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Oil, Tanker, This article discusses the effects of emitted VOCs on health safety of shipboard personnel

Emission, Ship  in crude oil tankers considers some protective measures that may be used to mitigate the

Personnel Health. risks. The term VOC defines any chemical compound that is volatile at typical
environmental conditions and can be emitted into the atmosphere during a specific source
activity. For example, transportation of crude oil can generate many serious hazards
because of either the fire hazard or the toxic nature of VOCs. Health effects of VOCs on
crew range from short-long-term diseases, mainly pointing to respiratory diseases
disorders of the nervous system. Simultaneously, emissions of VOC enhance fire and
explosion hazards, hence becoming one of the serious safety concerns for ships. The
paper will present an assessment of different technical and operational strategies for
mitigation of those risks, which include the use of vapor recovery units, personal
protective equipment, risk assessment methodologies such as HAZOP and LOPA. It also
addresses negative effects on the marine ecosystem, as well as other environmental
hazards, due to VOCs especially around sensitive areas. Generally, this requirement is a
holistic approach to reduce adverse effects on crew health safety of ships due to the
emanation of VOCs.

1. Introduction

The cargo transported in crude oil tankers contains VOCs, which are highly hazardous to the
environment and the personnel on board the ships. The term VOC defines any chemical compound
that is volatile at typical environmental conditions and can be emitted into the atmosphere during
specific source activity. The volatility and toxicity of VOCs make them one of the major threats to
ship in the operations (Pandey and Yadav, 2018; Baalisampang et al., 2018; Baur et al., 2015). In
particular, the vapors generated during the loading and unloading and storage of crude oil are the main
sources of VOC emissions. These emissions have been seriously harmful not only to the marine
ecosystem but also to the health and operational safety of ship personnel (Ancione et al., 2021). The
most obvious effect of VOC emissions is that they have a very harmful effect on seafarers’ health. The
short-term inhalation of these compounds can cause headaches, dizziness, and respiratory problems
exposure can result in permanently damage to the nervous system. Chronic VOC exposure threatens
the general health of the crew and reduces work efficiency.

Moreover, the flammability properties of VOCs also increase the risk of fire and explosion in tankers,
which is considered a major problem from the perspective of ship safety. Elidolu et al. (2022) and
Boviatsis et al. (2022) argued that VOC emissions from crude oil tankers are considered a critical area
of research with regard to crew health safety and environmental impacts. VOCs are emitted during
loading, unloading, and transit operations during the transport of crude oil. According to Hu et al.,
significant VOC emissions at the oil terminals come from the storage tanks and tanker operations;
thus, effective monitoring and reduction strategies should be realized, which Hu et al. pointed out in
the work dated 2020. Tamaddoni et al. (2014) also provided experimental data on VOC emissions,
particularly from crude oil tankers, highlighting the hazardous nature of these emissions and the
potential health risks for crew members (Tamaddoni et al., 2014). The health effects of VOC exposure
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are well documented, and some VOCs are recognized as carcinogenic and toxic. Gao et al. (2020)
discussed the health risks associated with various VOCs, such as benzene and ethylbenzene, which
prevail in emissions from industrial activities and crude oil tankers (Gao et al., 2020). Their cumulative
exposure may raise significant health concerns for the crew members, thus safety and monitoring
systems should thus be robust (Fetisov et al., 2023). Mitigation strategies are essential to reduce VOC
emissions and protect crew health. Lee et al. propose multi-objective optimization techniques for the
recovery and reuse of VOCs during crude oil loading, which can significantly minimize emissions
(Lee et al., 2013). In addition, Karbasian et al. (2017) presented a novel method aimed at reducing
VVOC formation during the crude oil loading process, highlighting the potential for technological
advances to address this issue (Karbasian et al., 2017). These strategies are crucial not only for
compliance with environmental regulations but also for protecting the health and safety of personnel
working on tankers.

Furthermore, the regulatory environment surrounding VOC emissions in the oil and gas industries is
evolving. Fetisov et al. (2023) discussed the increased focus on regulating VOC emissions as part of
broader climate change mitigation efforts, which reflects the increasing recognition of the
environmental and health impacts of these compounds (Fetisov et al., 2023). This regulatory review is
likely to stimulate further research and the development of effective abatement technologies. Thus, the
assessment of VOC emission risks to crude oil tankers has becomes a complex issue of health, safety,
and environmental concern. The literature identifies that there is still a need for continuous research
on sources of emissions, health effects, and novel mitigation measures to safeguard crew members and
meet regulatory standards. Although there is an important volume of literature on the consequences of
VVOC emissions the environment and crew health, there is a lack of research on how these risks become
dynamic under ever-changing operational conditions. A comprehensive overview of the extent of VOC
exposure during different operational stages, particularly during loading, unloading, and underway,
and the long-term health effects associated with such exposure are lacking. Furthermore, few studies
have assessed the efficiency of the existing technologies applied to reduce such emissions and newer,
more innovative approaches. This situation focuses on the need for more detailed research in both
directions: the health and safety risks of the ship crew and their effective management. This study
analyzed the impact of VOC emissions on crude oil tankers, with particular emphasis on crew health
and ship safety management. This research will scrutinize the adequacy and efficiency of the safety
management systems and procedures concerning VOCs from the perspective of international
standards: The Oil Companies International Marine Forum (OCIMF), International Safety Guide for
Oil Tankers and Terminals (ISGOTT), The International Safety Management (ISM) and Tanker
Management Self Assessment (TMSA), and how these systems minimize VOC exposure risks during
tanker operations. The following are the research questions addressed in this thesis will address:

e How well are VOC management systems integrated into the safety protocols for crude oil
tankers?

¢ What are the main problems and deficiencies that tanker personnel perceive in the current VOC
safety management practices?

¢ In what respects might current training, reporting and risk management practices be improved
to enhance on-board VOC safety?

2. Literature Review

Volatile Organic Compounds emitted from oil tanker transportation pose immense health hazards for
seafarers. Emissions occurring mainly during loading, unloading and transit contribute to air pollution,
affecting the crew and nearby populations. Studies have shown that VOC exposure leads to adverse
health effects ranging from respiratory problems to neurological effects and increased cancer risk. The
safety culture and organizational factors in the maritime sector are crucial for reducing these risks.

Lee and Chang(2014) emphasize that VOCs can pose significant environmental hazards owing to their
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high global warming potential and toxicity. Emissions from oil terminals and tankers particularly affect
workers directly involved in operations and nearby populations (Cipolla et al., 2016). Hu et al. (2020)
confirmed that storage tanks and tanker operations are the main VOC emission sources, leading to
increased exposure to seafarers (Hu et al., 2020).

2.1 Health Effects of VOC Emissions

VOCs emitted into crude oil tankers pose significant health risks to a ship's crew through respiration,
causing acute symptoms short-term and chronic health problems in long-term. Johnson et al. (2023)
found that occupational VOC exposure can lead to a risk of genotoxicity. Long-term exposure
increases the risk of respiratory diseases such as asthma and bronchitis. Some VOCs, particularly
benzene, are carcinogenic properties. Extended exposure can also trigger mental health issues
including depression and anxiety.

2.1.1 Short-Term Effects

Short-term VOC effects tend to result in acute health issues characterized by their quick onset
following initial exposure to such substances. Upon the direct exposure of ship personnel to these gases
during the handling, loading, and unloading operations of crude oil, they may show physical reactions
that can be visibly noticed after a relatively short period. Symptoms such as dizziness, headache,
difficulty breathing, and irritation of the eyes, nose and throat are common among the short-term
effects caused by inhalation of VOCs. These symptoms can negatively affect the working conditions
of the crew, reduce work efficiency and cause personnel to feel unsafe (Basaran, 2009). In cases where
VOC concentrations are high in closed areas, personnel may face a risk of acute poisoning. Especially
in an oxygen-depleted environment, the concentration of VOC vapors can have serious effects on
employees, including loss of consciousness and respiratory arrest. In addition, some of these
compounds also cause skin problems such as dermatitis and skin irritation upon contact with the skin.
Although these symptoms usually improve in a short time after the VOC exposure ends, they can
become more permanent health problems after long-term and high-dose exposures. Personnel exposed
to VOCs may experience a lack of concentration owing to these symptoms, which can endanger the
safety of ship operations (Weiss et al. 2024). Distraction and fatigue are contributing factors to
occupational accidents, especially for crew members responsible for sensitive tasks. It is of great
importance to quickly identify any short-term effects and fit the crew with protective equipment
against VOC exposure. Relating to this subject, Erik (2015) studied the effects of oil tankers' accidents
on the environment. In this study, environmental pollution cases caused by accidents involving oil
tankers and the negative effects of these pollutatns on ecosystems are discussed. Marine pollution and
damage to marine life are very important, and some measures to avoid tanker accidents have been
suggested.

2.1.2 Long Term Effects

Long-term VOC exposure may result in severe and irreversible health consequences for on board
personnel. Unlike in the case of short-term exposure, the effects of related to continuous contact with
volatile organic compounds can lead to more complex health problems that progress over time. The
toxic structure of these compounds damages a variety of organ systems, seriously affecting the quality
of life and work performance of the crew (Engel, 2023; Knave et al., 1978; Kleinbeck & Wolkoff,
2024). The most common long-term effects of VOCs are respiratory diseases. Especially in closed and
poorly ventilated environments where ship personnel are constantly exposed to VOC vapors, the risk
of developing chronic respiratory diseases, asthma, and bronchitis increases.

2.2 Ships Safety Effects by VOC Emissions

The impacts of VOC on ship safety includes comprise environmental, health and operational aspects.
They are flammable and explosive, posing multiple operational hazards. Emission control is vital to
safety. VOCs have a very low flash point and are thus highly flammable. VVapor recovery systems are
used to reduce emissions but they need to be properly maintained to avoid potential hazards.
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Explosions can occur because of pressure buildup or the leakage in the system. Safe conduct requires
a detailed risk assessment and crew training.

Recent studies have highlighted the increase in VOC emissions from ships, particularly in coastal areas
where maritime shipping activities are prevalent. For example, Gao discussed the potential of
emissions from land-based activities in the maritime shipping sector to control VOC emissions in
coastal areas, arguing that current regulations primarily focus on sulfur dioxide and particulate matter
and neglect VOCs (Gao, 2024). This observation is critical because VOCs can lead to the formation
of secondary organic aerosols (SOA) and ozone, which are harmful to both human health and the
environment (Tong, 2024). The contribution of ship emissions to the VOC levels has been the subject
of several studies. For example, Huang et al. (2018) found that moderate levels of volatile organic
compounds (IVOCs) in ship exhaust were significant, which could have serious consequences for air
quality and maritime safety (Huang et al., 2018).

2.3 Precautions and Strategies to Reduce Risk

This was achieved through the use of HAZOP and LOPA risk assessment methods aimed at
minimizing the risk of VOC emissions. Such systematic approaches allow early hazard detection and
protective measures. Gas detectors and warning systems should be used to continuously monitor for
VOC build-up and provide an early warning for action. This includes risk mitigation strategies that
include regular inspections and effective control procedures associated with different operational
processes.

2.4 Vapor Recovery Units

VRUs are an important technology for controlling volatile organic compound (VOC) emissions from
crude oil tankers. They capture, retain and recover vapors that are emitted during loading/unloading,
thus minimizing environmental pollution and safety hazards. VRUs absorb and re-liquefy vapors to
prevent VOCs from escaping into the atmosphere while allowing their recycling. Regular maintenance
and inspections are critical not only for operational efficiency but also for safety.

The operating principle of a Vapor Recovery Unit is based on the absorption of VOC vapors emitted
from tanks during the loading and unloading process, and their re-liquefaction within the system. In
this way, the release of VOCs into the atmosphere is prevented, while at the same time the recovered
vapors are recycled back into crude oil (Kaptt and Ayrimis, 2016). This process provides both
economic and environmental benefits, significantly reducing air pollution caused by VOC emissions.
In relation to this process, Dev et al., (2021) analyzed this process using simulation models to control
and reduce VOC emissions. In this study, the effect of different operational conditions on VOC
emissions in the crude oil-loading process was evaluated, and the possible effects of these emissions
on the environment and human health were discussed. Methods for reducing of VOC emissions have
also been suggested. In addition, the vapor recovery units applied should be supported by regular
maintenance and inspections with regards to safety and operational effectiveness

2.5 Ship Security Risk Assessment Methodologies (HAZOP + LOPA)

HAZOP identifies possible design and operations deviations that result in hazardous situations and is
a structured way of identifying hazards in processes and operations. As highlighted by Animah and
Shafiee, HAZORP is an effective method for identifying the risks in ship-to-ship transfer systems. It is
particularly helpful to fire, explosion, and toxic exposure perils from VOC emissions replicated during
cargo operations.

The LOPA is used to evaluate whether a protection layer is adequate against a specific hazard. Recent
studies have reported its efficiency when used together with a Fault Tree Analysis. Fan et al.
highlighted the importance of safety culture and the potential adverse effects of humans on maritime
accidents, correlating them with HAZOP's human interactions. Such methods are constantly evolving
to address the growing complexity of maritime operations.
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2.6 2.6. Environmental Effects due to VOC Emissions

VOC emissions are of great concern to ship personnel and the environment. This practice produces
compounds that contribute to air pollution and participate in reactions that lead to global warming and
ecosystem disruption. Environmental impacts are most extreme in sensitive regions such as the Arctic,
where VOCs can erode the ozone layer and expose the Earth to elevated levels of damaging UV
radiation. In marine environments, certain VOCs transform into more toxic compounds upon contact
with seawater, accumulating on the surface of water and contribute to pollution.

2.7 Market and Logistics Impacts

VOC emissions affect both the mechanisms of the oil market and the logistics processes. The state of
oil demand is higher so tankers work harder to load/unload which increases the emission risk during
the operation. It must consider weather conditions, environmental regulations, and local emission
limits. Some of the ports may also have different regulations for VOC emissions which could affect
the time of operation and/or cost. Emission management technologies such as recovery systems raises
operational expenses but are critical for meeting regulation and reducing risks.

Furthermore, emission management should also be considered in the planning of tanker stopover
points and loading-unloading ports. The ports where loading and unloading are carried out may have
different regulations related to VOC emissions, which may affect the operational times and logistics
costs of tankers. In relation to this problem, Keskin (2006) focused on the control and management of
waste originating from ships in his thesis. In the presented study, how the waste reception facility in
Ambarl1 Port manages ship waste and the environmental impacts of these processes are addressed.

3. Methods

As such, the study evaluated the literature regarding the effects of VOC emissions on the health and
safety of crew members on crude oil tankers. The review examined scientific studies and industry
reports related to operational, environmental and health effects of emissions.

3.1 Resource Selection and Screening

Publications were identified using sources such as Scopus, Web of science and ScienceDirect targeting
peer-reviewed literature as well as industry reports. Some of these included "VOC emissions”, "ship

safety”, "marine industry", "vapor recovery units", "crew health", and "fire and explosion risk".
3.2 Data Analysis

The selected sources were reviewed for the impacts of VOC emissions on human health, operation
risk, and mitigation[13-16]. The effects of emissions on crew health and risk management approaches
have been compared across studies.

4. Findings

A literature review found extensive data regarding the effects of VOC emissions on crew health, ship
safety, and the environment for crude oil tankers. The results showed serious health impacts, increased
in safety risks and risks to the environment. Exposure to VOC in the short term resulted in symptoms
such as headaches and respiratory issues, but long-term exposure over a long time resulted in chronic
ailments, especially respiratory illness as well as potential carcinogenic effects.

Vapor recovery units were found to be effective in regulating emissions, although they required regular
maintenance. Environmental impacts are especially pressing in sensitive zones, those with notable
marine ecosystems, and in areas that experience air pollution. VOCs lead to ground-level ozone,
contributing to air pollution and affecting human health and vegetation.

5. Discussion

This review highlights the major threats to crew health, safety and the environment from VOC
emissions and further calls attention to the immediate need for better management practices. They can
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exert different health effects, ranging from acute symptoms to serious chronic diseases, and there are
particularly serious concerns regarding chronic respiratory diseases and neurological disorders from
long-term exposures to particulate matter (Baur et al. 2015).

The low flash points of VOCs pose major safety challenges in terms of fire and explosion hazards.
Although the VRU is a valuable tool for reducing potential risk, it must still be both properly
maintained and operated by a well-trained crew. Operational testing and correct installation are critical
for ensuring system safety (Tugyi et al. 2024; Doh et al. 2019).

This may correspond to particularly severe environmental impacts in sensitive regions, such as the
Arctic, ecosystems, and as a contributor to the depletion of one of the most important greenhouse
gases, ozone. Existing laws must be tightened and expanded to regulate emissions in sensitive areas
(Can and Yay, 2014).

Emissions management is greatly affected by logistics and market factors, for route planning,
environmental regulations must be balanced with operational efficiency. Although costly to operate,
emission control technologies, offer long-term environmental and economic benefits.

VOC emissions from crude oil tankers significantly impact crew health, ship safety, and environmental
protection. Based on the literature review, several key recommendations have emerged:

- Strengthen health monitoring systems for crew members, including regular health checks and
early detection protocols.

- Enhance VRU maintenance and inspection protocols to ensure consistent effectiveness.

- Implementation comprehensive crew training on emission control technologies and emergency
procedures.

- Develop stricter emission control measures for environmentally sensitive areas.
- Optimize tanker routes and port operations to minimize emission exposure.
- Update international regulations to reflect current environmental and safety concerns.

Effective VOC management requires balancing technological solutions with operational efficiency
while prioritizing crew safety and environmental protection.

6. Conclusion and Recommendations

This study considers the adverse effects of the VOC emissions that occur in crude oil tankers with
respect to their health relevance for the ship's personnel, ship safety and the environment, and the
potential steps that can be implemented to mitigate such hazards. Research results based on the
literature review showed that VOC emissions which in the short and long term are problematic for
human health, increase the potential for fire and explosion in tanker operations and are a serious threat
to ecosystems and the atmosphere. The maintenance of VOC emissions is a very important issue when
it comes to all ship operations; it is required not only in the context of protection against adverse health
effects for the personnel and to ensure the safety of vessels, but also in terms of environmental
protection and the compliance with international regulations. An effective solution for minimizing
risks is provided by such Technologies such as vapor recovery units, which control VOC emissions.
In addition, ship operational phases require continuous assessment and periodic inspection of VOCs
emissions. Using VOC detectors effectively and ensuring that emission levels are within international
limits is an essential step towards protecting the health of ship personnel and the environment.

It is important to train ship personnel on VOC emissions and the measures to be taken against them.
This also includes spreading awareness among the personnel on the use of technologies for emission
control such as a vapor recovery system and the safety measures to be adopted during emergencies for
safe operations.

Existing Vapor Recovery Units and other emission control Technologies require refined screening,
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and technological developments followed up for the safer and more efficient operation of these
systems. Innovative emission reduction technologies are critical for minimizing emissions and cutting
costs.

The current VOC emission-based international regulations need to be updated to achieve higher goals
for both environmental and vessel safety; this also needs more scrutinized control of implementation.
Emission must be under much stricter control in highly environmentally sensitive areas, among other
aspects.

Health monitoring programs should be developed in order to monitor the health status of the crew
regularly and enable the early detection of possible health problems related to the exposure to VOCs.
These should include periodic health checks to reduce the health risks of personnel when exposed for
long periods.

For operations with intense VOC emissions, the routes for tankers and port operations should be
planned more carefully. Long stays in ports can increase emissions; therefore, optimizing operation
times and avoiding emission-intensive areas will be useful in managing risks.

In general, the VOC management process is important for safe, efficient, and environmentally
sustainable ship operations. Therefore, close monitoring of technological development, along with
crew training and adherence to international regulations, will effectively minimize the health and
safety risks caused by VOC emission.
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