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Abstract
The literature shows that infrasonic noise in road vehicles often exceeds the admissible values
due to annoyance. In the case of mechanical vibrations occupational risk is assessed as
average. Although these factors do not exceed values which can be harmful, they can
influence the psychophysical functions. Study involved a group of 30 drivers with varying age
and experience in driving. The study was conducted in laboratory conditions. Infrasonic noise
and mechanical vibrations was recreated from measurements at drivers’ workplaces. The aim
of the pilot study was to verify the test method for different conditions of exposure to physical
agents. The paper presents the results of six tests evaluating psychomotor performance in the
field of psychometrics and cognitive processes (evaluating the reaction time, attention and
concentration , and anticipation of movement) in relation to the features considered essential
for safe driving.
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Introduction

Infrasound noise is defined as a type of noise whose spectrum is contained within the frequency range
of 1 to 20 Hz [1]. Contrary to popular beliefs, infrasound is not inaudible but perceived by the body via
a specific aural route (mainly by the organ of hearing). Its audibility depends on the sound pressure
level. Infrasound noise is a physical factor commonly found in the work environment of drivers,
especially drivers of buses and heavy goods vehicles. Research carried out by Polish centres has shown
that the highest levels of infrasound are to be noted in city buses, reaching as much as 114 dB (G)1 [5].
These significantly exceed the nuisance criterion values as defined by the Polish Standard PN-N-01338
[1], amounting to 102 dB (G).
Literature reports indicate that the dominant effect of the impact of infrasound and low frequency sound
on the human body during occupational and non-occupational exposure is the nuisance effect, occurring
even with low hearing threshold exceedances [6].
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Infrasound noise is tested using sound level meters and the G-weighting curve, which reflects the human
perception of infrasound. Do not confuse or relate the dB value (G) to noise value in the audible range dB (A).
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The effects of noise with a frequency of 16 Hz at a level of 10 dB above the hearing threshold were
observed by Landström and Byström [4]. Exposure to noise caused fatigue and disturbance in
wakefulness. Similar results were obtained by Yamazaki and Tokita [5]. According to them, infrasound
causes fatigue, depression, stress and sleepiness. Other studies by Danielsson and Landström [6]
demonstrate the effect of sounds with frequencies of 6, 12 and 16 Hz and levels of, respectively, 95, 110
and 125 dB on the circulatory system. Systolic blood pressure increase and diastolic blood pressure
decrease with no change in the pulse rate have been demonstrated. The biggest symptoms were observed
for the frequency of 16 Hz and these symptoms were intensified under the influence of increasing sound
level and completely disappeared after cessation of exposure. Studies show that the symptoms discussed
are transient and reversible following removal of the infrasound source. When the sound pressure levels
exceed 140–150 dB, infrasound can cause permanent, damaging changes to the body [7]. Resonance of
structures of internal body organs may occur.
Excessive long-term exposure to infrasound and low-frequency sound of high intensity (with levels
above 90–110 dB) can cause many ailments, including abnormal functioning of nervous, circulatory,
respiratory and digestive systems, which is referred to by some researchers as vibroacoustic disease
(VAD) [8].
Some studies suggest that infrasound with a frequency of 2 to 20 Hz and a sound pressure level of 115–
120 dB can extend response time by 30 to 40% and contribute to the emergence of symptoms of
sleepiness [9, 10, 11, 12]. Therefore CIOP-PIB has undertaken research aimed at assessing the impact
of infrasound noise on psychomotor performance of city bus drivers. The article presents results of tests
in which 5 psychological tests were used to assess psychophysical fitness with respect to psychomotor
performance and cognitive processes in relation to certain features considered essential for safe driving.
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Measurement of infrasound noise in city buses

The purpose of infrasound noise measurements was to record infrasound noise levels and spectrum
under real operating conditions of city buses and recreate the noise in a laboratory environment. The
measurements were carried out in accordance with the PN-N-01338 standard [1]. Class 1 measuring
equipment was used (SVAN 945A sound level meter). The measuring points were in the driver’s cab.
The duration of each measurement was approx. 30 min. during regular service travel with passengers.
Figure 1 shows the results of equivalent G-weighted and A-weighted sound level during travel.
Equivalent G-weighted sound levels ranged from 103.8 dB to 111.2 dB and depended both on the type
of vehicle and the road surface on which the vehicle moved.
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Figure 1 – Results of equivalent G-weighted and A-weighted sound level during travel
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Test method and test stand

The purpose of the test was to assess the impact of infrasound noise on psychophysical fitness of city
bus drivers. The following 5 psychological tests were used to assess psychophysical fitness:
I.
Response to road event test (pedestrians, cyclists or animals suddenly entering the road) during
simulated driving (STD Simulator) – the task of the tested person was to stop the vehicle when an event
occurs. The test involved 6 travels lasting approx. 10 minutes. Test results were evaluated with the use
of average response time to an event for all the travels combined.
II.
Simple response time to light test (RT-L) – the task of person tested was to press the appropriate
pedal when the tester light switches on. Average response time was used to evaluate test results. The
test lasted 8 minutes.
III.
Simple response time to sound test (RT-L) – the task of person tested was to press the
appropriate pedal when a tester sound is activated. Average response time was used to evaluate test
results. The test lasted 8 minutes.
IV.
Attention and concentration test (COG) – the task of the person tested was to observe and
compare changing pairs of figures. Average time needed to correctly reject pairs of (non-compatible)
figures was used for evaluation of test results. The test lasted 10 minutes.
V.
Time and motion anticipation test (ZBA) – the task of the person tested was to observe a ball
moving on the screen and predict the time after which the ball reaches a specified location once it
disappears. Average deviation time from the actual moment of the moving ball reaching the specified
location was used for evaluation of test results. The test lasted 10 minutes.
These tested performance items are directly related to a driver’s safe driving behaviour in traffic, because
they impact the assessment of a traffic situation, the ability to take decisions appropriate for the situation
as well as efficient and safe execution of manoeuvres.
Preparatory and introductory activities lasted approx. 30 minutes. The total test duration was approx. 22,5 hour for each of the two variants of exposure to infrasound noise (without any noise and with noise).
A test stand was developed and built for these tests, including a seat with a steering wheel and pedals, a
projector and screen with a width of 2.2 m, sources of infrasound noise with amplifiers, B&K PULSE
3650C measurement system, Rigol DG2041A signal generator, MCZR/ATB 1.0 response time meter
and computer software used for testing (Vienna Test System, SDT Simulator).
Infrasound noise occurring in real conditions of city bus driving was recreated in the laboratory
environment to achieve a similar average level – 108 dB (G).
The test was carried out with the participation of 30 drivers aged 30–40, holding a driver’s license for
at least 5 years.
The following statistical tests were used for the analysis of results:
•

Kruskal-Wallis test to compare the distribution of variables,

•

Student’s t-test for dependent samples to compare averages,

•

Wilcoxon signed-rank test for paired observations to verify the equality of medians.
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Test results

The comparison of the tests of response to a road event tests during simulated driving (STD Simulator)
showed a slight shortening (by 0.6% and 0.3%) in average response time in case of exposure to
infrasound noise and exposure to vibration when compared with no exposure. Statistical tests did not
show a statistically significant variation. In case of simultaneous exposure to infrasound noise and
vibration observed shortening of the average response time of 2.3% was observed when compared with
no exposure (Fig 2).
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Figure 2 – Comparison of test results carried out with the use of the STD Simulator
(no statistically significant variation at p < .05)
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In case of exposure to vibration and simultaneous exposure to infrasound noise and vibration slight
increase of the mean reaction time (respectively 0.9% and 0.7%) was observed when compared with no
exposure (Fig. 3). Mean reaction time during exposure to infrasound noise was reduced by 2% (in
relation to no exposure). However statistical tests did not show a statistically significant variation.
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Figure 3 – Comparison of test results for simple response to light RT-L
(no statistically significant variation at p < .05)
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In case of exposure to vibration and the simultaneous exposure to infrasound and vibration lengthening
of the mean reaction time (respectively 4.9% and 4.4%) was observed when compared with no exposure
(Fig. 4). However statistical tests did not show a statistically significant variation.
0,31

Mean reaction time [s]

0,305
0,3
0,295
0,29
0,285
0,28
0,275
no exposure

exposure to
infrasound

exposure to
vibration

exposure to
infrasound and
vibration

Figure 4 – Comparison of test results for simple response to sound RT-S
(no statistically significant variation at p < .05)
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The comparison of the attention and concentration tests (Fig. 5) under conditions of no infrasound noise
and under conditions of infrasound noise showed some increase in the time during exposure to
infrasound noise (8,1%). However statistical tests did not show a statistically significant variation.
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Figure 5 – Comparison of attention and concentration test results COG
(no statistically significant variation at p < .05)
The comparison of the time and motion anticipation tests (Fig. 6) under conditions of no infrasound
noise and under conditions of infrasound noise showed a slight reduction of average time deviation
(14%) during exposure to infrasound noise. This was confirmed by statistical tests, which showed
statistically significant variation.
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Figure 6 – Comparison of time and motion anticipation test results ZBA
(statistically significant variation at p < .05)
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Conclusions

The results of infrasound noise measurements have confirmed the reports of high levels of this physical
factor at work stations of city bus drivers. The infrasound noise levels during regular service travel with
passengers ranged from 103.8 dB (G) to 111.2 dB (G) and were dependent both on the type of vehicle
and the road surface on which the vehicle moved. The results of measurements were used to test the
impact of infrasound noise on psychomotor performance of city bus drivers. Five psychological tests
were selected for this purpose to assess the psychophysical fitness with respect to psychomotor
performance and cognitive processes (evaluation of response time, attention and concentration and time
and motion anticipation) in relation to certain features considered essential for safe driving and an
appropriate test stand was developed to simulate the infrasound noise and vibration occurring in city
buses. The results of tests on the effects of infrasound noise an vibration on psychomotor performance
of drivers in most cases did not show any statistically significant differences between the occurrence of
these factors and its lack for all tests. However, we have noted some changes in the average time needed
to correctly reject pairs of figures in the attention and concentration test (increase of 8,1%) and in the
average time deviations of the time and motion anticipation test (decrease of 14%) in case of infrasound
noise exposure.
Test results do not clearly indicate the negative impact of infrasound noise an vibration on drivers in the
context of safe behaviour in traffic, but the trends observed suggest the need to continue research with
even longer exposure to these factors.
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