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Increased efficiency of production and improved quality have contributed to the development of ultra-
sonic technological applications, in which low frequency ultrasounds are generated to operate, accelerate
as well as to facilitate technological processes. Technological ultrasonic devices (i.e. sources of ultrasonic
noise in the work environment, e.g. ultrasonic washers, ultrasonic welding machines) have relatively high
power and their nominal frequencies are in the range from 18 kHz to 40 kHz. In Poland, ultrasonic noise
(defined as noise containing high audible and low ultrasonic frequencies from 10 kHz to 40 kHz) is in-
cluded in the list of factors harmful to health in the work environment and therefore the admissible values
of ultrasonic noise in the workplaces are established. The admissible values of ultrasonic noise and the
new ultrasonic noise measurement method make it possible to perform the assessment of occupational
risk related to ultrasonic noise. According to this method, the scope of the measurements includes the
determination of the equivalent sound pressure levels in the 1/3 octave bands with the centre frequencies
from 10 kHz to 40 kHz. This paper presents the description of both, i.e. the method for ultrasonic noise
measurements and the method of the assessment of occupational risk related to ultrasonic noise. The
examples of the results of the assessment of occupational risk related to exposure to ultrasonic noise are
also discussed.
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1. Introduction

Since the 1960s and the following 1970s (till now)
questions relating to ultrasonic noise (i.e. airborne
ultrasound) have been subjects of many research
projects and publications in many countries, e.g.
(Grigoriewa, 1965, cited by Śliwiński (2013);
Acton, 1974; Holmberg et al., 1995; Schust, 1996;
Lawton, 2001; 2013; Pawlaczyk-Łuszczyńska
et al., 2001a; 2001b; 2007; Howard et al., 2004; Ashi-
hara et al., 2006; Dobrucki et al., 2010; Martin,
2011; Mikulski, 2013; Pleban, 2013; Dudarewicz
et al., 2017; Pleban, Mikulski, 2018). Last and
current researches on airborne ultrasound cover
primarily human effects, e.g. (van Wieringen, Glo-
riueux, 2018; Fletcher et al., 2018a; 2018b; Duck,
Leighton, 2018), measurement techniques, e.g.
(Radosz, 2012; 2014; 2015; Kling et al., 2015;
2017; Ullisch-Nelken et al., 2018; Schöneweiß
et al., 2018; Radosz, Pleban, 2018; van Wierin-
gen, Gloriueux, 2018; Mapp, 2018; Paxton

et al., 2018; Fletcher et al., 2018c; Dolder et al.,
2018; Cieslak et al., 2020), calibration of measure-
ment instrumentation for airborne ultrasound, e.g.
(Barrera-Figueroa, 2018; Takahashi, Horiuchi,
2018) and novel applications of airborne ultrasound,
e.g. (Miegel et al., 2018; Øyerhamn et al., 2018).

Increased efficiency of production and improved
quality have contributed to the development of ul-
trasonic technological applications, in which ultra-
sounds are generated to operate, accelerate or facili-
tate technological processes. Technological ultrasonic
devices have relatively high power, emit high frequency
noise and their nominal frequencies are between 18
and 40 kHz. Ultrasonic washers are the most com-
mon devices. They are sources of emission of ultra-
sounds which sound pressure levels at operator work-
places reach the values of 110–135 dB (Augustyńska,
Zawieska, 1999; Smagowska, 2013). According to
(Holmberg et al., 1995) the ratings of annoyance and
discomfort are high during exposure to noise from ul-
trasonic washers. The ultrasonic washers are followed
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by ultrasonic welding devices and ultrasonic drilling
machines. They radiate into the air ultrasonic waves of
sound pressure levels of up to 145 dB (Smagowska,
Mikulski, 2008). Besides technological ultrasonic de-
vices, there is also a large group of industrial machines
and devices which also emit ultrasounds as an unin-
tended, accompanying additional factor. In this case,
the sources of the ultrasounds are phenomena of the
aerodynamic nature or of the mechanical nature.

Low frequency ultrasounds, generated by the above
mentioned sources (technological ultrasonic devices,
in particular), can penetrate the human body by
means of contact (e.g. contact with an ultrasonic trans-
ducer or ultrasound-excited fluid). However, the sound
energy originating from those sources is always trans-
ferred to the human body by means of air. Working
in the environment of the abovementioned technolog-
ical ultrasonic devices, machines and devices there-
fore creates hazards not only to the organ of hear-
ing (Acton, 1974; Ashihara et al., 2006; Law-
ton, 2001; Smagowska, Pawlaczyk-Łuszczyńska,
2013) but it can be also annoyance (Holmberg et al.,
1995; Smagowska, 2015) and even harmful due to
extra-auditory effects of ultrasounds (Smagowska,
Łuszczyńska, 2013). It is estimated that about 25,000
employees are exposed in Poland to ultrasonic noise
emitted by technological ultrasonic devices and a simi-
lar number of employees are exposed to ultrasonic noise
emitted by other machines and pieces of equipment.

In view of the above, ultrasonic noise (in Poland de-
fined as the broadband noise containing high audible
and low ultrasonic frequencies from 10 kHz to 40 kHz
(Koradecka, 2010)) is assigned to the group of phys-
ical agents harmful to health in the working environ-
ment. As a result, the admissible values of ultrasonic
noise at workplaces are established in Polish legislation
(Announcement of Minister of Family, Labour and So-
cial Policy, 2018). And besides, in accordance with the
requirements of the national law (Act Labour Code,
1974) occupational risk assessment associated with ex-
posure to harmful agents belongs to the basic obliga-
tions of the employer. Occupational risk assessment
is also the main tool used in occupational safety and
health management which is required by the European
Directive 89/391/EEC (Council Directive, 1989).

There are no international and European standards
relating to the ultrasonic noise measurements in the
working environment. Furthermore, there are no inter-
national regulations on ultrasonic noise exposure as-
sessment. Ultrasonic noise is also defined differently
from country to country. The result of that is a lack
of publications on occupational risk assessment related
to ultrasonic noise. Poland is one of the few countries
in which there are specified both limit values for ultra-
sonic noise, as a method for measuring the ultrasonic
noise in the workplaces. Therefore, the purpose of the
paper is to present the new ultrasonic noise measure-

ment method and the method of assessment of occupa-
tional risk related to ultrasonic noise. Examples of the
results of the assessment of occupational risk related
to ultrasonic noise exposure are also presented.

2. Test method

2.1. General

The assessment of occupational risk related to ul-
trasonic noise exposure is a complex process consisting
of the following stages:

• estimation of ultrasonic noise exposure,
• comparison of the obtained ultrasonic noise expo-

sure with the maximum allowable intensity (MAI)
values,

• assessment of the occupational risk related to ul-
trasonic noise.

Having regard to the above stages, the following sub-
sections describe the essential steps of the assessment
of occupational risk related to ultrasonic noise expo-
sure.

2.2. Maximum allowable intensity values
for ultrasonic noise

The current legislation (Announcement of the Mi-
nister of Family, Labour and Social Policy, 2018), pre-
scribes that ultrasonic noise is characterized by:

• equivalent sound pressure levels in the 1/3 oc-
tave bands (with the centre frequencies, f , 10 kHz,
12.5 kHz, 16 kHz, 20 kHz, 25 kHz, 31.5 kHz, and
40 kHz) normalized to a nominal 8-hour working
day, Lfeq,8h, or to a working week, Lfeq,w (in the
case of exposure to ultrasonic noise at an irregu-
lar manner over each day in a week or if a per-
son works another number of days a week than
5 days),

• maximum sound pressure levels in the above men-
tioned 1/3 octave bands, Lfmax.

In accordance with the abovementioned Announce-
ment, the maximum allowable intensity (MAI) values
for ultrasonic noise at workplaces are given in Table 1.

Table 1. MAI values for ultrasonic noise at workplaces.

Frequency, f [kHz] Lfeq,8h or Lfeq,w [dB] Lfmax [dB]
10; 12.5; 16 80 100

20 90 110
25 105 125

31.5; 40 110 130

2.3. Method for measuring ultrasonic noise

Measurement methods and strategies for audible
noise in a workplace are defined in the International
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Standard ISO 9612:2009 (International Organization
for Standardization, 2009). Specifications for measur-
ing instruments are defined in relevant international
standards IEC. There is, however, no currently appli-
cable analogous international standard on ultrasonic
noise. In the 1980s, the results of studies on sources
of ultrasonic noise in the working environment and
on its effects on humans contributed to the develop-
ment of standardisation works in this field. Researchers
at the Central Institute for Labour Protection were
the authors of the first Polish Standard PN-86/N-
01321 (Polish Committee for Standardization, 1986)
containing the admissible values of ultrasonic noise at
work places and the general requirements for measure-
ments. In 2001, as the result of the cooperation with
the Nofer Institute of Occupational Medicine, a proce-
dure for ultrasonic noise measurements was published
(Pawlaczyk-Łuszczyńska et al., 2001b). The new
ultrasonic noise measurement procedure was developed
(on the basis of the results of studies carried out in the
Central Institute for Labour Protection-National Re-
search Institute) and was published by Radosz (2015).
This measurement procedure was implemented in the
Polish Standard PN-Z-01339:2020 (Polish Committee
for Standardization, 2020).

The Polish Standard PN-Z-01339:2020 specifies
both: a method for measuring ultrasonic noise in the
work environment and a method for determining of
equivalent sound pressure levels of ultrasonic noise.
The Standard also specifies a method for taking ac-
count of amendments related to the influence of the
metrological characteristics of the measuring devices
and the influence of a microphone protective grid
on measurement results. The developed measurement
method requires the observation and analysis of the
ultrasonic noise exposure conditions in order to con-
trol the quality of measurements. Therefore, the Po-
lish Standard PN-Z-01339 allows to estimate uncer-
tainty measurements in order to determine the quali-
ty of the measurements. According to this Standard
the ultrasonic noise measurements shall be carried out
in the presence of the worker at the workplace. During
the measurements the microphone should be located
at a distance of approximately 10 cm from the exter-
nal ear canal, on the side of the ear exposed to higher
value of the sound pressure level. Workplaces at which
ultrasonic noise occurs, particularly workplaces related
to ultrasonic technological devices, are usually station-
ary positions, and tasks carried out in these workplaces
may be divided into clear time intervals depending on
the work of these devices. In such a case, the most
effective method of measuring is the task based mea-
surements strategy – the strategy determined the In-
ternational Standard ISO 9612:2009. For that reason
the working time on the tested workplace shall be di-
vided into the duration of the individual tasks. The
total duration of the tasks should encompass the full

working shift. At least 3 sound pressure measurements
shall be carried out for each task. The equivalent sound
pressure levels for the m-th task shall be determined
by using Eq. (1):

Lfi,eq,Tm = 10 log
⎛
⎝

1

J

J

∑
j=1

100.1Lfi,eq,Tm,j
⎞
⎠
, (1)

where Lfi,eq,Tm – the equivalent sound pressure level
in the i-th 1/3 octave band for the m-th task, in dB,
Lfi,eq,Tm,j – the equivalent sound pressure level in the
i-th 1/3 octave band, and for the j-th measurement for
the m-th task, in dB, J – the number of measurements
for the m-th task.

The maximum sound pressure level for the m-th
task, Lfi,max,Tm, is the greatest value obtained during
the measurements.

The result of the equivalent sound pressure level
measurement in the i-th 1/3 octave band and the re-
sult of the maximum sound pressure level measurement
in the i-th 1/3 octave band, Lfi, shall be adjusted ac-
cording to Eq. (2):

Lfi = L′fi +Kapfi −Kgfi, (2)

where Lfi – the corrected meter/analyser reading
in the i-th 1/3 octave band, in dB, L′fi – the me-
ter/analyser reading in the i-th 1/3 octave band, in dB,
Kapfi – the amendment related to metrological charac-
teristics of measurement equipment, in dB (data from
the certificate of calibration), Kgfi – the amendment
related to the influence of microphone protection grid,
in dB.

The equivalent sound pressure levels in the i-th 1/3
octave bands, normalized to a nominal 8-hour working
day, Lfi,eq,8h, are determined by using Eq. (3):

Lfi,eq,8h = 10 log [
M

∑
m=1

Tm
T0

100.1Lfi,eq,Tm], (3)

where Lfi,eq,8h – the equivalent sound pressure level
in the i-th 1/3 octave bands, normalized to a nominal
8-hour working day, in dB, Lfi,Tm – the equivalent
sound pressure level in the i-th 1/3 octave band, and
for them-th task, in dB, Tm – the duration of them-th
task, in h, T0 – reference time interval, T0 = 8 h, m –
the number of tasks, M – the total number of tasks
during the working shift.

2.4. Instrumentation

Ultrasonic noise measurements shall be made with
sound level meter/analysers which:

• meet the requirements of IEC 61672-1 and IEC
61260-1 (International Electrotechnical Commis-
sion, 2013; 2014) in the frequency range up to
20 kHz for class 1 measuring instruments,
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• are equipped with 1/3 octave band filters with
centre frequency range at least from 10 kHz to
40 kHz, meeting the requirements of IEC 61260-1,

• are equipped with free-field microphones meeting
the requirements of IEC 61094-4 (International
Electrotechnical Commission, 1995).

A measurement microphone in combination with
a sound level meter/analyser should ensure a flat fre-
quency response covering the frequencies of the tested
range (± 0.5 dB). It should be primarily used in the no
protection grid configuration. Using the microphone in
configuration with the protection grid is possible pro-
vided that its influence on the microphone’s frequency
response is known.

2.5. Assessment of occupational risk related
to ultrasonic noise exposure

Occupational risk is defined as a combination of the
likelihood of an occurrence of a hazardous event and
the severity of injury or damage to the health of people
caused by the event. According to (Koradecka, 2010)
occupational risk assessment is the process by which
work-related hazards are identified and the risks result-
ing from their presence are then estimated and evalu-
ated. The Polish Standard PN-N-18002 (Polish Com-
mittee for Standardization, 2011) recommends a three-
point risk-level estimator. In accordance with the prin-
ciples given in the Polish Standard PN-N-18002, occu-
pational risk related to ultrasonic noise can be esti-
mated on the value of multiplicity of MAI values for
ultrasonic noise, k. The multiplicities of MAI values
for ultrasonic noise, k, are determined by using Eqs (4)
and (5):

• in case of the equivalent sound pressure levels in
the 1/3 octave bands (with the centre frequen-
cies, f , 10 kHz, 12.5 kHz, 16 kHz, 20 kHz, 25 kHz,
31.5 kHz, and 40 kHz):

k = 10(Lfi,eq,8h)−(Lfi,eq,8h,MAI)/10, (4)

Table 3. Values of the equivalent sound pressure levels in the 1/3 octave bands normalized to a nominal 8-hour working
day at the workplaces, Lfi,eq,8h, in dB.

Workplace
Frequency, f [kHz]

10 12.5 16 20 25 31.5 40
Ultrasonic washer No. 1 operator 63.8 66.5 75.2 85.9 76.0 94.4 108.9
Ultrasonic washer No. 2 operator 55.2 65.8 61.0 81.3 97.8 76.0 63.0
Ultrasonic washer No. 3 operator 55.5 58.0 68.8 72.0 63.3 76.7 92.0
Ultrasonic washer No. 4 operator 64.8 77.6 68.5 83.4 96.5 81.6 80.1
Ultrasonic washer No. 5 operator 74.3 85.6 75.4 74.6 100.4 81.8 68.1

Ultrasonic welding device No. 1 operator 72.4 52.0 53.0 78.8 57.9 56.7 51.8
Ultrasonic welding device No. 2 operator 93.0 75.4 76.5 102.2 86.0 88.4 90.4
Ultrasonic welding device No. 3 operator 65.0 50.3 51.3 78.2 58.4 56.6 51.6
Ultrasonic welding device No. 4 operator 97.0 85.2 100.8 121.2 102.5 100.0 117.5
Ultrasonic welding device No. 5 operator 71.5 68.5 76.5 96.0 81.5 75.0 87.0

where Lfi,eq,8h – the equivalent sound pressure
level in the i-th 1/3 octave bands, normalized to
a nominal 8-hour working day, in dB, Lfi,eq,8h,MAI

– the MAI value of the equivalent sound pressure
level in the i-th 1/3 octave band normalized to
a nominal 8-hour working day, in dB,

• in case of the maximum sound pressure levels in
the 1/3 octave bands (with the centre frequen-
cies, f , 10 kHz, 12.5 kHz, 16 kHz, 20 kHz, 25 kHz,
31.5 kHz, and 40 kHz):

k = 10(Lfi,max)−(Lfi,max,MAI)/20, (5)

where Lfi,max – the measured maximum sound
pressure level in the i-th 1/3 octave band, in dB,
Lfi,max,MAI – the MAI value of the maximum
sound pressure level in the i-th 1/3 octave band,
in dB.

The maximum value of the calculated multiplicities
is the basis for the assessment of occupational risk re-
lated to ultrasonic noise exposure accordance with the
principle given in Table 2.

Table 2. Principle of the assessment of occupational risk
related to ultrasonic noise exposure.

Multiplicity of MAI value, k Risk estimation
k < 0.5 Low – acceptable

0.5 ≤ k ≤ 1 Medium – acceptable
k > 1 High – unacceptable

3. Test results

As mentioned earlier, the main sources of ultraso-
nic noise in the working environment are the ultra-
sonic technological devices. In this case the ultrasonic
washers and ultrasonic welding devices are the most
common devices. Therefore, the workplaces associated
with the operation of five of the most common ultra-
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Table 4. Values of the maximum sound pressure levels in the 1/3 octave bands at the workplaces, Lfi,max, in dB.

Workplace
Frequency, f [kHz]

10 12.5 16 20 25 31.5 40
Ultrasonic washer No. 1 operator 75.4 77.7 86.7 97.5 88.1 107.1 121.3
Ultrasonic washer No. 2 operator 73.0 82.0 68.0 97.0 113.5 91.0 78.0
Ultrasonic washer No. 3 operator 71.5 72.5 79.5 85.6 78.2 93.6 108.9
Ultrasonic washer No. 4 operator 79.1 91.9 82.8 97.2 115.5 95.6 93.9
Ultrasonic washer No. 5 operator 79.8 86.9 77.3 75.9 101.1 82.2 69.7

Ultrasonic welding device No. 1 operator 78.8 58.2 68.4 85.1 63.5 60.2 58.5
Ultrasonic welding device No. 2 operator 99.3 80.0 82.6 107.7 90.7 92.1 95.8
Ultrasonic welding device No. 3 operator 71.7 56.8 57.3 83.9 56.7 62.1 57.9
Ultrasonic welding device No. 4 operator 106.0 92.0 108.0 128.0 110.5 106.5 126.0
Ultrasonic welding device No. 5 operator 89.0 86.0 98.0 118.0 99.0 92.0 106.0

Table 5. Results of the assessment of occupational risk related to ultrasonic noise exposure.

Workplace Maximum value of k Risk estimation
Ultrasonic washer No. 1 operator 0.78 Medium – acceptable
Ultrasonic washer No. 2 operator 0.27 Low – acceptable
Ultrasonic washer No. 3 operator 0.09 Low – acceptable
Ultrasonic washer No. 4 operator 0.58 Medium – acceptable
Ultrasonic washer No. 5 operator 3.63 High – unacceptable

Ultrasonic welding device No. 1 operator 0.17 Low – acceptable
Ultrasonic welding device No. 2 operator 19.95 High – unacceptable
Ultrasonic welding device No. 3 operator 0.07 Low – acceptable
Ultrasonic welding device No. 4 operator 1318.26 High – unacceptable
Ultrasonic welding device No. 5 operator 3.98 High – unacceptable

sonic washers and the workplaces associated with the
operation of five of the most common ultrasonic weld-
ing devices in Poland were chosen as the test objects.
Ultrasonic noise measurements at the workplaces were
carried out in accordance with the above described
method. The measurements were taken using sound
analysers SVANTEK type SVAN 912 AE and SVAN-
TEK type SVAN 979 both with G.R.A.S. preamplifiers
type RA0019 and G.R.A.S. type 40BF microphones.

The results of measurements, expressed as the
equivalent sound pressure levels in the 1/3 octave
bands normalized to a nominal 8-hour working day,
Lfi,eq,8h, and as the maximum sound pressure levels
in the 1/3 octave bands, Lfi,max, are given respec-
tively in Tables 3 and 4. However, the results of the
assessment of occupational risk related to the ultra-
sonic noise exposure are given in Table 5.

4. Discussion

The measured sound pressure levels are con-
sistent with earlier results for ultrasonic washers
and for ultrasonic welding devices, e.g. (Holmberg
et al., 1995; Pawlaczyk-Łuszczyńska et al., 2001a;

2007a; 2007b; Smagowska, Pawlaczyk-Łuszczyń-
ska, 2013; Dudarewicz et al., 2017).

On the basis of the results of the ultrasonic noise
measurements at the workplaces associated with the
operation of the ultrasonic washers, the authors can
state that:

• the equivalent sound pressure levels in the 1/3
octave bands normalized to a nominal 8-hour
working day reached values between 55.2 dB and
108.9 dB,

• the highest values of the equivalent sound pressure
levels normalized to a nominal 8-hour working day
were determined in the 1/3 octave bands with
centre frequencies 25 kHz (the ultrasonic washer
No. 5) and 40 kHz (the ultrasonic washer No. 1),

• the maximum sound pressure levels in the 1/3 oc-
tave bands reached values between 71.3 dB and
121.3 dB,

• the highest values of the maximum sound pressure
levels were measured in the 1/3 octave bands with
centre frequencies 25 kHz (the ultrasonic washer
No. 4) and 40 kHz (the ultrasonic washer No. 1),

• the values of ultrasonic noise exposure in the
tested workplaces did not exceed the MAI values
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for ultrasonic noise except the ultrasonic washer
No. 5,

• the assessment of occupational risk related to ul-
trasonic noise exposure indicated that occupa-
tional risk was acceptable except for the ultra-
sonic washer No. 5. This risk was low in the case
of the ultrasonic washers No. 2 and No. 3 and it
was medium in the case of the ultrasonic washers
No. 1 and No. 4,

• in the case of the ultrasonic washer No. 5, the re-
sult of the assessment of occupational risk related
to ultrasonic noise exposure was unacceptable, i.e.
risk was high.

On the other hand, on the basis of the results of
the ultrasonic noise measurements at the workplaces
associated with the operation of the ultrasonic welding
devices the authors can state that:

• the equivalent sound pressure levels in the 1/3
octave bands normalized to a nominal 8-hour
working day reached values between 50.3 dB and
121.2 dB,

• the highest values of the equivalent sound pressure
levels normalized to a nominal 8-hour working day
were determined in the 1/3 octave bands with cen-
tre frequencies 20 kHz (the ultrasonic welding de-
vice No. 4) and 40 kHz (the same ultrasonic weld-
ing device, i.e. No. 4),

• the maximum sound pressure levels in the 1/3 oc-
tave bands reached values between 56.8 dB and
128.0 dB,

• the highest values of the maximum sound pressure
levels were measured in the 1/3 octave bands with
centre frequencies 20 kHz (the ultrasonic welding
device No. 4) and 40 kHz (the same ultrasonic
welding device, i.e. the device No. 4),

• the values of ultrasonic noise exposure in the
tested workplaces did not exceed the MAI values
for ultrasonic noise only in the case of the ultra-
sonic welding devices No. 1 and No. 3,

• the assessment of occupational risk related to ul-
trasonic noise exposure indicated that occupa-
tional risk was acceptable only for the ultrasonic
welding devices No. 1 and No. 3– the risk was low
in the case of these both devices,

• in the case of the ultrasonic welding devices No. 2,
No. 4, and No. 5, the results of the assessment of
occupational risk related to ultrasonic noise expo-
sure were unacceptable, i.e. risk was high.

5. Conclusions

Ultrasonic noise is one of the common harmful fac-
tors in the working environment. Applying a standard-
ised measurement method for ultrasonic noise can be

a support for the assessment and eliminating or re-
ducing occupational risk related to this type of noise.
Although there are not:

• legal acts of the European Union relating to ul-
trasonic noise exposure in the workplaces,

• international and European standards for the
measurements of ultrasonic noise in the work-
places,

issues on the assessment of occupational risk related
to ultrasonic noise exposure may be considered as
solved in Poland. This assessment was made possible
through the MAI values for ultrasonic noise at work-
places and the ultrasonic noise measurement method.
The ultrasonic noise measurement method described in
this paper and included in the Polish Standard PN-Z-
01339 includes in particular: description of proceeding
during measurements, requirements relating to mea-
surement apparatus and correction of measurement re-
sults.

The presented results of the assessment of occupa-
tional risk related to ultrasonic noise exposure showed
that risk can be high (i.e. some ultrasonic technologi-
cal devices can pose threat to employees’ health). Re-
duction of occupational risk related to ultrasonic noise
exposure can be achieved among others by encapsula-
tion of ultrasound sources, enclosures, remote controls
of technological processes and wearing personal pro-
tective equipment (including hearing protectors).

Acknowledgement

This publication has been based on the results of
the fourth stage of the program “Safety and working
conditions improvement”, co-funded in the years 2017
– 2019 within the capacity of the governmental services
by the Ministry of Family, Labour and Social Policy.
The main coordinator: Central Institute for Labour
Protection – National Research Institute.

References

1. Act Labour Code (1974), Announcement by the
Speaker of the Sejm of the Republic of Poland of 13
April 2018 on the announcement of the uniform text
of the Act – Labor Code [in Polish: Obwieszczenie
Marszałka Sejmu Rzeczypospolitej Polskiej z dnia 13
kwietnia 2018 r. w sprawie ogłoszenia jednolitego tek-
stu ustawy – Kodeks pracy], Journal of Laws 2018, item
917 with later changes.

2. Acton W.I. (1974), The effects of industrial airborne
ultrasound in humans, Ultrasonics, 12(3): 124–128,
doi: 10.1016/0041-624X(74)90069-9.

3. Announcement of Minister of Family, Labour and So-
cial Policy (2018), Regulation of the Minister of Fa-
mily, Labour and Social Policy of 12 June 2018 on the
maximum permissible concentrations and intensities of



D. Pleban et al. – Assessment of Occupational Risk in the Case of the Ultrasonic Noise Exposure 173

factors harmful to health in the working environment
[in Polish: Rozporządzenie Ministra Rodziny, Pracy
i Polityki Społecznej z dn. 12.06.2018 r. w sprawie na-
jwyższych dopuszczalnych stężeń i natężeń czynników
szkodliwych dla zdrowia w środowisku pracy], Journal
of Laws 2018, item 1286.

4. Ashihara K., Kurakata K., Mizunami T., Mat-
sushita K. (2006), Hearing threshold for pure tones
above 20 kHz, Acoustical Science and Technology,
27(1): 12–19, doi: 10.1250/ast.27.12.

5. Augustyńska D., Zawieska W.M. [Eds], (1999),
Protection against noise and vibration in the working
environment [in Polish: Ochrona przed hałasem i drga-
niami w środowisku pracy], Centralny Instytut Ochrony
Pracy – Państwowy Instytut Badawczy, Warsaw.

6. Barrera-Figueroa S. (2018), Free-field reciprocity
calibration of measurement microphones at frequencies
up to 150 kHz, The Journal of the Acoustical Society of
America, 144(4): 2575–2583, doi: 10.1121/1.5063815.

7. Cieslak M., Kling C., Wolff A. (2020), Ultra-
sound exposure in a workplace and a potential way
to improve its measurement methodology, IEEE In-
ternational Workshop on Metrology for Industry 4.0
& IoT, Roma, Italy, 172–176, doi: 10.1109/MetroInd4.
0IoT48571.2020.9138223.

8. Council Directive (1989), Council Directive 89/391/
EEC of 12 June 1989 on the introduction of measures
to encourage improvements in the safety and health
of workers at work, Official Journal of the European
Communities, No L 183/ 1.

9. Dobrucki A., Żółtogórski B., Pruchnicki P.,
Bolejko R. (2010), Sound-absorbing and insulating
enclosures for ultrasonic range, Archives of Acoustics,
35(2): 157–164.

10. Dolder C.N. et al. (2018), Measurements of ultra-
sonic deterrents and an acoustically branded hairdryer:
Ambiguities in guideline compliance, The Journal of
the Acoustical Society of America, 144(4): 2565–2574,
doi: 10.1121/1.5064279.

11. Dudarewicz A. et al. (2017), The hearing thresh-
old of employees exposed to noise generated by the
low-frequency ultrasonic welding devices, Archives of
Acoustics, 42(2): 199–205, doi: 10.1515/aoa-2017-0022.

12. Duck F., Leighton T. (2018), Frequency bands for
ultrasound, suitable for the consideration of its health
effects, The Journal of the Acoustical Society of Amer-
ica, 144(4): 2490–2500, doi: 10.1121/1.5063578.

13. Fletcher M.D., Lloyd Jones S., White P.R.,
Dolder C.N., Leighton T.G., Lineton B. (2018a),
Effects of very high-frequency sound and ultrasound on
humans. Part I: Adverse symptoms after exposure to
audible very-high frequency sound, The Journal of the
Acoustical Society of America, 144(4): 2511–2520, doi:
10.1121/1.5063819.

14. Fletcher M.D., Lloyd Jones S., White P.R., Dol-
der C.N., Leighton T.G., Lineton B. (2018b), Ef-
fects of very high-frequency sound and ultrasound on
humans. Part II: A double-blind randomized provoca-
tion study of inaudible 20-kHz ultrasound, The Jour-
nal of the Acoustical Society of America, 144(4): 2521–
2531, doi: 10.1121/1.5063818.

15. Fletcher M.D., Lloyd Jones S., White P.R., Dol-
der C.N., Lineton B., Leighton T.G. (2018c), Pub-
lic exposure to ultrasound and very high-frequency
sound in air, The Journal of the Acoustical Society of
America, 144(4): 2554–2564, doi: 10.1121/1.5063817.

16. Holmberg K., Landstrom U., Nordstom B.
(1995), Annoyance and discomfort during exposure
to high-frequency noise from an ultrasonic washer,
Perceptual and Motor Skills, 81(3): 819–827, doi:
10.2466/pms.1995.81.3.819.

17. International Electrotechnical Commission (1995), IEC
61094-4:1995 Measurement microphones – Part 4:
Specifications for working standard microphones.

18. International Electrotechnical Commission (2013), IEC
61672-1:2013 Electroacoustics – Sound level meters –
Part 1: Specifications.

19. International Electrotechnical Commission (2014),
IEC 61260-1:2014 Electroacoustics – Octave-band and
fractional-octave-band filters – Part 1: Specifications.

20. International Organization for Standardization (2009),
ISO 9612:2009 Acoustics – Determination of occupa-
tional noise exposure – Engineering method.

21. Kling C., Koch C., Kühler R. (2015), Measure-
ment and assessment of airborne ultrasound noise, Pro-
ceedings of the 22nd International Congress on Sound
and Vibration, M.J. Crocker, F. Pedrielli, S. Luzzi, M.
Pawelczyk, E. Carletti [Eds], Vol. 4, pp. 1307–3213,
Curran Associates, Red Hook, NY, USA.

22. Kling C., Schöneweiß R., Wolff A., Ullisch-
Nelken C. (2017), Investigations on airborne ultra-
sound at working places, Proceedings of the 24th In-
ternational Congress on Sound and Vibration, Vol. 4,
pp. 2529–2532, Curran Associates, Red Hook, NY,
USA.

23. Koradecka D. [Ed.], (2010), Handbook of occupa-
tional safety and health, CRC Press, Boca Raton.

24. Lawton B.W. (2001), Damage to human hearing by
airborne sound of very high frequency or ultrasonic
frequency, Retrieved April 23th, 2019, from
http://www.hse.gov.uk/research/crr_pdf/2001/crr01-
343.pdf.

25. Mapp P. (2018), Potential audibility of ultrasonic sig-
nal monitoring of Public Address and Life Safety Sound
Systems, The Journal of the Acoustical Society of
America, 144(4): 2539–2547, doi: 10.1121/1.5063993.

26. Martin J.A. (2011), Bone-Conducted Ultrasonic Hear-
ing: Can Distortion Product Optoacoustic Emis-



174 Archives of Acoustics – Volume 46, Number 1, 2021

sions Confirm Cochlear Involvement?, Retrieved April
23th, 2019, from http://publications.lib.chalmers.se/
records/fulltext/147171.pdf.

27. Miegel J., Branch P., Blamey P. (2018), Wire-
less communication between personal electronic de-
vices and hearing aids using high frequency audio and
ultrasound, The Journal of the Acoustical Society of
America, 144(4): 2598–2604, doi: 10.1121/1.5063813.

28. Mikulski W. (2013), Method of determining the
sound absorbing coefficient of materials within the fre-
quency range of 5000–50000 Hz in a test chamber of
a volume of about 2 m3, Archives of Acoustics, 38(2):
177–183.

29. Øyerhamn R., Nag Mosland E., Storheim E.,
Lunde P., Vestrheim M. (2018), Finite element
modeling of ultrasound measurement systems for gas.
Comparison with experiments in air, The Journal of
the Acoustical Society of America, 144(4): 2613–2615,
doi: 10.1121/1.5063814.

30. Pawlaczyk-Łuszczyńska M., Koton J., Śliwiń-
ska-Kowalska M., Augustyńska D., Kameduła M.
(2001a), Ultrasonic noise. Documentation of proposed
occupational exposure limit values [in Polish: Hałas ul-
tradźwiękowy. Dokumentacja proponowanych wartości
dopuszczalnych poziomów narażenia zawodowego],
Podstawy i Metody Oceny Środowiska Pracy, 28(2): 55–
88.

31. Pawlaczyk-Łuszczyńska M., Koton J., Augu-
styńska D. (2001b), Ultrasonic noise. Measuring pro-
cedure [in Polish: Hałas ultradźwiękowy. Procedura po-
miarowa], Podstawy i Metody Oceny Środowiska Pracy,
28(2): 89–95.

32. Pawlaczyk-Łuszczyńska M., Dudarewicz A., Śli-
wińska-Kowalska M. (2007a), Theoretical predic-
tions and actual hearing threshold levels in work-
ers exposed to ultrasonic noise of impulsive charac-
ter – A pilot study, International Journal of Occu-
pational Safety and Ergonomics, 13(4): 357–366, doi:
10.1080/10803548.2007.11105098.

33. Pawlaczyk-Łuszczyńska M., Dudarewicz A.,
Śliwińska-Kowalska M. (2007b), Sources of occu-
pational exposure to ultrasonic noise [in Polish: Źródła
ekspozycji zawodowej na hałas ultradźwiękowy – ocena
wybranych urządzeń], Medycyna Pracy, 58(2), 105–
116.

34. Paxton B., Harvie-Clark J., Albert M. (2018),
Measurements of ultrasound from public address and
voice alarm systems in public places, The Journal of
the Acoustical Society of America, 144(4): 2548–2553,
doi: 10.1121/1.5063811.

35. Pleban D. (2013), Method of testing of sound ab-
sorption properties of materials intended for ultrasonic
noise protection, Archives of Acoustics, 38(2): 191–195.

36. Pleban D., Mikulski W. (2018), Methods for test-
ing of sound insulation properties of barriers intended

for high frequency noise and ultrasonic noise protec-
tion, Journal of Mechanical Engineering – Strojnicky
Časopis, 68(4): 55–64, doi: 10.2478/scjme-2018-0047.

37. Polish Committee for Standardization (1986), PN-
86/N-01321 Ultrasonic noise. Admissible sound pres-
sure levels at work place and methods of mea-
surements [in Polish: Hałas ultradźwiękowy. Do-
puszczalne wartości poziomu ciśnienia akustycznego
na stanowiskach pracy i ogólne wymagania dotyczące
wykonywania pomiarów].

38. Polish Committee for Standardization (2011), PN-N-
18002 Occupational health and safety management sys-
tems – Guidelines for assessing occupational risk [in
Polish: Systemy zarządzania bezpieczeństwem i higieną
pracy – Ogólne wytyczne do oceny ryzyka zawodowego].

39. Polish Committee for Standardization (2020), PN-Z-
01339:2020 Ultrasonic noise. Requirements for mea-
surements in the work environment [in Polish: Hałas
ultradźwiękowy. Wymagania dotyczące wykonywania
w środowisku pracy].

40. Radosz J. (2012), Methodology issues of ultrasonic
noise exposure assessment, Noise Control Engineering
Journal, 60(6): 645–654, doi: 10.3397/1.3701038.

41. Radosz J. (2014), Uncertainty due to instrumentation
for sound pressure level measurement in high frequency
range, Noise Control Engineering Journal, 62(4): 186–
195, doi: 10.3397/1/376219.

42. Radosz J. (2015), Procedure for measuring ultra-
sonic noise [in Polish: Procedura pomiaru hałasu ul-
tradźwiękowego], Podstawy i Metody Oceny Środowiska
Pracy, 86(4): 169–190.

43. Radosz J., Pleban D. (2018), Ultrasonic noise mea-
surements in the work environment, The Journal of the
Acoustical Society of America, 144(4): 2532–2538, doi:
10.1121/1.5063812.

44. Schöneweiß R., Wächtler M., Kling C., Koch C.
(2018), Novel measurement techniques and measure-
ment methods for the determination of ultrasound
noise exposure at work places, Proceedings of the 25th
International Congress on Sound and Vibration, Vol. 4,
pp. 2468–2473, Curran Associates, Red Hook, NY,
USA.

45. Schust M. (1996), Biologische Wirkung von luftgeleit-
etem Ultraschall, Technical Report, Federal Institute
for Occupational Safety and Health, Dortmund.

46. Smagowska B. (2013), Ultrasonic noise sources in
a work environment, Archives of Acoustics, 38(2): 169–
176.

47. Smagowska B., Mikulski W. (2008), Ultrasonic
noise at workstations with ultrasonic drills – occupa-
tional risk assessment [in Polish: Hałas ultradźwiękowy
na stanowiskach pracy drążarek ultradźwiękowych –
ocena ryzyka zawodowego], Bezpieczeństwo Pracy –
Nauka i Praktyka, 10: 18–22.



D. Pleban et al. – Assessment of Occupational Risk in the Case of the Ultrasonic Noise Exposure 175

48. Smagowska B., Pawlaczyk-Łuszczyńska M.
(2013), Effects of action of ultrasonic noise on the
human body – a bibliographic review, International
Journal of Occupational Safety and Ergonomics, 19(2):
195–202, doi: 10.1080/10803548.2013.11076978.

49. Smagowska B. (2015), Hazard identification and as-
sessment of occupational risk associated with ultra-
sonic noise in selected industries [in Polish: Identy-
fikacja zagrożeń i ocena ryzyka zawodowego hałasem
ultradźwiękowym w wybranych gałęziach przemysłu],
Doctoral Thesis, Centralny Instytut Ochrony Pracy –
Państwowy Instytut Badawczy, Warsaw.

50. Śliwiński A. (2013), Assessment of ultrasonic noise
hazard in work places environment, Archives of Acous-
tics, 38(2): 243–252.

51. Takahashi H., Horiuchi R. (2018), Uncertainty
analysis on free-field reciprocity calibration of measure-
ment microphones for airborne ultrasound, The Jour-
nal of the Acoustical Society of America, 144(4): 2584–
2597, doi: 10.1121/1.5063816.

52. Ullisch-Nelken C., Wolff A., Schöneweiß R.,
Kling C. (2018), A measurement procedure for the
assessment of industrial ultrasonic noise, Proceedings
of the 25th International Congress on Sound and Vi-
bration, Vol. 4, pp. 2433–2438, Curran Associates, Red
Hook, NY, USA.

53. Van Wieringen A., Glorieux C. (2018), Assess-
ment of short-term exposure to an ultrasonic rodent re-
pellent device, The Journal of the Acoustical Society of
America, 144(4): 2501–2510, doi: 10.1121/1.5063987.


