access stairs to the upper floors and the
respective handrails should be the last elements to be demolished. After the work is
completed, excavators are used to remove debris still in place for transport trucks to
treatment or storage areas.

2 Study Case
2.1 Methodology

A study case was chosen to confront the safety problems associated with the
demolition and rehabilitation of historic centres. It is a single-family dwelling
located in the historical centre of Vila Real, more precisely at Rua da Misericordia,
n® 59, 5000-653 Vila Real. This housing was built on two floors and has been
rehabilitated, since it was in an advanced state of degradation and with little safety,
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hygiene and comfort. Works have been programmed to remove the partitions and to
implant traditional masonry and dry wall inside the wet environments. Safety
conditions surrounding the walls and neighbouring buildings, and the way wooden
beams are anchored to these walls were implemented to ensure greater safety for the
work to be done. According to Cristina et al. [7], during the shoring of the facades,
there must be a special attention to the current state of the walls and, if necessary,
carry out some repairs to prevent the collapse of the structure, when it’s preceding
the shoring of the facades, with disastrous consequences that may even be fatal.
A shoring poorly built, has the potential to collapse part of the structure, making it
vital that this kind of intervention have to be designed by structural engineers or
other competent professionals.

Figure 1 shows the general appearance of the building, after demolishing the
interior, by the manual demolition method.

In a preliminary phase and to allow the containment of the facade in a safe way,
since the beams were in good condition and nailed to the facade, they remained
until the end of the construction of the work, as it can be seen in Fig. 2.

Only after the containment of the building facade (Fig. 3) it is possible to work
safely, so as to offer no additional risk to the workers. Then the concrete slabs were
made using reinforced concrete. As the slabs were being executed, they increased
the stability of the building, allowing the work to be carried out safely and without
any kind of accident.

Fig. 1 General appearance of the interior of the building after demolition of its interior
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Fig. 2 Containment of facades with two existing beams

.

Fig. 3 Metal beam and facade containment
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3 Conclusion

According to Apolpia et al. [8] the term, urban regeneration, is synonymous of
rehabilitation or urban renewal. Whatever the mode of expression, this term is
based, therefore, on a set of action principles, aiming at the sustainable development
of cities. The problem of urban growth can be tackled effectively through the
rehabilitation of historic centers. The rehabilitation of historic centers allows new
life to be given to the cities that are already dead, but in turn it is an added value for
traffic control, as it will avoid the movement of vehicles from the surroundings to
the urban center.

Based on the acquired knowledge obtained during the monitoring of the work,
and with some practical examples observed in daily life and other research studies
in this area, it can be concluded that the safety of workers should be assumed as a
factor of great importance, since many accidents occur due to poor planning. The
urban rehabilitation represents an added value for the control of traffic and welfare
of societies, allowing a new life to cities already lifeless.

It should be noted, that in the buildings rehabilitation, one of the main concerns
is the efficient shoring of the neighboring walls of the work and the facades.
Previous studies and calculations [4] should be carried out in order to ensure the
safety of the workers, the competitors and all those who are, directly or not, affected
by the work.
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Building Information Modeling M)
Normative Analysis Applied ke
to Occupational Risk Prevention

Daniel Braganca®, Manuel Tender® and Joao Pedro Couto

Abstract While some countries are in the process of disseminating Building
Information Modeling (BIM) applied to occupational risk prevention, others
already have normative documents in application, such as Finland, the United
States, Singapore and the United Kingdom. These frameworks assist and encourage
the use of BIM for safety information sharing, early risk detection and collaboration
among all stakeholders in all specialties. In view of the rapid growth in the use of
BIM in the construction industry, the use of this methodology in the area of safety
should be standardized, as is the case with other specialties, to keep up with current
trends and to achieve a correct and wide implementation of this new methodology
applied to construction projects. Based on the existing normative documents, this
study intends to create a proposal for a standard on the use and transmission of
preventive information for Portugal. Given the gradual implementation of BIM in
the construction sector in Portugal, this type of document is shown to be very
important for the future of BIM applied to safety.

Keywords Occupational risk prevention - BIM - Construction site management -
Standardization

1 Introduction

Standardization is interesting for the construction sector, and BIM as an innovative
technology, needs standardization to have a uniform and efficient application. Thus,
BIM is an asset for society, by increasing safety and quality in the executed jobs.
Another factor is the dissemination of information in a consistent manor for
project-relevant principles, additionally information for clients, who can be layman
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on construction information, and may want to know how the process will be
executed [1].

The need for BIM standardization stems from the rapid growth of its use. Thus,
construction projects will have a standardization and minimum levels of acceptable
quality. If BIM becomes standardized, stakeholders will have to define in more
detail what will happen on site. It is therefore interesting that efforts should be made
to create national standards for the sharing of occupational risk prevention infor-
mation using BIM.

In the Portuguese context, the use of BIM to promote safety began with the
dissertation of an integrated Master’s degree at the University of Minho [2] who
used Revit modeling for safety analysis of the ‘Mardo’ tunnel construction site. The
next step was the integration of occupational risk prevention in BIM. In 2017, a
partnership was established between the School of Engineering of the University of
Minho (SEUM) and Xispoli Engineering, establishing itself for strategic purposes
related to the dissemination of a concept called BIMSafety—which later became a
R&D research project. Consequently, an article was published in the journal Safety
“The integration of BIM in the prevention management in construction” (n. 237,
pp- 7-8) [3] and an oral communication was held at the Sth International
Conference on Construction Safety and Health, Nicosia, Cyprus—“BIMSafety—at
the service of production” [4].

The next step was to apply BIM in a practical case with the established BIMSafety
concept. Two master’s dissertations were carried out at the School of Engineering of
the University of Minho in collaboration with Xispoli Engineering, using a rehabili-
tation work of a building in the center of Porto, as a practical case. The results were
presented at the 21st Congress of the Order of Engineers—Engineering and Digital
Transformation: Lisbon in 2017—“BIM as a prevention instrument in the design and
construction phase” and in Ingenium Magazine in 2017—“O BIM as a prevention tool
in building maintenance management” [5]. The most recent advance of BIM applied to
prevention on the national scale has been to analyze a simulation of BIMSafety
implementation in 3D, 4D and 5D. The results of this study were presented at the 2nd
Portuguese Building Information Modeling Congress—“BIM as a 3D, 4D and 5D
prevention tool in construction site management”, which pointed out the following
main conclusions: “Efforts should be joined by institutions, for the creation of a
normative document at national level, in the context of the transmission and use of
preventive information using the BIM [6]”.

2 Short Review of Standardization of BIM Applied
to Safety

BIM standardization is in a premature state, however, the current efforts made are of
great relevance and content, starting in 2012 with the launch of the Common BIM
Requirements (COBIM) in Finland, followed by the release of the BIM submission
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standard by the New York City Department of Buildings (NYCDOB) in 2013,
“Building Information Modeling Site Safety Submission Guidelines and Standard”,
in parallel with the current version of “The BIM Guide” of the Building and
Construction Authority of Singapore and which preceded the UK standard named
“PAS 1192-6—Specification for collaborative sharing and use of structured Health
and Safety information using BIM” released in 2018 which currently corresponds to
the most up-to-date framework. Following is a brief analysis of studies using BIM
for construction site risk prevention.

Hu and Zhang [7] published one of the most influential articles of this subject,
where BIM is integrated with construction site planning (BIM 4D) for safety
analysis. Using the geometric information contained in the model, the authors
combined this information with the work schedule, easily identifying certain
sequences and activity collisions that could create risks for workers. They con-
cluded that BIM was essential in identifying various risks and brought advantages
over traditional methodology, which was later confirmed by Kim et al. [§8] and
Tixier et al. [9]. Zhang and Teizer are among the most productive and influential
authors in the field, investigating automated safety rule-based verification [10], risks
by utilizing scaffolding [11], real-time tracking systems [12, 13] and the risks
caused by working near large machinery and equipment [14, 15].

The main conclusions found in the studies of BIM applied to safety management
were: that BIM optimizes planning and productivity, allowing efficient problem
analysis [16]; identifying preventive measures becomes more automatic and intu-
itive [17]; has the ability to overcome the language barrier [18] increases the
capacity for information sharing and task planning [19]; creates a new way of
delivering and approving city safety plans [20]. In conclusion, BIM is in a special
stage of development, with attention increasing, but the research limit of the subject
is still far from being exhausted [17].

With the analysis of those important studies that have applied BIM to promote
safety, the next step of this study will be to analyze the normative documents
already in place in the context of the pre-referred countries, namely: Finland, New
York City, Singapore, UK and finalize with suggestions for a possible document for
Portugal.

2.1 Finland

The first normative document released of BIM applied to prevention was the
Finnish document in 2012, known as “Common BIM Requirements” or COBIM,
which was divided into 13 parts, one for each stakeholder. In this section, we will
analyze part 13 on construction and risk prevention. The beginning of the document
refers to contractual and accessibility elements, specifying that the contractor
should assist the security professional by defining the construction method so that
prevention analyzes are performed according to the specified construction method.
The standard also stipulates that security BIM model upgrade periods should be
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defined at the beginning of the construction life cycle, in addition it should be
recorded which stakeholder made the specific modifications to the safety model,
thus generating the history of the model. Should any intervener identify any safety
errors or omissions in the model, the coordinator should be advised to make
appropriate adjustments. The standard further states that 3D and 4D models can be
used to share safety information to the client in a more didactic manner, such as
building modifications and chronogram definitions.

The COBIM standard provides suggestions for modeling the construction site,
such as: buildings, constructions and temporary equipment (enclosure or storage
facilities, fences, walkways and excavated areas or storage of materials and
machines), cranes (with areas of range), sidewalks and space reserves, with a level
of detail sufficient to expose the problems. The objects exemplified above will be
more easily understood if accompanied by text with detailed information.
Pedestrian paths and evacuation of construction workers are part of the safety
planning of the building and the modeling of these elements makes it easier for the
developer to understand if the project is modified.

The document lists some contributions and advantages of BIM to safety, such as:

1. The ability to plan and model construction work in advance, as well as deter-
mine safety strategies;

2. Ensure that the structure can be safely built by modeling the necessary details;

3. View the appropriate solutions in documents.

The document exemplifies that for the assembly of prefabricated structural elements
the delimitation of safety equipment through the BIM model reduces the work that must
be performed in the later stages, i.e., in the execution stage. Thus, the standard presents
examples such as guard rails, safety nets and anchor points, which can be modeled and
made available for use by safety professionals, as illustrated in Fig. 1. As for the
contractor, the document indicates that: The professional uses the terrain modeling to
define the starting point of the construction and thus certain safety elements can be
determined in the design stage. The standard calls for special attention to non-visible
MEP (Mechanical, Electrical and Plumbing) installations, suggesting the insertion of
risk prevention and maintenance information [21].

Fig. 1 Examples of fall protection measures in BIM. Adapted from [21]
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2.2 New York

The New York City document was developed to establish how the submission of a
BIM safety project should be carried out. The New York City Department of
Buildings (NYCDOB) “Site Safety Building Information Modeling Guidelines and
Standards” document primarily describes the requirements, processes, and proce-
dures for preparing and submitting BIM safety project models, beyond the pro-
duction and communication of data in universal formats.

The intent of the standard to be very practice-oriented is demonstrated early on,
with the literal indication of software such as Autodesk Revit and AutoCAD for
designing, and Autodesk Navisworks for model review. The authors of the nor-
mative document indicate how the files should be nominated for submission, work
phasing and reviews. The expectations and requirements for digital submission are
presented in detail and of great interest to the quality of the model, such as proper
modeling of streets and sidewalks, temporary structures, machines and staff.
Objects of which are properly detailed according to categories such as construction,
yard, excavation and streets. This section of the standard refers to the library of
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Fig. 2 Example of safety information BIM model. Adapted from [20]
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objects available on the NYCDOB website with already parameterized elements
and a template to facilitate modeling.

The normative document defines how the project should be carried out, if the
professional does not use the template file provided. The Level of Detail (LOD) of
objects is also specified, with the benefits of having a very detailed element shown,
however it is also explained in the document that little detail can be accepted as well
so that professionals do not waste time unnecessarily detailing. After describing the
parameterization of the objects, the submission procedures for the New York City
department begin, with step by step design review by Navisworks, Design Review
(illustrated in Fig. 2) and finally submission for evaluation by the department. The
standard sets out the evaluation process after submission until the model is
approved. Finally, Annex A describes the application of parameterization, Annex B
refers to the best practices in Revit and Annex C consists of the definition, defi-
nitions and definitions [20].

2.3 Singapore

“The BIM Guide,” volume 2, was published by the Building and Construction
Authority of Singapore to regulate the use of BIM in construction. For the use of
BIM applied for prevention there are sections on site modeling, temporary struc-
tures and fire protection (fire hydrants, sprinklers, extinguishers, smoke detectors).
The document does not yet have a section specifically intended for safety, however
the fire protection part is the most detailed of all the standards studied [22].

2.4 United Kingdom

The most recent normative document was released in the UK in 2018 by The
British Standards Institution (BSI), and is named “PAS 1192-6—Specification for
collaborative sharing and use of structured Health and Safety information using
BIM” (illustrated in Fig. 3). Probably the most important of the standard is that it
deals with the implementation of strategies for construction stakeholders. The
standard regulates the specifications of roles and duties of each intervener, starting
with the “Owner” and their initial obligations, requirements determination and what
is acceptable. It reiterates the extreme importance of the involvement of the
developer in determining the characteristics of the construction site, the objectives
of the final design and the characterization of critical and unacceptable OHS risks.

With the responsibilities of the “Owner” exposed, the next stakeholder that the
standard addresses are the “Designers”, the document directs projection determi-
nations for risk mitigation, construction feasibility, maintenance and final use. The
standard states that the initial design detail should be enough to determine safety
risks such as design conflicts, significant temporary constructions, lifting
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Fig. 3 Examples of BIM applied to prevention. Adapted from [23]

operations, excavations, risk zones and hazardous areas, work at heights and access
or evacuation routes.

Following the definitions of the “Designer”, the standard specifies the
“Contractors”, making it clear that in addition to contractual obligations, occupa-
tional safety and health should always be kept in mind. The paper addresses items
such as construction and site planning and points out that if risk prevention iden-
tification and management is pre-made in the model, preventing risks becomes
more efficient. The chapter of the “Contractor” concludes with strategies for the
construction focused on the use and maintenance of the building.

In order to finalize the stakeholders, the last mentioned in the standard is the
maintenance and end use manager, whose objective is to perform tests to mitigate
risks to the maximum. The utilization of COBie can be of added value to the end
user, with detailed supplier information, user guide, purchase note and maintenance
dates. Commissioning of a large-scale building can be done in a simpler and more
organized manner.

The normative document is finalized with ways to share safety information and
definitions, hazard importance matrix, and appropriate and standardized formatting
for sharing safety information is determined [23].
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3 Suggestions for a National Document

After analyzing the documents already in use at the international level, it is clearly
identified contents can be applied in a Portuguese document. Starting mainly from
the index of the English document, Chapters 5 (PAS application), 6 (Risk infor-
mation cycle), 9 (Document representation), 10 (COBie representation), 11 (Model
representation) and 12 (annexes) were excluded; Item 5 has also been removed as it
is specific to the English document, while the rest of the items have been removed
as they can be summarized and seeded in other chapters and subchapters, addi-
tionally Chapter 3 can be moved to the end, for the references.

Given that the English document is divided into stakeholder subsections, it
contains the principles common to all stakeholders, owners, designers, contractors,
building user and supply chain. The criteria utilized to structure the document
proposal where mainly based off the PAS 1192-6, but specific differences between
British and Portuguese construction reality were taken into consideration, specifi-
cally the fact that only in Portugal do the coordinator of health and safety in the
project and work phase. Following this section, will be exposed the proposed index,
in contrast more investigation and consolidation will still have to be made until a
finalized standard can be published.

The proposed index for the Portuguese standard is:

(1) Introduction;

(2) Purpose;

(3) Terms and definitions;

(4) Stakeholder implementation strategy;

(4.1) Owners;

(4.2) Designers;

(4.3) Health and safety coordinator in the project phase;
(4.4) Health and safety coordinator in the construction phase;
(4.5) Contractors;

(4.6) User of the building;

(4.7) Supply chain;

(5) Implementation of information requirements;
(6) References.

4 Conclusions

BIM applied to occupational risk prevention is still far from being widely imple-
mented worldwide. For this implementation to become reality, a work processes
need to be systemized among professionals in the area. The standardization of the
subject aims at such systemization of work and consequently will bring greater
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relevance to the studied area, possibly encouraging non-practitioners to apply this
methodology.

A normative document is indispensable for the implementation of BIM for
safety, as demonstrated in other countries. In this study, the first step was taken,
with the objective of initializing the process of standardization of BIM utilized to
transmit and use safety information. After the analyses of the current knowledge in
applying BIM for safety, a proposed index was developed for a future standard. To
keep up with current and future trends, institutional efforts should be made to create
and implement a Portuguese standard for the transmission and use of safety
information using BIM.
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Abstract Problems concerning occupational safety and health are commonly
found in the construction industry, including falling of materials, tools or people
from height, stepping on objects and injuries by hand tools handling. Important
factor in the occupational safety in construction industry is the use of scaffold. All
scaffolds used in construction, renovation, repair (including isolating, moderniza-
tion, painting and decorating), and demolition shall be erected, dismantled and
maintained in accordance with safety procedures. Therefore, it is crucial to deal
with scaffolds safety and risk assessment in construction industry; thus, way on
doing assessment and liability of assessment seems to be essential for professionals.
However, it is found that those professionals are prone to heavily rely on their own
experiences and knowledge on decision-making on risk assessment. Materials and
methods. Scaffold Use Risk Assessment Model (SURAM) accompanied by several
submodules has been developed for assessing risk levels as various construction
process stages with various work trades. The SURAM is the result of research
project realized at the above 60 construction sites, both in Poland and Portugal
where 728 observations have been completed including both harmful physical and
chemical factors, stress level, worker habits, as well as a hundreds ex-post recon-
struction of construction accidents scenarios. Results. We have found Worker
Visual Concentration (WVCM) seems to be more direct predictor for developing of
the unsafe chain leading to the accident than the workload, and concentration of
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harmful factors at the workplace. Conclusions. The developed Worker Visual
Concentration Module (WVCM) of SURAM seems to be benefit for predicting
high-risk construction activities and thus preventing accidents to occur, based on a
set of historical accident data.

Keywords Construction safety - Visual concentration - Scaffold - Eye-tracking

1 Introduction

1.1 Safety in Construction

The construction industry is a booming sector of Polish economy, however, according to
Eurostat, this branch of industry is classified among the sectors of the economy presenting
high occupational risks and an unsatisfactory level of occupational safety. Although some
safety programs have been developed in the country but the observed accident reduction
rate seems to be rather weak. Employees in the construction sector are exposed to bio-
logical, chemical factors, as well as the effects of noise, vibrations, insufficient illumi-
nation and temperature. Also, the peak of workload and especially frequent changes of
workload level have been observed in many investigations. More than 45% of workers in
the construction sector say that their work has a negative impact on their health [1].
Construction activity is still characterized by a high level of threat to the employees’
health, as well as a high accident rate. The results of occupational accidents analysis in 28
countries of the European Union completed in 2014 indicate that the construction industry
was in 3rd place among all sections of the economy regarding the total number of
occupational accidents; in 2nd place regarding the frequency of accidents causing longer
(more than three days) absence from work; and in 2nd place regarding the rate of fatal
occupational accidents. Similarly, looking at the issue from a global perspective organi-
zations costs spend on injured people in 2009, was an amount of 73.9 billion USD [1]. In
2006, OSHASs’ reports show that lost productivity in 2006 due to injuries during work and
illness cost companies $60 billion. Production accounted for 20% of all injuries to the
musculoskeletal system [2]. The costs of accidents at work, as well as work-related
illnesses and injuries are significant. The vast majority of accidents took place at the
scaffolds or at the construction sites with scaffolds. Taking into consideration the fre-
quency of accidents and high occupational risk in the construction industry with scaffold
use, it is important to take the necessary steps to reduce this exposure.

1.2 Scaffold Use Risk Assessment Model—Research Project

In these conditions the research project Scaffold Use Risk Assessment Model for
Construction Process Safety “ORKWIZ” have been developed in Poland from early
2016. The project focused on the introduction of a system of new/additional
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procedures and tools for monitoring safety on construction sites [2—5]. This system
built as model could impose strict rules regulating the conduct of contractors in a
comprehensive manner to ensure an elimination of hazards from the construction
site or an effective reduction of associated risks. During the implementation of the
research project, the authors’ attention was drawn to the fact that the general model
module analyzing the aspect of the employee’s visual concentration in the work
area gains a much more important prognostic significance in terms of risk of
accidents than the resulting factor of the complete model.

The construction of SURAM and its submodule of the Worker Visual
Concentration (WVCM) are the core parts of the ORKWIZ project. The research
also shows that many accidents can be avoided by developing a proper concept of
safety assurance at the preparation stage [5-8].

2 Methods

Population The study was conducted in Poland. Five different regions of the
country have been selected for the project research. The regions have been selected
by virtue of economic development level, unemployment rate, technical culture of
employees, construction processes intensity, and infrastructure level, among other
factors. Accordingly, the study was conducted in the different construction sites,
representing typical (more frequent) scaffold size, scaffold system types and tech-
nical equipment. Such a diversity of regions, sites and employee praxis habits and
customs is required to achieve universal safety climate for the proposed safety
model. At least 128 construction sites with scaffold use have be examined during
the research project period. Subsequently, a random sampling procedure was
conducted to select individual workers at each construction site; 728 individual
workers of those sites potentially exposed to occupational hazards were selected in
the first two years of the project. A dedicated questionnaire for risk perception and
safety climate assessment at the construction site has been developed. At the
beginning of our investigation, we have verified several existing questionnaires
including NOSACQ-50, Life Quality Questionaire Module (NIOSH), Contractor
OH&S Evaluation, as well as some polish ones especially [ZZ questionnaire and we
prepared original tool that better fit to the construction site occupational environ-
ment and construction workers perception [9-11]. Before using the original ques-
tionnaire among the selected population, we ran a pilot study among 60 workers.
The trial and first run exploratory factor analysis confirmed that the original 45-item
questionnaire, could be used as a risk perception and safety climate scale in polish
construction industry [12]. A 5-point Likert-type scale (1 = strongly disagree,
5 = strongly agree) was used to collect the workers’ responses. Yes/no responses
lists of options, check-the-box responses, quantity choice etc., were used to
self-report incident involvement and demographic data.
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Instrumental methods were also involved to assess work conditions:

— Technical scaffoldings’ conditions (static and dynamic calculations).

— The level of considering the ergonomics’— safety engineering conditions.

— Workload, procedures during assembly, usage and dismantling of scaffolds.

— Psychophysical condition of workforce working in the scaffold environment—
stress, physiological parameters, staff experience, etc.

— External factors influence—noise, lighting, dustiness, external vibration, as well
as climate conditions.

— Social-economic factors indirect influence.

2.1 Visual Concentration While Performing
Work Tasks at Scaffold

As can be determined based on the subject matter analysis (research rapport and
literature studies) the first head mounted eye tracking tool have been developed in
late 40’s. However, its’ still mainly used to carry out researches related to work on
the visual information environment, websites analysis and computer applications, is
rarely used elsewhere [13-22]. Eye tracking tool produced by SMI company
contains protected glasses with built-in camera, which have and phone with built in
software. This modern tool gives us opportunity to record, track and analyze visual
concentration path, personalization of collected data is a result of calibrating tool to
every single tasted separately [23]. In SURAM project we had only one
eye-tracking mobile tool so we couldn’t use it on each scaffolding to every worker
so research of visual concentration were provided on randomly selected workers in
scaffoldings surrounding, mainly in Lublin’s area, but there were also control
samples in Lodz, Warsaw and Gdansk. Total of measurements collected is 36 shifts.
Time of single lot measurement was at least 30 min. On the beginning we tried to
provide one measurement at least 1.5 h long, which is a time of long lasting one
standard battery during measurement. Quickly we had reverse information that this
seems to become uncomfortable after working with it more than 60 min, so we had
to shorten period of single research lot to avoid research errors that could occur in
consequence of subjective sense of comfort in the work process while using eye
tracker mobile device. There were unique implementation of eye-tracking analysis
in the real time at the construction sites and particularly at the workplaces with
scaffold use [24-27]. The saccade movements analyses and the visual concentration
maps have been performed. Areas that should be recognized by workers, to increase
safety are often overlooked, or the concentration on those points is negligible. We
may conclude that behavior of scaffoldings’ workers is more like following an
amount of mini habits, which leads focus of visual concentration out of work and
often out of scaffolding area.
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3 Results

3.1 Workload and Visual Concentration Resulting Risk
Perception

To present full view of worker, while analyzing his visual concentration, it is
crucial to look wider and present those data in correlation of risk perception,
workload level and finally visual concentration, as it have been shown in Table 1.
There are presented partly results of three regions research: Lublin Voivodeship,
Lodz Voivodeship and Lower Silesia. As we can see workload of workers on
scaffoldings are very high, placing from 88% up to almost 97% with Lower Silesia
presenting comparatively lowest workload with minimum of 0.8869 allowed top
workload (8000 kJ per 8 h shift). With that high parameter of work load we can see
that visual concentration is under 50%. What seems to be important that visual
concentration decreases significantly, while workload increase, while we compare
Lublin Voivodeship to Lower Silesia, but in Lodz Voivodeship decreases of
workload is over 0.06, while difference between eye concentration is only a
decrease of 0.0062. Risk perception felt by scaffolding workers is rated below
average, which we can see from medians 0.375, 0.45, 0.4333. The differences
presented in Table 1 were significant at CI = 95%. In the data presented below it is
hard to find correlation of visual concentration and risk perception.

3.2 Eye-Tracker Results

Measurement of eye movement and points of its concentrations shows how worker
see his work area. That what we don’t notice is that only those point of visual
concentration are seen clearly, rest of surrounding we only see blurry. To determine
safety of human factors, we find it very important to find out where are points of
visual concentration. On example of one chosen worker we can see on Fig. 1 as well
as on Fig. 3 that area of main visual concentration is out of scaffolding, next point of
concentration is on work area. Scaffolding itself is not a point of a visual concen-
tration, what exactly show scan path of visual concentration on Figs. 2 and 4.

In the analyzed period of working shift—60 min; visual concentration in the
working area on the scaffolding, in relation to the monitored worker was 24.19%—
14.5 min, while visual concentration on objects located outside the construction site
25.59%—15.4 min. The remaining 40.1 min of visual concentration of the
employee referred to the structural elements of the scaffolding as well as materials
of devices and people at the construction site (Fig. 1).

Figure 2 illustrates the distribution of short-term visual observations (fixations
and saccades) in the distribution to individual objects on the construction site.

Figure 3 illustrates the observation path of the eyes of the employee performing
scaffolding work plotted on the actual image of the construction site space on one of
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Fig. 1 Gridded AOIS measured by eye-tracker on E23 scaffolding in Lodz
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Fig. 2 Gridded the results of the analysis of the distribution of visual activity of a construction
worker (carried out with the use of the eye-tracker SMI device) directed at co-workers and
elements of the work environment and the workplace environment
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Fig. 3 Scan Path measured by eye-tracker on E23 scaffolding in Lodz
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Fig. 4 Estimate time of eye concentration on scaffolding measured according the WVCM
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the monitored buildings in Lodz. As it results from the analysis of this situation,
also in this case the observation area is dispersed and not focused on the direct field
of work.

Figure 4 illustrates the total estimated concentration time of a construction
worker performing scaffolding work on individual elements of the work environ-
ment—generated using the WVCM model.

4 Conclusion

While creating a visual concentration maps in usage of data collected by eye
tracker, it seems that pattern appears, which shows area of workers visual con-
centration, which is out of scaffolding area and what is alerting, that even during
movement on scaffolding visual concentration on scaffolding itself is negligible.

Another alerting factor is that part of the job on scaffolding is work on one small
area of the work surface, which with the passage of time increases the number of
visual focus points outside the work area. Results of our study shows that during
assembly as well as disassembly of scaffoldings visual concentration (median
value) on work area is reduced to less 46% of total observation time.

It seems that Worker Visual Concentration and the lack of concentration on the
work area affect directly on the increase of risk during work. The only factor, that
seems, that correlate with increase of visual concentration on scaffold area is
workload. Simultaneously the risk perception level decreases in those workers in
which the percentage of attention concentrated on off-site facilities is higher than
40% during the shift. According to this further research should be carried in the
direction of founding solutions to increase visual concentration on scaffolding and
decreasing a workload.

Constructed as a result of research in the area of visual concentration of
employees in the working field—the results matrix supported by appropriate soft-
ware can be used both as a predictive space for the level of accident risk as well as
an effective measure of the effectiveness of preventive actions in the examined
enterprise.
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Abstract The construction has many important parts which are many often studied
at the academical environment. This work focuses at two general areas, which are
the rehabilitation and the security at a construction work. Rehabilitation is an
intervention at an old building which has a need of repair, in order to maintain the
major attribute and ensure the structural health. This type of effort has a lot of risks
for the workers, and for that, protective measures must be implemented with the
purpose of avoiding accidents. The methodology that was used in this work is a
study of case at an intervention on Cavez Bridge over Tamega River. It focusses on
safety and health required by the Decree-Law no. 273/2003 of October 29, which
provides the correct approach, according to the repairing plan for each issue found
at the bridge. It was concluded that it is fundamental to plan the correct tactic by
knowing the actions, measuring them by the law, applying the right protection and
supervising, to make sure that every person is following the regulations to avoid
from the smallest injuries to the major ones.
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1 Introduction

Construction has many areas whose studies are very important. The rehabilitation of
old buildings is a very common activity, which includes ancient towers, houses,
bridges and monuments. However, without the proper security, it is very hard to
achieve the desired results, without accidents or risks. The security and prevention
must be a fundamental concern at this area. Therefore, this article shows the
importance of the security and safety of the workers and how they are executed at
the rehabilitation of the Cavez Bridge.

1.1 Rehabilitation

An intervention in a building is the impact produced by the changes that are pro-
posed in manner to preserve the construction. Some may change in a way to keep the
main aspect and some change to a whole different type or use. Rehabilitation,
according to Appleton, is a way to protect and guarantee the usability and the
historical matter by adapting to contemporaneous requirements of security [1].

1.1.1 Rehabilitation Works at Cavez Bridge

The Cavez Bridge, located at Braga district, is a bridge over the Tamega river—
important limit between Braga district and Vila Real district [2]. It was built during the
13th century for the transportation of important supplies and people at this time [3].
Knowing the importance of the preservation of its originality, the intervention must be
very cautious. Besides a plan of rehabilitation in order to guarantee the security and
performance, there was a big concern to maintain the architecture and main charac-
teristics as the five arches and the big structural stones, for an example [4].

1.1.2 Structural Issues

Through the years, the bridge suffered time damages which led the government to
act in behalf of this historical and cultural monument [5]. It was listed these issues
at the bridge:

e Fissures all over the structure;
e Infestation of mold and fungus;
e Lack of impermeabilization at joints and holes;
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Lack of structural reinforcement;

Damaged sidewalks;

Lack of a drainage system at the walls;
Damaged guardrails;

Damaged pavement;

Lack of expansion joints at the transition zone;
Lack of cleanness at the embankments (Fig. 1).

1.1.3 Proposed Measures

These measures where proposed by Infraestruturas de Portugal, which is the
company responsible of the intervention at Cavez Bridge:

e Vegetation removal in order to create enough space for the working machines
and the construction site;

e Reallocation of the natural course of the river through concrete pipes in order to

work on the columns;

Insertion of reinforced concrete belts around pillars P2 and P3;

Insertion of 52 tie rods to raise resistance of the bridge section;

Sealing of joints and holes;

Replacement of rusting guardrails;

Cleaning the mold and fungus;

Replacement of the guardrail walls with a new drainage system;

Replacement of the pavement and insertion of expansion joints;

Rehabilitation of a water flow coming from the soil under the bridge (Fig. 2).

Fig. 1 Bridge of Cavez before the rehabilitation (March 2018)
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Fig. 2 Concrete belts at pillars P2 and P3

2 Case Study
2.1 Methodology

A rehabilitation task requires previous planning to achieve and guarantee the safety
of workers and the job itself [6]. This article has the purpose of analyzing the
rehabilitation on both preventive and security perspective. The methodology that
was used for it, includes the evaluation of risks and the preventive measures
according to the parameter of the Portuguese legislation. The Decree-Law no. 273/
2003 of October 29 is the specific law which deals with the safety and health in
order to avoid and prevent any possible accidents at the construction site.
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2.2 Risks

The risks found at a construction site depends, mainly, of the adopted systems for
fixing the problems at the rehabilitation. The first step is to define the most efficient
intervention method, considering both structural and financial performance, and
quantify all the possible accidents that may occur. For that, the Non-Exhaustive List of
Works with Special Risks contains the risks of potential accidents according to its
severity. The categories are labeled as Low (L), Mid (M) and High (H) potential
danger. Here is an exhaustive survey of all the risks encountered in Cavez’s Work.
However, itis noteworthy that not all were the subject of careful analysis using the risk
assessment methods described in Sect. 2.3.2, because they were quickly resolved
throughout the execution of the work, as they are low risk and promptly resolved. In
addition, the workers quickly acknowledge them and did not repeat them.
The risks found at the intervention of Cavez Bridge are as follows:

Dermatosis (M);

Drowning (M);

Electric shock (M);

Entrapment (M);

Inhalation of dust particles (M);
Trritation and corrosion (M);
Perforations (M);

Risk of crushing (M);

Skin cutting (M);

Spilling of cleaning products (M);
Fall hazard (H);

Falling objects (H);

Inhalation of toxic gases (H);
Running over and collisions (H).

2.3 Prevention Measures

2.3.1 Implementation of the Worksite

The worksite is the place where the construction will occur. It contains all the facilities
which are essential to the workmen, such as the storage of materials and tool, and the
utilization of this space for personal needs, as the lunchroom and the meeting room, for
an example. These facilities are either permanent or temporary, and must accomplish
all safety and health rules, in a way to organize the working space [7].

Working area specified, the next step is to delimitate the territory and its proper
sealing, for allowing only authorized people. After that, the facilities must be built
according to the working plan, which are called infrastructures. Sanitary rooms,
electrical arrangements like power generators, industrial shelter or storage room for
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the equipment, materials and tools, and administrative rooms for the proper meetings
and members of the supervision team are the main structures used at this intervention.
The last step is to set up a firefighting system using fire extinguishers, for example [7].

2.3.2 Preventive actions

Prevention actions are safety methods which present many positive results related to
work injuries. These procedures are planned and tested to avoid any accident that may
happen at the worksite. The big challenge is to find all the risks and to correct them with
the right procedure [8]. The risk assessment method used in this article is presented in
Tables 1,2, 3 and 4, and is the one used by Infraestruturas de Portugal. Althoughitisa
very expeditious and simple method, it was the one that was applied because it is very
easy for anyone to use. Furthermore, as this research work was prepared with the
cooperation of Infraestruturas de Portugal in the meetings with security technicians
and security coordination, it was decided to use the method used by them in the specific
monitoring and prevention plan, in order to assess the applicability of it by other
people. Although there are many similar risk assessment methods, such as the one used
by Eliana Carpinteiro [8], it was chosen to maintain the one used by Infraestruturas de
Portugal. The applied methodology at the intervention at Cavez Bridge uses a deter-
mination and quantification of different levels of Probability (P) and Severity
(S) according to the Specific Plan of Monitorization and Prevention (SPMP):
As:

RL =P x S
RL being Risk Level

Table 1 Characterization of degrees of probability and severity

Level Probability Severity

1 Rarely happens Almost no damage

2 Happens sporadically The damage is light

3 Happens many times The damage is significant

4 Happens almost every time The damage is very significant

Table 2 Quantification of degrees of probability and severity

Probability
I 1 2 3
=
g 1 1 2 3
@
2 2 4 6 8
3 3 6 9
4 4 8
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The Table 3 defines, according to the risk level resulted of the classification on
Table 2, if the risk found at the quantification will be fixed urgently—at the highest
levels, in red color—or less urgently—as the level decreases, in green color.

It is noteworthy that the risks presented in Sect. 2.2 do not all appear in the risk
assessment made and presented in this chapter in Table 4, because here only those
of the highest risk in the Cavez bridge construction are considered.

According to the data obtained by the tables, it is possible to understand which
are the main items that need the most attention of the systems of protection. The
next step is to define the best elements to prevent and guarantee safety for the
workers and the intervention. Although all the risks and preventive measures listed
in Table 4 and Sect. 2.2 are detailed in each procedure sheet, they are not presented
in this research work as it would make it too lengthy.

e Appropriate clothing—The utilization of the Personal Protection Equipment
(PPE) are mandatory, like helmets, steel-toe boots and reflective jacket;

e Informative rules for the workers—Inform about breaks, logistics and safety
measures;

Table 3 Risk level assessment criteria

Risk Level Meaning Intervention

Unacceptable Urgent correction
6-9 Important Fix and add control actions
3-4 Moderate Stablish control actions
1-2 Acceptable E(t)e?\?:gtﬁ)fna short-term

Table 4 Risk level

Assemblage of the worksite

Classification Potential risks P |S PL

Physical/ Falling objects 1 2 2

mechanics Manipulation of objects, crushing risks and skin cuts 3 14 |12
Perforation (non-protected sharp elements) 1 2 2
Exposure to extreme environmental conditions 3 1 1
Exposition to enhanced noise levels 2 1 1
Rollover of vehicles 1 3 3

Order and Short falling, stumbles and slips 2 1 2

cleanness

Electrics Contact with the electrical supply (exposed or damaged 1 3 3
electrical parts)

Ergonomics Excessive stresses (wrong body postures for a long 3 2 6
period of time)
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e Signaling devices—Preventive system for protection of the worksite to avoid
unallowed people;

e Flectrical insulation—Protective actions for the cables and signalize the dam-
aged ones until it gets repaired;

e Fire preventions—Informative and practical actions to prevent or easier way to
escape in case of fire;

e Correct storage—Good sized shelfs, safe height storage of tools and materials
and avoiding high density of the area;

e Cleaning—Keep the circulation area clean and ordered;

e Correct storage of hazardous products—Keep separated from regular materials
and from each other and with signalization to indicate danger;

e Vehicles and people circulation—Rules of logistics to avoid any accidents by
ordering the area and keep it signalized;

e Precautions with equipment and heavy machines—Manage to steady and smooth
the equipment, in a proper location and refuel it with the engine turned off (Fig. 3).

After several visits at the construction site, attending meetings with the safety
coordinator and the contractor, it was noticed that all the risks found at the reha-
bilitation of Cavez’ bridge—the ones which were firstly found and resolved
instantly by Infraestruturas de Portugal, together with the ones found with the risk
assessment method and posteriorly solved by the solutions listed above—follow the
Decree-Law no. 273/2003 of October 29 to the letter. To follow this Decree, is to
prevent accidents at the work site.

Fig. 3 Utilization of the PPE’s
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3 Conclusion

Based on the studies made about the characterization and the analysis of the issues
and the rehabilitation process at the Cavez Bridge, focusing on the prevention of
accidents during the intervention, it was concluded that the rehabilitation work is
very important to preserve the historical monument to its originality along with the
security, solid structure and beauty. And to do that, the safety and health of the
workers at the construction site must be a big priority, in order to keep the best
performance of the work. Besides that, based on the Decree-Law no. 273/2003 of
October 29, it is possible to know what are the consequences of a non-preventive
work, avoiding them by planning the whole operation and taking all the required
measures, in order to have a safe construction site, by investigating all the risks that
may appear at the intervention.

After several months of monitoring the work on the bridge of Cavez, it is
concluded that a good risk assessment accompanied by the implementation of
preventive measures contributes to no accidents on site. Despite a very simple and
subjective methodology, it provided excellent results in matters of safety.
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of Manual Commands in an Industry T
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Abstract Introduction In the early twentieth century, maintenance tasks were on
the list of the top 10 processes responsible for the highest number of fatal accidents.
To reduce the likelihood of these accidents, operators use manual controls for the
machines. Objectives The main purpose of this analysis is, through risk assessment
procedures, to evaluate the relevance of replacement of enabling switch by a
two-hand control device. Methodology To this end, all control devices in the
industrial area were surveyed, as well as all risks associated with their use. These
risks were assessed by three distinct risk assessment methods: William T. Fine
WTF), Notas Técnicas de Prevencion 330 (NTP 330) and Integrated Risk
Management Method (IRMM). Results In the end, 503 occupational risks were
assessed, mostly associated with contact with moving parts, entrainment and
entrapment that can cause bruising, pinching, crushing, amputation and, in the
extreme case, death of the worker. The results of the risk assessment did not show
agreement between all methodologies. The different risks were assessed similarly
by WTF and IRMM. However, using NTP-330, the same risks were assessed as
more severe. Conclusion The highest risks are related to the possible tampering
with the activation of the hand controls, deactivation of safety devices on the
machine, no emergency button on some controls and damaged manual controls.

Keywords Safety - Risk assessment - Control device
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1 Introduction

The industrial revolution, namely the discovery of steam, was essential for the
development of the industry. Advances in the robotics led to a highly automated
production process and the emergence of new risks [1, 2]. Maintenance tasks,
including repairs, tuning, among others, rank fourth in the list of the top 10 processes
responsible for the highest number of fatal accidents between 2003 and 2005 [3].
Adoption of additional protective safety devices is essential to minimise the risks
that operators are exposed to during machine interventions [4-6]. Manual controls
are operator driven devices that confirm the machine can operate. Depending on
design, ergonomics, features and characteristics, hand-held control devices can be
classified into three typologies, according to its activation procedure [7, 8]:

e Footswitch—foot operated,;
e Validation devices—triggered by one hand;
e Two-hand controls—triggered by both hands simultaneously.

In a company with multiple production lines and different types of hand control
devices, the present study aimed to assess the relevance of replacing each of these
devices by new ones with two-hands control, by risk assessment, using three dif-
ferent methods [9, 10].

2 Methodology

The present study follows the methodology presented in Fig. 1.

2.1 Identification of Manual Controls

Considering the large number of machines (33 machines—automatised cells with
robots, filling, labelling and modular machine) available in the industry, an initial
survey was carried out to identify all the ones with manual controls. Subsequently,
“in loco” each particular manual command (67) was observed and analyzed.

Assessing the need to replace control device
Identification Risk and
=i T Risk
of manual hazard P4
i . Assessment o
controls identification P

Fig. 1 Study methodology
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2.2 Risk and Hazard Identification

Depending on the typology of hand controls and the respective normative docu-
ments in force, a grid has been constructed to facilitate the identification and record
the associated risks and hazards. To identify performed tasks with manual controls,
as well as the main risks, different technicians related to the operational, electrical
and mechanical components gave their insights.

2.3 Risk Assessment

Risk assessment aims to effectively implement the necessary measures to ensure the
safety and health of the workers. Some of these measures may be prevention,
information and appropriate training [11].

Several methodologies can be applied for risk assessment development. This
study applies three methods: William T. Fine (WTF), Notas Técnicas de
Prevencion 330 (NTP 330) and the Integrated Risk Management Method (IRMM)
[12-14].

The WTF method assesses risk according to three variables. In the end, the risk
is categorized according to five risk levels [6].

In the NTP 330 method, the risk level is obtained by the product between the
level of consequences and the level of probability, the latter being calculated as a
function of the level of disability and exposure. In the end, the risk is categorized
according to four levels (being level I the highest and level IV the lowest) [13].

The IRMM method assesses the risk using the product between severity, the
extent of impact and frequency of occurrence. In the end, the risk is assessed
according to five risk levels [14].

3 Results and Discussion

3.1 Risk and Hazard Identification

After analysing and surveying all the risks and hazards associated with the use of
manual controls on the different machines, were obtained 503 occupational risks.

The main risks are due to contact with moving parts, dragging and entrapment
that can mainly cause bruising, pinching, crushing, amputation and, in the extreme
case, death.
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3.2 Risk Assessment

When applying the three risk assessment methodologies for the 503 risks identified,
were obtained the overall results presented in Fig. 2.

A first approach to the results enables a verification that there is no agreement on
the level of risk between the three methodologies. Although most risks have a low
and medium risk classification, there are several differences in the percentage
obtained by the three methods.

According to the WTF and IRMM, more than 85% of the risks are classified as
low and medium, whereas the NTP 330 only classifies 52% of the risks with the
same level, that is, with level III and IV.

However, some risks are classified as very high and extreme, but the discrepancy
between methods remains. The WTF methodology identifies 5 risks (1%) as
extreme risk, NTP 330 considers level [-—maximum risk—60 risks (12%), and
IRMM does not identify any situation in extreme risk level.

The differences between the methodologies as well as the prioritisation assigned
by them, explain these results. The WTF assesses consequences, exposure, and
severity (percentages for each parameter being equally distributed). The NTP 330,
in addition to the probability of occurrence, places a strong emphasis on the con-
sequences for the operator at risk. In IRMM, the number of exposed workers is an
evaluated parameter and, in this case, this parameter is neutral because the number
of exposed workers is always one. The main hazards associated with the use of
hand controls were related to:

e The poor condition of controls, including damaged electrical cables;
No emergency button;
Tampering with the triggering of the command using objects or parts of the
body;
Tampering machine safety devices;
Use of validation device and simultaneously perform cleaning or cleaning tasks
of the machine;

e The machine allows manual control activation with open doors.

Method WTF Method IRMM Method NTP 330
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i 1% 1 1% 0% 12 11
2 /u. % = v
17% 1
75 " 28% " ;: ull
% m Very high 60% ®mVery high ul
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Fig. 2 Risk assessment results from the three methods
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The typology of manual control may be related to the number of risks associated
with its use, as well as its severity. A comparative analysis of manual command
typologies allows us to verify this possible relationship (Figs. 3, 4 and 5).

Through observation and comparative analysis of the different commands, it
notes that the two-hand commands associated with the use of robots (teach pendant)
are the typology that presents fewer risks and lowers classification. However, it is
essential to take into consideration that these commands are used sporadically and
only by skilled workers.

Method WTF
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Teach pendant Standard Three position Two position
Two-hand control devices Enabling switch
mH mVery high =mExteme
Fig. 3 Comparative analysis of manual command typologies by WTF
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Fig. 4 Comparative analysis of manual command typologies by IRMM
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Fig. 5 Comparative analysis of manual command typologies by the NTP 330



120 I. Espinheira et al.

Considering the two-hand robot controls, the standard two-hand controls and the
three-position validation devices, the latter has the lowest risk levels.

When comparing the three-position validation devices with the recent standard
bimanual controls, there are slight differences. In the three risk assessment
methodologies, a slightly more severe risk arises in standard’s two-hand controls.

These risks are associated with the fact that standard’s two-hand controls do not
foresee the need to operate the control at the same time as interventions the
machine. Thus, it may provide the intervention of another operator who has no
safety device to protect himself. In some cases, given the big size of the machines,
the operator performing the intervention may not be continuously observed by the
operator of the two-hand control.

In contrast, the three-position validation devices allow an operator’s hand to be
free and to come into direct contact with the machine. However, the time for
activating the emergency stop is expected to be shorter.

Two-position validation devices are the manual controls with the highest number
of associated risks and the highest risk levels. Some models of two-position vali-
dation devices do not have an emergency button, which may delay the machine
shutdown procedure if this occurs [6].

Other serious risks that two-position validation devices present are associated
with the security of the machines themselves, such as activating the manual mode
with the safety doors open and so, easily breaching these doors. Two-position
validation devices are associated with older machines, which may have been a
determining factor in the final result.

The design and operation of some typologies of two-position validation devices
are not very complex or confusing to activate, as the machine will operate “step by
step” simply by pressing a button. On the other hand, the three-position validation
devices, to allow the machine to work in the step by step mode, have to continu-
ously press two buttons embedded in the validation device itself.

4 Conclusion

The results of the application of the three risk assessment methodologies were not
in agreement, especially the NTP 330 method that evaluated the risks with a more
severe classification. After the risk assessment for manual controls, the results
obtained by NTP 330 were discarded. In the evaluators’ opinion, this method was
not adequate for the assessment in question. The results were considered as misfits
of reality, as it classifies 48% of high-level risks. Given the results obtained by the
other two methods, there was no significant need to replace the validation devices in
use with two-handed controls. In terms of the risks assessed, three-position
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validation devices are equivalent to two-hands controls, so it cannot be concluded
that substitution should be performed. However, two-hands validation devices
present several risks classified as high and require special attention.
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Abstract The Traditional tools for occupational risk assessment like preliminary
hazard analysis, hazard checklists, fault trees are based on the isolation of hazard
activities from the entire process and the development of specific measures to avoid
or minimize the occupational risk. This strategy makes the results of such evalu-
ations distant from real situations. The Functional Resonance Analysis Method
(FRAM) defines a systemic framework to model complex systems based on
combinations of function variabilities during normal work. FRAM which aims to
describe how function couplings may be combined in such a way that variability of
performance, rather than failure or poor functioning, creates an occupational risk. In
order to minimize the subjectivity associated with the qualitative analyses of the
functions performed by experts’ judgments required by FRAM, a multi-criteria
decision-support method was added. Analytic hierarchy process (AHP) are used
in situations involving multiple objectives, various decision-makers, and the
simultaneous treatment of complex issues. In this sense, this research contributes to
the evolution of FRAM, by proposing the application of the AHP, to investigate the
relative importance of the criteria and alternatives for the identification of pheno-
types of performance variability, as well as the aggregation of variability. The
results of this study demonstrate that this combined technique FRAM-AHP can be
used to assess and quantify the performance variabilities that may lead to occu-
pational or environmental accidents and provide new recommendations about how
work processes should function, minimizing production losses, incidents and
accidents.
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1 Introduction

Safety and health at work is everyone’s concern. It’s good for worker, business and
society, thus supporting the concept of sustainable prevention in occupational health
and safety [1]. To achieve sustainable prevention, people should understand how
safety is embedded in their daily work activities rather than thinking about safety
only after an accident [2, 3]. Conventional explanations for adverse events only see
the problems that are inevitable, widespread and inherent in all systems [4].
Therefore, they do not account for small variations that may be combined, resulting
in a complete system failure [5]. This fact argues for the need to develop approaches
that can be used for systems that are dynamic, incompletely described, and therefore
underspecified [6—8]. Understanding the complexity of a risk, or a portfolio of risk, is
crucial when selecting the appropriate option for the risk assessment [9].

Resilience is the ability of the system to adjust prior to, or following changes and
disturbances, and thereby to support the operation, even after a disruptive event, or
the presence of a continuous stress [10, 11]. Resilience engineering has promoted a
new approach for the treatment of dynamic systems in complex environments. In
these environments, the daily, routine activities need to be both dynamically stable
and flexible rather than rigid. From this paradigm, sustainable prevention must
emerge from the joint cognitive human-system functioning [12]. Functional
Resonance Analysis Method (FRAM) has been developed under the concepts and
principles of the resilience engineering, providing a method that analyses the nature
of daily work activities, instead of the model of failures. FRAM does not identify
what can go wrong, nor the probability of failure of a single component or function,
but rather develops the description of what may happen during a typical daily work
activity. FRAM seeks to establish how the variability in performance may affect
this situation positively or negatively. According to FRAM, failures emerge as the
resonance of the normal variability of the functions or tasks [4, §]. Currently, in the
FRAM methodology, analyses related to the identification of performance vari-
ability, as well as for the variability aggregation to find potential resonances, are
based on the judgment of specialists—a highly subjective evaluation. Thereby, it is
completely feasible to use a multi-criteria decision support method for dealing with
subjective evaluations in a more adequate way [13]. Among the most widely used
of the Multiple Criteria Decision Analysis (MCDA) approaches in the various
research domains, the Analytic Hierarchy Process (AHP) is the one that provides a
good compromise between targets, understanding and objectivity [14, 15].

This research aims to demonstrate an alternative approach to risk assessment that
fits the sustainable prevention concept. This approach uses the Functional
Resonance Analysis Method (FRAM) combined with Analytic Hierarchy Process
(AHP) to conduct risk assessment. FRAM-AHP method is based on system func-
tioning, not in the identification of specific hazards as traditional tools. Thus,
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managing sustainable prevention is concerned with understanding how the system
is functioning, how it adapts to different types of disturbances and how it uses the
following resilient capacities: buffering capacity, flexibility, margin, tolerance and
cross-scale interactions [16].

2 Materials and Methods

The development and demonstration of how sustainable prevention can be applied
followed two major research methods: literature reviews and case study. The first
phase of this research, focused on the methodologies that could be used for risk
assessment, considering the premises for sustainability and resilience engineering to
achieve a sustainable prevention framework. The second part of the literature
review focused on Multi criteria decision Analysis (MCDA) methodologies aiming
at the quantification of considerations (qualitative) and factors (quantitative) within
the former subjective FRAM evaluation. Finally, a comprehensive case study
demonstrates how risk assessment, according to the sustainable prevention frame-
work (FRAM-AHP), can be used in complex socio-technical systems.

2.1 Risk Assessment in Complex Socio-Technical Systems

The approaches of risk assessments are structured from the engineering tradition,
represented by methods such as hazard and operability analysis (HAZOP), and fault
tree analysis (FTA) that were developed for technological systems and then adapted
to include human actions and organizational functions. While the sociotechnical
systems and technology are developing rapidly, this is not happening with the
repertoire of methods used for treatment of associated risks [17]. Traditional models
consider the chain of events in a static way from a postulated design basis. An
accident or accident evolution are represented as a sequence of well-defined events,
in which one or more triggering events (main cause) combine in a static way,
leading to well-defined effects [18]. Resilience engineering (RE) has become a new
way of understanding and managing safety in sociotechnical systems and provides
an alternative approach to coping with system complexity, instead of linear-based
conventional risk management models [11, 16]. RE seeks to understand the entire
process, without focusing on specific faults, because complex systems usually fail
in complex ways. The safety processes contribute to safety when they are viewed
according to the other objectives of the company, including environmental and
operational efficiency [19].

The sustainable prevention of a system can be characterized as an emergent
property, that is, it is something that cannot be designed like the component parts of
the system [20]. In this sense, the occupational and environmental accidents can be
characterized as emergent properties of complex systems [21]. Virtually all risk
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assessments are conducted in a state of relative ignorance about the full operation of
the system in question, and in some cases in a state of complete ignorance regarding
its typical functioning [8, 10]. To deal with the problems of current risk assessment
tools, many researchers have developed new methods [22-26]. One of these
methods is the FRAM, which is established in resilience engineering, providing an
empirical approach that aims to describe and analyze emerging fault in complex
socio-technical systems [26-28]. With the use of FRAM methodology which is
structured on the principles of resilience engineering it was possible to consider it
pays to invest in performance variability management as it allows better monitor
and mitigate the variability that can lead to undesired outcomes. Moreover, it allows
taking actions to anticipate, monitor and enforce the variability that can lead to
positive results or successes, i.e., the ones that should be to encourage.

The knowledge required to analyze and evaluate complex system functions or
work situations is often characterized by being complex, imprecise, uncertain, and
vague. Such way of human thinking based on inherently inexact human concepts is
required coping with the complexity of the environment/situation, because with an
incomplete information set, humans may give satisfactory answers [20]. However, a
structured method to support judgment and decisions may minimize the problems
due to the excessive subjectivity in the evaluation process [29]. Multi criteria
decision support methods are used in scenarios where there are numerous and
perhaps conflicting goals, several decision-makers and a concomitant handling of
complex matters [30-32]. AHP is a method for choosing the best alternative that
incorporates qualitative considerations and quantitative factors into subjective
decision-making. The theory aims to reflect what seems to be the method of natural
functioning of the human mind; that is, when faced with a complex situation with
many variables, people divide it into groups that share common characteristics [14].

2.2 Method Description

The main steps of a FRAM-AHP analysis are:

e Setting the goal for modeling and describing the situation to be analyzed.

e Identifying the main functions of the process, and characterizing them,
according to input, output, preconditions, resources, time, and control.
According to FRAM, the basis for risk assessment and the analysis of accidents
is the design of functional entities relevant to the scenarios or tasks. Functional
entities are characteristic functions, and not system structures or physical units.
Inputs (I) provide links to previous functions. Inputs may transform or be used
by the function to produce outputs. Outputs (O) provide links to subsequent
functions. Resources (R) are necessary for the function to process the input
(hardware, procedures, software, energy, and labor) to create the output.
Controls (C) are the restrictions or controlling elements that serve to supervise
or limit function (monitoring and tuning). Preconditions (P) are system
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conditions that must be satisfied before performance of a function (another
process or step, and specific condition) can occur. Time (T) or time window
(duration) is a special type of resource or constraint based on an allowed amount
of time.

e Identification of phenotypes of performance variability. According to FRAM
manifestations of variability are identified from outputs of functions, according
to the “elaborate solution.” The “elaborate solution” uses phenotypes, or failure
modes, normally used in safety studies. The necessary analyses involve four
basic groups (time/duration; force/distance/direction; object; and sequence).
This step is supported by AHP, given the participation of multiple decision-
makers (experts), and the concurrent treatment of complex issues. The phase of
collecting the judgment values starts following the hierarchical structuring of the
problem shown in Fig. 1. This phase seeks to answer three main questions:
What will be judged? How is it judged? Who should judge it? With regard to the
first question, the appraiser must conduct a pairwise comparison of the elements
on the same layer of the hierarchy, viewed from the perspective of elements
positioned on the layer immediately above. Evaluators must have broad
knowledge of the study area, as well as some experience concerning value
judgments. The choice of experts is critical to the achievement of good results
because AHP enables the capture and synthesis of individual knowledge.
A questionnaire based on AHP hierarchical structure is used to obtain value
judgments.

e Aggregation of variability. According to FRAM the variability of a function can
result from coupling to upstream functions, where outputs from upstream
functions (used as input, precondition, resource, control, or time) may vary and
therefore can affect the variability of downstream functions. Characterizing the
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Fig. 1 AHP hierarchical structure for characterizing actual or potential variability



128 L. V. Rosa et al.

Weightings of Upstream-Downstream coupling

e

Input Time Resources Preconditions Control
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Fig. 2 AHP hierarchical structure for characterizing variability aggregation

actual or potential variability of each function involves analysis of five criteria,
namely: input, preconditions, resources, time, and control under two alternatives
(timing and precision). The analyses were also supported by AHP using the
hierarchical structure shown in Fig. 2. A questionnaire based on AHP hierar-
chical structure is used to obtain value judgments.

e Defining functional resonances, based on potential/actual couplings among
functions and providing ways to monitor and minimize the variability of per-
formance. According to FRAM the determination of possible functional reso-
nances is based on potential or actual couplings among functions. Analysis to
determine functional resonance provides the necessary basis for identifying
potential problem areas in the system’s functioning, in addition to the more
traditional analyses of failure modes or malfunctions. The high-priority coupling
emerges as the simultaneous presence of a certain basic group of phenotypes, or
failure modes in the output of a function, and in one of the downstream function
entrances. These priority groups are used to characterize potential functional
resonances in the system.

The last step is to propose ways to damper functional resonance. According to
FRAM this model can be used to identify the conditions where developments may
potentially get out of control. This model can, therefore, be used as a basis for
proposing indicators, hence as a basis for monitoring.

2.3 Case Study

The pilot deployment of FRAM-AHP in the construction industry occurred in
partnership with a large construction company involved in the venue for the World
Cup, in the city of Rio de Janeiro. A detailed explanation of this case study was
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done in [33]. Two groups of construction workers participated in the FRAM-AHP
modelling/assessment. One group was formed by three Health, Safety and
Environment (HSE) specialists, to deal with questions related to the overall process,
and three workers’ representatives, to deal with questions related to the specific
work activities. These workers were part of the team responsible for the reuse and
recycling of waste generated by the construction, mainly involving the use of the
crusher machine. This activity posed risks of accidents involving factors like noise,
vibration, dust, thermal overload, postures, and other work accidents.

As a result, the multidisciplinary working group, after the analysis of the dif-
ferent resonant links found that the efficacious performance of the system requires
perfect levelling of the equipment. Perfect levelling leads to low consumption of
energy, low noise level, low dispersion of pollutants, high productivity, and a good
level of safety for workers. If levelling becomes too variable, then charging and
unloading will occur in adverse conditions, and without adequate control. This can
lead to a situation that is out of control. In this sense, the damping of functional
resonance for this case study should primarily consider modifications in the crusher
incorporating an anchoring system and its respective automated control (reducing
output variability).

3 Conclusion

The main aim of this study was to demonstrate an alternative approach to risk
assessment that fits the sustainable prevention concept using resilience engineering
concepts and methods. Our findings indicated that FRAM is able to support the
identification of functional performance variability that can generate positive or
negative impacts for environmental and occupational safety generating recom-
mendations at design level and thereby ensure better effectiveness of environmental
and occupational safety management strategies.

The adoption of AHP in risk assessments with FRAM allowed the exploration of
new perspectives of the method to promote the participation of multiple stake-
holders and quantifying some results. It is worth highlighting that the use of AHP
also served as the basis for the necessary collaboration among the analysis team as
well as present in a clear way the most likely and important scenarios. FRAM-AHP
enabled the simultaneous participation of multiple experts, including the workers, in
different steps of analysis, and led to the reduction of subjectivity associated with
the process of risk assessment in complex socio-technical systems. A FRAM-AHP
model can be used to identify the conditions where developments may potentially
get out of control. It can, therefore, be used as a basis for proposing indicators,
hence as a basis for monitoring. In this study considering the initial checklist
function that aims at ensuring the proper functioning of the vital equipment items
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(identification of variabilities), FRAM—AHP can also be used to develop perfor-
mance monitoring indicators associated with the, qualification issues, training and
certification for operators and supervisors.
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Abstract Construction is recognized as a dangerous industry. For this reason, in
the Literature can be found a large number of studies with the aim of identifying the
causes in order to devise mitigation strategies. In recent decades, the emergence of
Information and Communication Technologies is providing a new research
framework with this objective. This framework includes different techniques that
allow, among other things, the analysis of large amounts of data efficiently. In this
work, occupational accidents in Spain from 2003 to 2015 are explored. The
objective of the present study is to develop a predictive model which not only could
predict the occupational incidents but also provide a decision tree view in order to
analyze the model. To achieve this objective, the KNIME Analytics Platform is
used. The obtained results are good since a 99% of accuracy is obtained.

Keywords Construction - Occupational accidents - Prediction - Decision tree -
Structure work

1 Introduction

Occupational accident is a major problem in every industry and concretely in the
construction where the number of accidents is higher than others [1]. This issue of
concern has drawn the attention of the research community and diverse proposals
have been developed during last decade. Among them, one of the ways to increase
awareness of how accidents are caused is by accident investigation technique [2].
This technique is intended to obtain accurate and objective information to improve
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the identification of risks and control them sufficiently and adequately. Research
methods to predict and manage construction accidents are necessary given that
understanding the factors affecting accidents is key to designing prevention and
mitigation strategies. In addition, it has been discovered that prediction in the field
of occupational accident investigation, is an important approach that works under
the basic assumption that accidents can be prevented, if they could be predicted [3].

To this end, past data might be very useful to predict the future occurrences of
events. The authorities are aware of the importance of this data and mechanisms for
the acquisition of this data have been designed. Also, in Europe, Framework
Directive 89/391/EEC, obliges employers to keep a list of occupational accidents
resulting in a worker being unfit for work for more than three working days. In
Spain, these notifications must be sent through the electronic system “DELT@”
which involves the completion of an official workplace incident notification form
with a total of 58 variables. The emergence of Information and Communication
Technologies (ICT) has opened a new research framework that provides very
efficient techniques to analyze large amounts of data.

Then, this study proposes a prediction model using the decision tree technique,
which is a supervised data mining method that can serve as an effective tool for
multivariate data analysis [4]. This technique can be used to explore relationships of
a large number of variables to an output (target) attribute. The method creates a
top-down branching structure, consisting of a root node that is split into a number of
branches. As the construction process comprises a very long period of time and
includes different activities that overlap in time, this paper focuses in occupational
accidents that occurred during the execution of structures, which is one of the most
dangerous.

After this introduction, the remainder of the paper is structured as follows.
Section 2 presents some previous work from two perspectives. Section 3 details the
methodology and data source and Sect. 4 presents results. Finally, Sect. 5 presents
the conclusions and guidelines for future research.

2 Background

In this section, related works from two perspectives are detailed. First, from the
construction one where many authors have explored the variables that contribute to
the high rate of occupational construction accidents in last ten years. Secondly,
from the technology perspective, concretely, the use of Data Mining (DM) that has
increased in recent years for analyzing occupational accidents.

As can be seen in Table 1, most of the proposals in the literature focus on
personnel variables when analyzing accidents. However, the variables related to the
accident itself and the company have also drawn the attention of the research
community.

On the other hand, as mentioned in the introduction, the ICT provide new
techniques, as it is the case of Data Mining (DM), which allows to detect, interpret
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Table 1 Yariables grouped Personnel Company Accident Project
by categories
[5] X X X
[6] X X
[7] X
2] X X
[8] X
[9] X X X
[10] X X
[11] X X X
[12] X
[13] X
[14] X
[15] X

and predict qualitative and quantitative patterns in large amounts of data, providing
new information and knowledge. DM includes different methods and algorithms,
such as Support Vector Machines (SVM), Neural Networks (NN) and Decision
Trees (DT) to perform data classification tasks and predictive modeling [16]. It is
believed that DT shows excellent potential for analyzing and modeling construction
accident data. In the literature, some proposals are found focusing in this topic:

— The authors develop a predictive model with the aim of predicting the occu-
pational incidents. In addition, the proposal also provides rules for explaining
accident scenarios like near-miss, property damage, or injury cases [4].

— The authors discuss the process of transforming existing safety decision-making
data into an event tree pathway [17].

— The authors demonstrate the utility of the decision tree technique in analyzing
roofer fall accident data [18].

3 Data Source and Methodology

In this section, firstly, we explain the data used in this paper and then we develop
the proposed methodology.

In Spain there is a repository given that, from 2003, all accidents resulting in one
or more days off work must be notified through the electronic system “DELT@”
[19]. This process involves the completion of an official workplace incident noti-
fication form where each accident is identified by 58 attributes. These attributes
refer to diverse aspects of the accident: details of the worker, general and specific
information about an accident, data of the construction site and data of the com-
pany, etc. Table 2 details each of these attributes.
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Table 2 Variables considered

Variable Variable
1 Type of accident 30 Class. of econ. activities of center
2 Sex 31 Accident date
3 Nationality code 32 Off sick date
4 Professional situation 33 Weekday
5 Occupancy code 34 Time of day
6 Service length (months) 35 Work time
7 Service length (days) 36 Regular work
8 Type of contract 37 Risk assessment
9 social security scheme 38 Type of place code
10 Class. of econ. activities of company 39 Type of work code
11 Company staff 40 Specific physical activity code
12 Company province code 41 Associate agent specific activity
13 Contractor 42 Deviation code
14 Temporal company 43 Deviation associated agent
15 Preventive org. personal assumption 44 Code form_contact
16 Preventive org. designated worker 45 Agent associated—the form contact
17 Preventive org. own service 46 If has affected more than one worker
18 Preventive org. joint service 47 Code description of the lesion
19 Preventive org. external service 48 Degree of injury
20 Preventive org. none 49 Code of part of the injured body
21 Location of the accident 50 Type of assistance
22 Traffic accident 51 If worker has been hospitalized
23 If the center belongs to the company 52 Amount subsidy
24 If center belongs to another company 53 Degree of injury
25 Contractor/subcontractor 54 Discharge date
26 User of temporary company 55 Diagnostic code
27 Other 56 Days not worked
28 Center province code 57 Age
29 Center staff 58 Province code of the labor authority

The database contains a total of 1.525.865 occupational accidents occurred
during the period 2003 and 2015 in the construction sector. Following, the dataset
will be divided in order to select those related with the execution of structures. The
number of accidents of this phase is 291.273 and include work related to founda-
tions and structure.

To build the predictive model, we use the KNIME Analytics Platform is the
open source software for creating data science [20]. This platform based on modular
data pipelining concept facilitates the development of models. Figure 1 shows the
workflow created for this article. Firstly, the CSV reader allows to read the csv file
in order to load the data. The next step consists on identifying and renaming the
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> o ]
Decision Tree
CSV Reader Column Rename Partitioning Predictor Scorer
> | >
A (n s} Ny
E-b." > s P> "n:n’, P{”]’ "@’.
14 !
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Fig. 1 Workflow to obtain a decision tree model

class variable among all variables. In our proposal, it is the variable corresponding
to the degree of injury (light, serious, very serious, fatal). Then, the dataset is
divided in order to use one part as learning (75%) and the rest as training (25%).
Finally, the results of the classification process and the decision tree view are
obtained. The view shows a decision tree consisting of a number of nodes. Next
section details the obtained results.

4 Research Results

Before showing the decision tree, Table 3 shows the accuracy statistics of the model.
As can be observed, the first column represents the class, the second the degree of
injury, the third the number of cases for each class, the fourth the precision and the fifth
the total accuracy. Notice that the precision means the fraction of relevant instances
among the retrieved instances [21]. The general obtained result is good since the
overall accuracy is 99%. However, there are differences in the results of each group of
this class. As can be observed, group 1 achieves a 0.99%, meanwhile the rest of classes
obtain a lower result. Notice that this lower result coincides with those groups with a
smaller number of instances.

Following, once the model has been developed, the Decision Tree View node is
applied in order to visualize and interpret the generated decision tree. Figures 2 and
3 illustrate the decision tree view from two perspective. The first one allows to see
in detail the information contained in each node and, the second allows to explore
how the tree is developed.

As can be observed in Fig. 2, the first target output in the root node is the “If the
worker has been hospitalized” variable (51). This variable takes values O (has not
been hospitalized) and 1 (if has been hospitalized). A total of 212532 (97%)
instances refers to accidents where the worker has not been hospitalized. The
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Table 3 Accuracy statistics

Class Degree of injury Instances Precision Accuracy
1 Light 286,662 0.994

2 Serious 3947 0.593

3 Very serious 470 0.778

4 Fatal 194 0.615

Overall 99%

1(214997/218454)

VTable:

Category % n

1 98.4 214997

2 1.4 2960

4 0.2 352

3 0.1 145

Total 100.0 218454 |

V51
e
<0.50 >0.50
1 (211122/212532) 1 (3875/5922)
VTable: YTable:
Category % n Category % n
1 99.3 211122 1 65.4 3875
2 0.5 1093 2 315 1867
4 0.1 295 4 1.0 57
3 0.0 22 3 2.1 123
Total 97.3 212532 Total 2.7 5922
V56 V56
@ @

Fig. 2 Decision tree view

second level of the tree corresponds to “Days not worked” variable (V56) in both
branches of the root node, as can be seen in Fig. 2. If the branches of this node are
deployed, the decision values obtained can be seen in Fig. 3. For example, in the
case that the worker has not been hospitalized, the decision value corresponds to
129.5 days (left part of the tree). However, if the worker is hospitalized, the
decision value is 116.5 (right part). In each node, the number of instances for each
group of classes is detailed. Unfortunately, it is not possible to represent the tree
completely due to its extension.
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Fig. 3 Extended decision tree view

5 Conclusions

The prediction of occupational accidents is an important objective in the con-
struction industry, as it could help to implement preventive measures for the
reduction of accidents. In this work, we have developed a predictive model using
the KNIME platform focuses on the accidents that occurred during the structure
phase. Moreover, the degree of injury class has been fixed in order to build the
model. The results are promising since an accuracy of 99% is obtained. As future
work, other predictive models like support vector machines, k-nearest neighbor, or
other ensemble techniques could be used. Additionally, a predictive model will be
performed for each group of type of injury class in order to compare the results with
the current work.
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Abstract In the safety-critical process industry, the safety competence of process
operators is essential. Process operators are educated at vocational education and
training (VET) organizations. The reform of vocational upper secondary education
in Finland emphasizes the role of on-the-job learning; thus, the process operator
education program has changed. Early adoption of correct safety skills enables them
to be followed in the workplace. Thus, it is important to study the safety compe-
tence of process operator students and related educational requirements in the
current circumstances. Seven teachers from five VET organizations were asked to
estimate their students’ safety competence using a previously published framework.
Overall, the interviewees considered that more safety competences were easy rather
than difficult for their students. Knowledge and skills related to production pro-
cesses, special and high-risk work tasks, exceptional and fault situations, general
view, identification of own skills, and proactive mindset were most often viewed as
difficult for students.

Keywords Process industry - Vocational education and training -
Workplace learning - Safety competence

1 Introduction

In the safety-critical process industry, safety competence is essential for ensuring
safe operations. In this industry, work typically involves dangerous materials, under
extreme conditions, and with potential for major accidents. Thus, safety compe-
tence is an important skill for process operators. Furthermore, the increasing
complexity of processes makes the safety-focused aspects of the process operator
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role significant [1]. A focus on safety and continuous competence development can
also be a key determinant of company performance [2—4]. However, young and
inexperienced workers typically encounter accidents more often than other
employees [5, 6]. Therefore, new workers and students must be introduced to safe
work practices from the very beginning of their careers [5].

Competence is defined as having an ability to transform knowledge and skills
into practice in a qualified manner [7]. Competence also refers to specific knowl-
edge, experiences, abilities, skills, traits, values, attitudes, understandings, and
behaviors that are necessary for achieving a required level of performance [8—11].
Tappura et al. [12] developed a framework for process safety competence of
vocational students.

Process operators working in the process industry are educated by vocational
education and training (VET) organizations. If students learn to value process safety
early in their education, then they are more likely to subsequently take this attitude
into their workplaces [13]. Therefore, ensuring that students have sufficient safety
competence is emphasized from the beginning and throughout the education
process.

The education of process operators consists of studies arranged by VET orga-
nizations and involves workplace learning periods at process industry companies.
As a result of vocational upper secondary education reform, learning in the
workplace has increased [14, 15]. Close collaboration between students, VET
providers, and workplaces has been found to be beneficial for improving student
learning in general [16]. Similarly, cooperation is essential when students’ safety
competence is being developed. A basic understanding of safety and related
practices is imparted to process operator students during their education in VET
organizations [17]. Companies expect that students will have obtained basic safety
knowledge before they proceed with further training or employment [18]. Training
for company-specific safety requirements, cultures, and practices is provided in the
workplace.

The objective of this paper is to increase understanding of how teachers view the
safety competence of process operator students. Additionally, the factors that
teachers think affect student safety competence are discussed.

2 Methods

This study is part of a larger study called Young Professionals in the Process
Industry (NuPro) that focuses on workplace learning and safety in the process
industry [see, e.g., 12, 18]. Due to the descriptive and contextual nature of the
study, a qualitative approach [19] was employed. Interviews (see Table 1) were
carried out in all five VET organizations participating in the project, which, to the
authors’ knowledge, totaled 23% of all VET organizations providing process
operator education in Finland. Seven processing industry teachers were
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Table 1 Background information of the VET organizations and interviewees

VET organizations VET providers represented different geographic areas in Finland

(n=5) One to three processing industry teachers at each VET organization

40-100 process operator students at each VET organization

Process operator students mainly adults in two VET organizations,
mainly young students in two, and one had adult and young students

Interviewees (7) Six teachers and one training officer

Two men and five women

Work experience in current position from 3 to 18 years (average
11 years)

Table 2 Excerpt of the safety competence requirement framework used in the interviews

Category Safety competence Description
requirement
Knowledge Production Understanding the operating principles of the process
and skills processes (e.g., how the automation works, what energies are
involved, and how to react to process alarms)
Values and Serious attitude Taking safety into account in all activities
attitudes toward safety Active participation in developing safety (e.g.,

reporting safety observations)
Following rules and reacting to unsafe behaviors

Abilities and Courage Courage to work in hazardous work environment
traits business

Courage to ask for help if the task at hand is new or
beyond one’s own competencies

The confidence to act safely even under pressure

interviewed. This is the majority of the processing industry teachers in the col-
laborating VET organizations because there was only a few in each VET
organization.

The interviews were based on the safety competence requirement framework
(Table 2 and the Appendix) compiled in the previous phases of the NuPro study
[12]. The safety competence requirements for basic process safety education of
process operator students at VET institutions were originally compiled through
interviews and a workshop with representatives of process industry companies,
VET organizations providing education for process operators, and other expert
organizations. Competence requirements were categorized as (1) knowledge and
skills, (2) values and attitudes, and (3) abilities and traits, using the competence
classifications presented in previous literature [8§—11]. Each competence require-
ment was described in more detail.

In the interviews, safety competence requirements were discussed with the
interviewees, who were asked to give their opinion on whether a certain require-
ment is easy, and students possess the basic competence related to it, or whether this
competence is difficult for most process operator students, and could be improved.
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The interviewees were asked to base their opinions on their overall experiences
gained from different sources (e.g., discussions with students, seeing their behavior
at work and exams covering some safety aspects) during their teaching careers. In
addition, the reasons why some of these requirements are more difficult were dis-
cussed. All interviews were recorded and transcribed. The interviewees’ views were
categorized and summarized according to the safety competence framework and
according to the themes arising from the data.

3 Results

3.1 Teachers’ Appraisal of the Safety Competence
of Process Operator Students

The views of the interviewed teachers on the safety competence of process operator
students are summarized in a table in the appendix, according to the safety com-
petence framework used in this study. Overall, most interviewees considered that
there were more items in which the students would gain sufficient knowledge in
than those items that were considered to be difficult for students.

In terms of the knowledge- and skill-related competences, the interviewees
considered more than half of the 14 total items to be easy, and the remaining items
(slightly less than half) difficult. For competences related to values and attitudes,
most of the interviewees considered only one of the six items to be difficult—
namely, admitting own mistakes—while the rest of the items were thought of as
easy for the students. Concerning safety competences related to abilities and traits,
five out of ten items were more often rated as easy rather than difficult. With respect
to abilities and traits, the interviewees often pointed out that these competences vary
considerably among students.

The items most often considered to be easy for students were all related to the
knowledge and skills aspects of safety competence requirements. All interviewees
believed that students gain sufficient competences related to general practices in the
workplace. Furthermore, the majority of the interviewees believed that students
either already have or would have sufficient competences concerning the opera-
tional environment, companies’ safety procedures, and learning from experience.
Similarly, all items that the interviewees most often considered to be difficult for
students were related to safety knowledge and skills. Adopting knowledge and
skills related to production processes, special and high-risk work tasks, exceptional
and fault situations, general view, identification of own skills, proactive mindset,
and hazard identification were all emphasized as being difficult for students. There
were three items that the respondents equally often considered as either easy or
difficult—items related to consequences of own actions, rationality, and carefulness.
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3.2 Factors Affecting the Safety Competence
of Process Operator Students

The interviewees mentioned that most items related to safety knowledge and skills
were basic issues that are included in process operator education. Consequently,
students should receive at least basic knowledge and skills related to these items,
often during their education at VET organizations, before they move on to work-
place learning. In addition, the interviewees reasoned that, e.g., because special and
high-risk work tasks (as well as exceptional and fault situations) occur less often
and are less emphasized during studies, these tasks are then more difficult for the
students.

With respect to the competences related to values and attitudes, the interviewees
mentioned that students learn these competences, at the latest, during workplace
training. In companies, a serious attitude toward safety is unquestionable. The
interviewees emphasized that there is a noticeable difference in safety values and
attitudes of students before and after they participated in workplace learning or
otherwise gained work experience, e.g., through a summer job. This particularly
applies to younger students, who may first downplay safety issues while learning at
a VET organization. Once students have experienced the workplace, they do not
question the importance of safety and follow safety instructions better at VET than
they did before. Nevertheless, some interviewees emphasized the importance of
theoretical studies as well, indicating that they enable better practical learning
results. Some interviewees noted that VET organizations should be as firm as
companies about safety rules and behavior compliant with these rules. Moreover,
acknowledging positive safe behaviors, such as making safety observations, was
highlighted.

The interviewees emphasized that student competence varied a great deal, par-
ticularly regarding safety-related abilities and traits. These competences were
regarded as important as the other competences. The interviewees pointed out the
impact of age and previous work experience on safety-related abilities and traits.
Adult students can reflect on the issues to be learned in light of their previous work
experience. Younger students usually have less work experience that they could use
as a background for their learning.

The interviewees also mentioned that some issues in the safety competence
framework are more difficult to teach while others are easier. For example, some of
the safety-related skills and abilities, such as stress tolerance, were considered to be
less emphasized in process operator education. In addition, the interviewees men-
tioned production processes. The difficulty is that the same process element, such as
steam, can be hazardous in some process environments but harmless in others, and
students need to be able to estimate this depending on the given environment.

The interviewees summarized that adult students mostly have better safety
competence than younger students. However, adult students may have previously
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adopted a less correct safety attitude, which they then need to try to change. The
interviewees pointed out that adult students may sometimes, for instance, believe
that a zero-vision goal is impossible to achieve.

4 Discussion

This study contributes to previous literature by providing teachers’ perceptions of
the safety competence of process operator students. The results can be used to guide
the development of safety education for process operator students during VET.
Companies may use the results to improve the competence of their current
workforce.

Many of the safety competencies the teachers considered difficult for students
were similar to those mentioned in previous studies. Congruent with previous
studies, competences related to hazard identification [20, 21] and exceptional and
fault situations, such as emergency response [21], were emphasized as difficult for
students. Moreover, previous studies concluded that students’ safety attitudes are
poor and need improvement [21]. Similarly, this study showed that before work-
place learning students’ safety values and attitudes could be better.

In addition, the teachers’ pointed out some industry-specific competences related
to understanding of production processes and individual characteristics of the
students that require special attention in the education of process operator students.
As automation systems and technologies become more complicated, the importance
of related safety competencies, such as situational awareness [1] and systems
thinking [22], become even more important to ensure safe operations. Many safety
researchers consider humans to be heroes in resolving system vulnerabilities [23—
25], and the human factors approach has gained increasing attention in the process
industry [1, 13].

This study has several limitations. The appraisal of the safety competence of
process operator students was based on subjective opinions of only a small number
of teachers. Further research should apply and compare different ways of assessing
students’ safety competence, such as assessments based on examinations or
self-assessments of students with larger and more comprehensive data. The impact
of students’ background (e.g., work experience) on safety competence should be
studied. Moreover, the framework used in this study describes safety competences
on a general level while technical competence requirements vary across process
industry companies.
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Appendix

Teachers’ views of the safety competence of process operator students
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Safety competence requirements

No. of interviewees

Knowledge and skills related to

Production processes 2 5 0 0
Chemicals and chemistry 4 3 0 0
Special and high-risk work tasks 2 5 0 0
Exceptional and fault situations 2 5 0 0
Reading and following instructions 4 3 0 0
General practices in the workplace 7 0 0 0
Operational environment 6 1 0 0
General view 1 5 1 0
Consequences of own actions 3 3 1 0
Learning from experience 5 1 1 0
Identification of own skills 2 5 0 0
Proactive mindset 1 5 1 0
Companies’ safety procedures 6 1 0 0
Hazard identification 4 3 0 0
Values and attitudes

Serious attitude toward safety 4 2 1 0
Prioritizing safety 4 3 0 0
Zero-vision mindset 4 3 0 0
Lifelong learning 4 2 1 0
Professional attitude toward work 4 2 1 0
Admitting own mistakes 3 4 0 0
Abilities and traits

Perceptual ability 3 1 2 1
Concentration 3 4 0 0
Stress tolerance 2 4 1 0
Rationality 2 2 2 1
Carefulness 2 2 2 1
Humility 3 2 2 0
Prudence 3 1 2 1
Vigilance 3 1 2 1
Calmness 3 1 2 1
Courage 2 3 1 1

*E: Easy for students; they already have good or basic competence

or gain it during their

education. D: This can be or is often difficult for students. V: Varies among students. |-: Do not

know/No assessment
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G. Santos® and F. J. G. Silva

Abstract The purpose of this work was to implement selected Lean tools—35S,
Visual Management and One Point Lesson (OPL) considering the problems iden-
tified in the contract under the study, to promote the change of workers’ behaviours,
improve the work environment and consequently Safety and Health Conditions at
Work (SHCW). Another objective was to analyse the impact of Lean tools on
SHCW, taking into account the real perception of workers. To this end, a ques-
tionnaire on safety culture was made available to workers before and after the
implementation of some Lean tools, as referred above. It was found that Lean
Thinking and its fools are an added value for improving work conditions. Benefits
such as the best warehouse organization and physic location (e.g., reduction in
about 80% of the route and time in travel to search for materials and tools are
highlighted); better organization of infrastructure workshops I and II (e.g., elimi-
nation of unnecessary items, tools’ organization, layout changes); 41 and 38%
increase in the results of 55 audits to infrastructure workshops I and I, respectively;
improvement of working practices with the creation of OPL’s for the wagons
transport and purge of the oxiperm system pump. Concerning employees’ percep-
tion of the Lean tools implementation and their impact on the work conditions, it
was found that 83.4% of workers agree that the work environment has been
improved.
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1 Introduction

Regarding the implementation of Lean Practices and looking at published papers,
many of them present productivity benefits, cost reduction and increased quality of
products and services. But few refer to the benefits related to safety and health in
the workplace. According to the well-known Lean Thinking pillars, they are
essentially related to the respect for people and continuous improvement. Respect
for people is an organized, clean and risk-controlled work environment without
workers’ injuries or health risks [1]. Another aspect is to encourage workers to use
all their capabilities to improve their work and their involvement with the work of
others. On the other hand, there are many barriers to the implementation and
consolidation of a safety culture in organizations. It is necessary to demonstrate the
importance of the impact of lean tools in improving safety conditions to promote
safety culture. The authors consider that investments in the area of safety are still
low, compared to those made in the area of production. Training on safety and
health at work is also unusual in many industrial atmospheres and cultures. Top
management of organizations has been slow to understand the importance and
impact that safety management has on their processes.

2 Literature Review

2.1 Lean Thinking and Tools

In an increasingly competitive and innovative market, it is essential for the survival
of organizations the existence of strategic management with a focus on improving
their production processes. Producing more, with better quality, at the lowest cost,
with lower lead time, with increased safety and motivation, are today’s challenges
for all organizations. The adoption of Lean Thinking Philosophy is one of the
strategies of change that, over the past few years, has been used by several orga-
nizations [2, 3]. Lean Thinking is a philosophy to create value and at the same time
eliminate excesses, not being a goal or a purpose, but rather a path to achieve
increased efficiency and effectiveness [4, 5]. Lean Thinking is a management and
leadership model with a view to continuous improvement, encouraging people to
think and solve problems, creating value [6].

2.2 Lean Application at Occupational Safety and Health

The fundamental principle of Lean is the identification of wastes/excesses in the
system and reducing or eliminating them. During Lean implementation, there is a
concern that the focus on productivity will result in ignoring how health and safety
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issues or excesses [7], lean-driven changes may introduce risks. The relationship
between Lean and Safety should be compatible with improving processes. Both are in
contradiction of occupational risks and workers’ injuries, Safety by definition and
Lean because money spent on applications for people assistance is thought a waste [§].

If safety does not properly consider organization’s efforts to become Lean,
eliminating wastes, can be penalized. This is because, if Safety concerns are not
adequately addressed in Lean change, waste will be inadvertently introduced into
the system and therefore unacceptable risks should be corrected. It is not possibly
got skinny without Safety [9].

2.3 Impact of Lean Practices on Safety and Health at Work

Many health and safety benefits are obtained as result of implementing tools and
practices of lean.

In a metallurgical company, all the known problems were analysed in a working
cell used in the crane welding process. 5SS methodology was implemented to make
it more efficient and safer. The implementation of this tool allowed simple problem
solving, without major investments and producing an extremely positive impact [9].
In the metallurgical area (Computer Numerical Control lathes) the Visual
Management and Single Minute Exchange Die (SMED) were used to organize the
CNC sector and reduce the setup time of these machines, evaluating the use of
visual devices in combating losses during the setup process, within the concept of
quick tooling. As a result, a reduction of the time loss generated by the tools’
demand and a reduction of the sefup times were obtained in 3 machines. It also
allowed identifying flaws in the tool implementation process such as absence of
training on the tool handling, the non-existence of periodic meetings and the
absence of various implementation steps because no clear performance targets nor
overall implementation plan were set-up [10].

Unitau [11] analysed the waste of time in the operational process and imple-
mented improvements to increase production capacity by eliminating bottlenecks in
the assembly area of mechanical and hydraulic equipment. From the Kanban
implementation, improvements in the level of the operating system have been
achieved in the synchronization and alignment of production and supply, pro-
gramming flexibility, increased production capacity, reduction in the payment of
parts to the supplier, immediate detection of production or supply bottlenecks,
timely detection of non-quality problems, load visualization and working capacity
of each sector, favouring decision-making in corrective action and implementation
of improvements in the process.

At a University Engineering Laboratory, Jiménez et al. [12] implemented the 5S
methodology to optimize work and safety. It resulted in the development of an
organizational culture of all resources in laboratories. University laboratories have
become an industrial laboratory, adapting to the safety and organization conditions
that are usually found in the metallurgical industry. The knowledge, control and
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maintenance of the resources and activities involved are carried out in a shorter time
and with considerable cost reduction. There was also an increase in the available
space for the resources location.

In the construction sector (art works and high-speed railway) the principles of
Lean Construction (Last Planner® System and percentage index of work performed
(PTR)) were implemented in the integrated management of the production and
safety at work. The application of Last Planner had as its main impact the possi-
bility of predicting the activities that can actually be carried out each week, subject
to the conditions found on the ground, as well as the analysis and registration of the
reasons for the non-completion of scheduled activities and the presentation of a new
production performance indicator, the PTR. The values of this indicator allow to
pay attention to the existing problems that can thus be solved in real-time, avoiding
their repetition. Also, Wu et al. [13] simulated data from 448 projects in China to
determine the correlations between five types of lean tools and the four
sub-construction systems (environmental system, equipment system, management
system and overall system) through the implementation of 5S, Visual Management,
Just In Time (JIT) and Last Planner® System. 5S management has significant
positive impacts on the control of key locations and facilities in construction sites
and contributes to mitigating environmental impacts. Visual management can sig-
nificantly improve safety compliance and safety management. JIT management has
significantly positive influences on the layout of safety facilities and formulation of
the safety plan using Last Planner® System and the management of conferences are
effective in improving safety training and implementation of the safety plan. These
findings provide new insights into using “slim” construction to improve con-
struction safety by implementing a lean approach. In the metallurgical sector, 5S
methodology has been implemented to optimize work and safety. There were
improvements in the level of reduction in the number of operations, reduction of
unnecessary work, reduction of waiting times and travelling times, and also of
stocks and excessive production.

Carvalho et al. [14] implemented a six-sigma project, using the lean practice of
reducing/eliminating the seven losses, which initially aimed only at gaining pro-
ductivity. Productivity benefits were obtained, decreased risk in carrying out
packaging activity, better organization of the work environment, flow adequacy and
stocks and, mainly, a greater approach with leadership have been achieved. Greater
clarity was shown when workers should stop production and ask for help, thereby
reducing the risk of producing non-compliant products or even performing
improvisations that may increase the risk of injuries. In a pharmaceutical laboratory,
the use of Overall Equipment Effectiveness (OEE) was evaluated as a tool for
performance assessment, loss identification and as a basis for the development of
continuous improvement actions. In addition to measuring the individual perfor-
mance of equipment, it allowed the identification of waste that impacted the pro-
duction process. The OEE also allowed managers to prioritize actions targeting the
elimination of the main identified wastes, being used as a tool to support production
management [15]. Leino and Helfenstein [16] implemented the 5-why tool in
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incident analysis. The tool provided managers with the identification of latent
failures that could be corrected before the occurrence of serious workers’ injuries.

To improve the conditions that generate the health and safety of workers of a
textile company, Castanheira and Loos [17] implemented the kaizen methodology.
The results show that the kaizen tool assisted in improving methods and processes,
and safety issues were addressed together, making the process safer and more
robust, concluding that lean and SHW are allies and not opponents within the
industrial process. Pedrosa [18] evaluated the risks applied to an industrial dryer by
implementing the combined Failure Mode and Effect Analysis (FMEA) and
Analytic Hierarchy Process (AHP) method. As a result, it is possible to measure
and prioritize the recommended improvement actions that are intended to take on
the analysis object, to reduce the risk associated to failure modes. The incorporation
of the AHP method allows decision-making elements to have a tool relatively
simple, specific and a mathematical decision support. The results indicated actions
that led to product improvement (96% improvement was achieved for a door
sealing cut problem caused by door assembly). Another door seal reduces the
problem caused by mounting the instrument panel and the problem of the noisy
door window, caused by the riveting hole position was completely avoided.
Gongalves et al. [19] created a methodology based on VSM (Value Stream
Mapping) [5] and WID (Waste Identification Diagram) [20] called Safety Steam
Mapping (SSM). The methodology allows, through the observation of a colour
scheme, to perceive in the areas/processes belonging to the productive flow of the
organization, what is the level of risk associated with each of them and what are the
main causes for lack of safety, becoming easier the understanding about the
organization’s risk assessment. It can be concluded that the company presents a
high risk related to each sector/process, mainly because most processes are painted
red and orange, corresponding to intervention levels I and II, respectively, pre-
senting serious risks. Moreover, the lack of safety is usually induced by human
failures, followed by lack of space and finally due to equipment failures. A special
not needs to be highlighted regarding the shipping warehouse, since 100% of the
lack of safety are usually caused by human failures. Transport shows a satisfactory
level, level of intervention III, but it is possible to improve it.

The main objective of lean tools is the improvement of production processes.
The goal of this article is to show, globally, that all lean tools have a positive impact
on safety, and therefore, also in working conditions. In this case study, only three
lean tools have been used.

3 Methodology

The development of this work was supported by an exploratory methodology
looking for greater familiarity with the studied subject and later by a quantitative
methodology, resulting from data collection and contact with the organization.
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Brainstormings were performed by the teams and the existing problems/waste in
each area/task/process were pointed out. According to this survey and, considering
the tools studied (35S, Visual Management and One Point Lesson (OPL) [21]),
selected tools were implemented.

To evaluate the impact of lean tools on safety and workers’ perception, a ques-
tionnaire on the company’s safety culture was made available to everyone at the
beginning of the project. This questionnaire covered several themes such as tasks
characterization, SHW responsibilities, risk assessment for SHW, factors affecting
work performance, risk prevention, safety procedures, the involvement of employ-
ees, motivation, training, leadership support, as well as influence and importance of
safety conditions in the workplace. At the end of the project, the questionnaire was
made available again to measure the project impact. The methodology implemented
followed the Plan-Do-Check-Act (PDCA) cycle, involving a detailed implementa-
tion process, oriented to all employees: Involvement of all people and team training;
Analyse, in-depth, the areas and activities to be intervened; Record what is impor-
tant; Implement improvement actions (SW2H plan); Communicate the results;
Implementation of the Lean Safety steps. To evaluate the initial state of the facilities
and processes to be improved and subsequently measure the evolution of the
implementation phases, 5S audit reports were carried out during the project (five
audits). After the lean tools implementation, a questionnaire was distributed to
workers—“Questionnaire about lean tools implementation”, to analyse the workers’
perception regarding the lean tools influence: 5S, Visual Management and OPL in
the work environment and the benefits arising from this implementation.

4 Results—Case Study

The case study shows the implementation of lean tools: 5S, visual management and
OPL, in the real context in a company providing hospital maintenance services

(Fig. 1).

Before After

Fig. 1 Technicians room
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4.1 Implementation of Lean Tools

From the observation of the equipment, work tools and different places under this study
(e.g., Transport carts, Technician Room, Infrastructure Warehouse, Infrastructure
Workshops 1 and 2 and Technical Rooms), opportunities for improvement were
identified in organization issues and cleaning of areas, materials storage, people and
materials movement, processes improvements, reduction of the number of injuries and
improvement of the work environment. These changes also resulted in the decrease in
the travelling distance of the warehouse manager when searching for the materials that
made up the service orders of the tasks to be carried out, namely 83.3 and 81.8% in the
route to be carried out and in the time spent daily, respectively.

4.2 Questionnaire on Implementation of Lean Tools

After implementation of the three Lean tools above-mentioned (5S, visual man-
agement and OPL), 83.4% of the workers surveyed agree that the work environ-
ment has been improved due to the posting of visual information in the workplace
for communication of the risks prevention (e.g., safety rules, work procedures,
maintenance plan) and 76.5% of workers also think that a better work environment
is due to the tools organization through a visual management system such as
shadow frames, in boxes or shelves, organized suitcases, transport trolleys and
codified tools.

Regarding the benefits brought from the implementation of lean tools, 88.2% of
the workers reported that this is due to the “workplace organization by eliminating
unnecessary items”, while 82.4% reported as main reason the “improvement in
storage because there is more room to the tools” and “improving work practices”.
Otherwise, 77.8% refer that the “improvement in worker safety (more organized
locations, tools and cleaner locations, rule-setting, safety instructions, and working
procedures)” and “greater cleaning efficiency — organized tools and floor/floor free
of unnecessary objects” are the main factor whose contribute to the benefits brought
by Lean tools.

In terms of quantifying the impact of Lean tools on safety culture realized by
workers, there was an impact of 25%, the highest of all on the factors affecting work
performance, in which 75% of the workers realized that their work performance is
affected by factors such as lighting, noise, vibrations, biological risks, etc. Also, on
the subject responsibility in terms of SHW, workers feel now more responsible
(increase by 6%). About training there was also an increase of 8% compared to the
original survey. Finally, there was no impact on the influence of working conditions
for performance in the workplace, as well as on general satisfaction with hygiene,
safety and equipment conditions. This is because in the company, at least 84.8% of
workers are already satisfied with existing safety conditions, facilities and,
equipment.
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4.3 58 Audits

Regarding 5S audits, the initial audit performed based on a checklist developed in
this work context resulted in a quantitative result of 31 and 26% for infrastructure
workshop 1 and 2, respectively. The final goal for implementation, 67%, was
attained. The purpose of the audits was verifying the results of the implemented
tools.

5 Conclusion

58 management has positive impacts on improving the organization and cleaning of
areas, storing materials, movement of people and materials, reducing employee
travelling distances, process improvements, reducing the number of injuries and
improvement of the work environment. Visual Management has had strong impact
on safety compliance and safety management, once by improving communication
and visual information to workers, for example using, photographs, frames,
schemes, graphics, allows any worker to be able to understand a functioning pro-
cess. The One Point Lesson tool (OPL) had more impact on simplifying safety
instructions/procedures, making them more accessible and understandable by
workers. In conclusion, the implementation of Lean tools brings benefits in the field
of safety action, in the context of continuous improvement, encouraging the par-
ticipation of all, focusing on Top Management. It is essential to give feedback to
teams, because only in this way they can be involved, motivated and participatory.
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Indoor Radon Levels in Thermal Spas M)
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Abstract Radon is a radioactive gas produced from the decay of uranium. It can be
found in many types of soils and rocks, such as granite. Radon is the most
important cause of lung cancer after smoking. The aim of this study was to evaluate
continuously the radon concentration in two Portuguese thermal spas (A and B)
between December 2018 and August 2019 (average of 107 days). The indoor air
radon concentration was measured using CR-39 passive detectors in the following
spaces: thermal pool, spa pool, ORL (inhalation therapy rooms), vichy shower,
vichy nozzle, berthelot, whirlpool cabin and reception. The results showed that the
radon concentration values at thermal spa A are much higher than the indoor air
radon concentration values obtained at thermal spa B. In fact, 90% (17 values) of
the indoor air radon concentration values at thermal spa A do not comply with the
reference level established in the EURATOM Directive 2013/59 (300 Bq/m3 ) and
within the Portuguese legislation the Decree-Law 108/2018, of December 3.
Therefore, generic and immediate actions should be adopted to reduce the exposure
namely: strengthening the ventilation system, providing workers with personal
protective equipment, and, informing the workers about the “existing exposure
situation”. Long-term actions should also be adopted as foreseen in the Decree-Law
108/2018, of December 3, including developing a radiological control plan for the
facilities and workers.
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1 Introductions

Radon (222Rn) is a colourless, odourless, tasteless radioactive gas, which may be
found in indoor environments such as caves, homes, schools, and workplaces. It is
produced from the natural radioactive decay of uranium (***U), which is found in
several types of soils and rocks such as granite and volcanic ones [19].

Radon can also be found in groundwater, and although radon in water does not
pose a direct health risk, the use of water containing dissolved radon can enhance
the levels of radon in the indoor air of dwellings and workplaces such as
hydrotherapy centres or thermal spas [16].

In Portugal, the geological settings are mostly comprised of granite rocks with
uranium mineralization, which represents a potential risk for the exposure to high
indoor radon levels, particularly in some specific regions [10]. The presence of
radon in thermal and in mineral waters may result in an additional exposure to
natural radiation due to both indoor radon and radon decay products present in the
environmental air of spas facilities; health effects from exposure to radon in thermal
spas depend mainly on radon inhalation [12, 17].

Most of the existing thermal springs in Portugal are located in the North/Center
regions, due to the geological and structural characteristics quite different from the
remaining part of the territory. In 2019, 41 thermal spas were operating in Portugal,
with an emergence temperature predominantly between 20 °C and 40 °C, never
exceeding 80 °C [20].

The highest number of thermal spas appears in the North region (21), as Portugal
is divided into large areas of significantly different geological and structural fea-
tures. The Center region is the second one with more spas (20) in operation. The
regions of Lisbon, Alentejo and Algarve areas together represent 12% of the
national supply, with five spas.

The concentration of radon in indoor air depends on many factors such as
uranium content in the underlying rocks and soils and the exchange rate between
indoor and outdoor air, which in turn will depend on the type of construction, the
ventilation habits of the inhabitants and the air-tightness of the building [6, 11].

This work focus on: (i) the health effects of radon; (ii) radon in workplaces;
(iii) radon in drinking water, and, (iv) the regulatory framework of radon exposure.

1.1 Health Effects of Radon

Radon escapes easily from the ground into the air, where it decays emitting alpha
particles and producing several solid radioactive products called radon daughters or
“progeny”. As we breathe, the particles are deposited on the cells lining the airways,
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where they can damage DNA and potentially cause lung cancer. The exposure to
radon is considered to be a public health problem, since it is responsible for more
than a half of the total dose of radiation received by the human population [3, 4, 8,
9, 18, 23, 25].

Radon is the most important cause of lung cancer after smoking. It is estimated
that radon causes between 3—14% of all lung cancers in a country, depending on the
average radon level and the smoking prevalence in a country [13, 24]. An increased
rate of lung cancer was first seen in uranium miners exposed to high concentrations
of radon. However, some studies in Europe, North America and China have con-
firmed that low concentrations of radon, such as those found in homes, also pose
health risks and contribute significantly to the occurrence of lung cancer worldwide.

Every 100 Bg/m® increase in the radon concentration is estimated to increase the
relative risk for lung cancer by 8-16%. After cigarette smoking, radon is the second
main cause of lung cancer in the general population without occupational exposure
[15, 24, 25].

Radon is much more likely to cause lung cancer in people who smoke. Smokers
are estimated to be 25 times more at risk from radon than non-smokers. To date, no
other cancer risks have been established with radon.

For this reason, radon has been classified by the International Cancer Research
Agency (IARC) as a Group 1, a known cause of cancer in humans (ICRP [9]).

1.2  Radon in Workplaces

Radon enters in buildings through cracks in the floor or floor wall joints, gaps
around pipes or cables, small pores in hollow-block walls, or sumps or drains.
Radon levels are generally higher in basements and spaces in contact with the
ground. Nevertheless, radon concentrations may vary between adjacent worksta-
tions as well as within a building on the same day and at different times.

In a study conducted in Portugal [23], 88% of indoor air radon concentrations of
spas were found to be above the EU reference level and the protection threshold of
national legislation. The main reason for these results is due to the geological
setting of the thermal spas, located in granitic regions with uranium mineralizations.

In order to protect the workers, some generic and also specific actions should be
taken: (i) enhance the buildings’ ventilation by opening doors and windows;
(ii) isolate the building from the ground; (iii) acquire and provide workers with
personal protective equipment, in particular masks, to be used in thermal spas,
where appropriate, thereby optimizing exposure; and (iv) implement a surveillance,
monitoring and radiological protection system for workers in thermal spas [11].
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1.3 Radon in Drinking Water

In many countries, drinking water is obtained from groundwater sources such as
springs, wells and boreholes. These groundwater sources, namely natural mineral
water, typically have higher radon concentrations than surface waters such as
reservoirs, rivers or lakes.

To date, epidemiological studies have found no association between consump-
tion of radon-containing drinking water and an increased risk of stomach cancer.
Radon dissolved in drinking water can be released into the indoor air. Typically, a
higher dose of radon is received by inhaling radon compared with ingestion.

Occupational exposure to radon in thermal spas occurs during drink cure, spa or
dry spa thermal cure, and inhalation therapy. This burden additionally affects spas’
staff with long-term impact due to longer and longer exposure periods over time
[20].

1.4 Legislation Applicable to Radon Exposure

In Portugal, the increasing concern about indoor air as a vehicle for pollutants and
contaminants has become so important in recent years that a more specific law was
published (Ordinance N° 353-A/2013 [14]) to replace a previous non-specific one
(Decree-Law N° 79/2006), in order to standardize all procedures related to the
operation and maintenance of the IAQ (Interior Air Quality) in several settings.
However, both are not adapted to this type of indoor environment, regarding the
population attending the facilities. The Decree-Law 108/2018, of December 3,
which transposes into national law the EURATOM Directive 2013/59 of December
5, 2013, establishes the legal regime for radiological protection, setting the rules
safety precautions for protection against the dangers arising from exposure to
ionizing radiation [5].

Activities involving the use of ionizing radiation give rise to situations of
exposure to ionizing radiation, such as (i) planned exposure situations (situations
arising from the planned operation of a radiation source or human activity causing
exposure of persons or environment, such as the use of radiation sources in med-
icine or industry); (ii) existing exposure situations (the exposure to radiation already
exists when the decision to control radiation is made). In such cases urgent action is
not required: (iii) emergency exposure situations (arising from radiological emer-
gencies, for example).

On the other hand, the EU approved as a reference concentration to limit the
exposure to radon by 300 Bq/m® (annual average—Directive 2013/59/Euratom) in
indoor air, including housing and workplaces. This benchmark has changed the
previous recommendations from 400 and 200 Bq/m®, for existing buildings and
new construction, respectively [8].
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However, the WHO has recommended reducing indoor air radon to below a
level of 100 Bq/m® (annual average) or, if this is not possible, proposing that the
threshold of 300 Bg/m® be adopted in the first step and to act progressively
reducing the exposure [25].

1.5 Methods

For the implementation of the methodology to follow, a systematic review was
carried out in several databases with Metalib tool. The search was done using a
combination of a pair of keywords: “radon”, “thermal spa” “indoor air” and
“cancer” refined with “exposure” or “lung” in the subject research field.

Radon concentration was assessed with a passive method, for all therapy rooms
and technical areas. Therefore, radon measurements were carried out by using
CR-39 radon detectors during approximately 12 months covering continuous
periods. The CR-39 detectors are enclosed in small cylindrical (5-cm height, 3-cm
diameter) diffusion chambers and placed at approximately 1.5 meters from the floor
[1, 2, 12, 18]. After the period of exposure, the detectors were retrieved and sent to
a certified laboratory (UC-LRN).

The assessment of the indoor air radon concentration was performed at two
Portuguese thermal spas, designated “A” and “B”, as a follow up of a previous
research work in 14 Portuguese thermal spas [18]. Spa “B” consists of two
buildings, identified as Building 1 and Building 2.

In the case of the thermal spa “A”, the measurements took place in two periods:
(1) winter—21/12/2018 to 15/04/2019 (113 days); (ii) Spring/Summer—04/15/
2019 to 08/26/2019 (102 days).

In the thermal spa “B” the measurements took place simultaneously in the two
buildings between 15-04-2019 to 26/08/2019 (102 days).

2 Results and Discussion

In total, 22 results of indoor air radon concentration were obtained from two
Portuguese thermal spas.

In the case of spa “A”, the mean indoor air radon concentration is slightly higher
in winter, 847 Bq/m3 , than in summer, 862 Bq/m3 . However, the highest value was
obtained in the ORL (inhalation therapy room) during the summer period, 1941 Bq/
m’ (see Fig. 1).

Thus, it was found that 94% (17/18) of the indoor air radon concentration values
of spa A do not comply with Portuguese legislation (300 Bq/m?) and that 100% of
the sites do not comply with WHO recommendations for radon concentration in
indoor air (100 Bg/m?).
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Fig. 1 Indoor air radon concentration values at spa A (Bg/m®)

However, concentrations within the thermal spa vary widely, with a minimum of
280 Bg/m® and a maximum of 1941 Bq/m>. In Bertholet (application of the heat
and thermal steam in the vertebral region), nozzle shower, vichy shower and ORL
spaces the indoor air radon concentrations are higher than the other spaces.

The explanation for these results is due to the fact that in these places there is the
use of natural mineral water, where radon is also present [17, 18, 20, 21, 22].

In what concerns to the thermal spa “B”, the indoor radon concentrations are
significantly lower than the radon concentrations obtained at thermal spa “A”. The
average radon concentration in both buildings is 112 Bq/m?, lower than foreseen in
legislation and very close to WHO recommendations (see Fig. 2).
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Fig. 2 Indoor radon concentration at spa “B”—Building 1 and 2 (Bq/m>)
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Table 1 Indoor air radon concentration at thermals spas A and B

Thermal spa A Thermal spa B Average | Maximum | Minimum
Winter | Summer |Building | Building
1 2

Thermal pool | 344 305 52 131 201 344 22
Spa pool 437 383 - - - - -
ORL 1283 1941 89 92 851 1941 89
Vichy 801 1175 161 144 570 1175 144
shower
Vichy nozzle | 1649 1310 - - - - -
Bertholet 1747 1133 - - - - -
Whirlpool 415 366 - - - - -
cabin
Reception 313 280 - - - - -
Average 868 122 - - -
Maximum 1941 161 - - -
Minimum 280 52 - - -

Table 1 shows all values obtained for the indoor air radon concentration for the
spa “A” and for the buildings 1 and 2 of spa “B”.

As the thermal spa “A” is located in a region with a potential to generate high
indoor radon levels due to the geological setting as those that were obtained in this
study, this facility could start to improve the ventilation system.

3 Conclusions

The indoor air radon concentration values at spa “A” are much higher than the
indoor air radon concentration values at spa “B”.

Although thermal spa “B” is located in a geologically granitic area, and therefore
it could be expected potential high radon levels, the values for both buildings
comply with the legislation.

However, in the thermal spa “A”, 90% of the values for indoor air radon con-
centration do not comply with the legislation (300 Bg/m®) which it is necessary to
take some actions, namely: (i) inform and surveille the workers; (ii) implement a
radiological protection system, in particular in what concerns to an “existing
exposure situation” according to the Best Safety Standards [7].
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Occupational Exposure to Saw Dust: ®)
A Case Study e
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Abstract Occupational exposure to saw dust is associated with the development of
oncological diseases, namely nasopharyngeal cancers (about 44% are from nasal
cavity and paranasal sinus cancers), in the wood and furniture industries, about
55.000, according to the (Associa¢do das Industrias de Madeira e Mobiliario de
Portugal) AIMMP. It should be noted that since 1995 these dusts have been
classified as carcinogenic, by The International Agency for Research on Cancer
(IARC). The main objective of this study is to evaluate the exposure to saw dust,
quantifying its concentration, comparing with values stipulated by existing legis-
lation and standardization. In order to reach the objectives described above, total
dust sampling was performed following the NIOSH0500 methodology, in several
jobs, in three different carpentries. From the samplings performed, an average value
of saw dust concentration was obtained in each workstation. After analyzing the
values obtained in the measurements, performed in the real work context, it was
verified there was legal non-compliance in the Garlopa workstation and values of
the order of magnitude of the NP 1796 exposure limit values ELV, in the Manual
Polishing workstation, in some of the Carpentry Workshops. However, if we
consider the Scientific Committee on Occupational Exposure Limit (SCOEL) ELV
we can state that only the Trimmer complies with the established ELV. Thus,
corrective and/or preventive measures should be implemented by employers and
preventive measures should be receptive by workers by implementing/complying to
ensure the health and well-being of all, will be proposed.
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1 Introduction

Occupational exposure to saw dust is a reality in our country, as the wood and
furniture industry is one of the main manufacturing industries in Portugal and
employs thousands of workers [1]. There are several international studies that
indicate that occupational exposure to saw dust is closely linked to the development
of occupational diseases, particularly oncological pathologies such as nasopha-
ryngeal cancer. It is known that cases of onset and development of cancer diseases
in Portugal have been increasing [2].

Observing the wood and furniture industry in Portugal, it is possible to find that
the distribution of this sector is more frequent in the north of the country, with
approximately 50%, followed by the central zone with 22% of total companies,
according to the NUTS II classification in 2005 [3].

This manufacturing industry is characterized by its small size, since most of the
existing companies are small to medium sized, since they are mostly family run.
However, at national level it accounts for around 5% of turnover in the manufac-
turing industries [1, 3], employing thousands of workers, approximately 55,000,
spread over different areas of the wood and furniture industry (e.g. sawmill,
Carpentry, furniture...), in a total of 6000 companies [4, 5]. It can be said that in
2004, 10.2% of the assets employed in Portugal were working in this sector [3].

Regarding the characterization of this sector taking into account Safety, Hygiene
and Health at Work, it can be stated that workers of this type of industry are
exposed to several risks, highlighting the physical risks (noise, vibration, lighting
and thermal environment), chemical hazards (paint and solvent vapors and dust
resulting from the production process) and ergonomic hazards (adoption of incor-
rect postures, stress, repetitive movements, among others).

From exposure to saw dust workers may develop cancer pathologies, and it can
be stated that in Portugal, about 44% of nasal cavity tumors and paranasal sinuses
are associated with this occupational exposure [6], and that about 7% of Head and
neck cancers in northern Portugal are nasopharyngeal [7].

The main objective of this project is to quantify the exposure to saw dust in
wood processing industries and comparing it with existing studies, as well as the
values stipulated by current legislation, in order to understand if these values will be
alarming, with the possibility of increasing the incidence rate of occupational—
oncological diseases. Preventive measures that can be implemented to protect
workers will also be proposed.

1.1 Health and Safety Characterization
in This Industrial Sector

As mentioned above, workers in this type of industry are exposed to saw dust
resulting from the production process. Given that saw dust particles were
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considered carcinogenic by IARC in 1995, it is of utmost importance that the values
obtained from on-site sampling are not only compared with particle exposure limit
values (ELVs) but also with carcinogenic exposure limit values [8—10].

It is also noted that the European Union Scientific Committee on Occupational
Exposure Limit (SCOEL) states that exposure to saw dust above 0.5 mg m>
causes lung symptoms such as respiratory disease, occupational asthma and
decreased pulmonary function [10, 11].

It should be noted that according to studies, the second leading cause of death in
the European Union (EU) is cancer, as this disease causes 1 in 4 deaths, repre-
senting about 8.8 million of people. Cancer deaths in 2015, with 4-8% of these
deaths being from occupational cancer. It is noted that occupational cancer in 2014
killed 666,000 people and in 2017, 742,000 people. Thus, there is an increase in the
number of deaths associated with this type of occupational pathology, although it is
considered that between 30 and 50% of cancers can be prevented [6].

It is also noted that several studies correlate exposure to saw dust, in various
concentrations, with the onset of cancer diseases, including nasal and lung cancers.
This relationship is verified, since dust produced during the production process,
with sizes up to 5 um, called breathable particles, are airborne and can penetrate
into the lungs, depositing in the bronchi and alveoli [12, 13], while larger particles
(10-20 pm) deposit on the walls of the nose and pharynx [14].

This occupational exposure to saw dust, in addition to oncological diseases is
also associated with decreased lung capacity [11] and oxidative DNA damage of
exposed workers [14, 15]. Regarding the development of cancer pathologies, it is
important to mention that, according to clinical history studies, that 99% of patients
diagnosed with nasal cavity adenocarcinoma were exposed to saw dust, with an
exposure time ranging from 2 to 65 sometimes the pathology appeared long after
the exposure ended and 18% of the users were still exposed at the time of diagnosis
[16]. Furthermore, cumulative exposure to saw dust strongly increases the risk of
developing nasal adenocarcinoma, especially when combined with exposure to
formaldehyde [8].

Finally, it is essential to note that exposure to carcinogenic agents under con-
sideration should be kept to a minimum. Workers exposed to these agents must be
adequately protected to eliminate all exposure to the agent to its full extent. Based
on the stipulated ELVs, worker exposure should be reduced as low as possible [17].
This reduction could be achieved by replacing working processes and/ or methods,
by substituting less harmful substances and agents used, by reducing the number of
workers exposed, implementing effective collective protection measures, training
and information both the employer and all exposed employees [6].

2 Legal and Regulatory Framework

Decree-Law 88/2015 of 28/05 regulates the protection of workers against the risks
associated with exposure to carcinogenic or mutagenic agents during work.
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Directive (EU) 2017/2398 of the European Parliament and of the Council of 12/
12 2017.

NP 1796: 2014—Occupational safety and health. Limit values and biological
indices of occupational exposure to chemical agents. This Standard adopts as ELV
and Exposure biological indices (EBI) the exposure limit values, and biological
exposure indices proposed by the American Conference of Governmental Industrial
Hygienists (ACGIH).

NIOSHO0500: Particulates not otherwise regulated, total August 15, 1994.

3 Materials and Methods

The study presented assumed the sampling of total dust, whose collection equip-
ment should simulate, as real as possible, the respiratory function of the employees,
since the collected dust should be the same as those that would have the possibility
to invade and accumulate in the respiratory tract [18].

To this end, three protocols were established with three different companies,
considered as small to medium in size.

Carpentry A, located in Guilhufe—Penafiel, is part of a construction company,
responsible for the manufacture of all kitchen furniture that equips the residential
buildings they build and to produce necessary wood parts/structures for the exe-
cution of civil works. Carpentry B is in Avanca—Aveiro and manufactures hospital
furniture in series and could respond to the smaller customer, being able to man-
ufacture and assemble residential furniture. Carpentry C is in Grijo—Vila Nova de
Gaia—~Porto, working on the production of wood structures and furniture that will
be used in the construction and remodeling of housing works.

The sampling method used, and the total dust sampling method was the
NIOSHO500—Particulates not otherwise regulated, total, considering that saw dust
particles are inhalable.

The sampling was performed with the aid of sampling pumps (Brand SKC Inc.
Models 224-PCTX4) (Fig. 1) to which are coupled, through a plastic tube, cassettes
of a three-piece, equipped with PVC filters of 37 mm in diameter, where the total
dust will be retained.

The samplings were performed in the three companies in four similar jobs, by
taking 3 samples at each workstation on different days, of which, as an example in
Fig. 2, the Manual Polishing Workstation.

4 Results and Discussions

The final average concentrations obtained are the result of several samples at
each workstation. These concentrations were compared with the legal and norma-
tive values: NP 1796:2014 (1 mg m_3), Decree-Law 88/2015 (5 mg m_3),



Occupational Exposure to Saw Dust: A Case Study 177

Company C

Fig. 2 Workstation manual polishing

Directive 2017/2398 (in 2020: 3 mg m > and from 2023: 2 mg m ) and SCOEL
(0.5 mg m™>).

Figure 3 presents the results obtained.

From the analysis to the graphs in Fig. 3, we can conclude that in the Manual
Polishing workstation, the NP1796:2014 ELV is exceeded in Company A, which is
justified because it is near the spray booth and away from any natural ventilation
point. This is followed by the higher value found in Company C, which is justified
by the fact that more than one worker is in this job. Concerning the recommen-
dation of SCOEL (0.5 mg m>), higher values were found in all companies.

Regarding the Garlopa workstation, and since the samples were taken in the real
work context, only Company B was available for sampling, and it was not possible
to compare the results with the other companies. The Garlopa under study has an
aspiration system, but it proves to be ineffective, since all ELVs were exceeded.
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Fig. 3 Results obtained from average concentration per job

Company C square is the only one that exceeds the ELV (SCOEL) which can be
justified by the fact that the suction system is under the cutting table and not near
the blade, as is the case with Company B. Company B’s ELV (SCOEL) is not
reached, because in addition to the above reason, it is also near the entrance gate
that was open on the measurement days.

Finally, the work Orladora, it turns out that no ELV has been reached, since the
function of this machine is to just paste and cut the wood sheets on the wood
boards. However, Company C achieved slightly higher values, which may be
justified by the fact that in the middle of the measurement a worker started cleaning
the job next to Orladora.

4.1 Preventive Measures

The companies under study may adopt some preventive measures, such as medical
surveillance of workers’ health, with complementary examinations, as well as
providing, informing and making employees aware of the importance of using
Personal Protective Equipment (PPEs) as dust protection masks to reduce occu-
pational exposure to saw dust, thus preserving the health and well-being of workers.
Table 1 also shows some specific measures for each job and/or company.



Occupational Exposure to Saw Dust: A Case Study 179

Table 1 Preventive measures

Workstations Preventive measures
Manual — Change Company A Layout by placing this workplace in a place with
polishing natural ventilation and away from other jobs that may contribute to

reducing occupational exposure to saw dust
— Ensure that all companies have an effective saw dust extraction system
— Evaluation/control of the effectiveness of existing aspiration systems in
Company A and C
- Provide Company B with a suction system (e.g. chimney type).

Garlopa — Evaluation/control of the effectiveness of the existing suction system and
which should be maintained/intervened if necessary

— If possible, give preference to the use of other work equipment that
performs the same function (e.g.: molding machine)

Esquadrejadora | — Evaluation/control of the effectiveness of the existing suction system and
which should be maintained/intervened at Esquadrejadora in Company C

5 Conclusions

Of the jobs assessed, only Garlopa is in legal breach, the Manual Polishing job, in
one of the companies obtained values of the order of magnitude of NP ELV and the
other jobs, Orladora and Esquadrejadora, are in legal compliance.

It should be noted that the values obtained for the total dust concentrations
obtained in each workplace and company are not comparable with other studies,
since in the developed bibliographic review, they were not contemplated.

Based on the SCOEL, which states that exposure to values above 0.5 mg m
already negatively affects workers’ health, this study shows that only the Orladora
job in both companies and Company B Esquadrejadora do not reach this value.
Therefore, all other jobs and workers associated with them may or may demonstrate
pathology associated with the respiratory system.

3
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Abstract Noise pollution has a major impact on society since it causes both
occupational and environmental disturbance. Long-term noise exposure may cause
adverse health effects in workers. Nowadays, the construction industry is one of the
economic activities that generates the most noise pollution. So that the construction
industry contributes to sustainable development and minimizes its impact on
society, it is necessary to evaluate the noise pollution construction generates. In this
context, Building Information Modelling is a new methodology that offers enor-
mous challenges and opportunities for the construction industry. The use of the
BIM methodology can be applied to the field of acoustics and noise prevention. The
purpose of this study is to propose a BIM tool to assist noise management in
construction industry workplaces. This tool is intended as a primary step for pro-
viding advice on acoustic management. The results provided can be useful in
supporting decision making and strategic plans can be designed to reduce the
impact of noise generated by construction activities.
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1 Introduction

Unpleasant physical conditions in some workplaces have adverse effects on pro-
ductivity, performance, comfort and workers’ health [1]. Noise pollution is one of the
workplace environmental conditions that may result in decreasing employee perfor-
mance, such as following organization rules, quality, cooperating to solve task
problems, concentrating on tasks, creativity and absenteeism [2]. Sound pressure level
and frequency characteristics have an impact on task performance [3].

The construction industry is one of the main sources of noise and vibration
pollution [4-6] and these factors can affect the health of workers and people in the
immediate vicinity of the construction activities. Noise pollution generated by
construction equipment has a major social and environmental impact [7]. Noise
may cause both occupational disturbance to onsite workers and environmental
disturbances in the surrounding areas. Considering the large impact of noise on
society, European policies have been developed for noise control and methods of
assessing the impact of environmental noise [8] and minimum health and safety
requirements [9].

In this regard, construction activities require a balance to be achieved between
economic, social and environmental impacts in order to achieve sustainability in the
construction industry. For that purpose, it is essential to manage noise based on an
analysis of the sources and the effects on workers’ health. Noise mapping is an
efficient spatial database tool for quantifying and visualizing noise effects.
Traditionally, Geographical Information Systems (GIS) and specialized software
(e.g. CadnaA) are used to compute the distribution of sound pressure levels in large
areas [10, 11]. However, the use of these software applications for small areas has a
high time cost, as it involves modeling of different facilities and buildings and
reintroduces data.

In this context, Building Information Modelling (BIM) is a new methodology
that offers enormous challenges and opportunities for the construction industry [12,
13]. Many studies have shown the benefit of using BIM to improve many aspects of
the construction process and buildings [14, 15]. BIM, as a methodology, can
provided rich geometry and non-geometric data that can be used to perform noise
simulation.

The purpose of this study is to propose a BIM tool to assist noise management in
construction industry workplaces. This tool uses statistical interpolation methods to
make noise maps from the data contained in the model. The goal is to provide a
global point of view using a single software application for noise assessment. The
results obtained support decision making and noise exposure management. As a
result, a strategic plan can be designed to reduce the impact of noise generated by
construction industries.
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2 BIM-Tool Proposed

2.1 BIM Methodology

The tool developed in this research is based on BIM methodology. BIM provides
capabilities such as 3D, 4D time, 5D cost modelling, 6D facilities management and
sharing information/data [13]. BIM integrates the life cycle of the building, from
conceptualization of the project to demolition [16]. Figure 1 shows the synthesis of
aspects integrated in BIM.

The 3D parametric model is a solid and reliable database of the building and
facilities. All the project information is stored in a single model. In this research,
data contained in the 3D model have been used to develop a tool for noise man-
agement to improve risk control and workers’ health and safety. As acoustic data
can be integrated into the parametric BIM model, noise mapping can be performed
in different facilities areas.

The BIM tool has been developed on Autodesk Revit® [17] (a BIM software
tool) and the visual programme environment Dynamo (version 2.1.0) [18]. Revit
software allows complex geometries to be created using parametric design and data
contained in the 3D model to be managed. Although Revit® creates a solid data-
base, this information can be difficult to access outside of the interface. To facilitate
the development of tools, Revit® includes Dynamo visual programming tool.

In this study, the noise mapping tool has been created through the use of
Dynamo nodes and Python scripting. The geometry data (facilities, buildings, etc.)
and non-geometric data (acoustic data, project information, etc.) are extracted from

Fig. 1 Building information
modelling lifecycle view
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the BIM model. The noise mapping simulation tool is integrated in an automatic
workflow that enables the sound pressure level distribution to be simulated

A. J. Aguilar-Aguilera et al.

according to the data extracted from the BIM model.

Noise map resolution and equivalent continuous sound levels L., are required as
user input. The noise map resulting from the simulation is shown in the same
interface of the BIM software. Figure 2 shows the diagram of the noise mapping

simulation tool.
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2.2 Noise Mapping

The noise pollution is analysed in this tool by geostatistical and kriging interpo-
lating methods to generated noise maps. Kriging methods refer to several
least-squares methods to provide the Best Linear Unbiased Predictions (BLUP)
with minimum variance [19, 20]. Ec. 1 shows the general equation of the kriging
method [21]:

No=> W,
i=1

where

Ny represents the noise value for interpolation at (xq, yo),

W; represents the weights that correspond to each N; at (x;, ;) used in the calculation
of Ny (W; value is a direct function of the variogram model)

N; represents noise values of the reference points.

The noise map is calculated using the ordinary kriging method; however, the
user can choose between ordinary, spherical, exponential, Gaussian or power
interpolation methods [22].

3 Case Study for the Tool Proposed

The tool has been applied to a case study. Data from a concrete plant were used for
this purpose. Figure 3 shows the distribution of the facilities and Fig. 4 shows the
noise map resulting from the tool. The resulting noise map is displayed on the same
interface as the BIM software.

Fig. 3 Distribution of
concrete plant facilities
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COLOUR VALUES
61.5dBA

90.0 dBA

Fig. 4 Noise map generated by the proposed tool

The integration of all data in a single model avoids constant export/import
processes, and, consequently, inefficiency and instantaneous lack of information.
This tool integrates the results obtained in the structure of the BIM model, thus
offering a solution and resources to improve decision making in terms of workers’
health and safety in relation to noise exposure.

4 Conclusions

Considering the results obtained in this research, it can be stated that the BIM tool
suggested is appropriate to assess the noise pollution in construction industry
workplaces. In this study we have proposed a tool for supporting a decision-making
process for noise management to improve risk control and workers’ health and
safety.

After analysing the results obtained, the following advantages can be high-
lighted: (1) no need to use a different software application, (2) as the BIM tool
extracts data from the model, human errors associated with data re-entry are
avoided and (3) visualizing the results in the same interface facilitates an com-
prehensive management of noise. Therefore, the tool can help to obtain a better
visualization of the analysis without exporting or regenerating the model in different
software. The BIM tool developed in this research is intended as a primary step in
the Construction industry to provide advice on acoustic management.
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Abstract The objective of the present study is to perform a detailed analysis of the
effect of a hot thermal environment on the human body. For that purpose, a sample
of eight Portuguese ceramic industries comprising twenty-one workplaces was
considered. The choice for this activity sector is due to its relevance in social and
economic terms but also due to its manufacturing characteristics, which are prone to
expose the workers to severe thermal environments. Therefore, this activity sector
is, among others, particularly adequate for the purpose of this study. The Predicted
Heat Strain model (PHS) and a 111-node Human Thermoregulation model
(HuTheReg) were used to describe the level of heat exposure. Based on parameters
of the human body predicted by the two models, the heat stress risk is estimated and
analyzed. The assessment of the compliance level between the PHS and the
HuTheReg models is based on a statistical analysis. The agreement between the
results estimated by both models is good; however further enhancements are
required. Nevertheless, both are valid and very useful tools to assess the level of
thermal stress in hot environments. The fact that both models are independent and
that complementary information is obtained, results in very positive outcomes thus
leading the authors to recommend their joint use whenever detailed assessments of
work environments is foreseen.
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1 Introduction

The social and economic importance of the ceramic industry is very significant.
Therefore, the assessment and analysis of its thermal environments have justified
the efforts of research teams in the recent years [1, 2]. The intrinsic manufacturing
procedures and the equipment of the ceramic industry contribute to the severe
thermal environments that characterize this activity sector. Heat stress conditions
are thus common and, besides the well-known decrease in productivity, often
disregarded, heat disorders such as heat cramps, heat exhaustion by water and salt
depletion, heat syncope or even heat stroke represent additional difficulties that,
depending on the level of the exposure, have to be overcome.

The goals of the present study are to perform a detailed evaluation of the level of
thermal stress that can be reached when working in hot environments of the ceramic
industry and to compare the results obtained with two methodologies of assessment,
the Predicted Heat Strain model (PHS) [3] and a 111-node Human
Thermoregulation model (HuTheReg) [4]. This analysis is based on a field survey
carried out in the Portuguese ceramic industry and represents a follow up of pre-
vious studies [1, 2]. In [1] the Wet Bulb Globe Temperature (WBGT) index was
considered while in [2] the PHS model was used. Now, the heat stress level is also
assessed using a thermoregulation model. In a complementary perspective, the
agreement between the results of the two models is analyzed using statistical tools.

2 Methods
2.1 Predicted Heat Strain Model

The Predicted Heat Strain model (PHS) [3, 5], extensively tested and validated
[5, 6], provides reasonably accurate heat stress predictions. For acclimatized and
non-acclimatized subjects, the human exposure to a given thermal environment is
assessed based on the comparison between a set of parameters predicted by the
model with their corresponding limits (vd. [3]). If the value of a predicted index
(Wp, Swp, SWTOTg and t,.) is equal or higher than its limit (Wpmax, SWmax» Dmax and
tre.max)> it Means that the acceptable exposure time in the work environment has
been exceeded. Therefore, the occurrence of a heat stress condition might happen.
The PHS model has limits of validity, namely in terms of air temperature, partial
water vapor pressure, difference between the mean radiant and air temperatures, air
velocity, metabolic rate and intrinsic clothing insulation that must be taken into
account. More details about the PHS model can be found elsewhere [3, 5].
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2.2 Human Thermoregulation Model

The software HuTheReg, implemented by the authors [4], is composed by several
modules; its main module, which simulates the human body thermophysiological
response, is based on the original Stolwijk model [7], improved with recent
knowledge of the literature [8, 9]. It was validated for a wide range of conditions,
namely in [10, 11].

With the HuTheReg software a significant number of data can be obtained, both
for the human body as a whole and for each of the segments. Due to space
restrictions, this paper focuses only a limited number of parameters, namely the
rectal, hypothalamus and skin temperatures and the evaporation rate. More
descriptions of this model can be found in [4].

2.3 Experimental Data

In a former field survey within the Portuguese ceramic industry [1, 2], 21 work-
places were identified as potentially problematic in terms of heat stress. The data
collected in that field survey represents the basis of the present analysis, which are
shown in Table 1, namely the values of the individual and physical parameters of
the workplaces: activity level (M), clothing insulation (/.,), air (T,), globe (T,) and
mean radiant (7,,) temperatures, water vapor partial pressure (p,) and relative
humidity (HR).

3 Results and Discussion

In both models (PHS and HuTheReg) a sudden exposure to the hot thermal envi-
ronment is assumed, fact that does not necessarily corresponds to a common sce-
nario and to the actual real conditions. In fact, a gradual and progressive exposure is
quite common and, as the worker moves towards the workplace, both body tem-
perature and activity level increase. The HuTheReg allows the simulation of this
initial stage but, as the PHS does not and the objective of the present work is also to
compare the two simulation models, that initial stage was not considered in the
HuTheReg. Thus, both models assume that the human body is initially at a status of
thermal neutrality.

The HuTheReg assumes the water intake as equally distributed over the four
hours working period; in the PHS, the simulations were performed every 15 min
during the same 4 h working period. The global comparison that was performed is
based on the predicted values of the rectal temperature and the evaporation rate
obtained at the same instant. Since all workplaces were assessed on the bases of its
heat stress potential risk, it was necessary to normalize the rectal (7},) and the
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Table 1 Field data of the 21 problematic workplaces of the ceramic industry (adapted [2])

Workplace |M (W) |I;(clo) |T,(°C) |T,(°C) |T,, (°C) |p,(kPa) |HR (%)
col 297 0.90 29.0 35.7 44.7 1.2 30.0
co2 297 0.90 34.9 35.8 37.1 2.0 35.3
Co3 180 0.65 34.5 37.1 40.6 23 41.6
Co4 180 0.65 36.2 52.3 70.1 1.4 23.7
o5 239 0.60 27.8 34.1 42.7 1.3 33.8
C06 297 0.65 39.3 63.0 86.2 12 16.8
Co7 239 1.00 37.8 41.8 47.0 1.3 19.4
Co8 180 0.90 29.9 44.8 62.4 1.1 25.9
09 273 0.65 413 42.1 43.1 1.4 18.1
C10 224 0.65 373 39.5 424 2.1 325
cll 310 0.41 416 43.0 44.8 1.7 21.0
cI12 235 0.41 30.6 30.9 31.3 1.8 40.7
c13 280 0.41 30.6 31.0 316 22 49.7
Cl4 310 0.60 27.6 283 29.3 22 59.5
C15 338 0.60 25.7 26.6 28.0 1.7 51.0
cie6 407 0.61 34.2 33.7 33.0 2.7 49.5
C17 407 0.60 33.1 36.4 40.9 2.1 412
C18 355 0.60 32.0 347 385 2.1 443
C19 400 0.60 32.3 33.1 34.2 2.1 435
C20 254 0.60 31.6 38.3 47.1 1.4 29.8
21 254 0.60 37.1 45.2 55.1 1.4 22.0

hypothalamus temperatures (T},,), for which the following equations were

assumed:
T, — T,
RT,, = —2 """ (1)
Tre,max - Tre,n
Thyp — Th,
RThyp — yp yp,n (2)

Thyp,max - Thyp,n

where RT,, and RT,,, represent the thermal state of the subject, values that allow
the assessment of the potential risk of the workplace [12].

In Eq. (1) T}, corresponds to the rectal temperature at rest in a neutral thermal
environment (7., = 36.8 °C) and 7, m.x to the one of the onset of a heat stress
condition (defined as T,,max = 38 °C in the PHS model [3]). In Eq. (2) T n
represents the hypothalamus temperature at rest in a neutral thermal environment
(Thip,n = 36.8 °C) and T}, max to the one above which a heat stress condition should
be assumed (T,ip,max = 39 °C) [10]. To define the level of heat stress based on RT,.,
and RT},, values, the following criteria proposed by [12] was adopted:
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0 < RT < 0.5 — favorable thermal state;
0.5 < RT < 1.0 — acceptable thermal state;
1 < RT < 2.0 — critical thermal state;

RT > 2.0 — very critical thermal state.

3.1 Normalized Values

Table 2 shows the normalized values of the rectal (predicted by the PHS) and the
hypothalamus (predicted by HuTheReg) after 4 h of exposure, that characterize the
working period of the ceramic industries included in this study.

If the RT,, values are considered, workplace CO6 is very critical being by far the
hardest condition. None of the workplaces is classified as critical. The thermal
conditions at CO1, C02, C05, C07, C09, C10, C11, C12, C13, C14, C15, Cl16, C17,
C18, C19, C20 and C21 workplaces are rated as acceptable and at C03, C04 and
CO8 as favorable. If attention is focused on the RT},y, results, none of the work-
places is classified as very critical. The thermal conditions at CO1, C02, C06, C09,
Cl11, Cl6, C17, C18, C19 and C21 workplaces are rated as critical; including C06
(the most severe, following the RT,, criterion). Nine situations are acceptable (C04,
CO05, C07, C08, C10, C13, C14, C15 and C20) and two are favorable (C03 and
C12). These results highlight that 10 of 21 workplaces are rated as “critical” by one
of the models.

Comparing the results of the ceramic industry with the ones of the glass industry
[12], where the same normalized parameters were used for assessment, in heat
stress terms this activity sector is clearly not as severe as the glass industry.

:ab(:fhjlaxljlecsu:lloill;dal' od Workplace | RT,. |RTy,, |Workplace |RT,. |RTyy,

Vlezles of thl:, workerslf)f the cot 070 |1.12 C12 052 1038

21 ceramic industry C02 0.68 | 1.08 C13 0.62 |0.58

workplaces C03 042 (0.50 Cl4 0.66 |0.80
Co4 048 [0.96 Cl15 0.71 |0.74
C05 056 053 [C16@ 0.88 |1.73
C06 7.38 | 1.95 C17 0.94 |1.78
Cco7 0.59 ]0.89 C18 0.82 |1.35
Co8 045 |0.78 C19 090 |L1.51
Cc09 0.72 |1.01 C20 0.64 |0.78
C10 0.55 [0.77 C21 0.69 |1.04
Cl1 0.83 |1.17

(d) Beyond the limits of the PHS model due to the difference
between the mean radiant and air temperatures
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3.2 Situations with High Heat Stress Potential

Due to space restrictions, the results shown here are only a very small sample of a
wide research. In workplace Cl11, T, and T, are high, as shown in Table 1.
According to RT,. and RT};, indexes this workplace is rated as Acceptable and
Critical, respectively. This difference was considered interesting for a more detailed
analysis throughout the 240 min of exposure. Therefore, workplace C11 was
selected.

Figure 1 shows the results of the evolution of the rectal, hypothalamus and
maximum skin temperatures of a human being working in the C11 place. The
introversion and the heat stroke limits are also depicted. Figure 2 shows the evo-
Iution of the rectal temperature and of the evaporation rate predicted by PHS and
HuTheReg models.

Figure 1 shows that the hypothalamus temperature reaches the limit value of
39 °C close to the 90th minute of exposure, thus suggesting that the worker might
experience an introversion condition [10]. If so, psychological consequences might
appear which do affect work efficiency. In this workplace the metabolic rate of the
worker is high (=3.0 met) and the air temperature is higher than 40 °C, values that
suggest a critical condition. However, the results of the PHS model do not reveal
such a critical scenario. In fact, the predicted and the required evaporation and
sweat rates predicted by the PHS model are equal, which shows that the human

42
Workplace C11: M =2.94 met, | = 0.41 clo, i,, = 0.38, €=0.91,
RH=21.1%, v,,=0.5m/s, T, =41.6°C, T, =44.8°C
c N Heat stroke
ol
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2
B 40 1
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Fig. 1 Rectal, hypothalamus and maximum skin temperatures predicted by the HuTheReg model
for workplace C11
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Fig. 2 Cl11: Rectal temperature and evaporation rate predicted by PHS and HuTheReg

body is capable of coping with the thermal environment. The PHS model detailed
results are presented elsewhere [2].

Figure 2 reveals that the PHS model predicts a rectal temperature of 37.8 °C at
the end of 240 min, value that is slightly lower than the 38 °C limit. Therefore,
under the PHS perspective, an exposure period of 240 min in this workplace is not
critical. For the rectal temperature, the predictions of the PHS and HuTheReg
models are quite different; at the end of the exposure that difference is close to 2 °C,
value that can be considered significant. In the PHS model, the value of the rectal
temperature assumes a steady-state condition after 60-70 min of exposure, while
the values predicted by the HuTheReg model are higher and show a continuous
increase. In this case, the predictions of the HuTheReg seem more realistic, since
because of the high metabolic rate and the high air temperature of the workplace, a
steady-state rectal temperature during most of the exposure period is not expectable.

A small difference was observed between the predictions for the evaporation rate
by both models, despite the more significant increase in the beginning of the
exposure shown by the PHS curve.

3.3 Comparison Between the Predictions of the Two Models

To compare the results obtained with the PHS and the HuTheReg models, the mean
arithmetic difference (), the standard deviation (¢), the mean quadratic deviation
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Table 3 Comparison between the predictions of the PHS and HuTheReg models for the rectal
temperature and for the evaporation rate

Rectal temperature Evaporation rate
5 (°C) |e(°C) |MOD |r(=) |6 Wm? |¢ (Wm? |MOD (Wm? |r (=)
(°C)
Maximum | 1.63 [149 |228 094 |60.59 30.88 66.77 0.89
Mean -1.03 068 |1.36 |0.77 [39.74 21.66 45.51 0.84
Minimum |-2.02 |0.30 056 |0.69 |13.95 14.33 30.75 0.80

(MQD) and the Pearson correlation coefficient (r) were used [12]. Table 3 shows
the rectal temperature and the evaporation rate maximum, mean and minimum
values obtained for these statistical parameters.

In the case of the rectal temperature Table 3 and Fig. 2 show that, in average, the
predictions of the PHS model are lower than those of the HuTheReg software. As
highlighted by the standard deviation and the mean quadratic deviation, the dif-
ferences between the predictions of the two models are significant. This is mainly
due to the quick steady-state condition achieved by the rectal temperature when the
PHS model is considered which, in the authors’ opinion, is not realistic. The
reasonable values of the Pearson coefficient reveal the same trend between the two
models. Otherwise, the values of the Pearson coefficients for the evaporation rate
are always high (0.8 < r < 0.9). However, the ¢ differences are quite high (with
significant standard deviations), which are more pronounced in the beginning of the
exposure. It is important to point out that the PHS model only reveal one critical
workplace (C06), while the HuTheReg software attributes that same severe con-
dition to 10 of the 21 (CO1, C02, C06, C09, C11, C16, C17, C18, C19 and C21).

4 Conclusions

In the present study, the Predicted Heat Strain model (PHS) and a Human
Thermoregulation software (HuTheReg) were used to assess the level of heat
exposure in 21 workplaces of the ceramic industry. The results show that the
predictions of the PHS are more conservative while the ones predicted by the
HuTheReg reveal higher heat stress levels, which can be considered as positive in
the workers’ health and safety perspective. For instance, 9 of the 17 workplaces
rated as “acceptable” by the PHS were considered “critical” by the HuTheReg. The
agreement of the predictions obtained with the two models were not as high as
expected. Even though, in 8 workplaces, the agreement between both approaches
was good, providing enough motivation for further studies in this field. According
to expectations, it has been demonstrated that there are workplaces in the ceramic
industry with the potential for the onset of acute levels of hot thermal stress. Of the
21 workplaces analyzed, 10 of them were rated as “critical” by one of the models.
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To enhance knowledge about adverse working conditions, more field data [12]

and numerical work is necessary. As emphasized by [13] the potential impacts of
workplace heat exposure are to some extent underestimated due to the underre-
porting of heat illnesses; it is also stated that if effective prevention measures are
taken in the workplace, workers may not be physically challenged by heat stress.
The present work is only one more contribution to this matter.
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Abstract In the automobile industry, in order to clean paint from structures on
which cars-bodies are transported and painted, the ultra-high water blasting is used
on regular basis. The objective of this study was to identify and analyze the safety
and health risks related to the water blasting activity, and give suggestions in order
to eliminate or reduce those risks. For this purpose, a study was conducted in an
automobile industry in Brazil, using two self-made questionnaires, one checklist,
the Preliminary Risk Analysis and the Hazard Rating Number. In total ten risks
were identified and analyzed, giving recommendations on additional measures to be
applied in order to eliminate or reduce the risks for the worker. By analyzing the
Brazilian norms considering water blasting, it was identified that workers should
rotate after water blasting of each skid. Further studies should be conducted in order
to quantify the level of noise during the activity, to evaluate the risk of hearing loss,
and give specific suggestions in order to improve the conditions.
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1 Introduction

The number of vehicles being produced in Brazil has increased almost 90 times in
60 years, from about 30 thousand units in 1957 to almost 2.7 million cars in 2017
[1]. Brazil adopted an expansionary policy supplying the neighboring markets of
South and Central America, which reached the production record in 2017 when
766,013 auto vehicles were exported (automobiles, light commercial vehicles,
trucks and buses).

The flowchart of a car’s production process has 4 main phases: presses; body
shop; painting; and assembly. In the press phase the steel plates and coils reach the
stamping where they are molded until they reach the shape of the car body part. In
the body shop the moving parts (hood, parts of the doors, among others) produced
in the previous unit are joined forming the body skeleton. The welded body from
the body shop goes to the painting phase, where the body receives some chemical
baths to prepare for painting. Finally, the body leaving the painting unit moves to
the final assembly, where the body receives all the accessories and components that
make up the vehicle: seats; wheels; electric cables; motor; exchange; among others.

In the painting unit the bodies are transported on top of structures called skids.
When painting the bodies, the skids are also painted, requiring the removal of this
painting, which is performed through ultra high pressure water jetting (over twenty
thousand psi) [2].

It is important to notice that the pressure of 40 bars is enough to pierce the full
skin [3], while high and ultra high-pressure water is able to cause wounds similar to
those of high-velocity projectiles, causing fatal penetrating injuries in only few
seconds of exposure [4]. One study reviewing 42 clinical cases of incidents, noted
that most common scenarios were: the limb injury (hand or foot) where the patient
was clinically stable; a dissection of a great vessel, commonly the femoral artery,
and soft tissue blunt trauma due to a high-energy impact; and third, a severe
traumatic brain injury or decapitation [5]. Further complications in treatment of this
type of injuries may come based on the source from which the water was supplied
to a high-pressure water jetting system. For example, when water is supplied from
lakes, it can result in many viral, protozoal, parasitic, and bacterial pathogens [5].

In Brazil, the legal requirements related to Personal Protective Equipment
(PPE) for the water jacker (worker who performs the water blasting) are specified by
Technical Standard SABESPNTS 185: 2002 [6], while additional criteria related to
the maintenance of equipment used in the activity of water blasting and
activity-related procedures are determined by the Regulatory Standard 34—Working
conditions and environment in the shipbuilding, repair and dismantling industry [2].

Due to a lack of studies concerning the topic, the present study aim to further the
knowledge on the water blasting activity, focusing primarily on the identification
and analysis of risks of water blasting in the automotive industry. Further-on, the
study aims to verify if the current measures correspond to the legal requirements
and to offer additional solutions to eliminate or reduce the risks for occupational
safety and health.
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2 Methodology

The site chosen for the development of the study was the cabin for skids water
blasting, located in the paint unit of the automotive industry located in Goiana/
Pernambuco/Brazil. The cabin and the worker in the water blasting position,
cleaning the skid is illustrated in Fig. 1.

To achieve the objectives of this study, two questionnaires were first developed.
Based on the responses of the questionnaires, a checklist was created to identify the
risks, which were further-on assessed through the Preliminary Risk Analysis
(APR) performed by the Hazard Rating Number (HRN) method.

2.1 Questionnaires

Two not-yet-validated questionnaires were developed, one for managers with the
purpose of obtaining managerial information, and another for the water jacker. The
objective was to obtain operational information of the activity, thus obtaining
valuable information to be used in the risk assessment process (the sources of
hazards).

The first questionnaire developed for managers was applied with the company
safety technician responsible for the skid washing (water blasting) activity. This
questionnaire included the following questions: number of workers participating in
the activity; number of skids washed per day; time required to wash a skid;
workday for each worker; rest time per day; PPE used during the development of
the activity; and the chemicals used in the activity.

Fig. 1 Position during water blasting of skids
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The second questionnaire designed for water jackers, included the following
questions: detailing the activity (step by step) of skid washing, the machines and
equipment in the skid-washing cabin, the posture during the activity, the existence
of stairs to access higher levels, the existence of contact with electricity during the
activity, among others.

2.2 Checklist for Identifying Hazards

The checklist was developed based on the information obtained through the applied
questionnaires, in order to prove and identify the risks for the safety and health of
the worker during the water blasting activity.

2.3 Hazard Rating Number

After qualitative mapping, hazards were assessed and quantified by the HRN APR.
The risk class (RC) was calculated by multiplying the 4 factors: degree of severity;
exposure frequency; probability of damage occurring; and number of people at risk.
The risk characterization and the required action based on the final value was
defined as:

— from O to 5, the risk is negligible, no action required;

— from 5 to 50, the risk is low, but significant, recommended improvement action;
— from 50 to 500, the risk is high, improvement action required;

— 500, the risk is unacceptable, improvement action required.

Degree of severity (DS). Eight levels of severity were given: no damage (0);
slight scratch, injury or bruise (0.1); injury, laceration or moderate disease (0.5);
injury, minor fracture or mild—temporary illness (2); more serious injury, fracture
or illness—temporary (4); injury, loss of limb, eye or hearing—permanent (6); loss
of two limbs or eyes—permanent (10); fatality (15).

Exposure Frequency (EF). Seven levels of frequency degree were given: rarely
(0.1); annual (0.5); monthly (1); weekly (1.5); daily (2.5); hourly (4); constantly (5).

Likelihood of damage (LD). Eight levels of degree of occurrence were given:
impossible—will not occur (0); almost impossible—only in extreme circumstances
(0.033); not expected—although conceivable (1); possible—but it is not common to
occur (2); some chance—may occur (5); likely—it would not be a surprise or
something unexpected (8); expected (10); certainly—no doubt (15).

Number of people at risk (NP). Five levels of number of people were given:
1-2 people (1); 3-7 people (2); 8-15 (4); 16-50 people (8); more than 50
people (12).
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3 Results and Discussion

3.1 Questionnaires

Through the first questionnaire, performed with the safety technique, management
information was collected for the skid water blasting activity. The water jackers
work in pairs, daily performing those activities with a typical 8-h workday from
06:00 until 14:00, with one hour for lunch. While one worker is inside the cabin
water blasting the skid, the other is outside the cabin performing the organization of
the area and supervising the employee inside the cabin. Each time after water
blasting two skids, the employees alternate positions, that is, the employee who was
inside the cabin water blasting the skids becomes the supervisor and the worker
who was outside as a supervisor becomes the water jacker. On average, ten skids
are washed daily, with an average skid wash time of 40 min. The PPE used in the
activity are the visor helmet and ear muffs.

Through the second questionnaire conducted with the water jackers, the oper-
ational information was collected on the activity of water blasting of the skids. The
water jacker stands on one side of the skid and washes all the important parts (2
pins, 2 butterflies, 1 spring and 1 nylon support). For each skid water blasting, it is
necessary to low-down 4 times, and remain in that position for one minute. This
means that the water jackers daily perform 20 lowering lasting approximately
20 min. For cleaning higher parts of skids, the stairs with 5 steps are climbed
approximately 5 times a day. During the activity there is no contact with electricity.

3.2 Checklist for Identifying Hazards

The checklist consisted of 61 questions, 18 on environmental hazards, 8 on ergo-
nomic hazards and 35 on accident hazards. The agents/hazards/risks which were
identified during the development of the water blasting activity were: physical
(noise); ergonomic (inadequate postures for pushing and pulling skids; inappro-
priate postures for washing certain skid regions); accident (non-standard ladders;
heavy material stored on shelves with a risk of falling; handling of pressurized
equipment, risk of particle projection due to skid solid dirt; lack of escape route in
case of emergency, lack of emergency light inside the cabin).

3.3 APR and HRN

The ten risks identified through the checklist were included and analyzed in Table 1
by using the APR with the HRN method. In green the insignificant risks were
illustrated, in yellow the low risks, and in red the high risks.
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For low and high risks, mitigation actions were recommended: organization of
the area; skid rotating frame installation; repair of machine leakage; separation of
materials by weight; escape route placement; installation of the rotary beacon on
walls; recovery of machine doors and security sensors; suitability of stairs as
suggested by the standard; increase employee rotation; use minimum necessary
water blasting pressure (/21500 bar).

As illustrated in Table 1, some risks can be mitigated by applying appropriate
control measures. For example, the risk posed by noise can be reduced from the
initial high risk to low risk by applying training, active noise control systems, or
recovering chamber walls. Other examples of significantly decreasing the risk level
were related to the risk of falls and skid accidents.

Even with the lowering of the risk level through the application of different
control measures, the risks related to high water pressure and particle projection
remain high. Therefore, it is necessary to follow strict procedures and maintain the
supervision of the worker whenever conducting this activity.

In Table 2 are illustrated the requirements for high and ultra high water blasting,
as defined by SABESPNTS 185:2002 Technical Standard and NR 34. The
requirements were analyzed and verified if were in accordance with the case con-
sidered by this study.

The injuries caused by water blasting are often not diagnosed correctly and in
time, due to the damage of the skin surface appear minor. However, those injuries
are often deep, and without an early and effective treatment, can lead to catastrophic
consequences such as amputation or death [5].

Therefore, it is of great importance for those working with water blasting to have
with them the medical card containing information in case of emergency attend-
ing, in order to inform accordingly the medical staff, and get adequate treatment.
This is of major importance as high-pressure water jet injuries should always,
without exception, be considered contaminated wounds and treated as surgical
emergencies [7].

It was identified one irregularity with standards. The activity of water blasting in
the analyzed study includes continuous water blasting of two skids for each
workers. As for water blasting of each skid takes around 40 min, it means that each
worker continuously conducts water blasting for 1 h 20 min, which exceeds the
limits given by the NR 34 (maximum continuous time of up to one hour).

Future studies are needed to assess the noise level to which water jackers are
exposed during the water blasting activity, calculating the dose of noise exposure
and comparing it with regulatory and legal requirements. A study could evaluate the
cost-benefit of investing in the improving hydroblasting chamber walls and
reducing the level of noise. Additional studies are needed in the assessment of
different water blasting activities, taking into consideration the additional risk posed
by the use of different types of high pressure hydraulic or spray guns such as paint,
gasoline, grease and fuel oil. For future studies it is also suggested to validate the
two questionnaires used in this study in order to develop them to have a better level
of confidence in data collection.
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Table 2 Standard requirements for the water blasting activity

N°

Requirements

Safety glasses and/or face shields

Inflated, fully sealed, waterproof or abrasion
impact resistant jacket clothing

Suitable ear protector
Activity only performed by skilled workers

Mandatory use of specific card containing
information required for emergency care

Maintenance of equipment by qualified workers

Activity performed in continuous time of up to
one hour, with intervals of equal period, in a
maximum working time of eight hours

It is prohibited to lock the trigger of the
equipment gun; the gun safety device (lock) must
be actuated when work is interrupted, especially
during level or compartment

Operate equipment as recommended by
manufacturer

Prevent bending, twisting and placing hoses/
hoses on unprotected edges

Maintain eye contact between water jacker and
the supervisor

Rotation of water jackers according to their
physical resistance

It is forbidden for the water jacker to divert the jet
from his work focus

Utilization of low voltage lighting

The use of compressed air line adduction
equipment is mandatory for blasting activities; It
is ensured that the air quality employed in
compressed air line adduction respiratory
protection equipment is as established by the PPR

Present
study

Standard

Norma Técnica
SABESPNTS
185:2002 [6]

NR 34 [2]

207

*J = the ear protector is in used. However, in order to check if the provided ear protection is
adequate, there is a need to conduct an additional study in order to verify the noise level and
exposure dose of the worker

4 Conclusion

The present study analyzed the safety and health risks related to the water blasting
activity in the automotive industry.

The identified hazards in the analyzed water blasting activity were: slippery
floors, poorly organized shelves, no escape route, no emergency light signal,
inadequate posture, noise, defective furniture, not adequate staircase, high water



208 B. Azevedo Dobbin et al.

pressure, and particle projection. Those hazards might lead to different risks/
consequences: falls of people, falls of objects, not evacuating the area in case of
emergency, musculoskeletal disorders, hearing loss, accident with skid, and inju-
ries. It is important to notice that the identified hazards, risks and consequences
could also be applicable to other automotive industries and industries conducting
water blasting activities.

While some of the risks could be reduced to low risks, the risks of high water
pressure and projection of particles remained high, and therefore it is mandatory to
follow rigorous procedures in order to minimize the risk for safety and health of
workers.

All recommendations given by the Brazilian standards SABESPNTS 185:2002
and NR 34, were applied in the analyzed industry. However, in order to evaluate if
the ear protection is suitable, there is a need to further the research and measure the
level of noise and dose of noise to which the worker conducting the water blasting
activity is exposed. By analyzing the Brazilian norms considering water blasting, it
was identified that workers should rotate after water blasting of each skid.
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Abstract Noise exposure is prevalent in many workplaces; however, not all eco-
nomic sectors are equally affected. Some construction activities are among the
productive processes that cause the most noise pollution. This study aims to provide
construction industry practitioners with a better understanding of the impacts of
occupational noise to improve the management of construction activities. This
research starts from the premise that noise maps can be used for acoustic man-
agement in construction workplaces. The noise map is presented as a quantitative
tool that supports management by providing information to evaluate the noise
safety-related performance of construction activities using a risk-analysis-based
approach. For this purpose, the possible use of sound maps as a tool in plans for
noise protection where construction activities are taking place is discussed. Noise
measurements were collected in a concrete production facility. A noise map has
been drawn up and the possibility of using it as part of a strategic plan to protect
workers’ health has been analysed.
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1 Introduction

Characteristics of developed countries, such as production models, population
growth and technological development are key factors which contribute to
increasing noise pollution. The World Health Organization [1] reported in 2018 that
rates of hearing loss are increasing and estimated that the number of people with
disabling hearing loss at the global level could rise to 630 million by 2030 and may
be over 900 million in 2050 (9.6%).

Occupational noise exposure is the second most common risk factor in the
workplace in Europe (22% of the occupational burden of disease), behind work-
place injuries [2]. Long-term excessive noise exposure causes several diseases. It
may result in damage to the auditory system, permanent hearing loss [3] and
psychological effects such as depression and even insomnia [4]. Moreover,
exposure to levels above 80 dB(A) for 8 h per day may cause a potential risk of
permanent damage to inner hair cells ribbon synapses, changes in midbrain, tha-
lamus and cortex and accelerates the risk of cognitive impairment [5-7].

Noise exposure is prevalent in many workplaces [8]; however, not all economic
sectors are equally affected by noise. The construction sector is characterized by a
significant presence of physical contaminants such as noise and vibrations [9-11].
Research conducted by Barrero [12] in 2018 shows that Spanish construction
workers are less likely to have good hearing due to the noise level present on the
job. In the US, in 2018 the industries with the highest occupational noise exposure
were mining (61%), construction (51%) manufacturing (47%), utilities (43%) and
transportation and warehousing (40%). The occupations with the highest occupa-
tional noise exposure were production (55%), construction and extraction (54%),
installations maintenance and repair (54%), transportation and material moving
(44%) [13]. Arve [14] state in their study that construction workers are among the
occupational groups at high risk of noise-induced hearing loss. Many studies
developed measurement strategies and assessment methods of environmental noise
[15—-17] and occupational noise [18-23]. However, noise assessment often does not
have an impact on reducing workers’ exposure if appropriate strategic actions are
not taken. Strategic plans are needed to minimize noise exposure and protect
workers’ health. Implementing such plans would help to reduce the number of
workers affected and the social and economic consequences.

In this context, noise maps can be a useful tool to make workers aware of the
importance of the measures adopted in strategic plans. A strategic noise map is
defined as “a map designed for the global assessment of noise exposure in a given
area due to different noise sources or for overall predictions for such an area” [24].
Noise maps are already being used by European Governments to determine
exposure to environmental noise and adopt action plans based on noise mapping in
road, railways and airports, according to the Environmental Noise Directive [24].
This study discusses the possible use of sound maps as a tool in plans for noise
protection in the construction industry. For this purpose, noise measurements were
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collected in a concrete production facility. A noise map has been drawn up and the
possibility of using it as part of a strategic plan to protect workers’ health has been
analyzed.

2 Methods and Collection Data

2.1 Study Area

Onsite noise exposure data of a concrete production facility were collected. The
concrete plant was selected because it is among the most common activities
involved in the process of civil and building construction. The concrete production
facility is arranged as a tower plant system. Although these facilities are generally
highly automated and with little human intervention, the accident rate indicates that
injuries of very different types occur [25]. Several activities are carried out around
the production tower: (1) Reception, transport and storage of aggregates,
(2) Reception, transport and storage of cement, (3) Dosage of aggregates, cement,
water and additives, (4) Concrete mixing, (5) Maintenance and (6) Transit areas.
There are multiple sources of noise in this area: concrete mixer truck, falls of
aggregates, aggregate transport trucks, pneumatic elements of the automatisms,
compressor, etc.

2.2 Data Collection

An analysis based on sound level measurements was carried out with the plant in
full operation. In order to obtain a guidance of the physical sound level (dBA) in
different locations, a Squadriga I recorder was used. In addition, a global posi-
tioning system (GPS) instrument was used to record the positions at which the
measurements were made.

2.3 Data Processing

Noise map calculation required an interpolation of the levels at the different points.
From these data, the kriging geo-statistical interpolation method was used. The
theory of regionalized variables is the foundation of the kriging method and it has
proved its applicability in many areas [26, 27]. A software extension for
Environmental Systems Research Institute’s (ESRI’s) ArcMap has been used in this
analysis.
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3 Results

Figure 1 shows the elements of the concrete facility (silos, storage areas, com-
pressors, etc.). The concrete facility has staff access to the office and work area.
Also, it has vehicle access to the loading/unloading area and garage.

Workers access this area through the office. They use a specific route depending
on the task they have to perform. The SPL obtained for each point is shown in
Table 1. This data is used for meshing and post-processing map.

All the areas where measurements were taken are transit areas for workers during
the plant’s operating periods. The points closest to the tower and the cement silo
structures are those with the highest Sound Pressure Level (SPL). In this case, it is
not possible to act on the source to minimize the SPL generated in the concrete
production process.

The measurement results are used as input for interpolation in the ArcMap
software. The result obtained is shown in Fig. 2.

It should be noted that the range of colors in a noise map depends on the
maximum and minimum value of the different areas represented. Therefore, noise
map colors are not comparable if they do not share the same scale. As a result, it is
not easy to compare at a glance different noise maps; workers may relate a color to a
low SPL at a given point without considering range.

From this result, the noise map can be used as a tool to minimize the effect of
noise on workers’ health. On the one hand, noise maps provide information about
workplace safety necessary to effectively perform construction hazard prevention
through design. In this sense, it is possible to influence worker safety using pre-
vention through design of facilities and activities to minimize noise exposure and
accidents in the workplace [28]. In this case study, workers’ routes have been

@ @ @ Workers access

@ Vehicle access
@ Office building

@ Aggregate storage

@ Cement silos

@ Congrete mixer truck
@L‘oncrc:c waste storage

@Gmgc
[:l Workers transit area

o

Fig. 1 Distribution of concrete facility elements and measuring points
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Table 1 SPL data

Point SPL (dBA) Point SPL (dBA)
Pl 67.7 P7 89.8
P2 59.6 P8 80.3
P3 58.5 P9 73.8
P4 70.6 P10 90.1
P5 61.5 P11 82.5
P6 60.0 P12 78.2

I 58.0-60.0 dBA
[ 60.1-65.0 dBA

65.1-70.0 dBA

70.1-75.0 dBA
[ 75.1-80.0 dBA
[ 80.1-85.0 dBA
[ 85.1-90.1 dBA

Fig. 2 Acoustic map of the zone

analyzed and safer alternative routes have been proposed to reduce workers’
exposure to noise.

The noise map is presented as a quantitative tool that supports management by
providing information to evaluate the noise safety-related performance of con-
struction activities using a risk-analysis-based approach.

The spatial distribution of the SPL in the facility area enables the calculation of
the daily equivalent level of noise exposure of each worker according to where they
are located during the working day. Although the SPL fluctuates over time,
quantifying its distribution under the most unfavourable conditions ensures that the
worst scenario is considered for activity management. This information can be used
to determine the safest routes, modify working routes, manage collection points and
organize tasks in a way that reduces noise exposure. Therefore, the use of noise
maps as a tool allows for better working conditions in construction sector activities
which expose workers to particularly high noise levels.
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In addition, it can be used as an educational tool for workers so that they can
detect the most dangerous areas in a simple and intuitive way. It can be used to
educate workers on the importance of using personal protective equipment or
performing an activity on a safer route.

4 Conclusions

Among the productive activities that cause the most noise pollution are some
processes in the construction sector. This study is a step forward in the current
efforts to encourage construction companies to use noise maps to reduce noise
exposure.

The use of noise maps has a high cost for the employer due to the large number
of measurements that it requires (the resulting noise map will become more accurate
as more measurement points are selected and if they are distributed over a regular
mesh). This is one reason why this method is not widely used in the sector.
However, it can be a key tool in strategic noise protection plans.

Based on the information provide by noise maps it is possible to organize tasks,
modify routes and adapt work shifts to ensure workers’ safety. The change in
organisational patterns mitigates construction safety risks associated with noise
using prevention through design. Therefore, noise maps have proved to be a tool to
support activity management to minimize exposure to noise. In addition, noise
maps are a very useful tool for the education and training of workers in the pre-
vention of noise exposure in the construction sector.

For all these reasons, noise maps have been shown to be an important tool that
should form part of strategic noise protection plans in the construction sector. Noise
maps provide information to define measures to minimise the impact of noise on
workers’ health, contribute to raising awareness of its importance and enhance
workers’ safety culture.
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Abstract The chemical industry is a strategic sector for the sustainable develop-
ment of countries. Although occupational safety and health prevention practices in
the chemical sector have generally improved, there is concern about risk gaps in
small and medium enterprises. The International Chemical Control Toolkit (ICCT)
methodology proposed by the International Labor Organization (ILO) focuses
resources on controlling chemical exposure. ICCT was used to assess chemical
hazards in a small Brazilian chemical industry. The results show that 47.36% of the
evaluated chemicals have low damage potential, 42.11% have medium damage
potential and 10.53% have high damage potential. Thus, control approaches have
been proposed for all chemicals evaluated. Control measures proposed by the ICCT
method for the chemicals analyzed include general ventilation and good practice for
small, medium and large storage of solids and liquids; good practice for weighing
solids and reducing exposure to an appropriate level such as using Glove Box; best
practices for weighing medium quantities of solids such as using Laminar Flow
Cabinet; and replacement of some substances with less toxic ones.

Keywords Chemical industry - Small business - Classification and identification
by risk substances - Products and materials

1 Introduction

The chemical industry has a relevant player in the sustainable development of
national economies [6]. It is responsible for producing a wide variety of substances
and compounds essential for applications in almost every sector of the economy [2].
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In 2017 the world chemical industry had net sales of $ 4250 billion. Brazil was
ranked 6th with $ 104 billion in net sales [1].

The International Labour Organization (ILO) estimates that the various sec-
tors of the chemical industry employ 20 million workers worldwide. However,
improper use of chemicals can have adverse consequences for humans and the
environment [6].

In 2004 the World Health Organization (WHO) estimates that 4.9 million deaths
(8.3% of all deaths) were due to environmental exposure to chemicals [11]. While
in Brazil, in 2017, there were a total of 107,378 accidents and 174 deaths from
chemical exposure [10].

There is currently a concern about risks in large and small companies in the
chemical sector, although occupational safety and health prevention practices have
generally improved [6].

According to the Health and Safety Executive (HSE) small and medium-sized
enterprises (SMEs) offer major risk capacity as their business models shift from
mass production of chemicals to storage and formulation [4].

The increase in the risk capacity of SMEs is due to a trend towards the use of
low skilled workers who may not have a good understanding of the risks they are
exposed to; an increase in significant incidents on and off site; the reluctance of
employers to accept the risks arising from their activities; and the need for better
competence and risk management outside the company [4].

The chemical industry has one of the highest rates of occupational diseases such
as asthma, dermatitis and cancer. These rates are linked to inaccurate or insufficient
information about the use of chemicals, lack of knowledge of their health effects,
lack of competence in end-user risk assessment and selection of appropriate control
measures [4].

For ILO [8] one of the classic steps of Occupational Hygiene (OH) practice is
the recognition of possible health risks in the workplace. Thus, if the health risks are
obvious, control should be recommended before carrying out quantitative assess-
ments. Therefore, the classic concept of “recognition-evaluation-control” may
change to “recognition-control-evaluation” or even “recognition-control” [8].

To help SMEs recognize chemical health risks in their workplaces and advise
them on control measures, the Health and Safety Executive (HSE) developed in
1999 the “COSHH Essentials: Easy Steps to Control Health Risks from
Chemicals”. This pragmatic approach technique is based on Control Banding
(CB) which categorizes risks and their forms of control into bands [3].

COSHH Essentials has been adapted by ILO, WHO, HSE and the International
Occupational Hygiene Association (IOHA) for use by all countries. This interna-
tional version was called the “International Chemical Control Toolkit (ICCT)”
which was updated to include the Globally Harmonized System for Classification
and Labeling of Chemicals (GHS) [3, 9].

Thus, the objective of this exploratory study was to conduct a qualitative risk
assessment and propose their respective control measures by applying the
International Chemical Control Toolkit ICCT) in a small chemical industry in Rio
Grande do Norte, Brazil.
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2 Methodology

This research is characterized as exploratory and descriptive. It was based on one of
the classics OH steps that is “recognition-control” of the risk [8]. For the qualitative
analysis and its respective risk control of the researched small chemical industry,
the International Chemical Control Toolkit (ICCT) was used [3, 5, 7].
As this research is only composed of an observational analysis of the work
environment, there was no need to submit it to a Research Ethics Committee.
The ICCT implementation methodology consists of five stages [7]:

— Stage 1—Hazard classification and matching to a hazard group: substances can
be allocated into six different groups. Five groups (“A” to “E”) relate to health
damage caused by inhalation or ingestion of substances. The sixth group (“S™) is
used to allocate chemicals that can cause skin or eye damage.

— Stage 2—Scale of use the chemicals: the amount of chemical used determines
how the product is handled. The amount used also affects worker exposure. In
this stage, the amount of chemicals used is classified as small, medium or large.

— Stage 3—Ability to become airborne. The ability of a product to dissipate in air
depends on its physical form. At this stage the spread of chemicals in the air are
classified as low, medium and high according to their volatility (liquids) and
dustiness (solids).

— Stage 4—Selection of the control approach. At this stage it is already possible to
define the most appropriate control approach based on the information collected
in the previous stages. The control approaches adopted by ICCT are divided into
1—general ventilation and good practices; 2—engineering control (local ven-
tilation); 3—-closure of the process; and 4—special (need for expert advice to
define the most appropriate control measures).

— Stage 5—Find the task-specific control guidance sheet(s). At this stage a specific
form provided by ICCT with guidelines for the task control sheet is located.

In this research, all substance allocations to hazard groups and their respective
volatilities were based on the GHS classification contained in the Material Safety
Data Sheet (MSDS) of each chemical.

All information collected in the 5 stages is noted in the “Chemical Control
Toolkit Checklist” provided by ICCT.

3 Results

The research was conducted in a small chemical industry located in the city of
Parnamirim, state of Rio Grande do Norte, Brazil.
The researched chemical industry markets chemicals in fractionated quantities to
serve SMEs in the textile sector in the states of Rio Grande do Norte and Paraiba.
To carry out the research, visits were made in the research industry to understand
its routine.
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The production of small industry varies according to its demand of your clients.
However, the activities evaluated in this research that are performed regardless of
the production requested. These common activities include receipt of raw material,
storage of raw material, large amount fractionation, and the storage of fractionated
chemicals.

The use and variety of chemicals is wide and demand dependent. Thus, 19
chemicals were selected for this research.

Table 1 shows the 19 chemicals used by industry during the research. For each
product analyzed, the risk group, the amount used, the propagation form and its
corresponding control measure were determined according to the ICCT.

For all chemicals analyzed, the amount used was determined as average.
Regarding chemical propagation in the environment, 6 chemicals (1-6) have low
volatility or dustiness, 12 chemicals (7-18) have medium volatility or dustiness,
and 1 chemical (19) have high volatility or dustiness.

As for classification in groups of hazards, 8 chemicals (42.11%) were classified
in hazard group “A” and 1 chemical (5.26%) was classified in hazard group “B”
because they have a lower potential for causing health damage. Another 8 chemical
products (42.11%) were classified in group “C”, presenting average damage
potential. In addition, 2 chemicals (10.53%) need for expert advice to define the

Table 1 Chemicals analyzed by the ICCT

Order Products Hazard Control
group approach
1 Citric acid (C¢HgO7) A&S 1
2 Sulfonic acid (H,03S) C&S 2
3 Sodium benzoate (C;HsNaO,) A &S 1
4 Trisodium citrate (CgHsNaz;O5) A&S 1
5 Magnesium hydroxide (H,MgO5) C&S 2
6 Disodium oxosilanediolate (Na,O3Si) C&S 2
7 Ammonium bicarbonate (CHsNOs) C&S 3
8 Sodium bicarbonate (CHNaO3) A&S 1
9 Calcium carbonate (CCaOs3) A&S 1
10 Sodium carbonate (CNa,03) A &S 1
11 Sodium chloride (CINa) A&S 1
12 Formaldehyde (CH,0) E&S 4
13 Sodium hydroxide (HNaO) E &S 4
14 Sodium metabisulfite (Na,OsS,) C&S 3
15 Hydrogen peroxide (H>O,) C&S 3
16 Aluminium chloride hydroxide hydrate C&S 3
(H,A1,ClOg)
17 Propylene glycol (C3HgO,) A&S 1
18 Sodium lauryl ether sulfate (Co4Hs5oNa,OsS) C&S 3
19 Dioxotitanium (O,Ti) B&S 2
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most appropriate control measures and were classified as in group “E”. Of the 19
chemicals analyzed, all products (100%) were also classified in the group “S”, as
these substances can cause damage when in contact with the skin and eyes.

Table 2 shows the task control sheets selected for the 19 chemicals evaluated.
All task control sheets are made available by the ICCT method.

The control approach 1 should be adopted for the use of 8 (42.11%) chemicals.
Based on the Control Approach 100 the layout inside the company has been altered
improving air circulation. A schedule has also been created for cleaning roof wind
exhausters. With Control Approach 101 guidance, the company adopted a sign for the
chemical storage area, also implemented a cleaning service schedule in the storage
industry; training was provided for workers on good chemical handling practices;
improved labeling of chemicals; and purchased a sump pallet to prevent spillage.

The control approach 2 was adopted for the use of 4 (21.05%) chemical prod-
ucts. Following the direction of Control Approach 211, the chemical industry
requested a budget for the purchase of a Laminar Flow Cabinet for the weighing
area. The acquisition of Laminar Flow Cabinet will help ensure that workers,
products and processes are protected from dust.

The control approach 3 was adopted for the use of 5 (26.31%) chemicals. For
this Control Approach 301 the chemical industry has also requested a quote for the
purchase of a Glove Box for weighing chemicals.

The control approach 4 was adopted for the use of 2 (10.53%) chemicals.
Regarding Control Approach 400 the chemical industry has initiated studies to
substitution the two chemicals classified as Control Approach 4 by less toxic
substances.

Skin and/or eye protection should be used when handling 19 (100%) chemicals
of the total analyzed. Eye and face protection are influenced by all control measures
cited above. But the company also followed the Control Approaches Sk100 and
R100 guidelines and reinforced the training and availability of personal protective
equipments for all workers.

Table 2 Task control sheets selected by the ICCT

Control Task Task description
approach control
sheet
1 100 General ventilation
101 Good practice on storing small, medium and large quantities of
solids and liquids
2 211 Good practice on weighing medium quantities of solids
3 301 Good practice on weighing solids to reduce exposure to an
adequate level (Glove Box)
4 400 The process needs more specific and specialist advice than
ICCT can provide
S Sk100 Eliminate or minimize the amount of material in contact the

skin and eyes. Select appropriate personal protective equipment

R100 Selection and use of respiratory protective equipment (RPE)
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4 Conclusion

This research used Recognition of Hazards, which is one of the preliminary steps of
Occupational Hygiene (OH), to recognize the risks and to suggest their respective
control measures [8].

The International Chemical Control Toolkit (ICCT) method adopted by ILO,
IPCS, and WHO (2003) was used to qualitatively assess chemical hazards in a
small chemical industry located in Parnamirim, Rio Grande do Norte state, Brazil.

ICCT has been applied to 19 chemicals used by the chemical industry that are
considered hazardous by the GHS.

After the recognize, it was concluded that 42.11% (8 chemicals) were classified
in hazard group “A” and 5.26% (1 chemical) was classified in hazard group “B”
because that have lower potential to cause health damage; 42.11% (8 chemicals)
were classified in group “C”, presenting average damage potential; and 10.53%
(2 chemicals) need for expert advice to define the most appropriate control mea-
sures and were classified as in group “E”. In addition, 100% have potential for skin
and/or eye damage (risk group S).

Control measures were proposed, and interventions were performed for all
chemicals analyzed. These proposed control measures were obtained from the task
control sheets provided by the ICCT method. Among the proposed control mea-
sures, were implemented the general ventilation and good storage practices for
small, medium and large quantities of solids and liquids (42.11%); good practices
on weighing solids and key points to follow to reduce exposure to an appropriate
level, such as the use of Glove Box (26.31%); good practice in weighing average
quantities of solids and using a Laminar Flow Cabinet (21.05%); and studies are
underway to substitution two chemicals with less toxic ones (10.53%).

The limitations of the present study include the difficulty in obtaining the
Material Safety Data Sheet (MSDS) of the chemical products in Brazil and the
absence of quantitative evaluations that indicate the amount inhaled by the workers
and the efficiency of the proposed control measures.
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Abstract Air quality tells us how much air pollution we breathe daily. This level of
pollution is caused by various chemicals present in the air, which modify the natural
composition of the earth’s atmosphere bringing negative consequences for humans. In
school canteens it is essential to ensure the health and professional and student
well-being and the quality of made-up products. In these places, it’s important to take
care of Indoor Air Quality (IAQ) as a determinant of public and occupational health.
The main objective of this present study is the evaluation of IAQ in kitchens before,
during and after the confection and/or food preparation, as well as analyzing the
symptoms perceived by professionals working in these spaces. We notice that the
average concentrations of PM, s and PM,,, registered in some kitchens study
exceeded the protection threshold. The symptoms/diseases with the highest preva-
lence were allergies (rhinitis), headaches and sneezing crisis. In this study, it was
concluded that action is needed to improve the quality of in-door air in the kitchens of
canteens, since there were air pollutants on average higher than the legally established
values, as was the case of PM, 5 and PM. It is essential that institutions implement
continuous IAQ evaluation in order not to expose workers to hazardous conditions.
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1 Introduction

Currently, the multiplicity of factors that contribute to our well-being and quality of
life not only influence our daily lives, but also affect future generations. Thus, we
can affirm that environmental issues increasingly become a worldwide concern.
One of the factors with great importance that deserves our full attention is the air
quality [1].

Air quality shows us the level of air pollution we breathe daily, which is caused
by several pollutants present in the air that change the natural composition of the
atmosphere, bringing negative consequences for humans [2]. The most abundant
pollutants in the atmosphere and caused mostly by humans, are particulate matter
(including PM, s and PM;,), carbon monoxide (CO), carbon dioxide (CO,),
formaldehyde (CH,0) and Volatile Organic Compounds (VOC) [2].

Currently, most of the world population, mainly in developed countries, spends
much of his time in interior spaces, some of which are associated with insufficient
ventilation and air exchange such as homes, workplaces, schools, leisure and
entertainment spaces and transportation. There are many potentially harmful
compounds released within these spaces, because of emissions from building
materials, cleaning products and equipment, combustion, consumer products,
among others. If, on one hand, the buildings protect people and property, on the
other hand they also degrade human health due to pollution from them [3].

According to Word Health Organization (WHO), the various problems of Indoor
Air Quality (IAQ) are recognized as important risk factors regarding human health,
both in the developed and developing countries [3].

Taking into account the many allergic diseases, it is quite remarkable the effects
of multiple environmental variables, either as primary determinants, either as
aggravating the clinical conditions, particularly when the respiratory system is
compromised [4].

Air quality in school canteens can affect both the health and well-being of
professionals and students as well as the quality of products confectioned. In these
places, it is important to heed the importance of IAQ as a determinant of public and
occupational health [5]. In the meal preparation and confection, workers are con-
stantly exposed to many substances considered dangerous. The impact of these in
the human body can be diversified according to the confection process, the type of
food cooked and substances that are consequently released from them and their
concentration, time and exposure intensity by the worker [6-9].

Given the above, this study aims to monitoring IAQ in kitchens before, during
and after the confection and/or food preparation, as well as analyzing the symptoms
perceived by professionals working in these spaces.
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2 Materials and Methods

2.1 Research Design, Population and Sample

The present study was observational (descriptive), cross-sectional and knowledge
level II. The target population consisted of four kitchens that are part of higher
education institutions canteens located in Coimbra, as well as 30 workers that
integrate. The sampling used was non-probabilistic and the technique used was by
convenience.

2.2 Instruments and Data Collection

The study was conducted in the academic year 2018/2019 and the data collection
period was carried out over the months of June and July 2019.

Data collection consisted in three stages of investigation. The first stage was to
describe of the assessed areas; the second stage was the application of a ques-
tionnaire addressed to all employees of the assessed canteens; and the third stage
was the evaluation of air quality, using for such the assessment of atmospheric
pollutants (CO,, CO, VOCs, PM, s, PM;q and CH,0) weather and temperature
variables (T°) and relative humidity (RH) at station summer.

For the structural characterization of the kitchens was applied a checklist related
to the general characteristics of the building under consideration. The sample was
taken from four different canteens. It is noteworthy that the four canteens were
located in urban areas, which is common indicator to all.

For the evaluation of the environmental parameters were selected initially the
sampling points, taking into account the areas of space to evaluate and respective
layouts, as well as the existence of doors, windows and ventilation systems, exhaust
and/or air conditioning and potential sources indoor and outdoor contamination.

The questionnaire was conducted to analyze the symptoms perceived by workers
of kitchens. This was divided into three important parts. The first one for evaluated
the sociobiography characteristics of workers. The second one was intended to
obtain data about the health condition, if they had or not they had symptoms of
respiratory or chronic work-related illnesses. The third and last part, proposed to
give information regarding the smoking habits.

With regard to the third stage of research, the measurements were performed in a
30 min period, with a sampling for minute. Measurements were made at three
different times, that is, before, during and after the confection and/or food prepa-
ration between 09:00 and 17:30. The measuring equipments was placed on a central
position of each rated space and approximately equal to the airways of workers
[10].
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To carry out the analytical collection of evaluated criteria, specific portable
reading devices were used in real time, and in particular multi-gas analyzer, brand
Critical Environment Technologies (CETCI), YES-AIR model, serial number:
YA1901K00947 for evaluation the concentration of CO, CO,, VOCs, CH,O and
weather variables T° and RH Dust Trak DRX measuring mark TSI model 8534,
serial No. 8534190207 for assessing concentrations of PM, 5 and PM,,. For the
transfer of data collected between the measuring devices and the computer used to
the specific software for each of the equipment used. It was considered as a ref-
erence for maximum CO concentration, 10.0 mg/m® (9 ppm) for CO,, 2250 mg/m’
(1250 ppm) for VOC, 0.6 mg/m> (600 ppb) for PM,s, 0,025 mg/m® for PM,,
0.05 mg/m* and CH,0, 0.01 mg/m® (0.08 ppm) as mentioned in Order 353-A/2013
of 4 December. According to Decree-Law No. 243/86 of 20 August, the environ-
mental conditions of reference comfort for T° to should range between 18 and
22 °C, while the RH shall be between 50 and 70% [11, 12].

2.3 Statistical Analysis

Data were processed using the IBM SPSS 25 software. At the level of statistical
inference, we used Student’s t-test for one sample, Chi-square of Adherence and
Odds Ratio. Finally, the inference was based on a confidence level of 95% for a
random error up to 5%.

3 Results

The sample consisted to four canteen kitchens incorporating higher education
institutions located in Coimbra, a total of 30 workers and also the outside space of
the four canteens evaluated. It should be noted that this 30 workers evaluated,
twelve worked in the Canteen 1, six in Canteen 2, five in Canteen 3 and seven in
Canteen 4. With regard to gender, 8 were male and 22 female, with an average age
of 42.90 (standard deviation = 13.54) years.

After the application of tools for collecting predefined data, the next table
compares the overall shape of the analytical values of the concentrations of CH,0,
CO, CO,, VOCs, PM, 5 and PM, indoor air of various canteens evaluated values
legally set (safety threshold) (Table 1).

It was observed that there were statistically significant differences between the
mean values of analytical CH,O protection threshold and in Canteens 1, 2 and 4,
while in the Canteen 3, there were no significant differences. Analytical average
values of this pollutant were below the protection threshold. It was Canteen 2 that
had higher average values, unlike Canteen 3 which had the lowest. Relatively, the
average analytical values of CO concentration, it was found that there were sig-
nificant differences between the average analytical values and the protection
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Table 1 Average concentrations of air pollutants, in the different evaluated canteens

Canteen CH,O co CO, vOoC PM, 5 PM;o
M=+ M=+ M=+ M=+ M=+ M=+
(SD) (SD) (SD) (SD) (SD) (SD)
c, 0.013 0.52 594.64 188.74 0.041 0.046
(0.04) (0.86)"" (106.99)"" (161.56)™" 0.07" 0.07)
C, 0.035 0.37 54437 313.74 0.015 0.018
0.15)" 0.42)" (130.22)™ (415.18)" 0.0D)™ 0.0
C; 0.001 0.18 44549 107.41 0.031 0.035
(0.001) 0.32)™ (133.66)" (79.47)"" 0.02)™ 0.02)™
C, 0.0001 0.28 530.10 114.04 0.066 0.071
0.01) 0.33) (99.31) (66.18)™" 0.16)™ 0,16)™

C: Canteen; M: Average; SD: standard deviation; PL: protection limit; PL CH,0 = 0.08 ppm; PL
CO =9.0 ppm; PL CO, = 1250 ppm; PL VOC = 600 ppb; PL PM, 5 = 0.025 mg/m’; PL
PM,( = 0.05 mg/m®

Test: Student t test for population mean. *p < 0.05; **p < 0.01

threshold in all canteens, whereby the average values were below the protection
threshold. Differences were found in mean concentration being Canteen 1 that
exhibited higher values, while the Canteen 3 the lowest average values. As regards
the analytical average values of CO, concentration, it was found that there were
statistically significant differences between the estimated mean values and the
protection threshold in all Canteens, whereby the average values of CO, were
below the protection threshold. Referring to the average analytical values of VOCs,
there were statistically significant differences between the estimated mean values
and threshold protection in all evaluated Canteens, and the average values of the
pollutant concentration were below the protection threshold.

With regard to the average concentrations of PM, s, it was observed that there
were statistically significant differences compared to the protection threshold in all
Canteens under study. Canteens 1, 3 and 4 showed average values of PM, 5 con-
centration higher than the protection threshold, while the Canteen 2 showed values
below the protection threshold. Regarding the average concentrations of PMy,
there was the presence of significant differences between the analytical values and
the protective threshold Canteens 2, 3 and 4, while in the Canteen 1, no significant
differences. Canteen 4 were recorded in average values of PM;, concentration
above the protection threshold, as in Canteen 1.

We set out then evaluate the average concentration CH,O, CO, CO,, VOCs,
PM, 5 and PM kitchens, at the different measurements (Table 2).

It was found that there were statistically significant differences between the mean
values of analytical CH20 in the morning and noon. It was the morning that
showed higher average values, unlike the afternoon that had the lowest. Relatively,
the analytical mean values of CO concentration, it was observed that there were
significant differences between the analytical mean values for all periods, and the
morning exhibited higher values, while the afternoon average values over low. As
regards the analytical values of average CO, concentration was found that there
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Table 2 Average concentrations of air pollutants, canteens evaluated in different periods

Canteen CH,0O Co CO, vOoC PM, 5 PM;o
M=+ M=+ M=+ M=+ M=+ M=+
(SD) (SD) (SD) (SD) (SD) (SD)
Morning 0.02 0.51 505.65 224.78 0.06 0.07
0.13)’ 0.72)" (141.01) (360) 0.13)™ 0.14)"
Noon 0.01 0.39 579.98 234.31 0,03 0.04
0.04)™ 0.049) (132.95)" 170)” 0,07)" 0.07™
Evening 0.001 0.12 500.32 83.86 0.02 0.02
(0.0001) 0.21)" (95.84)" (68)™ (0.01) (0.01)

M: Average; SD: standard deviation; PL: protection limit; PL CH,O = 0.08 ppm; PL
CO =9.0 ppm; PL CO, = 1250 ppm; PL VOC = 600 ppb; PL PM,s = 0.025 mg/m3; PL
PM,, = 0.05 mg/m3

Test: Student t test for population mean. *p < 0.05; **p < 0.01

were statistically significant differences between the mean values estimated in all
periods. The period morning was exibed highest average values, while the period
afternoon exibed lowest average values. Referring to the average analytical values
of VOCs, there were statistically significant differences between the estimated
average values. It was noon period which showed the average value of higher VOC,
unlike the afternoon that had the lowest value. With regard to the average con-
centrations of PM, 5, it was observed that there were statistically significant dif-
ferences in all periods studied. The morning was what registered higher values and
the afternoon the lowest average values. Regarding the average concentrations of
PM,y, there was the presence of significant differences between the analytical
values.

It was subsequently sought to ensure if there were exceedances of the reference
value imposed by the legislation for meteorological variables (T° and Hr) in the
indoor air of the evaluated kitchens (Table 3).

Analyzing the data relating to T° we found that the four kitchens evaluated,
measured over a period of 1080 min total, 803 (74.4%) had temperature amended,

Table 3 Meteorological variables T° and RH inside the canteen

Canteen Temperature Relative humidity

TN TA HA HN HA

[18-22] °C | <18 °C and >22° C | <50% [50-70%] >70%

n (%) n (%) n (%) n (%) n (%)
Canteen 1 | 160 (59.3%) | 110 (40.7%) 121 (44.8%) | 149 (55.2%) |0 (0.0%)
Canteen 2 |2 (0.7%) 268 (99.3%) 240 (88.9%) |30 (11.1%) |0 (0.0%)
Canteen 3 |90 (33.3%) | 180 (66.7%) 0 (0.0%) 188 (69.6%) |82 (30.4%)
Canteen 4 |25 (9.3%) 245 (90.7%) 27 (10.0%) |231 (85.6%) |12 (4.4%)
Total 277 (25.6%) | 803 (74.4%) 388 (35.9%) |598 (55.4%) |94 (8.7%)

TN: Normal Temperature; TA: Temperature Amended; HN: Normal humidity HA < 50%: Altered
humidity below 50%; HA > 70%: Altered humidity greater than 70%
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that is, outside the legally established range (18-22 °C), while 277 (25.6%) were
within the normal temperature range. The place where there was a greater number
of amended values was Canteen 2. With regard to the meteorological variable RH,
it was observed that the evaluated 4 kitchens, 388 min (35.9%) had RH below the
reference range [50-70%] and 94 (8.7%) above the reference range. It was Canteen
2 which presented a higher number of amended values moisture.

The following table is intended to evaluate the presence or absence of
symptoms/diseases according to the canteen where workers labored (Table 4).

According to the analysis of Table 4, with regard to asthma disease, Canteen 4
showed the highest prevalence (42.9%) and Canteen 3 didn’t showed. Regarding
sneezing crisis Canteen 1 exhibited a higher percentage (41.7%), while the Canteen
4 didn’t showed percentage. With regard to allergies (rhinitis), it was Canteen 3 that
showed greater percentage (80.0%), contrary to that presented Canteen 2 (16.7%).
Regarding the symptom of headache, Canteen 3 indicated the largest percentage
(60.0%), while the Canteen 4 indicated only 14.3%. Regarding the symptom of
dizziness Canteen 3 showed the greater percentage (40.0%) and Canteen 4 the
lowest percentage (14.3%). As regards the sensitivity to odors, Canteen 3 showed
the greater percentage (40.0%), contrary to Canteen 4 not indicated this symptom.
With respect to respiratory difficulties was the Canteen 3 with the highest per-
centage (40.0%) and the Canteen 1 that showed the lowest percentage (8.3%).
Posteriorly, we sought to deter-mine whether workers have reported that symptoms/

Table 4 Presence/absence of symptoms depending on the canteen frequented by workers

Symptoms/diseases Canteen where the employee labor
Canteen 1 Canteen 2 Canteen 3 Canteen 4
Asthma Yes 1 (8.3%) 1 (16.7%) 0 (0.0%) 3 (42.9%)
No 11 91.7%) 5 (83.3%) 5 (100.0%) |4 (57.1%)
Chronic bronchitis Yes |0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
No 12 (100.0%) |6 (100.0%) |5 (100.0%) |7 (100.0%)
Sneezing crisis Yes |5 (41.7%) 2 (33.3%) 1 (20.0%) 0 (0.0%)
No 7 (58.3%) 4 (66.7%) 4 (80.0%) 7 (100.0%)
Allergies (rhinitis) Yes |5 (41.7%) 1 (16.7%) 4 (80.0%) 3 (42.9%)
No 7 (58.3%) 5 (83.3%) 1 (20.0%) 4 (57.1%)
Headaches Yes 6 (50%) 2 (33.3%) 3 (60.0%) 1 (14.3%)
No 6 (50%) 4 (66.7%) 2 (40.0%) 6 (85.7%)
Dizziness Yes |3 (25.0%) 2 (33.3%) 2 (40.0%) 1 (14.3%)
No 9 (75.0%) 4 (66.7%) 3 (60.0%) 6 (85.7%)
Sensitivity to odours Yes 4 (33.3%) 1 (16.7%) 2 (40.0%) 0 (0.0%)
No 8 (66.7%) 5 (83.3%) 3 (60.0%) 7 (10.0%)
Cough Yes |2 (16.7%) 0 (0.0%) 0 (0.0%) 1 (14.3%)
No 10 (83.3%) 6 (100.0%) |5 (100.0%) |6 (85.7%)
Respiratory difficulties Yes 1 (8.3%) 2 (33.3%) 2 (40.0%) 2 (28.6%)
No 11 (91.7%) 4 (66.7%) 3 (60.0%) 5 (71.4%)




234 A. Ferreira et al.

diseases, left or not manifest when displaced to the outside of each of the evaluated
canteens. It was found that there were no statistically significant differences
between the presence of symptoms/diseases when workers moved to the outside in
Canteens on study. It was found that 75.0% of workers no longer manifest the
symptoms when displaced outwardly Canteen 4 and 28.57% of Canteen 1. In what
concerns Canteens 2 and 3 indicated that all workers have any symptoms/diseases
continued to manifest them even after they moved abroad.

4 Discussion and Conclusion

After the analysis of the average values of CH,0 concentration, it was found that all
canteens showed values below the protection threshold, or less than 0.08 ppm. This
fact can be explained by the absence of this pollutant emission sources [1]. From
the analysis of the average values of CO concentration inside the kitchens, it was
observed that were below the protection threshold value. Some studies indicate that
predominantly rural sites showed higher values of CO compared to mildly or
predominantly urban areas [13]. Regarding the values of CO, concentration it was
found that all kitchens studied had average concentration values below the pro-
tection threshold. As referenced in one study, this agent is a good indicator of the
efficiency of ventilation systems. Thus, it can be verified that the ventilation of all
evaluated areas is adequate and sufficient [6]. Regarding the concentration of
VOCs, it was found that there is no risk to the health of workers, as the average
values of the pollutant concentration within the evaluated kitchens, remained lower
than what is legally established. In previous studies, it is referred that in kitchens it
is not advisable to use cleaning and disinfectant products having in their compo-
sition VOC concentration, which indicates a reduced probability of VOC accu-
mulation [14]. Concerning the average concentrations of PM, s, it was observed
that Canteens 1, 3 and 4 had average values higher than the concentration threshold
of protection, that is, 0.025 mg/m>. When analyzing for periods, the one that
showed, on average, higher concentrations of PM, 5 was the morning period. With
regard to average concentrations of PM, it was found that the Canteen 4 showed
average concentration values above the threshold value of protection, which rep-
resents a danger for employees since it can cause health problems such as respi-
ratory failure, as indicated by some studies carried out in Portugal [15]. Another
study, led in catering establishments, states that there are other factors that may
have contributed to the average concentrations of PM, 5 and PM |, registered, such
as the increasing number of occupants and greater movement of people that may
have originated the shaking of particles which were originally deposited on surfaces
[6]. The T° and RH are also relevant factors regarding the comfort of indoor air
levels and may contribute to the development and progression of microbiological
contaminants, which can influence the health of workers. From the analysis of the
average values of T° found within canteens, it was found that 74.4% had a tem-
perature above the legislated reference value. Some studies indicate that this fact
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can be explained by insufficient ventilation and air renewal rate [1]. In this study,
the symptom/disease with the highest prevalence indicated by the workers were
allergies (rhinitis), followed by headaches, dizziness and crisis of sneezing, runny
or stuffy nose. These results can be similar to those found in a study carried out in
primary schools in the municipality of Coimbra, where the symptoms most suitable
for the children who attend the schools are the crisis of sneezing, followed by lack
of concentration, allergic rhinitis, cough and asthma [16]. In the study, with the
analysis of the presence of diseases/symptoms, when workers moved outside the
canteens, it was found that in Canteens 1 and 4, workers have revealed symp-
tomatology that disappeared when they were away from the building. This may be
due to several factors, including the presence of assessed pollutants such as PM, 5
and PM,, [16].

The results obtained in this study, led to the conclusion that it is necessary to
take measures to improve the IAQ in kitchens canteens, since air pollutants exist, as
in the case of PM, 5 and PM, in which the concentrations were, on average, higher
than those evaluated in some legally established kitchens. Thus, it is essential that
institutions perform frequently monitoring not to expose workers to dangerous
conditions. Evaluation of TAQ is critical to ensure the health of workers.
Workplaces to which workers are exposed must have salubrious conditions to
ensure their health, performance and the reduction of absenteeism, not having high
concentrations of contaminants that are harmful to health. The indoor air quality
must be periodically evaluated to ensure these conditions.
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The Effects of a Passive Exoskeleton m)
on Muscle Activity and Discomfort oy
in Industrial Tasks

André Cardoso, Ana Colim@® and Nuno Sousa

Abstract Work-related musculoskeletal disorders (WMSD) have been progressively
increasing. Specifically, Low back disorders (LBD) are the most predominant of all
musculoskeletal disorders. In order to reduce the incidence of these problems, new
auxiliary devices called exoskeletons have been introduced. This work provides a real
context study of a back-support exoskeleton on industrial tasks in a furniture manu-
facturing company. The perception of eight participants regarding their experience
with a passive back exoskeleton Laevo® was measured through a questionnaire that
includes the assessment of perception of range of motion, reduction of backloading,
interference with the task, overall physical effort, and discomfort. We also meresured
the electromyography for the back muscles of five participants who performed an
industrial task. Psychophysical results show that the exoskeleton gives back support.
However, it also interferes with the execution of the task, limits movements, increases
the overall effort and causes discomfort in the neck, shoulders, thoracic region, lumbar
region and hips, and thighs. Electromyographic results show a decrease in muscle
activity between 0.8 and 3.8% of the back muscles when wearing the exoskeleton. In
conclusion, the exoskeleton used in this study does not seem appropriate for industrial
tasks with a great diversity of movements.
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1 Introduction

The number of cases of work-related musculoskeletal disorders (WMSD) have been
progressively increasing in industrialized societies [1]. Specifically, Low back
disorders (LBD) are the most predominant of all musculoskeletal disorders [2]. The
occurrence of work-related LBD is a complex condition that involves contributions
from both personal and work-related factors, among others lifting and carrying of
loads and awkward body postures like trunk flexion and rotation [3]. Many pre-
ventive measures have been proposed in order to reduce the occurrence of LBD,
such as adjustments of workstations, specific training in task execution and the use
of mechanical aids [4].

In order to reduce the incidence of these problems, new auxiliary devices called
exoskeletons have been introduced. An exoskeleton is a wearable device supporting
the human to produce the physical power required for manual tasks [5].

Exoskeletons, according to the articulation mechanism, can be classified into two
types: ‘active‘’ and ‘passive’. The first type has one or more power-capable
mechanisms (such as electric motors and hydraulic cylinders) that actively increase
the power of the human body. The second one uses materials with elasticity or
viscosity, such as springs or shock absorbers, which have the ability to accumulate
energy from human movements and discharge it to assist users with a particular
movement [6].

Active systems with an industrial purpose are being developed, but these are
mainly in a laboratory stage now. The passive devices are already being studied and
some are already being implemented in the workplace [5]. These include the
Personal Lift Assist Device® (PLAD) and Laevo®. For the PLAD®, significant
reductions on back muscle activity during lifting has been reported [7, 8] and during
static bending [2]. For the Laevo®, the back-muscle activity and discomfort were
studied in a simulated assembly task. It has found a decrease in muscle activity
between 35 and 38% and lower discomfort in the low back when wearing the
exoskeleton.

Most of the previous studies [1, 5, 7, 8] evaluated this type of equipment in
simulated tasks in a laboratory. Therefore, there is still some controversy regarding
the use in real work context. Therefore, with the current study we aim to assess the
effect of a passive exoskeleton on WMSD risk factors in industrial trunk bending
tasks in a furniture manufacturing industry in Portugal. For this purpose, qualitative
and quantitative data were collected, namely: (i) psychophysical assessment of the
exoskeleton’s use; and (ii) surface electromyography (EMG) assessment before and
during the use of a passive back support exoskeleton.
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2 Methods

2.1 Subjects and Industrial Tasks Studied

All participants were experienced workers from a large furniture manufacturing
industry from Portugal. In this study, for each assessment trial distinct samples were
considered. The psychophysical test included seven healthy participants (five
males, two females; mean age was 33 &£ 11 years old; mean body mass was
69.45 £ 14.04 kg and mean height 1.74 £ 0.07 m). The EMG assessment inclu-
ded five healthy participants (two males and three females; mean age was
29 + 8 years old; mean body mass was 76.00 £ 14.64 kg and mean height
1.65 £ 0.13 m) also volunteered to participate in this study. All participants were
introduced to the exoskeleton before the trials. None of the participants reported
low back pain in the previous three months. Subjects signed an informed consent
after the experimental trials.

In this work, we include three different tasks chosen by the company managers
considering the nature of the tasks (manual handling loads with constant back
flexion). The first task consisted of palletizing wooden pieces (weight between 2
and 4 kg) coming from a conveyor belt about 0.3 m from the floor to a pallet that
was on top of a stacker. The worker flexed frontally and laterally the trunk in order
to lift the pieces. Sometimes this handling was performed with only one hand
(Fig. 1a).

The second task consisted of adjusting wooden slats coming from a cutting
machine by pulling the slats so that the end of the slats coincided with the pallet
limit. During this adjustment, the employee flexed the trunk to be able to pick it up
to two-thirds of its length. The filled pallet was moved using a pallet truck and a
new pallet was put in place (Fig. 1b).

Fig. 1 Industrial tasks assessed: a Task 1: palletizing; b Task 2: wood slat adjustment; ¢ Task 3:
visual inspection of wooden boarders
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The third task consisted of inspection of painted wooden boards weighing
3.9 kg. First, the wooden boards are dragged from a lifting table (positioned at the
right side of the employee) to an inspection table (in the center). While executing
this step it was noticeable that sometimes there were trunk flexion movements.
Afterwards, the employee inspects the piece and it was noticeable that flexion and
lateral inclination of the trunk occurred. Finally, they lift the inspected wooden
board to another lifting table located on their left. Since the wooden board was
already inspected, they did this movement more carefully. Due to this, a greater
trunk flexion was observed (Fig. 1c).

2.2 Data Acquisition

The psychophysical test was planned to occur during three consecutive weeks for
each task, increasing the time of utilization each day. On the first day, the partic-
ipants only use the exoskeleton for 0.5 h. On the last day, the participants use the
exoskeleton during the entire work period (8 h). We ask the participants to answer a
questionnaire regarding their experience with the utilization of the back-support
exoskeleton Laevo® over the three weeks. The intention was to assess their per-
ception of range of motion, reduction of backloading, interference with the task,
overall physical effort, and discomfort. This questionnaire included Borg CR-10
Scale [9], Likert Scale [10] and a body map [11] with a Visual-Analog Scale [12].
These scales range from 1 and 5 or 1 and 10, depending on the type of used for each
of the questions. Due to the discomfort felt by the users during the use of the
exoskeleton and the resistance of its use, it was decided to evaluate users’ per-
ceptions in two moments: the shortest time and the longest time of use. In mean, the
shortest time of use was 0.54 & 0.09 h and the longest time was 1.40 + 0.56 h.

The EMG assessment was applied only for the third task (visual inspection of
wooden borders), because it presented greater postural diversity. On the other hand,
it was not possible to perform EMG tests at the places where the remaining tasks
were considered. In these factory places the thermal conditions were very hot,
which increased the skin’s sweat, compromising the electrodes fixation. The
sampling period was 20 min, for two conditions: with and without Laevo®. The
adoption of this data acquisition time period is justified by the study of Carnide
et al. (2012), where it is shown that a minimum acquisition of 20 min is sufficient to
reliably estimate the “Amplitude Probability Distribution Function” (APDF).
The APDF is validated to assess the muscle load of a particular task [13]. In order to
achieve a balanced design, we randomly started in a with or without Laevo®
condition.

EMG data were recorded using a wireless 8-channel biosignals Plux HUB®
(biosignalsPlux, Lisbon, Portugal) with a sampling frequency of 1000 Hz, 100 GQ
input impedance, 110 dB common rejection factor and 16-bit analog collection
channels. We collected data at six muscles on low back and upper back: left and
right Trapezius pars Ascendens (TA), Erector Spinae Longissimus (ESL), Erector
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Spinae Illiocostalis (ESI). Bipolar Ag/AgCl surface electrodes were positioned
according to Surface Electromyography for the Non-Invasive Assessment of
Muscles (SENIAM) recommendations with an inter-electrode distance of 20 mm
[14]. A reference electrode was placed on the C7 spinous process. Before the
electrodes fixation, the skin was shaved, scrubbed and cleaned with alcohol.

In order to normalize the EMG data, the Maximum Voluntary Contraction
(MVC) was collected, for each participant at the beginning of the test. For the lower
back muscles, we asked the participants to do back extension and a lateral incli-
nation (right and left) during 5 s [15]. For the upper back muscles, participants were
asked to raise their arms also for 5 s [16].

2.3 Data Analysis

Statistical analysis was performed using IBM® SPSS® Statistics 25.0 software.
Psychophysical data analysis was performed according to an exploratory descrip-
tive analysis. For each variable (scores attributed by participants after each time of
use) the median was considered as a measure of central tendency.

The EMG data were processed through the OpenSignals (r)evolution® 2017
software application. This computer application has a “muscle load” add-on. It
allows to assess the muscle load while performing a given task, providing infor-
mation on whether the muscle is tired or fatigued, thus allowing to assess whether a
worker is working in safe or risky conditions. This application uses the MVC in
order to calculate the APDF. Thus, the amplitude of the EMG signal, as well as the
probability distribution, are related to the MVC, which allows comparing several
muscles or between several tasks and also to estimate mean values of tasks in
function of APDF. For both conditions, data were quantified based on mean per-
centile activation amplitudes obtained from APDF [17].

Relatively to the EMG data, the normality was verified by the Kolmogorov-
Smirnov test. Finally, the difference of the mean values of the muscle activation
amplitudes between the two conditions tested (with and without LAEVO®), for
each of the muscle, was verified by the t-student test for two paired samples.

3 Results and Discussion

3.1 Psychophysical Assessment

As mentioned before, we compare the perception of the participants regarding their
experience with the utilization of the back-support exoskeleton Laevo® in the
shortest time (0.54 £ 0.09 h) and with the longest time (1.40 & 0.56 h) of use.
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Table 1 Workers’ perceptions (n = 7)

A. Cardoso et al.

Shortest time of
use

Median (Min.;
Max.)

Longest time of
use

Median (Min.;
Max.)

Scale

Range of motion 4 (3;5) 4 (1;5)
Reduction of back 3(2:5) 4 (3;5)
loading

Interference with the 4 (4;5) 4 (3;5)

0 = Not restricted
5 = Heavily
restricted

task

The workers’ perceptions about the exoskeleton interference on the range of
motion, reduction of backloading, task performance and physical effort are sum-
marized in Table 1.

The participants’ perception of the range of motions shows that they consider
that the use of the Laevo® exoskeleton limits their movements. Although with
increasing time fuse the assigned minimum value decreases from 3 to 1, evidencing
that overtime at least one participant disagrees with the lack of freedom of move-
ments. These results do not agree with the study of Naf et al. [1]. On a scale from 0
(“not restricted”) to 10 (“very restricted”), the participants in this study gave a score
of 1.4 for this parameter. The difference can be explained by the fact that
exoskeleton used in Naf et al. [1] has flexible beans that track users’ movements.
This evidence shows that Laevo® manufacturers’ need to improve the range of
motions of their equipment.

In terms of reduction of backloading, overtime it seems that the participants’
perception of this parameter is more positive. This result supports the effectiveness
of Laevo® in reducing back loading.

The results concerning interference with the task performance show no change
with increase usage time. The participants consider that the exoskeleton interferes
with the task. This result is not in accordance with the results reported by Naf et al.
[1] and Graham et al. [2]. This can be explained by the fact that the tasks tested in
the mentioned studies are very simple compared to the tasks tested in this study.

Regarding the overall effort of the tasks, we cannot find differences in the rating
attributed to the different time usage scenarios. But we found differences between
the participants’ overall effort perception for using or not using the exoskeleton.
The global median score, in a scale from 0 (“no effort”) to 10 (“maximum effort”)
for without exoskeleton was 3 (min.: 3; max.: 4) and 5 (min.: 2; max.: 6) for with
the exoskeleton. This may be explained by the fact that the exoskeleton interferes
with the task performance, which may require a greater effort to accomplish the
task, for example walking or reaching objects and machines.

Finally, concerning the discomfort, we found that the participants felt discomfort
on the neck, shoulders, thoracic region, lumbar region and hips, and thighs.
Overtime, the discomfort increased for shoulder, lumbar region (although the
number of participants that reported discomfort had decreased with time), and hips
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and thighs. For the thoracic region, the discomfort decreased. These results show
new evidence of perceived discomfort with the use of the Laevo® exoskeleton since
in the previous study focused on the assessment of discomfort related to the Laevo®
users, the findings only show discomfort on back legs and chest [5].

3.2 EMG Test

In order to compare the muscle activity of the two tested conditions, Fig. 2 summarizes
the EMG results.

The condition with exoskeleton produces a decrease in the EMG values,
although not statistically significant. These results are well below the studies of
occupational assessment of lumbar support exoskeletons [2, 5, 7, 8].

A possible explanation for the differences found in the results of this study
compared to the referred studies may be related to the fact that the tasks evaluated
in the referenced studies are restricted. However, the reduction in terms of mus-
culoskeletal overload does not seem to be relevant, since there is maintenance of
fatigue or tiredness in muscles studied in both conditions tested, according to the
limit values (horizontal lines in Fig. 2) defined in the study of Jonsson [17].
However, the tasks tested involved some postural variability which may have
influenced these results.

-Ug 65 W Without exoskeleton

._E' ’(' With exoskeleton

z 7 = limit value for Fatigue
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Fig. 2 Mean EMG values of activation amplitude (% of MVC) for Erector Spinae Longissimus
(ESL_L), right Erector Spinae Longissimus (ESL_R), left Erector Spinae Illiocostalis (ESI_L),
right Erector Spinae llliocostalis (ESI_R), left Trapezius pars Ascendens (TA_L) and right
Trapezius pars Ascendens (TA_R). The red line indicate the limit value for fatigue (>14% of
MCV) and the orange line indicate the limit value for tiredness (>10% of MCYV). Error bars
indicate standard deviation
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4 Conclusions

Actually, the topic of occupational exoskeletons has received considerable atten-
tion. However, despite their apparent promising potential, the widespread use of
exoskeletons in the industrial context should be questioned. There is a need to
understand the effects of the use of this equipment on workers’ health, in particular
on the physiological, psychophysical and biomechanical parameters.

The psychophysical data show good results on the workers’ perceptions about
back support of the exoskeleton Laevo®. However, they consider that the
exoskeleton limits their range of motion, interfering with the industrial tasks per-
formed and increases the physical effort perceived. In terms of discomfort, workers
indicate discomfort in the neck, shoulders, thigh, and hip and in the thoracic region
and lumbar region. The number of workers who experience discomfort in the lower
back tends to decrease with increasing use time. Even so, it is recommended the
redesign of contact parts of the equipment by its manufacturer, in order to reduce
the discomfort perceived by users.

The EMG data generally point out that the use of the exoskeleton results in a
decrease in muscle activity of 0.8-3.6% of the back muscles compared with not
using the exoskeleton (despite not being statically significant). However, this
reduction in terms of musculoskeletal overload does not seem to be relevant, since
there is maintenance of fatigue or tiredness in muscles studied in both conditions
tested. However, the tasks tested involved some postural variability which may
have influenced these results.

Globally, the results showed that the use of passive exoskeletons does not sig-
nificantly decrease exposure to the WMSD risk. However, results that prove the
opposite were not found. In conclusion, the exoskeleton used in this study is not
particularly useful for the assessed industrial tasks, since there is postural variability
in short cycles. Therefore, the use of this equipment will be more suitable to
industrial contexts where tasks require the maintenance and/or repetition of the
sagittal trunk flexion, without performing other movements, such as rotation or
lateral inclination.

This study was limited to the time that the participants used the exoskeleton and
the different samples used in the two tests. Further work should include a long
period of utilization of the equipment and the same samples in the two tests in order
to link the results.
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Abstract The area of medical urgency and emergency is an important component
of health care. Oil and Gas companies exist in a variety of locations in Brazil. The
quality of medical infrastructure and specialties differs, and it is important to ensure
optimal workers medical care. This paper describes the development of an objective
tool for classifying levels of medical emergency response services in the oil
industry, Bahia, Brazil, based on the steps that make up a complete cycle of medical
emergency care: emergency detection, specifically requested resources, first aid on
site, specialized care, and assisted removal to definitive treatment unit. A committee
of 12 recognized occupational health and medical emergency experts with at least
five years’ experience participated in content validation through the Delphi
Technique. The indicator was subdivided into 4 indices based on the risk profiles
observed from the internal risk analysis documents. Medical Emergency Resource
Classification Instrument (MERCI) aimed to reduce the subjectivities of the
assessment and allocation of resources in medical emergencies, considering the
characteristics of oil and gas companies regarding the assessment of risk scenarios,
location and exposed population. The proposed methodology can lead top man-
agement to routinely adopt MERCI, ensuring the maintenance of medical emer-
gency response resources, with a level of service appropriate to the needs of
industry and workers.
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1 Introduction

The area of medical urgency and emergency is an important component of health
care [1]. It relates health situations with risk of loss of life, aggravation and degrees
of suffering at varying levels of criticality and complexity, which therefore require
safe and immediate intervention. In 2002, the publication of the technical regulation
of urgency and emergency care [2], defined some concepts of this area in relation to
the components of mobile fixed pre hospital care, comprising basic and advanced
support units. In addition, it classified hospital units and introduced Medical
Regulation as the ordering and guiding element of the Urgency and Emergency
Systems.

In the business area, the Ministry of Labour and Employment [3] established
minimum parameters for urgency and emergency, through Regulatory Standard
No. 7 [3], item 7.5.1—First Aid: Every establishment must be equipped with
material necessary for the provision of first aid, considering the characteristics of the
developed activity; keep this material stored in a proper place and in the care of a
person trained for this purpose. The needs of corporate outpatient care range from
meeting the simplest demands to emergency situations that require rapid and safe
response. Thus, the user should be properly oriented to ensure continuity of
treatment, paying attention to the limits of the service [4].

Oil and Gas companies exist in a variety of locations in Brazil where the quality
of medical infrastructure and specialties differs, and it is important to ensure optimal
medical care for the workers. For this reason, health professionals need to assess
local health facilities to ensure they can provide the health needed for the
workers [5]. More specifically, the scope of a particular company may range from
operating in remote areas to administrative services in offices, allocating support
and management teams, making it difficult to provide materials, treatment drugs,
and maintaining skilled staff appropriate to the scenarios and risks posed. However,
regardless of where it operates, emergency situations must be anticipated and dealt
with quickly and effectively in order to minimize their effects. In order to develop
an effective Medical Emergency Response, it is important to first determine the
expected standard of care. There are several standards, most using a tiered approach
based on response time [6]. In 2017, the Oil Spill Response Joint Industry
Project [5], an international association that gathers and publishes good practices
for Oil and Gas companies, published a health services assessment checklist to a
qualitative assessment, guiding internal decisions of companies without however
claiming to be a scoring tool.

This paper describes the process of developing an objective tool for classifying
levels of medical emergency response services in the oil industry, Bahia, Brazil,
based on the steps that make up a complete cycle of medical emergency care:
emergency detection, specifically requested resources, first aid on site, specialized
care, assisted removal to definitive treatment unit.
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2 Materials and Methods

The study deals with the development of a Medical Emergency Resource
Classification Instrument (MERCI) in the Brazilian Oil Industry. Carried out from
February to June 2019, at the worker health service in the oil extraction and
production industry in Bahia, Brazil, the study involved six medical emergency
specialists with at least 10 years of experience in the oil industry to develop the
MERCI. A committee of 12 recognized occupational health and medical emergency
experts with at least five years’ experience participated in content validation
through the Delphi Technique [7]. Figure 1 details the MERCI elaboration process.

The study was approved by the Research Ethics Committee of the Bahiana
School of Medicine and Public Health of Brazil and registered with CAAE
84318218.2.0000.5544.

2.1 MERCI Development

The development stage included the group of experts, 30% of each profession,
including physicians and nurses. The literature review allowed the analysis of pre-
viously referenced instruments, as well as the theoretical framework for the decision
and development of a new instrument based on current references. It was structured
in its final version with two documents, namely “checklist” and “classification of
service size”, as follows. The Checklist consists in two steps: (i) identification of the
emergency service to be studied and (ii) quantitative assessment, including three

Literature Review
[
v

Checklist (experts)

Instrument |
i ¥
Development

Service Sizes (experts)

i

L2 :
Content Validation = Delphi Tecnhique
(expert committee) (consensus)

Fig. 1 Flowchart of MERCI’s content elaboration and validation process
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criteria: risk scenarios (administrative and operational), accessibility (urban or
remote area) and population. Corresponding scores were defined, which together
generate a score for the service. To classify the five sizes of care, the following
dimensions were considered: (i) time to cover specialized support, which may be 24
or 12 h, (ii) composition of the service team, (iii) ambulance support, (iv) materials,
treatment drugs and equipment and (v) medical regulation centre.

2.2 MERCI Validation

To validate the content through the Delphi Technique [7], a panel was developed
with 12 experts, using their knowledge, from five eight-hour meetings in which
each member gave their opinion on the documents under discussion, until the group
consensus.

3 Results and Discussion

The details of the MERCI quantitative assessment stage are presented in Table 1,
allowing a clearer understanding about its organization.

The scenario indicator was subdivided into 4 indices based on the risk profiles
observed from the internal risk analysis documents:

1. Administrative risk—characterized as a place with activities where the results of
an accident are unlikely to cause serious injury, although other non-work-related
acute medical conditions may occur. This is the case of offices, for example.

Table 1 MERCI checklist quantitative assessment

Indicator Score Indices

100-150 workers
150-500 workers
Over 500 workers

Risk scenario 1 Administrative risk
2 Industrial risk—warehouses/workshops
3 Industrial risk—thermoelectric/drilling rigs/oil transfer stations
4 Industrial risk—offshore platform/oil treatment terminal
Accessibility 1 Urban area
2 Remote area
Population 1 Up to 50 workers
2
3
4

MERCI score
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2. Industrial risk—warehouses/workshops: characterized as a place where work
activity can result in injury accidents that can lead to work leave and medical
treatment, and physical distancing from specialized medical teams can delay the
establishment of conducts within a reasonable time.

3. Industrial risk—thermoelectric/drilling rigs/oil transfer stations: characterized as
a place where work activity can cause serious injury to multiple casualties
related to heavy equipment, pressurized systems and important chemical/fuel
inventory.

4. Industrial risk—offshore platform/oil treatment terminal: characterized by the
same risk profile as onshore production facilities, compounded by the physical
limitation of resource maintenance and access difficulties for emergency
response.

Regarding the accessibility indicator, two indices were considered: urban area
and remote area.

1. Urban area: companies located in an urban area tend to less influence score
because they are close to resources provided by agencies outside the emergency
response support organization. In addition, from the point of view of responding
to medical emergencies, there is a reduced response time between emergency
identification to hospital care for definitive treatment.

2. Remote area: the occurrence of emergency situations in remote areas leads to a
greater need for attention, for reasons previously mentioned, besides the diffi-
culties in accessing the last stage of an emergency care cycle (definitive treat-
ment), access to external resources is not facilitated.

The population indicator starts from the notion of exposure. Exposure, in the
context of technological accidents, is considered to be elements and/or systems
(including people and property) that are present in risk areas and are therefore
subject to potential losses. They may include the number of inhabitants or types of
property in a given place which, when combined with the specific vulnerability of
each target, provide input for estimating existing risks in the area of interest. The
indicator consists of 4 indices based on population ranges: up to 50 workers, 51 to
150 workers, 151 to 500 workers and more than 500 workers.

The final score calculation (Eq. 1) is achieved by the sum of the all scores
assigned to each of the three assessed indicators, namely: the risk scenario and the
population indicators could have a score ranged 1-4 and the accessibility indicator
could have a score ranged 1 to 2.

Risk Scenarioseyre + Accessibilityseore + Populationscore = MERCIseore (1)

By applying the scoring of Table 1, based on the characteristics of the opera-
tional installation, resource sizes will be defined, respecting the distribution below:
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e Size 1-10 points—installations rated size 1 should have advanced 24-h support
staff with dedicated removal capabilities. In addition, equipment, treatment
drugs and consumables appropriate to the response capacity and, where appli-
cable, resources for specific installation scenarios should be made available,

e Size 2-7 or 9 points—size 2 should be staffed with 24-h basic support personnel
with dedicated on-site ground remediation capabilities, regulated by
tele-medical facilities, with equipment, treatment drugs and consumable support
appropriate for the responsiveness;

e Size 3-5 or 6 points—size 3, due to the characteristics of exposed population,
location and profile of risk scenarios, should have the presence of a physician
and nurse during their opening hours. The standard of equipment, treatment
drugs and consumables appropriate to the responsiveness;

e Size 4—up to 4 points—size 4 must have the presence of a trained nursing
professional for emergency response appropriate to the opening hours of the
facility regulated by a remote physician, using telemedicine resources. In
addition, it has a standard of equipment, treatment drugs and consumables
suitable for its responsiveness and can request external resource for removal,
when necessary, as well as in size 35;

e Size 5—up to 3 points—considering exposed population, risk rating, and
location, the facility can be serviced by trained workforce personnel, with no
specialization requirements supported by first-aid kits appropriate to their
responsiveness for initial care. However, the rescuer may request an ambulance
for removal if necessary (contracted public service resource, not dedicated to
local emergency plan).

An example of MERCI application is:

e Risk scenario indicator: Industrial risk—offshore platform/oil treatment terminal
(score 4);
Accessibility indicator: Remote area (score 2);
Population: 150-500 workers (score 3).

The final MERCI score would be 9, so a size 2 service should be applied.
To the five sizes classification, five dimensions were considered:

e Time to cover specialized support, which may be 24 h, 12 h or absence of
urgency and emergency nurse’s support;

e Composition of the team for primary care may include a physician specialized in
urgency and emergency, an urgency and emergency specialized nurse, an
ambulance driver or the absence of professionals in situ;

e Ambulance support may vary according to the availability of the resource, site
fixed ambulance or by request when necessary, as well as the level of com-
plexity of the ambulance service, which may be basic support (nurse and
ambulance driver) or advanced support (physician, nurse and ambulance driver);

e Standardized materials, treatment drugs and equipment to meet the complexity
of each service size;
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Table 2 MERCI service size classification

Dimensions Size 1 Size II Size 1T Size IV Size V
Time for 24 h 24 h 12 h 12 h -
expert support assistance assistance assistance assistance
coverage
Care staff Physician, Nurse and Physician Nurse -
nurse and ambulance and nurse
ambulance driver
driver
Ambulance Site fixed Site fixed Drive Drive Drive
support ambulance ambulance ambulance ambulance ambulance
Advanced life Basic life Advanced Advanced Advanced
support support life life life
support support support
Materials, Size 1 Size 11 Size 1II Size IV First aid
treatment standard standard standard standard kit
drugs and
equipment
Medical Aero medical Advanced - - -
regulation rescue life support
centre

e Available medical regulation centre with advanced support ambulance (physi-
cian, nurse and ambulance driver) or with aero-medical rescue.

Table 2 shows the classification of the service size and main characteristics.

4 Conclusions

The developed MERCI tool aimed to reduce the subjectivities of the assessment and
allocation of resources in medical emergencies considering the characteristics of oil
and gas companies regarding the assessment of risk scenarios, location and exposed
population. The dissemination of the proposed methodology can lead top man-
agement to adopt this system routinely, ensuring the maintenance of medical
emergency response resources, with a level of service appropriate to the needs of
industry and workers.

The application and implementation of MERCI at the oil extraction and pro-
duction industry, as well as the development of statistical analyses to validate the
reliability and reproducibility of the instrument, with scientific publication of
results, is recommended in future works.
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The Prevalence of Self-Reported M)

Check for

Respiratory Symptoms and Related
Diseases in Different Agricultural

Sectors: Findings from a Cross-Sectional
Survey in Finland

Eetu N. Suominen and Tuula M. Putus

Abstract Respiratory diseases and symptoms are well-recognized occupational
problems among farmers. Our objective was to compare the current prevalence and
occurrence trends of respiratory symptoms and disorders between different Finnish
agricultural sectors and to, more specifically, determine the risk factors leading to
the development of the symptoms. A questionnaire was e-mailed randomly to
10,000 members of The Farmers’ Social Insurance Institution in Finland. The
response rate was 25.1%. Farmers working with animals reported more respiratory
symptoms than farmers working in haying, crop farming or forestry. Organic dust
exposure was associated significantly with a higher prevalence of wheezing,
asthma, allergic rhinitis and allergic alveolitis. Chronic bronchitis was associated
with exposure to cattle, animal excrement, organic dust and fodder exposure. The
prevalence of asthma was equal compared to the general population. The sectors of
farming associated with an elevated prevalence of respiratory symptoms in Finland
include dairy, beef and pig farming. The trend in the increase of asthma among
farmers seems to follow the development of asthma in the general population.
These results remind that respiratory protection should be considered especially
during exposure to agricultural organic dusts and microbes.
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1 Introduction

Finland has approximately 48,000 farms with an average arable area being 47
hectares. With dairy and crop farming being the largest agricultural sectors, agri-
culture and horticulture provide employment approximately for 100,000 people.
Since joining the European Union in 1995, the number of farms has decreased by
2.8% per year [1]. Agriculture workers have a high risk for exposure to respiratory
hazards. Because only a small portion of the overall population is employed in
agriculture, respiratory disease in farmers is not a major public health issue. Despite
this, the health and well-being of farmers as well as their health risk reduction in
their working conditions needs to be examined, especially because a farming
environment has been thought to prevent the development of allergies [2].

Respiratory diseases and symptoms are well-recognized occupational problems
among farmers [3]. Agricultural workers in all sectors of farming are exposed to
various types of airborne toxins and allergens in their work, including organic dust,
pesticides and microbes [4]. Several different types of gases (e.g., ammonia,
methane and carbon dioxide) may also be present in their working environments.
Inhalation of biological dusts, which are composed of organic material from straw,
hay, animals and microbes, can cause changes in pulmonary function, induce
antibody formation and lead to the development of respiratory disease. Several
studies have indicated a higher prevalence of respiratory symptoms among agri-
cultural workers [5, 6]. Statistics have shown that farmers have higher morbidity
and mortality for certain respiratory diseases [7, 8].

Research about respiratory symptoms and diseases in Finnish farmers during the
past decades is scarce. Our primary objectives, in this population survey of Finnish
farmers, were to compare the current prevalence and occurrence trends of
self-reported respiratory symptoms and disorders in different Finnish agricultural
sectors and, more specifically, to determine risk factors in the development of the
symptoms. Determining these risk factors can improve health recommendations and
other preventive actions.

2 Materials and Methods

This cross-sectional study was conducted throughout Finland in the winter of 2017—
2018. The Farmers’ Social Insurance Institution (MELA) e-mailed the question-
naire originally to 5000 of its members selected by simple random sampling. The
questionnaire sought to obtain information about work history, work conditions and
several symptoms, including respiratory symptoms. It was formulated by the dis-
cipline of Occupational Health at the University of Turku and based on the ques-
tionnaire used in the VTH project [9] including also the Orebro questionnaire and
adequate parts of the Tuohilampi questionnaire [10]. During the first month, the
questionnaire was answered by 1060 subjects. After this, a reminder was sent, and
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the sampling was expanded to 10,000 members of MELA. During the winter a total
of 2513 questionnaires were returned with the final response rate being 25.1%.

The data obtained with the e-mail-based questionnaire was analyzed with SPSS
Statistics for Windows, version 25.0 (IBM Corp: Armonk, NY). Categories of farm
exposures were derived from analyses of self-reported exposures. The statistical
differences of dichotomous variables were tested with a chi-square test, and mul-
tivariate models were run using logistic regression models. Multivariate analyses
were adjusted for sex, age group and smoking. Differences with a p < 0.05 were
considered statistically significant.

Of the 2513 people who originally answered the questionnaire, only the ones
representing the largest agricultural sectors (i.e. dairy, hay, crop, cattle, pig and
forest farming) were selected for further analysis. Farming sectors of poultry,
greenhouse farming and undefined farming types had a low answering rate (with
45, 6 and 153 subjects, respectively) and were excluded. The remainder was a target
population of 2309 farmers. In the target population, 76% of subjects were full-time
farmers, and 14% were part-time farmers.

3 Results

In contrast to many modern Finnish farms, the average area of the farms in this
study was relatively large with 42% of the farm area above 50 hectares. The mean
age of farmers ranged from 47.1 to 52.4 years. The study population in the farming
sectors were different in their sex and age distributions (p < 0.001). The prevalence
of young farmers was significantly lower in each farming sector. In the overall
target population, 6% were smokers, 5% were occasional smokers, 18% were
ex-smokers and 71% had never smoked.

The overall prevalence of doctor-diagnosed asthma was 10.8% in the farmers but
was higher for crop farmers (13.1%), pig farmers (12.0%), cattle farmers (11.9%)
and dairy farmers (11.4%). However, the differences among different farming types
were not significant. Doctor-diagnosed allergic rhinitis was reported by 12.3% of
the farmers overall but was found somewhat higher in crop farmers (14.6%).
Doctor-diagnosed allergic alveolitis (i.e., hypersensitivity pneumonitis) was
reported by 1.2% of the farmers overall with the numbers being fairly similar in all
farming sectors, except in forestry, where there were no cases reported. The dif-
ferences in the prevalence of allergic rhinitis and allergic alveolitis among the
farming sectors were not significant.

The respondent was classified as having chronic bronchitis if he or she had
coughed up phlegm for at least three months annually for at least two consecutive
years. Subjects, who had answered “yes” to the question about doctor-diagnosed
asthma, were excluded. The overall prevalence of chronic bronchitis was 21.4% but
was lower in the farmers who worked in haying or crop farming (16.3% and 17.2%,
respectively, p < 0.05).
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Table 1 Prevalence of respiratory symptoms in the last 12 months by reported farming type. The
percentages of respondents who reported symptoms daily or every week

Symptom Dairy Beef Pig Haying Crop Forestry
Stuffed nose 34.0° 31.3 34.7 25.1% 23.6° 19.5%
Rhinitis 17.2° 17.7 15.5 9.4¢ 11.8 14.8
Purulent rhinitis 53 5.6 12.1¢ 1.9° 4.2 5.6
Sore throat 4.0 2.6 10.3¢ 39 2.5 0.9
Hoarseness 10.5 8.1 14.4* 7.5 6.7 9.3
Dry cough 11.4 9.9 19.8¢ 7.0 6.9* 15.0
Phlegm 8.6 9.2 12.0 3.9° 5.6 13.0
Dyspnea 13.4° 11.6 15.5 6.3¢ 8.7 6.5
Tightness of breath 7.5° 5.6 10.4* 3.1* 4.5 2.8
Wheezing 53 4.9 7.0 29 3.1 4.7

4 < 0.05, °p < 0.01 and °p < 0.001 for comparison with all other farmers

3.1 Respiratory Symptoms

The prevalence of respiratory symptoms in farmers during different farming types is
presented in Table 1. Farmers working with animals reported more respiratory
symptoms than farmers working in haying, crop farming or forestry. Dairy farmers
reported more complaints about a stuffed nose, rhinitis and dyspnea during physical
strain than all other farmers. Purulent rhinitis, sore throat, hoarseness and dry cough
were associated with pig farming. A significant elevation was also observed in
“tightness of breath”, which was associated with dairy and pig farming. Farmers
working in haying reported less often a stuffed nose, rhinitis, purulent rhinitis, dry
cough, phlegm, dyspnea in physical strain and tightness of breath than other
farmers. Crop farming had a negative association with the prevalence of stuffed
nose and dry cough. Forestry workers reported less often a stuffed nose but had an
elevated level of phlegm compared to other farmers.

3.2 Work Exposures

Table 2 shows the prevalence of wheezing and respiratory diseases categorized by
farming exposure factors. Exposure to cattle showed an increase in the prevalence
of chronic bronchitis but otherwise animal exposure was not associated with an
increase in the respiratory diseases. However, exposure to animal excrement and
fodder was associated with an elevated prevalence of wheezing and chronic
bronchitis. Those workers, who were exposed to animal fodder, also showed an
increased prevalence of asthma. Organic dust exposure was associated significantly
with a higher prevalence of wheezing, asthma, allergic rhinitis and allergic alve-
olitis. The usage of respiratory protective equipment was varied. Two out of three



The Prevalence of Self-Reported Respiratory Symptoms ... 259

Table 2 Prevalence of wheeze and respiratory diseases in the last 12 months by reported work
related exposure. The percentages of respondents who reported symptoms daily or every week

Exposure n Wheeze | Asthma | Allergic Allergic Chronic
category rhinitis alveolitis bronchitis
Cattle 1103 |5.2 11.5 12.3 1.4 23.5°
Pigs 108 7.0 12.0 12.0 0.9 26.9
Cleaning 599 6.3" 10.5 134 0.5 239
chemicals

Pesticides 690 4.0 9.9 13.3 1.2 20.3
Animal 950 6.0° 11.8 12.8 0.9 23.9*
excrement

Fodder 1342 |57 11.8° 13.0 1.1 24.1°
handling

Organic dust | 786 7.1¢ 14.0° 16.4° 2.5¢ 27.6°
Inorganic 1053 |4.8 10.5 13.7 1.0 21.1
dust

3 < 0.05, °p < 0.01 and °p < 0.001 for comparison with all other farmers

pig farmers reported that they used a respirator mask. However, among dairy and
beef farmers the numbers were 34.7% and 37.8%, respectively. The usage of a
respirator mask was reported by 57.8% of hay-, 56.3% of crop- and 26.1% of
forestry farmers.

3.3 Multivariate Analysis

We assessed the independent effect of the work-related exposures on the devel-
opment of respiratory disorders by adjusting the farming categories by the age, sex
and smoking, variables which all had impact on the respiratory disorders. Farmers
working with cattle had an elevated risk to chronic bronchitis compared to all other
farmers (aOR 1.44, 1.12-1.84). Disinfection and cleaning chemical exposure ele-
vated the risk for wheezing (aOR 1.78, 1.17-2.70) and chronic bronchitis (aOR
1.31, 1.03-1.68). Elevation in the risk for asthma was observed in workers, who
had exposure to fodder (aOR 1.49, 1.09-2.04) and organic dust (aOR 1.85, 1.39—
2.46). The latter also elevated the risk for wheezing (aOR 2.41, 1.60-3.63), allergic
rhinitis (aOR 1.77, 1.36-2.31), allergic alveoltis (8.95, 3.04-26.4) and chronic
bronchitis (aOR 1.84, 1.46-2.32).
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4 Discussion

Agriculture and farming cover a wide spectrum of activities, which vary in different
sectors within the industry, depending, for example, on the type and size of the
farm. Therefore, we studied the association between respiratory disorders and
farming separately in different agricultural sectors.

There were three main findings of this study being firstly that the prevalence of
respiratory symptoms was highest among dairy-, beef- and pig farmers, secondly
that the occurrence of respiratory diseases was mostly associated with animal
excrement, fodder handling and organic dust exposure and thirdly that the negative
and positive associations between the work-related exposures and the development
of symptoms were not explained by an individual’s age, sex or smoking.

A high response rate increases the validity of population-based studies, because
a low response rate might lead to selection bias. We e-mailed the questionnaire to
10,000 members of MELA with the final response rate being 25.1%. Although the
response rate in our survey was low, we were able to acquire completed ques-
tionnaires from over 2500 farmers, the study population representing different
farming sectors and all geographical areas in Finland. However, we focused on
comparing the prevalence of symptoms and disorder between different occupational
sectors instead of generating estimates to entire farming population. Possible bias
might exist both in the selection and in the reporting of symptoms confounding the
connection between a risk factor and the prevalence of a symptom/disease. It is
possible that those with symptoms are more likely to respond to the questionnaire.
Farmers can also influence their own working environment compared with, for
example, industrial workers. Furthermore, the low response rate fails to explain the
differences we observed in the prevalence of symptoms and disorders in several
farming sectors.

Several factors can affect the quality of air in occupational environments. These
factors include humidity, temperature, ventilation, dirt, material emissions and
moisture damages. Working in these problematic environments and exposure to
airborne impurities can cause various types of respiratory symptoms including
shortness of breath, coughing and wheezing [11, 12]. Symptoms, such as a stuffy
and runny nose, fatigue and irritation of eyes are also commonly reported [13].

The main findings of this study include the association of respiratory symptoms
with animal exposure (Table 1). The symptoms seemed to be linked to heavy
exposures of organic dust derived from various sources. Of all the farming sectors,
pig farmers had the highest prevalence of work-related respiratory symptoms, and
insufficient ventilation was reported more likely by dairy-, pig- and beef farmers than
by farmers in other farming sectors. These findings are consistent with previous
research conducted in Europe [14]. Working in these production fields requires a
high-intensity exposure to barn air. The barn air is a mixture of dusts, gases and
organic substances (e.g., methane, hydrogen sulfide, ammonia, endotoxin etc.) and is
known to cause lung dysfunction and to be a major risk factor for respiratory
symptoms [15, 16]. In barns containing swine, this barn air has been demonstrated to
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increase the bronchial responsiveness and levels of neutrophils as well as several
proinflammatory factors in the serum in naive, healthy volunteers [17].

The published data about the association between farmers and asthma are
conflicting. Previous research has shown a lower prevalence of the development of
asthma and allergies among farmers [18], but there are also findings suggesting that
the highest risk of asthma, when analyzed by occupation, is among agricultural
workers [19]. Among children who grow up on a farm, studies have drawn attention
to the possible protective effect of a farming environment for these children against
atopy and asthma [20, 21]. An important question is whether the protective effect
persists into adulthood.

According to our study, adult farmers developed asthma equally compared to the
general population. Importantly, the proportion of farming as an occupation in
Finland has declined considerably after the Second World War. Before the 1940s,
about 60% of the Finnish population followed this occupation and now less than
10% do. In the early 1980s, asthma was diagnosed only in 2-3% and chronic
bronchitis in 5% of Finnish farmers [9, 22, 23]. In the early 1990s, the prevalence of
asthma among Finnish farmers had raised to 4.4%. The trend in the increase of
diagnosed asthma among farmers seems to follow the development of asthma in the
Finnish population during the recent decades [24, 25]. Atopic asthma and
non-atopic asthma were not differentiated in our study. There may, however, exist a
protective effect of endotoxins and fungal spores on atopic asthma and, on the other
hand, a positive association with non-atopic asthma [26]. Asthma was associated
with microbial exposure and fodder handling. Previous research has associated
asthma and pig farming due to possible causes such as organic dusts, endotoxins,
ammonia and bacteria [16].

In our study, an increased prevalence of both allergic rhinitis and allergic
alveolitis were associated with exposure to organic dust in the work environment.
All of the respiratory diseases investigated in this study may be classified as syn-
dromes with several possible mechanisms. In our study, the overall prevalence of
allergic rhinitis (12.3%) in farmers was lower than in the Finnish population being
28.1% in men and 36.1% in women [25]. Previous studies have shown similar
results with a prevalence of self-reported nasal allergies among farmers being lower
than estimates in the general population [6, 27]. Extrinsic allergic alveolitis (also
called hypersensitivity pneumonitis) often results from recurrent exposure to
organic dust. The main causative agents in farming environments are microor-
ganisms present in moldy plant materials [28].

The diagnosis of chronic bronchitis was based on symptoms according to the
MRC questionnaire [29]. In a meta-analysis carried out by Guillien et al. [30], an
increased prevalence of chronic bronchitis was found in farmers raising cattle,
swine and poultry as well as in crop- and grain farmers. Our results show a positive
correlation with chronic bronchitis and exposure to cattle, animal excrement and
fodder handling. We also found a negative correlation between chronic bronchitis
and crop/grain farming. A significant increase in the overall prevalence of chronic
bronchitis in Finnish farmers was also observed in our study.



262 E. N. Suominen and T. M. Putus

5 Conclusions

These results point to a health recommendation for respiratory protection of
farmers, especially during activities where they are exposed to agricultural organic
dusts and microbes. The education of farmers and improvements in dust control in
their working environment are crucial. In addition, because barn air exposure has
been recognized to be a risk factor, enhancements in the hygiene and ventilation in
these barns could help in reducing harmful exposures.
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especial working conditions like exposure to hazardous chemicals, explosions and
fires, working in confined spaces and often in remote areas or in offshore platforms.
Dedicated work health surveillance plans that take into consideration environmental
risks are of the utmost importance to safeguard workers health and to communicate
identified faults and gaps to other institutional departments to provide adequate
intervention. This work presents an assessment case-study of an on-going health
intervention and monitoring plan focused on oil industry workers and the quality of
potable water distributed. In the assessment of risks to health, the quality of water
for human use is case-sensitive as water is vital to life but may act as a transmission
vector for several diseases whose symptoms may appear as acute (often as a con-
sequence of water contamination by microorganisms or toxic substances) or
chronic, usually more related to the ingestion of chemically contaminated water. In
the study timeline, six parameters were identified as critical in the water quality:
Total Coliforms, Escherichia coli, iron, pH, turbidity and colour. A global graphical
distribution of nonconformity analysis by working service for each geographic
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Keywords Oil industry workers - Potable water quality - Health intervention
monitoring plan

1 Introduction

Safety at work is determinant to provide for decent work conditions [1]. Workers’
health (WH) has a direct and quantifiable positive impact on labour productivity,
improving the sustainability of social security systems as these are dependent of
healthy active populations. Keeping workers healthy implies occupational risk
identification and prevention to promote safe and healthy workplace conditions. Oil
industry workers are particularly vulnerable to risks related to their especial
working conditions like exposure to hazardous chemicals, explosions and fires,
working in confined spaces (underground or underwater) and often in remote areas
or in offshore platforms. In addition to the harshness specificity of their work, oil
industry workers are also subjected to poor environmental and sanitary conditions,
which are occupational risks present in other working sectors. For these type of
professions, dedicated WH surveillance considering environmental risks are of the
utmost importance to safeguard workers health, to prevent damaging working
conditions and to communicate identified faults and gaps to other institutional
departments to provide adequate intervention.

This work presents an assessment case-study of an on-going health intervention
and monitoring plan focused on oil industry workers using the quality of potable
water distributed as an indicator of work safety conditions. In the assessment of
risks to health, the quality of water for human use is case-sensitive as water is vital
to life but may act as a transmission vector for several diseases whose symptoms
may appear as acute (often as a consequence of water contamination by microor-
ganisms or toxic substances) or chronic, usually more related to the ingestion of
chemically contaminated water [2, 3]. However, the development of disease by
ingestion of contaminated water is also dependent on the health condition and
immunity of individuals. Frequently, in the oil industry sector, specially at offshore
conditions or in remote areas, water supply and sanitation infrastructures are poor or
even inexistent. In Brazil, in these situations, potable water is self-supplied by
Alternative Collective Solutions (ACS) as defined by the Brazilian governmental
decree on quality control on water for human use [4]. According to this regulation
both public and private companies may provide potable water from these ACS
supply systems and are also responsible for water treatment procedures to comply
with potable water standards [5]. Usually, water supplied by ACS is captured from
wells or superficial water sources and then submitted to several treatment stages
namely sedimentation, filtration, flocculation and disinfection [4-6]. Treated water
is kept in local reservoirs and distributed to different working sectors by internal
piping systems.
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2 Materials and Methods

2.1 Study Design

This study focuses on the quality of potable water supplied by ACS systems to ten
oil field exploration locations in the northern Brazilian state of Bahia, covering the
period 2015 to 2018. In this state, the on-going health monitoring and intervention
plan includes 848 oil industry workers (91% males; 9% females). The geographic
location of the ten oil exploration stations is presented in Fig. 1. In each oil field
station, the water sampling plan included six points for collecting samples: (1) at
water capture points-wells and reservoirs; (2) at oil extraction stations—water
reservoirs; (3) taps in administrative facilities; (4) taps in medical offices; (5) taps in
bath and changing rooms and (6) taps in areas for food preparation and con-
sumption. All water samples were analysed for microbiological, physico-chemical

Fig. 1 Geographic location of the ten oil exploration stations included in this case-study. Source
google maps
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and organoleptic parameters according to the referred Brazilian regulation [4]. In
the entire period of the study the total number of water samples collected at the six
referred points amounted 39,399 water samples.

2.2 Data Analysis

Data analysis was performed using IBM® SPSS® Statistics for Windows v. 25.0.
Water quality parameters and distribution of nonconformity cases by region, by
year and by sampling point were analysed to identify critical situations. Variables
distribution were found to be non-normal (p < 0.05) therefore, Spearman’s cor-
relation coefficient (r;) was used to assess associations between variables. Rate of
change in time (period 2015-2018) was calculated as well as medians of bulk
non-conformity analysis. A graphical distribution of the water quality parameters
by year and region was used for an easier interpretation of the results.

3 Results and Discussion

A descriptive analysis of nonconformity water quality analyses is presented in
Table 1.Inthe observed timeline (2015-2018), six critical parameters were identified:
Total Coliforms, Escherichia coli, iron, pH, turbidity and colour. These parameters

Table 1 Total nonconformity water quality analyses by parameters between 2015 and 2018. N is
the total number of analysis in each year; n refers to the number of nonconformities for which the
correspondent percentage value is in brackets

Water quality parameters (total 2015 2016 2017 2018
number of analysis) N=8809 |N=13257 [N=10344 |N =6946
Number (n) and % of nonconformity water analysis
Total nonconformities 1180 1659 (12.5) 1253 (12.1) 1017
(13.4) (14.6)
Total coliforms 301 569 (37.2) 363 (23.7) 297
(19.7) (19.4)
Escherichia coli 136 68(19.0) 81 (22.6) 73 (20.4)
(38.0)
Aluminium 5 (55.6) 2 (22.2) 2 (22.2) 0 (0.0)
Ammonia 1(33.3) 1 (33.3) 0 (0.0) 1(33.3)
Benzene 0 (0.0) 1 (100) 0 (0.0) 0 (0.0)
Lead 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0)
Chloride 6 (37.5) 1(6.3) 3 (18.8) 6 (37.5)
Total hardness 0 (0.0) 1 (100) 0 (0.0) 0 (0.0)

(continued)
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Table 1 (continued)
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Water quality parameters (total 2015 2016 2017 2018
number of analysis) N=8809 |N=13257 |[N=10344 |N=06946
Iron 64 (35.2) 75 (41.2) 43 (23.6) 0 (0.0)
Total Iron 12 (52.2) 10 (43.5) 1(4.3) 0 (0.0)
Manganese 16 (32.7) 22 (44.9) 11 (22.4) 0 (0.0)
Nitrate 0 (0.0) 0 (0.0) 2 (100) 0 (0.0)
Nitrite 0 (0.0) 0 (0.0) 2 (100) 0 (0.0)
pH<6 125 229 (29.4) 236 (30.3) 189
(16.0) (24.3)
pH>9 5(22.7) 5(22.7) 7 (31.8) 5(22.7)
Selenium 0 (0.0) 1 (100) 0 (0.0) 0 (0.0)
Sodium 4 (57.1) 1(14.3) 2 (28.6) 0 (0.0)
Total dissolved solids 0 (0.0) 0 (0.0) 1(16.7) 5 (83.3)
Sulphate 0 (0.0) 2 (100) 0 (0.0) 0 (0.0)
Carbon tetrachloride 0 (0.0) 0 (0.0) 7 (100) 0 (0.0)
Turbidity 115 151 (32.2) 104 (22.2) 99 (21.1)
(24.5)
Zinc 1 (100) 0 (0.0) 0 (0.0) 0 (0.0)
Colour 388 519 (31.7) 388 (23.7) 342
(23.7) (20.9)

stand out throughout all period of analysis, worsening in the case of: Total Coliforms
(+3.7%), pH < 6 (+8.3%) and Colour (+0.7%).

Figure 2 presents the global graphical distribution of nonconformity water
analysis by working service for each geographic location and for the entire period
of the study. Water samples collected at ‘Oil Extractions Stations’ (33.9 to 59.0%),
and ‘Baths & Changing Rooms’ (4.4 to 35.7%) comprise most of nonconforming
analyses for all geographic locations. These results suggest a post-contamination of
water after capture and treatment or deficient cleaning and sanitizing procedures at
bathrooms and changing rooms. Poor hygiene habits may also contribute to the
degradation of water quality in these working facilities. On the other hand, the usual
harsh conditions at oil extractions stations may be the cause for poor water quality
at these points: here the contamination of treated water kept in reservoirs is likely to
be of environmental origin [5, 7].

A detailed distribution of the nonconforming water analyses by parameters and
by sampling point (working service category) is presented in Table 2.

Table 2 highlights that samples collected at ‘Oil Extraction Stations’ (31.9—
45.5%) and ‘Bath & changing rooms’ (20.4-31.8%) systematically present the
worse values (in bold) in all of the six previously identified critical parameters. This
pattern is corroborated by parameters associations confirmed by the Spearman
correlation test values presented in Table 3.
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Fig. 2 Distribution of nonconformity analysis by working service for each geographic location
and for the entire period of the study. Total number of nonconformity analysis N = 4977

Table 2 Nonconforming water quality analyses by parameters and by type of sampling point

Water oil Bath & Food | Administrative | Medical
capture extraction changing areas | offices areas
points stations rooms
Total 137 (9.0) 607 (39.7) 382 (25.0) 94 247 (16.1) 63 (4.1)
coliforms 6.1)
E. coli 34 (9.5) 152 (42.5) 73 (20.4) 18 71 (19.8) 10 (2.8)
(5.0)
Turbidity |29 (6.2) 176 (37.5) 131 (27.9) 31 84 (17.9) 18 (3.8)
(6.6)
Colour 132 (8.1) 617 (37.7) 441 (26.9) 121 256 (15.6) 70 (4.3)
(7.4)
Iron 23 (12.6) 58 (31.9) 55 (30.2) 8 31 (17.0) 7 (3.8)
(4.4)
pH<6 62 (8.0 289 (37.1) 231 (29.7) 51 115 (14.8) 31 (4.0)
6.5)
pH>9 14.5) 10 (45.5) 7 (31.8) 0 3 (13.6) 1 (4.5)
(0.0)
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Table 3 Spearman correlations among water quality parameters analysed
Parameters A B C D E F G

A. Total Coliforms 1
B. Escherichia coli 0.76"" 1

C. Colour 0.84"  [0.74™ 1

D. Iron 0.65" 0617 063" 1

E.pH < 6 0.34" 0.39" 0.34" 0417 |1

F.pH>9 -0.08 -0.13 -0.09 -0.02 -0.25 1

G. Turbidity 078" 076" 0817 065" |0617 |-0.18 1

“significant at 0.05 level
**significant at 0.01 level

Strong positive correlations were identified between Total coliform and Colour
(ry=0.84, p<0.01), E. coli (r,=0.76, p <0.01) and Turbidity (r, =0.78,
p < 0.01). Other strong positive correlations were also identified between Colour
and E. coli (ry=0.74, p < 0.01) and Turbidity (r, = 0.81, p < 0.01). Another
strong positive correlation was observed between E. coli and Turbidity (r; = 0.76,
p < 0.01). Moderate positive correlations were identified between Iron and Total
Coliform (r, = 0.65, p < 0.01), Colour (r, = 0.63, p < 0.01), E. coli (r, =0.61,
p < 0.01) and Turbidity (r, = 0.65, p < 0.01). Turbidity and pH < 6 are positive
moderate correlated too (ry = 0.61, p < 0.01). Moderate-weak positive correlations
between pH < 6 and Total Coliform (r; = 0.34, p < 0.05), Colour (r, = 0.34,
p <0.05), E. coli (ry=0.39, p<0.05) and Iron (r;=0.41, p <0.05) were
observed.

Coliform organisms (reported as total coliforms) have for long been recognized
as a suitable microbial indicator of water quality, largely because they are easy to
detect and to quantify in water samples [8, 9]. Coliform bacteria can be found in
both faeces and the environment (nutrient-rich waters, soil, decaying plant material)
as well as in drinking-water containing relatively high concentrations of nutri