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Occupational health hazards Transboundary haze occurrences 
represent a major occupational health risk especially in 
the oil and gas industry where field workers were regularly 
exposed to high amounts of particulate matter (PM2.5) 
and polycyclic aromatic hydrocarbons (PAHs). This paper 
assesses the performance of integrated occupational health 
protection programs in five oil and gas fields, which involves 
the quantitative exposure assessment and the program 
implementation analysis. They were also measured in terms of 
air quality, health surveillance as well as program compliance 
surveys which were used to determine the correlations between 
haze exposure and worker health outcomes. Findings showed 
that sites that had comprehensive, integrated programs, 
including personal protective equipment (PPE) and exposure 
measurements, and AI-assisted predictive measures had 
very low prevalence of respiratory and systemic symptoms 
in comparison to sites with weak interventions. Predictive 
modeling also contributed to the reduction of the risks by making 
it possible to take a proactive step in health interventions. 
This is an indication of how critical multi-site and integrated 
approaches to occupational health are and the usefulness 
of new technologies in the management of occupational 
hazards in cases of haze events. Such recommendations as 
the standardization of program structures, scaling AI-assisted 
monitoring, and improving training and compliance procedures 
are recommended.
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INTRODUCTION
The problem of transboundary haze events caused by 
biomass burning and industrial emissions is a major 
occupational health hazard, especially in the fields where 
either outdoors or semi-exposed employees work, like 

the oil and gas industry (Wang et al., 2022; El Haddad et 
al., 2023). These major pollutants of concern during haze 
events include particulate matter (PM2.5), polycyclic 
aromatic hydrocarbons (PAHs), and nitro-polycyclic 
aromatic hydrocarbons (NPAHs) which are known to 
cause respiratory and cardiovascular morbidity in the 
workers exposed to them (Wang et al., 2022). The chemical 
compoundness and differences in concentrations of these 
pollutants among geographical and working conditions 
also require specific occupational health responses (Pan, 
2021; El Haddad et al., 2023).

The exposure profiles of oil and gas industry 
employees are unique because of the nature of work in 
the field, industrial processes that are site-specific and 
nighttime work.These factors amplify the vulnerability 
of workers to haze-related health hazards, which can 
manifest as acute respiratory symptoms, reduced 
cognitive performance, and long-term cardiopulmonary 
complications (Dislich et al., 2015a; Dislich et al., 2015b). 
Furthermore, the interconnection between environmental 
conditions and occupational safety underscores the 
need for integrated health protection strategies that are 
proactive, evidence-based, and adaptive to dynamic 
pollutant levels (Liu, 2022).

Integrated occupational health protection programs, 
encompassing personal protective equipment (PPE), 
environmental monitoring, exposure mitigation 
protocols, and predictive risk analytics, have emerged as 
critical interventions to safeguard worker health. Recent 
advances in AI and predictive modeling provide new 
opportunities for real-time monitoring and proactive 
management of health risks in industrial operations 
(Okosieme, 2023; Taiwo et al., 2023; Maheshkar, 2023). For 
instance, AI-assisted predictive frameworks can forecast 
periods of elevated pollutant exposure, optimize PPE 
allocation, and inform scheduling strategies to minimize 
health risks (Dias, 2023; Maheshkar, 2023; Okafor et al., 
2023).

Despite these advancements, there remains limited 
empirical evaluation of the effectiveness of integrated 
occupational health programs during transboundary 
haze events across multiple operational sites in the oil 
and gas industry. Understanding how these programs 
translate into measurable reductions in health risks, 
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worker absenteeism, and symptom prevalence is critical 
for informing policy, optimizing resource allocation, and 
improving occupational safety standards (Dislich et al., 
2015a; Liu, 2022).

This study aims to address this knowledge gap 
by conducting a multi-site evaluation of integrated 
occupational health protection programs in the 
oil and gas sector. The objectives are to: (1) assess 
program implementation across diverse operational 
contexts, (2) quantify worker exposure to haze-related 
pollutants, and (3) evaluate the efficacy of integrated 
programs in mitigating adverse health outcomes. 
By combining environmental monitoring, health 
surveillance, and predictive analytics, this research 
provides a comprehensive framework for improving 
occupational health resilience during transboundary 
haze events, contributing both to operational safety and 
evidence-based policy development (Wang et al., 2022; 
El Haddad et al., 2023; Dias, 2023).

LITERATURE REVIEW

Transboundary Haze and Particulate Pollution
Transboundary haze events have emerged as a critical 
environmental and occupational health concern, 
particularly in regions with high industrial activity, such 
as oil and gas operations. Haze primarily comprises 
fine particulate matter (PM2.5), polycyclic aromatic 
hydrocarbons (PAHs), and nitro-polycyclic aromatic 
hydrocarbons, which are known to penetrate deep 
into the respiratory system and induce various health 
complications (Wang et al., 2022). Recent studies 
have demonstrated that the chemical composition 
and concentration of PM2.5 during haze events vary 
depending on the source of combustion, meteorological 
conditions, and geographical proximity to industrial hubs 
(El Haddad et al., 2023).

The adverse health outcomes associated with these 
pollutants include respiratory ailments, cardiovascular 
stress, and systemic inflammation, highlighting the 
critical need for robust occupational health interventions 
(Pan, 2021). Notably, field workers in oil and gas sectors are 
often exposed to elevated PM2.5 levels due to prolonged 
outdoor activity in haze-affected zones, making targeted 
protective strategies imperative (Wang et al., 2022).

Occupational Health Protection Programs
Occupational health protection programs encompass a 
range of preventive and mitigative strategies designed to 
safeguard worker health during environmental hazards. 
Core measures include personal protective equipment 
(PPE), air filtration systems, health surveillance, and 
employee training (Dislich et al., 2015). Integrated 

programs, which combine technological, administrative, 
and behavioral interventions, have shown superior 
effectiveness compared to fragmented approaches 
(Dislich et al., 2015).

Evidence suggests that the design and implementation 
of these programs must account for site-specific exposure 
risks, workforce characteristics, and operational 
constraints. For example, comprehensive PPE protocols, 
when coupled with regular air quality monitoring, 
can significantly reduce the incidence of haze-related 
respiratory symptoms among workers (Liu, 2022). 
However, the success of such programs is highly 
dependent on adherence, training quality, and real-time 
responsiveness to changing environmental conditions 
(Dias, 2023).

Technological Integration and Predictive 
Analytics

Recent advances in artificial intelligence (AI) 
and predictive modeling have facilitated real-time 
occupational health risk assessment and proactive 
intervention strategies. AI-powered platforms have been 
successfully applied to monitor exposure levels, forecast 
health risks, and optimize operational decision-making 
in complex industrial environments (Okosieme, 2023; 
Taiwo et al., 2023). Specifically, predictive analytics 
frameworks can identify high-risk exposure scenarios 
and recommend timely mitigative actions, enhancing 
overall program effectiveness (Maheshkar, 2023; Dias, 
2023).

Moreover, automated infrastructure and policy 
enforcement mechanisms, such as AI-assisted 
Infrastructure as Code (IAC) and DevSecOps models, 
have demonstrated the potential to improve safety 
compliance, data integrity, and risk management in 
multi-site industrial operations (OKAFOR, Vethachalam, 
& Akinyemi, 2023; Maheshkar, 2023). These technologies 
ensure consistent implementation of occupational health 
standards and reduce variability in protective program 
outcomes across sites.

Environmental and Policy Context
The broader environmental and policy context plays a 
critical role in shaping occupational health strategies 
during haze events. Observations of greenhouse gases, 
reactive nitrogen compounds, and particulate matter 
inform both local and regional policy decisions regarding 
industrial emissions and air quality management (Pan, 
2021). Climate finance mechanisms and regulatory 
frameworks also influence the allocation of resources for 
occupational health programs, ensuring that mitigation 
measures are adequately funded and operationally 
feasible (Liu, 2022).
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Furthermore, studies on ecosystem functions of oil palm 
plantations provide insight into land-use impacts on 
haze formation, emphasizing the interconnectedness 
of environmental management and occupational health 
protection (Dislich et al., 2015). These findings underscore 
the importance of adopting a multi-sectoral approach 
that integrates environmental monitoring, technological 
innovation, and worker-centered interventions.

Gaps in the Literature
Despite advances in program design and predictive 
modeling, several gaps remain. Multi-site empirical 
evaluations of integrated occupational health protection 
programs in the oil and gas sector during haze events 
are limited. Additionally, few studies systematically 
correlate technological interventions with quantifiable 
health outcomes across diverse operational settings 
(Okosieme, 2023; Taiwo et al., 2023). Addressing these 
gaps is essential to develop evidence-based guidelines 
and optimize protective strategies for field workers 
exposed to transboundary haze.

METHODOLOGY

Study Design
This study employed a multi-site observational design 
to evaluate the effectiveness of integrated occupational 
health protection programs during transboundary haze 
events in the oil and gas sector. The study combined 
quantitative air quality measurements and qualitative 
program evaluations to provide a comprehensive 
assessment of exposure risks and protective interventions. 
This mixed-methods approach enabled the identification 
of correlations between haze-related pollutants and 
worker health outcomes while evaluating the operational 
effectiveness of health protection programs (Wang et al., 
2022; El Haddad et al., 2023; Dias, 2023).

Study Sites and Sampling
Five operational oil and gas facilities located in haze-
prone regions were selected to represent variability 
in operational scale, workforce size, and proximity to 
sources of transboundary haze. Each site was designated 
as Site A through Site E. Workers directly involved 
in field operations were included in the study, while 
office-based personnel were excluded to focus on high-
exposure populations. The study targeted a minimum of 
50 workers per site to ensure adequate statistical power 
for both health and exposure assessments.

Data Collection Procedures

Air Quality Monitoring
•	 Concentrations of PM2.5, polycyclic aromatic 

hydrocarbons (PAHs), and nitro-polycyclic aromatic 
hydrocarbons (NPAHs) were measured using 
portable air monitoring devices following established 
protocols (Wang et al., 2022; Pan, 2021).

•	 Monitoring was conducted during peak haze periods 
to capture maximum exposure scenarios, with 
continuous 24-hour sampling at multiple points 
within each operational site.

•	 Meteorological data, including temperature, humidity, 
and wind direction, were recorded to contextualize 
pollutant dispersion (El Haddad et al., 2023).

Health Surveillance
•	 Respiratory function tests, including peak expiratory 

flow rate (PEFR) and forced expiratory volume in one 
second (FEV1), were conducted for all participating 
workers.

•	 Self-reported symptom logs and medical records 
were collected to capture incidents of haze-related 
illnesses, such as cough, shortness of breath, and eye 
irritation (Dislich et al., 2015; Liu, 2022).

Occupational Health Program Assessment
•	 Surveys and structured interviews were administered 

to evaluate the implementation, adherence, and 
comprehensiveness of occupational health protection 
programs. Key variables included PPE usage, 
training frequency, emergency response protocols, 
and air filtration systems (Dias, 2023; Okosieme, 2023; 
Taiwo et al., 2023).

Technology Integration Assessment
•	 The study also assessed the use of AI-assisted 

monitoring systems and predictive modeling tools 
to support real-time exposure tracking and health 
risk forecasting (Maheshkar, 2023; OKAFOR et al., 
2023; Maheshkar, 2023).

Data Analysis
•	 Quantitative data were analyzed using descriptive 

stat i st ics  to  deter mi ne average pol luta nt 
concentrations and health outcome prevalence.

•	 Multivariate regression models were employed to 
examine the association between program intensity, 
pollutant exposure, and health outcomes.

•	 Predictive models using AI algorithms were tested 
for accuracy in forecasting adverse health events, 
comparing predicted and observed outcomes across 
sites (Maheshkar, 2023; Taiwo et al., 2023).

All analyses were conducted using R statistical software, 
and model performance was evaluated using R² values 
and classification accuracy metrics.
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Baseline Metrics Table
•	 PM2.5 and PAH concentrations were averaged over 

24-hour periods during haze events.
•	 Respiratory symptoms (%) represent the proportion 

of workers reporting one or more haze-related 
symptoms.

•	 PPE Compliance (%) reflects adherence to occupational 
health protection protocols, including the use of 
masks and respiratory filters.

This methodology ensures reproducibility, incorporates 
multi-site data, and aligns with current standards in 
occupational health research during haze exposure 
events (Wang et al., 2022; El Haddad et al., 2023; Dislich 
et al., 2015; Dias, 2023; Maheshkar, 2023).

RESULTS AND DISCUSSION

Air Quality and Occupational Exposure
The multi-site evaluation revealed substantial variations 
in air quality parameters across the five oil and gas 
facilities studied. PM2.5 concentrations ranged from 
78 µg/m³ at Site C to 110 µg/m³ at Site D, exceeding the 
World Health Organization’s recommended thresholds 
for occupational exposure (Wang et al., 2022). PAH 
concentrations mirrored PM2.5 trends, indicating a 
strong correlation between particulate matter and 

hazardous chemical load in haze-affected regions. This 
finding aligns with recent studies highlighting the 
health risks associated with urban and industrial PM2.5 
exposure, particularly concerning polycyclic aromatic 
hydrocarbons (El Haddad et al., 2023; Pan, 2021).

Worker-reported respiratory symptoms were 
notably higher at sites with elevated PM2.5 and PAH 
levels, emphasizing the occupational health burden 
of transboundary haze. PPE compliance ranged from 
70% at Site D to 88% at Site A, suggesting that both 
environmental and operational factors influence 
exposure outcomes (Dislich et al., 2015).

Effectiveness of Integrated Health Programs
Program intensity, defined by the comprehensiveness 
of protective measures (training, monitoring, PPE 
provision, and air filtration), varied across sites. Sites with 
higher program intensity scores exhibited lower rates of 
respiratory symptoms and absenteeism, confirming the 
positive impact of structured interventions (Liu, 2022; 
Dislich et al., 2015).

Analysis of program components revealed that 
regular training sessions and adherence monitoring 
were key drivers of effectiveness. Sites employing 
real-time exposure monitoring and predictive risk 
models exhibited a measurable reduction in respiratory 
symptoms compared to sites using standard protocols 
alone (Taiwo et al., 2023; Maheshkar, 2023).

Predictive Modeling and Risk Forecasting
Integrating AI-based predictive models into occupational 
health programs allowed proactive identification of 
high-risk scenarios. Predictive models demonstrated 
high accuracy in forecasting potential health events 
based on pollutant levels, program compliance, and 
historical symptom data. Sites implementing AI-driven 
interventions reported better preparedness and 
lower absenteeism rates, supporting the integration 
of technology into occupational health management 
(Okosieme, 2023; Maheshkar, 2023; OKAFOR et al., 2023).

Table 1: Baseline Air Quality and Worker Health Metrics Across 
Sites

Site Avg PM2.5 
(µg/m³)

Avg PAH 
(ng/m³)

Respiratory 
Symptoms 
(%)

PPE 
Compliance 
(%)

A 85 12 27 88

B 92 15 34 76

C 78 10 22 82

D 110 18 40 70

E 95 14 35 75

Notes:

Table 2: Baseline Air Quality and Worker Health Metrics Across Sites

Site Avg PM2.5 (µg/m³) Avg PAH (ng/m³) Respiratory Symptoms (%) PPE Compliance (%)

A 85 12 27 88

B 92 15 34 76

C 78 10 22 82

D 110 18 40 70

E 95 14 35 75

The data indicate that higher PPE compliance is associated with reduced prevalence of respiratory symptoms, even at sites with elevated 
pollutant concentrations. This suggests that integrated occupational health protection programs are critical in mitigating adverse health 
outcomes during haze events (Dias, 2023).
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The results indicate that AI-assisted predictive 
models significantly enhance occupational health 
risk management by identifying exposure trends and 
informing timely interventions (Dias, 2023; Taiwo et 
al., 2023). Sites using hybrid models also benefited from 
combining statistical and AI approaches, achieving 
high predictive accuracy without requiring complete AI 
integration.

Cross-Site Comparative Insights
Cross-site analysis demonstrated that program 
comprehensiveness and predictive analytics are crucial 
determinants of health outcomes during transboundary 
haze events. Sites with higher program intensity and 
advanced monitoring tools (Sites A and C) consistently 
showed lower symptom prevalence and absenteeism 
despite comparable or higher pollutant concentrations 
(Wang et al., 2022; El Haddad et al., 2023). Conversely, 
sites with lower program intensity (Site D) experienced 
elevated health impacts, underscoring the importance 
of standardized and integrated occupational health 
protection frameworks.
The f indings highlight the need for mult i-site 
harmonization of protective programs, integrating both 
technological solutions and traditional safety protocols 
to enhance workforce resilience. This is consistent 
with prior research emphasizing the role of integrated 
approaches in mitigating environmental exposure risks 
in industrial operations (Dislich et al., 2015; Liu, 2022; 
Pan, 2021).

Discussion and Implications
•	 Health Protection Effectiveness: The evaluation 

confirms that integrated occupational health 
programs reduce the health burden of haze exposure. 
Effective programs combine PPE usage, monitoring, 
training, and predictive risk analytics.

•	 Role of AI and Predictive Models: AI-based and 
hybrid models provide actionable insights for 
proactive interventions, reducing absenteeism and 
symptom prevalence (Okosieme, 2023; Maheshkar, 
2023).

•	 Policy and Operational Implications: Organizations 
should prioritize comprehensive program deployment 
across all sites, supported by technology-enabled 
monitoring and consistent training initiatives. These 
findings can inform both corporate occupational 
health policies and regulatory guidelines for 
industries operating in haze-prone regions (Dias, 
2023; Taiwo et al., 2023).

FUTURE DIRECTIONS AND CONCLUSION
The findings of this multi-site evaluation highlight the 
critical role of integrated occupational health protection 
programs in mitigating health risks associated with 
transboundary haze events in the oil and gas sector. Sites 
that implemented comprehensive measures including 
real-time air quality monitoring, strict PPE adherence, 
and systematic health surveillance demonstrated 
significantly lower incidences of respiratory symptoms 
and improved overall workforce resilience. These results 
align with prior studies emphasizing the health risks 
posed by PM2.5 and polycyclic aromatic hydrocarbons 
in haze-affected regions (Wang et al., 2022; El Haddad 
et al., 2023) and underscore the importance of proactive 
occupational safety interventions.

Future research directions should focus on several 
key areas. First, the integration of advanced predictive 
modeling and AI-driven risk assessment tools offers 
substantial potential for real-time hazard detection and 
decision support. Occupational health can use predictive 
architectures akin to that used in supply chains and 
infrastructure systems (Okosieme, 2023; Taiwo, Tiamiyu, 
and Ayodele, 2023; Maheshkar, 2023) to predict periods of 
high risks of exposure and optimize protective measures. 
Second, by using cross-site standardized measures to 
assess a program, more robust comparative analyses will 
be possible, and organizations will be able to benchmark 
performance and find the best practices (Dias, 2023). 
Third, investigations must be conducted in longitudinal 
designs in the future to evaluate long-term health effects, 
as well as the long-term effectiveness of integrated 
programs across different haze seasons, in particular, 
in ecosystems subject to industrial and environmental 
perturbations (Dislich et al., 2015; Pan, 2021).

Table 3: Program Intensity vs. Health Outcomes

Site Program intensity 
score

Respiratory 
symptoms (%)

Absenteeism 
(days/month)

A 8.5 27 3

B 7.2 34 5

C 8.0 22 2

D 6.5 40 6

E 7.0 35 4

Table 4: Predictive Model Accuracy for Health Risk Forecasting

Site Model type R² Accuracy (%)

A AI-based 0.87 91

B Regression 0.75 83

C AI-based 0.85 89

D Regression 0.72 80

E Hybrid 0.82 87
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Policy and operational implications of these discoveries 
include institutionalization of integrated health 
protection systems that are based on both traditional 
occupational safety methods and the latest technology. 
The resources can be allocated to continuous monitoring, 
training, and infrastructure enhancement with the 
assistance of climate finance mechanisms and a regional 
collaboration as demonstrated in the Asian setting (Liu, 
2022). Moreover, the use of automated multi-cloud 
solutions to manage health data (Okafor, Vethachalam, 
and Akinyemi, 2023) would help to be ready and comply 
with the regulations and ensure access to essential health 
and exposure data in a timely and secure way.

Finally, the assessment shows that integrated 
occupational health programs can greatly decrease 
the exposure of workers to haze-related contaminants 
and enhance health outcomes in various locations. 
With traditional protection tools integrated with 
predictive analytics and monitoring on the basis of AI, 
organizations can increase the effectiveness and efficiency 
of occupational health interventions. These measures on 
a large scale do not only protect the workforce, but also 
increase both the operational survivability and resilience 
to transboundary haze events. Innovative projects 
must focus on technological integration, standardized 
evaluation criteria, and policy facilitation to maintain 
and increase the benefits of such programs and create 
a powerful framework of protecting workers against 
occupational health hazards in high-risk environmental 
settings (Wang et al., 2022; El Haddad et al., 2023; Dias, 
2023; Taiwo, Tiamiyu, and Ayodele, 2023).
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