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Abstract
The sound emissions from ultrasonic
baths (ultrasonic cleaners) are often an
underestimated hazard. However, they
must be measured and evaluated in accordance with applicable legal requirements. To this end, a number of guide
and threshold values have been defined
in Germany but they mainly refer to
the audible frequency range and do
not take into account large amounts of
the sound emitted by ultrasonic baths.
The properties of ultrasound also raise
technical issues, which is why conventional measuring equipment cannot be
used and a tailored approach must be
taken for measurements. While meas
urements show that ultrasonic baths of
normal size should not generally pose a
hazard to workers, there are mechanisms
that could potentially cause harm as the
size increases or several units are operat
ed simultaneously. However, if necessary,
sound reduction measures can be incorporated into operations relatively easily.
Introduction
The hazards to which the Reprocessing
Unit for Medical Devices (RUMED) personnel are exposed when using ultrasonic
baths have generally been thoroughly
investigated and are well known. These
include the harmful effects of reaching
into the ultrasonic bath during operation, in addition to the fact that at temperatures above 50 °C aerosols can be
formed in the cleaning solution which
can potentially transmit infectious
pathogens. For this reason, the German
Technical Regulation TRBA 250 (Technical Rules for Biological Agents in
Healthcare and Welfare Facilities) stipu
lates the use of a lid or suction system
when using ultrasonic baths.
Conversely, the noise pollution gene
rated by ultrasonic baths and its potentially harmful effects on staff are often
overlooked. On the one hand, this is
due to the fact that the audible cavitation noise exposure is subjectively assessed as being rather low, while the
ultrasound components above 16 kHz
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are naturally not perceived by the human auditory system and their potential hazardousness are thus underestimated. On the other hand, occupational
safety and health (OSH) regulations
often exclude ultrasound, which creates
legal uncertainties as to whether and
how it should be assessed. Besides,
the damaging effects of ultrasound on
human hearing is a controversial topic
that to date has been researched relatively little. Besides, measurements of
conventional sound in the audible frequency range below 16 kHz are also
distorted by ultrasound components,
while exposure in the ultrasound range
cannot be measured by conventional,
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handheld sound level meters, because
these are not designed to measure the
special properties of ultrasound.
This paper summarizes the harmful effects of ultrasound on humans
and describes the legal and normative
requirements for sound level measurements, in relation to the special features of ultrasound, as well as protective noise reduction measures. It also
presents the results of an exemplary
measurement to illustrate and better
characterize this issue.
Potential health hazards
Noise can cause both aural and extraaural negative health effects in humans.
Extra-aural noise effects are all effects
on humans that are not directly related
to hearing, such as high blood pressure,
stress, or impaired concentration. With
regard to ultrasound, employees sometimes report subjective effects such as
nausea, dizziness, headaches, etc. However, it is debatable to what extent ultrasound is actually responsible for the
extra-aural effects, or whether sound in
the high audible frequency range could
be the cause. It is also possible that the

experienced symptoms are of a psychosomatic nature [1].
Aural effects are those that directly
affect the inner ear. Damage to the
auditory system can be caused by permanent exposure to noise as well as by
a single episode of very short and loud
sound events. Bang and explosion trauma caused by single sound events des
troy hair cells of the inner ear within
a few milliseconds, while permanent
noise exposure causes gradual noise-induced hearing loss. This stems from
sensory cell fatigue, leading to what
is termed temporary threshold shift
(TTS); the auditory faculties are fully
restored by taking a sufficiently long
break from noise exposure. If the sensory cells cannot be regenerated because
of permanent exposure to sound, a
noise-induced permanent threshold shift
(NIPTS) presents. Since ultrasound cannot generally be perceived by the human
auditory system, it is not possible to simply extrapolate substantiated research
findings on the development of noise-induced hearing loss from the auditory frequency to the ultrasound range.
For a detailed list of studies on the
aural effects of ultrasound, please refer
to the various literature reviews [2-5]. In
summary, it can be stated that continu
ous exposure to ultrasound is thought to
cause some damage to the human auditory system. While ultrasound does not
appear to cause permanent thres
hold
shifts in the speech frequency range, it
can cause temporary threshold shifts in
the high-frequency range, which in turn
are a potential trigger for permanent
damage. It is unclear to what extent the
ultrasound itself is the cause of the observed damage, or whether conversely
this is caused by noise in the high-frequency range that normally accompanies the ultrasound cavitation or subharmonics. Besides, no statement can be
made about dose-effect relations, which
must be regarded as a basic requirement
for effective stipulation of threshold values.
Therefore, there is a considerable need
for further research in this area.
Legal, normative and technical
requirements
In Germany, the legal situation as regards the assessment of ultrasound in
terms of occupational safety and health
is accordingly rather patchy. Notwithstanding this, the risk assessment
enshrined in the German Occupational

Safety and Health Act (ArbSchG) can
be applied to ultrasonic baths. The German Noise and Vibration Occupational
Safety and Health Regulation (LärmVibrationsArbSchV) sets out in more
specific terms the provisions of the Occupational Safety and Health Act with
regard to the hazards caused by noise
or vibrations to the health of employees. Noise is defined in the regulation
in relatively broad terms as “any sound
that can impair hearing or other
w ise
directly or indirectly endanger the safety and health of employees” [6]; this
also includes ultrasound. With regard
to risk assessment, the Noise and Vibration Regulation stipulates that the exposure of employees be determined and assessed. To that effect, the manufacturer
documentation or other sources should
be consulted (e.g. publications by the Employer’s Liability Insurance Association).
However, such sources are usually not
available for ultrasonic systems because
emissions depend very much on the pro
perties of the ultrasound prevailing in the
respective workplace. The regulation also
specifies lower and upper exposure action
values, i.e. threshold values, which, when
reached or exceeded, require the implementation of measures to protect employees. The threshold and guide values
applicable in Germany for noise that is
hazardous to health are shown in Table 1.
The weighting filters used for these
threshold values should be borne in mind
and which, depending on the intended
use, serve to simulate human hearing and
thus provide information about the effect
of sound on it. The A-weighted daily noise
exposure level LEX,8h, which calculates the
sound exposure of employees during an
8-hour work shift, leads to problems here
since it is designed for measurements in

the auditory frequency range and pro
duces inaccurate results as soon as ultrasound components come into play. The
C-weighted peak sound pressure level
LpCpeak, whose weighting filter is designed
for the detection of loud sounds and is
thus used for the detection of single, very
loud sound events by displaying the absolute sound peak during a measurement,
is also unsuitable for the measurement of
ultrasound, since ultrasonic baths generally generate constant sound emissions
and sound peaks are therefore of subordinate importance for evaluation.
To resolve this matter, guideline
VDI 3766 defines guide values and re
commends that, when observed, these
be used as a substitute in order to prevent health hazards in settings where
ultrasound is used. For measurements
in the auditory frequency range the
AU-weighting, which is a combination
of the normally applied A-weighting
and the U-weighting, is used to suppress ultrasound components perceived
by the human auditory system [7].
Table 1 presents this as the AU-weigh
ted daily noise exposure level LEXAU,8h.
According to the guideline, the peak
sound pressure level LpCpeak is replaced
with the Z-weighted peak sound pressure level LpZpeak. Unfortunately, the
guideline does not provide any information on how to evaluate the actual
ultrasonic components themselves, but
merely refers to guideline VDI 2058-2,
which specifies a guide value for the 20
kHz one-third octave, i.e. frequencies
of around 20 kHz [8]. This is presented
in Table 1 as the Z-weighted equivalent
continuous sound pressure level for the
20 kHz one-third octave LpZeq,1/3 octave, 20 kHz
and is suitable in principle for the measurement of ultrasound because of the

Table 1: Guide and threshold values in Germany for assessment of noise levels
hazardous to health pursuant to the Noise and Vibration Occupational Safety
and Health Regulation, VDI 2058 and VDI 3766.

Sound pressure
level value

Source

Guide or threshold
value

LEX,8h

Noise and Vibration Occupational
Safety and Health Regulation

80 − 85 dB

LpCpeak

Noise and Vibration Occupational
Safety and Health Regulation

135 − 137 dB

LEXAU,8h

VDI 3766

85 dB

LpZpeak

VDI 3766

140 dB

LpZeq, 1/3 octave, 20 kHz

VDI 2058-2

110 dB
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Z-weighting. The latter actually describes the omission of a
weighting filter, but brings with it the problem that due to
this restriction to a single guide value for assessment of ultrasound, possible emissions above the 20 kHz one-third octave are not taken into account at all. Some members of the
VDI 3766 working group therefore propose an extension of the
guide value of 110 dB also for higher frequencies [9].
Similar problems are encountered with regard to the
standardization of sound level meters. The relevant standard here is DIN EN 61672-1, which specifies requirements for
sound level meters but is designed only for measurements in
the audible frequency range [10]. Likewise, standard DIN EN
ISO 9612 [11], which describes measurement procedures, is
also unsuitable in some respects for the measurement of sound
with ultrasonic components. Again, guideline VDI 3766 which
tailors both the technical specifications and the measurement procedure to ultrasound provides a solution here.
The difficulties in measuring sound with ultrasonic
components mainly stem from the short wavelength of
ultrasound. This means that ultrasonic fields have extremely
heterogeneous structures and are subject to major changes
because of reflections. At times, this causes considerable
differences in the sound pressure levels even for the smallest changes in the measuring position [12]. For this reason
guideline VDI 3766 recommends performing a greater number of measurements both in the absence and in the presence
of the operator as well as measurements while making a
wiping movement with the microphone. Furthermore, the
short wavelength of ultrasound also means that even small
obstacles, such as the protective grille or the windscreen of
a microphone capsule, can influence sound propagation, which
can falsify the measurement result. With increasing frequency, the influence of the protective grille also rises proportionally [13], which is why only microphones without a protective grille should be used. Due to the wavelength of
ultrasound, microphones of 1/4 or 1/8 inch diameter should
be used [14]. The guideline also VDI 3766 defines requirements for the accuracy of measuring instruments. These acceptance limits are approximately ±3 dB up to the centre
frequency of 31.5 kHz and thus far exceed the requirements
set out in the standard DIN EN 61672-1.

Exemplary measurement
In the following is now presented details of an exemplary
measurement carried out in an ultrasonic bath in the unclean area of a RUMED in order to gain a rough estimate
of the sound pollution caused by ultrasonic baths. A builtin ultrasonic bath with a capacity of around 30 litres was
investigated. The ultrasonic bath working frequency was
around 38 kHz and the bath was fitted with a metal lid. A
modular measuring system was used, consisting of the
AkuLap Pro analysis software and the ATD5-T microphone
unit from Dr-Jordan-Design and the MK 301 E 1/4 inch freefield microphone capsule from Microtech Gefell. The meas
uring system complies with accuracy class 1 according to
DIN EN 61672-1, meets the requirements of guideline VDI
3766 and can record frequencies from 20 Hz to 90 kHz as well
as sound pressure levels from 38 to 158 dB. Since no fixed
operating position is usually used in front of the ultrasonic
bath during routine operation, a number of the most commonly used positions in the room were selected. The values
presented here are the mean or maximum values of 5-minute measurements repeated three times. The measurement
uncertainty was not calculated. The actual exposure time of
employees was not recorded either, because it will likely be
different in various departments and depend on the habits
of individual employees. The parameters of relevance for legal assessment are presented, i.e. the A-weighted equivalent
continuous sound pressure level LpAeq and the AU-weighted
equivalent continuous sound pressure level LpAUeq. Based on
these, the L EX,8h and L EXAU,8h for a complete operating day can
be calculated, taking into account the exposure time. Of rele
vance for the guide and threshold values are also the LpCpeak,
LpZpeak and LpZeq, and LpZeq, 1/3 octave, 20 kHz parameters. For a
more precise evaluation of the one-third octave spectra, the
Z-weighted equivalent 5-minute one-third octave sound pressure level LpZeq, 1/3 octave, 5min is used. This describes the sound
pressure levels of the respective one-third octaves averaged
over five minutes in terms of energy. All sound pressure levels
presented refer to a reference sound pressure of 20 μPa.
Figure 1 and Table 2 show an unweighted one-third octave band analysis of the ultrasonic bath and the associated
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Fig. 1: One-third octave band analysis of the test ultrasonic bath and of the general ambient sound in the unclean
area of a RUMED.
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parameters. Here, all measurement results
obtained when the bath was operated
without a cover were averaged to allow
a general classification, although no conclusions can be drawn from this figure
regarding the impacts at the respective
measurement positions. The working frequency at approx. 38 kHz and its subharmonics at 19 kHz can be easily identified.
None of the sound pressure levels meas
ured here reached the specified guide
and thres
hold values. However, it can
be noted that the sound pressure level
of the subharmonics in the 20 kHz onethird octave band almost reached values
of 80 dB here and were at the edge of the
human auditory range. It can therefore
be concluded that some persons, especially younger employees, could perceive this. It is precisely in this frequency
range that particular care must thus be
taken, although the values here are still
well below the permissible guide value.
In general, from these measurements it is
not possible to infer that employees thus
faced any hazards. This figure also shows
the general ambient noise without the
influence of the ultrasonic bath. Clearly
identifiable here is the impact of the cavitation noise, which is responsible for the,
to some extent, significant increases in
the sound pressure level of up to 10 dB
in the audible frequency range and thus
also leads to a higher A- or AU-weighted
sound pressure level.
The impact of fitting a lid can be seen
in Figure 2, presenting a one-third octave
band analysis of the averaged values of
all measurements and showing the difference between the measurements with
and without a lid. Here it can be seen that
fitting a lid is particularly effective in the
frequencies dominated by the ultrasonic
bath. These include the low-frequency
one-third octaves at 80, 100 and 125 Hz,

One-third octave centre frequency in Hz

Fig. 2: Effectiveness of fitting a lid to an ultrasonic bath in various one-third
octave band centre frequencies, averaged difference between measurements
with and without a lid.
as well as the ultrasonic frequencies from
the 16 kHz one-third octave. In particular,
the sound pressure levels of the working
frequency in the 40 kHz one-third octave
were greatly reduced. This explains why
fitting a lid should be an effective sound
protection measure, especially for ultrasonic baths whose frequencies exceed or
come close to the guide and threshold
values in the ultrasonic frequencies.
To give an example of the potential
damage that can be caused by ultrasonic
baths, Figure 3 and Table 2 also show the
one-third octave band analysis and associated legally relevant parameters for an
ultrasonic bath installed in a washer-disinfector (WD). The built-in ultrasonic
bath in the WD is of significantly larger
capacity and has a working frequency of
approx. 34 kHz, which can be identified
here in the 31.5 kHz one-third octave.
The associated subharmonics in the 16
kHz one-third octave and the 6.3 kHz
one-third octave are also clearly visible.
These reached significantly higher values

Table 2: Comparison of the parameters recorded for the test ultrasonic bath and
a built-in ultrasonic bath in a WD of significantly larger capacity.

Sound pressure
level value

Ultrasonic bath

Ultrasonic bath in WD

LpAeq

77,5 dB

94,2 dB

LpCpeak

111,8 dB

111,1 dB

LpAUeq

69,0 dB

82,4 dB

LpZpeak

114,4 dB

119,9 dB

LpZeq, 1/3 octave, 20 kHz

78,9 dB

82,0 dB
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than in the previously investigated ultrasonic bath, although it cannot be ruled
out that a not inconsiderable amount of
the noise emissions below 16 kHz was
generated by routine WD operation.
If the legally relevant parameters are
analysed, the LpAUeq in particular stands
out, which, assuming an eight-hour exposure at 82.4 dB, is very close to the
guideline value for the LEXAU,8h of 85 dB
enshrined in VDI 3766 guideline. This
should be verified by measuring and calculating the measurement uncer
tainty
more precisely. The effect of a significantly stronger ultrasonic field becomes
visible here, which, with its significant
subharmonics in the auditory frequency
range, considerably influences the LpAeq
and also the LpAUeq adjusted for ultrasonic
components and thus illustrates well
the link between noise exposure in the
auditory frequency range and actually
inaudible ultrasound.
Protective measures
Because of the short wavelength of
the ultrasound, it is relatively easy to
dampen ultrasound emissions in the
workplace. Airborne propagation alone
usually results in a sharp drop in sound
pressure levels, and shielding is also
very effective in reducing noise exposure. In general, the TOP (technical, organizational, personal) ranking order
also applies to noise reduction measures. Accordingly, technical measures
have priority over organizational measures, which in turn should be applied
before personal measures. The German
Technical Rule on Noise and Vibration
Occupational Safety and Health RegulaZentralsterilization | Volume 30 | 1/2022
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tion explicitly stipulates that noise emissions be reduced as far
as possible by technical measures at the point of origin before resorting to lower-ranking protective measures [15].
Accordingly, the sound emitted by an ultrasonic bath is
best reduced by enclosing the tank, thus reducing emissions
by up to 20 dB [16]. To do this, the sheathing around the ultrasonic bath must be separated from the actual cleaning tank
by an insulating material; here, e.g. mineral fibre or glass
wool plates are recommended. An aluminium sheet sheathing
of 1 mm thickness or a 19 mm chipboard and an insulation of
20-30 mm thickness should be sufficient [8]. When the tank
is enclosed, the ultrasonic energy is almost completely converted
into heat, so that it can no longer be effectively dissipated,
possibly leading to an increased operating temperature, in
turn calling into question the cleaning results.
Organizational protective measures include, for example,
spatial or temporal changes to the workflow patterns, such
as increasing the distance within the room to the ultrasonic
bath while other work is in progress. However, this is often
not feasible because of spatial constraints in the existing RUMEDs. Another possibility would be to restrict the use of the
ultrasonic bath to certain instruments in order to minimize
the operating time as much as possible. Furthermore, the
noise exposure times could be reduced for individual employees through job rotation.
The last noise protection option is to use hearing protection. Although conventional hearing protection is designed
for frequencies of 125-8000 Hz based on the standard DIN
EN 352 and is thus not designed to reduce ultrasound [17],
it can be assumed that hearing protection for the medium- to
high-frequency noise range (HM noise class according to the
German Statutory Accident Insurance [DGUV] Regulation
112-194: Use of hearing protection) is also suitable as protection against ultrasonic emissions. Protective goggles or visors
should also be used to prevent ultrasound absorption into the
body via the eyes. However, the use of hearing protection can
never replace a comprehensive noise reduction program and
should only be used once every other technical and organizational measure has been exhausted.
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Fig. 3: Comparison of one-third octave band analysis of the test ultrasonic bath and a built-in ultrasonic bath in a
WD of significantly larger capacity.
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