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ABSTRACT

Sixteen subjects were exposed for three hours to inaudible infrasound, audible infra-
sound, traffic noise and a quiet control condition, while they performed various
psychological tasks. Some cardiovascular and hearing parameters were recorded and
after the experiments the subjects answered a questionnaire concerning their experi-
ences during the noise exposure.

The most conspicuous effect of infrasound was a high rating of annoyance and
a feeling of pressure on the ear at less than 20 dB above the threshold of hearing. No
influence on the cardiovascular system was seen and the performance only deteriorated
in one of nine tasks. Infrasound below the threshold had no effect.

It is concluded that a better knowledge of the hearing at low frequencies is
required, the most urgent being an extension downward in frequency of existing
curves of equal loudness and equal annoyance.

1. INTRODUCTION

Infrasound is defined as acoustic waves with frequencies below 20 Hz, the frequency
that is generally accepted as the lower limit of the normal hearing range. However, it
has been shown that the human ear is able to detect infrasound when the sound press-
ure is sufficiently high, and threshold values at different frequencies have been deter-
mined (Refs. 1,2,3,4,5).

Researchers and environmental authorities have also been interested in — and
worried about — possible extra-auditory effects of infrasound. There is a widespread
opinion that infrasound may disturb human body functions and influence the per-
formance of humans. Frequently mentioned effects are; changes in blood pressure,
heart rate and respiration, disturbance of equilibrium, changes in production of stress-
hormones and secretion of gastric juice, increased reaction time and decreased perform-
ance in vigilance tasks.

The experimental evidence is, however, rather sparse. Few experiments have
been carried out and the results of these are not consistent. Furthermore, most of
the studies have used only relatively short exposure times (2-60 minutes). In part-
icular, there is a lack of information about the long term effects of the most common
infrasound, i.e. at levels below and just above the hearing threshold.

In the present investigation an exposure time of three hours was chosen and
the exposures were to infrasound just below and slightly above the hearing threshold.
Also, a traffic noise condition was included in order to make it possible to compare
the effects of infrasound with those of a familiar sound. Recordings were made of
performance in nine different tasks, some cardiovascular and hearing parameters, and
the subject’s own experiences as expressed through a questionnaire.

The investigation described in this paper was finished in 1980, and some of the
results have already been published (Refs 6 7) However this is the first complete
presentation. .

2. METHOD
2.1 Subjects

Sixteen paid volunteers participated in the experiments, eight men and eight

women. Fifteen were between 20 and 28 and one was 43. The subjects were all
healthy and had normal hearing within £20 dB at the octave frequencies from 125 Hz
to 8 kHz.

2.2 Test room

The experiments were carried out in a 16 cubic metre infrasound test chamber,
where the infrasound was produced by 16 electrodynamic loudspeakers. The freq-
uency response of the generating system was flat from below 1 Hz to nearly 30 Hz
and the maximum obtainable sound pressure level was 125 dB rms. The harmonic
distortion was kept very low to ensure that the exposure was purely infrasonic. The
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vibration levels of the walls and the floor were also low enough to avoid any effects
from them. A detailed description of the room has already been published (Ref. 8).

The test chamber was equipped with a ventilating system which gave sufficient
fresh air for the subjects (60 cubic metres per hour). However, air conditioning was
not possible since the air was simply taken from the surrounding laboratory. Air
temperature, humidity of the air and atmospheric pressure were recorded during the
experiments. Some fluctuations did occur, but they were not systematically related
to any of the sound conditions. The ranges were: temperature; 20-24°¢, relative
humidity; 35-55%, atmospheric pressure; 98.1-103.8 kPa.

2.3 Sound conditions

Four sound conditions were used: infrasound at two intensity levels, traffic
noise and a quiet control condition.

Infrasound (Sound conditions C and D). It is reasonable to expect possible
effects to be dependent on the frequency and amplitude of the infrasound. Some
investigations have even suggested that certain pure tones are especially dangerous
(Refs. 9,10). There is, however, some disagreement about the frequency of these
tones and it must be admitted that the scientific evidence as to particularly hazardous
frequencies is rather sparse.

Random noise in the infrasonic frequency range was chosen. This kind of
noise includes all frequencies and thus also all the above mentioned “particularly
hazardous” frequencies. The origin of the noise signal was frequency-limited white
noise, but if this signal had been used directly, then the upper part of the spectrum
(frequencies near 20 Hz) would have been very loud compared to the lower freq-
uencies due to the slope of the hearing threshold curve. An attempt was therefore
made to make the low and high frequencies equally audible by introducing a com-
pensating filter which shaped the spectrum of the sound to correspond to the hear-
ing threshold curve. According to a one-third octave analysis this was effective from
approximately 6.3 Hz to 31.5 Hz, thus covering the part of the infrasonic range that
is most likely to have some effect, and also giving a minor overlap into the audio
region.

A pilot study with a few subjects served to determine the two levels of this
frequency-shaped infrasound to be used in the main experiment. The lower level
(i.e. Sound Condition C) was chosen as the highest possible level where the signal
was still inaudible. This level was included since there is concern about the possib-
ility that inaudible acoustic waves may affect people. The higher level (i.e. Sound
condition D) was chosen to be 20 dB abowve the lower level, and in the pilot study
it was characterized as loud and annoying. Spectra of the sounds are given in -
Figure 1.

Traffic noise (Sound condition B). This was recorded in a main street in
Aalborg and reproduced by ordinary high fidelity equipment. The playback level
chosen resulted in an A-weighted equivalent continuous level of 70.9 dB(A). The
fluctuating properties of the noise are expressed by the following statistical meas-
ures: Lyp = 74.3 dB(A), Lso = 69.3 dB(A), Loy = 63.0 dB(A), Lgs = 60.8 dB(A).

Quiet {Sound condition A). This sound condition was used as a control.
The background noise level was about 35 dB(A).

2.4 Questionnaires

A questionnaire with 12 questions was given at the end of each experiment.
Each question was followed by a 165 mm long horizontal line, the ends of which
were labelled with possible but extreme answers to the question. An example is
shown in Figure 2. The questions were answered by marking a cross on the line at
the point where the subject felt that his answer could be represented. All positions
were allowed. The questions are shown in Table 1 together with the labels of the
answering lines. For Questions 1 and 9 a midpoint labelled “neutral” was also
given.
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Figure 1 One-third octave analysis of the stimuli C and D. Total sound pressure
level: C: 100 dB(lin.), D: 120 dB(lin.). The dotted line shows the thres-
hold curve according to Yeowart et al. (Ref. 4), The thresholds are given
for pure tones, and levels should not be compared directly with the
spectrum levels

Some of the questions concerned the air in the test chamber, and, since the
atmospheric conditions were not varied intentionally (see section 2.2), these
questions were only included to prevent the subjects from focussing too strongly
on possible effects such as headache and dizziness.

The answers to the questions were read as percentages of the length of the
answering line taking 0% as the left hand end of line. Answers were scored with a
resolution of 5%.

Have you felt dizziness?

not at all a lot

[ - S |
¥ |

Figure 2 Example of a question with answering line
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Table 1 Questions and labels of the corresponding answering lines

1. How did you find the air?
{much too cold — neutral — much too warm)

2. Have you felt draught?
(not at all — a lot)

3. Have you felt dizziness?
(not at all — a lot)
4. Have the tests been tiring?

(not tiring — very tiring)

5. How did you find the air?
(heavy — fresh)

6. Have you felt nausea?
(a'lot — not at all)
7. Have you been annoyed by noise or rumble?

(not annoyed — very annoyed)

8. Have you had a headache?
(not at all — severe)

9. How did you find the air?
(dry — neutral — moist)

10. How have you felt?

(dull — fit)
11. Have you felt pressure on your ears?
(a lot — not at all)
12. Do you find it annoying to sit in a small room like this?

(very annoying — not annoying)

2.5 Physiological measurements

The physiological measurements were concerned with the cardiovascular sys--
tem and the hearing process.

The systolic and diastolic blood pressures were measured with the normal arm-
cuff method. The measurement was carried out at fixed times during each experi-
ment, as described in section 2.8.

The electrocardiogram was recorded on tape for certain fixed periods during
each experiment. From each of these periods the interbeat-interval T was measured
for 126 heartbeats — corresponding to approximately two minutes. The mean of
these 126 values of T was taken as representative of the interbeat-interval and it was
recorded in milliseconds. The change in T from beat to beat, AT, was also recorded
for the same 126 heartbeats. Since no change in activity took place during the two
minutes measurement period, AT would have a mean close to zero. The standard
deviation of AT was therefore recorded as a measure of the minor variations of the
interbeat-interval and it was denoted interbeat-variation.

A phonocardiogram was recorded during the same periods as the electro-
cardiogram by means of a small microphone attached to the skin at the 4th or Sth
intercostal space.

An audiogram covering the seven octave frequencies from 125 Hz to 8 kHz
was taken before and after each experiment. A Madsen type OB 40 audiometer was
used, and at each frequency the hearing level was measured with a resolution of 5 dB.
The hearing level was averaged over the seven frequencies to obtain the mean hearing
level, MHL. The influence of an experiment was calculated as AMHL = MHL(after) —
MHL(before).

2.6 Task performance

Nine different tests were used. The tasks were presented either on a small film
viewer or on a CRT-display terminal. Answers were given by pressing buttons. Some
of the tests were developed at The Laboratory of Heating and Air Conditioning at
The Technical University of Denmark, where they were used for measuring task per-
formance during exposure to various conditions of temperature, humidity of the air
etc. (Ref. 11). All the tests were self-timed in that the answering of one task was
" immediately followed by the presentation of the next.
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Test 1: Five three-digit numbers were presented together with three possible
values for the sum. The subject was asked to point out the correct sum or indicate
that none of them was correct. The four possible answers were equally probable.

Test 2: Nine two-digit numbers were presented and the subject was asked to
indicate if they were all different. In 34% of the presentations two or more figures
were identical.

Test 3: The subject was presented with various logical statements and requested
to indicate whether each statement was right or wrong.

Examples:

A precedes B: AB (right)

After A is C: CA (wrong)

C does not follow B: CB (right)

A does not precede B: AB (wrong)

Test 4: This was a cue utilization test, a modified version of the Tsai-Parting-
ton test (Ref 12). Encircled letters and numbers were shown and an arrow pointed
out one of them. The subject was to indicate whether the next sign could be found,
when following the order 1-A-2-B-3-C-4-D etc. An example is given in Figure 3.

Figure 3  Example of Test 4. The arrow points out ‘“4”, and the next character
“D” can be found

Test §5: This was a test of short-term memory. A list of words was presented,
one word at a time. Each word might occur more than once and as each word was
presented the subject was asked to indicate whether he had seen it before.

Test 6: This was a simple reaction time measurement. When a letter appeared
in the centre of the CRT-display, a button was to be pressed. The time from an
answer to presentation of the next stimulus was random and uniformly dlstrlbuted
in the range 2-6 seconds.

Test 7: Here the display was divided into five parts and the letter E appeared
in one of them every 2 seconds. The subject should only respond when the E
appeared in the central part.

Test 8: The display was divided into two parts by a vertical line and the letters
E and F appeared one at a time at either the left or the right side. The subject should
respond to an F on the left or an E on the right.

Test 9: This was similar to Test 2, but it was carried out with the CRT-display
terminal in place of the film viewer used in Test 2.

The time the subjects spent on each of the tests is reported in section 2.8.

The distribution of the response time for a subject in a given test was found to
be logarithmic normal rather than simple normal. Log(response time/1 second) was
therefore used as the dependent variable and mean values were recorded for each
experiment. Percentages of errors were also recorded, except for Test 6, the simple
reaction time test.
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2.7 Experimental design

The 16 subjects were each exposed to the four sound conditions. The latin
square in Table 2 was used to balance out order effects. Two subjects were exposed
together and the same two subjects followed each other for the whole experiment.
A subject was exposed at the same hour of the day every time.

Table 2 The latin square design used in the experiment

Day of test
Subject i 2 3 4
14 A B C D
5-8 B C D A
9-12 C D A B
13-16 D A B C

2.8 Procedure

For'each experiment a strict time schedule was followed, (see Figure 4). The
first 30 minutes were used for an audiometric test, fixing of electrodes, etc. For the
next three hours the subjects were seated in the test chamber and exposed to the
sound.

time activities for activities for the
(hours):  one subject: other subject :
audiometric test {ixing electrodes
fixing electrodes audiometric {est
0
test 6,7,8,9 test 1
test &
test 2

measurement of blood pressure

test 3 test 6,7 8,9
test 5 test 4
test 6,7 8,9 test 2

measurernent of biood pressure

ainsodxe punos
$BuIpI0DaL g JD|NISDADIPID §

2
test 1 test 3
test 5
V4,
test 6,7,8,9
3 m. of blood pressure « questionnaire
audiometric test taking off electrodes
taking off electrodes audiometric test

Figure 4  Time schedule for an experiment

During the sound exposure the subjects worked on the performance tests in
accordance with the order and times shown in Figure 4. Tests 1-5 were given only
once in each experiment, while Tests 6-9 were given twice.

Recordings of the electrocardiogram and phonocardiogram were taken while
the subjects worked on the performance tests, the first time after 30 minutes and
thereafter with intervals of one hour. Blood pressure was measured after 50 minutes,
and at hourly intervals thereafter.

The questionnaire was given just before the end of the exposure to sound.
After the exposure had ended, the final audiometric test was given and the electrodes
were taken off.
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2.9 Data analysis

Mean values were calculated for each dependent variable for each of the four
sound conditions. Additionally, a three-way analysis of variance was carried out with
the following independent variables: sound (4 conditions), day of test (4 days) and
subject (16 subjects). The latin square block design only allowed main effects to be
included in the model. An SPSS program package was used for the analysis (Ref. 13).

The cardiovascular variables were measured three times in each experiment.

An additional independent variable, the time of measurement (3 times), was
included in the model along with the interaction term sound condition by time of
measurement.

The phonocardiogram was recorded because earlier studies indicated the occurr-
ence of additional heart sounds during infrasound exposure (not extra sytoles) (Ref.
14). The analysis was confined to listening to the recordings and watching them on
an oscilloscope.

3. RESULTS

Mean values for all dependent variables at the four sound conditions are given in
Table 3, while the significance levels obtained in the analysis of variance are shown
in Table 4.

Table 3 Mean values of the dependent variables for the four sound conditions
Sound condition
A B C D
Traffic |Ipfrasound|infrasound
Quiet Noise “Low” “High™
Questionnaire: o
Question 1 (%) 50 53 41 40
Question 2 (%) 13 6 16 19
Question 3 (%) . 9 21 8 11
Question 4 (%) 51 53 50 59
Question 5 (%) 61 49 64 53
Question 6 (%) 83 90 85 88
Question 7 (%) - 10 82 11 70
Question 8 (%) 11 34 12 13
Question 9 (%) 43 46 48 44
Question 10 (%) 46 42 40 29
Question 11 (%) 88 83 93 51
Question 12 (%) 75 78 76 79
Physiological measurements:
Systolic blood pressure (mm Hg) 120.4 119.4 120.3 120.5
Diastolic blood pressure (mm Hg) 77.6 77.8 75.7 75.8
Interbeat-interval (ms) 802 787 799 808
Interbeat-variation (ms) 47.7 41.8 436 43.0
AMHL (dB) —2.8 1.7 —2.7 --2.0
Task performance:
Test 1: log(response time/1 s) 1.31 1.31 1.31 1.34
errors (%) 11.6 10.4 11.5 9.8
Test 2: log(response time/! s) 0.71 0.69 0.70 0.71
errors (%) 8.8 8.5 7.4 7.6
Test 3: log(response time/1 s) 0.61 0.58 0.57 0.61
"~ errors (%) 4.1 2.9 3.6 4.1
Test 4: log(response time/1 s) 0.48 0.49 0.49 0.50
errors (%) : 2.0 1.9 1.7 3.5
Test 5: log(response time/1 s) 0.16 0.14 0.14 0.16
errors (%) 8.4 7.9 6.9 7.1
Test 6: log(response time/1 s) -0.57 ~0.55 —0.56 —0.56
Test 7: log(response time/1 s) -0.59 —0.58 -0.59 -0.56
errors (%) 0.4 0.4 0.2 0.5
Test 8: log(response time/1 s) -0.31 -0.31 -0.32 -0.30
errors (%) 3.2 2.8 2.2 3.0
Test 9: log(response time/1 s) 0.58 0.53 0.56 0.56
errors (%) 6.6 7.3 6.3 8.5
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Table 4 Significance levels obtained in the analysis of variance. Only significance at a level of 0.05 or higher is given.
Terms not included in the model are indicated with * -~

Main effects Interaction
Time of
. Sound Time of measurement
Day of test Subject condition measurement by sound
copdition
Questionnaire:
Question 1 0.002 n.s. 0.042 - -
Question 2 n.s. <0.001 n.s. -~ —
Question 3 s, <0.001 0.038 - -
Question 4 0.037 <0.001 n.s. - —
Question 5 0.009 <0.001 n.s. - —
Question 6 0.042 <0.001 ns. — -
Question 7 n.s. <0.001 <0.001 - -
Question 8 n.s, <0.001 <0.601 o= —
Question 9 n.s. n.s. ns. - -
Question 10 ns. <0.001 .s. - —
Question 11 n.s. <0.001 <0.001 - -
Question 12 n.s. <0.001 ns. - —
Physiological measurements: i
Systolic blood pressure 0.002 <0.001 n.s. 0.025 n.s.
Diastolic blood pressure <0.001 <0.001 ns. <0.001t n.s.
Interbeat-interval n.s. <0.001 n.s. <0.001 ns.
Interbeat-variation n.s. <0.001 n.s. <0.001 n.s.
AMHL (dB) ns. n.s. 0.006 — —
Task performance:
Test 1: log(response time/! s) n.s. <0.001 n.s. - I
errors <0.001 <0.001 n.s. - -
Test 2:  log(response time/1 s) <0.001" <0.001 ns. - -
errors 0.033 <0.001 ns. - -
Test 3:  log(response time/1 s) <0.001 <0.001 ns. - -
eIrors 0.003 <0.001 ns. - -
Test 4:  log(response time/1 s) <<0.001 <0.001 ns, ~ —
errors n.s, ns. 0.016 -
Test 5:  log(response time/1 s} 0.010 <0.001 n.s. . — —
eITors In.s. <0.001 n.s. - -
Test 6:  log(response time/! s) n.s. <0.001 n.s. - —
Test7:  log(response time/! s) n.s. <0.001 n.s. - . —
errors n.s. <0.001 n.s. - -
Test 8:  log(response time/! s) n.s. <0.001 n.s. — -
errors n.s. n.s. n.s. - -
Test 9:  log(response time/1 s) <0.001 . <0.001 ns. — -
errors n.s. <0.001 n.s. - -

Figures 5, 7 and 10 illustrate dependence on sound conditions, while variation
with treatment day is shown in Figures 6, 8 and 11. Figure 9 shows dependence on
time of measurement for the cardiovascular parameters.

In the phonocardiogram there were no unusual observations such as extra
sounds.

4. DISCUSSION
4.1 Questionnaires

Effects of sound conditions. For Questions 1, 3, 7, 8 and 11, there are sig-
nificant effects of sound conditions. This is illustrated in Figure 5.

Question | concerns the temperature of the room. It is seen from Figure 5
that the air is perceived as being colder during infrasound exposure compared with
the other conditions. The effect is surprising. A possible explanation is that the
motion of the air due to the sound increases the convective heat transport from the
body to the air. A rough estimate of the air velocity is 0.1-0.2 m/s rms near the loud-
speakers at sound condition D. The possibility cannot be excluded that this motion
of the air makes it feel colder, but because of the small difference between con-
dition C and D, and taking into account the low significance level, the effect is
belicved to be a type [ error. '

Question 3 deals with dizziness. From Figure 5 it can be seen that a slightly
higher degree of dizziness is obtained at sound condition B than at A, C or D. Thus
the traffic noise causes higher ratings of dizziness than either of the infrasound ¢on-
ditions and the quiet condition.

The annoyance arising from noise or rumble is judged in Question 7. It is
obvious that the ratings of conditions A and C are very low and approximately the
same, while both B and D produce high values. This means that the subjects are
very annoyed by the traffic noise and by the audible infrasound. Ratings for A and
C are not exactly zero, probably due to noise from other activities in the building.

Question 8 deals with headache. Some headache is experienced in all sound
conditions, but the rating for sound condition B is clearly higher than for the other
conditions. Thus traffic noise results in an increased occurrence of headache, while
infrasound, audible or inaudible, does not.
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A feeling of pressure on the ears (Qeustion 11) js reported in sound condition
D (note that the labelling of the answering line is reversed in this question). It is not
clear whether this feeling is caused by a real middle ear pressure build-up, or that the
subjects simply express their perception of infrasound in this way. An improved word-
ing of the question should be considered for future investigations.

1. How did you find the air? 3. Have you felt dizziness?
much
too warm a lof

neutral - o-—‘\___o

mych ' | R : not ! , ‘ .

too cold A B c D at all A B c D
sound condition sound condition

7. Have you been annoyed by noise 8. Have you had a headache ?

or rumble?

very

annoyed severe

not not d///}K\\\o-w_o

annoyed ' ' ! ' at all ) ‘ ' '
A B C 0 A B C D
sound condition sound condition

11. Have you felt pressure on your ears?

not
atall

alot T T 1 -
' A B C D
sound condition

Figure 5  Questions 1,3, 7, 8 and 11; means for the four sound conditions.
Significance levels: Question 1: 0.042; Question 3! 0.038;
Question 7: <0.001; Question 8: <0.001; Question 11: <0.001
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Effects of day of test. A significant effect of ‘day of test’ is found for Quest-
ions 1,4, 5 and 6. This is iHustrated in Figure 6. S

1. How did you find the air ? 4 Have the tests been tiring ?
much very
" too warm tiring
neutral- \\0 O\O/\O
much l . , not . : : :
) tirin 1
foocold 4 5 3 LT T S B
treatment day treatment day
5 How did you find the air ? 6. Have you felt nausea 7
fresh nof

at all m_v

stale t T T T alot T T T T
1 2 3 4 1 2 3 &
treatment day treatment day

Figure 6  Questions 1, 4, 5 and 6; means on the four days of test. Significance
levels: Question 1: 0.002; Question 4: 0.037; Question 5: 0.009;
Question 6: 0.042

Questions 1 and 5 concern the air in the room, which is perceived as colder
and fresher on the first occasion on which a subject participates compared with his
fourth and last participation. The physical fluctuations in air temperature, humidity
of the air and atmospheric pressure were small, and there was no general trend from
the beginning to the end of the experimental period. This does not appear to be a
chance effect, considering the significance levels and the agreement between the
answers to the two questions. The change in perception can be explained as an
adaptation effect. . :

Results from Question 4 ‘““Have the tests been tiring?”” show a generally falling
tendency with time. In particular, ratings from the last day are lower than from the
others. A possible explanation is that the tests become more acceptable towards the
end of the experiment, especially on the last day.

Question 6 is “Have you felt nausea?’’ and the results indicate an increased
feeling of nausea when the subjects participate for the third time. The significance
level is only 0.042 and no reasonable explanation of the phenomenon can be given.

4.2 Physiological measurements

Effects of sound conditions. The only parameter that is significantly influenced
by sound conditions is AMHL (the change in mean hearing level). The dependence is
shown in Figure 7.

10
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(dB)

A MHL

—4 T T T !
A B C D
sound condition

Figx;ré 7  AMHL; means on the four sound conditions. Significance level: 0.006

The value of AMHL is approximately 4 dB higher for B than for the other
sound conditions, indicating that the traffic noise introduces a temporary threshold
shift (TTS). A detailed analysis has shown that the TTS is broadband.

It is also seen that the values at sound conditions A, C and D are negative.

This means that the hearing of the subjects becomes better during the experiments
A, Cand D. An explanation may be that the subjects arrive for the experiments with
a minor TTS which might, for example, have been caused by traffic noise on their
way to the laboratory. ‘

Effects of day of test. Systolic and diastolic blood pressure are significantly
dependent on day of test, and higher values are found on the first day, see Figure 8.

!

124

ool (244
? ~N

~3
o
1

systolic blood
pressure (mm Hg)

]

(=)

]
diastolic blood
pressure {mm Hg)

~3

T

~3
=~

116 T T j T T T
1 2 3 A 1 2 3
day of test day of test

Figure 8  Systolic and diastolic blood pressure; means on the four treatment days.
Significance levels: systolic blood pressure: 0.002; diastolic blood
pressure: <0.001

Effects of time of measurement. All cardiovascular parameters are dependent
on the time of measurement. Figure 9 shows that at the beginning of the experi-
ment the blood pressurss are lower, the pulse faster, and the interbeat-variation lower
than for the rest of the experiment. ’

11
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28 e 58 5-
v Q. Q.
116 T 1 1 T T4 T T —
0 1 2 3 0 1 2
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900 60
__ 850 — 50
2 £
5= 800 5 S 40
5% 3z
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22750 2T 30
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700 e T T i T 20 T T I
0 1 2 3 0 1 2
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Figure 9  Cardiovascular parameters; means at different times of measurement.
Significance levels: systolic blood pressure: 0.025; diastolic blood
pressure: <<0.001; interbeat-interval: <0.001; interbeat-variation: <0.001

Effects of day of test and time of measurement are believed to be psycho-phys-
iological and caused by the participation of the subjects in a scientific experiment.

4.3 Task performance

Effects of sound condition. The only test in which errors were found to be
significantly dependent on sound condition was test 4. Figure 10 clearly illustrates
that there are more errors at sound condition D (audible infrasound).

I
x
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o
[
[
Q 1—
0 f T 1 T

A B C D
sound condition

Figure 10 Errors in Test 4; means for the four sound conditions. Significance level
0.016
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Effects of day of test. Many variables are significantly influenced by day of
test as shown in Figure 11. It is obvious that the response time decreases with time,
The average improvement in log(response time/1 s) from the first to the fourth
time a subject participates is 0.114, which corresponds to a decrease in response time
of 23%.

10 - 1.0
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8 0.9
7.._.
6 0.8
54 = 0.7 \\‘o
. i test 2
v ——
: 4 uEJO.é"‘
= - test 3
¥ 3 30'5“ test 9
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g >
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t
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1- 0 1 T 1 T
1 /3 3 IR
day of test
20
15—
<
S 10 — test 1
o ® test 2
.
o . g
0 T T 1 ]

day of test

Figure 11 Response time in Tests 2, 3,4, 5 and 9, and errors in Tests 1, 2 and 3;
means on the four treatment days. Significance levels: response time:
Test 2: <0.001; Test 3: <0.001; Test 4: <0.001; Test 5: 0.010;
Test 9: <0.001; errors: Test 1: <0.001; Test 2: 0.033; Test 3: 0.003

For Tests 1 and 3 an improvement in performance is seen as the number of
errors decreased with time, however in Test 2 an increase in errors is seen. This
increase may be chance (the significance level is only 0.033), or it may indicate that
the subjects change their priority from accuracy to speed as the experiment proceeds.
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4.4 General

For most of the dependent variables no effects of infrasound are found. None
of the cardiovascular parameters are significantly influenced by the infrasound and a
significant deterioration of task performance is seen in only one test. The quest-
ionnaires show that no sensations of dizziness, tiredness, nausea or headache are
introduced by the infrasound.

The lack of significant effects due to infrasound is in contrast to a number of
reports (Refs. 9, 10, 14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31) but in agreement with several others (Refs. 32, 33, 34,35, 36). Itis notthe
purpose of this paper to present a review of the literature, but the author would draw
attention to the fact that most of the papers that mention severe extra-auditory
effects of infrasound are survey papers. It is the opinion of the author that many of
these can be criticised for their generalisations from the sporadic and unsystematic
findings of other authors. When effects are summarized, the original reservations are
often forgotten and non-significant tendencies easily change into facts.

Much confusion is caused by misconceptions about the audibility of infra-
sound. It is not generally known that infrasound can be detected by the human ear.
Therefore, true effects of audible, and possibly loud, infrasound are often reported
as being caused by “‘inaudible infrasound”.

When a dependent variable in an experiment does not appear to be dependent
on the independent variable there may be a true lack of dependence, or the choice
of design and statistical analysis may be inadequate. In this connection, it should be
noticed that only main effects have been considered in the present investigation. If
some subjects are especially sensitive to infrasound, this will appear in the analysis as
an interaction effect between subject and sound condition. In the present design
where the subjects are exposed to each sound condition only once, this interaction
cannot be tested. If such an interaction exists, it may even reduce the power of the
test to reveal main effects because the error variance will be estimated to be too
large. A look at the significant main effects found for other variables (Figures 6, 8,
9, 11) may give an idea of the magnitude of the effects that could be detected in the
present experiment.

5. CONCLUSION

Infrasound slightly above the hearing threshold gave a feeling of pressure on the ear
and it was given a high rating on an annoyance scale. The infrasound did not cause
headache, nausea, tiredness or dizziness, and did not influence the circulatory system.
The subjects performance differed significantly from the control in only one of nine
tests. No effects were observed for infrasound below threshold.

In the literature, extra-auditory effects seem to have been exaggerated while
effects related to hearing may have been underestimated. Therefore, a better know-
ledge is required of the hearing function at infrasonic frequencies. In particular, the
fact that infrasound less than 20 dB above the hearing threshold was rated close to
“yery annoying”’ emphasises the need for curves of equal annoyance.,

The hearing threshold curve has already been determined with reasonable
accuracy (Refs. 1,2, 3, 4, 5) and some preliminary curves of equal loudness have been
given (Refs. 3,37, 38, 39). Some introductory approaches to a frequency dependent
limit based on a discorifort criterion have also been made (Refs. 5, 40) and at the
Institute of Electronic Systems, experiments are being carried out to determine a
complete set of equal annoyance curves (Refs. 41, 42).

The exposure levels used in this investigation are somewhat below the maxi-
muym levels found in industry and transportation and additional experiments need
to be carried out at slightly higher levels. The validity of the results for older age
groups should also be investigated.

The performance tests used in this investigation were all relatively simple, and
cannot be compared to demands that are made on, for example, bus or lorry drivers.
Recent research has shown that mainly complex tasks — for example simultaneous
work on two or more tasks — are influenced by ordinary noise (Refs. 43, 44). In
the experiment reported here, no effect was seen even from traffic noise and future
investigations ought to clarify whether the absence of effects is also found for more
realistic and complex tasks.
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