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The aim of the research was to determine the occurrence of possible, significant levels of infrasound
and low frequency noise both in classrooms and around the primary school. Two sources of noise during
research were significant: traffic on the national road and a wind farm, located near the school building.
So far, few studies have been published regarding the impact of low-frequency, environmental noise
from communication routes. The identification of hazards in a form of estimated noise levels resulted in
preliminary information whether the location of the school near the road with significant traffic and the
nearby wind farm can cause nuisance to children. There have been determined the criteria for assessing
infrasound and low frequency noise. There have been made third octave band analyses of noise spectrum
and the essential noise indicators were calculated. The results of learning in that school were thoroughly
analysed for a long period of time and they were compared to the results obtained in other schools within
a radius of 200 km situated near similar noise sources. Chosen assessment criteria show small exposure
to low frequency noise. Measured infrasound noise levels are below hearing threshold.

Keywords: impact on environment; ease of learning factor; traffic noise; wind turbine; noise measure-
ments.

1. Introduction

The aim of the research was to determine whether
the level of low-frequency noise coming from the en-
vironment, including infrasound noise, in the primary
school, can be felt by children and may affect the re-
sults of learning. Levels of infrasound noise in the close
surrounding of the school were also studied. During
conducted research, the anthropogenic sources of noise
were car traffic on the national road (MR – main road)
on the north side of the school building and a wind
farm situated on the east and south sides of the school
building (Fig. 1). The analysed school is a communal
school and it is located far away from the urban ag-
glomeration.

Within our environment, there are different sources
of noise, but they generally depend on our activity, lo-
cation, and the time of day. Transportation noise rep-
resents a large majority of external noise affecting peo-
ple in cities and their surroundings. Traffic and wind
turbine noise can lead to sleep disturbance and to psy-

chological and physiological sustained stress reactions,
which could impact health. The health issues associ-
ated with excessive exposure to environmental noise
pollution (particularly from transportation sources)
are now fairly well-established and extensively docu-
mented (Muzet, 2007; Murphy et al., 2009; Pirrera
et al., 2010). Authors of many publications (Seetha
et al., 2008; Shield, Dockrell, 2008; Xie et al.,
2011; Bakar et al., 2013) describe the influence of
external noise coming from school environment on the
results of learning at school. There were studied corre-
lations between the impact of external, environmental
noise around schools and noise in school classrooms
on learning results. The source of external noise was
mainly traffic noise coming from a large urban ag-
glomeration. Some authors point out the possibility
of health problems related to the exposure to traffic
noise. For example, it is suggested that it may increase
the risk of developing type 2 diabetes (Thiesse et al.,
2018) or asthma (Eze et al., 2018). Authors also indi-
cate that there may be small connection between the
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Fig. 1. School location and sources of noise.

exposure to road noise in childhood and the later risk
of overweight (Schultz Christensen et al., 2016).
Traffic noise is also indicated as a factor discourag-
ing children from physical activity (Roswall et al.,
2017). The range of above studies included also acous-
tic noise. Such research conducted in primary schools,
concerning infrasound and low frequency noise which
occurs in classroom is rarely described in literature.
Our objective was to check the possible threats. The
small number of studies of impact of low frequency
noise on human health carried out so far does not allow
us to draw unambiguous conclusions (Kaczmarska,
Łuczak, 2008; Baliatsas et al., 2016). In the further
part of the article, low-frequency noise is described by
the abbreviation LFN.

The dominant effect of exposure to infrasound is
the annoying feeling, which occurs at small exceed-
ing of hearing thresholds, manifested by subjective
states of extreme tiredness, discomfort, drowsiness and
psychomotor and physiological disorders (Lundquist,
2003). LFN in the range of 125 to 250 Hz can lead to
worse student-teacher communication. Children gener-
ally have less precise speech, more limited vocabulary,
and less familiarity with language rules than adults.
Masking effects of noise may therefore be particularly
critical both for the perception of children’s speech and
for the children’s perception of speech (Lundquist
et al., 2000; Lundquist, 2003; Wu et al., 2014).

Many adults report environmental sensitivity to in-
frasound and LFN from wind farms. This is character-
ized by recurrent, unspecified symptoms resulting in
a bad mood of the residents. The causal nexus be-
tween the exposure and its symptoms cannot be in-
dicated by empirical evidence. Studies indicate that

the symptoms can be explained by nocebo reaction, in
which health problems and nuisances reported as a re-
sult of social discourse and media reports (McCunney
et al., 2014; Crichton, Petrie, 2015). Generally,
children are unbiased when they perceive reality and
they often do not identify their own environmental and
health problems as a result of environmental condi-
tions. Therefore, checking the potential impact of infra-
sound noise and LFN noise on primary school students
is an important aspect of environmental research.

Many researchers describe in their publications
the occurrence of infrasound noise near wind turbines
(Boczar et al., 2012; Ingielewicz, Zagubień, 2014;
Herrmann et al., 2016) and roads (Herrmann et al.,
2016). The sound pressure levels within the infrasound
range presented here do not generally exceed the hear-
ing thresholds. Presented noise spectra show that the
level of LFN above the central frequency of third oc-
tave band of 25 Hz is above the hearing threshold.
There are some cases of masking the audible noise of
wind turbines by roads of significant traffic (Pedersen
et al., 2010). To get a full picture of acoustic situation it
is necessary to get information on infrasound and LFN
levels in a total state, i.e. for sounds coming simulta-
neously from the wind farm and high traffic noise.

2. Methodology

2.1. Noise measurements

The analyses were carried out in the primary school
classrooms to determine the level of infrasound and
LFN coming from the environment. The walls of the
school building are made of brick, both sides plastered
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(wall thickness – about 40 cm), over 60% of the sur-
face of external walls is covered by windows. Window
frames are made of PVC and are double-pane ones.
The anthropogenic sources of noise during the mea-
surements were: car traffic on the national road (MR
– main road) located 150 m to the north facade of the
school building and a wind farm. The nearest turbine
of the wind farm is located 500 m from the eastern
facade of the school building (Fig. 1). Average traffic
intensity on the national road is 15 000 vehicles per
day. The wind farm devices are located to the east and
south side of the analysed school building and the farm
consists of 25 turbines. The capacity of wind turbines
of horizontal rotation axis is 2 MW each, the rotor’s
diameter is 80 m and there are three blades. The tur-
bines’ towers of 100 m are tubular ones.

Due to eastern and north-eastern location of class-
rooms (Fig. 2), the measurements were carried out
when the wind direction was eastern or north-eastern
(Fig. 1). Measurement points were located in six
measurement sections (Fig. 2), A1 and A2 in the east,
B1 and B2, and BG1 and BG2 in the north. The
measurements, at external sections A1 and B1, were
carried out at 3 different heights −4, 8 and 12 m above
the ground level, at the distance of 2 m from the
building’s façade. Internal measurements – A2 and B2
– were carried out at three floors of the school building
(ground floor, 1st floor, 2nd floor). The measurement
was made in the middle of the classroom, 1.5 m
from windows at a height of 1.5 m above the floor.
The microphone was minimum 0.5 m above the desk
and any other reflecting surface. The measurement
was made in 3 points situated 1 m from each other.
The points were located parallel to windows, due
to students’ frequent activity in this part of the

Fig. 2. Location of measurement points.

classroom. The average size of analysed classroom was
5× 8 m. Taking into consideration the furniture, the
desk and teacher’s area and other school equipment,
there is 3× 5 m left for children. The measurements
were carried out when all windows in external walls
were closed. In the BG measurement sections, there
was measured only the acoustic background noise
level at a height of 4 m above the ground level, at
a distance of 2 m from the building facade (BG1) and
at a height of 1.5 m above the ground floor level inside
the school building (BG2) – minimum 0.5 m above
any reflecting surface. Due to the fact that there
was no possibility to stop turbines during acoustic
background measurement, measurement points BG1
and BG2 were located in the acoustic shadow created
by the east wing of the school building and a building
of 6 m, which is a link building between the east and
west wing of the school (Fig. 2). Chosen location of
acoustic background measurement points, allowed
to minimise the impact of wind turbines on the
measurement results and at the same time, this did
not eliminate the influence of blowing wind on these
results. Measurements of acoustic background were
made when there was no traffic on the national road
(MR). In order to eliminate disturbances caused by
the presence of teachers and students in classrooms,
the research was conducted between 1:00 pm and
9:00 pm, after classes. Dates of the measurements were
selected so as the meteorological conditions remained
constant during measurements. Much attention has
been paid to wind speed and its direction – it was
important that it did change much. There were se-
lected three measurement days in spring and summer.
Thanks to favourable meteorological conditions, there
were two series of measurements conducted each day.
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During both measurement series, there were taken
three samples at each point, the duration of one trial
was 5 minutes. Each sample contained third octave
band analysis of sound conducted without correction,
at the frequency range from 0.4 to 16 000 Hz. Next, the
appropriate corrections A-weighted, C-weighted and
G-weighted were digitally applied (ISO 7196, 1995; ISO
226, 2003) by the use of dedicated meter software.

The measurements were carried out under the
following meteorological conditions: the temperature
15–21○C, humidity 61–79%, pressure 1005–1020 hPa
and wind speed at the height of the measurement
point 3.0–6.0 m/s. The average wind speed during the
measurement did not exceed 5 m/s, the direction of
wind – east and north-east. The measurement of se-
lected meteorological parameters was made by the
meteo-station set on the eastern side of the school, at
a height of 4 m. Conducting measurements at wind
speeds of 3.0–6.0 m/s, on one hand, allows to take
into account wind turbines’ noise emission working
with maximum acoustic power and on the other hand,
it allows to lower relatively the impact of acoustic
background on noise measurement results (Bullmore
et al., 2009; Wszołek, Kłaczyński, 2014; Zagu-
bień, Ingielewicz, 2017). The measurements were
made by digital sound analyzer class 1 SVAN 912AE
with wind protector, which enabled simultaneous mea-
surement of most parameters characterizing noise. Be-
fore and after measurements, the measurement tra-
jectory and sound analyzer were checked by class
1 calibrator. The whole equipment had valid calibra-
tion certificates. There was used the SV02/C4 mi-
crophone with constant measurement characteristics
of frequency range from 0.4 to 16 000 Hz (Zagubień,
2016).

In the literature, a number of methods have been
used for the detection of low frequency noise problems
(Leventhall, 2003). One of those focuses, on the dif-
ference between C- and A-weighted noise levels due to
the difference being an indicator of the amount of low
frequency energy in the noise as well as a useful pre-
dictor of annoyance (Holmberg et al., 1997; Kjell-
berg et al., 1997). Kjellberg et al. (1997) suggest
that if the difference between the noise values for the
two weightings – dB(C) and dB(A) – is bigger than
15 dB, there may occur a low frequency noise prob-
lem. While this indicator does not provide definitive
proof of a low frequency noise problem, it points to
the need for further investigation within narrower fre-
quency bands.

The LFN evaluation criteria were estimated regard-
ing differences between the measured equivalent sound
level LAeq and LCeq. For example, in Germany, in ac-
cordance with the DIN 45680 norm, the confirmation
of LFN is the difference between (equivalent or max-
imum) sound levels C and A, which is more or equal
20 dB. Considering different suggestions of authors

(Lundquist et al., 2000; Pawlaczyk-Łuszczyńska
et al., 2006; 2007; Pawlas et al., 2013) and the crite-
ria used in the world (Pawlas et al., 2013; DIN 45680,
2013; Hygiene norm HN 30, 2016; Shehap et al., 2016),
there was adopted an own LFN potential threat rating
scale:

• LCeq −LAeq < 10 – no threat,
• LCeq −LAeq = 10–15 – low LFN threat,
• LCeq −LAeq = 15–20 – medium LFN threat,
• LCeq −LAeq > 20 – high threat of LFN.

In a further part of the study A-weighted and
C-weighted equivalent sound pressure levels were cal-
culated for a limited frequency range, i.e. 20–16 000 Hz.

The criteria for assessing infrasound noise were
estimated both for the school surroundings and in
the classrooms. According to Danish recommenda-
tions (Jacobsen, 2001), the permissible level of in-
frasound noise inside a school building was estimated
at 85 dB(G). Considering the levels of natural in-
frasound in the environment during windy weather
(Ingielewicz, Zagubień, 2014), the permissible level
of infrasound noise outside a school building was esti-
mated at 95 dB(G).

2.2. Learning results

The results of learning were checked on the ba-
sis of pass rates of final tests done by primary school
students. The results concern children learning in the
6-grade primary school system, in other words, chil-
dren graduating from school at the age of 13.

The assessment was made on the basis of two indi-
cators, the average-percentage of the school results in
this region within last two years and a long-term ana-
lysis of the ease of learning factor. Ease of learning fac-
tor used in didactic measurements tells us whether the
graduate’s achievements are his strength or weakness.
The ease of learning factor is calculated by dividing
the points obtained by the graduate by the maximum
number of points possible to get for the task.

3. Results and discussions

The results of the conducted research are presented
in a graphics form and in the form of tabular presen-
tation. Long-term analysis of ease of learning factor,
non-corrected third octave band analysis with hearing
thresholds of acoustic noise (ISO 226, 2003) and low-
frequency noise (Moller, Pedersen, 2004; Leven-
thall, 2007) are presented in a graphic way.

3.1. Third octave band analyses

Figure 3 shows the results of the conducted third
octave band analyses outside school at measurement
points located 2 m from the facade of the building.
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Fig. 3. Frequency spectrum of low frequency noise (LFN) occurring outside the building (ranges of measured sound pressure
levels in 1/3-octave bands from 1 to 250 Hz).

The central frequency of 25 Hz of third octave band
was highlighted; exceeding this frequency resulted in
measurement results above hearing thresholds.

While identifying the potential threat of LFN to
health of children, who stay outside school, the results
of measurements at the height of 4 m are important.
It should be noted that in the A1 measurement sec-
tion (on wind turbines sides) the highest sound pres-
sure levels are recorded at heights of 8 and 12 m, and
in the measurement section B1 (from the road side)
at a height of 4 m. At frequencies above 25 Hz, the

Fig. 4. Frequency spectrum of low frequency noise (LFN) occurring in classrooms (ranges of measured sound pressure
levels in 1/3-octave bands from 1 to 250 Hz).

results of measurements at the height of 4 m in the
measurement section A1 are close to the background
noise measured in BG1 section.

Figure 4 shows the results of third octave band
analyses conducted in classrooms in A2, B2 and BG2
sections. Because of the large number of measure-
ments, only the results of the highest values are pre-
sented. The frequency of the 63 Hz of third octave
band was highlighted; exceeding this frequency re-
sulted in measurement results above hearing thres-
holds.



98 Archives of Acoustics – Volume 45, Number 1, 2020

3.2. Infrasound noise

Table 1 summarizes the results of the selected mea-
surement day from two series of measurements of the
G-weighted equivalent sound pressure level. The mean
equivalent sound level G was calculated for each test
series at all measuring points. The measured values
contain the background contribution. The values of the
G-weighted equivalent sound pressure level of the back-
ground have been mixed up in separate columns.

The results of all collected infrasound noise mea-
surements inside classrooms do not exceed 67 dB, and
the ones collected outside the school do not exceed
92 dB. Calculated average values of equivalent sound
level corrected by G weighted equivalent sound pres-
sure level do not exceed 65 dB inside classrooms and
89 dB outside the school. Comparing the obtained re-
sults to values obtained during measurements carried
out under similar meteorological conditions for natu-
ral sources of infrasound noise (Ingielewicz, Zagu-
bień, 2014) and during everyday household activities
(Zagubień, Wolniewicz, 2016), it can be stated that
they are at similar levels.

Table 1. Results of infrasound noise measurements.

Measurement height/floor [m]/– Number of sample [–]

G-weighted equivalent sound pressure level, LGeq [dB]
Measurement series 1 Measurement series 2 Background

Measurement section
A1 A2 B1 B2 A1 A2 B1 B2 BG1 BG2

4/0

10 80.8 52.5 84.7 60.6 77.9 52.8 85.4 60.6 76.4 53.1
20 78.5 53.2 87.2 60.2 78.4 54.5 91.4 61.0 74.8 52.3
30 77.5 55.0 83.9 59.9 76.9 55.7 86.5 59.4 75.1 52.7

LGeq,avg 79.2 53.7 85.5 60.2 77.8 54.5 88.6 60.4 75.5 52.7

8/I

1I 87.8 60.9 78.6 58.2 86.2 60.6 80.8 57.5

–

2I 88.4 66.6 77.5 58.9 87.8 66.0 80.0 59.8
3I 85.6 62.8 74.8 59.1 83.4 63.4 75.0 59.1

LGeq,avg 87.5 64.1 77.3 58.8 86.2 63.9 79.2 58.9

12/II

1II 89.6 62.6 81.7 56.9 89.4 62.7 82.2 55.7
2II 84.6 60.3 82.6 58.8 83.0 57.9 82.5 55.7
3II 85.5 61.1 82.3 60.6 85.2 61.1 82.3 62.7

LGeq,avg 87.1 61.4 82.2 59.0 86.7 61.0 82.3 59.4

Table 2. Results of the LCeq and LAeq measurements.

Measurement height/floor [m]/–

C-weighted equivalent
sound pressure level,

LCeq [dB]

A-weighted equivalent
sound pressure level,

LAeq [dB]
LCeq −LAeq [dB]

Section A Section B Section A Section B Section A Section B
A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2

4/0 68.1 46.3 75.2 50.8 59.7 40.4 60.2 37.5 8.4 5.9 15.0 13.3
8/I 74.9 51.1 69.3 49.1 63.6 38.5 63.5 40.3 11.3 12.6 5.8 8.8
12/II 74.4 54.0 71.2 48,9 59.5 40.8 62.8 38,1 14.9 13.2 8.4 10.8

3.3. LFN noise

The analysis of the diagrams shown in Figs 3 and 4
indicates that within the spectrum of the analysed
noise there are the LFN members above the hearing
threshold. It should be considered whether the mea-
sured noise levels can have a bothersome or harmful
impact on students. Table 2 summarizes the average
results of measurements of the equivalent sound level
A and C in A and B measurement sections and the cal-
culated difference LCeq −LAeq, which is the estimated
criterion of assessment. Table 3 shows maximum sound
levels registered in measurement points all types of fre-
quency weightings A, C and G.

The following dependence of the LCeq − LAeq as-
sessment criterion was observed:

• in measurement sections A (from wind turbines
side) larger differences (>10) were registered at
heights of 8 and 12 m (A1) which corresponds
to classrooms on the first and second floor of
the school building (A2), it is probably caused
by the direct (no reflections and loss) sound wave
propagation on these points, from classroom win-
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Table 3. Results of the LCmax, LAmax and LGmax measurements.

Measurement height/floor [m]/–

C-weighted sound
pressure level,
LCmax [dB]

A-weighted sound
pressure level,
LAmax [dB]

G-weighted sound
pressure level,
LGmax [dB]

Section A Section B Section A Section B Section A Section B
A1 A2 B1 B2 A1 A2 B1 B2 A1 A2 B1 B2

4/0 72.7 54.2 83.4 57.9 64.5 49.1 66.1 45.7 91.1 65.1 99.5 71.6
8/I 78.9 58.0 76.0 55.4 68.1 46.4 69.9 48.5 95.9 75.3 94.4 70.8
12/II 78.8 61.8 78.5 55.9 63.6 48.2 68.2 47.0 97.8 74.2 94.7 72.1

dows on the 1st and 2nd floor it is possible to see
wind turbines while on the ground floor they are
partly obscured by trees and bushes,

• in measurement sections B (from the national road
side) larger differences (>10) were registered at
a height of 4 m (B1) which corresponds to class-
rooms on the ground floor of the school building
(B2), which may be caused by shorter sound wave
propagation from vehicles on this part of the road,

• the results of measurements were never higher
than 15 – which is the adopted numerical eva-
luation criterion (low LFN threat).

Beside chosen criteria, differences between levels
LCmax − LAmax in Table 3 have also been checked.

Fig. 5. Long-term analysis of ease of reading factor.

Fig. 6. Long-term analysis of ease of writing factor.

They did not exceed 20 dB in any measurement point.
Only in one point the difference level was exceeded –
LCmax−LAmax = 15 dB, it was 17.3 dB registered from
the MR road side, at the height of 4 m.

3.4. Learning results

Figures 5 to 7 show a long-term analysis of the
ease of learning factor for three selected tasks: reading,
writing and reasoning. The trend line of the results is
presented. The results are shown in comparison with
the results of the comparative school. The comparative
school is of similar size as the analysed one and it is
located in the same municipality. The comparative
school is located at the distance of 250 m from the
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Fig. 7. Long-term analysis of the ease of reasoning factor.

Table 4. Average learning results compared to schools in the region.

Number of graduates Year
Average school result [%]

School Municipality County Voivodship
Analysed school: 24

2014
53.75

57.68 59.13 62.28
Comparative school: 19 58.55
Analysed school: 17

2015
50.59

63.96 62.60 64.95
Comparative school: 32 69.28
Analysed school: 20

2016
56.30

60.19 58.79 59.59
Comparative school: 21 62.24

national road (MR) and partly shielded from traffic
noise by buildings. The windows of the comparative
school classrooms do not look out to the national road.
The distance between the nearest wind turbine and the
comparative school is 15 km.

The charts show that both schools have a declin-
ing trend line for all analysed factors. However, in the
case of the analysed school, the line drops at an alarm-
ingly large angle. Table 4 summarizes the average-
percentage of learning results at the analysed school
and the comparative school compared to schools in
this region for last three years. The analysis of the
presented data leads to the conclusion that the analy-
sed school’s educational results are below the average
results in schools in this region.

4. Conclusions

The main conclusions of conducted research are:
1) The measured equivalent sound level A which is

the acoustic background in analysed classrooms
does not exceed 41 dB and most registered results
are below 40 dB.

2) Adopted LFN assessment criterion describes the
exposure of students to low-frequency noise as
meaningless.

3) No threat of infrasound noise. Measured levels are
below the threshold of human perception of infra-
sound.

4) Recreational facilities outside the school are lo-
cated 100 m from the national road, which may
discourage children from playing in the environ-
ment of increased noise levels. The measured val-
ues of the equivalent sound level A at the height of
4 m above the ground level, from the national road
side, are higher than 60 dB (measurement sec-
tions B1). Lack of physical activity during breaks
between lessons may cause tiredness and may lead
to children’s lower concentration.

Due to the fact that the express road, 500 m south-
east from the school building, is still under construc-
tion, the research will be repeated within two years.
There will be a survey conducted among students to
know their subjective opinions on noise at school and
its surroundings. On the basis of the measurement re-
sults collected so far, it is difficult to state clearly that
worse learning results at this school are influenced by
the acoustic climate in the school environment.
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