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ABSTRACT

Introduction: Artificial Intelligence (Al) and digitalization are pivotal in enhancing Occupational Health
and Safety (OHS), reducing workplace accidents, improving conditions, and boosting organizational
productivity. This study examines the impacts, challenges, and opportunities of these technologies in
workplace safety.

Material and Methods: A narrative review was conducted via databases (Google Scholar, PubMed,
IEEE Xplore, ScienceDirect) using keywords like “Al in occupational safety” (2013—January 2025). After
screening 125 articles, 71 met the inclusion criteria (Persian or English publications). Qualitative content
analysis identified key challenges and opportunities.

Results: Artificial intelligence has been used in predicting incidents, monitoring, process optimization,
and analyzing OHS challenges. By analyzing historical data and hazard patterns, Al enables proactive risk
mitigation. Continuous learning in Al models enhances predictive accuracy and environmental adaptability.
However, data quality issues persist; techniques such as transfer learning offer potential solutions. Al-
driven automation reduces human error, yet challenges include ethical concerns and infrastructure gaps.

Conclusion: Al and digital technologies are transforming OHS through predictive analytics and real-time
surveillance. To fully leverage these benefits, future efforts must focus on addressing data quality issues,
establishing robust ethical frameworks, and developing advanced infrastructure. Further research is
essential for the practical implementation of Al in a variety of work environments.

Keywords: Artificial intelligence, Digitalization, Occupational health, Workplace safety, Internet of things,
Virtual reality
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1. INTRODUCTION

Occupational Health and Safety (OHS) is
fundamental aspect of workplace management,
essential for safeguarding employee well-being
and enhancing productivity. Its significance lies in
preventing occupational accidents and diseases,
which result in significant socio-economic benefits.
The integration of human workers with advanced
technologies such as robotics poses critical safety
challenges, especially in future industrial settings.
Artificial Intelligence (AI) is revolutionizing OHS
through predictive analytics, real-time monitoring,
and risk assessment tools, allowing for proactive
hazard identification and preventive measures.
Digitalization complements Al by optimizing
data management and processes; technologies like
the Internet of Things (IoT) enable continuous
monitoring of the work environment and facilitate
rapid responses to safety concerns. Despite these
progress, ongoing issues include inadequate real-
time oversight, poor accident prediction, and
limitations of traditional OHS methods. While Al
and digital tools such as wearables for health and
environmental tracking, offer potential solutions,
they also bring challenges related to data privacy
and ethical governance. Ethical concerns, resistance
to change, and privacy issues remain barriers.
However, the increasing adoption of Al in various
industries presents opportunities to create safer and
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healthier workplaces. This review examines Al and
digitalization in OHS, analyzing their integration
with conventional practices, impacts on worker
safety, and associated challenges and opportunities.

2. MATERIAL AND METHODS

A narrative review methodology was utilized for
this research. We defined key domains related to Al,
IoT, and robotics in occupational health and safety
(OHS), and then conducted systematic searches in
databases such as Google Scholar, PubMed, IEEE
Xplore, and ScienceDirect. We used keywords like
“Al in occupational safety” and “IoT in workplace
health” in both Persian and English, focusing on
publications from 2013 to January 2025. Inclusion
criteria for selecting articles were: peer-reviewed
studies in Persian or English from credible sources.
Articles were excluded if they covered non-relevant
topics, lacked sufficient data, were not written in
Persian or English, or were published before 2013.
The conceptual framework of the search strategy is
illustrated in Figure 1.

Study Selection Process:

o Initial Documentation: 125 articles were
found.

o Duplicate Exclusion: 12 articles were excluded
due to duplication.

o Title/Abstract Screening: 33 articles were
excluded based on relevance and publication date;
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Fig. 1: Conceptual framework of the search strategy
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80 articles were retained.

o Full-Text Assessment: 9 articles were excluded
for issues related to methodological quality or
journal credibility, leaving 71 articles that qualified
for qualitative analysis.

For data extraction and quality assessment, we
employed content analysis and thematic coding.
Key concepts were extracted line by line, grouped
into codes (such as accident prediction and ethical
challenges), and synthesized into broad themes.
The validity of the studies was evaluated based on
journal credibility, peer-review status, and thematic
alignment. To mitigate bias, we included sources
from multiple perspectives.

3. RESULTS AND DISCUSSION

Al and digital technologies have significantly
transformed OHS (Table 1 and figure 2). Key
domains include:

1. Accident & Risk Management
1.1. Accident Prediction
Al analyzes historical data to identify risk

patterns, enabling proactive interventions.
Continuous learning improves prediction accuracy
and adaptive safety measures, shifting OHS from
reactive to preventive paradigms.

1.2. Environmental Monitoring

IoT sensors collect real-time data (temperature,
toxins), while AI analyzes it for instant hazard
alerts, reducing accidents. Integrated systems
enhance air quality management and operational
efficiency.

1.3. Risk Management

Al enables predictive risk modeling, promoting
preventive safety cultures. It evaluates economic/
social impacts of preventive strategies, supporting
resource allocation.

1.4. Process Optimization & Decision-Making

Big data analytics with AI improves
OHS decisions through pattern recognition.
Challenges include algorithmic bias and data
privacy.

Table 1: Exploring subjects related to the use of artificial intelligence in OHS

‘ Concept Brief Description

Al identifies hazard patterns by analyzing past data and

prevents accidents.
Al identifies risks through predictive analysis and
facilitates preventive measures.

Prediction &
Prevention

Deep learning identifies occupational diseases at early
stages by analyzing medical images.

controlling environmental conditions.
Wearable devices identify and manage risks through

continuous employee health monitoring.
Al monitors PPE usage and detects violations using

Monitoring & Control

computer vision.

Integration of big data and AI improves safety decision-

making.
Al reduces human error in reporting and increases

Process

documentation accuracy through automation.

Improvement

VR enhances employee safety skills by simulating
hazardous conditions.

Robots increase worker safety by performing hazardous

tasks.
Drones identify hazards at construction sites through
real-time monitoring.

Emerging
Technologies

collection.
Drones identify hazards at construction sites through
real-time monitoring.

collection.

Challenges &
Future

Drones identify hazards at construction sites through
real-time monitoring.

[ DOW!

ToT and Al reduce hazards by real-time monitoring and

Smart helmets enable rapid hazard response through data

Smart helmets enable rapid hazard response through data

Subtopics REEE ‘

Historical data analysis, Accident (15,16)
prediction, Pattern identification
Preventive risk management, Risk
assessment

(20,21, 22, 23)

Early detection of occupational
diseases, Medical image analysis

(38,41, 42, 43)

Workplace condition monitoring (17,18,19)
(temperature, humidity,
hazardous materials)

Employee health monitoring via (48, 49, 50, 51)

wearables
Personal protective equipment (65, 66, 67)
(PPE) monitoring
Decision-making optimization (24, 25, 26)

through big data analysis

Reporting and documentation (27,28, 29, 30)

improvement
Safety training improvement via (72,73, 74,75)
virtual reality (VR)
Al-based robots for high-risk (61, 62, 63, 64)
tasks
Smart drones for workplace (77,78)
monitoring
ToT and Al-equipped smart (52, 59, 60)
helmets
Smart drones for workplace (77, 78)
monitoring
IoT and Al-equipped smart (52, 59, 60)
helmets
Smart drones for workplace (77,78)
monitoring

Journal of Health and Safety at Work 2025; 15(3)


https://jhsw.tums.ac.ir/article-1-7214-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-14 ]

R. Esmali et al. / An Overview of the Applications and Conditions

Characteristic ittt ToT Devices LN Data Analysis
& Al Management

G0 ey g o Envi tal da ; Insi for decision-

Pos? Prediction Accident prediction 2 i%?l?:nnon 2 Predictive risk analysis Aght!sn olr_ ;cmon

‘ Leammg I' Improvedpredlcuon I‘Realnmedaxaanalysns topf':mrmcnve ' B:gdamfordeqsmn- ‘

Fig. 2: Transformative impact of Al and digital technologies in OHS

1.5. Reporting & Documentation

Al automates incident reporting, reducing
human error. Combined with IoT, it enables early
hazard detection and personalized safety training.

2. Digital Technologies in OHS
2.1. AI & Machine Learning (ML)

ML algorithms predict hazards using historical
data. Real-time sensor analysis monitors worker
health/environmental conditions. ML automates
compliance  checks, enhancing  regulation
adherence.

2.2. IoT & Data Analytics

IoT devices feed real-time data to AI systems
for risk pattern detection. Examples include patient
safety monitoring in healthcare and predictive
maintenance in industry. IoT platforms improve
compliance in high-risk environments.

3. Al in Occupational Health
3.1. Disease Prevention

Al aids in diagnosing occupational illnesses
(e.g., pneumoconiosis via X-ray analysis).
Wearables monitor health indicators, enabling
early interventions.

3.2, Medical limaging Analysis

Deep learning improves detection accuracy for
occupational respiratory diseases (96.6% accuracy
in pneumonia identification).

Journal of Health and Safety at Work 2025; 15(3)

3.3, Early Diggnosis

Deep learning detects preclinical conditions
(e.g., musculoskeletal disorders) via CT/MRI,
though clinical generalizability needs improvement.

3.4. Wearable Tools Data Analytics

Wearables track physiological/environmental
parameters for risk prediction. Challenges: data
privacy and sensor accuracy.

3.5. Prevention via Simulation & Monitoring

Al-enhanced helmets monitor worker vitals
(58). Digital twins simulate workplace risks, while
Al-driven maintenance boosts safety in smart
manufacturing.

4. AI in Workplace Safety
4.1. Safety Enhancement

Al enables real-time hazard detection (e.g.,
video surveillance identifying unsafe behaviors).

4.2. Smart Helmets
IoT-integrated helmets collect environmental/
health data, enabling rapid hazard response.

4.3. AI Robotics
Robots perform high-risk tasks (e.g., inspections
in hazardous zones), reducing human exposure.

4.4. AI-Enhanced PPE
Computer vision systems monitor PPE
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Fig. 3: Findings in overview

compliance via deep learning (e.g., YOLOv5 models).

4.5. Computer Vision
Al drones monitor construction sites for unsafe
conditions using federated learning (FedVisio) .

5. Training & Simulation
5.1. AI-VR Training

Virtual reality simulates high-risk scenarios for
immersive safety training.

5.2. Al Drones: Drones (e.g., Veri Drone) conduct
real-time safety inspections on construction sites.

6. Future of AI in OHS

AI promises real-time monitoring, predictive
analytics, and automated risk assessments. Key
challenges include ethical governance, data privacy,
and infrastructure requirements.

In general, AI and digital technologies
fundamentally reshape OHS through predictive
capabilities, real-time monitoring, and automated
systems. Siemens reduced workplace accidents by
30% using Al surveillance, while BHP decreased
incidentsby 25% viaIoT environmental monitoring.
VR training enhances hazard awareness, and deep

led from jhsw.tums.ac.ir on 2026-03-14 ]
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learning models (e.g., LSTM networks) outperform
traditional methods in risk prediction. However,
limitations persist:

« Data Quality: Requires transfer learning or
data augmentation techniques.

o Infrastructure Costs: High expenses for IoT/
VR implementation.

o Ethical Concerns: Algorithmic bias and
privacy issues necessitate robust frameworks.

o Training Gaps: Workers need upskilling for Al
adoption.

Summary of the findings is presented in Figure 3.

4. CONCLUSIONS

Al and digitalization are pivotal in advancing
OHS, enabling predictive hazard management, real-
time monitoring, and enhanced decision-making.
Key solutions include AI-driven wearables, robotics,
and VR training. Persistent challenges—data privacy,
infrastructure costs, and ethical governance—
require targeted research, regulatory frameworks,
and workforce training. Strategic investments in data
quality, ethical Al and digital infrastructure can foster
safer, smarter workplaces. Future efforts must include
cross-industry empirical studies to validate these
technologies’ efficacy.

Journal of Health and Safety at Work 2025; 15(3)


https://jhsw.tums.ac.ir/article-1-7214-en.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-14 ]

R. Esmali et al. / An Overview of the Applications and Conditions

Study Limitations: Insufficiency of specialized
OHS-AI studies, IT-centric composition bias,
database access restrictions, and narrative review
methodology constraints. We suggest that, future
researches prioritize experimental studies across
diverse workplaces.
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