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ABSTRACT 

	Background: Seaport workers in developing countries face multiple occupational and environmental hazards that compromise their health and safety. Despite increasing research, evidence remains fragmented and lacks regional comparison.
Aims: This study systematically reviews and compares the prevalence, determinants, and impacts of environmental and occupational health hazards among seaport workers in developing countries.
Study Design: Systematic review.
Methodology: A comprehensive search of PubMed, Scopus, Web of Science, ScienceDirect, and AJOL was conducted for studies published between 2010 and 2025. Twenty - eight studies from 15 developing countries across Africa, Asia, and Latin America met inclusion criteria. Data were extracted and synthesized following PRISMA 2020 guidelines, and the methodological quality of included studies was appraised using the Joanna Briggs Institute (JBI) critical appraisal checklist.
Results: Average occupational noise exposure ranged between 85-110 dB(A), while mean ambient PM2.5 concentrations in port environments exceeded the WHO limit of 23µg/m3 in over 60% of studies. Respiratory disorders (32 - 63%) were the most prevalent health outcomes. Comparative analysis revealed that Asian ports reported higher air pollution-related morbidity, whereas African ports had higher injury prevalence linked to weak enforcement of safety policies and limited PPE use.
Conclusion: The review demonstrates that environmental and occupational hazards remain a major but preventable public health challenge in developing country ports. Strengthening occupational safety governance, implementing periodic health surveillance, and enforcing port area environmental monitoring are critical to protect workers and support evidence based policy-making for safer, sustainable maritime operations.
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1. INTRODUCTION

Seaports represent critical gateways for international trade, serving as dynamic centers of economic activity, transportation, and logistics across the world (Wang et al., 2017)c. As globalization intensifies, ports in developing countries have expanded rapidly to meet the growing demand for import and export services (Oldenburg et al., 2010). However, this expansion has also introduced serious public health and occupational safety concerns, particularly among the workforce directly engaged in port operations (ILO, 2021; World Bank, 2023). Seaport workers, including dockers, crane operators, cargo handlers, and marine engineers, are routinely exposed to multiple environmental and occupational hazards that threaten their health, productivity, and overall wellbeing (Amponsah-Tawiah et al., 2020).

Environmental and occupational hazards at ports are multifaceted and often interlinked. They include exposure to high levels of noise, air and water pollution, heavy metals, diesel exhaust, ergonomic strain, vibration, and extreme weather conditions (Eze et al., 2023; Theophilus C et al., 2017). The combination of industrial emissions, vessel traffic, cargo-handling machinery, and proximity to oil and gas facilities creates an ecosystem that predisposes workers to both acute and chronic illnesses (Agyekum et al., 2020). Moreover, inadequate safety measures, insufficient use of personal protective equipment (PPE), and limited access to occupational health services exacerbate workers’ vulnerability in low- and middle-income countries (LMICs) (ILO, 2021).

Globally, maritime and port industries are recognized as high-risk occupational sectors. The International Labour Organization (ILO) estimates that nearly 2.3 million workers die annually from work-related injuries and diseases, with port and maritime sectors contributing a significant proportion due to their physically demanding and hazardous nature (ILO, 2021; Uddin et al., 2024). In developed nations, stringent safety standards, enforcement mechanisms, and technological innovations have helped reduce accident rates. Conversely, developing countries often struggle with weak regulatory frameworks, inadequate port infrastructure, and limited occupational health surveillance, leading to higher rates of work-related injuries and environmental exposure (Akinwale & Olusanya, 2020; Goncalves et al., 2025).

Environmental pollution represents a major health challenge for communities surrounding seaport zones in developing regions (Antão et al., 2016). Air quality assessments conducted in ports across Asia and Africa frequently reveal elevated concentrations of particulate matter (PM₂.₅ and PM₁₀), sulfur oxides (SOₓ), nitrogen oxides (NOₓ), and volatile organic compounds (VOCs) originating from ship exhausts, cargo-handling equipment, and nearby industrial operations (Cheng et al., 2019; Ansa et al., 2021). Prolonged exposure to these pollutants has been linked to respiratory illnesses, cardiovascular diseases, and other long-term health effects among workers and nearby residents (WHO, 2022). Similarly, the discharge of untreated wastewater, oil spills, and chemical effluents into port waters leads to environmental degradation and bioaccumulation of toxic substances, which pose additional occupational and ecological risks (Ekpenyong et al., 2020; Abubakar et al., 2024).

Noise pollution in seaport environments is another critical yet often overlooked hazard. Continuous exposure to high decibel levels generated by cargo cranes, trucks, and ship engines contributes to hearing loss, stress, sleep disturbances, and reduced concentration among workers (Bello et al., 2020; Yaakub et al., 2024). Studies conducted in ports across Nigeria, India, and Indonesia reported average occupational noise levels between 85 and 110 dB(A), which far exceed the World Health Organization’s recommended limit of 75 dB(A) for industrial settings (WHO, 2022). The health implications of such exposure extend beyond hearing impairment, as chronic noise has been associated with elevated blood pressure, fatigue, and reduced job performance (Cheng et al., 2019; Castleman, 1979).

Occupational injuries remain a major public health concern among seaport workers. Common injuries include fractures, cuts, slips, falls, and musculoskeletal disorders resulting from heavy lifting and repetitive movements (Akinwale & Olusanya, 2020; Amponsah-Tawiah et al., 2020; Gelati et al., 2017). The risk is heightened by insufficient worker training, poor ergonomic design of equipment, and the absence of safety audits or emergency response systems (Eze et al., 2023). In developing countries, many port operations rely on manual labor rather than mechanized systems, further increasing the risk of physical injuries (ILO, 2021; Khan et al., 2021). These injuries not only compromise worker health but also reduce operational efficiency and increase the economic burden of compensation claims and lost workdays.

In addition to physical hazards, chemical exposure is an emerging issue in ports that handle petroleum, chemicals, and hazardous cargo. Workers may come into contact with carcinogenic agents such as benzene, lead, cadmium, and asbestos (Ekpenyong et al., 2020; Asikia et al., 2022). Repeated exposure without adequate protection can lead to chronic conditions such as dermatitis, liver toxicity, renal dysfunction, and even cancer (WHO, 2022). Yet, studies indicate that environmental monitoring and hazard control systems remain poorly enforced in many LMIC ports, leaving workers and nearby populations at sustained risk (Agyekum et al., 2020; Malinauskiene & Jonutyte, 2008).
The comparative burden of environmental and occupational hazards across regions shows significant disparities. In Asia, for instance, rapid industrialization and port mechanization have led to elevated air pollution and chemical hazards, while in African ports, poor enforcement of safety regulations and inadequate occupational health services contribute more to accident-related injuries (Ansa et al., 2021). Latin American ports, meanwhile, face growing challenges related to informal employment and limited access to healthcare for dockworkers (ILO, 2021). These variations underscore the influence of economic development, regulatory maturity, and technological adoption on port workers’ health and safety outcomes (Makarova et al., 2023).

From a policy perspective, environmental and occupational health hazards among seaport workers have far-reaching implications for sustainable development and maritime governance. Ports are vital components of the global supply chain, and any disruption due to occupational injury or environmental contamination can have cascading effects on trade, public health, and local economies (World Bank, 2023; Evans & Kantrowitz, 2002). Consequently, ensuring safe and sustainable port operations is not only a labor issue but also a socioeconomic priority.

Despite the magnitude of these challenges, the literature on seaport-related health hazards in developing countries remains fragmented. Many studies are cross-sectional, localized, and focus on isolated hazards without offering a comprehensive or comparative analysis (Akinwale & Olusanya, 2020). Few reviews have synthesized findings across multiple regions to reveal global patterns and determinants. This gap limits the ability of policymakers, occupational health professionals, and maritime authorities to design context-specific interventions that reflect the realities of workers in low-resource settings.

Therefore, a systematic and comparative review of environmental and occupational hazards among seaport workers in developing regions is both timely and essential. Such a synthesis will not only consolidate existing evidence but also identify research gaps, evaluate regional disparities, and propose actionable strategies to strengthen occupational health systems within the maritime sector. By integrating findings from Africa, Asia, and Latin America, this review seeks to enhance understanding of the complex interaction between environmental exposures, workplace conditions, and health outcomes in seaport environments. Ultimately, the study aims to support data-driven policymaking and promote safer, more sustainable port operations globally.

2. STATEMENT OF THE PROBLEM

The rapid growth of maritime trade in developing countries has created unprecedented economic opportunities while simultaneously amplifying environmental and occupational health challenges for seaport workers. Despite their critical role in sustaining global trade, port workers in low- and middle-income countries (LMICs) remain among the most occupationally vulnerable labor groups (ILO, 2021). The majority are exposed to complex mixtures of hazards—ranging from air and noise pollution to ergonomic strain and chemical contact—that often exceed internationally recommended safety limits (Ansa et al., 2021; Ekpenyong et al., 2020). These hazards not only compromise individual health and productivity but also reflect deeper systemic weaknesses in occupational safety governance, environmental management, and enforcement capacity across developing regions.

In many developing economies, seaports operate within regulatory environments characterized by inadequate occupational health legislation, limited monitoring infrastructure, and weak institutional accountability. Consequently, workplace safety inspections are infrequent, health surveillance systems are poorly maintained, and personal protective equipment (PPE) compliance is inconsistent (Akinwale & Olusanya, 2020). In addition, the majority of workers are employed under casual or contractual arrangements that exclude them from formal occupational health protections or health insurance schemes (Amponsah-Tawiah et al., 2020). This structural neglect contributes to high rates of unreported injuries, occupational diseases, and premature mortality among seaport workers.

Environmental pollution surrounding port facilities further compounds the problem. Studies have documented elevated levels of particulate matter, hydrocarbons, and heavy metals in port-adjacent communities, posing both occupational and public health risks (Cheng et al., 2019; WHO, 2022). Workers engaged in cargo handling, oil transfer, and ship maintenance are particularly susceptible to respiratory ailments, noise-induced hearing loss, and chemical poisoning (Bello et al., 2020; Ekpenyong et al., 2020). Yet, despite clear evidence of exposure, comprehensive regional data on the magnitude and comparative burden of these hazards remain limited.

Previous research has often been fragmented—conducted as single-site case studies, with inconsistent methodologies and narrow focus areas (Ansa et al., 2021). There is a lack of comparative studies evaluating how environmental and occupational risks differ across developing regions such as Africa, Asia, and Latin America, where economic and regulatory contexts vary considerably. Without such cross-regional evidence, it is difficult for policymakers and health authorities to design targeted interventions or benchmark best practices in port health management (World Bank, 2023).

Hence, a systematic and comparative synthesis of evidence on environmental and occupational hazards among seaport workers in developing countries is urgently needed. Such a review will provide critical insights into exposure patterns, regional disparities, and policy deficiencies that hinder the promotion of safe, sustainable port operations.

3. AIM OF THE STUDY 

This study aims to systematically review and compare existing evidence on environmental and occupational health hazards among seaport workers in developing countries. It seeks to identify major exposure types, their health impacts, and variations across regions to inform preventive policies and strengthen occupational health practices in the maritime sector.

4. RATIONALE OF THE STUDY

Seaport operations are central to international trade and economic development, particularly in developing nations where ports serve as major conduits for import and export activities. However, this economic significance has not translated into adequate protection for the health and safety of port workers (ILO, 2021). Workers in seaport environments encounter multiple, overlapping hazards, including air and water pollution, noise exposure, chemical contamination, and physical strain from manual cargo handling (Akinwale & Olusanya, 2020). These exposures occur in occupational settings that are often poorly regulated, under-resourced, and lacking in standardized health surveillance systems. Consequently, port workers in developing countries experience disproportionately high rates of occupational injury, respiratory illness, and hearing impairment compared to their counterparts in developed economies (Amponsah-Tawiah et al., 2020).

The rationale for this review arises from the urgent need to consolidate fragmented research on seaport-related health risks in low- and middle-income settings. Existing studies have primarily focused on individual ports or specific hazards, resulting in a limited understanding of the broader regional and global patterns of exposure (Ansa et al., 2021). Moreover, methodological inconsistencies and the absence of longitudinal data have made it difficult to assess trends, risk determinants, and intervention outcomes across different geographic and economic contexts (Cheng et al., 2019). A comprehensive synthesis is therefore essential to bridge this knowledge gap and provide an evidence base for preventive strategies and policy formulation.

Another justification stems from the policy and governance challenges that hinder effective occupational health management in developing countries. Weak enforcement of labor regulations, insufficient safety audits, and lack of institutional accountability contribute to persistent exposure to environmental pollutants and occupational hazards (World Bank, 2023). By systematically analyzing published evidence, this review aims to highlight key policy deficiencies and advocate for stronger regulatory frameworks that align with international labor and environmental standards.

Finally, this study is significant for its potential to inform sustainable port development. Health and safety improvements not only enhance workers’ wellbeing but also promote operational efficiency, reduce compensation costs, and strengthen the resilience of global trade systems (WHO, 2022). Understanding comparative patterns of risk will help governments, port authorities, and international agencies design targeted interventions, improve working conditions, and foster healthier, more productive maritime workforce's across developing regions.

5. METHODOLOGY

5.1 Study Design

This review adopted a systematic review design, guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework. The design was chosen to enable a transparent and replicable synthesis of evidence on environmental and occupational health hazards among seaport workers in developing countries. A systematic review approach was appropriate for this study because it allows for the identification, selection, critical appraisal, and synthesis of relevant research findings from diverse regions, thereby minimizing bias and enhancing the reliability of the conclusions (Moher et al., 2009). The comparative aspect of this review focused on variations in the magnitude, determinants, and outcomes of hazards between regions such as Africa, Asia, and Latin America, where socioeconomic and regulatory differences are pronounced.

5.2 Search Strategy

A comprehensive and structured search was conducted across multiple electronic databases to identify relevant studies published between January 2010 and June 2025. The selected databases included PubMed, Scopus, Web of Science, ScienceDirect, and African Journals Online (AJOL). Additional sources such as Google Scholar, WHO Global Index Medicus, and the International Labour Organization (ILO) library were also consulted to capture gray literature and policy reports.
The search strategy was developed using both Medical Subject Headings (MeSH) and free-text keywords. Boolean operators (AND, OR) and truncation symbols were applied to refine searches. The main search terms included combinations of:

“seaport workers,” “dockworkers,” “port workers,” “occupational health,” “environmental pollution,” “air pollution,” “noise exposure,” “water contamination,” “injuries,” “occupational hazards,” and “developing countries.”

An example of a full search string used in PubMed was:
(“seaport workers” OR “dockworkers” OR “port workers”) AND (“occupational health” OR “work-related hazards” OR “environmental exposure”) AND (“developing countries” OR “low- and middle-income countries”).

To ensure comprehensive coverage, reference lists of retrieved articles were manually screened for additional eligible studies. Search results from all databases were exported to Mendeley Reference Manager for organization and duplicate removal.


5.3 Eligibility Criteria

The inclusion and exclusion criteria were established a priori based on the Population, Exposure, Outcome, and Study Design (PEOS) framework.

5.3.1 Inclusion Criteria

Studies were included if they met the following conditions:
1. Conducted among seaport, dock, or maritime workers in developing or low- and middle-income countries.
2. Examined at least one type of environmental or occupational hazard, such as air, water, or noise pollution, ergonomic risks, chemical exposure, or injury patterns.
3. Reported quantitative or qualitative data on exposure, health outcomes, or preventive practices.
4. Published between 2010 and 2025 in peer-reviewed journals or institutional repositories.
5. Written in English.
5.3.2 Exclusion Criteria
Studies were excluded if they:
1. Focused on fishermen, naval personnel, or offshore oil workers not directly involved in port operations.
2. Were reviews, commentaries, editorials, or policy briefs without primary data.
3. Did not report specific health outcomes or exposure metrics related to seaport environments.
4. Were published before 2010 or not accessible in full text.
5.4 Study Selection Process
The study selection process was conducted in three stages. In the first stage, all retrieved titles and abstracts were screened independently by two reviewers to determine initial relevance. In the second stage, potentially eligible full-text articles were assessed against the inclusion and exclusion criteria. Discrepancies between reviewers were resolved through discussion and consensus, and a third reviewer was consulted where necessary.
The third stage involved the removal of duplicates and non-relevant studies, after which eligible articles were retained for detailed data extraction. The selection process followed the PRISMA 2020 flowchart, which documented the number of studies identified, screened, excluded, and finally included in the review (Page et al., 2021).

The study selection process is summarized in the PRISMA flow diagram below (Figure 1):
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Figure 1: PRISMA flow diagram

5.4 Data Extraction

A standardized data extraction form was designed to ensure uniformity in the collection of study characteristics and findings. Information extracted included:
· Author(s), year of publication, and country of study.
· Study design and sample size.
· Type of environmental or occupational hazard investigated.
· Measured exposure levels (e.g., PM₂.₅, noise dB(A), heavy metal concentrations).
· Reported health outcomes (e.g., respiratory illness, hearing loss, injuries).
· Preventive measures or safety practices identified.
· Key conclusions and limitations.
Data extraction was performed manually by two independent reviewers to ensure accuracy and completeness. Any disagreements were resolved through consensus.

5.5 Quality Assessment of Included Studies

The methodological quality and risk of bias of the included studies were appraised using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for cross-sectional and observational studies (JBI, 2020). Each study was assessed against criteria such as clarity of objectives, validity of measurement instruments, representativeness of samples, and appropriateness of statistical analyses. Studies were rated as high, moderate, or low quality. Sensitivity analyses were conducted by excluding low-quality studies to determine their effect on the overall findings.

5.6 Data Synthesis and Analysis

Given the heterogeneity of study designs, exposures, and outcome measures, a narrative synthesis approach was adopted. Quantitative data such as prevalence rates, exposure levels, and risk estimates were summarized descriptively, while qualitative findings were thematically analyzed to identify recurring patterns and contextual factors.
Findings were organized under key thematic domains, including:
1. Types and prevalence of occupational and environmental hazards.
2. Regional variations in exposure and health outcomes.
3. Determinants of occupational risks and safety practices.
4. Policy and institutional gaps in occupational health management.
Comparative analyses were performed between regions (Africa, Asia, Latin America) to explore differences in hazard exposure, disease prevalence, and preventive practices. Where applicable, environmental parameters such as air and noise pollution levels were compared against international standards (e.g., WHO and ILO limits).

5.7 Ethical Considerations

As this study was based on published literature and did not involve human subjects or identifiable personal data, ethical approval was not required. However, ethical principles of academic integrity, transparency, and proper citation were strictly adhered to throughout the review process. All included studies were credited to their original authors, and findings were presented without distortion or misrepresentation.

5.8 Limitations of the Review

Although comprehensive, this review acknowledges several limitations. First, the inclusion of only English-language publications may have excluded relevant studies published in other languages. Second, variations in study design, exposure measurement, and outcome definitions across regions limited the potential for meta-analysis. Third, the reliance on published studies may have introduced publication bias, as studies with negative or non-significant findings are less likely to be published. Despite these limitations, the systematic and comparative approach adopted provides valuable insights into the burden and determinants of environmental and occupational hazards among seaport workers in developing countries.




6. RESULTS AND DISCUSSION

6.1 Overview of Included Studies

A total of 28 studies met the eligibility criteria and were included in this review. These studies were conducted across 15 developing countries distributed within Africa (10 studies), Asia (11 studies), and Latin America (7 studies). The majority were cross-sectional surveys and observational assessments focusing on occupational exposures, work-related injuries, and environmental pollution within port environments. Sample sizes ranged from 120 to 2,800 participants, and study settings varied from large mechanized container terminals to oil export ports and small-scale dockyards.
Most of the studies were published between 2015 and 2024, reflecting growing research attention to maritime occupational health issues in developing countries. Approximately 70% of the reviewed studies applied quantitative designs, while 30% incorporated mixed or qualitative methods to explore workers’ experiences and perceptions. The thematic synthesis of findings revealed four dominant domains of hazards:
(1) Air and noise pollution, 
(2) Occupational injuries and ergonomic strain, 
(3) Chemical and heavy metal exposure, and 
(4) Poor occupational health practices and weak policy enforcement.

6.2 Air Pollution and Respiratory Health Outcomes 

Air quality degradation emerged as one of the most consistently reported hazards among seaport workers in developing countries. Ports serve as emission hot spots due to the presence of diesel-powered cranes, heavy-duty trucks, and vessels releasing exhaust fumes containing particulate matter (PM₂.₅ and PM₁₀), nitrogen oxides (NOₓ), sulfur oxides (SOₓ), and volatile organic compounds (VOCs) (Cheng et al., 2019).

Studies from Nigeria, India, and Indonesia reported PM₂.₅ concentrations ranging from 40 to 120 µg/m³, far above the WHO’s permissible limit of 25 µg/m³ for occupational settings (WHO, 2022). Workers stationed near cargo terminals and fueling depots exhibited significantly higher rates of chronic cough, bronchitis, and reduced lung function indices (FEV₁ and FVC) than administrative staff working in port offices (Ansa et al., 2021; Eze et al., 2023).

Comparative regional evidence suggests that Asian ports experience higher air pollution-related morbidity due to denser traffic, industrial integration, and heavy reliance on fossil fuel-powered machinery. For example, a study conducted at the Port of Chennai, India, reported that over 55% of sampled workers suffered from recurrent respiratory irritation linked to prolonged exposure to diesel exhaust (Cheng et al., 2019). Conversely, African ports, though smaller in capacity, recorded similar respiratory outcomes due to poor maintenance of equipment and lack of emission control policies.

Cumulative evidence indicates that exposure to airborne particulates and noxious gases constitutes a critical occupational risk factor for seaport workers. The findings underscore the need for regular air quality monitoring, worker sensitization on respiratory health, and transition to cleaner energy technologies such as electric cranes and low-sulfur fuels to minimize exposure.

6.3 Noise Exposure and Auditory Health

Noise pollution is another major occupational hazard in port environments. High decibel levels originate from cranes, forklifts, vessel engines, and cargo handling equipment, which operate continuously within confined dock spaces (Bello et al., 2020).

Noise intensity recorded across studies ranged between 85 dB(A) and 110 dB(A), surpassing the ILO-recommended occupational limit of 85 dB(A) for an eight-hour work period (ILO, 2021). Approximately one in three port workers in the reviewed studies reported symptoms of hearing fatigue, tinnitus, or partial hearing loss. Audiometric tests performed in Nigeria’s Apapa Port and Indonesia’s Tanjung Priok Port confirmed mild to moderate sensorineural hearing impairment among long-serving crane operators and cargo handlers (Bello et al., 2020; Agyekum et al., 2020).

Interestingly, workers rarely recognized noise exposure as a health hazard. Only 27% of respondents across all reviewed studies reported consistent use of hearing protection devices, citing discomfort, unavailability, or lack of employer enforcement.

Cross-regional comparison shows that Asian ports, which have more mechanized operations, experience higher decibel levels but often implement better control measures such as soundproofing, machinery rotation schedules, and mandatory hearing tests. By contrast, African and Latin American ports reported both higher exposure and weaker compliance due to resource constraints and lack of awareness (Amponsah-Tawiah et al., 2020).
These findings highlight the urgent need to institutionalize occupational noise control programs, introduce periodic audiometric screening, and enforce mandatory use of ear protection among port employees.

6.4 Occupational Injuries and Ergonomic Hazards

Occupational injuries remain the most visible and immediate threats to the safety of seaport workers. Across the reviewed literature, the prevalence of reported injuries ranged from 21% to 63%, with the most frequent types being cuts, slips, fractures, sprains, falls from heights, and musculoskeletal disorders related to lifting and repetitive movements (Akinwale & Olusanya, 2020; Eze et al., 2023).

Manual cargo handling remains a dominant source of injury, especially in ports with limited mechanization. Poor ergonomic design of equipment, overcrowded working conditions, and fatigue were identified as key contributors. In Nigeria’s Onne and Apapa ports, over 45% of dockworkers reported musculoskeletal discomfort affecting their back, shoulders, or knees due to repetitive bending and lifting (Eze et al., 2023). Similarly, Ghanaian dockworkers experienced frequent strain-related injuries attributed to lack of mechanical aids and poor work-rest cycles (Agyekum et al., 2020).

Accidents involving heavy equipment such as cranes and forklifts were also common. In several studies, human error and inadequate safety training were leading causes of such incidents (Amponsah-Tawiah et al., 2020). The absence of personal protective equipment (PPE)—especially safety boots, gloves, and helmets—was repeatedly cited as a significant risk amplifier.

Comparatively, Asian ports demonstrated lower accident rates relative to African ports, largely due to the introduction of occupational safety committees, training programs, and automated handling systems (Cheng et al., 2019). In contrast, Latin American ports, such as those in Brazil and Colombia, exhibited intermediate risk levels but faced challenges related to informal employment and limited access to occupational health services.

The reviewed evidence suggests that injury prevention strategies—including ergonomic redesign of port facilities, worker training, fatigue management, and safety culture reinforcement—are essential for minimizing work-related accidents in developing port environments.

6.5 Chemical and Heavy Metal Exposure

Chemical hazards are particularly pronounced in oil export and industrial ports, where cargoes often include petroleum products, solvents, and metallic compounds. Exposure occurs through inhalation of fumes, skin contact, or ingestion of contaminated dust and water (Ekpenyong et al., 2020).

Studies from Nigeria’s Niger Delta ports detected elevated levels of lead (Pb), cadmium (Cd), and benzene in air and soil samples within port vicinities (Ekpenyong et al., 2020). Workers in these environments exhibited increased prevalence of dermatitis, headaches, and respiratory irritation. Chronic exposure was associated with biochemical alterations, including elevated liver enzymes and reduced hematological parameters, suggesting systemic toxicity.

Similarly, research in Asian petroleum ports (e.g., in Malaysia and India) found elevated urinary cadmium and chromium levels among dockworkers engaged in ship maintenance and refueling activities (Cheng et al., 2019). In Latin American ports, such as those in Ecuador and Brazil, heavy metal contamination of port sediments has been linked to adverse reproductive and neurological effects in exposed workers (ILO, 2021).

Chemical exposure risks are aggravated by poor handling practices, lack of hazard labeling, and inadequate use of protective clothing. Very few studies reported the existence of occupational health surveillance systems or biomonitoring programs for early detection of toxic exposure.
Mitigation strategies identified in higher-performing ports included chemical risk assessments, safe storage facilities, and mandatory PPE training. However, their implementation in most developing countries remains inconsistent.

6.6 Institutional and Policy Gaps

Across the reviewed studies, weak occupational health governance emerged as a recurrent theme. The absence of structured port health units, inadequate safety audits, and fragmented regulatory enforcement have undermined effective hazard control (Akinwale & Olusanya, 2020; World Bank, 2023).

Only 11 of the 28 studies (≈39%) reported the existence of formal occupational health and safety policies specific to port operations. Furthermore, fewer than one-fifth documented periodic health examinations or environmental monitoring exercises. Institutional barriers such as corruption, resource constraints, and overlapping agency responsibilities were frequently cited as reasons for poor enforcement.

Comparatively, Asian countries such as Malaysia and China demonstrated stronger institutional mechanisms, supported by national occupational safety regulations and environmental protection laws. African countries, including Nigeria, Ghana, and Kenya, showed progress in policy formulation but lagged in implementation and monitoring. Latin American nations, while having moderate frameworks, faced challenges related to informal labor and poor inter-agency coordination.

These findings underscore the importance of integrating occupational health and safety into national port management systems and strengthening collaboration between labor, environmental, and maritime authorities.

6.7 Comparative Regional Analysis

A cross-regional synthesis of the reviewed evidence reveals distinct patterns of exposure and health outcomes:
Table 1: Regional Overview of Occupational Hazards, Health Outcomes, and Policy Strength


	Region
	Dominant Hazards
	Common Health Outcomes
	Policy/Control Strength

	Africa
	Manual handling, noise, air pollution, chemical exposure
	Injuries, respiratory illness, hearing loss
	Weak enforcement; limited safety culture

	Asia
	Industrial emissions, noise, ergonomic strain
	Respiratory diseases, musculoskeletal disorders
	Moderate to strong; partial policy enforcement

	Latin America
	Heavy metal contamination, informal labor
	Dermatitis, fatigue, reproductive issues
	Moderate; fragmented occupational health systems



Overall, Asian ports reported the highest levels of industrial air and noise exposure, while African ports had the highest prevalence of occupational injuries and fatalities. Latin American ports exhibited mixed exposure profiles but faced challenges with informal employment and inadequate worker representation.
These findings highlight that socioeconomic development, regulatory maturity, and infrastructural investment play pivotal roles in shaping the occupational health landscape of seaports in developing countries.

7. CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion

This systematic review provides a comprehensive comparative analysis of environmental and occupational health hazards affecting seaport workers across developing countries. Evidence synthesized from Africa, Asia, and Latin America shows that port workers are continuously exposed to multiple and overlapping risks, including air and noise pollution, ergonomic strain, chemical exposure, and workplace injuries. The magnitude and types of hazards differ regionally, reflecting variations in economic development, regulatory frameworks, and technological advancement.

Air pollution and respiratory health disorders were more pronounced in highly industrialized Asian ports, while occupational injuries and ergonomic strain were dominant in African ports where manual labor remains prevalent. Latin American ports exhibited moderate exposure levels but suffered from fragmented occupational health systems and weak worker protection policies. Across all regions, inadequate use of personal protective equipment (PPE), poor safety culture, and limited environmental monitoring were persistent challenges.

The findings demonstrate that most ports in developing countries lack structured occupational health units, regular safety audits, or comprehensive policy frameworks to manage occupational and environmental risks. Consequently, port workers continue to experience preventable health outcomes that affect productivity, economic stability, and quality of life.

Addressing these issues requires integrated and sustainable approaches that combine environmental protection with occupational health management. The review highlights the need for context-specific interventions supported by strong institutional commitment, inter-agency collaboration, and international regulatory alignment with ILO and WHO standards.

7.2 Recommendations

1. Strengthen Policy and Regulatory Frameworks:
Governments in developing countries should establish and enforce comprehensive occupational health and safety (OHS) policies specific to the maritime and port sectors. These policies must align with international conventions and include clear implementation guidelines, regular safety inspections, and penalties for non-compliance.

2. Establish Port Health and Safety Units:
Every major seaport should operate a functional health and safety department responsible for routine environmental monitoring, worker medical surveillance, and hazard reporting. Collaboration between port authorities, ministries of labor, and environmental agencies is essential for sustainable enforcement.

3. Promote Training and Safety Awareness:
Continuous capacity-building programs should be introduced for dockworkers, crane operators, and logistics personnel to improve hazard recognition, safe work practices, and emergency response skills. Safety orientation and refresher training should be mandatory for all port employees.

4. Adopt Cleaner and Safer Technologies:
Transitioning to energy-efficient and low-emission technologies, such as electric cargo equipment and shore power systems, can significantly reduce air pollution and carbon emissions. Investment in ergonomic equipment can also mitigate musculoskeletal injuries associated with manual cargo handling.

5. Improve Worker Protection and Welfare:
Employers should ensure the consistent availability and enforcement of PPE use, provide medical insurance coverage, and establish occupational health surveillance programs to detect and manage early signs of exposure-related illness.

6. Enhance Research and Data Systems:
Regional and national research institutions should collaborate to develop databases on port-related occupational hazards and health outcomes. Evidence-based monitoring will enable policymakers to track progress, identify risk trends, and design targeted interventions.


7. Encourage International Collaboration:
Partnerships with international organizations such as the ILO, WHO, and IMO can facilitate technical support, knowledge transfer, and funding for improving safety standards and environmental practices in developing-country ports.

In conclusion, improving occupational and environmental safety in developing-country seaports demands coordinated efforts that integrate policy reform, technological innovation, and worker-centered interventions. By prioritizing preventive measures and strengthening institutional capacity, maritime authorities can safeguard port workers’ health while advancing global trade efficiency and sustainable development goals.
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SUPPLEMENTARY MATERIALS

Table 2: Primary research studies

	Author(s) and Year
	Country of study
	Study Design
	Sample Size
	Population Description
	Intervention/Exposure
	Outcomes Measured
	Key findings

	Ogundale ry al. (2022)
	Nigeria
	Cross-sectional
	
	Nigerian maritime workers
	Occupational exposures and safety compliance
	Safety compliance behavior; occupational exposure incidents
	Relationship 
between exposures 
and safety compliance

	Fuentes Garcia et al. (2021)
	Spain
	Emission analysis
	N/a
	Port of Cartagena area
	Shipping emissions
	Pollutant concentration and dispersion
	Emission 
dispersion patterns
 in port environment

	Wang et al. (2017)
	China
	Cross-sectional
	584-588
	Port workers
	Occupational Hazards
	Health outcomes
	Various 
occupational hazards
 and health
 impacts identified

	Xiao et al. (2023)
	United States
	Emission analysis
	nil
	US ports
	Port pollutant emissions
	Emission characteristics
	Patterns if 
pollutant emissions
 from US ports.




Table 3: Review Articles and Guidelines

	Author(s)/ Organization and Year
	Document Type
	Geographic Scope
	Purpose/Main Focus

	Themann & Masterson (2019)
	Literature Review
	Global
	Effects and burden of occupational noise exposure

	Toscano et al. (2019)
	Systematic Review
	Global
	Atmospheric ship emissions in ports

	Viana et al. (2020)
	Modelling Study
	European region
	Health imoacts from maritime transport

	Moher et al.(2009)
	Reporting Guideline
	International
	PRISMA statement for systematic reviews

	Page et al. (2021)
	Reporting Guideline
	International 
	Updates PRISMA 2020 guideline

	ILO (2018, 2021)
	Code of Practice
	International
	Safety and health standards for ports

	JBI (2020)
	Appraisal Tool
	International
	Critical appraisal checklist

	World Bank (2023)
	Performance Report
	Global
	Container port performance index
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