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Abstract. The effects on health due to stress at work may be very different, depending on age, lifestyle, working
experience, motivation, physical and mental health, and many other factors. The main objective of this study is to
explore the performance of psycho-physiological effects on the air traffic control staff employed at the state

enterprise Oro Navigacija.
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1. Introduction

The International Labour Organisation (ILO)
recognises the profession of air traffic controllers as
stressogenic (Costa 1995). Sources of stress at their work
are as follows:

e performance factors (number of aircraft
operated, number of conflicts, lack of time,
equipment used, etc.);

e organisational factors (shift work, poor working
conditions, etc.).

Stress caused health effects may be different,
depending on age, lifestyle, work experience, motivation,
physical and mental health, and many other factors.
However, many studies have shown the existence of a
link between the work of air traffic controllers and the
symptoms caused by stress: chronic fatigue, headache,
digestive disorder, cardiovascular disorder, etc. (Smith

1990; Farmer et al. 1990). The data published in the
scientific literature on health effects by the air traffic
controllers work are contradictory, and more
investigations is needed. No research on this subject has
been performed in Lithuania.

The aim of this study is to explore the psycho-
physiological effects on air traffic controllers employed
in the state enterprise “Oro Navigacija”.

These are the main objectives of the study:

1. Assess and analyse the psycho-physiological
changes that occur in air traffic controllers (systolic and
diastolic arterial blood pressure and heart rate) during the
working day.

2. Develop a strategy to improve the working
conditions for air traffic control staff and prepare
recommendations to combat fatigue and damage to health

at work.
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2. Literature data

The members of an air traffic control staff are a high
performance team assigned with specific requirements:
high quality of professional knowledge and specific
expertise in a very specific field of cognitive and
communicational skills. The American scientists H. L.
Ammerman and D. K. Bergen identified six operating
characteristics: monitoring air traffic, controlling air
traffic, solving conflicts between aircrafts positions,
planning and routing flights, evaluating the effect of wind
in the sector, and managing situational resources in the
scientific study “FA air traffic control operations
concepts”’(Ammerman et al. 1987). It is obvious that not
only the number of aircraft operated, but also by the
quantity and complexity of tasks handled determines the
air traffic controller’s workload. The study also identifies
the main sources that cause air traffic controllers psycho-
physiological tension at their work (Costa 1995).

The cardiovascular reactivity survey conducted by
R. Rose and colleagues from the University of Texas in
1994 showed that over 20 years of professional activity
about 17 % of the 218 air traffic controllers developed
arterial hypertension (Ming et al. 2004).

Eighty Linate airport air traffic controllers
participated in the study “Studio delle Pressioni
Ambulatoriali delle Loro Associazioni (PAMELA)”

performed in Milan in 1998. The main objective of the
study was to assess the stress effects on the arterial blood
pressure of members of the air traffic control staff. The
report stated that air traffic controllers’ arterial blood
pressure fluctuated slightly and was not statistically
different from the arterial blood pressure fluctuations
within the control group. This fact proves the good
professional training and stress management among the
air traffic controllers who participated in the study (Sega
et al. 1998).

The psycho-physiological changes caused by the
intense workload can be measured with various non-
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invasive methods. The following measurement methods
can provide the necessary data: heart function-electro-
cardiography, muscle work registration-electromyograp-
hy, assessment of bioelectric activity in brain-electro-
encephalography, frequency of eye blinking, measure-
ment of eye pupil diameter, etc (Rose et al. 1982).

3. Cohort and methods

1. The cohort investigated was the group of air
traffic controllers employed by the state enterprise “Oro
Navigacija” (Air Navigation). A total of 24 air traffic
controllers work in the tower, and 19 (79.2 %) of them
agreed to participate in the study. The regional flight
control centre at the aforementioned enterprise employs a
total of 30 staff members, and 21 (70 %) of them agreed
to take part in the analysis.

2. The investigation of psycho-physiological human
reactions was carried out by non-invasive measurement
of both systolic and diastolic arterial blood pressure and
also pulse rate during the working day. For this purpose,
the portable pulse monitor Mini-Torr Plus (U.S.A.) was
used. The device was calibrated at the factory with the
possible error being only = 3 mmHg or 2 % for blood
pressure and up to 2 % for pulse rate. Data collection was
started at the beginning of the working day and continued
in 2-hour intervals.

4. Results and discussion

The results of the study proved the blood pressure
and heart rate can increase temporarily due to work
related physiological and psychological stress (Costa
1993). Arterial systolic pressure is called the highest
blood pressure during systole. The variation of arterial
systolic blood pressure of air traffic controllers is shown
in figure 1.
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Fig 1. Variation in arterial systolic blood pressure
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The fluctuation in arterial systolic blood pressure
during the workday was in the normal range. A part of
hypertensive sizes was identified: 14.7 % in the first mea-
surement, 13.6 % in the second measurement, 8.9 % in
the third measurement, 10.7 % in the fourth measure-
ment, 9.5 % in the fifth measurement, 10.7 % in the sixth
measurement and 15 % in the seventh measurement. The
average was 11.9 %. The rate of increased blood pressure
was similar in size in all measurements. These reactions
are not statistically significant, as there is no established
correlation between arterial systolic blood pressure and
everyday professional activities.

Class 3 medical certification for air traffic contro-
llers requires normal blood pressure. During the analysis
of the relationship between blood pressure and age, an

increase in blood pressure was noticed in the group of
participants at the age of 45-55. Figure 2 presents
relationship between age and arterial systolic blood
pressure; measurements were taken at the beginning of
the working day, before any effects related to work stress
were expected.

These results indicate a direct relationship (r = 0.35,
P <0.05) between age and arterial systolic blood pressure.
This is a warning sign showing the need for the imple-
mentation of anti-hypertensive measures.

A critical limit of 23 years of professional activity,
after which cases of arterial hypertension appear, was
found in this study. This argument is illustrated by figure
3.
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Diastolic arterial pressure is blood pressure during
diastole. The fluctuation of diastolic arterial pressure
during the workday is shown in figure 4.

Diastolic blood pressure rose slightly yet stayed
within normal limits. Established percentage of the
hypertensive sizes: 17.6 % on the first measurement; 18.2
% on the second one, 21.5 % on the third measurement,

Box & Whisker Plot

21.3 % on the fourth measurement, 20.7 % on the fifth
measurement, 28.6 % on the sixth measurement, and 25
% on the seventh measurement. The average increase was
20.4 %. The diastolic pressure had the tendency to rise in
comparison to the increase of systolic blood pressure; in
addition, the elevation process started at the age of 41 and
kept increasing with the age respectively (Fig 5).
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These results suggest that even in the normal
workload conditions by peripheral vascular resistance
and hyperkinetic hemodynamic changes begins. Such
substantial changes with increasing professional work
time have cause stable vascular spasm, whose cones-
quences — hemoperfusion deterioration of the brain, the
brain hypoxia and mental reduction.

Heart rate variability is usually studied as a
workload indicator. Heart rate as an indicator of stress

Box & Whisker Plot

at work reflects good overall response to the physical
and mental stress, temperature, and/or the emotional
stress. The heart rate increases with intensification of
metabolic processes due to intensive mental and
physical work. The heart rate rhythm usually returns
back to a normal range fast if there is no more physical
stress. Psychological stresses require a longer period
for the heart rate to normalise though. See figure 6
below for the heart rate variation during the workday.
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Fig 6. Variation in heart rate

Heart rate fluctuation is within normal limits. No

statistically significant correlation between heart rate and

age or heart rate and professional activity was found.

The influence of age on the cardio-vascular system

is presented in the table below:

Relationship between age and cardiovascular system performance, measured at different periods of work

Time intervals in | Arterial systolic blood | Arterial diastolic blood Heart rate
measuring pressure pressure
Starting point 0.35 0.50 -0.00
After 2 hours 0.37 0.54 0.14
After 4 hours 0.27 0.40 0.06
After 6 hours 0.16 0.45 -0.07
After 8 hours 0.26 0.23 -0.22
After 10 hours 0.26 0.39 -0.04
After 12 hours 0.17 0.34 0.11

The highest correlation was found between age
and arterial diastolic blood pressure. The analysis of
psycho-physiological changes in air traffic controllers
allows us to make the conclusion that daily profe-
ssional activities did not cause significant changes in
blood pressure or elevation in pulse rate. This could be
the indicator of good professional training and skills.
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5. Conclusions

The analysis of psycho-physiological indicators
shows the following:
1. Arterial systolic blood pressure throughout the
workday fluctuated slightly, and it varied depending on
the professional experience of the participant.
2. Diastolic blood pressure had the tendency to rise
more than systolic blood pressure. That kind of in-
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crease was noticed to have started in participants 41
years of age.
3. Heart rate fluctuated within normal limits.

6. Recommendations

In spite of minor psycho-physiological effects on

the cardiovascular system, it is recommended:

— to inform air traffic controllers about the most
common cardiovascular disease risk factors;

— to improve the health examination of air traffic
control staff with the purpose of ascertaining early
deviations from health standards.
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SKRYDZIU VADOVY KARDIOVASKULINES SISTEMOS RODIKLIY POKYCIU DARBO METU STUDIJA

D. Ereminas

Santrauka

Profesinio streso sukelti efektai sveikatai gali buti labai skirtingi, priklausomai nuo amZiaus, gyvenimo buido, darbinés patirties, motyvacijos, fizinés
ir psichinés sveikatos bei daugelio kity veiksniy. Sio darbo tikslas yra iStirti V] ,,Oro navigacija* dirbanciy skrydZiy vadovy darbo sukeliamus

psichofiziologinius poky¢ius.
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