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The article deals with the problems of monitoring stress level in merchant seafarers using modern
methods based on cortisol level measurement. The authors analyze the relationship between increased
stress level and safety of navigation, highlighting cortisol as an important biomarker of stress. Data from
studies conducted aboard two ships where the increase in cortisol levels in captains and their mates over
a six-week period of employment was analyzed are presented. The results showed a significant increase
in cortisol levels, indicating high stresses on the crew and potential risks to the safety of shipping.
The paper proposes technological solutions for stress monitoring based on wearable biosensor devices
that can be integrated into the crew management system for timely adjustment of working conditions
and risk reduction. Special attention is paid to the interdisciplinary approach to stress management
including psychophysiological, environmental and social factors.
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1. Introduction.

One of the key problems of modern human resource man-
agement in the maritime industry is monitoring stress in navi-
gating officers. Seafarers, especially captains and their mates,
often work under conditions of increased stress, which can neg-
atively affect their performance and safety of navigation. Stress
is an important factor that affects concentration, reaction speed
and the ability to make good decisions in critical situations es-
pecially in maritime environments

One effective method of monitoring stress is to measure the
level of cortisol, a hormone that is produced by the adrenal
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glands in response to stress. This article addresses the problem
of using the analysis of cortisol levels as a tool for continuous
stress monitoring in boaters. The monitoring of this biomarker
may allow prompt adjustment of working conditions, minimiz-
ing stress and, consequently, reducing the likelihood of acci-
dents on ships.

Monitoring stress levels in workers, especially seafarers, is
becoming increasingly important to ensure safety on ships. One
of the key biomarkers of stress is cortisol, which is widely used
in current research. Iqbal et al (2023) emphasize the importance
of using biosensors to monitor cortisol in real time. Their work
is particularly valuable in that it looks at current technology that
can be adapted for the maritime industry where seafarers work
under constant stress.

In addition, Cleveland Clinic (2023) provides basic infor-
mation on testing cortisol levels, which are already widely used
in medical practice to detect stressful conditions. These meth-
ods can serve as the basis for the development of stress monitor-
ing systems for mariners, as evidenced by Driver et al. (2022),
who proposed innovative approaches to population-level gluco-
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corticoid monitoring. Although their methodology is based on
wastewater analysis, the principles of mass monitoring can be
adapted for collective monitoring systems on ships.

A study by Walvekar et al. (2015) found a strong correlation
between cortisol levels and stress in police officers, which may
be useful for parallels with maritime crews who are also un-
der intense physical and emotional pressure. This is supported
by the findings of Oldenburg et al. (2009) who studied stres-
sors in crews of merchant and passenger ships. They found that
isolation from family, long shifts and physical strain play a sig-
nificant role in increasing the stress levels of seafarers.

Interesting findings are also made by Fort et al (2009) who
studied the relationship between stress and substance use among
French seafarers. This study emphasizes the need to monitor
the psychophysiological state of crews to prevent negative con-
sequences. Similar attention to psychophysiological aspects is
also given by Jeżewska et al (2006), which examined subjective
self-assessment of stress levels among naval officers and cadets.

At the same time, Ok et al. (2023) proposed technologies of
wearable and implantable devices for cortisol monitoring that
offer new possibilities for marine applications. Technologies of
this nature can provide continuous real-time monitoring of crew
stress levels.

Comparing these studies with the work of Yuen et al. (2018),
high stress levels and dissatisfaction with working conditions
directly reduce seafarers’ performance. This is supported by
studies by Baygi et al. (2022) who investigated the impact
of stress on seafarers’ mental health and life satisfaction. The
studies emphasize the need for systematic monitoring of stress
and development of recommendations to improve working con-
ditions on ships.

In their study, Russo et al (2020) examined the stress re-
actions of seafarers under extreme conditions. They suggested
strategies to reduce stress, including changes in work organi-
zation and provision of psychological support. These findings
may be useful for developing effective stress management tech-
niques on ships. Melnyk et al (2022) examined the role of mar-
itime situational awareness as a key factor in ensuring safe nav-
igation. Their findings echo the research of Kusov et al. (2023)
who proposed biosensor devices for clinically relevant cortisol
monitoring, emphasizing the need for similar technologies in
the maritime industry to reduce stress and improve safety.

The work of Farisyi et al. (2024) also adds to this theme
by analyzing the impact of stress on productivity and safety in
the Indonesian shipping industry. They emphasize the need for
stress monitoring systems to improve management decisions
in the maritime industry. The study by Wahyuni et al (2022)
showed that the implementation of minimum service standards
affects the operational performance of ships and stressors can
reduce the quality of seafarers’ performance. Their findings
are important for creating more balanced work schedules and
maintaining high levels of crew satisfaction. Thus, the work
of Nikitakos et al. (2019) and Ertürk et al. (2021) adds to the
research by suggesting systematic approaches to managing con-
flict and improving working conditions on ships. This indicates
the importance of stress control in preventing conflicts and im-
proving overall performance on board. In articles Melnyk et al.,

2023 presented a method for assessing the quality of risk man-
agement on board ships using expert judgment to improve the
safety of operations and discussed how to identify inconsisten-
cies in a company’s safety management system and their impact
on error reduction. Sharma (2024) explores the integration of
human, technological and innovative factors in safety manage-
ment, especially considering advanced technologies such as au-
tonomous ships (MASS). Ricciardelli (2024) presents an ethno-
graphic study of the training of seafarers as first responders,
emphasizing their safety and survival training for emergency
preparedness.

In summary, most studies emphasize the importance of us-
ing technology to monitor stress among seafarers, which can
contribute to improving maritime safety and working condi-
tions. In particular, biosensor devices for cortisol measurement
can play a key role in improving the operational management
of the psychophysiological state of the crew.

The main objective of this study is to develop an effective
approach to stress monitoring in seafarers using cortisol mea-
surement techniques. To achieve this goal, the paper will re-
view existing stress monitoring methods and their applicability
in the maritime industry, analyze current biosensor technologies
and their potential for use on ships, examine the relationship
between working conditions, stress levels and shipping safety
and finally develop recommendations for the implementation
of stress monitoring systems to reduce accidents and improve
crew performance. This will provide a deeper understanding of
the impact of stress on maritime operations and provide specific
solutions to improve safety and productivity in the industry.

2. Materials and Methods.

The analysis of ship accidents over the past ten years has
shown a decrease in ship losses. However, in recent years, this
figure has stagnated at around 55 vessels per year and we do
not see a downward trend in this number. This indicates that
the combined efforts of IMO, flag states, classification societies,
shipowners and port authorities have had some effect in reduc-
ing the number of shipwrecks. The fluctuations in the number
of cases around 55 per year indicate that there are some rea-
sons that prevent further reduction of this number. Among these
reasons, the main one, according to the authors, is the human
factor, in particular the stress factor.

Stress is an important element that affects the ability of sea-
farers to make the right decisions in critical situations. One
of the most important issues regarding stress is to determine
the actual level of stress in a person. At the moment, there is
no 100% reliable tool for determining the level of stress, and
in many cases written tests or analysis of behavioral factors
(movement, speech, eye expression, etc.) are used, which do
not always give accurate results.

The relationship between stress levels and the amount of
cortisol in a person has long been known among healthcare
professionals. Cortisol is a hormone produced in the adrenal
glands that plays a key role in protecting the body from stress.
It regulates blood pressure and participates in the metabolism
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of proteins, fats, and carbohydrates. Therefore, monitoring cor-
tisol levels allows you to determine the degree of stress and take
timely measures to reduce it.

However, there are a number of other factors, such as health,
age, and food on board that can affect cortisol levels making
it difficult to accurately assess stress. This creates a need to
develop more reliable methods for stress monitoring based on
biosensor technologies that will reduce risks and improve safety
of navigation.

2.1. Review of Existing Stress Monitoring Methods.

2.1.1. Traditional Methods.
Traditional stress monitoring methods include the use of

psychological tests and questionnaires to identify workers’ sub-
jective feelings of stress. These methods are often used to self-
assess and analyze an individual’s behavior based on their re-
sponses to questions about their well-being, mood, and percep-
tions of work stress. For example, instruments such as Per-
ceived Stress Scale (PSS) questionnaires or tests to identify psy-
chophysiological symptoms of stress are used in a wide range of
occupations, including the maritime industry. However, these
methods have limitations because they are based on subjective
data, which can lead to inaccuracies and overestimation or un-
derestimation of actual stress levels.

More objective approaches include measuring physiologi-
cal parameters such as heart rate (HR), blood pressure and heart
rate variability. These metrics, while providing more accurate
data, require specialized devices and are not always applicable
for long-term monitoring, especially in long shipboard voyages.

2.1.2. Biosensors for Cortisol Monitoring.
One of the most promising methods of stress monitoring is

the measurement of cortisol levels, a hormone produced by the
adrenal glands in response to stressful situations. Cortisol is
considered to be the most accurate biomarker of stress because
its levels increase with physical or emotional stress. Cortisol
levels are most commonly measured through urine or saliva
analysis, which allows us to track the daily fluctuations of this
hormone.

The current description of the method used in the marine
industry involves collecting urine to measure cortisol. This
method, while effective, requires laboratory conditions for anal-
ysis, making it difficult to use in real time. However, in recent
years, biosensor technologies have been actively developed that
allow in situ measurement of cortisol levels with minimal inter-
vention. For example, studies by Iqbal et al. (2023) and Ok
et al. (2023) show that wearable devices and implantable sen-
sors can monitor cortisol levels continuously, providing real-
time data. Such devices can be integrated into the ship man-
agement system to monitor crew condition and automatically
adjust working conditions.

2.1.3. Comparison of Industry Solutions.
Other industries, such as aviation and medicine, are already

actively using stress monitoring to ensure worker safety and im-
prove productivity. In aviation, for example, systems are used

to monitor pilots’ physiological parameters in real time to pre-
vent potential errors due to stress or fatigue. Such systems
are based on data on HR, blood oxygen levels and brain ac-
tivity. These technologies make it possible to respond quickly
to changes in the health of pilots, which may be a useful exam-
ple for the maritime industry, where working conditions also
require constant attention to the psycho-physiological state of
the crew.

In medicine, stress monitoring systems are used to track the
condition of patients in critical situations. Technologies such
as wearable devices for measuring cortisol levels have already
been shown to be effective in clinical settings and their appli-
cation could be extended to the maritime industry. Studies by
Driver et al (2022) and Cleveland Clinic (2023) demonstrate
that biosensor technologies and cortisol analysis techniques can
be successfully applied to monitoring at both the individual
worker and whole team level.

Thus, a comparison of industry solutions shows that the use
of biosensors to monitor stress levels can significantly improve
mariner safety and performance by providing more accurate
data for management decisions.

2.2. Technological Solutions for Stress Monitoring in Ship Of-
ficers.

2.2.1. Modern Wearable Devices for Cortisol Monitoring.
Modern advances in biosensor technology are opening up

new possibilities for real-time monitoring of stress levels in ship
officers. One of the most effective methods for assessing stress
is to measure the level of cortisol, a hormone that is produced
in response to stressful situations. Traditional methods of mea-
suring cortisol include urine or blood tests, but these require a
laboratory setting and cannot be used for continuous monitor-
ing. However, new technologies address this shortcoming by
introducing wearable devices to monitor cortisol levels.

Wearable biosensors are devices that attach to a person’s
body and measure cortisol concentrations through sweat or saliva.
Studies such as Iqbal et al. (2023) have shown that these de-
vices can monitor cortisol levels in real time, providing data on
the psychophysiological state of an individual. This is partic-
ularly important in the maritime industry, where stress in sea-
farers can vary significantly depending on working conditions,
weather factors and other external stressors.

Biosensors can integrate with the ship’s onboard control
systems, allowing captains and shipowners to obtain operational
data on the condition of the crew. For example, if a ship’s
cortisol levels exceed an acceptable limit, the system can auto-
matically adjust work schedules or suggest measures to reduce
stress, such as increased breaks or task changes.

An important advantage of wearable devices is their ability
to conduct continuous monitoring without the need for active
user involvement. This allows the crew to focus on their pro-
fessional duties while the system automatically monitors and
analyzes stress data. Such devices are already being used in
other industries such as medicine and sports to monitor the con-
dition of athletes and patients. In this regard, studies by Ok et al
(2023) emphasize that wearable and implantable cortisol mon-
itoring devices could form the basis for a comprehensive stress
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management system on ships. This will not only reduce acci-
dent rates through timely detection of stress conditions, but also
improve the overall performance of the crew by improving their
working conditions and enhancing psychological resilience.

In addition, the integration of wearable devices with mobile
applications or computer systems enables real-time data track-
ing at various levels. Shipowners and crew managers can ana-
lyze historical data, identify stress patterns, and develop strate-
gies to manage stress, which not only contributes to safer ship-
ping but also improves seafarers’ working conditions.

Thus, the introduction of advanced wearable cortisol mon-
itoring devices represents an important technological solution
for stress management on board ships, helping to reduce risks
and improve the safety of maritime operations.

The importance of monitoring cortisol levels is noted when
discussing the need to replace ship officers when stress levels
are high. For example, after analyzing cortisol levels over a pe-
riod of time, conclusions are drawn about the need for replace-
ment personnel to reduce stress and improve safety in shipping.

Monitoring cortisol levels can help in regulating working
conditions and reducing the risk of accidents. It is noted that
this has a direct impact on the safety of seafarers and shipping in
general, as it helps to adjust work schedules in time, implement
changes in work schedules depending on weather conditions
and other factors.

3. Results and Discussion.

3.1. The Impact of Stress on the Safety of Shipping.
The authors of this publication have been monitoring cor-

tisol levels in dredging shuttle navigating officers in the waters
of the port of Chornomorsk, Ukraine for several months. The
choice of the object for observation was based on a clear un-
derstanding that it is the navigators of this group who receive a
very high stress load due to the performance of a large num-
ber of independent moorings in different weather conditions
per day. According to the working conditions, among the eight
crew members of the shuttle, only the captain and his duty of-
ficer are exposed to constant high stress loads. Thus, during
the observation period, up to 25 approaches and departures of
the shuttle to the dredger were noted within a very limited ap-
proach area due to the presence of many anchor ropes on which
the dredger is standing. This was performed at different times
of the day, in different visibility conditions. Often, during ma-
neuvering, the navigators had to compensate for the negative
impact of wind and current, which caused additional stress on
them. It is quite clear that working in such conditions caused
a constant increase in stress. For example, among merchant
marine captains, there are many who, during their tenure as a
captain, have never made a single independent mooring without
the assistance of a pilot and tugs.

The cortisol is also called the stress hormone in many sci-
entific publications. When the human body senses a threat,
whether physical or psychological, the brain sends a signal to
the adrenal glands, which respond by producing cortisol.

This hormone plays a key role in improving attention, stim-
ulating blood circulation, and promoting glucose synthesis. These

processes contribute to the release of additional energy so that
the body can cope with stress more effectively. This approach
to determining stress load was used in the study. With the sup-
port of the management of one of the shipowning companies,
the authors took the following measures to obtain the most ac-
curate observation results:

• before starting work under the contract, all seafarers had
their daily cortisol levels analyzed. Among the available
methods of performing the analysis, the authors chose
to determine the level of cortisol through urine analy-
sis. The authors were guided in their choice of research
method by the fact that, firstly, about 10% of free cortisol
is found in urine, and secondly, that this analysis is quite
simple and does not require the presence of a medical
professional;

• after making sure that the initial level of cortisol was not
affected by any disease or problem, further monitoring of
the level of stress was performed from the initial value;

• additionally, according to the agreement, the first shut-
tle’s crew committed to following author’s recommen-
dations on the quality of food and beverages, while the
second shuttle had no such restrictions;

• the samples were collected weekly in the morning, af-
ternoon and evening. Laboratory results on the average
amount of cortisol of each of the navigators were ob-
tained in a few days.

A few explanations are necessary to understand the progress of
this observation. We noticed that cortisol levels are not constant
for different age groups of workers at different times of the day.
For example, for men of the older age group (over 51 years),
morning values will be in the range of 1.49-7.39 ng/ml, at noon
- 0.95-6.8 ng/ml, in the evening - 0.22-2.54 ng/ml. For men
aged 31 to 51 years, these figures will be as follows: in the
morning - 0.94-15.1 ng/ml, at noon - 0.4-6.4 ng/ml, and in the
evening - < 1.81 ng/ml. Also, the average daily cortisol level
in these age groups will be different: for the older age group -
0.51-4.2 ng/ml, and for the middle age group - 0.18-4.3 ng/ml.
Table 1 shows the results of the initial average cortisol analysis
per day for the shalanders.

Table 1: Cortisol levels of ship officers before starting Work.

Source: Authors.

For example, both ship captains were practically the same
age - about 60 years old, and their mates were in the age group
of 31 to 51 years old. All crew members had no chronic dis-
eases, medical problems, or unresolved family issues. Thus, no
possible influences that could have distorted the results were
anticipated before the study began. The navigators on the A
shuttle were monitored for their meal with their consent. They
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followed a proper diet, refrained from drinking coffee, sweets,
etc. that could affect cortisol levels. And for the navigators on
the B shuttle, there were no restrictions on food or drink. At
the end of the first week of work, the navigators took tests, the
results of which are shown in Table 2.

Table 2: Cortisol levels of ship officers after the first week of
work.

Source: Authors.

Analyzing the results, we noticed some nuances, namely:

• The increase in cortisol levels was more significant in
duty officers. This is quite understandable, as the cap-
tains’ work experience did not cause any personal con-
cerns about ship safety. This fully confirms that a trained
person is ready for any changes in the development of the
situation during maneuvering, even negative ones, which
does not cause a significant increase in stress. A lack of
experience and training causes a significant increase in
stress;

• The weather conditions during work were normal for win-
ter time (wind condition - 3-4 points, sea condition - 2-3
points).

The results of the cortisol level tests for the second week of the
seafarers’ work are presented in Table 3.

Table 3: Cortisol levels of ship officers after the second week
of work.

Source: Authors.

During this week, there was a deterioration in weather con-
ditions (winds increased to 4-5 points and sea conditions to 3-4
points). Consequently, the level of cortisol in the newly qual-
ified seafarers increased. Table 4 shows the results of cortisol
levels in navigators for the third week of work.

Table 4: Cortisol levels of ship officers after the third week of
work.

Source: Authors.

The weather conditions did not change during this week.
Data for the fourth week of work of the shipowners are shown
in Table 5.

Table 5: Cortisol levels of ship officers after the fourth week of
work.

Source: Authors.

During this week, due to stormy weather conditions, the
shuttles spent more time at the berths. There was no increase
in cortisol levels, and in some vessels the level even decreased.
This fact is very interesting. Firstly, it confirms the relationship
between fatigue and stress, and secondly, it proves that it is pos-
sible to reduce stress by providing the necessary rest. The data
for the fifth week of work are presented in Table 6.

Table 6: Cortisol levels of ship officers after the fifth week of
work.

Source: Authors.

After obtaining the results of cortisol levels for the fifth
week of work, the authors drew the shipowner’s attention to
the need to prepare a timely change of seafarers for rest due
to the high level of stress. The possible consequences for the
overall safety of navigation due to the high level of stress load
were presented to the shipowner. At the end of the sixth week
of work, the results of the cortisol level were presented in Table
7.

Table 7: Cortisol levels of ship officers after the sixth week of
work.

Source: Authors.

Based on these results, the authors persuaded the shipowner
that continuing the navigators’ work under such high levels
of stress could pose significant safety risks. As a result, the
shipowner agreed with the authors’ assessment and proceeded
to replace the navigators on the shuttle vessels. Furthermore,
following the authors’ recommendations, the contract duration
was adjusted to 1.5 months during the winter season and 2
months during the summer. The cortisol level trends in ship-
masters over the six-week period are illustrated in Figures 1
and 2.
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Figure 1: Increase in cortisol levels in the navigators of the
shuttle A [based on obtained results].

Source: Authors.

Figure 2: Increase in cortisol levels in the shuttle B crew [based
on obtained results].

Source: Authors.

The study of cortisol levels in seafarers indicates the impor-
tance of taking into account the psychophysiological aspects of
maritime labor. The monitoring of cortisol levels was accom-
panied by careful control over the psychophysiological state of
the seafarers. The supervision was carried out by monitoring
the behavior of navigators (body movements, eyes, communi-
cation), their blood pressure, pulse, etc. It was found that expe-
rience and working conditions have a significant impact on the
stress level of seafarers. Particular attention should be paid to
the safety and health of seafarers, taking into account not only
the physical but also the mental aspects of their well-being. The
study provides grounds for the introduction of systems for mon-
itoring the psychophysiological state of seafarers, in particular,
the use of modern technologies to control the level of cortisol
and improve the organization of work in the marine environ-
ment.

3.2. Influence of Psychophysiological Factors on Stress Level.
Psychophysiological factors play a key role in shaping the

stress level of seafarers. One of the most significant factors is
the mode of labor and rest. Work at sea is often accompanied by
long shifts, lack of adequate sleep and physical activity, which
in turn leads to increased stress levels. Studies show that lack
of regular rest contributes to fatigue accumulation, decreased
cognitive function and increased cortisol levels. Maintaining a

balanced work and rest schedule is one of the most important
factors in managing stress on board ship.

The meal on board also has a significant impact on stress
levels. Poor or inadequate nutrition can lead to reduced physi-
cal and mental performance. Consumption of food poor in vi-
tamins and micronutrients can negatively affect cognitive func-
tion and cause feelings of fatigue and anxiety, which in turn
increases stress.

Physical activity, on the other hand, can help lower cortisol
levels. Regular physical exercise can help improve mental well-
being, promote the production of endorphins, and reduce stress
levels. Shipowners can integrate physical activity programs into
seafarers’ daily schedules to improve their psychophysiological
well-being.

3.3. Environmental and Social Aspects of Stress Management.

In addition to psychophysiological factors, environmental
and social conditions also influence seafarers’ stress levels. En-
vironmental conditions such as weather, climate change and
noise pollution can significantly increase stress levels. For ex-
ample, working in unfavorable weather conditions or in noisy
ports leads to increased physical and mental stress in the crew.
Environmental influences can have long-term effects on seafar-
ers’ well-being if measures are not taken to manage these fac-
tors.

The social aspects play an equally important role in stress
management. Being away from family and friends for long pe-
riods of time creates a sense of isolation and loneliness, which
increases stress. In addition, lack of social support on board can
aggravate the psychological state of seafarers. Seafarers often
find it difficult to adapt to shipboard life, leading to depression
and other mental disorders.

To manage stress on board ship, it is important to create
a favorable social environment: maintaining ties with family
through regular communications, providing opportunities for
socialization and psychological support on board. Shipown-
ers can develop programs to improve social conditions to help
seafarers better adapt to shipboard life and reduce stress levels.

Conclusions.

Stress monitoring is a key element in ensuring safety of nav-
igation. Analysis of cortisol level in navigating officers allows
promptly assessing their psychophysiological state and taking
preventive measures to reduce stress load. The results of studies
conducted on board ships showed a significant increase in corti-
sol levels in captains and their mates during a six-week period.
This indicates high stress loads, which can lead to decreased
concentration and increased risks of accidents. The use of ad-
vanced biosensor technology to monitor cortisol levels allows
for continuous real-time stress monitoring. Integration of wear-
able devices into the crew management system facilitates timely
adjustment of work schedules and working conditions, which
helps to reduce stress levels and improve navigation safety.

A multidisciplinary approach to stress management, incor-
porating psychophysiological, environmental and social factors,
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plays an important role in maintaining crew well-being. Incor-
porating these factors into the design of stress reduction pro-
grams can significantly improve performance and reduce acci-
dent risks. The introduction of stress monitoring technologies
and their integration into shipboard management systems is a
promising area for improving the safety and efficiency of mar-
itime operations. Regular monitoring of the crew psychophys-
iological state allows improving working conditions and mini-
mizing the impact of stress on the work of ship’s crew.
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