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The hazard assessment of ultrasonic noise impact on human body at workplaces presents an open
problem; it is not satisfactorily solved comparing the fund of knowledge and standard regulations estab-
lished for the case of audible noise. Some research carried on in the Central Institute of Labour Protection
– National Research Institute, Poland, are essential for elaboration reliable procedures for the assessment
of ultrasonic noise hazard and they have to bring to modernization and creation the corresponding stan-
dards in this field. In the presentation, some problems related to measurement procedures applied as well
as to the interpretation of results essential for hazard assessment of ultrasonic noise impact on human
body will be considered; in particular such cases where some procedures elaborated for audible noise
assessment are being transferred to apply in the ultrasonic range without taking fully into account some
specific aspects of the high frequency components of the noise.

Keywords: ultrasonic noise hazard assessment, maximal acoustic level values distribution, technological
ultrasonic devices.

1. Introduction

Due to industrial technological progress there ap-
pear more and more of the ultrasonic noise sources
at the workplaces producing high frequency noise in
the range of one third octave bands of central frequen-
cies: 10, 12.5, ..., 40 kHz, conventionally called the
ultrasonic noise, though the components of the two
lowest bands are practically audible. The convention
comes from the fact that usually the hazard assess-
ment for the audible noise, with regard to the speech
intelligibility and hearing losses, is performed up to
the one third octave band of 8 kHz. In spite of rel-
atively wide knowledge on the subject of ultrasonic
noise sources and the ultrasonic noise itself appear-
ing at the workplaces as well as of general conviction
about its harmful interaction on the human body, the
activity in the field of the assessment of the ultra-
sonic noise hazard on the working people is still not
sufficient. The problems of ultrasonic noise are a sub-
ject of scientific and normalization interest in differ-
ent places in the world (Grigoriewa, 1965; Acton,
1974; 1975; Holmberg, Landstrom., 1995; Schust,
1996; Lawton, 2001; Howard et al., 2005; Ashihara
et al., 2006), also in Poland (Puzyna,1981; Puzyna,
Pasterczuk, 1982; Grzesik, Pluta, 1978; 1983;

1986; Koton, 1986; 1988; 1999; 2004) and among oth-
ers, there in CIOP-PIB (Central Institute of Labour
Protection – National Research Institute, Poland) pro-
cedures of hazard assessment and methods for eval-
uation of the ultrasonic noise on human body were
performed (Pawlaczyk-Łuszczyńska et al., 2001a;
2001b) as well as some normative establishments were
elaborated (Polish Norms, 1986); Recently, however,
they were not taken into account in the norm (Pol-
ish & ISO Norms, 2011) and formally they stopped to
be in operation. Further and recent works continued
in CIOP-PIB are important for elaboration of reliable
procedures of ultrasonic noise hazard at workplaces
and they should lead to current interest and to estab-
lish the adequate standards for the matter (Radosz,
2012a; 2012b; Smagowska, 2012).
In the paper some topics are presented in relation

as to measurement procedure as well as to interpre-
tation of results being essential for the assessment of
the effect of ultrasonic noise on working people; par-
ticularly, some problems are discussed relating to cases
when some procedures, usually applied in the case of
audible noise, are used to apply for the ultrasonic noise
and often the very specific aspects of high frequency
components of that noise (different as of audible noise)
are not taken into account.
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Also, some considerations on the approach for de-
termination of maximal acoustic level values of random
noise signals are discussed and a proposal to apply the
Rice statistical distribution for signal peak values us-
ing the Broch’s procedure (originally applied for au-
dible frequency signals, Broch, 1963) for ultrasonic
noise case is presented and exampled.

2. Equivalent noise level Leq and maximal noise
level Lmax as quantities for ultrasonic noise

hazard assessment

2.1. Historical reflection in relation to audible noise

In the procedure applied to the ultrasonic noise
hazard assessment (Pawlaczyk-Łuszczyńska et al.,
2001a, 2001b; Koton, 1986; 1999) described in sim-
ilar way as for audible noise, there are predicted for
workplaces the equivalent noise pressure level Leq re-
lated to the 8-hour day (or to a week) and the maximal
noise pressure level Lmax determined in one third oc-
tave bands.
In Fig. 1, for a comparison few curves are shown

presenting permissible acoustic pressure levels deter-
mined in standards: Leq and Lmax for audible noise
in dB A, maximal values in dB C and in noise rat-
ing numbers N as well as the corresponding curves
for the ultrasonic noise range; the lowest curve is the
total curve used for evaluation when the noise spec-
trum contains both the audible as well as the ultra-
sonic components. In the figure, the “intermediate”
range is marked (Śliwiński, 2010) as the range of
a great part as audible one and 20 kHz corresponds
to the upper hearing threshold frequency. The range
10–20 kHz is often called the high frequency sound
range and presents a special interest of audiometry for

Fig. 1. A comparison of the curves for evaluation of per-
missible values for audible noise and for ultrasonic noise at

work places Leq and Lmax, respectively.

examination of harmfulness and annoyance of noise
in that range of frequency (Przeklasa et al., 2008;
Mehrparvar et al., 2011). In many previous papers
(Smagowska, Mikulski, 2007; 2008; 2009; Mikul-
ski, 2008; Mikulski, Radosz, 2009; Smagowska,
2009) and also in recent ones (Radosz, 2011; 2012a;
2012b; Smagowska, 2012; Kirpluk, 2013) related to
examination of various types of ultrasonic sources one
can notice that in cases when the noise presented a
character very variable in time, the interpretation of
results has been to some extent difficult and uncertain-
ties of measurements have increased. In the discussion
related to the assessment of noise hazard a question
appears whether, how much, and when measured val-
ues of Lmax can deliver additional information about
the noise hazard, particularly, when determined values
of Leq are charged of greater uncertainty for example
in the case of impulsive noise sources. In very radical
opinions some voices appear that there could be pos-
sible to turn over measuring Lmax values and to settle
for Leq as sufficient to assess the professional hazard.
The author’s opinion is that such voices are baseless
and resigning from determination the Lmax and in con-
sequence not using Lmax levels to hazard assessment
would be a situation of reduced circumstances. There-
fore, it seems reasonable to turn back to some histor-
ical elements when some fundamentals later used for
normative purposes were developed. Let us consider
some facts related to maximum values of noise signals
looking for arguments why they are useful for charac-
terization of the noise properties. In particular, how
the matter looks like for the ultrasonic noise.
There have been many examinations performed for

the audible noise related to the influence of noise im-
pulses on the hearing apparatus (Hassall, Zaveri,
1979). In general, for sounds shorter than 200 ms the
loudness decreases versus shortening of the impulse
time duration and a break-point is the value of the
effective averaging time of the ear. The drop of im-
pulse loudness is such that for its compensation one
needs roughly increasing of the acoustic pressure level
by 3 dB (a doubling of impulse intensity) to obtain the
same loudness when the impulse time duration has de-
creased by one half. The product of the intensity and
time it is the energy; so the ear works as an energy
sensitive device (in respect to the loudness detection,
not taking into account other specific human reactions
to the impulse noise). Impulse characteristics of acous-
tic measuring devices are standardized to follow vari-
ations of loudness of single impulses. So, requirements
for acoustic instruments (e.g. precision sound level me-
ters) to evaluate the loudness properly have appeared;
it means that the meter should be able to detect and
keep the peak value of the impulse with the rise time
of less than 50 microseconds. For assessment of hazard
of the impulse noise, the following characteristics are
taken into account: a shape of the pulse, its peak sound
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level, duration time, its rise time, and, in the case of
pulse repetition, the frequency of their repetition; also,
the reverberation field in the place of measurements
should be determined. Impulsive and random variable
variations of noise levels appearing in many practical
cases have been taken into account in norms elaborated
for protection against the audible noise and further on
also adapted in procedures for the case of the ultra-
sonic noise (in one third octave bands 10–40 kHz). The
elaboration of norms and measurement procedures was
preceded by many years of research activities on phys-
ical nature of the noise as the acoustical signal and
results of those examinations have been adopted as a
base for standardization. Therefore, it will be useful to
remind some facts.
A historically important contribution were devel-

opments of the sixties of the last century. Among oth-
ers, Robinson D.W. (1969) has introduced (for rat-
ing a noise of random variable character containing
many extremes) the quantity called the noise pollution
level L(NP),

LNP = Leq +Kσ, (1)

representing two terms, where the first one (Leq) is
a measure corresponding to the equivalent continuous
sound level during the measured period, and the sec-
ond one corresponding to an increase of annoyance
caused by fluctuations of that level proportional to
the standard deviation of the instantaneous level dur-
ing the same period. (The coefficient K appearing in
the formula was originally evaluated by Robinson as
equaling 2.56 based on data at that time available for
a communication noise).
Many other later publications related to the indus-

trial noise have found its reflection in norms, where
conditions for determination of Leq and definition for
noise exposure time of 8 hour day and 5 day week
were introduced, however the second term of the for-
mula (1) was in the norms replaced by the procedure
of maximal level detection with weighting A (in dB A)
and peak level values with weighting C (in dB C) as
well as accepting the standard deviation σ being the
measure of the noise level fluctuations. Also in norms
the procedures of uncertainties evaluation of noise level
measurement results were determined.
For noises of random variable character the sta-

tistical distribution of maximal values was described
using the Rice’s distribution (Rice, 1944). An exam-
ple of application of such distribution to the statis-
tical analysis of real acoustical signals was presented
by Broch J.T. (1963). As Broch noticed, Rice has
shown that signals, which exhibit Gaussian (normal)
instantaneous value distribution can be represented by
a combination of an infinite number of sine compo-
nents with random phases independent on spectrum
shape. However, the peak values to a great extent de-
pend on the shape of the spectrum. Rice has found a

general formula (2) for the distribution of peak val-
ues as a function of the spectrum shape (provided the
main part of the signal instantaneous components is
described by Gaussian distribution). In the Rice distri-
bution there appears a parameter α the values of which
range from 0 to 1. When α = 0, the formula represents
a normal distribution, and when α = 1, the distribu-
tion is a Rayleigh distribution. Intermediate values of
α correspond to mixed distributions which always lie
between the Gaussian and the Rayleigh ones. The de-
parture from a normal distribution, a measure of which
is α parameter, delivers information about a change of
a shape of the spectrum related to participation and
character of signal maxima (also impulse peak values).
Figure 2 presents a set of curves of theoretical statis-
tical peak probability density distributions of random
variable signals with α as a parameter (Broch, 1963)
described by the Rice formula (2) (Rice, 1944):

p(x) =

√
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where x – peak values of a signal, σ – root mean square
value (RMS) of a signal (a standard deviation), α – pa-
rameter of a distribution variation, erf – error function,
p(x) – probability density of variable x.

Fig. 2. Set of curves of probability density function of peak
values of signal p(x) against random variable x/σ; (σ –
standard deviation) for the Rice distribution as variation

of the α parameter from 0 to 1 (Broch, 1963).

Parameter α depends on the shape of a spectrum.
When to assume a theoretical shape of a power density
noise spectrum in a given pass-band as having a regular
slope between two limiting frequencies in the form

w(f) = cfn, (3)
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where c is a constant, f is the frequency, and n is
an exponent which can be positive, zero, or negative,
then one can assign various theoretical noise spectra
to various power spectrum densities versus frequency
as shown in Fig. 3.

Fig. 3. Plots of power spectral density for various “theoret-
ical” noise spectra, (Broch, 1963).

In Fig 3 the two limiting frequencies are marked
as f1 and f2. Also, the 1/1 and 1/3 octave bands (of
the central frequency f0 = 1000 Hz) are shown. This
original figure of Broch refers to an audible range of
frequency and the ratio of the frequencies f2/f1 is
equal to about 8. Broch in his paper has presented
additional plots and discussed in details the relation
between the exponent n and the ratio f2/f1 as a pa-
rameter. In his considerations he concluded that for
the ratios f2/f1 less than 2 (an octave band) and the
more so for narrower bands, the lowest values of α are
obtained between n = 0 and n = 6 and in that range
α is roughly constant having the value a bit less than
1 which corresponds to the Rayleigh distribution of
peak values greater than 1.25σ. That allowed Broch to
conclude (Broch, 1963) that a shape of a filter charac-
teristic narrower than 1/1 octave did not change inside
the band the distribution of the signal peak values im-
portant for its evaluation. It has such consequences in
practice that the filter band is approximated by means
of a “box” containing roughly the same amount of en-
ergy, i.e. having the same RMS value σ as the original
noise. However, if the width of the band considered is
greater than one octave (f2/f1 � 2), the slope of the
spectrum will considerably influence the peak values
distribution; for instance, for f2/f1 = 25 and the slope
– 9 dB/octave (n = 3), the theoretical distribution
appears to be nearly Gaussian one (α = 0).
The two limit cases considered above (α = 1 and

α = 0) physically represent two quite distinctly differ-
ent statistical situation. In the first case of the Rayleigh

distribution of maxima, the signal represents a narrow
band noise, but in the second case of the Gaussian dis-
tribution, the signal is a wide band noise.
According to the Rice’s interpretation (Rice, 1944;

Broch, 1963), α = [z/(2m)]2 where z is the total
number of zero crossings and m is the total number
of noise maxima per second. For the Rayleigh distri-
bution (α = 1) one has exactly two zero crossings per
peak (modulated sine wave) and for the Gaussian one
(α = 0) there fall (theoretically) infinitely many peaks
per zero crossing.
The considerations discussed above brought from

(Broch, 1963) were verified by Broch in experiments
and by analysis of acoustical spectra of signals which
corresponded to analogs of vibration systems with one,
two, and more degrees of freedom. The Broch’s conclu-
sions have been such that in practice Rice distributions
can be in a good approximation modified using calcu-
lations based on the evaluation of energy in spectral
bands (containing resonance maxima) as “boxes” be-
ing a product of the top of a maximum and the width of
the “box” i.e. π/2 times the −3 dB band-width of the
resonance peak (Broch, 1963). If the consecutive max-
ima appearing in a spectrum have frequencies f1, f2, ...
fn and the energies corresponding to them in bands are
ψ1, ψ2, ..., ψn, then one can, for the above determined
quantity α, create a family of curves representing its
dependence on the ratios fn/f1 for various ratios of
ψn/ψ1 as a parameter βn = ψn/ψ1 and finally find the
following formula for calculating α (Broch, 1963):

α =

[
1 +

∑
n
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f1

)2

βn

]2

(
1 +

∑
n
βn

)[
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∑
n

(
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f1

)4
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] , (4)

where the parameters βn = ψn/ψ1 expressing the en-
ergy ratios in bands in the above-mentioned “box”
approximation can be calculated as the ratios of
“heights” of boxes cn/c1 times the ratios of band-
widths ∆fn/∆f1; in turn, what was mentioned above,
the energy ratios are equal to the square of the ratios
of RMS signal values σn/σ1, respectively. So, one has
a useful formula for calculating βn:

βn =
ψn

ψ1
=
cn
c1

∆fn
∆f1

=

(
σn
σ1

)2

. (5)

All considerations and dependencies presented
above were determined and verified by Broch in the
range of rather low audible acoustic frequencies; how-
ever, from the theoretical point of view they have been
so general that would be true for the noise of ran-
dom variable character in any range of frequency. So,
it seems reasonable to try to apply the procedure de-
scribed above for the assessment of an ultrasonic noise.
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In the following, some examples of such trial of apply-
ing the Broch’s procedure (calculating α parameters)
are given for assessment of maximal level values dis-
tributions of noise produced by ultrasonic devices (ul-
trasonic washer, ultrasonic driller, ultrasonic welder)
used in industry at workplaces.

2.2. Assessment of maximal level values
in ultrasonic noise spectra

As the first example of application of the proce-
dure described above we can calculate the quantity α
for a spectrum of a typical ultrasonic washing device
(Koton, 1999) presented in Fig. 4.

Fig. 4. The 1/3 octave spectrum of an ultrasonic noise level
of a typical ultrasonic washing device, (Koton, 1999); the
solid lines represent the permissible values for Leq and Lmax

(upper line), respectively.

Let us remark that for 1/3 octave frequency bands
one can write the following relations: fg − fd = f0 ×
23.1%, where fg and fd are the upper and lower limit
frequencies of a band, respectively, and f0 is the central
frequency of the band. So, one can write

βn =
cn
c1

∆fn
∆f1

=
cn
c1

(fg − fd)n
(fg − fd)1

=
cnf0n · 23.1
c1f01 · 23.1

=
cnf0n
c1f01

. (6)

To calculate α from the formula (4), one can read
out the needed values from the spectrum (Fig. 4) find-
ing out energy ratios of the consecutive values of the
maxima (after conversion of level values in dB) in re-
lation to the first chosen reference band f01 and next
from the formula (6) to calculate βn. Starting from
the band f01 = 10 kHz as the reference one and find-
ing out appropriate relative values for the next bands:
f02 = 12.5, ..., f0n = f07 = 40 kHz, one gets values
gathered in Table 1 (40 kHz is the central frequency
of the last 1/3 octave band in which we are interested
according to the arbitrary upper frequency limit of the
ultrasonic noise range).
After calculations one gets from the formula (4) the

value α = 0.06. Comparing the result with an adequate
curve of the Fig. 2, we see that the probability density

Table 1. Acoustical energy ratios cn/c1 of the consecutive
values of maxima read out from the 1/3 octave spectrum
of ultrasonic noise level maxima of a typical ultrasonic
washing device (Fig. 4), relative central frequencies f0n/f01
and calculated βn values for determination of α from for-

mula (6).

c2
c1

c3
c1

c4
c1

c5
c1

c6
c1

c7
c1

2.0 0.63 20 2000 502 1580

100 dB; 95 dB; 110 dB; 132 dB; 124 dB; 129 dB;

97 dB 97 dB 97 dB 97 dB 97 dB 97 dB

f02
f01

f03
f01

f04
f01

f05
f01

f06
f01

f07
f01

1.25 1.60 2.0 2.50 3.15 4.0

β2 β3 β4 β5 β6 β7

2.5 1.0 80 500 1581 6320

distribution of maximal values in the noise of the ul-
trasonic washer is closer to the Gaussian distribution
than to the Rayleigh one. One can conclude that the
maximal values appearing in the noise influence on ran-
dom variable character of the noise generated by the
ultrasonic washer in not a great extent but noticeably.
As a second example we used the noise spectrum of

an ultrasonic drilling device presented in Fig. 5 (for a
type BDB1o – the upper curve). This time the maximal
component of frequency f04 = 20 kHz corresponds to
the working frequency of the device. Again the f01 =
10 kHz is the reference frequency and the consecutive
bands for central frequencies are 12.5 kHz to 40 kHz.
The needed values are collected in Table 2.

Fig. 5. Acoustic pressure emission levels in 1/3 octave
bands of ultrasonic drilling devices (types BDB and BDS)

noise, (Smagowska, Mikulski, 2008).

The value for α calculated on the grounds of data
of Table 2 is α = 0.953. Comparing the result with
the curves in Fig. 2 leads to the conclusion that the
influence of maximal values in the spectrum in the case
of drilling devices is much more evident than in the first
case of the ultrasonic washer and the distribution for
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Table 2. Acoustical energy ratios cn/c1 of the consecutive
values of maxima read out from the 1/3 octave spectrum
of ultrasonic noise level maxima of the ultrasonic drilling
device – type BDB1o (Fig. 5), relative central frequencies
f0n/f01 and calculated βn values for determination of α

from formula (6).

c2
c1

c3
c1

c4
c1

c5
c1

c6
c1

c7
c1

1.0 5.0 1000 100 7.8 0.3

75 dB; 82 dB; 105 dB; 95 dB; 84 dB; 90 dB;

75 dB 75 dB 75 dB 75 dB 75 dB 75 dB

f02
f01

f03
f01

f04
f01

f05
f01

f06
f01

f07
f01

1.25 1.6 2.0 2.5 3.15 4.0

β2 β3 β4 β5 β6 β7

1.25 8.0 2000 2500 24.6 1.2

this noise tends to be almost fully shifted towards the
Rayleigh distribution.
The third example represents results of calculations

for the noise measured at the workplaces of ultrasonic
welding machine. A set of maximal values (selected
from 440 measured samples∗) for 1/3 octave bands in
the range of central frequencies from 10–40 kHz as well
as the data needed to calculate α are given in Table 3.
In this example, the limits of the total range of fre-
quency lie below and above the working frequency of
the welder (20 kHz) and again the band of 10 kHz was
taken as the reference band.
Using the data of Table 3 and formula (4) after

calculations yields α = 0.776. The comparison of the
value with the curves of probability density in Fig. 2
gives us the distribution more close to the Rayleigh dis-

Table 3. Acoustical energy ratios cn/c1 of the consecutive values of maxima for the 1/3 octave spectrum of ultrasonic noise
level maxima of a typical ultrasonic welder, relative central frequencies f0n/f01 and calculated βn values for determination

of α from formula (6).

ultrasonic welder∗) Central frequency of 1/3 octave bands f0 [kHz]

f01 = 10 f02 = 12.5 f03 = 16 f04 = 20 f05 = 25 f06 = 31.5 f07 = 40

Lmax [dB] 94.3 88 87.3 108.7 88.9 89.1 92.9

∗) courtesy of B. Smagowska CIOP – PIB

c2
c1

c3
c1

c4
c1

c5
c1

c6
c1

c7
c1

0.234 0.200 27.6 0.288 0.302 0.725

88; 94.3 dB 87.3; 94.3 dB 108.7; 94.3 dB 88.9; 94.3 dB 89.1; 94.3 dB 92.9; 94.3 dB

f02
f01

f03
f01

f04
f01

f05
f01

f06
f01

f07
f01

β2 β3 β4 β5 β6 β7

1.25 1.6 2 2.5 3.15 4 0.293 0.320 55.1 0.720 0.951 2.90

tribution. It evidently shows a dominant role of max-
imal values contained in the noise generated by ultra-
sonic welding machine resulting in shifting the char-
acter of statistical distribution towards the Rayleigh
one.
All the considerations above and the examples con-

sidered showed that in the case of randomly variable
and impulsive noises, as for audible as well as for ul-
trasonic ones, the role of maxima for statistical distri-
bution shape is essential. One can conclude that mea-
surements and determination of Lmax values and using
them in assessment of noise hazard is well-grounded
and useful. So, it would be not reasonable to abandon
the procedure of determination Lmax levels at work-
places, particularly when in the majority of cases of
industrial conditions, noises have random and impul-
sive character.

3. Impulsive noise and a role of directivity
pattern of ultrasonic noise sources

In the case of the ultrasonic noise at work-
places there are two kinds of sources distinguished
(Smagowska, Mikulski, 2007): the first kind rep-
resents the so-called technological sources which are
machines and devices working at a given ultrasonic
frequency at which a maximum of energy is radiated
(usually above 20 kHz). Examples of such technologi-
cal sources are washing devices (Fig. 4), drilling devices
(Fig. 5), or welding devices (Radosz, 2012A). The sec-
ond kind represents sources (called non-technological
ones) generating noise of a wide spectrum containing
simultaneously audible and ultrasonic (non-audible)
components (for instance, the noise of spindle textile
machines, air compressors, etc. (Smagowska, 2011;
2012) in high-frequency range).
Sources of the first kind can work as continuous

ones (e.g. washing devices) or as impulsive ones (e.g.
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drilling or welding devices). In the case of the second
kind sources which in general work in a continuous way,
the so-called “intermediate” range of frequencies (see
Fig. 1) is of special interest; within that range there
appears the overlapped exposure to both audible and
ultrasonic (non-audible) noise but effects are not the
same in these both cases. In the literature, the matter
of ultrasonic noise hazard for these non-technological
sources is not efficiently described yet and requires
more studies.
A particular kind of a risk is the noise of technolog-

ical sources of impulsive working regime. For a proper
assessment of hazard of such noise, similarly as have
been said above for the case of audible noise, its mea-
surement should deliver information about peak values
and maximal acoustic pressure levels of impulses as
well as about a character of its statistical distributions
(see Subsec. 2.2), about the rise time, duration time,
decay time, and repetition frequency. In measuring
practice, determination of these quantities and eval-
uation of a real hazard at a workplace may cause some
difficulties. They are for instance connected with un-
certainties of evaluation of real (reliable) exposure time
in the procedure of determination of equivalent noise
levels of the ultrasonic noise at workplaces (Radosz,
2012a, 2012b) and also with uncertainties connected
with instrumentation and measuring conditions (e.g.
position of a microphone (Radosz, 2011), and other
factors) or with a character of acoustic field depend-
ing on the source directivity pattern and reverberation
conditions at the measuring site.
In measuring practice of the ultrasonic noise, the

radiation directivity of ultrasonic sources plays a very
essential role in such cases when in enclosures the ex-
isting acoustic field appears far from a diffusive one
required for the proper evaluation of absorption coeffi-
cient often used for projecting and constructing of iso-
lation casings for ultrasonic noise sources. The role of
directivity is also important in a case of acoustic power
determination of ultrasonic sources. Irregularities of
the acoustic field around the ultrasonic source having
sometimes very space varied directivity pattern cause
difficulties in determination of acoustic power with re-
quired accuracy for that kind of sources. For getting
the required accuracy, some methods of determination
of optimal number of measuring points located upon
the measuring surface were elaborated (Mikulski,
2008; Mikulski, Radosz, 2009). The higher the fre-
quency of the ultrasonic noise source, the greater num-
ber of required measuring points. The research activ-
ities in this direction being performed in CIOP-PIB
are important to recognize conditions of the ultrasonic
noise impact on persons working at ultrasonic device
stands.
All factors and physical aspects mentioned above

are taken into account during measurements performed
for assessment of the ultrasonic noise hazard on human

body. Often some procedures used typically for audi-
ble noise are also adapted for noise of the ultrasonic
range. One example for that may be the procedure of
determining and using correction coefficients K1 and
K2 (introduced for audible noise) also to the ultrasonic
noise assessment case. Often in ultrasonic noise mea-
surement practice, determination of those coefficients
leads to obtaining zero values. This fact in the light
of the directivity properties discussed above and due
to the high attenuation properties of ultrasonic waves
is not strange; however, because these zero values re-
sult from the fact that the reverberation acoustic field
distributions for the ultrasonic noise are different than
for audible sound, therefore, perhaps, it would be rea-
sonable to abandon determination of these correction
coefficients in the ultrasonic noise assessment proce-
dure and replace the determination of them by the re-
quirement to measure and to order directivity patterns
of a given ultrasonic device at a given workplace and
to assess the influence of the directivity of radiation
on a working person. It is a matter for discussion, of
course.

4. Assessment of the influence of the ultrasonic
noise on a human body

As it was already said, the matter of assessment
of the real influence of the ultrasonic noise on human
body has been not yet fully investigated. The prob-
lem lies mainly in the fact that within the arbitrary
frequency range (10–40 kHz) there is not possible to
separate two contributions operating simultaneously,
i.e. the direct influence of ultrasonic components on
the hearing apparatus (they act though they are not
detected by the ear, however they cause disturbances
in the inner ear, disorders in the vegetative system
and others (Pawlaczyk-Łuszczyńska et al., 2007;
Koton, 2004)) from the influence of audible compo-
nents accompanying them nearly always. Therefore,
very important are examinations carried on in CIOP-
PIB on laboratory stands (Smagowska, Mikulski,
2009; Smagowska, 2009) and also using psychological
tests for annoyance evaluation of the ultrasonic noise.
It is important to recognize physical conditions deter-
mining acoustical field radiated by ultrasonic sources
of the examinations in details. There is a proposal for
methodology of psychological tests to apply ultrasonic
doses of the ultrasonic noise for observers in each 1/3
octave band and to collect statistical results of ob-
servers’ annoyance assessment. In perspective, the in-
vestigations could lead to a set of ultrasonic noise an-
noyance contours analogous to ones existing for the au-
dible noise (called equal noisiness counters). It would
have essential advantage leading to establishment of ul-
trasonic noise noxiousness acoustic pressure level val-
ues and also making the established ultrasonic noise
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permissible values the basis for assessment of hazard
of that noise at workplaces.
It is worth to note that important for recogniz-

ing the harmfulness and hazard of the ultrasonic noise
are papers (Przeklasa et al., 2008; Mehrparvar et
al., 2011) related to the high-frequency audiometry
(which covers frequencies 8–20 kHz). The subject of
interest of that audiometry is determination of hear-
ing losses appearing due to exposure to noise contain-
ing components in this range (such components ex-
ist in non-technological ultrasonic noise sources men-
tioned above). The high-frequency audiometry results
have shown that the hearing losses appearing in per-
sons working in industrial environment with noise con-
taining high frequency components chronologically are
much in advance than those appearing in persons work-
ing only in audible noise.
Coming back to the Fig. 1 and to the author’s sug-

gestion expressed in his lecture presented at the pre-
vious Noise Control Conference in 2010 (Śliwiński,
2010) relating the “intermediate” range marked in the
Fig. 1 as 10–20 kHz (partly overlapping with the high-
frequency audiometry range) to treat that range as
exclusively sectioned off on the whole noise frequency
scale as having its own characteristics and to name as
intermediate audible-ultrasonic range, one can remind
that it would have a practical advantage. Then, for
instance, the results of high-frequency audiometry do-
main could be used to elaborate its own procedure for
assessment of noise in this intermediate range. So, if
such proposal was accepted, then it would be neces-
sary to have different procedures for noise assessment
in three frequency ranges (expressed in 1/3 octave
band central frequencies): audible one (up to 8 kHz),
intermediate audible-ultrasonic one (10–20 kHz), and
purely ultrasonic one (above 20 kHz). Similar sugges-
tion was already stated many years ago (Grzesik,
Pluta, 1978). Of course, to accept such proposal much
more research on noise impact on human body is re-
quired, mainly in these two higher ranges because the
matter is evidently better recognized for the audible
noise range.

5. Summary and conclusions

A possibility of using Rice statistical distribution
of acoustic signal maxima (peak values) appearing in
the spectrum of noise of random variable character for
the purpose of description of the ultrasonic noise case
has been presented. The procedure for calculation of
the parameter α (characterizing variations of the Rice
distribution) applied by Broch (for the case of low fre-
quency noise) was used in the paper as a trial for cal-
culations of α to characterize ultrasonic random vari-
able impulse noise. The calculations were illustrated in
three examples of noise radiated by technological ul-
trasonic devices (ultrasonic washer, ultrasonic driller,
and ultrasonic welder).

The calculated values of α parameter for noise of
ultrasonic devices considered fall within the range from
0 to 1. The values of α characterize a tendency of shift-
ing the noise maxima statistical distributions from the
Gaussian (normal) to the Rayleigh ones. The α could
be treated as a measure of contents of maximal value
components in the noise of the ultrasonic devices and
to some extent its value reflects a role of the maxima in
variability of the noise signal. The results have shown
that the presented approach could be interesting and
it looks promising as an additional way to assess the
nature of variability of ultrasonic noises.
The above considerations allow to conclude that

in the case of impulsive and random variable noises,
determination of Lmax levels is entirely justified and
it would be not wise abandon the procedure of mea-
suring them at workplaces in particular at industrial
conditions where in many cases noises have random
and impulsive nature.
In measuring practice it is important to assess the

real hazard resulting from impulsive character of the
ultrasonic noise and often one encounters some difficul-
ties with doing that. They are for instance connected
with uncertainties of the duration time of exposure
defining when equivalent levels of the 8 h exposure to
ultrasonic noise are determined as well as with uncer-
tainties connected with instrumentation and measur-
ing conditions; like for instance with the microphone
position or with the character of acoustic field created
and being dependent on the directivity characteristic
of a source and reverberation conditions at the mea-
suring place. These reverberation conditions due the
directivity of radiation are different for ultrasonic than
for audible noise and therefore the suggestion has been
presented that it could be possible for the ultrasonic
noise to resign from calculation of correction coeffi-
cients K1 and K2 and replace the requirement of cal-
culation them by a requirement to measure and to use
characteristics of radiation directivity of a given ul-
trasonic device at a given workplace as an additional
factor in the noise hazard assessment for a person op-
erating the device.
In laboratory investigations carried out in paral-

lel with psychological tests performed for evaluation of
annoyance induced by the ultrasonic noise, the noise
doses applied in experiments should present samples of
a given 1/3 octave band acoustic pressure levels. The
data of results collected in such experiments could con-
duce in perspective to create a set of ultrasonic noise
annoyance contours analogous to the equal noisiness
contours existing for audible noises.
A proposal has been suggested to treat the inter-

mediate range of frequencies 10–20 kHz (partly over-
lapped with the range of high-frequency audiometry)
as exclusively sectioned off and to name it the inter-
mediate audible-ultrasonic range. Then, it would be
necessary to differentiate procedures for noise hazard
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assessment in three frequency ranges: audible one (up
to 8 kHz), intermediate audible-ultrasonic one (10–
20 kHz), and purely ultrasonic one (above 20 kHz)
where the figures represent 1/3 octave band central
frequencies.

Acknowledgment

The paper will be presented during the 16th Inter-
national Conference on Noise Control 2013.

References

1. Acton W.I. (1974), The effects of industrial airborne
ultrasound in humans, Ultrasonics, 12, 3, 124–128,

2. Acton W.I. (1976), Exposure criteria for industrial
ultrasound, Ultrasonics, 14, 1, 42.

3. Ashihara K., Kurakata K., Mizunami T., Mat-
sushita K. (2006), Hearing threshold for pure tones
above 20 kHz, Acoust. Sci. & Tech., 27, 12–19.

4. Broch J.T. (1963), Effects of Spectrum Non-line-
arities upon the Peak Distribution of Random Signals,
B&K Techn. Journ., 3, 5–29.

5. Grigoriewa W.M. (1965), O vliyanyi ultrazvukovikh
kolebanyi na rabotayushchikh pri obsluzhivanyi ultra-
zvukovikh ustanovok [in Russian], Akust. Zhurnal, 4,
469–497.

6. Grzesik J., Pluta E. (1978), Assessment criteria and
health examination of ultrasonic devices service persons
[in Polish: Kryteria oceny oraz badanie stanu zdrowia
osób obsługujących urządzenia ultradźwiękowe], Mate-
rials for Studies & Research [Materiały do Studiów
i Badań], 43, 30–40, CIOP, Warszawa.

7. Grzesik J., Pluta E. (1983) High-frequency hearing
risk of operators of industrial ultrasonic devices, Int.
Arch. Occup. Environ. Health, 53, 77–88.

8. Grzesik J., Pluta E. (1986), Dynamics of high-
frequency hearing loss of operators of industrial ultra-
sonic devices, Int. Arch. Occup. Environ. Health, 57,
137–142.

9. Hassall J.R., Zaveri K. (1979), Acoustic Noise Mea-
surements, Bruel & Kjaer, Denmark, 1–280.

10. Holmberg K., Landstrom U., Nordstom B.
(1995), Annoyance and discomfort during exposure
to high-frequency noise from an ultrasonic washer,
Perept. Mot. Skills, 81, 819–827.

11. Howard C.Q., Hansen C.H., Zander A.C. (2005),
A review of current ultrasound exposure limits, Pro-
ceedings of ACOUSTICS, 11, pp. 9–11, Busselton,
Western Australia,

12. Kirpluk M. (2013), Uncertainty in sound level mea-
surements [in Polish: Niepewność w pomiarach poziomu
dźwięku], Proc. XLI Winter School on Vibroacoustical
Hazards Suppressions, 29–45, Szczyrk.

13. Koton J. (1986), Ultrasonics [in Polish: Ultradźwięki ],
Inst. Wyd. Zw. Zaw., Warszawa, 1–125.

14. Koton J. (1988), Industrial ultrasonic noise
sources [in Polish: Przemysłowe źródła hałasu ul-
tradźwiękowego], Labour Safety [Bezpieczeństwo
Pracy], 10, 11–15.

15. Koton J. (1999), Ultrasonic noise protection meth-
ods, [in Polish: Metody ochrony przed hałasem ultra-
dźwiękowym] [in:] Noise and vibrations protection at
labour environment, Chapt. 4, [in Polish: Ochrona
przed hałasem i drganiami w środowisku pracy], Au-
gustyńska D., Zawieska W.M. [eds.], Warszawa, CIOP
– PIB, pp. 133–150.

16. Koton J. (2004), Ultrasonic noise [in Polish: Hałas
ultradźwiękowy ], [in:] Professional hazard assessment,
vol. 1.Methodical backgrounds [in Polish: Ocena ryzyka
zawodowego, Podstawy metodyczne], W.M. Zawieska
[Ed.], wyd. 3, Warszawa, CIOP-PIB, pp. 129–142.

17. Lawton B.W. (2001), Damage to human hearing by
airborne sound of very high frequency or ultrasonic fre-
quency, Contract Research Report 343/2001. Institute
of Sound and Vibration Research for Health and Safety
Executive, University of Southampton, UK.

18. Mehrparvar A.H., Mirmohammadi S.J., Ghorey-
shi A., Mollasadeghi A., Loukzadeh Z. (2011),
High frequency audiometry: A means for early diagno-
sis of noise-induced hearing loss, Noise & Health, 13,
55, 402–406.

19. Mikulski W. (2008), Ultrasonic noise sources emis-
sion measurement method [in Polish: Metoda pomi-
aru emisji hałasu źródeł ultradźwiękowych], Proc. 55th
Open Sem. of Acoust, Wrocław-Piechowice, pp. 181–
186.

20. Mikulski W., Radosz J. (2009), Ultrasonic noise
sources acoustic power determination method; crite-
ria for minimal number of measuring points selection
[in Polish: Metoda określania mocy akustycznej źródeł
hałasu ultradźwiękowego. Określenie kryteriów ustala-
nia minimalnej liczby punktów pomiarowych], Proc. of
56th Open Sem. of Acoust, pp. 377–382, Goniądz.

21. Pawlaczyk-Łuszczyńska M., Koton J.,
Śliwińska-Kowalska M., Augustyńska D.,
Kameduła M. (2001a), Ultrasonic noise. Documents
of permissible level values proposed for professional
hazard [in Polish: Hałas ultradźwiękowy. Doku-
mentacja proponowanych wartości dopuszczalnych
poziomów narażenia zawodowego], Podst. i Metody
Oceny Środ. Pracy, 17, 2(28), 55–88

22. Pawlaczyk-Łuszczyńska M., Koton J., Au-
gustyńska D. (2001b), Ultrasonic noise [in Polish:
Hałas ultradźwiękowy ], Podst. i Metody Oceny Środ.
Pracy, 17, 2(28), 89–95.

23. Pawlaczyk-Łuszczyńska M., Dudarewicz A.,
Śliwińska-Kowalska M. (2007), Theoretical predic-
tions and actual hearing threshold levels in workers ex-
posed to ultrasonic noise of impulsive character – A
pilot study, Int. J. Occup. Safety Ergonom., 13, 357–
366.



252 Archives of Acoustics – Volume 38, Number 2, 2013

24. Polish Norms (PN-N-01321:1986), Ultrasonic noise.
Permissible acoustic pressure level values at workplaces
and general requirements for measurements [in Polish:
Hałas ultradźwiękowy. Dopuszczalne wartości poziomu
ciśnienia akustycznego na stanowiskach pracy i ogólne
wymagania dotyczące wykonywania pomiarów ], Polski
Kom. Norm., Warszawa.

25. Polish & ISO Norms (PN-EN ISO 9612:2011) Acous-
tics. Professional noise exposition determination –
Technical method [in Polish: Akustyka. Wyznaczanie
zawodowej ekspozycji na hałas – Metoda techniczna],
Polski Kom. Norm., Warszawa.

26. Przeklasa R., Reroń E., Wiatr M., Składzień J.
(2008), A role of high frequency audiometry in hearing
loss assessment of persons exposed to idustrial noise
[in Polish: Rola audiometrii wysokich częstotliwości w
ocenie ubytku słuchu u osób narażonych na działanie
hałasu przemysłowego], Otolaryngologia 7, 4, 202–206.

27. Puzyna Cz. (1981), Labour environment noise pro-
tection [in Polish: Ochrona środowiska pracy przed
hałasem], vol. 1, WNT, Warszawa.

28. Puzyna Cz., Pasterczuk E. (1982), Assessment cri-
teria and methodology of noise measurements in ul-
trasonic frequency range [in Polish: Kryteria oceny
oraz metodyka pomiarów hałasu w zakresie częstotli-
wości ultradźwiękowych], Prace CIOP, z. 112, WNT,
Warszawa.

29. Radosz J. (2011), Ultrasonic noise at the selected
workplace – an influence of a microphone position on
measured acoustic pressure levels [in Polish: Hałas ul-
tradźwiękowy na wybranym stanowisku pracy – wpływ
położenia mikrofonu na mierzone wartości poziomu
ciśnienia akustycznego], Proc. XXXIX Winter School
on Vibroacoustical Hazards Suppressions, pp. 85–93,
Szczyrk.

30. Radosz J. (2012a), Ultrasonic noise – Exposure level
determination at workplaces of ultrasonic welders ser-
vice [in Polish: Hałas Ultradźwiękowy – wyznacza-
nia poziomu ekspozycji na stanowiskach pracy obsługi
zgrzewarek ultradźwiękowych], Proc. 59th Open Sem.
of Acoust., pp. 213–216, Poznań-Boszkowo.

31. Radosz J. (2012b), Influence of measurement method
on acoustic pressure level values determination in the
range of 10–40 kHz [in Polish: Wpływ metody pomia-

ru na wyznaczanie wartości poziomu ciśnienia akusty-
cznego na stanowiskach pracy w zakresie 10–40 kHz ],
Proc. XL Winter School on Vibroacoustical Hazards
Suppressions, pp. 242–249, Szczyrk.

32. Rice O.C. (1944) and (1945), Mathematical Analysis
of Random Noise, Bell System Technical Journal, 23,
24.

33. Robinson D.W. (1969), The concept of noise pollution
level, Nat. Phys. Lab., Aero Report Ac 38, London,
March.

34. Smagowska B., Mikulski W. (2007), A method of
rough ultrasonic noise identification at workplaces [in
Polish: Metoda wstępnej identyfikacji hałasu ultra-
dźwiękowego na stanowiskach pracy], Proc. 54th Open
Sem. of Acoust., pp. 180–181, Rzeszów-Przemyśl.

35. Smagowska B., Mikulski W. (2008), Ultrasonic
noise hazard assessment at workplaces of ultrasonic
drillers [in Polish: Ocena narażenia na hałas ul-
tradźwiękowy na stanowiskach pracy drążarek ultra-
dźwiękowych], Proc. 55th Open Sem. of Acoust.,
pp. 193–198, Wrocław-Piechowice.

36. Smagowska B., Mikulski W. (2009), Laboratory
stand for examination of the ultrasonic noise influence
on human body [in Polish: Laboratoryjne stanowisko
do badań wpływu hałasu ultradźwiękowego na organizm
człowieka], Proc. 56th Open Sem. of Acoust., pp. 401–
406, Warszawa - Goniądz.

37. Smagowska B. (2011), Ultrasonic noise at work-
places of compressed air machines and devices [in Pol-
ish: Hałas ultradźwiękowy na stanowiskach maszyn i
urządzeń ze sprężonym powietrzem], Labour Safety
[Bezpieczeństwo Pracy], 7/8, 38–41.

38. Smagowska B. (2012), Ultrasonic noise hazard pre-
vention at work environment [in Polish: Profilak-
tyka narażenia na hałas ultradźwiękowy w środowisku
pracy ], Princ. Meth. Assessing the Working Environ-
ment, Podst. i Met. Oceny Środ. Pracy, 2 (72), 5–11.

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

40. Śliwiński A. (2010), Physical aspects of an assessment
of ultrasonic noise impact on human body, XVth Conf.
Noise Control, pp. 1–12, Książ.




