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Abstract: This article presents a comprehensive review of the safety status and technological devel-
opment in high-risk industries, with a focus on construction, mining, agriculture, transportation,
healthcare, and energy sectors. The objective is to analyse and compare the current safety practices,
challenges, and advancements in these industries to identify common trends, knowledge gaps, and
potential areas for improvement. The review explores the incidence of accidents, associated costs,
traditional safety methods, limitations, and emerging technologies employed to enhance safety across
multiple industries. This review aims to provide insights and lessons that can be applied to enhance
safety practices in the construction industry. The findings highlight the critical role of technological
advancements in mitigating risks and fostering a culture of safety across diverse sectors.

Keywords: occupational health and safety; technological development; high-risk industries; compar-
ative analysis; construction industry

1. Introduction
1.1. Background and Significance of Studying Safety Status and Technological Development in
Various Industries

The safety status and technological development in industries play crucial roles in
ensuring the well-being of workers, preventing accidents, and improving overall opera-
tional efficiency. Understanding the current state of safety practices and the advancements
in technology across different sectors is critical for identifying areas of improvement and
implementing effective strategies to mitigate risks.

This review will comprehensively analyse the safety status and technological develop-
ment across a spectrum of high-risk industries, namely construction, mining, agriculture
and livestock, transportation, healthcare manufacturing, and energy. Each of these indus-
tries presents a unique set of challenges and opportunities related to safety, and examining
their safety practices and technological integration can provide valuable insights. These
industries are selected based on their diverse operational characteristics and the degree of
hazards their workforce faces daily. By comparing the safety strategies, challenges, and
advancements in these industries, the authors aim to uncover common trends, knowledge
gaps, and innovative solutions that can be adapted to enhance safety practices in the
construction industry.

The construction industry, known for its high-risk nature, can significantly benefit
from the lessons and experiences of other industries that have successfully harnessed tech-
nological innovations [1]. By examining how advanced monitoring systems, automation,
robotics, and remote-controlled machinery have contributed to safety enhancements in
fields such as mining, agriculture and livestock, transportation, manufacturing, and energy,
the potential impact of similar technologies in construction can be anticipated. Through
this exploration, the authors aspire to pave the way for a safer and more technologically
sophisticated construction sector, safeguarding workers and fostering a culture of safety.
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This industry has traditionally relied on conventional safety methods, but the limita-
tions of these approaches have led to a growing interest in exploring innovative
solutions [2].

The mining industry faces inherent hazards such as cave-ins, explosions, and exposure
to harmful substances [3]. Efforts to improve safety have led to the adoption of advanced
monitoring systems, automation, and remote-controlled machinery to reduce the risk
to workers [4].

The agriculture and livestock industry is characterised by physical labour, heavy
machinery, and exposure to environmental factors [5]. Accidents in agriculture can result
in severe injuries or fatalities. Technological advancements, including precision agri-
culture and farm automation, have been implemented to enhance worker safety and
productivity [6].

The transportation industry, encompassing the road, air, rail, and maritime sectors,
faces various safety challenges [7]. With the increasing reliance on technology, safety
measures such as collision avoidance systems, driver monitoring, and fatigue detection
technologies have been developed to minimise accidents and protect the lives of workers
and the general public [7].

The manufacturing sector involves diverse operations, machinery, and materials,
presenting potential hazards such as machinery accidents, ergonomic issues, and chemical
exposures [8]. Advances in automation, robotics, and machine learning have led to safer
work environments, reduced human error, and improved overall productivity [4].

The energy industry, including oil and gas, nuclear, and renewable energy sectors,
poses unique safety challenges due to the nature of operations and exposure to hazardous
substances [9]. Stringent safety protocols, remote monitoring systems, and technological
innovations are vital to ensure the well-being of workers and prevent catastrophic incidents.

Safety culture, an integral part of health and safety management, involves fostering
a work environment in which safety is a shared value and responsibility. A strong safety
culture encourages employees and employers to prioritise safety, follow best practices, and
actively participate in safety initiatives [10]. The authors will explore how safety culture
plays a pivotal role in each industry and how it contributes to safety performance.

Based on Eurostat data from 2020, shown in Figure 1, the construction industry has
the highest number of fatalities, injuries, and lost workdays due to accidents. The trans-
portation industry has the second-highest number of fatalities, followed by the agriculture
and livestock industry. The mining and healthcare industries have the lowest number of
fatalities. Moreover, the healthcare, transportation, and agriculture industries have the
highest number of non-fatal accidents [10].

Moreover, Table 1 shows the highest occurring health and safety hazards in each of
the five industries. The most common hazards across all industries are falls, exposure to
hazardous substances, and overexertion. Other hazards that are specific to certain indus-
tries include machinery accidents (construction, mining, agriculture), vehicle accidents
(transportation), radiation, stress and psychological problems (health care), and cave-ins
and explosions (mining) [10,11]. Highlighting the primary risks in each sector not only in-
forms about the unique hazards in each industry but also sets the stage for further analysis
and comparison of safety practices and technological interventions. Figure 2 illustrates
the percentages of hazards in each industry. Falls are the most common type of accident
in all five industries, accounting for at least 20% of accidents in each industry. Exposure
to hazardous substances is the second most common type of accident in the construction,
mining, agriculture, and healthcare industries. Overexertion is the second most common
type of accident in the transportation and healthcare industries. Machinery accidents are
the third most common type of accident in all five industries [10-12]. The “other” category
includes a variety of other hazards, such as electrical hazards, fires, and vehicle accidents.
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Figure 1. Fatal and non-fatal accidents at work, EU, 2020.

Table 1. Highest occurring hazards according to each industry, Source: Eurostat, 2021, OSHA
Europa, 2023.

Industry Highest Occurring H&S Hazards
. Falls, exposure to hazardous substances, overexertion,
Construction . .
machinery accidents
Mining Falls, exposure to hazardous substances, cave-ins, explosions

Falls, exposure to hazardous substances, machinery accidents,

A . l 1’ . .
griculture and livestock animal bites

Vehicle accidents, falls, exposure to hazardous

Transportation .
substances, overexertion

Musculoskeletal disorders (MSDs); exposure to infectious
Health care diseases; slips, trips, and falls; violence and aggression; chemical
exposure; radiation exposure; stress and mental health

1.2. Purpose and Objectives of the Article

The main objective of this article is to review best practices in health and safety from
various industrial activities, allowing for a meaningful comparison with the Architecture,
Engineering, Construction, and Operations (AECO) sector. The primary goal is to identify
tools and methods capable of addressing the well-known issues affecting construction
safety by closely examining health and safety approaches in industries such as mining,
agriculture and livestock, transportation, manufacturing, and health care. The authors aim
to extract insights that can facilitate effective safety strategies within construction. This
examination will not only inform safety practices but also pave the way for a safer and
more efficient construction sector through the implementation of lessons learned from
diverse industries. Thus, the concrete objectives of the article are as follows:
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e  Evaluate Safety Status and Methods: Assess the current safety status and traditional
health and safety methods in each industry, highlighting their limitations and areas
for improvement. This includes a review of accident rates, fatalities, injuries, and the
effectiveness of existing safety methods.

e  Analyse Technological Advancements: Explore technological advancements and in-
novative solutions in the respective industries, discussing their impact on accident
prevention, worker protection, and operational efficiency.

e  Identify Common Challenges and Knowledge Transfer: Identify common challenges
and trends across industries, analysing the potential for cross-industry knowledge
transfer and collaboration. This involves a comparative analysis of safety practices to
find commonalities and opportunities for collaboration.

e Highlight Gaps and Research Needs: Identify gaps in safety practices and techno-
logical adoption, providing insights for future research and development efforts to
improve safety practices and promote technological innovation.

B Exposure to hazardous substances M Overexertion Machinery accidents B Other
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Figure 2. Relative proportion of hazards according to each industry, EU, 2020.

By examining the safety status and technological advancements in various industries,
this article aims to contribute to the existing body of knowledge and promote a holistic
understanding of effective safety practices across sectors. The following section will identify
the methodology adopted to conduct the comparative analysis. Afterwards, the article
will delve into each industry’s safety status, methods, technological advancements, and
implications for the construction sector. Finally, the article will present a summary of the
main findings and recommendations that might be applied in the construction sector and
future studies.

2. Methodology

This section outlines the approach taken to conduct the comparative analysis of safety
status and technological development across high-risk industries.

2.1. Data Collection

For this review, a systematic literature search was conducted using academic databases,
namely PubMed, IEEE Xplore, Scopus, and Science Direct, and relevant industry-specific
journals. The search terms included combinations of industry names (construction, mining,
agriculture, transportation, manufacturing, and health care), occupational health and
safety, accidents, and emerging technologies. This process aimed to gather peer-reviewed
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articles and research papers that address safety challenges and technological solutions in
each industry.

2.2. Data Selection

From the collected literature, priority was given to recent studies (within the last
five years) that presented empirical data, case studies, or comprehensive reviews of safety
practices and technological advancements in the selected industries. To ensure the inclusion
of high-quality and pertinent literature, specific criteria were established for article selection.
The criteria were as follows:

e  Relevance: Articles that directly addressed safety challenges and technological solu-
tions within the specified industries. Articles that were irrelevant or loosely related
were excluded from the analysis.

e Recency: The search focused on the recent studies published within the last five
years. This focus on recency was maintained to provide insights into the most current
industry practices.

e  Empirical Data and Case Studies: The inclusion of empirical data and case studies
was emphasised. These types of articles were considered particularly valuable as they
offer practical insights into safety practices and technological advancements.

e Language: To ensure consistent understanding and analysis, the authors considered
only articles written in English.

2.3. Data Analysis

The 49 articles selected were thoroughly reviewed and categorised based on industry
focus, safety practices discussed, technological solutions explored, and outcomes reported.
To conduct the comparative analysis, the following techniques were employed:

e Content Analysis: A systematic examination of the content within selected articles to
identify recurring themes, safety challenges, and technological solutions.

e  Cross-Industry Pattern Recognition: Identification of common trends and innovations
across the various industries, allowing for the comparison of safety approaches and
technological adoption.

e  Qualitative Comparative Analysis: A qualitative assessment of similarities and differ-
ences in safety practices and technological advancements.

e  Quantitative Data Extraction: Where available, relevant quantitative data from studies,
such as accident rates, technology adoption percentages, or injury statistics, were
extracted and compared.

These techniques were instrumental in deriving meaningful insights and comparisons
across high-risk industries. The comparative analysis aimed to uncover patterns, challenges,
and opportunities that could inform safety strategies in the construction industry.

2.4. Synthesis and Interpretation

The findings from the literature were synthesised to create a cohesive overview of
safety practices and technological developments in each industry. The comparative analysis
aimed to extract key insights, lessons, and potential cross-industry applications that could
inform safety strategies in the construction industry. The interpretation involved a critical
examination of the impact of emerging technologies on safety culture and operational
efficiency within each sector.

2.5. Limitations

It is important to note that this review relies on the availability and quality of published
literature. The scope of the study is limited to the articles and resources accessed during
the research period. Additionally, the interpretation of findings may be influenced by the
perspective of the authors and the biases inherent in the selected literature.
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This methodology guided the approach to gathering, analysing, and synthesising
information from a wide range of sources, enabling a comprehensive comparison of safety
practices and technological advancements across high-risk industries.

3. Safety Status and Technological Development in High-Risk Industries

This section presents a concise description of the experimental results, their interpreta-
tion, and the experimental conclusions that can be drawn from the review of each industry.
The section is organised into sub-chapters containing an assessment of each industry.

3.1. Mining Industry
3.1.1. Safety Challenges in Mining Operations

Mining operations face a range of safety challenges due to the nature of the work
environment and the inherent hazards associated with mining activities. These most
occurring mining operation risks are the following;:

1.  Cave-ins and Roof Falls: Underground mining exposes workers to the risk of cave-ins
and roof falls, which can result in serious injuries or fatalities. Proper roof support
systems, monitoring technologies, and training programs are essential to mitigate
these risks [13].

2. Explosions and Fires: The presence of flammable gases, dust, and ignition sources
in mining operations can lead to explosions and fires. Effective ventilation sys-
tems, gas monitoring, and strict adherence to safety protocols are crucial to prevent
such incidents [14].

3. Exposure to Harmful Substances: Miners are often exposed to harmful substances
such as silica dust, asbestos, and toxic gases, which can cause respiratory diseases and
long-term health issues. Proper ventilation, personal protective equipment (PPE), and
monitoring systems are critical to minimising exposure [15].

3.1.2. Most Occurring Mining Hazards and Risks

Mining operations involve various hazards and risks that can pose a threat to worker
safety. The most occurring hazards include the following;:

1. Falls from Heights: Working at heights is common in mining, and falls from elevated
platforms or equipment can lead to severe injuries. Safety measures such as guardrails,
fall arrest systems, and training programs are essential to prevent falls [16,17].

2. Machinery Accidents: Mining machinery, such as haul trucks, loaders, and drilling
equipment, can cause accidents if not operated and maintained properly. Safety
protocols, equipment inspections, and operator training are vital to minimise the risk
of machinery-related incidents [17].

3. Noise and Vibration: Mining operations generate elevated levels of noise and vibra-
tion, which can lead to hearing loss and musculoskeletal disorders among workers.
Engineering controls, regular monitoring, and the use of hearing protection devices
are important to mitigate these hazards [18].

3.1.3. Safety Regulations and Practices in the Mining Industry

1.  The mining industry is subject to stringent safety regulations and practices to ensure
the well-being of workers. These main regulations that are commonly used in the min-
ing industry are the National Safety and Health Administration (OSHA) Standards:
OSHA sets guidelines and regulations specific to the mining industry to address
hazards, establish safe work practices, and enforce compliance [16,19].

2. Mine Safety and Health Administration (MSHA) Regulations: MSHA regulates and
enforces safety standards in mining operations, including requirements for hazard
assessments, training programs, and the use of safety equipment [16,20].
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3.14.

Technological Advancements in Mining Safety

Technological advancements have played a significant role in improving safety in the
mining industry (Table 2). Some notable advancements include the following:

1.

Proximity Detection Systems: These systems use sensors and alarms to detect the
presence of personnel or equipment in the vicinity of moving machinery, reducing the
risk of collisions [21].

Remote Monitoring and Control: Remote monitoring systems allow real-time monitor-
ing of mining operations, enabling early detection of potential hazards and improved
emergency response [22]. This includes event reporting and early warning safety
systems based on the Internet of Things for underground mines [23].

Automated and Remote-Controlled Machinery: The use of automated and remote-
controlled machinery reduces the need for workers to be physically present in haz-
ardous areas, minimising the risk of accidents and exposure to hazards [24].

Dust Control Technologies: Advanced dust control technologies, such as water sprays,
ventilation systems, and improved filtration, help reduce the concentration of harmful
dust particles in mining environments [25,26].

Wearables: In the mining industry, wearable devices are being used to monitor the
vital signs of miners and to detect falls [27]. For example, the TeluSense wearable
device uses sensors to monitor heart rate, respiratory rate, and body temperature and
can also detect falls [28].

Al systems linked to real-time monitoring can be used to track worker locations and
environmental conditions, identify potential hazards, and prevent accidents [29,30].

Table 2. Examples of how technological advancements are being used to mitigate H&S hazards,
Source: Eurostat, 2021; OSHA Europa, 2023.

Technological o, Challenges of Adopting
I M H&S H .
ndustry Advancements itigated H&S Hazards Technological Advancements
. Falls, exposure to hazardous .
. Wearable devices, AR, p . High cost of technology,
Construction . substances, overexertion, 2. R
robotics, and drones . . training required for workers
machinery accidents
Proximity detection system:s, .
y Y Falls, exposure to hazardous High cost of technology,
.. remote-controlled mining . e .
Mining . substances, overexertion, training required for workers,
equipment, and . . . ..
. machinery accidents harsh environmental conditions
autonomous vehicles
Precision agriculture, farm Falls, exposure to hazardous High cost of technology,
Agriculture and livestock automation, and wearable substances, overexertion, training required for workers,
devices machinery accidents changing weather conditions
Collision avoidance systems, Falls, exposure to hazardous High cost of technology,
Transportation driver monitoring systems, substances, overexertion, training required for workers,
and fatigue detection systems  machinery accidents public acceptance

3.2. Agriculture and Livestock Industry

3.2.1.

Safety Concerns in Agricultural Activities

Agriculture is an industry with inherent safety risks and hazards due to its diverse
operations and environments. Farmers and farmworkers face various safety concerns that
can result in injuries, illnesses, and even fatalities. The most relevant safety concerns are
as follows:

1.

2.

Machinery-related injuries: Farm machinery, such as tractors, combines, and balers,
pose significant risks if not operated and maintained properly [31].

Falls: Working at heights, on slippery surfaces, or in unstable environments can lead to
falls and subsequent injuries. This is due to the fact that workers often need to access
elevated areas, such as the roofs of barns or storage structures, silos, or agricultural
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machinery. They may need to perform maintenance, inspections, or repairs in these
areas. In addition, farming environments are frequently exposed to various weather
conditions. Rain, snow, or the presence of liquids like water or animal waste can
create slippery surfaces. Moreover, farming involves various tasks in environments
that may not always be stable. For instance, uneven terrain, unstable ground due
to the movement of heavy machinery, or working around large animals can create
precarious conditions [32].

3. Exposure to pesticides: Farmers may come into contact with pesticides during appli-
cation, handling, or storage, leading to potential health effects [33].

4. Zoonotic infections: Proximity to animals increases the risk of zoonotic diseases,
which can be transmitted from animals to humans [32,33].

3.2.2. Hazards and Risks in Farming and Livestock Operations

In farming and livestock operations, several hazards and risks pose significant chal-
lenges to worker safety and health. This chapter explores key areas of concern:

1. Machinery hazards: Improper use, lack of maintenance, and inadequate guarding of
machinery can lead to injuries or fatalities [31].

2. Livestock-related hazards: Working with animals carries the risk of kicks, bites, or
crush injuries [5].

3. Chemical exposures: Farmers may encounter various chemicals, such as pesticides,
fertilisers, and cleaning agents, which can cause acute or chronic health effects [33].

4. Musculoskeletal injuries: Farm tasks often involve repetitive movements, heavy
lifting, and awkward postures, contributing to musculoskeletal disorders [6].

3.2.3. Safety Standards and Practices in Agriculture

Several safety standards and practices have been developed to address safety concerns
and mitigate risks in the agriculture industry. The main standards and practices are
as follows:

1. Occupational Safety and Health Administration (OSHA) regulations: OSHA sets
standards and guidelines to ensure the safety and health of workers in agricultural
settings [31].

2. Good Agricultural Practices (GAPs): GAPs encompass guidelines and recommen-
dations for safe farming practices, including proper use and storage of chemicals,
equipment maintenance, and worker training [32].

3. PPE: The use of PPE, such as gloves, safety glasses, and respirators, is essential for
protecting workers from hazards in agriculture [31].

3.2.4. Role of Technology in Enhancing Agricultural Safety

Technology plays a crucial role in improving safety in the agriculture industry (Table 2).
Advancements in agricultural technology have introduced innovative solutions to mitigate
risks and improve safety:

1.  Precision agriculture: Technologies such as GPS, drones, and remote sensing enable
precise application of inputs, reducing exposure to chemicals and optimising resource
use [32,33].

2. Automated machinery and robotics: Automation reduces the need for manual labour,
minimising the risk of injuries associated with operating heavy machinery [32].

3. Sensor-based systems: Sensors can monitor environmental conditions, detect equip-
ment malfunctions, and provide real-time feedback to farmers, enhancing safety and
efficiency [34].

4. Animal handling and tracking systems: Technologies like electronic tagging and
monitoring systems help track livestock health, prevent disease spread, and improve
worker safety [5].

5. Drones: In the agriculture industry, drones are used to inspect crops for pests and
diseases and monitor livestock. For example, the DJI Agras T30 drone can be used
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to spray pesticides on crops, and it can also be used to monitor livestock for health
problems [35].

3.3. Transportation Industry
3.3.1. Safety Issues in Transportation Sectors (Road, Rail, Aviation, and Maritime)

The transportation industry encompasses various sectors, including the road, rail,
aviation, and maritime sectors, each with unique safety challenges. The most frequently
occurring safety issues in these sectors include the following:

1. Road transportation: Road traffic accidents are a significant concern, with factors such
as driver error, speeding, impaired driving, and inadequate infrastructure contributing
to the risks [12].

2. Rail transportation: Rail incidents may involve derailments, collisions, or hazardous
material spills, often resulting from signalling errors, track defects, or human fac-
tors [36,37].

3. Aviation: Aviation safety concerns encompass aircraft accidents, runway incursions,
air traffic control errors, and pilot errors, among others [38].

4. Maritime transportation: Hazards in the maritime industry include collisions, ground-
ings, cargo handling incidents, and crew safety risks due to harsh weather conditions
or inadequate safety procedures [39].

3.3.2. Common Transportation-Related Hazards and Risks

The most common transportation-related hazards and risks can be categorised into
four types, as follows:

1. Vehicle crashes: The risk of accidents, injuries, and fatalities is prevalent across all
transportation sectors due to factors such as human error, mechanical failures, or
adverse weather conditions [40].

2. Exposure to hazardous materials: Transporting dangerous goods, including chemicals,
gases, or radioactive materials, poses risks of spills, leaks, or explosions [41].

3. Fatigue and stress: Long working hours, irregular schedules, and high-pressure
environments contribute to fatigue and stress among transportation workers, affecting
their performance and decision making [42].

4. Ergonomic hazards: Workers involved in transportation may face ergonomic risks
from prolonged sitting, repetitive movements, and awkward postures [12].

3.3.3. Safety Regulations and Measures in the Transportation Industry

Several regulations and measures have been implemented to address safety concerns
and mitigate risks in the transportation industry. The most common regulations and
standards are as follows:

1.  Road safety regulations: Governments establish traffic laws, speed limits, seatbelt
requirements, and vehicle safety standards to promote safer road transportation [43].

2. Railway safety standards: Rail authorities enforce safety regulations for track mainte-
nance, train operation, signalling systems, and crew training [43].

3. Aviation safety protocols: Aviation regulatory bodies mandate stringent safety stan-
dards for aircraft maintenance, pilot training, air traffic control, and airport secu-
rity [44].

4.  Maritime safety conventions: International maritime organisations establish safety
regulations for ship design, navigation, crew training, emergency procedures, and
cargo handling [44].

3.3.4. Technological Advancements for Improving Transportation Safety

Technology plays a pivotal role in enhancing safety across transportation sectors. The
most relevant technological advancements that have been adopted to improve transporta-
tion safety are the following:
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1.  Advanced driver assistance systems (ADAS): ADAS technologies such as collision
avoidance systems, lane departure warning, and adaptive cruise control enhance road
vehicle safety [45].

2. Positive train control (PTC): PTC systems use GPS, digital radio, and computer-based
train control to monitor and control train movements, reducing the risk of collisions
and overspeed incidents [46].

3. Aviation safety technologies: Aircraft advancements include terrain awareness and
warning systems, automatic dependent surveillance broadcasts, and improved weather
monitoring to enhance aviation safety [46].

4. Maritime safety innovations: Technologies like electronic chart displays and informa-
tion systems, automatic identification systems, and enhanced radar systems improve
navigation safety in the maritime industry [39].

5. Al systems can be used to monitor driver behaviour, identify potential problems, and
prevent accidents [39].

3.4. Healthcare Industry
3.4.1. Safety Challenges in Healthcare Settings (Hospitals, Clinics, Long-Term Care
Facilities, among Others)

Healthcare settings face unique safety challenges due to the complexity of care delivery,
diverse patient populations, and the range of services provided. The most frequently
occurring safety challenges in healthcare settings include the following:

1. Patient falls: Falls are a significant concern in healthcare facilities, particularly among
older adults, and can lead to injuries and prolonged hospital stays [47].

2. Healthcare-associated infections (HAIs): Infections acquired during healthcare deliv-
ery, such as surgical site infections or bloodstream infections, pose risks to
patient safety.

3. Medication errors: Errors in prescribing, dispensing, or administering medication can
have serious consequences for patient safety [48].

4. Workplace violence: Healthcare workers are at risk of physical and verbal assaults
from patients, visitors, or even colleagues, impacting their safety and well-being [49].

3.4.2. Common Healthcare-Associated Hazards and Risks

The healthcare-associated hazards and risks can be divided into four categories,
as follows:

1.  Biological hazards: Exposure to bloodborne pathogens, infectious diseases, or haz-
ardous substances poses risks to healthcare workers and patients [50].

2. Ergonomic hazards: Healthcare workers often perform physically demanding tasks,
leading to musculoskeletal disorders and injuries [50].

3.  Radiation hazards: Healthcare professionals working with radiation equipment, such
as X-rays or radiation therapy, face risks of radiation exposure [51].

4.  Psychosocial hazards: Emotional stress, burnout, and compassion fatigue are preva-
lent in healthcare settings, affecting the well-being of healthcare workers [52].

3.4.3. Safety Protocols and Practices in Healthcare Environments

Various safety protocols and practices have been implemented to address safety
concerns and promote patient and worker safety in healthcare settings. The most important
safety protocols and practices are as follows:

1.  Infection control measures: Standard precautions, hand hygiene, proper sterilisation
techniques, and isolation protocols are critical in preventing healthcare-associated
infections [40].

2. Medication safety practices: Robust medication reconciliation, barcoding systems, and
double-checking procedures help reduce medication errors in healthcare settings [53].
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3. Violence prevention strategies: Implementing security measures, providing
de-escalation training, and creating a culture of respect and zero-tolerance for vi-
olence can enhance workplace safety [49].

4.  Ergonomic interventions: Implementing proper lifting techniques, ergonomic equip-
ment, and workstations designed for comfort and safety can reduce the risk of muscu-
loskeletal injuries [52].

3.4.4. Technological Advancements for Patient Safety and Staff Well-Being

Technology plays a crucial role in enhancing safety and well-being in the healthcare
industry. Some used technological advancements include the following:

1. Electronic health records (EHRs): EHR systems improve patient safety by facilitating
accurate and timely access to patient information, reducing medication errors, and
supporting clinical decision making [54].

2. Patient monitoring systems: Advanced monitoring technologies, such as remote vital
sign monitoring and wearable devices, enable real-time tracking of patients” health
status, enhancing patient safety and early detection of deterioration [4].

3. Telehealth and telemedicine: Telehealth technologies provide remote access to health-
care services, improving patient access to care, reducing the risk of infections, and
enhancing healthcare delivery efficiency [55].

3.4.5. Examples of Successful Safety Initiatives in Healthcare

Several healthcare organisations have implemented successful safety initiatives to
enhance patient safety and improve healthcare outcomes. Some relevant examples include
the following:

1.  The WHO Surgical Safety Checklist: Developed by the World Health Organization,
this checklist ensures essential safety steps are followed before, during, and after
surgical procedures, reducing surgical complications [56].

2. Patient Safety Reporting Systems: Healthcare facilities utilise reporting systems to
encourage healthcare workers to report safety incidents, near misses, and potential
hazards, enabling proactive identification and mitigation of risks [57].

3. High-Reliability Organizations (HROs): Adopting HRO principles, such as fostering a
culture of safety, effective communication, and continuous learning, helps healthcare
organisations prevent errors and improve safety [55,58].

4. Discussion and Conclusions
4.1. Summary of the Main Findings from the Review of Various Industries

This article provides a general review of the safety status and technological develop-
ment in high-risk industries. Common trends and advancements are identified by analysing
multiple sectors, including construction, mining, agriculture, transportation, manufactur-
ing, and energy. The findings highlight the critical role of technological innovations in
mitigating risks, improving worker safety, and enhancing overall operational efficiency.
The review emphasises the importance of knowledge transfer and collaboration between
industries to foster a culture of safety and drive further advancements. Further research is
needed to address the identified gaps and explore the potential of emerging technologies
in enhancing safety practices across high-risk industries.

Key findings:

1. Industry-Specific Hazards and Risk Recognition: The individualised risks faced by
various industries, such as cave-ins in mining and chemical exposure in agriculture,
underscore the importance of tailoring safety measures to project-specific hazards.
This recognition is paramount for AECO professionals to identify similar risks in
construction sites and implement context-specific safety strategies that effectively
address these challenges.
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Adherence to safety regulations and best practices: While safety regulations and stan-
dards are prevalent across industries, their effectiveness can vary due to differences
in implementation, enforcement, and environmental conditions. For example, a study
by the International Labour Organization (ILO) found that only 50% of occupational
accidents in the construction industry are covered by workers’ compensation schemes.
This suggests that there is a need to improve the enforcement of safety regulations
and ensure that workers have access to compensation when injured on the job.
Technology: Technological advancements have significantly contributed to enhancing
safety measures and reducing risks in various sectors, such as real-time monitoring
systems and robotics automation Table 2. The claim that technological advancements
significantly contribute to enhancing safety and risk reduction is substantiated by
data from a variety of industries. For instance, a study by the National Institute
for Occupational Safety and Health (NIOSH) found that the rate of accidents in US
coal mines fell by 50% between 2000 and 2019, coinciding with the increased use of
real-time monitoring systems. The oil and gas industry has also seen a reduction in
accidents due to technological advancements. For example, the use of automation
technologies has helped to reduce the number of injuries and fatalities in oil and
gas well drilling operations. A study by OSHA found that the rate of injuries and
fatalities in oil and gas well drilling operations fell by 25% between 2010 and 2019,
a period that coincided with the increased use of automation technologies. The use
of automation technologies in the manufacturing industry has helped to reduce the
number of injuries by eliminating the need for workers to perform dangerous tasks.
For instance, another OSHA report found that the rate of injuries in the manufacturing
industry fell by 15% between 2010 and 2019, coinciding with the increased use of
automation technologies.

The construction Industry can also benefit from technological advancements to im-

prove safety. AECO professionals can leverage wearables, drones, and Al-based systems to
foster a safer environment. For example, wearable devices can be used to monitor workers’
vital signs and detect falls, while drones can be used to inspect worksites for safety hazards.
Al-based systems can be used to analyse data from wearable devices and drones to identify
potential hazards and predict accidents.

4.2. Implications for the Construction Industry and Potential Lessons Learned

The review of various industries and their safety status provides valuable insights and

lessons that can be applied to the construction industry. While each industry has its specific
safety challenges, there are important implications and potential lessons learned that can
help improve safety practices in construction projects:

1.

Recognising the industry-specific hazards and risks in construction: By closely ex-
amining industries with parallel challenges, such as mining’s underground risks or
agriculture’s heavy machinery hazards [3]. The agriculture industry faces risks related
to machinery accidents, falls, and exposure to chemicals [17]. Understanding these
industry-specific hazards can help construction professionals identify similar risks in
their projects and implement appropriate safety measures.

Adhering to safety regulations and implementing best practices: Safety regulations
and standards play a crucial role in ensuring worker protection and environmental
sustainability across industries. Construction industry stakeholders should prioritise
compliance with safety regulations and adopt best practices to create a safe working
environment [16]. Lessons can be learned from the transportation industry, where
strict regulations and measures are in place to mitigate risks associated with road,
rail, aviation, and maritime activities [7]. By mirroring the transportation sector’s
regulatory dedication, construction can instil a safety-centric ethos that permeates
every project, from design to completion, thereby fostering a safer work environment.
Embracing technological advancements in construction safety: Technology has trans-
formed safety practices in various industries. Real-time monitoring systems, for
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instance, have been widely implemented in mining to track worker locations, monitor
environmental conditions, and detect potential hazards [7]. Automation technologies
have improved safety in the oil and gas industry by reducing human exposure to haz-
ardous environments [9]. The construction industry can leverage these technological
advancements, such as wearables, drones, and Al-based systems, to enhance safety
measures and mitigate risks.

4. Promoting a safety culture: The healthcare sector’s commitment to patient safety
provides a valuable model for construction’s pursuit of a comprehensive safety cul-
ture. By integrating safety protocols, constant training, and stringent adherence to
guidelines, the construction industry can emulate the healthcare sector’s success in
cultivating a culture where safety is an intrinsic value. Some specific examples of how
the construction industry can promote a safety culture include the following;:

e Implementing safety protocols: The construction industry should implement
safety protocols for all tasks, such as fall protection and lockout/tagout proce-
dures. This is similar to the healthcare sector, where standardised procedures are
used to reduce errors.

e  Providing training: Workers should receive regular safety training on the specific
risks associated with their work. This is like the transportation and aviation
industry, where personnel receive extensive training on safety procedures.

e Encouraging communication: Workers should be encouraged to communicate
openly and honestly about safety concerns, such as in the healthcare sector, where
workers are encouraged to report all incidents, even minor ones.

e Creating a culture of accountability: Workers should be held accountable for
following safety procedures. This is comparable to the mining industry, where
workers should be held accountable for their actions.

The construction industry should focus on leadership commitment and continuous
improvement. This means that senior leaders should be committed to safety and should
create a culture where safety is valued. The industry should also continuously strive to
improve its safety performance [59].

5. Collaboration and sharing of best practices: The review of different industries high-
lights the importance of collaboration and sharing of best practices in improving safety
outcomes. Construction professionals can benefit from establishing partnerships and
knowledge-sharing platforms with other industries, promoting cross-industry learn-
ing and innovation in safety management. For example, industry associations can be
established to facilitate collaboration and knowledge sharing. Safety data can also be
shared between industries to identify trends and develop preventive measures.

By considering these implications and lessons learned from various industries, the
construction industry can enhance its safety practices, protect workers, and minimise risks.
Continued research, collaboration, and the adoption of innovative technologies will further
contribute to creating a safer construction environment. Exploring the effectiveness and
impact of safety regulations and standards is a valuable opportunity to enhance safety
practices in the construction industry. Based on data from Eurostat from 2012 until 2020, in
some industries, such as the transportation, agriculture, mining, and construction indus-
tries, the accident rate has slightly declined over the past few years (as shown in Figure 3),
which is likely due to the adoption of new technologies, standards, and regulations. The
healthcare industry in 2020 showed a slight increase in the number of accidents that might
be affected by the COVID-19 pandemic.

For example, the MSHA has implemented regulations on ventilation systems, gas
monitoring, and emergency response protocols. These regulations have led to a significant
reduction in accidents and fatalities in the mining industry [60,61].
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Figure 3. Non-fatal accident rates at work by economic activity, EU, 2012-2020.

The agriculture and livestock sector is another high-risk industry with a high rate of
injuries. However, the agriculture sector has also made considerable progress in improving
safety, in part due to the implementation of regulations like the OSHA Agricultural Oper-
ations Standard [11]. This standard requires employers to implement safety measures to
protect workers from hazards such as machine accidents and chemical exposure. As a result
of these regulations, the agriculture and livestock sector has seen a significant reduction in
injury rates [11].

The healthcare sector is also a high-risk industry, but it has a long history of commit-
ment to safety. The Joint Commission’s National Patient Safety Goals are a set of standards
that hospitals and other healthcare organisations must meet to ensure patient safety [62].
These standards cover a wide range of safety issues, including medication errors, falls, and
infections. The implementation of these standards has led to significant improvements in
patient safety in the healthcare sector [62].

The transportation sector is another industry that has made noteworthy progress
in improving safety. The transportation sector is responsible for many accidents and
fatalities each year, but implementing regulations and standards has helped reduce these
numbers [63]. For example, the Federal Motor Carrier Safety Administration (FMCSA)
has implemented regulations on truck driver hours of service and vehicle safety features.
These regulations have helped to reduce the number of truck accidents and fatalities [64].

The energy sector is diverse and includes industries such as oil and gas, nuclear
power, and renewable energy. The energy sector is also a high-risk sector, but it has a
strong commitment to safety. The Nuclear Regulatory Commission (NRC) is responsible
for regulating the nuclear power industry, and it has implemented stringent standards for
safety. These standards have helped to ensure the safety of nuclear power plants [65].

By actively examining and adopting effective safety regulations and standards from
these industries, the construction sector can make substantial strides in ensuring the well-
being of its workforce and minimising avoidable accidents. The construction industry can
learn from the success of other industries by implementing regulations and standards that
target specific hazards, establish stringent safety protocols, and emphasise risk management
and emergency response. By taking these steps, the construction industry can create a safer
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work environment for all [66]. Investigating emerging technologies and their potential
applications in enhancing safety measures within the construction industry is a critical
endeavour that can yield transformative results.

For instance, the mining sector has seen substantial advancements in real-time mon-
itoring systems that track worker locations and environmental conditions, significantly
improving hazard identification and response times [22]. These systems can be used in
construction to track the location of workers and equipment, as well as environmental
conditions such as air quality and noise levels. This information can be used to identify
potential hazards and take steps to mitigate them.

The healthcare sector has also made significant progress in using technology to im-
prove safety. For example, Al-based predictive analytics is being used to prevent medical
errors [29,30]. This technology can be used in construction to analyse data on accidents
and injuries to identify patterns and trends. This information can then be used to develop
targeted safety interventions.

The energy sector has also adopted several innovative safety technologies. For exam-
ple, robotics is being used to inspect hazardous areas such as nuclear reactors [67]. These
robots can be used in construction to inspect difficult-to-reach areas or areas that are too
dangerous for humans to enter.

The transportation industry has also made use of fatigue detection technologies to
reduce accidents [42]. These technologies can be adapted to construction to monitor worker
fatigue and prevent accidents caused by drowsiness.

These are just a few examples of emerging technologies that have the potential to
improve safety in the construction industry. By closely examining and applying these
technologies, the construction industry can unlock innovative solutions that significantly
improve safety practices, reduce accidents, and establish a future where construction sites
are safer and more efficient.

By adopting these technologies, the construction industry can make significant progress
in reducing accidents and injuries.

The following are some specific examples of how emerging technologies can be applied
to the construction industry:

e  Real-time monitoring systems can be used to track the location of workers and equip-
ment, as well as environmental conditions such as air quality and noise levels. This
information can be used to identify potential hazards and take steps to mitigate them.
For example, a system could be used to track the location of workers in a confined
space and sound an alarm if they stray too close to a hazardous area. Another example
is intelligent and vision-based fire detection systems. These systems are created as a
convolutional neural network which can be adapted to any environment [68].

e  Al-based predictive analytics can be used to analyse data on accidents and injuries to
identify patterns and trends. This information can then be used to develop targeted
safety interventions. For example, an Al system could be used to identify workers
who are at increased risk of injury and provide them with additional training or safety
equipment.

e Robotics can be used to perform dangerous or repetitive tasks, such as welding or
demolition. This can help to reduce the risk of accidents and injuries to workers. For
example, robots could be used to demolish structurally unsound buildings, a task that
humans currently perform.

e  Fatigue detection technologies can be used to monitor worker alertness and prevent
drowsy driving. This can help to reduce the risk of accidents caused by fatigue.
For example, a wearable device could be used to track workers” heart rate and eye
movement to identify signs of fatigue.

Future research in the construction industry could focus on implementing Al-based
predictive analytics systems to anticipate and prevent accidents. Moreover, exploring the
potential of BIM for enhancing safety planning and risk management within construction
projects could be a valuable path for research. Investigating how a culture of safety can be
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embedded into the operations of small and medium-sized construction businesses, which
often face unique challenges, is another vital area of future research. It is important to
note that the adoption of emerging technologies will not eliminate all safety risks in the
construction industry. However, these technologies can play a significant role in reducing
the number and severity of accidents. By carefully evaluating the potential benefits and
risks of emerging technologies, the construction industry can make informed decisions
about how to use these technologies best to improve safety.

Future studies should investigate the challenges related to the adoption of technologi-
cal advancements and safety regulations in the construction industry. Studies should aim
to provide insights into overcoming barriers such as high technology costs, training require-
ments, and adapting to changing environmental conditions. Furthermore, future studies
should focus on developing tools or methodologies to identify and assess industry-specific
hazards in the construction sector. This may involve creating hazard recognition checklists,
conducting in-depth hazard analysis studies, and utilising data analytics to recognise and
mitigate risks proactively.
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