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Abstract 
Introduction: Falls from heights represent one of the most frequent accidents in civil constructions, mainly 

caused by different roofing activities. The risks should be first evaluated by conducting safety inspections, 

and then implementing adequate control measures to eliminate or reduce the risks of accidents. New 

technologies facilitate those inspections and make the processes much more efficient. The objective of this 

study was to make a systematic review to analyse works which used a drone as a visual tool for such safety 

inspection activities, systematize main information needed to consider in developing future drone research 

in civil construction. Methodology: The research was carried out on the Brazilian platform for scientific 

journals and conferences called “CAPES Portal” through the Preferred Report for Systematic Reviews and 

Meta-analyzes (PRISMA) methodology. Several keywords were used for searching, including: 

"Construction", "Construction Safety", "Safety Inspection", "Safety Management", "Drone", "Unmanned 

Aerial Vehicles". Results and Discussion: In total, 102 articles were identified through the searching. After 

applying all the inclusion and exclusion criteria (published in the last 10 years, published in English or 

Portuguese language), In addition, the articles were included only if related to the use of drones in civil 

construction and if had some relationship with work safety inspection. A total number of 15 articles fulfilled 

the selection criteria’s and were included in this review. The information about the analysed studies 

included information such as author/reference, the objective of the study, the country where the study was 

conducted, the activities which were analysed, conclusions, limitations and the type of the drone which was 

used in the research. In total, 8 of the 15 studies were developed in the United States, representing 53% of 

the total, while other studies are from Germany (4), Brazil (2), Australia (1) and Spain (1). Most studies 

analysed the inspection of bridges and roofs. Conclusions: Studies have shown that there is evidence of the 

advantages of using drones to assist in safety inspections in civil construction, especially in bridges and roofs. 

Keywords: Civil construction, Drone, UAV, Safety inspection, Work safety. 

INTRODUCTION 

According to the Brazilian Ministry of Social Security (2014), the civil construction sector has a 

high economic importance, whose relevance is also manifested in the large number of workers 

who work in this sector, which is traditionally labour-intensive. However, the unplanned growth 

of this activity has caused a lot of damage to those involved (ZLATAR & BARKOKEBAS JR, 2018). 

Roofing activities are one of the most dangerous tasks in construction. Workers who perform 

activities on the roof are three times more likely to suffer fatal occupational injuries when 

compared to other construction workers (DONG et al., 2013). Falls are the main cause of 

fatalities in roofing activities, representing 76% of fatalities between 2003 and 2009 (BLS, 2012). 

For roofing activities before any work is started, a risk assessment must be carried out. They 

should be collective protection measures against fall risks based on the results of risk 

assessments, before selecting individual protection measures. In addition, it is necessary to 

ensure safe access, places and workplaces, since tiles may not constitute a safe base (BARBOSA 

FILHO, 2018). 
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Safety inspections are very effective in preventing accidents. Abudayyeh et al. (2006) affirm that 

the incidence rates of accidents and illnesses are significantly lower in the companies that 

carried out safety inspections. 

Therefore, new technologies are essential to facilitate inspection activities and make processes 

more efficient (SAURIN et al., 2005). According to Irizarry & Kim (2015), the use of the Unmanned 

Aerial Vehicle (UAV), or drone, can contribute to the process of monitoring safety, detecting and 

correcting errors, corroborating the reduction of accidents. The use of UAVs to perform safety 

inspection is promising, since it eliminates the need for lifting equipment and specialized 

operators, in addition to ensuring increased safety during the inspection process and carrying 

out the activity more efficiently and economically (ESCHMANN et al., 2012; MORGENTHAL; 

HALLERMANN, 2014). 

The objective of this study was to identify and analyse the works that used drones as a visual 

tool for safety inspection activities, in addition to systematizing the main information needed to 

be considered in the development of future research with drones in civil construction. 

MATERIALS AND METHODS 

The methodology used for the research followed the guidelines of the items of the Preferred 

Report for Systematic Reviews and Meta-analyzes (PRISMA) (Liberati et al., 2009). The research 

was carried out on the Brazilian database of scientific articles “Journals Portal of the 

Coordination for the Improvement of Higher Education Personnel – CAPES” (Coordination for 

the Improvement of Higher Education Personnel, 2017). 

Several keywords in the English language were chosen for searching purposes: "Construction", 

"Construction Safety", "Safety Inspection", "Safety Management", "Drone", "Unmanned Aerial 

Vehicles", using the "OR" combination present at the CAPES website. The articles were searched 

through sections "in the title" and "in the subject". Works older than ten years and published in 

a language other than English and Portuguese were excluded. Articles were included if related 

to the use of drones in civil construction and if they had some relationship with work safety 

inspection. 

RESULTS AND DISCUSSION 

In total, the search resulted in founding 102 articles. After applying defined filters, excluding 

repeated articles, articles published in a language other than English and Portuguese, including 

only articles published in the period from 2009 to 2019, and through the selection of articles by 

the title that were related to the topic of interest, the number of possible articles was reduced 

to 42 articles for further consideration. 

The next step was a selection by summary, excluding works that did not deal exclusively with 

drones in civil construction, which reduced the number to 32 articles. The articles were read and 

analysed, and finally including only 15 of them which dealt with using drones as a tool for safety 

inspection in civil construction. Figure 1 shows the selection process of articles used in the 

present systematic review. 
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 Figure 1.  Flowchart of the carried out research  

Table 1 illustrates the included articles and some resumed data such as the objective, country 

of study, analysed activities, conclusions, limitations and the type of drone used in the research. 

The analysed studies show that there is a broad range of applications and perspectives of using 

a drone as a visual tool for safety inspection activities in civil construction. Regarding the 

countries of origin of the studies, 8 of the 15 studies were developed in the United States, 

representing 53% of the total, while other studies are from Germany (4), Brazil (2), Australia (1) 

and Spain (1). Most studies analysed the inspection of bridges and roofs. The studies highlighted 

the importance of having more in-depth studies on the subject, the high risk of workers involved 

in traditional inspections due to difficulties to the access on bridges and roofs. 

The most analysed criteria for choosing the ideal drone are: flight time, type of camera, camera 

resolution, payload capacity, cost, ability to transmit video in real-time, autonomous navigation, 

remote control distance, light in the drone. Most of the included studies used a drone in the line 

of DJI Phantom 2, 3 or 4. This is due to accessible cost in relation to the competitors and the 

efficiency of the inspection in civil construction. Noted limitations for conducting studies were: 

not enough regulation, low light conditions, limited camera rotation, need for training, flight 

stabilization, flight time, battery life, weather conditions, sensor, the privacy of workers, 

obstacles. 
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Table 1. Information about the analysed studies 

Nº Author/References Objective Country Activities analyzed Conclusions Limitations               Used drone 

1 (Duque et al., 2018) summarize conclusions about 
current drone techniques to 
inspect and analyse different 

infrastructures 

USA   Drone versatility to detect damage to 
different structures and materials 

 

regulations, low light 
conditions, GPS, camera 

rotation, traffic safety 
 

senseFly albris;  
DJI Phantom 4 

2 (Blinn & Issa,2016) compare the use of a drone to 
the current state and use of 

aerial images 

USA  power line inspection; 
construction and 

maintenance 

95% confidence that the use of a drone is 
less expensive and more financially viable 

regulations, formal training  DJI Phantom 2 

3 (Eschmann et 
al.,2012) 

scan buildings for 
inspection and monitoring 

with a high-resolution digital 
camera 

Germany facade inspection represents an adequate 
technique to create a database 

flight stabilization 
platform, anti-collision 

 

Octocopter MAV 
inspection platform 

4 (Gheisari & 
Esmaeilli,2016) 

identify security practices that 
can be improved using drone 
and distinguish users' needs 

and techniques 
 

USA 
 

proximity to vehicles; 
cranes, near an 

unprotected ledge; 
opening; blind spot of 

heavy equipment  

Use of the important drone in the vicinity of 
vehicles / cranes / 

near an unprotected edge / unprotected 
opening / in the blind spot of heavy 

equipment 

flight time    

5 (Gillins; Gillins; 
Parrish,2016) 

investigate whether the 
images obtained are 

comparable to the images that 
would be acquired 

with a camera during a 
conventional inspection 

Germany bridge inspection lack of zoom on the camera 
 

    

6 (Herrmann,2016) examine current and 
proposed regulations 

governing the use of drones 
and their applicability to the 

construction industry 

USA     uncertainty about whether 
time and money invested in 

getting approved 
for drone use under current 

rules will be beneficial 

DJI Phantom 3 

7 (Irizarry; Costa; Kim, 
2015a) 

identify potentials 
visual asset applications 

obtained from the drone for 
management tasks 

construction 

USA and 
Brazil 

all monitoring the progress of the 
the project, assessment of the workplace, 

logistics, monitoring of safety conditions and 
quality work inspections carried out 

 

flight time, photo memory 
capacity, viewing angles 

 

DJI Phantom 2 

8 (Irizarry & 
Gheisari,2016) 

security inspection and how a 
drone can play the role of a 
security inspection assistant 

USA high parts of walls and 
roofs 

 

explore potential benefits for security 
managers and check the current security 

situation of workers, materials and 
equipment 

improve battery life; weather 
conditions, endangering the 

safety of workers in the 
workplace 

AR.Drone 
Quadricopter 
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9 (Roca et al.,2013) area inspection 
unreachable (high walls and 
roofs) for data acquisition 

Spain   more competitive for the acquisition of data 
from hard-to-reach places, such as roofs and 

high facades of buildings 

sensor, material and lighting 
conditions 

 

Okto XL/ 
Mikrokopter Okto XL 

10 (Kim; Irizarry; Costa 
,2016) 

identify needs, operational 
challenges, potential factors 

that influence the drone 
performance, and potential 

performance measures 

USA roof, assembly and 
disassembly, cleaning 

services, facade 
processes 

 

 “Ease of user interface for drone operation” 
and “Quality of visual assets” were identified 

as the most important factors influencing 
performance 

 

limitation of battery life, 
weather conditions, worker 

privacy, obstacles 

  

11 (Rodrigues et 
al.,2017) 

 evaluate the applicability of 
the drone for a safety 

inspection at worksites 
construction, with a focus on 

identifying 
unconformities 

 

Brazil  development and validation of a process for 
a security inspection with UAV 

 

physical barriers; weather 
conditions; regulations; 

formation; 
 poor view of internal areas; 
need to improve real-time 

feedback; poorly structured 
safety management system at 

the construction site 

DJI Phantom 3 

12 (Seo; Duque; 
Wacker, 2018) 

evaluate the capabilities of 
robot technology as an 
inspection tool; support 

inspections of conventional 
bridges 

USA bridge inspection The use of photogrammetry software 
allowed a more comprehensive and detailed 
view of the damage; the drone was able to 

identify cracking, chipping, corrosion, 
moisture on the bridge 

 unfavorable weather 
conditions 

 

DJI Phantom 4 

13 Freimuth & Konig 
(2018) 

plan inspections in a 3D 
environment; the combination 

of BIM and open source 
autopilot technology is the 

basis for a 
systematic approach 

Germany analysis of facades, roofs visual and factual information about flight 
conditions in the planning phase; capture 

rich information, generating various points 
of view for each point of interest, 

accompanied with virtual previews in the 
planning application 

   octo 
copter 

14 Chan et al. (2015) provide a context for using 
drones for visual bridge 
inspections, and identify 

obstacles 

Australia bridge inspection technology has the potential to significantly 
reduce the costs of 

general inspection and inconvenience to 
passengers 

training, certification; 
proximity to structures and the 

public; stability 
 

Eight-armed UAV 
(developed at the 

University) 

15 Hallermann & 
Morgenthal (2014) 

new visual inspection method 
based on aerial photos and 

video taken by a drone 
Germany bridge inspection generates much lower costs compared to the 

units of 
conventional control systems, reduced risk 

of operation during inspections 

instability due to the wind; 
small batteries; climate 

changes 
 

Flight system BUW 
Falcon Photo  
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Despite some limitations, the included studies identified numerous benefit, based on the criteria 

considered in the studies included. Some of them are: drone versatility to detect damage in 

different structures and materials; financially viable; monitoring the progress of the project, 

assessing the logistics workplace, monitoring safety conditions and carrying out quality work 

inspections; checks the current safety situation of workers, materials and equipment, by having 

direct interaction with workers; more competitive for the acquisition of data from hard to reach 

places, such as roofs and high parts of building facades; significantly reduce the costs of general 

inspection; generates much lower costs; reducing the risk of the activity. 

According to Rodrigues et al. (2017), some benefits are listed with respect to the applicability of 

drones in labour safety inspections in civil construction: reduction of variability; increasing the 

transparency of unsafe conditions; detailed information about unsafe and safe conditions; 

registration of security non-conformity requirements and good practices, allowing the analysis 

of different perspectives; use of indicators and information for decision making; use of visual 

assets and inspection results for training in occupational safety; cost-effectiveness of viability; 

potential improvement in safety-related worker behaviour. 

Gheisari & Esmaeilli (2016) also mention that drones can provide several advantages for 

occupational safety managers: drones can move faster than humans; it can reach inaccessible 

areas of workplaces; it can be equipped with video cameras, wireless sensors, radar or 

communication hardware for real-time data transfer. 

The authors Irizarry, Coast, Kim (2015a) emphasize that drone can provide a low-cost solution 

for exploring aerial photography-based construction inspection techniques, such as in roofing 

and building facade activities, and for other applications that would otherwise be impractical or 

insecure. 

Regarding the results obtained in the included studies, according to Irizarry, Coast, Kim (2015a), 

with the application of the drone, it was possible to improve management in civil construction. 

According to Rodrigues et al. (2017) it is possible to improve safety inspection in workplaces 

through better visualization of working conditions. In the results obtained by Seo, Duke, Wacker 

(2018), the drone is a great potential to complement inspection methods. In the study by 

Freimuth & Konig (2018) it is mentioned that UAV makes inspection automated and that it 

captures significant data with only little necessary inputs and is operational. According to Chan 

et al. (2015) the quality of the drone-based inspection may be better than the human-operated 

method. 

CONCLUSIONS 

Studies have shown that there is evidence of the advantages of using drones to assist in safety 

inspections in civil construction, especially in bridges and roofs. It generates data and images in 

a very efficient way and can assist in different phases of the construction process: before, during 

and after the execution of bridge/roof works. Drones provide the safety inspection to be 

conducted with higher safety, speed and lower costs, requiring fewer resources compared to 

the traditional method. 

Several benefits and limitations were presented, which should serve as a support in the 

development of future researches using drones in civil construction. The characteristics of 

drones should be chosen based on the objective and particularities of the research and 

environmental conditions in which the drone will be used. 
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Therefore, some of this information that must be considered are: the most relevant activities to 

be analyzed; criteria that must be considered when choosing the ideal drone related to the 

particularities of each situation; difficulties, limitations and benefits with the use of the drone 

for labour safety inspections in civil construction, among other possibilities. 
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Abstract 
Introduction: The lack of engagement and the shortage of motivation and drive, also referred to as apathy, 

negatively impacts the effectiveness and adherence to treatment and the general well-being of people with 

neurocognitive disorders (NCDs), such as dementia. Methodology: The hypothesis raised states that the 

engagement of people with dementia during their non-invasive treatments for NCDs is affected by the noisy 

source levels and negative auditory stimuli present within environmental treatment settings. An online 

survey was conducted with the study objectives to assess 1) the engagement levels of dementia patients 

while interacting with others at home versus in therapy facilities, 2) the emotions perceived when 

interacting with people at home compared to therapy sessions, 3) the perceived loudness of the 

environment at home versus in therapy facilities, and 4) which source sounds negatively impact the patients 

at home and during therapy sessions. A purposive sampling (n=62) targeting relatives, friends, and 

caregivers of dementia patients was conducted via online community forums in the DACH region. Moreover, 

a recording session was conducted in a psychotherapist’s office to verify the answer to the questionnaire 

on the noise sources perceived in therapy facilities. Results and Discussion: The raised hypothesis that 

disruptive auditory stimuli and noise levels influence the engagement levels of demented individuals during 

treatment is confirmed as the engagement is affected by the perceived noise disruptions when comparing 

perceived noise levels and engagement at home to those in treatment facilities. Significant statistical results 

were found between the lower engagement of demented individuals when interacting with people during 

therapy sessions compared to higher engagement in-home interactions. Furthermore, negatively perceived 

sound sources can be found in both therapy facilities and home settings. The noise sound sources identified, 

such as human voices, household appliances and household noises, while recording in the psychotherapist’s 

office align with the questionnaire responses received on this topic. The findings indicate that the perceived 

heightened noise levels in therapy facilities stand in correlation with the lowered engagement rate 

perceived during the therapy session compared to the lower noise level and higher engagement 

encountered when demented individuals interact at home.  Conclusion: If the identified noise elements are 

masked or replaced by other auditory stimuli that promote a soothing soundscape, the original disturbances 

encountered during therapy and the lack of engagement can possibly be minimized. Further studies need 

to be conducted in the prototyping of a noise intervention tool to analyze the impact on lack of engagement 

through noise disturbances.  

Keywords. Noise, Engagement, Dementia, Therapy, Apathy. 

INTRODUCTION 

Neurocognitive disorders (NCDs) are a steadily rising global public health concern. In 2020, 

around 50 million people worldwide lived with major NCDs, specifically dementia, with nearly 

10 million new cases per year1 NCDs can be found in many diseases, including Alzheimer, 

Parkinson, Huntington, and Creutzfeldt-Jakob (Reith, 2018). The causes of NCDs are typically 

associated with advanced age. Still, it can occur from incidents such as traumatic brain injuries, 

infections, thyroid problems, damage to the blood vessels, and other causes (Kane et al., 2017), 

increasingly affecting a wide range of people and age groups. Successful treatment methods are 

limited and can be split into two main categories, invasive and non-invasive methods. 

Invasive treatment methods are surgical procedures, such as Deep Brain Stimulation (DBS), a 

neurosurgical procedure in which a neurotransmitter is placed in the brain to send electrical 

                                                           
1 World Health Organization, Dementia [website] https://www.who.int/news-room/fact-sheets/detail/dementia (accessed 12 April 

2021) 

http://www.who.int/news-room/fact-sheets/detail/dementia
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impulses to specific regions to counteract movement disorders with Parkinson’s disease 

(Kringelbach et al., 2007). Groiss et al. (2009) found that DBS is a highly effective intervention 

for advanced Parkinson. However, invasive treatments are not suitable for most NCD patients. 

Only about 10% of Parkinson's patients are eligible for DBS surgery (Lange et al., 2017). Further, 

patients with pre-existing dementia are at an increased risk of fatal complications, and early 

death is subject to surgery compared to non-demented patients (Kassahun, 2018). This data 

visualizes the hindered accessibility of invasive treatment methods for patients with NCDs. 

Non-invasive treatment methods focus on tools that do not require incision and damage to the 

tissue (Cousins et al., 2019). They can be pharmacological or non-pharmacological. The 

effectiveness of pharmacological treatments for NCDs are reportedly low (Mathys, 2018), and 

its efficacy can be compromised due to the alteration of the blood-brain barrier (Carvey et al., 

2009) and the breakdown of the medication in the blood before it can reach the nervous system 

(Pardridge, 2012; Tonda-Turo et al., 2019). Non-pharmacological methods have been advocated 

for the heightened success of the treatment plans. Engagement, i.e., active involvement 

triggered by meaningful activities promoting more energetic and positive moods (Perugia et al., 

2017), has been identified as a critical factor in the effectiveness of treatment methods. Lanctôt 

et al. (2016) show that apathy, i.e., lack of engagement, has a significant impact on people with 

NCDs. This leads not only to a decrease in participation, increased disability and frustration but 

further to a low quality of life for patients and caregivers (Brodaty and Burns, 2017; Onyike et 

al., 2007). 

In this context, the hypothesis is raised that the engagement of non-invasive treatments for 

NCDs is affected by the noise levels and negative auditory stimuli present within environmental 

treatment settings. To this end, a survey was conducted that aims to assess the above 

correlation and additionally capture live audio in a therapy facility to identify further the source 

and attributes of potential negative impacting sounds. 

METHODOLOGY 

An anonymous, online, computer-based and structured questionnaire was conducted. It was 

created using Google Forms and consisted of ten sections which were individually displayed on 

the screen and navigable by pressing forward or back to access the previous or next section. The 

questionnaire consisted of seventeen questions and took approximately 3-4 minutes to 

complete. It had the study objectives to understand 1) the engagement levels of dementia 

patients while interacting with others at home versus in therapy facilities, 2) the emotions 

perceived when interacting with people at home in comparison to therapy sessions, 3) the 

perceived loudness of the environment at home versus therapy facilities, 4) which source sounds 

perceived that negatively impact the patient. The questionnaire was disseminated in six online 

support groups for family members, friends, and professional caregivers of dementia patients in 

the German-speaking DACH region. Dementia patients have been chosen as the primary focus 

group due to their fast-spreading worldwide condition within NCDs and neuropsychiatric 

symptoms. The questionnaire included binary (yes or no), multiple-choice, and Likert scale 

questions. The therapies considered include the most common neurorehabilitation therapies 

(Aldridge, 2008; Greenwood et al., 2003), namely: exercise and mobility programs, speech 

therapy, cognitive training, psychotherapy, social skill training, music therapy, and art therapy. 

Following Cowen and Keltner (2017), the 27 varieties of emotional experiences and the wheel 

of emotions by Plutchik (1980) to identify emotional states were adopted. Sound sources 

classification adopts the ontology proposed by Ellis et al. (2017), which distinguishes between 

seven main sound sources: human sounds, animals, music, the sound of things, environment 
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and background, natural sounds channel, and source-ambiguous sounds. These are then further 

divided into multiple subcategories, which include but are not limited to human voices, home 

sounds, musical instruments, vehicles, and acoustic environment. 

The analysis of the collected data was conducted in SPSS software to calculate means, test 

correlations, frequencies and run a statistical significance using a t-test (p > .05 is adopted to 

test the null hypothesis). To complement the identification of potential negative impacting 

sound sources and their spectral attributes, additionally, the auditory environment in a 

psychotherapist’s office in the city center of Vienna, Austria was recorded. The building was 

located on a busy street; however, the room faced the inner courtyard and was therefore 

distinguishably quieter than other rooms in the area. A Zoom H5n with a X/Y microphone 

capsule was used for the recording, which consists of two matched unidirectional condenser 

microphones set at a 90-degree angle, mounted on a tripod. The soundscape was recorded three 

times for 15 minutes during an hour with the microphone in the middle of the room and the 

door shut. The connecting room was a kitchen followed by a bathroom and a second therapy 

room where a session was going on, but the door was closed. Therefore, any sounds recorded 

would have come from the neighbors, courtyard, or the people present in the session in the 

other closed-off room. 

RESULTS AND DISCUSSION 

The participants (n=62) of the questionnaire were family and friends of the person with 

dementia (77.4%), professional caretakers (21%) — as proxies of dementia patients —, and one 

person with dementia (1.6%). The participants from the DACH region were geographically 

distributed as follows: Germany (50%), Austria (32.2%), and Switzerland (14.5%). Two 

participants did not release the location. The stages of dementia ranged from suspected 

dementia to stage 7, with the most common selected being stage 6 (22.6%) and stage 5 (19.4%). 

Slightly more than half of the participants stated the person was not currently in therapy 

(53.2%). The therapies indicated, of which participants were able to select multiple choices, 

were mobility and exercise programs (54.5%), cognitive training (72.2%), psychotherapy 

(40.9%), art therapy (18.2%), social behavior training (9.1%), music therapy (22.7%), speech 

therapy (9.1%). 

Significant statistical results were found between the different engagements during interactions 

in therapy facilities compared to home environments as perceived by relatives, friends, and 

caregivers. The engagement during treatment was perceived as much lower with a mean of 1.78 

compared to 3.13 in home environments on a 5-point scale, 1 being no engagement; 5 being 

very high engagement in interactions with others. 

The perceived emotions in dementia patients while at home (n=62) versus during therapy in 

therapy facilities (n=20) showed differences in emotional experience. The perceived emotions 

at home, of which multiple were selectable at once, were awkwardness (59.7%) followed by 

joyfulness (53.2%), confusion (53.2%) and apathy (30.6%). In therapy facilities, the most 

dominant perceived emotion was apathy (60%) followed by awkwardness (40%) confusion 

(35.5%), and joyfulness (35%), in percentages of selection. There was further significance 

regarding noise levels at home compared to therapy settings. As visualized in Figure 1, the 

normal curve is visible as a black line referring to the entered data in regard to frequency and 

noise level, the data suggests higher levels of experienced noise during therapy in facilities 

(mean=3.87) compared to at home environments (mean= 2.51) across a 5-point Likert space 

where one corresponds to very quiet and five to very loud.  
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Figure 1. Perceived noise levels at home (upper image) compared to in therapy facilities (bottom image). Solid black lines denote 

the normal distribution. 

However, the smaller number of responses for therapy (n=15) compared to home (n=59) 

indicates the potential heightened noise levels, and further responses should be collected to 

draw a cohesive conclusion on noise differences. In both conditions, the most common noisy 

sound sources identified were: human voices, household noises and devices, instrumental music 

played by neighbors, and traffic noises. This set of sounds are in line with the recordings taken 

in the psychotherapist’s office, shown in Figure 2. 

 

Figure 2. Spectrogram of the collected sound environment in the psychotherapist’s office. 

From the collected audio recording in the psychotherapist’s office, which spectral 

representation is shown in Figure 2, where cold colors refer to low amplitude and warm colors 
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to high amplitude, noisy sound sources were identified which include household applications 

such as water boilers (1-2 minutes) and fans (3-5 minutes); (unintelligible) human voices from 

adjacent rooms filling the middle of the spectrum most notably between 3 kHz and 5 kHz (1-15 

minutes). The identified sound category sources align with the collected categories in the 

questionnaire. 

CONCLUSIONS AND FUTURE IMPLICATIONS 

The raised hypothesis regarding that the engagement during non-invasive treatments for 

demented individuals can be affected by the noise levels and negative auditory stimuli present 

within environmental treatment facilities was confirmed. It was found that 1) the engagement 

levels of dementia patients while interacting with others in therapy facilities was higher than at 

home, 2) the emotions perceived when interacting with people at home were more positive in 

comparison to during therapy sessions where increased apathy was found, 3) the perceived 

loudness of the environment in therapy facilities was significantly higher than at home, 4) the 

source sounds perceived that negatively impact the patient was similar in both environments, 

at home and in the therapy facility with the most common being human voices and household 

noises and appliances. The dementia patients’ engagement perceived by relatives and 

caregivers during therapy is lower than at home, which can be due to the unfamiliar 

environment regarding the associated emotions of apathy, awkwardness, and confusion. There 

is a correlation between sound levels and engagement, which are lower during therapy 

compared to a home setting. The most frequent negative impacting sound sources identified 

are human voices, household devices, and general household-associated noises. One important 

future implication of the results is the potential application of a soundscape in both home and 

health care facilities to positively impact the engagement of people with dementia by minimizing 

and masking the identified disruptive noise sources found in this study to minimize the impact 

of negatively associated auditory stimuli ultimately. To this end, imposed sound with different 

spectral attributes seeks to mask negative impacting sound sources based on a dataset 

researched by Fan et al. (2017) and Andringa and Lanser (2013). To account for the evolving 

nature of the soundscape based on short soundscape recordings, the model adopted by 

Bernardes et al. (2016) and Bernardes (2020) can be used in future developments. 
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Abstract 
Introduction: Occupational noise is still a matter within the industrial practice with nefarious consequences 

on the worker’s health. Pulmonary diseases, cardiovascular problems, disturbances in sleep, fatigue, and, in 

the worst-case scenarios, hearing loss (this one with a permanent character) are some of the most common 

adverse effects reported in the literature. This issue covers itself in even more significant concern when 

analysing the mining industry context. Almost every operation works as a potential noise source, not only 

for the workers but also for the surrounding populations. Objective: To identify the exposure setting to 

occupational noise in the extractive industry and similar works (i.e. earthworks), particularly related to tasks 

and equipment. Methodology: The Preferred reporting items for systematic reviews and meta-analyses 

(PRISMA) was used as a guideline to help conduct the research and report of this work. The most relevant 

keywords were selected and later combined in the selected databases and multidisciplinary academic 

journals in the first phase. After, the articles were filtered with a set of exclusion criteria, to know: 1) 

Publication year, 2) Document type, 3) Source type, and 4) Language. The subsequent stage was to 

determine, within the remaining articles, the pertinence of each study and its later inclusion in the study. 

Each set of data was then classified according to the measurement context, and the results were analysed. 

Results and discussion: In the records’ identification phase, a total of 1148 papers were recovered. By 

applying the previously mentioned exclusion criteria, 547 were removed related to publication year, 146 

due to document type, 12 related to source type and 25 because of language. Additionally, 360 records were 

excluded because were not in accordance with the proposed objective, 25 were duplicate articles, and 7 

had no full-text available. From the last analysis, 11 more papers were excluded, which lead to a final result 

of 15 included studies. According to the occupational noise measurements set, the records were divided 

into four categories: activity, equipment, job category, and working area. Different equipment was 

associated with high noise levels: crusher – between 85.6 and 104 dB, trucks and bulldozes – above 100 dB, 

and shovel – 103 dB, whereas the only analysed activity was blasting, where studies concluded that 

increasing distance leads to lower noise measurement values. Conclusions: Considering this research, 

although it was possible to identify the tasks and equipment usually associated with occupational noise in 

the extractive industry, a lot of work still needs to be done, especially data analysis. However, this research 

serves as a starting point for future study.  

Keywords: Open pit mine, Earthworks, Equipment, Occupational noise. 

INTRODUCTION 

Worldwide, occupational noise-induced hearing loss (ONIHL) is still a significant health issue 

(Zhou, Shi, Zhou, Hu, & Zhang, 2020), mainly because noise is not dissociable from industrial 

practice, where the consequences are felt in terms of disease burden and financial aspects, both 

for the worker and society (Chen, Su, & Chen, 2020). 

The phenomenon of noise is complex and depends not only on its physical characteristics (such 

as frequency and sound pressure level) but also on the individual’s physiological features. For 

instance, it is known that the earing canal exponentiates the sound pressure level perceived by 

the ear and that this occurs more in men than in women (Asady, Fuente, Pourabdian, 

Forouharmajd, & Shokrolahi, 2021). 

General hazardous effects of noise on health include, though are not limited to, sleep 

disturbance (Ntlhakana, Nelson, & Khoza-Shangase, 2020), pulmonary diseases, type 2 diabetes, 

fatigue, distraction (Hon, Tchernikov, Fairclough, & Behar, 2020), cardiovascular problems 
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(Asady et al., 2021; Hon et al., 2020) and hypertension (Li et al., 2019). The noise exposure was 

also associated in the literature with injury and accident occurrence, as the annoyance effect 

clouds judgment and endangers action (Hon et al., 2020; Li et al., 2019). 

In the extractive industry context, every task and equipment is fairly associated with noise: 

drilling and blasting, rock and ore transportation, the movement of the machines themselves 

such as trucks, excavators, bulldozers and many others (Lilic, Cvjetic, Knezevic, Milisavljevic, & 

Pantelic, 2018; Wichers, Iramina, de Eston, & Ayres da Silva, 2018). Similarly, earthworks, as an 

example of similar works, uses the same processes and machines, therefore poses the same 

risks. However, excessive occupational noise is preventable (Hon et al., 2020). Understanding 

the general processes that contribute to this problem and mitigate its effects, achieved by 

carefully planning even the simplest operations.  

This short review aimed to identify, in the literature, tasks and equipment related to 

occupational noise in the extractive industry and similar works (involving the same type of 

equipment and processes). 

METHODOLOGY 

This short review follows the Preferred reporting items for systematic reviews and meta-

analyses (PRISMA) methodology (Moher et al., 2009; Page et al., 2021) and the guidelines 

proposed by Duarte et al. (2020) in the context of occupational noise exposure in the mining 

industry and earthworks. The first step was to select the main databases and journals and then, 

to apply the most appropriate keyword combinations. “Noise” was sequentially combined with 

“quarry”, “open pit”, “open cast”, “surface mining”, “open cut mining”, “extractive industry”, 

and “earthworks” in the Title/Abstract/Keywords field on Dimensions, Directory of Open Access 

Journals, Science Direct, Emerald, IEEE Xplore, INSPEC, SAGE journals, Scopus, Taylor and 

Francis, Current Contents and Web of Science. As exclusion criteria, the following filters were 

applied: 1) Publication year (≥ 2010), 2) Document type (everything other than research articles 

and articles in press were excluded), 3) Source type (only journals and trade publications were 

considered), and 4) Language (only English-written papers were considered).  

Afterwards, every title and abstract were assessed to determine the eligibility of the selected 

works and only papers in occupational context and providing field data were considered and 

included in this preliminary study. The preliminary analysis focused on the origin country, 

activity, type of exploitation, and exploited commodity. Then, data was classified according to 

the measurement setting to organise information and create comparable standards. From that 

classification, a narrative appraisal was carried out. This research was carried out in February 

2021. 

RESULTS AND DISCUSSION 

The primary research provided 1148 results. By applying the prior filters, 547 papers were 

removed due to 1) Publication year, 146 were excluded in relation to 2) Document type, 12 were 

removed regarding 3) Source type, 25 records were excluded due to 4) Language. After reading 

the title and abstract of each work, 360 more papers were excluded because they were not 

within the proposed objective. From the remaining 58 records, 25 were duplicates; therefore, 

they were also excluded from the research. Additional 7 records had to be removed after not 

reaching the main author for a full-text retrieve. This led to a total of 26 to full appraisal and 

discussion, after which more 11 papers were removed attributable to one (or more) of the 

following reasons: the article only had theoretical data, the field data did not occur in 
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occupational context, the article did not provide actual field data despite occupational protocol. 

At the end of this analysis, 15 papers were included in this short review. 

Except for one study that takes place in the construction field (Lee, Kim, & Hong, 2019), every 

other paper set is related to the mining industry, where the exploited commodities varied 

between marble (Melo Neto, Kohlman Rabbani, Barkokébas Junior, Lago, & Jonathas, 2012) to 

aggregates (Onder, Onder, & Mutlu, 2012) and andesite (Kosała & Stępień, 2016),  limestone 

(Çınar & Şensöğüt, 2019), coal (Simion, Kovacs, Toth, Ilie, & Gireadă, 2017) and lignite 

(Srivastava, Gupta, Srivastava, & Kaur, 2010), chromite (Kerketta, Gartia, & Bagh, 2012), copper 

(Lilic et al., 2018) and iron (Lokhande et al., 2017). 

Given that this study’s aim is related to occupational exposure to noise, the experimental data 

was classified according to the measurement setting, which is provided in Table 1, divided into 

activity, equipment, job category, and working area.  

Table 1. Occupational noise measurement setting 

Author, year Activity Equipment Job category Working area 

(Srivastava et al., 2010) x    

(Gupta, Roy, & A. Rajan B, 2012)  x   

(Kerketta et al., 2012)    x 

(Melo Neto et al., 2012)   x  

(Onder et al., 2012)   x  

(Cinar & Sensogut, 2013)  x   

(Gyamfi, Amankwaa, Owusu 
Sekyere, & Boateng, 2016) 

 x   

(Kosała & Stępień, 2016) x x   

(Lokhande et al., 2017)    x 

(Simion et al., 2017)  x   

(Lilic et al., 2018)  x   

(Wichers et al., 2018)  x   

(Çınar & Şensöğüt, 2019)     

(Lee et al., 2019)  x   

(Mihut, 2019)  x   

Regarding activity, both studies (Kosała & Stępień, 2016; Srivastava et al., 2010) focused on the 

blasting operation, where increasing distance leads to lower noise measurement values. The 

peak pressure level measured at 200 metres from the blast was 132 dB (Srivastava et al., 2010), 

whereas the equivalent continuous sound pressure level (Leq) for an 8-hour period was 53.3 dB 

at 86 metres, 37.2 dB at 155  metres, and 31.0 dB at 186 metres. 

The selected equipment for each study is detailed in Table 2. 

Table 2. Studied equipment  

Author, year Equipment 

(Gupta et al., 2012) Jack hammer drill 
(Cinar & Sensogut, 

2013) 
Bulldozer, cone crusher, excavator, grader, hydraulic hammer, jaw crusher, mill, sieve, truck 

(Gyamfi et al., 2016) 
Drilling machine, tyre wrench, lathe machine, block making machine, generator set, crusher machine, 

primary processing machine, secondary processing machine, excavator machine, air compressor 
(Kosała & Stępień, 

2016) 
Crusher, siever, vibrating feeder, wheel conveyor, conveyor, dispenser aggregate for the loading silo 

(Simion et al., 2017) Bucket-wheel excavator 
(Lilic et al., 2018) Truck, shovel, bulldozer, drilling rig, grader, crusher, belt conveyor 

(Wichers et al., 2018) Asphalt mixer, drilling rig, crushing plant 

(Lee et al., 2019) 
Air compressor, breaker, bulldozer, compactor, crusher, drill, excavator, grader, jack hammer, loader, 

roller 
(Mihut, 2019) Truck, tractor, motor hacksaw, charger, bulldozer, excavator 
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Overall results showed that heavy machinery such as trucks and bulldozers had noise levels 

above 100 dB(A) (Lilic et al., 2018), crusher (despite type – cone or jaw) produced noise levels 

between 85.6 and 104 dB(A) (Cinar & Sensogut, 2013; Gyamfi et al., 2016; Lee et al., 2019; Lilic 

et al., 2018), and shovel 103 dB(A) (Lee et al., 2019). Two studies applied the experimental 

protocol before and after equipment maintenance (Cinar & Sensogut, 2013; Simion et al., 2017) 

and concluded that the noise level lower after an intervention.  

Only two studies recorded noise related to job category (Melo Neto et al., 2012; Onder et al., 

2012). Melo Neto et al. (2012) experimental protocol was applied at two marble finishing plants, 

where polisher workers were exposed to equivalent continuous sound pressure levels between 

99 and 105 dB(A) and cutting workers were exposed to noise levels between 100 and 101 dB(A). 

Office workers were exposed to values below 87 dB(A). In the other study, the job categories of 

cook, crusher worker, drilling operator, driver, mining machine operator, weighter and work site 

chief were analysed. The highest exposure was measured for one of the mining machine 

operators (108 dB(A)) and the drilling operator (95 dB(A)). However, all crusher workers were 

exposed to noise levels above 90 dB(A).  

Finally, regarding the working area, there were two studies (Kerketta et al., 2012; Lokhande et 

al., 2017). Industrial area measurements varied between 53.31 and 72.29 dB(A), commercial 

area ranged between 58.33 and 78.65 dB(A), and work zone, which included heavy machinery, 

blasting zone and processing plant, varied between 54.79 and 100.56 dB(A) (Kerketta et al., 

2012). In the other study, industrial area occupational noise ranged between 64.2 and 73.4 dB(A) 

during the day, and between 55.2 and 64.4 dB(A) during the night. In the commercial area, the 

ranges were 62.2-72.7 dB(A) (day) and 52.6-55.6 dB(A) (night); at the mine sites, these values 

were higher, ranging between 91.1 and 117 dB(A) during the day, and 61.3 and 120.5 dB(A) at 

night time. Moreover, three haulage roads were assessed, and the measurements were 

between 61.3 and 71.1 dB(A) (Lokhande et al., 2017).  

Despite this general narrative analysis, it is important to state that cultural context should be 

considered while assessing the results, as specific norms and standards may apply. For instance, 

in Europe, there are regulative norms that apply to every country. The same does not happen in 

other parts of the world, were these standards may vary. More focused analysis has to be carried 

out concerning the comparable data.  

CONCLUSIONS 

This short review aimed to identify the tasks and equipment associated with noise exposure in 

the extractive industry and similar works. However, while trying to classify the data and due to 

the nature of papers, two additional categories were added: job category and working area. 

Fourteen out of the fifteen papers were in the mining industry and one in the construction 

industry despite describing similar works. Specifically related to tasks, only the blasting 

operation was addressed (Kosała & Stępień, 2016; Srivastava et al., 2010), although the list of 

operations that stand as noise sources (Wichers et al., 2018). On the other hand, regarding 

equipment, a plethora of examples were provided: bulldozer, jaw and cone crusher, different 

kinds of sieves, conveyor, excavator, truck, shovel, among many others. Interestingly, most of 

this equipment presented high noise levels (of 80 dB and above). Only comparable data was 

used in this work as some of the articles presented their results in graphic form. The job category 

was created to answer two studies that analysed personal noise level exposure of polisher 

worker and cutter worker (Melo Neto et al., 2012), and crusher worker, drilling operator, driver, 

mining machine operator and weighter (Onder et al., 2012). Commercial and industrial zone, 
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mines, and haulage road were mentioned as the understudy working areas (Kerketta et al., 

2012; Lokhande et al., 2017).  

From this primary research, it was not possible to identify exposure settings other than the 

classifications made. However, this primary investigation has set the tone for the subsequent 

research that has to be carried out: additional records have already been identified and have to 

be compared to the eligibility standard so to deepen the analysis. Statistical data treatment will 

needs to be performed to the final set of information. The ultimate objective will be to design 

the processes and activities having in consideration the nefarious consequences of such 

exposure not only to workers but also to the surrounding communities.  
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Abstract 
Introduction: Over the years, the evolution of forest fires has occurred as a result of the evolution of the human 

species. However, forest fires are still a major challenge for society, placing firefighters with greater occupational 

exposure. The present study has as main objective to carry out a systematic review of the literature on the main 

techniques and variables for assessing the occupational exposure of firefighters, during the fight against forest fires. 

Methodology: The systematic review utilised The Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement methodology. This methodology was applied in the Scopus, Web of Science, 

Pubmed and Academic Search Complete databases with different keywords. The review will include articles written 

in English only. Results: In the present study, 34 articles were included, in which it was found that exposure to 

smoking is the most studied variable, and it was in 2019 that a greater evolution of studies in this area of research 

was observed. Regarding the variables, the studies were organised in groups. Here it is possible to check the different 

variables selected by the authors and the methods and equipment applied. Discussion: The fact that firefighters 

carry out their tasks in diverse scenarios and extreme conditions has hindered the application of innovative 

equipment. It is necessary to combine different variables and equipment for the assessment of occupational 

exposure. However, it is not always possible to develop this type of equipment in order to be inserted from the 

user's perspective, from the perspective of the environment, where it will be applied, and from an economic 

perspective, making it difficult to effectively apply it in the field. Conclusion: As future perspectives, it is 

recommended that new variables are introduced together, in order to improve the assessment of occupational 

exposure, namely, through the use of carbon monoxide (CO) and lactate assessment. 

Keywords: Occupational Innovation; Occupational Exposure; Extreme conditions; Firefighters. 

INTRODUCTION 

In 2018, Portugal accounted for 467 fire brigades and 27649 firefighters (PORDATA, 2018). The climate 

changes that have been taking place in recent years, have made fighting forest fires more difficult and 

time-consuming, making Portugal one of the countries with the highest forest fire risk ranking. Some 

large fires are already known that have caused high numbers of deaths in firefighters (Viegas, 2017). 

The performance of firefighters' activities in front of a fire is physically and mentally demanding, 

exposing individuals to heat, fatigue, stress, noise and exposure to chemical substances, through 

inhalation and dermal contact (Broyles et al., 2019; Neitzel et al., 2009; Serra et al., 1996; Swiston et 

al., 2008).   

The toxic agents that are often found in smoke from forest fires and that are known to cause major 

impacts on the respiratory tract are Carbon Monoxide, Formaldehyde and Respirable Particles (Neitzel 

et al., 2009). Studies of the impacts on the health of forest fires have used different aspects and 

research methodologies. One of the variables that have been extensively studied is the acute toxicity 

of smoking. Exposure to smoke from forest fires is equivalent to exposure to tobacco smoke. It is a 

smoke with mixtures of polycyclic aromatic hydrocarbons (Adetona et al., 2017; Nathaniel Rothman 

et al., 1993). 

Forest fires are still a major challenge for a society, where the area of investigation of the occupational 

exposure of firefighters demonstrates a strong need to be further developed and built, in order to 

reduce the negative impacts that this area has on the community (Miranda et al., 2010). The aim 
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objective of this study is to carry out a systematic review of the literature on the main techniques and 

variables for assessing the occupational exposure of firefighters, during the fight against forest fires.  

METHODOLOGY 

For the systematic literature review, the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement methodology was adopted. The research strategy was developed 

based on the extension of the Preferred Reporting Items for Systematic Review and Meta-Analysis 

Protocols (PRISMA-P). The research focused on the SCOPUS, Web Of Science, Pubmed, and Academic 

Search Complete databases. There were no date restrictions on the selection of articles, and language 

selected was English. The selected keywords were: Firefighters, Forest Fire; Occupational Exposure; 

Occupational Health; Occupational Exposure Limits; Occupational Hygiene; Work Injuries; Professional 

Diseases; Cognitive Function; Occupational Safety; Subjectivity of Perceived Effort; Fatigue; 

Physiological Response; Physiological Monitoring; Stress and Occupational Innovation. All articles with 

samples of firefighters were included, without age or sex restrictions. Articles with field and laboratory 

methodologies applied exclusively to forest fires and with samples of firefighters were accepted. After 

selection in the databases, the articles were analysed and selected by the abstract. Finally, the 

methodology of each article was analysed, identifying the variables used and the main results.  

RESULTS  

A total of 369 articles were obtained, which, after applying the filters in each database, resulted in 329 

articles. Of these, only 34 articles were included in the methodology and for eligibility criteria. In Table 

1, it is possible to verify the articles selected in different steps, including the filters applied.  

 

Table 1. Articles selected 

Data Base Results 
Document 

Type 
Article 
Type 

Language 
Selected by 

title 
Abstract 
selected 

Methodology 
Analysis 

Scopus 99 83 83 83 29 

45 34 

Pubmed 171 169 169 161 33 
Web Of 
Science 

74 65 65 65 11 

Academic 
Search 

Ultimate 
25 24 24 20 0 

Total 369 341 341 329 73 

 

In 2019, there was a peak in this area of investigation, and the keyword corresponding to this peak is 

“Occupational Exposure”. In Figure 1, it is possible to check the selection of articles using the prism 

diagram. 
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Figure 1. PRISMA flow diagram (Page et al., 2021) 

With regard to variables, the studies were organised into groups, namely stress, exposure to smoke 

(here included articles referring to exposure to carbon monoxide (CO), respirable particles (PM), 

formaldehydes, radionuclides and hydrocarbons), exposure noise, lung function (including articles 

referring to respiratory symptoms), exposure biomarkers, thermal stress, cancer, nutrition and 

hydration, workload and cognitive function. In Table 2 it is possible to verify the variables used by the 

different authors and the techniques applied.
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Table 2. Variables and apllied techniques 

Reference Variables  Tools/Equipments 

(N. Rothman et al., 1993) Sociodemographic data Questionnaires  

Deoxyribonucleic acid Enzyme-linked immunosorbent assay (ELISA) 

(Nathaniel Rothman et al., 1993) Sociodemographic data Questionnaires 

Deoxyribonucleic acid Blood sample  

(Serra et al., 1996) Respiratory function Jaegher Masterlab 

(Betchley et al., 1997) Dados sociodemográficos  Questionnaires 

Sociodemographic data  Questionnaires 

(Reinhardt & Ottmar, 2004) Carbon Monoxid ID-209 Method  (OSHA) 

carbon dioxide ID-209 Method(OSHA) 

Benzene Gas chromatography / flame ionization detection (NIOSH) 

Formaldehyde High performance liquid chromatography according to EPA TO-11 method 

Acrolein 

PM3,5 Teflon R 

(Almeida et al., 2007) Spirometry Vmax® computer software version 4.04, SensorMedics, Thermo Electron 

Sociodemographic data Firefighter Coping Self-Efficacy Scale Quiz 

(Swiston et al., 2008) Carbon Monoxid  Pac III portable monitor; Drager 

Blood sample  Peripheral venupuncture 

Spirometry  EasyOne Spirometer 

(Neitzel et al., 2009) Urinary methoxyphenols Urine 

Carbon Monoxid Draeger PAC III single gas meters 

PM2,5  Filtros Teflo Gelman 37 mm 

(Miranda et al., 2010) Carbon monoxid  GasAlertMicroClip e CO GasAlertextreme 

PM2,5 SidePackAM510 Personal Aerosol Monitor 

Volatile Organic Compounds Detetor GasAlertMicro 5 PID 

Nitrogen Dioxide Detetor GasAlertMicro 5 PID 

(Adetona et al., 2011) Particle Matter Air Check Model 224-PCXR sampler, using a 37 mm Teflo Gelman filter and 
with Pac III single gas monitors 

(J. A. Rodríguez-Marroyo et al., 2011). Core temperature JonahTM intestinal temperature capsule 

Heart rate Polar Team, Polar Electro Oy, Kempele, Finland 

(Reisen et al., 2011) Carbon monoxid  Dräger Pac III E 

Formaldehyde UMEx 100 

Breathable particles SidePak AM510 Personal Aerosol Monitor 
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(Apud & Meyer, 2011) Heart rate Polar vantage 

Globe temperature Conventional thermometer 

Air speed anemometer 

Aerobic capacity Extrapolation through the use of VO2 and an ergometer cycle 

Anaerobic capacity   Ventilatory threshold 

Body composition Holtain Caliper Method 

(Jose A. Rodríguez-Marroyo et al., 2012) Heart rate  Polar Team, Polar Electro Oy, Kempele, Finland 

Electrocardiogram Schiller AG, Baar, Switzerland 

Gas exchange in the respiratory Medical Graphics System CPX-Plus, Medical Graphics Corporation, St. Paul, 
MN, USA 

Core temperature   JonahTM intestinal temperature capsule 

(Miranda et al., 2012) Lung Function    Espirómetro MicroMedical, modelo MicroLab ML3500 

Carbon monoxid  GasAlertextreme from BW 
Technologies 

Volatile Organic Compounds GasAlertMicro 5 PID from BW Technologies 

Nitrogen Dioxide GasAlertMicro 5 PID from BW Technologies 

(Raines et al., 2012) Ambient temperature   Weather stations 

 Hidratation Blood sample using the vacutainer method 

Heart rate   Polar heart rate monitors 

Movements Actica Activity Monitor 

Core temperature  Jonah Mini- Mitter, Bend, Oregon 

(Hejl et al., 2013) Biomarkers  Whatman 903 Protein Saver Cards 

Carbon monoxid  Dräager Pac III 

PM2,5 SidePak AM510 

Sociodemographic data   Questionnaires 

(Dunn et al., 2013) Carbon monoxid  Draeger PAC III CO 

(Gordon & Larivière, 2014) Evaluation of accidents with injuries Data Bases  

Assessment of perceived severity and frequency of work-
related stressful events 

Job Stress Survey  

(Shrira et al., 2015) Post-traumatic stress syndrome  IES-R; 8 

Self-efficacy Firefighter Coping Self-Efficacy Scale 

Positive Affection Item 6 da Scale of Positive and Negative Experience 

Meaning of life 5 iténs do “presence of meaning” subscale of the MIL Questionnaire 

(Parker et al., 2017) Heart Rate  GPSports SPI10 

Movements  Video Camera PAL de 65 mmby 20 mm 

(Abreu et al., 2017) Basal deoxyribonucleic acid Collection of blood samples using the comet assay procedure 

(Adetona et al., 2017) Polycyclic aromatic hydrocarbons Urine samples 
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(Gianniou et al., 2018) Bronchoscopy BF-1T200; Olympus Corporation 

Lung Function MasterScreen; Jaeger, Hoechberg, Alemanha 

(Sol et al., 2018) Heart Rate  Equivital 

Core temperature  

(Henn et al., 2019)  Real-time simulated fire characteristics Fuel model, fire behaviour, flame height, type of fire and fire activity 

Carbon Monoxide  MSA Altair Pro Fire 

(Broyles et al., 2019) Perception of noise exposure Questionnaires  

Noise Dosimetry 

(West et al., 2019). Heart Rate  Equivital EQO2 Life Monitor system 

Respiratory frequency 

Core temperature  

Ambient temperature and humidity OMEGA Engineering, Stamford, Connecticut, EUA 

(Navarro, Kleinman, et al., 2019) PM2,5 Use of validated equation 

(Navarro, Cisneros, et al., 2019) Polycyclic aromatic hydrocarbons  XAD2 

PM2,5  Environmental Beta Attenuation Monitor 

(Cvirn et al., 2019) Cognitive Function  Stroop test 

Movements  Actiwatch-64 

Hydration Analysis of specific gravity of urine 

(Wu et al., 2020) Exhaled air Respiratory condenser RTube ™ 

Oxidative stress  Enzyme immune assay kit (ELISA) 

Pro-inflammatory biomarkers Human V-plex Ultra-Sensitive Kit designed by Meso Scale Discovery (MSD) 

(Marks et al., 2020) Sociodemographic data   Questionnaires 

Movements   Actigraphs (MiniMitter, Bend, OR) 
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DISCUSSION 

In the results of the present study, it is verified that only one study mentioned the evaluation of 

radioactivity compounds. The assessment of exposure to radionuclides emitted by smoke during 

a forest fire can be used as an indicator of cancer incidence, in particular lung cancer. However, 

it is known that the appearance of lung cancer in firefighters can originate from the combination 

of different variables, such as exposure to smoking and smoking habits (Abreu et al., 2017). 

The International Commission on Radiation Units and Measurements (ICRU) provides 

international recommendations regarding acceptable values, applicable units and radiation 

measurement techniques. The techniques for assessing radiation exposure have evolved to 

ensure greater accuracy and assessment of exposure (International Commission on Radiation 

Units & Measurements, 2021). However, the measurement in real-time in a forest fire proves to 

have great difficulty in the application of equipment and the innovation of the process of 

sampling. In this way, some ways of assessing radioactivity are known through the use of 

autonomous large-volume samplers, portable aerosol samplers (Carvalho et al., 2014), by 

estimating the effective dose by inhalation using the Gaussian model (Viner et al., 2015) or 

through the use of other models. These authors use the Linear No-Threshold model to assess 

the risk to human health of a forest fire in a forest with radiological contamination.   

The use of systems to monitor the health status of firefighters in real-time has already begun to 

be developed. However, these systems have not yet been applied to all activities at greatest risk 

to firefighters, as they are not yet developed with variables that indicate enough information to 

assess the health status of firefighters during the execution of the activity. In fact, the 

assessment of the firefighters' health status and, consequently, their occupational exposure 

does not always involve a large number of variables, as can be seen through the included studies, 

where the variables that are mostly included are related to smoke exposure, thermal stress and 

lung function (Jose A. Rodríguez-Marroyo et al., 2012).  

In a study by Raj & Sarath (2019), a prototype was created that allows the assessment of 

firefighters' stress through the application of wireless sensors on gloves. In fact, physiological 

monitoring by wireless systems is an important step towards the safety of firefighters. The 

information that is provided by these systems allows the assessment of the person's health 

status, as well as their state of readiness (Adetona et al., 2011; Neitzel et al., 2009).  

The collection of data related to the environment in which the firefighter is extremely important. 

Data such as ambient temperature, CO and oxygen levels allow assessing of the physical 

circumstances that are conditioning the firefighter's safety and can be warning indicators when 

these conditions are not those recommended for the health of the professional. These telemetry 

sensors for monitoring firefighters, together with physiological variables, are already known 

(Henn et al., 2019; Navarro, Kleinman, et al., 2019; Raines et al., 2012; West et al., 2019). The 

combination of environmental and physiological variables may prove to be the key to the 

indication of fatigue alerts caused by exposure to the occupational environment of forest fires. 

In fact, physiological variables are already known which, when exposed to certain environments, 

represent fatigue indicators. An example of this, lactate, which has been shown to be an 

important and easy to monitor indicator, has already been verified as an innovation in 

biotelemetry. Lactate is already used to determine pathologies and determine the bioenergetic 

consumption of muscle cells. The correlation between the increase in lactate concentration and 

exposure to environments with high concentrations of CO, allow us to indicate lactate as a good 

indicator of overload since it is associated with the consumption of oxygen for energy 

production, verified that in oxygen-deprived environments the lactate concentration tends to 
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increase. Therefore, lactate is considered an invasive parameter that can be difficult to include 

in biotelemetry systems. Assuming that the anaerobic threshold can be estimated using heart 

rate, a parameter that is easy to measure using portable meters and that although it is known 

the need for more evaluations to determine the agreement of the different variables (Apud & 

Meyer, 2011). 

Note that other variables of physiological stress should also be included in the occupational 

assessment and in the combination of those previously mentioned, such as, for example, the 

assessment of cognitive function (Navarro, Cisneros, et al., 2019). Although it is not easy to apply 

tests to assess cognitive function in real-time, except at the end of firefighting or in a laboratory 

environment, some tests are already known that allow easy evaluation.  

CONCLUSION 

As we have seen, innovation in firefighters has proved to be difficult to apply. The fact that 

firefighters carry out their tasks in diverse scenarios under extreme conditions has made it 

difficult to apply innovative equipment. In addition, some of the equipment developed is not 

economically sustainable, making it a major obstacle to acquiring such equipment by the fire 

brigades, particularly in Portugal, where they are mostly non-profit corporations. The 

development of this equipment must be thought from the user's perspective, from the 

perspective of the environment where it will be applied and from an economic perspective. 

However, it is not always possible to develop innovative equipment that falls within these three 

perspectives, making it difficult to quickly and effectively apply it on the ground. 
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Abstract 
Introduction: Worldwide, forest fires are among the most common forms of natural disasters. In the closing 

years of the last century there was an increase of the burned area in some parts of the globe, including in 

Europe. Portugal has been particularly affected by large forest fires and megafires, which have been 

occurred mainly in the central and northern regions. The proximity of firefighters to fire exposes them to 

high levels of toxic compounds making this occupation one of the most dangerous and leading International 

Agency for Research on Cancer to classified occupational firefighting activity as possibly carcinogenic to 

humans. Up to date, the existing studies are mainly focused on environmental monitoring, existing limited 

information regarding biomonitoring assessments during real scenarios of wildland fires combat. This study 

aims to evaluate the impact of firefighting occupational exposure at molecular and cellular levels, 

considering personal exposure levels. Early-effect biomarkers (e.g., micronucleus, DNA strand breaks and 

oxidative DNA damage) will be analyzed in order to understand the mechanisms of action through which 

woodsmoke may impact firefighters’ health, including the risk of cancer. Methodology: This ongoing 

prospective longitudinal study will comprise three different stages, specifically pre-exposure, exposure, and 

post-exposure to fire season. Around 200 wildland northern Portuguese firefighters will be involved in this 

study. Characterization of the study population will be conducted via questionnaires. Firefighters’ personal 

exposure levels will be assessed by means of metabolites in exhaled breath, using an artificial olfactory 

system (e-nose technology). Buccal and urine samples will be used to measure genomic instability through 

micronucleus test in buccal epithelial cells and urothelial cells. DNA damage and oxidative DNA damage will 

be evaluated in peripheral blood lymphocytes using the comet assay. Statistical analysis will be performed 

to determine the relationship between personal exposure levels to toxic compounds and the early-effect 

biomarkers over the three different phases of the study. Expected results: The obtained results will support 

a more accurate and comprehensive assessment of occupational risks among wildland firefighters, crucial 

to prevent/reduce the associated health impacts. This work will contribute to the establishment of 

recommendations/good practices to improve firefighters’ working conditions, allowing better definitions of 

policies and prevention strategies highly needed in this sector. 

Keywords: Biomonitoring, Occupational, Air pollution, Biomarkers, Wildland firefighter.  

INTRODUCTION 

In the closing years of the 20th century, it was observed an increase of forest burned area, 

including in European region (Mouillot & Field, 2005). Through the last 3 decades, Portugal has 

been severely affected by forest fires which have been occurring mostly in the central and 

northern areas (San-Miguel-Ayanz et al., 2018). Higher drought periods associated with global 

warming have been increasing the number, duration and severity of fires among forests (Littell 

et al., 2016).  

Firefighters are required to respond to emergency situations, including participation in wildfire 

combat. During these events, firefighters face continuous exposure to high temperatures and 

smoke, a complex mixture of gas-, liquid- and solid phase chemicals (Ward, 2001). Many smoke 
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compounds, such as particulate matter (PM), polycyclic aromatic hydrocarbons (PAHs), volatile 

organic compounds (VOCs) and toxic metals (e.g., lead, mercury, and cadmium), have well-

known adverse health effects on humans (Cascio, 2018; IARC, 2010). For that reason, firefighting 

is considered one of the most dangerous occupations (IARC, 2010). Exposure to smoke 

pollutants may occur through different routes, namely inhalation, dermal absorption, and 

ingestion (Ruby et al., 2002). Growing evidence has suggested an association between wildfire 

smoke exposure and respiratory diseases (Cascio, 2018; Reinhardt, 2000), cardiovascular 

problems (Navarro et al.,2019) and all-cause mortality (Reid et al., 2016). In fact, firefighters are 

exposed to a complex mixture of compounds, and many of them are classified by International 

Agency for Research on Cancer (IARC) as probable (e.g., ethylbenzene, isoprene, styrene) or 

known human carcinogens (e.g., benzene, benzo[a]pyrene, formaldehyde, PM) (IARC, 2010). 

Increased rates of mortality and cancer incidence among firefighters (when compared to the 

general population) were found by Daniels et al. (2014). Consistently, a recent meta-analysis 

reported an increased incidence risk of some cancers among firefighters (e.g., colon, testicular, 

rectum, bladder, and cutaneous melanoma) (Jalilian et al., 2019).  

Wildland firefighters face significant exposure to a variety of smoke pollutants through 

inhalation and dermal absorption, ranging from carbon monoxide, volatile organic compounds 

(VOCs), and particles. To protect themselves, firefighters are required to wear proper personal 

protective equipment (PPE), namely: structural helmet, mask, gloves, boots, and fire-resistant 

clothing. However, there is some reluctance to wear protection since it adds heat stress and 

physiological demands upon wildland firefighter.  In addition, firefighters’ skin may be exposed 

to combustion products through or around PPE or from the cross-transfer of contaminants on 

PPE to the skin. Moreover, it is important to highlight that firefighting occupational exposure 

does not end in the field but accompanies professionals in their return to fire stations through 

different manners (e.g., contaminated equipment and materials). Although firefighting is 

classified as potentially carcinogenic to humans by IARC, firefighters are still among the least 

studied occupations in terms of exposure and relationship to occupational diseases, mostly due 

to the difficulty involved in the collection of data on personal exposure during firefighting 

events.  

Up to date, the majority of the previous studies has been focused on environmental monitoring. 

Biomonitoring complements the data on environmental firefighter exposure and provides 

insight into the biological processes related to that exposure. A major advantage of this 

approach is that biological monitoring can be performed retrospectively what is particularly 

useful due the difficulty of sampling in the field. Blood and urine have been the most frequently 

used biological matrices to determine firefighters’ smoke exposure. However, other alternatives 

have been used, such as the measurement of chemical metabolites in exhaled air. Electronic 

nose (e-nose) system, for example, is a simple, inexpensive and non-invasive tool that allow the 

analyse gas samples and may be used for monitoring diseases according to specific breathprints 

(breath profile) (Scarlata et al., 2015). The use of biomarkers of exposure in the assessment of 

firefighters’ occupational exposure should be accompanied of effect biomarkers to better 

characterize their exposure and the potential health related outcomes. Comet assay is a 

versatile method to detect DNA damage at the single cell level (Olive & Banáth, 2006); this 

technique have been commonly used in biomonitoring studies (Azqueta et al., 2020), inclusively 

in some that involved wildland firefighters (Abreu et al., 2017). Micronuclei assay, other 

cytogenetic endpoint, is from a great importance to detect early effects of environmental 

genotoxic carcinogens (Costa et al., 2013). The application of this assay using epithelial cells such 

urothelial and buccal cells are of particular relevance because most of the cancers are of 
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epithelial origin (Hinck & Näthke, 2014). The use of both micronucleus assay and comet assay 

provides information about past and current exposures, respectively.  

Biomonitoring of firefighters’ occupational exposure during real scenarios of wildland fires 

combat have been subject of few studies. Thus, the aim of this study is to evaluate the impact 

of firefighting occupational exposure at molecular and cellular levels, considering personal 

exposure levels. 

METHODOLOGY 

This ongoing prospective longitudinal study will comprise three different stages, specifically pre-

exposure, exposure, and post-exposure to a whole fire season. Around 200 wildland northern 

Portuguese firefighters, from different fire stations, will be involved in this study. In a previous 

phase, subjects will be fully informed on the nature of the study (objectives, risks and benefits); 

it will be stressed that their participation in this study is totally voluntary and that may be 

stopped at any point. In case of acceptance, participants will be asked to sign an informed 

consent already approved by an Ethical Committee. A characterization of study population will 

be conducted via questionnaires. These will be distributed to participants, in the three phases 

of the study, to collect data on socio-demographic factors, diet, physical activity, medical and 

occupational history. Relevant occupational data will be collected at those individuals that are 

involved in fire activities (e.g., occupational exposure time, usage of PPE, acute health 

symptoms, etc.). Data on relevant confounding variables as tobacco smoking and grilled or 

smoked food ingestion will be also collected. This task will run in parallel with the measurement 

of personal firefighters’ occupational exposure and biomonitoring. Firefighters’ personal 

exposure-levels will be assessed though the metabolites in exhaled breath, using an artificial 

olfactory system (e-nose technology). Exhaled air samples will be collected using Tedlar bags; 

briefly, subjects will be asked to inhale, hold breath, and consequently exhale into the Tedlar 

bag. E-nose system incorporates an on-board principal component analysis algorithm that will 

allow the automatic discrimination of VOCs profiles in each individual breath sample. Early 

effects may indicate early sub-clinical alterations that may be associated with pathological 

events. Thus, in the present study early effects will be evaluated at molecular and cellular levels 

in systemic (peripheral blood) and local target issues (buccal and urothelial cells). Data on 

genotoxicity and genomic instability associated with wildland firefighters’ occupational 

exposure will be assessed through different techniques, namely comet assay and micronucleus 

assay. DNA damage will be evaluated in peripheral blood lymphocytes using the comet assay as 

described in previous works (Esteves et al., 2020; Costa et al., 2008).Oxidative DNA damage will 

be determined through the enzyme modified version of comet assay where an enzyme 

incubation step (OGG1) will allow the specific detection of 8-oxoguanine adducts, a biomarker 

of oxidative stress. Comets will be analyzed through fluorescence microscopy with the Comet 

Assay V analysis software (Perceptive Instruments). A total of 150 cells will be analyzed per 

sample, whereas DNA damage and oxidative DNA damage will be expressed as the percentage 

of DNA in the tail.  

Genomic instability will be assessed through the micronucleus assay using buccal and urothelial 

cells. The analysis of effect biomarkers using epithelial cells (buccal and urothelial) presents 

several advantages (comparatively with the use of blood lymphocytes) since they are the first-

contact tissue of inhaled contaminants that may promote early genotoxic events induced by 

carcinogenic agents entering the body and because its collection is obtained via minimally 

invasive methods. For the collection of buccal cells, subjects will be asked to rinse the mouth 

with tap water a few times in order to remove unwanted debris. Buccal cells from each subject 
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cheek (left and right), will be collected using a cytobrush and suspended in a proper buffer to be 

further analyzed. In order to collect urothelial cells, a midstream clean catch collection of urine 

from the second or third void of the day will be requested to the subjects. All biological samples 

will be transported in a cooler (4°C) to be further processed. Micronucleus assay will be 

performed according to the procedure described by previous authors (Thomas et al., 2009; 

Bolognesi et al., 2013). Two thousand epithelial cells per individual will be registered and scored 

for micronuclei, nuclear buds and nucleoplasmic bridges. Slides will be stained using a DNA 

specific staining in order to guarantee a good contrast between nucleus and cytoplasm, avoiding 

the false positive readings. Cells in apoptotic or necrotic will also be scored; the death 

parameters evaluated will be condensed chromatin, karyorrhectic, pyknotic, and karyolitic cells. 

Descriptive statistics will be performed in order to describe the characteristics of the study 

group. Moreover, additional statistical approaches will be performed to determine the 

relationship between personal exposure levels to toxic compounds and the early-effect 

biomarkers over the three different phases of the study. Regression modelling approaches will 

be performed in order to include possible confounding factors. 

EXPECTED RESULTS 

The increasing incidence of wildfires episodes and long fire seasons highlight the need for 

occupational studies among wildland firefighters. Scientific evidence has been contributing to 

the establishment of some measures related to firefighters’ occupational health and safety such 

as the use of PPE, the quick removal of protective equipment after fire suppression activities 

followed by showering to reduce the exposure to potentially toxic compounds. However, there 

are still knowledge gaps in the scientific literature regarding the health effects of woodsmoke 

exposure among wildland firefighters in real scenarios of exposure, particularly in the evaluation 

of the effects of a wildfire season at the molecular level (e.g., DNA strand breaks, oxidative DNA 

damage and micronucleus). This study will explore the biological mechanisms of action of 

woodsmoke exposure among these professionals to establish possible associations between 

short- and long-term firefighting occupational exposures with acute and chronic health impacts. 

Results here obtained will take into account factors that may affect the relationship between 

environmental exposures and the uptake of toxic compounds, including the different absorption 

rates within the subjects, the use of PPE and other personal behaviors. The characterization of 

Portuguese firefighters’ occupational exposure and potential health risks are particularly 

relevant because Portugal is one of the European countries more highly affected by wildfires 

every year. 

Finally, we expect to provide important data from biomarkers of exposure and early-effect 

biomarkers to a better characterization of firefighters' occupational exposure. This work will 

contribute to the establishment of recommendations/good practices to improve firefighters’ 

working conditions, as well as allow better definitions of policies and prevention strategies 

highly needed in this sector. 
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Abstract 
Introduction: In Portugal, during COVID19 pandemic, sport and fitness facilities were closed. When 
lockdown has been lifted, in order to prevent the spread of infection, indoor sport facilities were subject to 
specific regulations that limited indoor occupancy as well as manner of air ventilation. This study aims to 
analyze the impacts of these ventilation restrictions on indoor air comfort parameters in sport fitness 
facilities. Methodology: Temperature (T; ºC), relative humidity (RH; %), and carbon dioxide (CO2) were 
continuously monitored (41 days; spring and autumn) in four fitness centers situated in Oporto metropolitan 
area: two of them under normal ventilation conditions (i.e. before lockdown; NV1 and NV2) and two of them 
under temporary restrictions for indoor ventilations and occupancy (RV1 and RV2). Results and Discussion: 
Under normal ventilation conditions, T in fitness centers slightly varied (in NV1:22-25 ºC; NV2: 20-23 ºC) but 
in both clubs the comfort recommendations (18-25 ºC) were fulfilled. On contrary, RH were below guideline 
values (55-75%) in NV1 (47-54%) whereas at NV2 (66-73%) it fulfilled the recommendations. When specific 
health regulations took place, mean T ranges were similar in both clubs (RV1: 21-23 ºC; RV2:21-23 ºC) but 
they both exceeded recommended comfort levels (16-21 ºC). Mean RH were in accordance with the 
legislative values, but the very high temporal maxima (up to 75 and 89%) indicate the possible discomforts 
the that exercisers might have experienced.  Concerning the CO2, the obtained results showed that indoor 
levels decreased when specific health restrictions were in force (11-121%) most likely due imposed 
guidelines for human occupancy. Conclusions: The restrictions for ventilation and human occupancy 
positively impacted indoor levels of CO2. However, T and RH were on several occasions outside the 
recommended comfort levels, especially during group activity classes. As regular exercising in 
environmental conditions, such as elevated T and increased RH can cause health discomforts, these 
parameters should be carefully maintained within the recommended ranges even under restricted 
ventilation scenarios. 

 

Keywords. Indoor air quality (IAQ), Carbon dioxide (CO2), Comfort parameters, Temperature (ºC), Relative 

humidity (%HR). 

INTRODUCTION 

Physical activity is an important factor for quality of life; frequent practice of exercise, such as 

walking or bicycling, presents great heath benefits (Warburton et al., 2006). A clean 

environment is also essential for human health and well-being. Considering the environmental 

perspective, one of the most relevant health concerns is related with air quality in spaces in 

which people spend their time, both indoor and outdoor (EEA, 2011; Almeida et al., 2014). In 

Portugal during the SarsCov-2 pandemic, sport and fitness facilities were closed. After the 

lockdown, in order to prevent a spread of infections, these indoor spaces were subjected to 

specific health recommendations, namely in terms of type of ventilation and restrictions for 

occupancy. In sport facilities, this was also applied to occupancy, habits and behaviors during 

individual trainings as well to group-activity classes. This study aims to analyze the impacts of 

these restrictions on indoor air comfort parameters, namely temperature (T), relative humidity 

(RH), and carbon dioxide (CO2) in four fitness centers, two of them being monitored under 

normal ventilation conditions (NV1 and NV2) and two after the lockdown under temporary 

health restrictions (RV1 and RV2).  
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METHODOLOGY 

The data collection for this was carried out in two phases. The first part of sampling was carried 

out in two fitness centers (NV1 and NV2) before the virus outbreak under normal conditions. 

The sampling was done continuously, during 21 consecutive days (including weekdays and 

weekends) in spring season. NV1-NV2 were large, sophisticated health clubs (internationally 

recognized) and were equipped with pool.  The second phase of this work was conducted in 

autumn season 2020, for 20 consecutive days in fitness centers (RV1 and RV2) with restrictions 

for ventilation and indoor space occupancies. These clubs belong to a chain of low-cost gyms 

and, on contrary to the previous, RV1-RV2 did not have pools. However, the indoor layout in 

four clubs were similar and included: (i) a bodybuilding and cardio fitness area, (ii) two-three 

studios for group classes, and a cycling class studio. The four clubs were situated Oporto 

Metropolitan Area; road traffic and local industry were the main sources in ambient air of the 

respective sites (Pereira et al., 2007; Slezakova, 2013). Mechanical ventilation was provided 

through HVAC system that controls ventilation and air temperature; at the time of second phase 

of sampling the system was allowed to provide only ventilation (in a limited manner). The 

number of people (after lockdown, phase two) in indoor spaces was controlled and reduced. 

Comfort parameters (T, ºC; and RH, %) and CO2 were sampled by a multi-gas sensor probe 

(model TG 502; GrayWolf Sensing Solutions, Shelton, USA) continuously, with 1 min logging 

interval. Samplers were mounted on supports (1.4±0.2 m) and at least 1.5 m from walls to 

minimize the influence on pollutant dispersion (Holmberg et al., 1998; Jin et al., 2013), location 

of samplers was chosen in order to avoid any direct influence (opened windows/doors, 

mechanical ventilation systems, cleaning product emissions, etc.). 

RESULTS AND DISCUSSION 

CO2 

Under normal conditions, the overall average CO2 concentration was 3333 mg/m3, with values 

ranging between 1048 - 7671 mg/m3 in club NV1. The corresponding levels in NV2 were 1304 

mg/m3 (mean) and range of 686-4907 mg/m3.  In club NV1, the averages obtained across indoor 

spaces (general area, studios) were above the limit value (2250 mg/m3) of Portuguese legislation 

thus indicating insufficient ventilation (Slezakova et al., 2018). Furthermore, the stricter 

recommendation of the American Society of Heating, Refrigerating, and Air-Conditioning 

Engineers (ASHRAE; 1800 mg/m3) (Persily, 1997) was exceeded too. Considering human 

occupancy, the corresponding obtained mean in NV1 was 3770 mg/m3 (approximately 1.7 times 

higher than the protection threshold) when people frequented them vs. 2659 mg/m3 when they 

were closed.  When analyzing different indoor spaces, average concentration (4657 mg/m3) that 

was twice higher than the threshold in body building and cardio fitness area; the respective 

temporal maxima reached value of 7671 mg/m3, surpassing (3.4 times) the limit. For studios, 

mean CO2 was 3299 mg/m3, exceeding 1.5 times the legal limit. Furthermore, type of activity 

impacted the indoor CO2 as the highest levels were recorded during classes with more vigorous 

exercises. In club NV2, the mean CO2 levels obtained in different spaces fulfilled the limit value 

of 2250 mg/m3, with exception to group studios (when occupied: mean value of 2481 mg/m3).  

Although ventilation setups and routines were similar in both gyms, in NV2 its better control, 

the overall more spacious rooms, and limited occupancy (strict control and registry for group 

classes) led to lower (about 60% less) overall CO2 levels. During the second phase, after 

lockdown when ventilation and occupancy restrictions were applied in indoor spaces, average 

CO2 was 1400 mg/m3 (range 122-2894 mg/m3) in RV1 and 1543 mg/m3 (739-6740 mg/m3) in 

RV2. When occupied indoor CO2 were slightly (though not significantly; p=0.05) higher than 
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when closed. The temporal maxima (RV1: 2660-2894 mg/m3, RV2: 2798-6740 mg/m3) exceeded 

the protection threshold defined in Portuguese legislation in the two gyms, but in RV2 obtained 

values were 2.3 times higher. Concerning the group activities in RV2, mean CO2 exceeded the 

value defined in the legislation in highly intense cardiovascular (bodyjump: 3533 mg/m3) and 

cycling classes (cycling: 3742 mg/m3). Whereas CO2 is does not pose hazard to human health at 

the levels detected in clubs, exposure to moderate concentrations can cause changes in human 

performances and influence decision-making (Persily, 1997; Satish et al., 2012). Thus, despite 

the restrictions in the number of occupants, CO2 concentration during the high intensity group 

activities were still exceeded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. CO2 levels in four fitness clubs under normal ventilations (NV1, NV2) and under restricted ventilations and occupancy 

(RV1, RV2). 

 

Temperature and relative humidity 

T and RH are parameters that affect thermal comfort of respective occupants. In general, RH 

levels recommended by different organizations range from 30 to 60%. For RH in range of 30 and 

60%, American Society of Heating (ASHRAE) recommends indoor T range of 23.0 – 25.8ºC 

(ASHRAE, 2017). However, specifically for sport facilities, RH in range of 55-75% and T range of 

18-25ºC (summer) and 16-21ºC (winter) are recommended (SEJD, 2008). The spring season was 

characterized by lower than normal average precipitation (192 mm) of ambient air and higher 

average air temperature (mean of 14.9 °C). In the respective 20 days of sampling maximum daily 

temperature were high (>30 °C), with a sharp drop. The autumn season was cold and rainy, with 

mean of ambient air temperature 15.4 °C (means of 9.9 °C and 20.8 °C for the of minimum and 

maximum air temperature, respectively; IPMA, 2020). Although NV1 and NV2 were both 

normally ventilated using HVAC systems, they exhibited different indoor temperature ranges. In 

NV1, when occupied, T ranged between 22.4-25.4 ºC, while in NV2 it was less, with values of 

19.8-22.7 ºC. This fact can be associated with several factors. Firstly, NV1 was located in the 
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basement of a building (at the level of the garages) whereas NV2 was situated on the top floor 

of a shopping center. In addition, NV2 has much larger room spaces than NV1 (mainly in the 

cardio and fitness room, which was almost 4 times larger) thus easily accommodating for T 

increases due to human body of room occupants, as was previously reported (Žitnik et al., 2016). 

Finally, the control of the number of people was stricter and more effective in NV2, with a 

permitted limit for each area. Under the restricted conditions, T was almost unchanged when 

occupied and closed. Means of 22.8 ºC and 21.6 ºC were observed in RV1 and RV2 when closed, 

whereas it was 22.6ºC and 22.0 ºC, respectively, when occupied. During group classes at RV1, 

lower temperature values (17.7 ºC) were obtained due sporadic use of air conditioning system. 

Nevertheless, it is necessary enhance that mean temperature recorded in both RV1, RV2 did not 

fulfill the recommendations, being constantly higher than comfort limits, with maxima values 

up to 24-25.7 ºC in A1 and 23.2-24.6 ºC in RV2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Temperature (ºC) in four fitness clubs under normal ventilations (NV1, NV2) and under restricted ventilations and 

occupancy (RV1, RV2). 

When exercising, breathing and perspiration generate substantial amount of water vapor, which 

impacts measured RH (Žitnik et al., 2016). Under normal ventilation conditions, the average 

values of RH recorded at B1 (when occupied, 47–54%), were always below the recommended 

minimum designated for sport facilities (SEJD, 2008). Somewhat lower RH can cause some 

discomfort (drying nose, throat, mucous membranes and skin) (Sylvester et al., 2016; Bélanger 

et al., 2014). In NV2 (both when occupied and non-occupied) RH was within the recommended 

guidelines (62-73%). Under the restricted conditions, higher RH values were recorded when 

people exercised, mainly during group classes.  The mean RH in bodybuilding and cardio fitness 

area was 57% in RV1 and 62% in RV2. Furthermore, these values were slightly higher during 

group activities with average RH of 63% and 66%, respectively. Thus, the average values were in 

accordance with the comfort guidelines though high temporal maxima (75% in RV1; 89% in RV2) 
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that were occasionally registered indicate the necessity for comfort parameters monitoring in 

sport facilities.  

 

 

Figure 3. Relative humidity (%) in four fitness clubs under normal ventilations (NV1, NV2) and under restricted ventilations and 

occupancy (RV1, RV2). 

CONCLUSIONS 

This study provides information on air quality in indoor (CO2, T and RH) environments for sport 

practice, under different ventilations scenarios imposed due to limitation of COVID-19 

pandemic. The restrictions in the number of occupants led to improved CO2 concentration, but 

the changes in ventilation did not favor the levels of comfort parameters, especially in group 

classes of greater activity intensity. Since regular exercise in environmental conditions, such as 

elevated T and increased RH can cause several health consequences (Sylvester et al., 2016; 

Racinais et al., 2012; Roelands et al., 2015), comfort parameters should be maintained within 

the recommended ranges by the proper use of air conditioning systems, isolation of the 

environment, reduction of sun / heat, even during restricted ventilation scenarios. 
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Abstract 
Background and objectives: Being able to compete in the market needs sustainable development. 
Occupational safety and health Innovation process is one of the most important procedures helping 
companies to achieve their goal and to win the competition as radical change in the workers’ environment, 
enhancing the profitability of companies. However, most research and discussion of innovations are focused 
on product development and/or process improvement, disregarding workplace and service innovation. This 
study will outline the general terms related to safety innovation and how the process can get managed using 
some techniques to implement a framework in a company. In this case, the objectives of the study are to 
introduce the innovation in OHS and to introduce a model including some techniques for industries to apply 
innovation in occupational safety and health. Methodology: To apply Innovation in occupational safety and 
health, the first step is to indicate the importance of innovation. To do so, a major review of studies focusing 
on occupational safety and health and innovation were required. The second step in this part is to define a 
frame work for innovation in safety and health, by reviewing those introduced frameworks in both 
innovation and health and safety researches. Results and conclusions: As a result, the importance of 
innovation has been searched and emphasized. On the other hand, a 6 step framework has been introduced 
and the details of applying the framework has been expanded. The frame work employs 6 continues steps 
starting by TIPS technique which is followed by JTBD. Based on the result, the framework can be applied. 
The introduced steps are as follow: Identifying Innovation Projects, Scoping and Focusing Innovation 
Projects, Leveraging Brainpower and Turbo-Charging Creativity,  Selecting the Best Ideas for Further 
Development and Design, Evaluating How New Products/Services Perform Prior to Their Release, Problem 
Diagnosis and Improvement Prior to Commercialization. Following these steps as a framework may increase 
the efficiency of the company however, there is a huge need of several case studies in long term to assess 
the result and to compare the efficiency of the introduced framework. 

Keywords: Innovation, Innovation management, Occupational safety, consequence analysis, gas refinery. 

INTRODUCTION 

Over the last few years innovation has turned out to be one amongst the foremost necessary 

issues for all industries (Khosravi, Newton, & Rezvani, 2019). Baregheh (2009) described the 

innovation as “the multi-stage process whereby organizations transform ideas into new 

products, service or processes, in order to advance, compete and differentiate themselves 

successfully in their marketplace”.  

Being successful in the marketplace by organizing work to increase productivity and decrease 

the cost, has been a preeminent concern of business organizations. To attain and maintain 

competitive advantages by new methods of work organization and systems of operation, all 

resources and attention have been devoted to commercial and financial concerns rather than 

well-being, safety and health of employees (Dawson & Zanko, 2009).  

Occupational safety and health (OSH) issues recently arisen in some cases; however innovative 

solutions to OSH problems are absent to a great extent. According to the ILO (International Labor 

Organization) more than 2 million diseases and 450 million accidents are experienced annually 

by workplaces (Pillay, 2015). The related social and financial expenses of these accidents and 

diseases are anticipated to expand further as our subsequent generation of employees 

continues to face challenges from a range of quarters. 

Managing these costs, therefore, continues to be an assignment for policy makers, practitioners 

and lecturers concerned in accident prevention and security management. A potential reason 

for this dire state of affairs is that developments in safety management are outpaced by 

technological advancements, and a lot of innovations are required. 
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This needs scientists to change the method organizations manage safety.  Doing this, however, 

needs us to possess a far higher understanding of however accidents are caused, how they'll be 

prevented or how the cost can be decreased after happening the accident, and the way safety 

may be managed in organizations (Pillay, 2015).  
Innovation 

Organizations need innovation as a sustainable source of long-term success (Camisón & Villar-
López, 2014; Khosravi et al., 2019). Many scientists offer different definitions for innovation. A 
definition is to transform a new idea into a product, process, object, or service (Jilcha & Kitaw, 
2017) (O'Sullivan, 2000)  

Innovation management on the other hand is related to increase the creation of knowledge to 
obtain or improve products, processes or services. Not only that, improving the way jobs are 
done to achieve the organization's goal is one of the most important ways ends in innovation 
management.(Simsit, Vayvay, & Oztürk, 2014) managing innovation is a quick and adoptable 
way in order to overcome competitors and achieve a sustainable competitive advantage 
(Poolton & Barclay, 1998). 

The way to success innovation management process is only when those generated outputs could 
conquer barriers in order to accomplish market needs (Páez-Avilés, Juanola-Feliu, & Samitier, 
2018). Hence managers prefer to work on strategies or actions to influence the productivity and 
impact of their scientists and product development teams. These strategies are even more 
necessary when managing different technologies increases the complexity of the process (Páez-
Avilés et al., 2018). 

The process begins with the recognition of a problem or finding an idea, extends over the 
problem-solving and the creation of productive capacity to the introduction of the new product 
or service on the market (Tidd & Bessant, 2018). 

Occupational Safety and Health Innovation 

Occupational safety define as comfort of working environment for employees. It includes, but 
not limited to, applicability of working methods for the recommended operation and reliability 
of machine design. (Organization, 2002). Occupational health on the other hand, is the wellbeing 
of employees that protects workers from any workplace accidents in any circumstance (Jilcha, 
Kitaw, & Beshah, 2016; Oeij, Dhondt, Kraan, Vergeer, & Pot, 2012). 

The research showed that a poor work environment, less pay, weak conducive and weak work 
environments and less experience, together with stress, tiredness, pain, boredom, demotivation 
and unhappiness, reduce productivity. Injuries and illnesses increase workers’ compensation 
and retraining costs, absenteeism, and faulty products (Jilcha et al., 2016; Oeij et al., 2012). 

Although the positive impact of healthy workplaces on growth is well known, some companies, 
small enterprises and organizations are still facing challenges in adopting preventive measures 
(Masi, Cagno, & Micheli, 2014) regarding workplace hazards.  

Most of a companies’ focus is on the external customer satisfaction with their product or service 
disregarding worker satisfaction and working environment comfort in economically lagging 
countries. Consideration of OSH has a great impact for the development of economic growth 
and organizational productivity improvement (Jilcha et al., 2016). With workplace safety and 
health improvements, there is an increase in the health and satisfaction of employees 
(Nuwayhid, 2004) (Organization, 2010) . Many researchers have found that wealth means 
health(Rufino & Villasor, 2015). 
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Innovation has been discussed by many researchers with different approaches but the final 
conclusion brought all ideas to a focal point as being creating new products and services or 
adopting the existing technology from where it was developed into a new situation. Safety 
innovation, however, is being disregarded and has not been discussed in many research findings. 
According to the literature review, occupational safety innovation is the improvement of 
workplace system. Which is configuring people who work there and their work environment 
(Beblavý, Maselli, & Martellucci, 2012; Jilcha et al., 2016; Oeij et al., 2012; Podgórski, 2015) 

Due to importance of employees’ well-being and to decrease the lack of innovation in OSH, the 
main goal of this paper is 1) to introduce the innovation in OHS and 2) to introduce a model 
including some techniques for industries to apply innovation in occupational safety and health.  

METHODOLOGY 

Innovation Management Process  

Initiation of innovation process is defining the jobs need to be done and the target group. Phases 

of the process has shown in the diagram below. 

 

Figure 1. Steps of innovation process. 

 

The first step of the process is to find out and uncover the target group’s needs. Following that 

segments of opportunities need to find, market opportunity sized, competitive analysis 

conducted, innovation and pricing strategies formulated.  Completing these analysis leads the 

process to define and assess the solution.  Following these steps can be done by using some 

tools and techniques selected based on the structure of the industry, target group and type of 

the service.  

Identifying Innovation Projects 

Defining the needs of the target group is the start point of the innovation project. Among several 
techniques enabling one to create innovation opportunities, job to be done (JTBD)  process is a 
revolutionary concept that guides toward innovation and helps move beyond the norm of only 
improving current solutions (Silverstein, Samuel, & DeCarlo, 2013). There are 6 steps for JTBD 
process which are (1) Identify a Focus Market, (2) Identify Jobs Customers Are Trying to Get 
Done, (3) Categorize the Jobs to be Done, (4) Create Job Statements, (5)Prioritize the 
Opportunities and (6) Identify Outcome Expectations Regarding the job (Simsit et al., 2014). 

Scoping and Focusing Innovation Projects 

Scoping and focusing innovation projects can be seen as a redefinition problem. From this point 
of view “Heuristic redefinition” can help a team to visualize the various elements of a problem 
as well as its underlying structure (Simsit et al., 2014). 

One of the techniques to scope and focus innovation projects is Theory of Inventive Problem 
Solving (TIPS). This theory is an international system of creativity developed by the Soviet 
inventor and science-fiction author Genrich Altshuller (1926-1998) (Barry, Domb, & Slocum, 
2010). 

According to TIPS, universal principles of creativity form the basis of innovation. TIPS identifies 
and codifies these principles, and uses them to make the creative process more predictable ("A 
Powerful Methodology for Creative Problem Solving," 2019). 
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Leveraging Brainpower and Turbo-Charging Creativity 

Heuristic Ideation is a very efficient group technique that helps to generate new and innovative 
ideas. The participants compare two items or concepts that are not apparently related 
(McFadzean, 2002). In order to implement this technique two items of interest that are already 
in existence but are not connected need to be chosen. 

Selecting the Best Ideas for Further Development and Design 

The KJ Method was developed as the Affinity Diagram by Jiro Kawakita in the 1960s and has 
become one of the Seven Management and Planning Tools used in Total Quality Control. It 
provides a way to organize and refine innovation ideas, sparking further dialogue and achieving 
consensus about which ideas are worth developing. In advance of the idea-generating session, 
participants receive a description of the challenge, posting the JTBD associated outcome 
expectations so the team can keep these in mind (Simsit et al., 2014).  

Forming a team around 4-6 and including the stakeholders or the ones who lives the problem 
will create better ideas during development stage. After all ideas created and posted by all 
participants giving more time to the participants will create time to everyone to submit more 
ideas inspired by the first round of ideas. This is called YES&AND activity.  

The next step is sorting the ideas into related categories based on functionality, features, 
outcome or whatever makes sense and voting on ideas. Each team member gives 3 to 5 votes 
to place on the same or multiple ideas. The idea with the most votes merit further discussion 
and/or development. KJ method allows free and creative thinking and frees everyone from 
problem so that can pursue creative thinking based on facts without any constraints  (Simsit et 
al., 2014). 

Evaluating How New Products/Services Perform Prior to Their Release 

A prototype is an early sample, model or release of a product built to test a concept or process 
or to act as a thing to be replicated or learned from. This term used in a variety of contexts, 
including semantics, design, electronics, and software programming. A prototype is designed to 
test and trial a new design to enhance precision by system analysts and users (Simsit et al., 
2014). Prototyping serves to provide specifications for a real, working system rather than a 
theoretical one. It also tests the robustness of design and its sensitivity to uncontrollable factors 
(Hernley, 2011). 

One of the most common pitfalls is the tendency to wait until they have everything right before 
sharing their prototype with others. Ironically, the primary reason of prototyping is to 
communicate ideas and get feedback to validate project requirements. It’s human nature to 
want that prototype to be “perfect” before showing it to anyone (Simsit et al., 2014). 

Prototyping lets visual communication and interactive design concepts to both team members 
and non-technical stakeholders so that constructive feedbacks can gather earlier in the process 
when it’s most valuable. A prototype to validate existing requirements, uncover missing 
requirements, help to clients understand exactly what they need, and ensure that correct 
designing based on correct assumptions. Repeated sharing, gathering feedbacks and refining 
prototypes through as many cycles are required to reach a right decision. Each cycle turns the 
dial, bringing the customer’s needs, and the project itself, into clearer and clearer focus(Taiwo, 
2010). 

Problem Diagnosis and Improvement Prior to Commercialization 

A Control Plan provides a single point of reference for understanding process characteristics, 
specifications, and standard operation procedures also known as SOP for the process. A control 
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plan enables assignment of responsibility for each activity within the process. This ensures that 
the process is executed smoothly and is sustainable in the long run (Poots & Woodcock, 2012). 
Control Plan is critical to ensuring that your innovation will be produced or delivered according 
to your careful design, regardless of location, personnel, environment or other variables that 
you won’t be able to control (Silverstein et al., 2013). 

One of the important points to consider in implementing innovation models is that these models 
are non-linear and may be referred to several previous or subsequent steps at each step. 
Therefore, implementation of such models cannot easily done step by step and also the margin 
between different steps cannot be clearly clarified.    

 
RESULTS AND CONCLUSION 

In 21th century the importance of innovation is not hidden for anyone specially managers trying 

to win the market competition. Innovation is not only employing new tools, services and 

process, but also any changes in a way a process has been done to gain the goal would consider 

as an innovation.  

Innovation management can be used to develop both product and organizational innovation 

and includes a set of tools that allow managers and engineers to cooperate with a common 

understanding of goals and processes. It is an obvious necessity that managers need a clear road 

map in innovation management which is a complex procedure especially because of the 

characteristic of innovation itself. 

Companies who started improvements before and accelerated technology transfer continuously 

gain advantages among its rivals. On the other hand companies who are just starting their 

development process in terms of innovation management had to move forward with right steps 

because there is already a gap between their rivals. 

Nowadays, among several industrial challenges, one that clearly stands out in emerging 

economies is occupational safety and health specifically. These challenges are expected to be 

reduced through innovative researches and implementation of the research output models. 

Thus, workplace safety and health consideration has had less attention in developing countries 

as stated and evidenced by different researches. Most of a company’s focus is on the external 

customer satisfaction with their product or service disregarding worker satisfaction and working 

environment comfort in economically lagging countries.  

Consideration of OSH has a great impact for the development of economic growth and 

organizational productivity improvement. With occupational safety and health improvements, 

there is an increase in the health and satisfaction of employees. Many researchers have found 

that wealth means health. In solving these problems, one of the most important starting points 

is innovative development of the occupational safety and health improvement systematic 

approach. Workplace design and hazards interventions have been identified as barriers in 

manufacturing industries which need innovation.  

This study followed a 6-step framework to implement innovation process in any industry by 

focusing on safety approaches. The framework. Although implementing of safety innovation 

frame work may increase the efficiency of the company, the framework itself needs a long 

period of time to get assessed specially for its 2-last step. 
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Abstract 
Background: Fatigue is a significant health and safety-related problem among workers. In general, it 
decreases performance and physical strength, causing incidents and accidents in operational situations. 
During military activities, soldiers often encounter severe conditions, which combined lead to fatigue 
manifestations affecting their health and performance. Continuous monitoring of their overall health status 
would prevent its adverse effects. Objective: This work aimed to present the preliminary results of a 
retrospective assessment of military training physiological recordings using an alert-based fatigue detection 
algorithm to validate its accurate functioning. Methods: Three case studies from soldiers participating in 
military training tests were recruited for evaluation. The referred algorithm was developed to manage 
fatigue through the combined assessment of physiological variables and determine different fatigue levels 
warnings to advise timely interventions and prevent potential health impact. Each examined case included 
the continuous recording of heart rate, breathing rate and core temperature. The algorithm translated 
physiological sensory data into minute alarms according to fatigue levels determined through the 
conjunction of normative and related research criteria. Results and Discussion: Outcomes revealed that the 
algorithm could evidence the different stages of training and the resulting physical demands on soldiers 
using their physiological response throughout the exercises. Retrieved fatigue alarms showed the high 
physiological cost of military practices and helped to overview the impact of each training period. Finally, 
results also demonstrated the importance of individual and contextualised assessment for accurately 
characterise the subject's fatigue status. Conclusions: It is concluded that the developed decision model can 
improve the management of real-time fatigue, allowing early detection of potential indicators of further 
physical impairments. Furthermore, it can lead to the enhancement of work-rest cycles, not only for tactical 
personnel but also for any safety-sensitive occupation. For future work, its validity will be tested through 
more participants, and other variables will be added to improve its accuracy. 

Keywords: Performance, Physical exertion, Physiological monitoring, Sensors.  

INTRODUCTION 

Fatigue is a major health and safety-related challenge among workers (Anwer et al., 2021). In 

general, it can be understood as a reduction in physical and mental capacity to perform activities 

at the desired level due to exhaustion of mental or physical strength (Hallowell, 2010; Ream & 

Richardson, 1996). Fatigue degrades performance and well-being, leading to error, incident, and 

accident in operational settings (Belenky et al., 2014). Because of the potential influence of 

fatigue on health, safety, and productivity, any organisation in which individuals work extended 

hours, or hours in which people typically sleep, can experience fatigue in the workplace. This is 

especially important for safety-sensitive operations such as the transportation, military 

missions, health care, and energy industries (Lerman et al., 2012).  

Fatigue is widely prevalent among military personnel. Besides typical operational stressors, 

soldiers, potentially more than any other working group, must deal with stressful situations that 

can lead to a state of fatigue, non-functional overreaching, and eventually overtraining 

conditions (Friedl, 2012; Parnell et al., 2018). As a result, early detection and real-time 

monitoring of fatigue play vital roles in the military (Friedl, 2012; Stacey et al., 2018). In general, 

literature has evidenced that traditional methods to assess fatigue, such as subjective 
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measurements and self-reported fatigue (Fang et al., 2015; Lee et al., 1991; Rachmawati et al., 

2020; Zhang et al., 2015), are biased by situational and individual perceptions and might be 

limited to some occupational environments (Anwer et al., 2021). On the other hand, biochemical 

workload markers offer reliable measurements on the individuals' physical exertion (Horta et 

al., 2019) but do not allow a continuous non-invasive examination during normal working 

activities.  

To overcome these limitations, researchers have attempted to use various physiological 

variables such as heart rate, skin temperature, electromyography and jerk metrics to monitor 

real-time fatigue in any occupational setting (Friedl, 2018; Lee et al., 2017). However, this 

obtained information needs to be translated into actionable data that can actually be used to 

prevent further physical impairments and improve individuals' performance in the workplace. 

In this regard, an algorithm for fatigue detection and continuous assessment through 

physiological monitoring was used, and the preliminary results of its application within military 

training events are presented in this study. 

METHODOLOGY 

Participants  

Two male subjects were randomly selected to participate in the study and, their anthropometric 

characteristics are detailed in Table 1. They were regular elements from the Portuguese Army 

undertaking the 131st Commando Course (from April to June 2018). Before investigative 

procedures, recruited participants gave their written consent and were briefed on the purpose, 

potential risks, and benefits of the experiences. Additionally, they underwent a medical 

examination (as a standard requirement to take part in the course) and did not present cardiac, 

vascular, pulmonary, or any allergic diseases; they were considered mentally healthy and were 

not prescribed any regular medication. 

Table 1.  Participants 

Subject A B 

Age 21,0 24,0 

Height (cm) 178 188 

Weight (kg) 76,05 86,38 

Body fat mass (kg) 11,48 6,78 

Body fat (%) 15,09 7,84 

Body Mass Index (kg/m2) 24,03 24,43 

 

Experimental design  

Physiological recordings were continuously collected from each volunteer while participating in 

the three events. Contrarily to a previous laboratory experience (Bustos et al., 2019), in which 

participants performed a maximal exertion test, in this case, there were not predefined 

experimental protocols, and recordings were gathered during normal training conditions. After 

obtaining the results from the algorithm, details about each event were asked and correlated 

with the performed assessment. Prior to the training events, participants donned the 

physiological monitoring system, as indicated. The three evaluated events are briefly described 

lines below.  
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PIC (April 26th, 2018): Acronym of 'Pista Individual de Combate' (Portuguese words for 

'Individual combat track'), this test consists of individual combatant progression under real fire. 

It is composed of 17 periods, in which activities of wounded displacement, a tunnel passage, 

lifeguarding, combat, and communication during stressful simulated conditions are included.  

MARCOR (June 4th - 5th, 2018): Denominated by combining the Portuguese words: 'Marcha-

Corrida' (March-Run), this physical test involves running and marching with loads within a 42km 

path. Approximate completion duration varies from 4 to 6 hours. 

PCC (May 24th, 2018): Similar to the PIC, this test denominated ‘Pista Coletiva de Combate’ 

(Portuguese words for ‘Collective Combat Track’) is composed of various activities divided into 

21 periods. However, in this case, individuals are part of different groups, and tasks are oriented 

to test performance and teamwork. With all, of the three events covered, this one involved the 

least physical effort for participants.  

Since sensors were randomly assigned to participants before each test, it was not possible to 

obtain data from the same subject during the three tests. As a result, Participant A was 

monitored during the PIC test, while participant B was assessed while performing both MARCOR 

and PCC tests. 

Equipment 

During the three events, physiological measurements were recorded every 15 seconds through 

a chest belt physiological monitoring system: EquiVital LifeMonitor equipment (Hidalgo Ltd., 

Cambridge, U.K.), a "wear and forget" system type already validated for research purposes (Liu 

et al., 2013). For core temperature recordings, ingestible thermometer pills from Vital Sense 

were used. These pills travel along the digestive tract harmlessly and leave the body naturally 

within 24 to 72 hours. Finally, body composition was assessed using bioelectrical impedance 

analysis with the Body Composition Analyzer InBody230 (Karelis et al., 2013).  

Data analysis 

Physiological monitoring records were assessed using an algorithm (implemented using Python 

3.6) that enables analysis and provides an integrated assessment of variables per minute. This 

algorithm has already been described and tested in a previous study (Bustos et al., 2019). Its 

main feature lies in classifying received sensory information into health alarm levels that refer 

from a good overall health status (alarm 1) to four different levels of fatigue (alarms 1.5, 2, 3 

and 4). The system also attributes a warning when the sensor is not functioning correctly (alarm 

-1). The default number of examined physiological variables is three (heart rate, breathing rate, 

and core temperature), another two referring to body position and the last one determining the 

validity of the sensor recordings. However, if one or more of these variables are found to be 

'noisy' (with unreliable values), they are filtered, and the algorithm assesses the rest of the 

available information. Nevertheless, the more of these variables are included, the higher the 

reached accuracy. 

RESULTS AND DISCUSSION 

The proposed method has been evaluated previously in controlled laboratory conditions, during 

a short maximal exertion test and proved an overall reliable performance (Bustos et al., 2019). 

In this study, a retrospective assessment throughout three military training events was 

performed. In general, outcomes demonstrated that despite the diverse activities covered 

within each event, the algorithm evidenced the different stages of training and the resulting 
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physical demands on subjects throughout the exercises. Physiological monitoring files from two 

subjects participating in three different military events were assessed. In all, the algorithm 

proved to be a promising approach for detecting physically demanding periods and evidencing 

the physiological impairment resulting from the most stressful situations, which suggests it can 

be extrapolated to various occupational and physically intense training settings.  

Results were obtained per minute, and Table 2 presents the time percentage under each alarm 

category for the three cases. Contrary to the referred laboratory experience (Bustos et al., 2019), 

higher alert levels and a higher percentage of time in those levels were expected since prolonged 

intermittent exercises are proved to be more physically demanding than short continuous 

practices (Edwards et al., 1973; Edwards et al., 1972; Kraning 2nd & Gonzalez, 1991), which was 

corroborated within obtained assessments. Specifically, outcomes from the PIC test showed an 

alarm 2 (moderate physical intensity) for 10% of the test duration. The participant taking this 

assessment showed a stable tendency, reporting a very minimum percentage under alarm 3 and 

approximately 88% of the time under alarm 1 (no fatigue stage). This steadiness could be 

justified considering his longer experience (compared with the other soldier) in military training 

practices, which infers the need for assessing fatigue on an individual basis. 

Table 2.  Time percentage under each alarm level. 

Alarm category Subject A - PIC Subject B - MARCOR Subject B - PCC 

Alarm 1 88.32 17.41 54.64 

Alarm 1.5 0.00 0.00 0.00 

Alarm 2 10.58 45.52 44.30 

Alarm 3 1.09 29.35 1.06 

Alarm 4 0.00 7.71 0.00 

 

Similar to the PIC, the PCC results showed a bigger percentage of alarm 1. However, the level of 

physical exertion was significantly superior since both alarms 2 and 3 lasted longer than in the 

previous test. Despite this, no health warning was retrieved, and a maximal exertion was 

observed only 1% of the time, suggesting the subject was able to deal with all periods of the 

event. Assessment of more individuals undertaking this test can help validate the physiological 

cost during this alarm 4 period. On the other hand, from the MARCOR test, it was noted that the 

highest time percentages under alarms 2 and 3 were retrieved, and the subjects also reported a 

more significant amount of time under level 4. Since this test involves mostly an extended 

physical performance evaluation simulating a marathon, it was anticipated to obtain higher 

alarm levels and higher time percentages under fatigue. Correspondingly, assessments also 

revealed the lowest rates under a no fatigue condition (alarm 1). From all, this event proved to 

be the most physically demanding for soldiers.  

Furthermore, when referring to the physiological responses determining the alarms, figures 1 

and 2 help to observe how the alert-based system accurately represented these physiological 

outcomes. Core temperature and heart rate were considered the most discriminating factors 

when performing assessments and, correlation coefficients between them corroborate these 

positive associations. On the other hand, outcomes also revealed that there were periods in 

which heart rate values reached 180 bpm, and the breathing rate was above 60 rpm, denoting 

the high physiological cost associated with these practices. However, the most significant values 

were observed in core temperature. During the march-run series, there were periods in which 

they went above 39°C and maintained those high numbers over several minutes. This fact attests 
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to the severe acute stress under which soldiers are exposed and verifies what is evidenced in 

literature during military field practices (Lieberman et al., 2005; Lieberman et al., 2016; Ralph et 

al., 2017).  

 

Figure 1. Results vs. core temperature from Subject B during MARCOR test. 

 

Figure 2. Results vs. heart rate from Subject B during MARCOR test. 

Limitations 

Since this study refers to field measurements and was not conducted in controlled laboratory 

settings, some inevitable limitations were observed. There were differences in testing times and 

quantity of available information, and some recordings had to be dismissed due to their 

compromised validity, which did not allow a complete overview of all physiological variables. 

Furthermore, the small sample referred for assessment did not permit the drawing of 

generalisable conclusions. Finally, the time course for complete recovery from the training could 

not be determined since there were no follow-up assessments. However, it was possible to 

collect data for three specific events each with a unique profile, which allowed to test the 

algorithm's capacity to detect fatigue in different real-life scenarios.  

CONCLUSIONS 

In this study, the preliminary outcomes from the validation of a decision-based algorithm for 

fatigue detection within training events are reported. Based on these initial results, it was 
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demonstrated that the proposed alert-based system was able to provide reliable outcomes and 

led to the accurate identification of the most physically demanding periods and their direct 

impact on physiological variables. The assessment of more individuals undertaking these events 

will help establish the intensity of each training period clearly, leading to a better planning and 

management of training and work-rest cycles. Overall, by providing a multivariate approach, it 

is believed that this assessment method, with further modifications, has the potential to 

improve fatigue management among military populations. For future work, its validity will be 

tested through a more significant sample, and additional variables will be added to the 

assessment system for more specificity and robustness.  
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Abstract  

Introduction: Musculoskeletal disorder can result from extreme physical demands at work. It has risen, 
mainly due to high muscle demands and static postures and generates a significant economic burden         to 
the companies. This short review aims to point out the statistics of the most affected body parts by work-
related musculoskeletal disorders, assess absenteeism and presenteeism costs, and evaluate the 
effectiveness of the interventions. Methodology: According to the PRISMA Statement, the search was 
performed in 5 electronic databases (Scopus, Web of Science, Science Direct, Pubmed). Articles selection 
was made by the title and abstract analysis, especially those aiming to explain and validate the subject. If 
the abstract fulfils the objective, the articles were read, and studies were considered that met the defined 
eligibility criteria. Were chosen articles that realised measurements or considered interventions in healthy 
human beings, especially in the working population, dated from 2015 to 2020. Results and Discussion: The 
scrutinised articles were conclusive that the most affected part of the body are the upper limbs, the neck 
and the upper back. The statistics of the affected workers varied according to the country and analysed 
tasks, but they converge concerning the most affected body parts. It could be noted that women are more 
affected by musculoskeletal disorders than men, especially older women; the reason, however, is not clearly 
explained. Muscle injury can lead high economic burden, mostly due to absenteeism and presenteeism. It 
was noted that the expenditure due to presenteeism is higher comparing to absenteeism in both developed 
and emergent countries. Conclusions: Due to high costs, companies are deploying strategies to improve 
work conditions and aware the workers about health and safety. Interventions have shown to be effective 
in reducing the risk of injuries. Work-related musculoskeletal disorders can be extremely damaging to the 
workers’ health and are costly to the companies. Support supervisor interventions effectively improve work 
conditions and reduce the risk of damaging outcomes, increasing workers’ health, work ability, and, 
consequently, productivity. 

Keywords: Injury, Absenteeism, Presenteeism, Strategies. 

 

INTRODUCTION 

The high physical load and repetitive movements are the leading causes of musculoskeletal 
disorders associated with emotional stress (Atroszko et al., 2020). Physical exhaustion results in 
muscular frailty and can be aggravated by awkward postures, repetitive tasks, and static 
position, which propitiate the risk of injury (Hembecker et al., 2017) (Knoop et al., 2019). 

Work-related musculoskeletal disorders (WMSD) are a reality in companies worldwide and 
represent the highest disease rate (Acaröz et al., 2019). It is a crucial factor to be assessed since 
it directly relates to the employees’ health, safety, and productivity (Caldwell et al., 2019). 

Illnesses originated from overwork precedes high economic burden to workers companies, 
especially due to presenteeism and absenteeism (Silva et al., 2018). Musculoskeletal disorder is 
the leading cause of work absenteeism in Europe, affecting over 40 million workers. It leads to 
disability around the globe in 20%-33% and represents up to 40% of occupational costs 
(Moussavi, Zare, Mahdjoub, & Grunder, 2019) (Santos & Mendes, 2020) (Crawford et al., 2020). 
The World Health Organization (WHO) recognises that an unsuitable working environment 
precedes physical and mental health problems, raising the risk of sick leave and loss of 
productivity (Atroszko et al., 2020). 

Considering the high associated costs, companies are becoming aware of improving working 
conditions, as well as reducing productivity losses and sick leave (Jonge et al., 2019) (Atroszko 
et al., 2020). 

Although various factors contribute to the loss of work capacity, WMSD has proved to be one of 
the most important. This study is a short review to point out the most affected body parts and 
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evaluate absenteeism and presenteeism as harm outcomes resulting from musculoskeletal 
disorders. 

METHODOLOGY 

The review was done by the analysis of articles, which could be reviews and individual 
researches. The analysis of each article was verified, on the first moment, the title and the 
abstract. If the abstract fulfils the goal, then the lecture of the full articles was performed. The 
selection reflected only articles that considered healthy human beings and workers of working 
age. Articles evaluating outdoor work and measurement methods utilising Rula, Reba, Ocra, 
Owas, and NIOSH were not considered. 

The databases used were: Scopus, Web of Science, Science Direct, Pubmed. The words used in 
the investigation were: 

- cost absenteeism AND employers; 

- increase health AND absenteeism; 

- loss productivity AND injury; 

- musculoskeletal AND absenteeism AND presenteeism AND cost; 

- musculoskeletal AND body region; 

- musculoskeletal disease AND body part; 

- musculoskeletal disorder AND reduce productivity; 

- work capacity AND tiredness; 

- work capacity AND increase AND health; 

- work capacity evaluation AND tiredness; 

- work productivity AND absenteeism AND presenteeism. 
 

This systematic review was performed according to the PRISMA Statement (Moher D. et al., 
2009), and the research was updated to March 2021. The investigation of the articles resulted 
in: summary of the collected articles with 33 209 articles pre-selected. Applying the exclusion 
criteria, 24 648 papers were excluded by “date” (articles published in the period between 2015 
and 2020 were included); 3 446 were rejected by “document type” (only articles and review 
articles were accepted); 11 texts were refused due to “language” (only English was accepted). 
After articles exclusion according to the explained criteria, were read the titles and abstracts of 
the remaining ones. 5 073 articles were excluded because they are not consistent with the goal 
of this Short review. Finally, 31 articles were used for analysis in this work. Of all analysed 
articles, thirteen exhibited the statistics of the most injured part of the body by WMSD, five 
articles compared the costs of absenteeism and presenteeism due to musculoskeletal disorder, 
and the other investigated articles justified this systematic review. 

Articles before 2015 were considered due to their importance about the topic. 

RESULTS AND DISCUSSION 

Most common sites pain  

Work-related musculoskeletal disorders can affect workers and companies of different sectors. 
The consequences can be damaging to the health of the workers and the economy of companies 
(Acaröz et al., 2019). Due to its severity, several kinds of research have been made to understand 
the most affected gender, regions of the body, and costs. 

It was noted that women are more susceptible to WMSD, and it is twice as common in older 
women than in man (Pensola et al., 2016; Knoop et al., 2019; Acaröz et al., 2019; Troelstra et al., 
2020). However, no author has explained clearly the reason why women are most affected. 
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Several researchers have scrutinised the part of the body with the highest rate of WMSD. Figure 
1 shows the result of thirteen articles (number 1-13 on the X-axis). It is known that 
musculoskeletal injuries disturb workers from different sectors. Tasks with physical demands 
and intellectual workers are both touched by bodily injuries. Figure 2 illustrates the result of 
thirteen analysed articles (numbers 1-13 on the X-axis), concerning the most affected body 
parts, considering different jobs, such as health workers (nurses, physicians, physical therapists), 
financial services workers, manufacturing workers, academicians, supermarket cashiers, 
construction workers. 

It must be highlighted that the used methods for the evaluation mainly were the Nordic 
Musculoskeletal Questionnaire, but also were used the Dutch Musculoskeletal Questionnaire, 
Work Ability Index, Institute for Medical Technology Assessment Productivity Cost 
Questionnaire (iPCQ), Work Productivity and Activity Impairment Questionnaire, and health 
examination. In addition, musculoskeletal pain and disorder from the past twelve months were 
considered. 

Figure 1, illustrates the most affected parts of the body due to WMSD, in indoor activities. 

 

Figure 1. The parts of the body most affected by WMSD. 

 

The evaluation of the articles permits to conclude that the incidence of WMSD is mainly in the 
neck and back. Figure 2 illustrates the statistics of the three most affected body parts. 

It must be underlined that the back pain can be related to the upper back or lower back. Some 
of the articles did not explain the exact location. 
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Figure 2. The three most affected body parts by WMSD. 

 

The discrepancies between the statistics results might be attributed to the characteristics of the 
evaluated population and the work characteristics (Ezzatvar et al., 2020), but there is a 
consensus on the most affected body parts. In this sense, according to the European Agency for 
Safety and Health at Work, lower back pain is one of the main causes of disability and sick leave 
(Algarni, Alkhaldi, et al., 2020; Acaröz et al., 2019). 

The severity of WMSD may increase the risk of disability, chronic pain, sick leave, reduced work 
capability, and early retirement (Miranda et al., 2010; Phongamwong & Deema, 2015; Hallman 
et al., 2019; Troelstra et al., 2020; Vieira & Sato, 2020). 

Costs 

It is estimated that an economic burden due to WMSD in Europe is approximately 2% of the 
Gross Domestic Product (GDP) (Bevan, 2015; Svendsen et al., 2020; Santos & Mendes, 2020; 
Crawford et al., 2020). 

The monetary expenses are mainly due to presenteeism and absenteeism (Nagata et al., 2018). 
Absenteeism can be easily calculated since it represents sick leave. However, evaluating the cost 
of presenteeism is more complicated because the loss of productivity is often a hidden cost. It 
reduces the effectiveness due to pain or disorders (Ammendolia et al., 2016), which usually 
offers unseen expenses. 

Figure 3 reflects the economic burden (percentage) due to presenteeism and absenteeism in 
five developed and developing countries to illustrate the importance of reducing 
musculoskeletal disorder. 
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Figure 3. Comparing the total cost of absenteeism and presenteeism in five countries. 

 

It has been assumed that presenteeism costs exceed the costs of absenteeism (van der Burg et 
al., 2020; Lohaus & Habermann, 2019). 

Figure 3 makes it clear that independently of developed and emergent countries, the costs due 
to sick leave and loss of productivity are high. It can be understood that human beings are equal 
concerning the body’s movements and adoption of postures. 

Workers not affected by WMSD symptoms have a higher quality of life (Algarni, Alkhaldi, et al., 
2020), which is reflected in positive outcomes and efficiency at work and in private life. It 
demonstrates that improvements at work, such as awareness of adopting correct postures and 
reducing stressors, can minimise harmful outcomes (Acaröz et al., 2019). 

Causes 

Professionals from different sectors are negatively affected by overload, improper ergonomic 
conditions, and a lack of attention to the principles of biomechanics (Ameer & Ashour, 2020). It 
can be said that the musculoskeletal system is primarily affected by repetitive work and 
overload, but static postures also can be damaging to physical health, increasing the risk of 
WMSD (Hembecker et al., 2017; Algarni et al., 2020). 

It must be highlighted that extreme demanding tasks are related to psychological stress, directly 
associated with functional stress and illnesses (Karnaukh & Shevtsova, 1991; Moussavi, Zare, 
Mahdjoub, & Grunder, 2019). 

Besides the high demand at work, sedentary behaviour and unhealthy eating habits are also 
detrimental to health. Regarding physical activity (PA), it has been settled that leisure PA 
promotes health and decreases in 20% the risk of long-term sickness absence. Contrary to 
leisure PA, a high occupational PA increases the risk of long-term sickness absence (Gupta et al., 
2020). 

Muscular injuries are caused by the insufficient restoration of energy and strength. In its turn, 
the first symptom of WMSD is usually muscular pain, which is directly associated with reduced 
work capacity, loss of productivity, and in most severe cases it can lead to absence due to illness 
(Jonge et al., 2019; Hallman et al., 2019; Ameer & Ashour, 2020; Skovlund et al., 2020). Other 
serious consequences of WMSD are turnover intentions, depression (Frone & Blais, 2019), and 
disability retirement (Pensola et al., 2016). Emphasising this sentence, in Finland, the most 
common reason for early retirement is musculoskeletal problems (33%) (Söderbacka et al., 
2020). These harmful results have a direct impact on workers’ health and high costs. 
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It must be emphasised that workers have been affected by multisite pain. The most common 
combination is neck and back pain (Pensola et al., 2016). Musculoskeletal disorder in several 
parts of the body dramatically reduces work ability (Bayattork et al., 2019; Hallman et al., 2019; 
Ezzatvar et al., 2020), with detrimental effects on workers and companies. 

Strategies 

Companies have a great challenge to protect workers’ health and ensure a safe workplace 
(Boschman et al., 2015). To improve work conditions and minimise the incidence of WMSD, 
occupational and hygiene professionals should implement different strategies (Nordstoga et al., 
2019). 

Well-planned policies can increase workers’ health and reduce unnecessary costs (Crawford et 
al., 2020). Interventions, such as mapping the process considering individual risk factors and 
productivity demands, are proven efficient to achieve excellent outcomes (Atroszko et al., 2020). 
Training is also a low-cost and effective measure to minimise hidden productivity losses (Brunner 
et al., 2019), sickness- absence, and consequently prolong workers careers (Nielsen & 
Midtsundstad, 2020). 

Prevent harm conditions at work is crucial to avoid absenteeism and economic losses, as well as 
the injuries caused by the muscular response to excessive overwork (McDonald, Mulla, & Keir, 
2019). Tactics with supportive supervisors have been demonstrated to be effective to improve 
work conditions and reduce the risk of damaging consequences (Baral et al., 2018; Brunner et 
al., 2019; Söderbacka et al., 2020). 

However, planning an effective strategy, risk management, and the best strategy to be taken 
must be evaluated according to the reality and feasibility of each organisation (Ammendolia et 
al., 2016; Crawford et al., 2020). 

CONCLUSIONS 

Work-related musculoskeletal disorders reflect a high economic burden to companies around 
the world, as well as prejudice worker health. The consequences to the individuals can reflect 
lost productivity and, in most serious cases, sickness absence. 

The more significant cost is due to presenteeism, more than absenteeism, although it is difficult 
to evaluate its cost since it is a hidden cost. It is known that developed and underdeveloped 
countries have significant losses, which could be minimised with effective and inexpensive 
strategies. 

It is important to aware workers about physical health, especially taking care of the neck and 
back, which are the most affected body parts. Well-designed strategies are essential to improve 
work conditions and should be taking according to the reality experienced. 
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Abstract 
Introduction: Identifying factors that contribute to occupational accidents has been a general concern of 
companies in the present millennium. One of the factors identified is the quality and quantity of food, as 
well as meals times. In this context, the present systematic review aimed to identify how food intake 
influences the occurrence of accidents in shift work, with some focus, although not exclusive, on the mining 
industry. Methodology: The research-based literature was carried out in four electronic databases: 
Medline/PubMed, Science Direct, Scopus and Web of Science. Have been combined the following words 
“occupational accident” and “food intake”; “mining injury” and “food choice”; “meal timing” and 
“workplace”; “eating at night” and “mining injury”; “Circadian rhythm” and “diet shift”; “Food safety” and “ 
Health risk”; “workplace accidents” and “food choice”.  Results: It was possible to identify 24 articles related 
to food intake. To better understand the analysis, the results were organized into five groups: Author 
surname and year, Study type, Accidents/injury causes, risk factor, Conditions for accidents/injuries to 
occur. Through the groups of causes, it was possible to regrouped on three, which facilitated the discussion 
of the topic; food choice n=10 (42%) articles, eating habits n=9 (37.5%), and emotional commitment n=5 
(20.5%), showed the relativity of food intake causes for the occurrence of accidents and illnesses in shift 
workers. Discussion: The reviewed articles demonstrated that the materialisation of accidents was due to 
the relationship between food intake and consumption of nutrient-poor foods in shift work. That can 
develop chronic diseases, metabolic disorders such as blood pressure abnormalities, blood sugar fluctuation 
(dyslipidemia, dysglycemia), and obesity, neurobehavioural performance. Foods contain high content As, 
Cd, Cr, Hg, Fe, and Mn above the recommended standards by the FAO/WHO. Sleep disturbance during the 
12-hour shift interferes with circadian rhythm and, consequently, with performance. These factors can be 
related to food and the precarious physical environment, increased workload, fatigue and poor diet, 
especially at night. Conclusion: In conclusion, the study demonstrated how food intake impacted workers' 
health on shifts but did not determine the causes or risk factors contributing to accidents/injuries. Further 
studies are needed to demonstrate a direct relationship which the risk factor of food intake and causes 
accidents/injuries.  

Keywords: Food intake, Accidents, Shift work, Poor food. 

INTRODUCTION 

The reason that influences occupational accidents and diseases related to workplace food intake 
in workplaces is a fact to be explored. The causes that influence occupational accidents related 
to food intake have been demonstrated ( Stothard et al., 2020; Strzemecka et al., 2014; Geaney 
et al., 2016; Bonnell et al., 2017; Nea et al., 2018;). They are linked with factors such as shift 
work (Boivin & Boudreau, 2014; Gupta et al., 2019; Heath et al., 2016; Reid, 2001;). The 
interaction of workplace food intake with other causes has adverse effects on the performance 
of activities, which in many cases can influence the occurrence of accidents and injures (Gifkins 
et al., 2018; Leung et al., 2010). The food intake in shift work has been considered responsible 
for the increase in body mass index (BMI) due to the imbalance of glycemia in the body (Di 
Lorenzo et al., 2003; Stothard et al., 2020), which has caused obesity problems, resulting from 
increased intake of snacks on a night shift and saturated fat diet (Heath et al., 2016)(Geaney et 
al., 2013). In addition, the first hours of the daily meal have adverse effects on ensuing processes 
of regulating worker chron-nutrition (Della Torre et al., 2020). Irregular food consumption 
interferes with the adjustment of insulin secretion (responsible for regulating the sugar in the 
organism needed for energy in the cells), which interferes with workers’ performance ( 
Strzemecka et al., 2014; Gupta et al., 2019;). The insulin secretion in the body depends on dietary 
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habits when taking a meal irregularly, which will influence the fluctuation of insulin production, 
which can compromise the metabolic process in the balance of nutrients in the body (Azmi et 
al., 2020; Heath et al., 2016).  

Several research reports that the intake of food in shift workers influences the metabolic 
processes and has implications in work performance ( Arble et al., 2009; Lowden et al., 2010). In 
shift work, workers are subject to tiredness and stress associated with work activities, 
consequently more food intake than normal. This is worsened with an increase in the 
consumption of poor quality food. In general, poor foods do not have micronutrients and the 
regulated vitamins in the desirable properties for consumption; have high-level sugar, fat and 
sodium. In most cases, these low-quality food options are considered calorie-rich foods, which 
are nutritionally inadequate and contain more calories than nutrients like vitamins and minerals. 
( Fletcher, 2010; Azmi et al., 2020 ).  

In addition, more studies on the causes of accidents at work with food intake in the industries 
are necessary. It becomes a greater challenge when talking about mining (Nawab et al., 2016) 
since many studies refer to the effect of food intake in the vicinity of mines ( Zhuang et al., 2009; 
Bempah & Ewusi, 2016; Huang et al., 2017; Rahmdel et al., 2018; Fitzgerald et al., 2018;).  

The work in several industries, like mining, is many times subject to shift work. This short 
literature review (SLR) shows evidence of food influencing accidents in shift work. This possibility 
motivates the deepening of research on accidents at work-related food intake. Moreover, the 
SLR intends to answer the following question; how food intake influences accidents?  

So, the purpose of this short review is to systematize articles that indicate how food intake can 
influence accidents or injury in shift work, with some focus, although not exclusive, on the 
mining industry. 

METHODOLOGY 

Literature search strategy  

In proposing this review, priority was given to peer-reviewed journals in the area under study 
and published in scientific journals. The research-based literature was conducted in four 
electronic databases: MEDLINE / PubMed, Science Direct, Scopus, and Web of Science. 

The screening of the articles was through the combination of several key terms, such:  
“occupational accident” and “food intake”; “mining injury” and “food choice”; “meal timing” 
and “workplace”; “eating at night” and “mining injury”; “Circadian rhythm” and “diet shift”; 
“Food safety” and “ Health risk”; “workplace accidents” and “food choice”. This short review is 
based on PRISMA Statement guidelines (Kirtley et al., 2021) shown below (figure1).  
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Figure 1. Flow chart illustrating the steps of literature selection. 

Eligibility criteria 

To inclusion and exclusion criteria based on review goals, i.e. systematize how food intake 
influences the accident or injury in mining shift work. Were included i) published journals 
articles, papers which refer impact of food intake in mining shift worker or related to it, ii) 
intervention and observation study with measures, iii) full text written in English. Were excluded 
from the review if; i) did not mention food intake at workplace on shift work, ii) not published, 
iii) does not meet eligibility criteria, iv) not full teste available, v) between 2000 and 2020.  

RESULTS  

Data items/characteristics 

In order to provide an insight into how food intake influence on accidents or injuries in shift 
work, variables were designed with specific characteristics such as Surname of principal author 
& year, accident’s or injury causes, risk factor, Conditions for accidents and injuries to occur in 
shift work that allowed the discussion.  

Food intake and accident/injury on shift work  

Findings of food intake reports in work shifts were obtained through a table organized by the 
author & year, study types, causes, risk factors, and Conditions for accidents/injuries in shift 
work. The table 1 presents 24 articles, presents 24 articles, which analyze the causes of 
propensity to the occurrence of accidents/injury in the mines. They were organized according 
to the factors that interfere on this effect, such food choice (n=10) 42%; eating habits (n=9) 
37.5% and Emotional impairment (n=5) 20.8%. In general, studies report the effects of shift work 
as making regular meals consumption difficult (Strzemecka et al., 2014) 

The systematization of the present articles through the screening of the possible causes of 
accidents allowed to identify the following risk factor: accidents influenced by behavioural 
impairment due to long working hours, after ingesting poor food, i.e. rich in sugar, fats devoid 
of essential micronutrients, developing chronic diseases like the development of metabolic 
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disorders such as blood pressure abnormalities, blood sugar fluctuation (dyslipidemia, 
dysglycemia), and obesity, neurobehavioral performance, during shift work and particularly 
night work, creating changes in the circadian and behavioural cycle. Fatigue in the night-time, 
beginning of the first food intake from the day, all linked with greater emphasis on eating 
behaviour in shift work, were identified as the main conditions for accidents and injuries at work 
(Gupta et al., 2019 Azmi et al., 2020). Furthermore, in shift work in mines, there is high food 
consumption with a high content of heavy metals, e.g., water and vegetable intake above the 
standards established by various organizations such as FAO/WHO (Rahmdel et al., 2018).   

Table 1. Study items/characteristics 

autor & year  Study type  Accidents/ 
injury  causes 

Risk factor   Conditions for accidents / injuries to 
occur 

Huang et al. 
2017 

Prospective 
cohort study 

Food choice    Intake vegetables with 
high heavy metals 

The Pb level exceeded the permissible 
limit of 0.3 mg/kg in 44.7% of vegetable 
samples according to FAO/WHO 
standards 

Zhuang et 
al., 2009 

Prospective 
cohort study 

Food choice    Drinking water & vegetable 
higher than permissible 
limit standards 

Toxicity through to Drinking other and 
consumption; 
 

Rahmdel et 
al., 2018 

Prospective 
cohort study 

Food choice   Consumption of heavy 
metals in food 

The  target hazard quotient (THQ) for Cd 
& Pb  of rice and vegetables  the average 
is 11% daily intake exceeded the (PCL) of 
FAO/WHO,  

Nawab et 
al., 2016  

Prospective 
cohort study 

Emotional 
impairment 

Accidents caused by 
irregular working hours 
and night work  
 

Combination of a higher workload, 
fatigue and too little food night shift 
18%; the fatigue and lack of 
concentration, caused 62 critical 
accidents are noted 

Fletcher, 
2010 

Descriptive 
study 

Emotional 
impairment 

Fatigue in the nighttime 
sleep-night work 

Impairment Truck Drive 30-  40% of 
accidents occur in night shift work; 
Human error 30-50% after a meal 

Lowden et 
al., 2010  

descriptive study Eating habits Dietary habits;   The type of food to be consumed during 
shift duties was  86% overweight, 66% 
obese; 

Di Lorenzo 
et al., 2003  

Prospective 
cohort study 

Eating habits Obesity has a greater 
impact on work 

Prevalence of obesity  in shift work was 
37/185 = 20% than day worker 9/134 = 
9,7% 

Geaney et 
al., 2013 

Prospective 
cohort study 

Emotional 
impairment 

Emotional Stress Poor physical environment was  62.5%  

Leung et al., 
2010 

descriptive study Eating habits work overload, poor 
physical environment    

Injury incident   

Gifkins et 
al., 2018  

Retrospective 
case-control  

Eating habits Eating during the night 
shift  
  

  Shift work increases the fat meal and 
snack was 38% and 56% 

Boivin & 
Boudreau, 
2014  

Retrospective 
case-control  

Food choice  
 

Shift work and sleep with fewer meals and more snacks a day; 
causes tired drivers; 

Heath et al., 
2016  

prospective 
cohort study 

Food choice   dietary profile in shift 
workers and findings 

reduced sleep duration may result in 
changes to fat, and potentially 
carbohydrates, in the diet was compared 
daily energy intake was (15-25)% & night 
(20-35)%. 

Gupta et al., 
2019 
 

descriptive study 
 

Emotional 
impairment  
    

Eating behaviour of shift 
workers 
 

about 50% do not eat because of shift 
work 
 

Reid, 2001  Prospective 
cohort study 

Emotional 
impairment    

Reductions in 
neurobehavioral 
performance in night work 

Sleep disruption during a 12-hour shift; 
circadian rotation rhythm of 
performance-related a (food), comparing 
two group’s older & young it is 53% & 
24,5% 

Bonnell et 
al., 2017 

Prospective 
case-control  

Food choice   Food choice and dietary 
intake 

night shift cooked meal was 78%, ice 
creams, and chocolates, sweet pastries 
were 33% than day shift 48% and 23% 
respectively  
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Nea et al., 
2018 

Prospective 
cohort study 

Eating habits  Negatively impacting on 
eating and lifestyle 
behaviours 

Almost half (48%) were overweight or 
obese & while 30% were physically active 
once or less weekly 

Stothard et 
al., 2020  

Prospective 
cohort study 

  Eating habits   Impact of food intake in 
the early morning on 
metabolism 

Glucose level ~ 5% higher was observed 
80 min in shift workers compared to non-
shift workers; observed obesity and 
diabetes that may be related to food 
intake in the adverse circadian cycle 

Strzemecka 
et al., 2014    

Prospective 
cohort study 

Eating habits   Food in Shift worker   About  (66.0%) of workers admitted that 
shift work hampers regular consumption 
of meals. 

 Geaney et 
al., 2016  

Prospective 
cohort study 
 

Food choice   
 

Dietary intakes   Employer improves nutrition program 
reduction of 32% compared to those who 
did not participate, which was 78%. 

Fitzgerald et 
al., 2018 

Prospective 
case-control  

Food choice Food choice at work    The incidence was observed at 20 % of 
obese 

Della Torre 
et al., 2020 

Prospective 
cohort  

Eating habits  Shift work is associated 
with an increased risk of 
chronic diseases due to 
circadian rhythm 
disruptions and 
behavioural changes 

About 49% were overweight, and 13% 
were obese. Using 
the percentage of body fat mass (BMI). 

Bempah & 
Ewusi, 2016  

Prospective 
cohort  

Food choice   Foods containing high 
content As, Cd, Cr, Hg, Fe, 
and Mn above the allowed 
standards 

Analytical procedures were verified by 
suitable certified reference materials 
(CRMs) and an average of 10% of the 
certified value. 

Azmi et al., 
2020  

Descriptive 
study  

Eating habits  Development  of metabolic 
disorders such as 
hypertension, 
dyslipidemia, dysglycemia, 
and abdominal obesity 

Metabolic syndrome, Cardiovascular 
disease, Gastrointestinal disorders,  
Breast cancer, Psychological disorder  

Arble et al., 
2009  

Prospective 
Cohort stud  

Food choice    The circadian phase of 
food consumption in 
weight gain 

There was calorie consumption in (80%) 
during the dark phase (night) in relation 
to the light phase (day). 

 

The research demonstrates the evidence of food intake in relation to the accidents/injury in the 
shift work. There are factors such as higher workload, fatigue, bioaccumulation of heavy metals 
in food content As, Cd, Cr, Hg, Fe, and Mn; percentage of body fat mass was higher than average 
compared with non-shift workers, in an expressive number among workers; was observed 
potentially carbohydrate in night shift than the day. Therefore, shift work is considered to have 
a higher impact on the diet. Shift work is a service preferred in many industries because it 
accelerates the workforce's production and flexibility to optimize productivity and business in 
competitive companies.  

DISCUSSION 

Accidents and injuries have been addressed in various themes. The convergence is that there 
must be causes, risk factors, and conditions necessary for the occurrence in all cases. In this 
review, these variables were demonstrated concerning food intake in shift work. There are 
about 42% of studies, the causes of the accidents are related to the food choice at night shifts 
that have higher calorie consumption than during the day Arble et al.,( 2009). Night shifts have 
a higher consumption of cooked meal, ice cream, chocolates, sweets pastries than the day 
Bonnell et al., (2017), higher incidence of obesity in workers assigned to shift work than regular 
work (Fitzgerald et al., 2018). If the mining activity considered dangerous, then it needs a lot of 
attention in the execution. It was demonstrated that eating foods with a low micronutrient 
content affects workers' performance.  The choice of food for workers must be the companies' 
responsibility and preparation to safeguard the nutritional demand needed for the job. That 
increase sleep, fatigue, stress, blood pressure abnormalities and sugar fluctuation. So the food 
choice in this activity has to be enhanced. Foods in shift work affect about 15 to 30% of adults 
in the European population  (Boivin & Boudreau, 2014). Most mining works are carried out in 
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areas other than the habitual residence of workers. Many of them take their food. This 
possibility makes them buy local food, can put in cause their health since, in the mining areas 
food, the water consumed has verified the bioaccumulation of heavy metals as As, Cd, Cr, Hg, 
Fe, and Mn, which is not acceptable for human consumption according to FAO/ WHO (Zhuang 
et al., 2009; Bempah & Ewusi, 2016; Huang et al. 2017 Rahmdel et al., 2018). Food choice can 
be a significant factor for the performance of daily activities influencing accidents/injuries in 
workplaces. 

Other causes of accident in the systematic review were linked with eating habits at 37.5% in all 
articles. Eating habits are associated with the consumption behaviour of certain foods in shift 
work. Evidence shows that there are workers who consume more food and, on the other hand, 
those who have difficulties in feeding, this associated body mass index (BIM) regardless of age 
and duration of work (Di Lorenzo et al., 2003; Gupta et al.,2019). Consequently, cardiovascular 
disease, Gastrointestinal disorders, Breast cancer, Psychological disorder, i.e. development of 
chronic diseases affect a relatively young population, conditions put debilitated worker minded 
to accidents and injuries (Azmi et al., 2020; Nea et al., 2018; Della Torre et al., 2020). Eating 
habits also influenced by circadian rhythms, the process by which every man needs to adjust 
every 24 hours, which has been greatly affected by shift work in the process of food intake. What 
impacts work performance due to the quality of rest and meals during this work period (Leung 
et al., 2010; Gifkins et al., (2018). 

Likewise, emotional impairment was the accident causes related a food intake, there correspond 
20.8% of studies, to the extent that it contributed to the commitment of shift work specifically 
night work caused sleep disruption during a 12-hour shift; circadian rotation rhythm of 
performance-related a (food) (Reid, 2001). What influenced the emotional behaviour of the shift 
work in food intake is also noted the difficulties in their regular consumption (Gupta et al., 2019). 
These conditions associated with stress due to the difficulty in food intake created a working 
environment impacted 62.5% of work performance (Geaney et al., 2013). Consequently, 
necessary conditions were formed to the occurrence of occupational accidents. Irregular and 
nocturnal schedules and increased workload, tiredness and little nighttime feeding were 
responsible for 62 critical accidents in mines resulting from fatigue and lack of concentration 
(Nawab et al., 2016).   

CONCLUSIONS 

In a nutshell, the present systematic literature review (SLR) aimed to systematize articles 
indicating how food intake can influence accidents or injury in shift work. Were extracted 24 
articles eligible for the present study from four databases. The SLR reveals that food intake in 
shift work has numerous impacts on the health and well-being of workers, mainly in the 
ingestion of foods with low macronutrients associated with inadequate daily rest. Responsible 
for development of chronic diseases in workplace, their effect can impact the ability to perform 
daily tasks. Features like; food choice, food habits and emotional commitment were crucial in 
establishing the relationship. Specific study in mines related to food intake with accidents and 
injuries in shift work in the industry are scarce. The few that exist are inconclusive. Further 
studies are needed to demonstrate a direct relationship which the risk factor of food intake and 
causes accidents/injuries. 
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