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Infrasounds are very common in the natural environment. There are various opinions about their
harmfulness or lack of harmfulness. One of the reasons of increasing interest in this issue is that there
are more and more wind farms appearing close to building estates which are undoubtedly a source of
infrasound. It is reasonable to present the results of research of infrasound noise connected not only with
wind farms. In this study own results of research of infrasound noise related to daily human activity
are presented. The measurements were carried out during housework, travel to the office or shop, and
during shopping. The results are shown in the form of values of equivalent levels and 1/3-octave analyses.
Taking into consideration the natural sources of infrasound in the environment, the measurements were
conducted during both windy and windless weather. On the basis of the results of the measurements it
was possible to define the daily exposure to infrasound noise. Those results were also compared with the
available in the literature threshold values sensed by people. Estimated level of exposure to noise beyond
workplace together with the level of exposure to noise at work enables to define daily exposure level,
which means a better assessment of risk of health loss. Increasing social awareness of acoustic threat in
everyday life allows us to identify the problem and at the same time improve the quality of rest and

efficiency at work.
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1. Introduction

The basic aspect concerning the right assessment of
human exposure to noise is dividing the issue into two
parts: occupational and non-occupational human ac-
tivity. Estimated level of exposure to non-occupational
noise together with exposure to noise at workplace or
work environment would enable to estimate the total
daily exposure level.

This fact can have an essential meaning during as-
sessing the impact of infrasound noise. Especially it
concerns people who are equally or more exposed to
noise in a non-occupational environment than at work-
place. Increasing people’s awareness of acoustic threats
in everyday human life helps to identify the problem
and at the same time helps to improve the quality of
rest and work efficiency. “This fact does not allow us
to neglect the duty to monitor the dangers — we learn
to take the responsibility for the natural environment
all life!” (P1ECUCH, PIECUCH, 2011).

In this article, the definition of infrasound noise
is taken according to the Polish norm (PN-Z-01338,
2010) and norm ISO (ISO 7196, 1995). Infrasound
noise is the noise of spectra of frequency from 1
to 20 Hz. Infrasound is connected with all types of
human activity, not only at workplace but also in the
social environment. The sources of infrasound can be
of natural and anthropogenic origin. Natural sources
are for example: sea waves, waterfalls, or earthquakes.
Main sources of infrasound of anthropogenic origin are:
means of transport, industrial machines, compressors,
ventilators, or air-conditioning (PAWLAS et al., 2013).
Infrasound noise is sensed by humans either by hear-
ing and beyond-hearing way — by vibration receptors
placed all over the body. The authors (BERGLUND,
HASSEMEN, 1996; LEVENTHALL et al., 2003; PAWLA-
CczYK-LUSZCZYNSKA, 1999) highlight that arduous
impact of infrasound noise is characterised by symp-
toms such as exhaustion, discomfort, sleeplessness,
impaired balance, psychomotor skills, and disruption
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Table 1. Average values of audible threshold [dB].

Author Frequency [Hz]
1 2 4 8 10 | 12,5 | 16 | 20
M@LLER, PEDERSEN, 2004 | 122 | 115 | 108 98 92 89 82 | 74
WATANBE, M@LLER, 1990 108 | 100 97 | 92 | 8 | 79
VAN DER BERG, 2005 119 103 85

of physiological functions. Changes in the central ner-
vous system are an objective proof of these symptoms.
The infrasound is usually not perceived as a tonal
sound but rather as a pulsating sensation, pressure
on the ears or chest. The most bothersome impact of
infrasound is very often connected with the situation
when acoustic pressure level exceeds the perception
threshold. Audible perception thresholds have not
been normalised so far. Average values of the threshold
of hearing infrasound are presented below on the basis
of literature data (VAN DER BERG, 2005; M@LLER,
PEDERSEN, 2004; WATANABE, M@LLER, 1990).

The assessment of measurement results was car-
ried out according to the document (JACOBSEN, 2001),
including Dutch guidelines concerning permissible in-
frasound levels in rooms from outside sources. These
guidelines describe the level of 85 dBG as maxi-
mum level suggested in most rooms. Unfortunately in
Poland there are not any regulations describing per-
missible levels of infrasound noise both at workplace
and natural environment. The only standard covering
this issue in Poland is the norm (PN-Z-01338, 2010)
describing the measurement method and assessment
of infrasound noise at workplace. This norm includes
also the reference levels which are the burden criteria
of value 102 dBG for eight-hour or one-week exposure

E’ SVANTEK

and 86 dBG at workplace requiring special concentra-
tion.

2. Methodology

The measurements were made by a digital anal-
yser and by the meter of sound and vibration level
SVAN 912AE class 1. The set was equipped with the
analyser, sound registering device and microphonic
pre-amplifier SVA, microphone SV02/C4L, a wind-
screen, and acoustic calibrator. The characteristics
of the microphone in the range of low frequencies
is shown in Fig. 1. The whole equipment had valid
calibration certificate. The measurement track was
calibrated before and after the measurements. The
analysis was carried out in 1/3 octave spectra in
the range of 1 Hz—16 kHz without correction. Then
the results were digitally corrected by the filter —
G correction according to the norm (ISO 7196, 1995).
The time of a single measurement was the same as
the time of the task and activity (specific times are
presented in Tables 2 and 3 — last column). Each
measurement was conducted at least 3 times and the
chosen results presented in this work are closest to
the average value of all 3 measurements. During the
measurement the microphone was set at the height of
person’s ear who was performing the daily activities

Microphone Calibration Chart

http:/fwww.svantek.com/ Manufacurer |

SVANTEK

Type | Svo2/cd |

Serial

Nominal sensitivity | 33,3 ‘mV/Pa

Signal levet [ 1070 4B
Temperature r 2
Refative humidity | 43 %
Ambientpressure | 1009 hpa
Calibration Date [ 2013-10-30 |

«
Signature: %’&"’L

Relative frequency response (re 0dB @ 20Hz)

fHz] | 0.4 | 0.5 [0.63| 0.8 | 1.0 [1.25 1.6 | 20 | 2.5 [3.15{ 4.0 | 5.0 | 6.3 | 8.0 |10.012.5|16.0|20.0/25.0
L[} | 02| 0.4{-0.1]-0.2] -02{ -01|-0.4! 02| 03] -0.1] 0.1} -02| 00| 0.0} 0.1] 0.0] 0.1} 0.0] 02
Preamplifier | SVANTEK type | SVC1A No. | 1321
. a SVANTEK SVAN40T 6
Test equipment: enerator | type | AN401  Ne. | B2
Calbrator | SVANTEK = wype [  ISC  © No. [ 001
Analyzer | SVANTEK typs [ SVANSIZA No. [ 0 ‘

Fig. 1. Microphone characteristics within the range of low frequencies of sound pressure.
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Table 2. Schedule of activities of a housewife.

.. No. of measurement Length

Activity . .. L . >

analysis Name of activity Devices in motion of activity
No. . . . . ;
(with wind/without wind) [min)]
Everyday hygiene, Shower, toilet flushing, washing
1 AB9/AG9 taking a shower machine, fridge in the distance 25
1 Washing machine, running wa-
2 AB8/ATO Laundry washing ter, fridge in the distance 25
3 A50/A64 Preparing meals Electric kettle, fridge, dish- 90
washer
4 A51/A66 Cooking dinner Mech?mcal ventlliatlon over the 75
electric cooker, fridge
Heating stove with a closed
5 A44/A68 Hobby combustion chamber in the 90
room, fridge in the distance
Rest, menial home activ- . . .
6 A43/A24 ities, reading press and Frldge and heating stove in the 180
web sides surfing distance, computer
7 A42/A82 Walk, collecting children Traffic noise 90
from school
8 A21/A22 Going to the shop by lo- Bus — combustion engine 60
cal means of transport
8% A26/A36 Going to the shop by car | Car — combustion engine 60
9 A84/A23 Grocer’s shopping Srhsop devices, fridges, and freez- 60
10 A53/ATI Vacuuming Yacuum cleaner, fridge in the 95
distance
11 A60/A20 Watching TV TV set, fridge in the distance 180
12 A5/A25 Sleeping Frldge and heating stove in the 540
distance
Table 3. Schedule of home activities of a person working outside home.

Activit No. of measurement Length
Cuvity analysis Name of activity Devices in motion of activity
No. . . . . ;

(with wind/without wind) [min)]
Everyday hygiene, Shower, toilet flushing, washing
1 AB9/AGY taking a shower machine, fridge in the distance 25
Heating stove with a closed 110
2 A44/A68 Hobby combustion chamber in the
room, fridge in the distance
Rest, menial home activ- . . .
3 A43/A24 ities, reading press and F'rldge and heating stove in the 120
web sides surfing distance, computer
4 A60/A20 Watching TV TV set, fridge in the distance 75
Walk, collecting children .
5 A42/A82 from school Traffic noise 90
Going to work by local . )
6 A21/A22 means of transport Bus — combustion engine 60
6* A26/A36 Going to work by car Car — combustion engine 60
. Fridge and heating stove in the
7 A5/A25 Sleeplng distance 480

Activities in Table 2 and Table 3 marked * in further calculations were considered alternatively.
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— on average 1.5 m over the floor. Weather conditions
inside, during conducting noise measurement were:
temperature: 18-23°C, humidity: 65-82%, pressure:
960-1010 hPa, Weather conditions during the noise
measurements outside were various as they were car-
ried out in different seasons: temperature 0-29°C, hu-
midity: 66-89%, pressure: 960-1010 hPa. The measure-
ments were made by our own meteo station with a valid
calibration certificate for two ranges of wind speed out-
side the building. This enabled taking into considera-
tion the influence of outside aerodynamics conditions
depending on the wind speed in the measurements re-
sults. The presented results were defined as carried
out during windy weather, they were registered dur-
ing days when the wind speed outside exceeded 5 m/s.

The measurements inside the building where made
in a detached house with a usable attic. The house
was made of brick, plastered inside, with plastic double
glass windows, and it was situated in a residential area.
Around there are streets of low traffic. The central part
of a house was an open living room with other rooms
around it. The daily exposure of infrasound noise was
estimated by calculating the level of equivalent level
LGeg, 24, expressed in Eq. (1). Calculation of an equiva-
lent level of sound concerned all typical daily activities
of a housewife. The time of all activities was described
with the accuracy of five minutes.

1

ﬁ S (100 e |, (1)

n

Lgeq, 24 = 101og

where Y ¢; is the time in minutes, for the whole day
1440 minutes, n is the number of activity, Lgeq,; is the

measured level for a single activity, ¢; is the length of
activity in minutes.

There was also calculated a non-professional expo-
sure to infrasound noise for the person working outside
place of living, estimating the equivalent level Lgeq, 16,
expressed in Eq. (2).

1

Sti Z (100.1LGeq,iti) ; (2)

n

LGeq, 16 =10 log

where > ¢; is the time in minutes, for 16 hours = 960
minutes, n is the number of activity, Lgeq,; is the mea-
sured level for a single activity, ¢; is the length of ac-
tivity in minutes.

Made assumptions and the results are shown in ta-
bles comparing them with audible thresholds in Ta-
ble 1. The schedule of daily activities of a housewife
and the schedule of a person working outside home
was estimated before starting the measurement. Also,
average times of doing particular activities were esti-
mated before. Those assumptions are presented in Ta-
ble 2 and Table 3. Sharing activities by two people is
typical for a family where one person works for a liv-
ing.

3. Results
3.1. Results during non-windy weather

The results of measurements in a form of equiv-
alent sound levels and 1/3 octave analyses are pre-
sented in Table 4, in the form of genuine files of the
analyser.

Table 4. Results registered during — wind free weather.

N No. of measurement | Equivalent level Lgegq,: 1/3 octave analysis
o. .
analysis [dBG]
1 2 3 4
A69. A_(file of the analyzing tool) o I
time @ 03-08-14
1/3 octave correction ! G i 23:23°20
dB f = Total L = 61.3 4B
1DD<‘E
1 A69 61.3 se-
72"
5EI<
III||||||||
Al n ‘ ‘
2Hz 16HZ 125Hz 1kHz BkHz
A70.A_(file of the analyzing tool) e
time !
1/3 octave correction ! G P A
4B f = Total L = 64.1 4B
100
2 AT70 64.1 86
724
58+
Sol- I- ; . v
2Hz 16Hz 125Hz 1kHz BkHz
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Table 4. [Cont.]

A64

58.9

A64. A (file of the analyzing tool)

1/3 octave correction : G
dB £ = Total L = 58.9 4B
100+

58+

QO;I“IIIIIIIII
H

2Hz 16Hz 125Hz

1kHz SkHz Tot

A66

57.0

AG6. A (file of the analyzing tool)

1/3 octave correction ! G

dB £ = Total
1004

time | 03/08,14
i 13:42'48

L = 57.0 4B

26+

7a-

58+

ks

|
2Hz 16Hz

A68

52.7

A24

48.9

A82

67.6

A22

104.0

Hz 1k‘HZ Sk‘HZ Tot
AGB. A (Fla of the analyzing toul o
1/3 octave correction ! G
f = Total L = 5%2.7 4B
.,u-llllllll , , ‘ ‘
ZHz 1&Hz 125Hz 1kHz SkHz Tot
AZ4.A_(Fle o the anlyring tool) )
1/3 octave correction @ G
4B : f = Total L = 48.9 4B
100+
86+
724
58+
44
- = , | |
ZHz 16Hz 125H=z 1kHz SkHz
ABZ.4 (fte o the smsiyeing oo ]
1/3 octave correction : G
dB f = Total L = 67.6 4B
100+
86+
S8+
44]". IIIII
30 I n ] ) s i
2Hz 16Hz 125H=z 1kHz SkHz Tot
AZZ.A (file of the analyzing tool)
ime 07,03 &
1/3 octave correction : G i 16:57742
dB H f = Total L = 104.0 4B
1204

106+

2Hz 16Hz 125Hz

1kHz akHz Tot
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Table 4. [Cont.]

2Hz 16Hz

A23.4_(fle of the analyzing tool) ]
time ! 08/02-/16
1/3 octave correction @ G D 11:11°58
4B H f = Total L = 70.7 4B
100+
9 A23 70.7 ae
va-
58=
]lllllll |
w _ . | |
2Hz 16Hz 125Hz 1kHz SkHz Tot
AT1.A (e of the analyzing tool) ) I
time ¢ 05/08/14
1/3 octave correction ! G I 11:20° 24
dE f = Total L = 68.9 4B
120+<
10 A71 689 106+
22-
Te-
-]

1kHz SkHz Tot

125Hz
AZ0. A _(file of the analyzing tool)
time ! 06-03/16
1/3 octave correction @ G 1 48:02°32
4B £ = Total L = 60.8 4B
100+
11 A20 60.8 &6+
T2+
50+
“] IIIlII
.. Nl o , , ‘
2Hz 16Hz 125Hz 1kHz SkHz Tot
AZ5. A (file of the analyzing tool)
time ! 09/03/1&
1/3 octave correction ! G : 01:06%40
4B H f = Total L = 44.5 4B
80+
12 A25 44.5 66~
se2+
38-
N IIIIII
N L | , |
2Hz 16Hz SHz 1kHz BkHz Tot
A36.A_(file of the analyzing tool) e
time ! 1603716
1/3 octave correction ! G i 20:21°56
4B : f = Total L = 91.1 4B
1204
13 A36 91.1 106+
9z2-
78
E.4] IIIIII II.
50 . ' v v :
2Hz 16Hz 125Hz 1kHz SkHz Tot

On the basis of the data included in Table 4 and
schedules of home activities shown in Table 2 and Ta-
ble 3, applying formulas (1) and (2) there was calcu-
lated a daily exposure to infrasound noise. The results
of these calculations are shown in Table 5.

The results presented in Table 5 are shown alterna-
tively for each person. Values marked with the aster-
isk (*) are calculated with taking into account drives
by one’s own car. The values without additional mark-
ing are for drives by a local bus.
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Table 5. Levels of exposure to infrasound noise during non-windy weather.

. Non-occupational
Daily exposure
. . exposure
to infrasound noise . .
Type of person Lo to infrasound noise
eq,24 L
Geq,16
[dBG]
Housewife 90.2 -
Housewife T7.3* -
Person working outside home - 92.0
Person working outside home - 79.1*
3.2. Results during a windy weather to infrasound noise was calculated. The results of cal-
culations are shown in Table 7.
The results of measurements in the form of equiv- Results presented in Table 7 are shown for each
alent levels and 1/3 octave analysis are presented in  person alternatively.
Table 6, in the form of genuine files of the analyser. The values marked with the asterisk (*) are calcu-
On the basis of the data included in Table 6 and  lated with taking into account drives by one’s own car
home activities schedules shown in Table 2 and Ta-  and values without marking are for drives by the local

ble 3, applying formulas (1) and (2), a daily exposure  bus.

Table 6. Results of measurements during windy weather.

No. of measurement | Equivalent level Lgeq,: 1/3 octave analysis
No. :
analysis [dBG]
1 2 3 4
AS59.A (file of the analyzing tool)
time | 02-/08/14
1/3 octave correction ! G : 16:53’16
dB f = Total L = ?5.1 4B
1204
1 A59 75.1 108+
m;.-ulllllllll | | ‘ m
2Hz 16Hz 125Hz 1kHz BkHz Tot
ASB. A (file of the analyzing tool) e I
time ! 02-/08/14
1/3 octave correction : G P 15:51°42
4B f = Total L = 70.8 4B
1204
2 A58 70.8 106
92+
e
B I
S0y --.IIIII. s ' \ i
2Hz 16Hz 125Hz 1kHz BkHz Tot
AS0. A (file of the analyzing tool) o]
time | 02/08/14
1/3 octave correction ! G . 08:24’32
dB H f = Total L = 59.2 4B
iDD*.
3 A50 59.2
53*5
H y-..IIIIIIII. . , i
2Hz 16H=z 125H= 1kHz BkHz Tot
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Table 6. [Cont.]

AS51.A (file of the analyzing tool)

e I

1/3 octave correction : G
dE H f = Total L = 64.7 4B
100+
4 A51 64.7 s

2Hz 1EHz 125Hz

A44.A (file of the analyzing tool)

A43

64.2

1/3 octave correction : G
dB H f = Total L = 63.3 4B
120+
5 A44 63.3 108+
92+
k=5
B =
—— | ‘ .
Z2Hz 16HzZ 125Hz 1kHz
A43.A (fila of the analyzing tool)

time ! 16/03/14
09:2902

1/3 octave correction ! G
dE H f = Total L = 64.2 4B

100+

S8+

w;mlll I
ZHz 16Hz

1kHz SkHz Tot

A84

70.6

Hz
A42._ (e of the analyzing tool) e I
time 4
1/3 octave correction ! G
f = Total L = 77.5 4B
125‘HZ 1kIHZ Sk‘HZ Tot
A21.A (file of the analyzing tool) Comer] [
1/3 octave correction ! G
H f = Total L = 106.5 4B
92‘5
TEH
_annll ‘ . :
ZHz 16Hz 125Hz 1kHz SkHz Tot
A84.A (file of the analyzing tool)
time 12/01-15
1/3 octave correction : G 11:09°54
dE f = Total L = 70.6 4B

100+

g6+

1kHz SkHz Tot
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Table 6. [Cont.]
1 2 4
AS3. A (filz of the analyzing tool) e I
time ! 02-08-14
1/3 octave correction | G i 13:38714
4B f = Total L = 74.2 4B
120+
10 A53 74.2 108+
92+
75+ H
| | ‘
2Hz 16HzZ 125Hz 1kHz BkHz Tot
AG0. A (file of the analyzing tool)
tirme ! D2/08-14
1/3 octave correction | G : 17:57742
4B f = Total L = 71.1 4B
120
11 A60 71.1 108+
924
78+
B = I
somplulllllllll , , , i
2Hz 16HzZ 125Hz 1kHz BkHz Tot
A5.A  (file of the analyzing tool)
time ! 09-01-14
1/3 octave correction ! G : 01:02"52
4B f = Total L = 54.8 4B
100+
12 A5 54.8 =61
724
58+
N I
N - | llu . . . :
2Hz 16Hz SHz 1kHz SkHz Tot
AZ6. A (file of the analyzing tool)
time ! 16/03/14
1/3 octave correction : G i 08:03°18
4B f = Total L = 94.1 4B
120+
13 A26 94.1 106-
o924
7B
S0 T T
ZHz 16Hz 125Hz 1kHz SkHz Tot
Table 7. Levels of exposure to infrasound noise during windy weather.
. Non-occupational exposure
Daily exposure . .
. . to infrasound noise
Type of person to infrasound noise Lgeq,24
LGEq,lG
[dBG]
. 92.7 -
Housewife
80.7* —
. . - 94.5
Person working outside home »
- 82.3

The analysis of the carried out measurements and
calculations allows us to draw the following conclu-

sions:

4. Discussion and conclusions

1. Average values of audible threshold for particu-

means of transport.

lar frequencies of the 1/3 octave analysis, shown
in Table 1, were exceeded only during moving by
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1.

. Only during drives by bus the level 102 dBG, sug-

gested by the Polish norm (PN-Z-01338, 2010),
as exposure for eight hour work, was exceeded.
During the measurements the infrasound noise
level was 104.0 and 106.5 dBG. These levels for
a 60 minute exposure have a significant influence
on the calculated levels of the daily exposure and
non-professional exposure for both analysed peo-
ple and they were shown in Table 5 and Table 7.
In the same time it must be noticed that the bus
driver is exposed to 8-hour infrasound impact of
levels higher than 102 dBG.

The results of the conducted measurements in
dwelling buildings do not exceed 85 dBG de-
scribed in Denmark as permissible from outside
sources (JACOBSEN, 2001).

. The calculated levels of daily exposure for both

people sharing one household were between 77.3
to 94.5 dBG.

In the case of the person working outside home
the results may be useful to estimate the daily
exposure to the infrasound noise together with the
occupational exposure.

. It must be noticed that when doing a partial

research of the infrasound influence on human
health, especially during a long term exposure, it
is difficult to estimate the right permissible levels.
The knowledge of the non-occupational exposure
to the infrasound may help to estimate reasonable
permissible values.

. The measurements’ results are highly comparable

with the calculations presented in the wide mea-
surement report (LUBW, 2016).
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