195

International Journal of Occupational Safety and Ergonomics (JOSE) 2013, Vol. 19, No. 2, 195–202
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Industrial noise in the working environment has adverse effects on human hearing; literature and private
studies confirm that. It has been determined that significant changes in the hearing threshold level occur in the
high frequency audiometry, i.e., in the 8–20 kHz frequency range. Therefore, it is important to determine the
effect of ultrasonic noise (10–40 kHz) on the human body in the working environment. This review describes
hearing and nonhearing effects (thermal effects, subjective symptoms and functional changes) of the exposure
to noise emitted by ultrasound devices. Many countries have standard health exposure limits to prevent effects
of the exposure to ultrasonic noise in the working environment.
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1. INTRODUCTION
Ultrasonic noise is used in many areas of life,
especially in hydrolocation and underwater telecommunication, industry and medicine [1]. The
frequency range of ultrasounds is very wide and
depends on their use, e.g., from 20 kHz in industrial devices to 10 MHz in medical diagnostics
and therapy. In industry, ultrasounds are used in
consumer devices such as burglar alarms, dog
whistles, bird and rodent repellents, humidifiers
and inhalers. The increasing number of people
exposed to ultrasounds is the consequence of its
increasingly common use of ultrasounds in technology, medicine and everyday life. This generates interest in the impact of ultrasounds on the
human body and health. The frequency that separates different mechanisms of biological impact
of ultrasounds on the human body is 100 kHz.

working environment

Many countries (e.g., Germany and France) are
working on assessing harmfulness of occupational noise exposure and amending admissible
values in the ultrasonic range. Most countries
assess ultrasonic noise by measuring equivalent
sound pressure level in one-third-octave bands
referred to 8-h noise exposure at workstations [2].
France determines admissible values of ultrasonic
noise and recommends limiting noise exposure in
the high audible frequency range (8–20 kHz) and
the low-frequency ultrasonic range (20–50 kHz).
In Poland, ultrasonic noise is assumed, for practical reasons, as noise whose spectrum includes
high audible and low ultrasonic frequencies (i.e.,
10–40 kHz) [3].
The main sources of ultrasonic noise in the
working environment are low-frequency ultrasonic devices like ultrasonic washers, welding
and erosion machines, manual soldering irons
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and tanks for tinplating [4, 5, 6, 7]. Ultrasounds
produced in these devices are necessary for technological processes. Industrial ultrasonic noise is
also produced as a side effect of aerodynamic or
mechanical processes [8]. High-frequency ultrasounds (over 0.8 MHz), which are used in medicine, mainly in therapy and diagnostics, do not
belong to the category of ultrasonic noise; therefore, this article does not discuss them.
First reports on the negative effects of ultrasonic noise on the human body were published in
the 1940s and 1950s. In this period, the nowobsolete term ultrasonic disease described symptoms associated with exposure to noise, including
low-frequency ultrasonic, mostly subjective
symptoms of exposed workers [9, 10, 11]. Currently, the effects of exposure to ultrasonic noise
are classified as effects of hearing, thermal
effects, subjective symptoms and functional disorders [12].
Low-frequency ultrasonics of high intensities
may also cause mechanical effects on the human
body like cavitation in liquids. This effect is negligible in ultrasounds propagated in the air,
because only level over 190 dB could cause it in
the human body [13]. However, this is practically
impossible as a lethal sound pressure level for the
human body is ~180 dB [14].

2. EFFECTS OF ULTRASONIC
NOISE ON HEARING
Human hearing covers frequencies between
20 Hz and 20 kHz. With the ageing process, the
range narrows in high frequencies. The results of
environmental and laboratory studies in the 1960s
showed that the temporary threshold shift (TTS)
and the permanent threshold shift (PTS) of
0.25–10 kHz resulting from exposure to ultrasonic noise did not exceed 10–15 dB or was not
observed at all if sound pressure level did not
exceed ~120 dB [9].
However, ultrasonic noise of over 8 kHz may
cause noise-induced hearing loss (NIHL).
According to Parrack, TTS of 8–18 kHz resulted
from a short-term exposure to signals of
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17–37 kHz and intensity of 148–154 dB [14]. In
their environmental studies, Grzesik and Pluta
observed NIHL at 13–17 kHz in workers exposed
to ultrasonic noise over several years of work
with washers and welding machines at level
exceeding 80 dB [15]. They also reported that
high-frequency hearing loss would aggravate at a
rate of 1 dB per year of work in workers exposed
to noise emitted by those machines.
A study of dentists using dental scalers
(25–42 kHz) showed that a short exposure to
ultrasonic noise did not cause hearing loss at
0.5–8 kHz, except for a slight hearing impairment
at 3 kHz [16]. However, in that study, hearing
thresholds with the range of higher frequencies,
i.e., 8–16 kHz, were not established for dentists.
There are several reports on studies on hearing
perception of sounds with frequencies over
20 kHz. According to Henry and Fast, most listeners in their study registered sounds with sound
pressure level of 124 dB and a frequency of
24 kHz [17]. Ashihara, Kurakata, Mizunami, et
al. obtained similar results by registering
responses to tone signals with a frequency of
24 kHz and sound pressure level not over 88 dB
[18].
Reports on the perception of ultrasounds transmitted through the bone pathway with frequencies over 24 kHz are valuable. Fujimoto, Nakagawa and Tonoike [19] and Lenhardt [20]
showed that bone-conducted ultrasounds masked
(increased the detection threshold) signals of
10–14 kHz and even up to 19 kHz transmitted
through the air pathway [14]. Ultrasounds of
12–16 kHz masking bone-conduction caused an
increase in the hearing threshold by 15–22 dB.
Furthermore, masking curves for noise of middle
frequencies (26 and 39 kHz) resembled an average audiogram of people with hearing deficiencies caused by years of exposure to ultrasonic
noise.
According to Lenhardt, exposure to audible
high-frequency sounds and ultrasonic signals
exceeding the hearing range may increase the risk
of hearing damage as a result of an overlap of
stimuli originating from both these signals in the
inner ear [20].
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3. THERMAL EFFECTS
Studies in small animals showed that thermal
effects of ultrasonic noise appeared at relatively
high sound pressure level. According to Allen,
Rudnik and Frings, a mouse dies from overheating after 10 s to 3 min of exposure to a signal of
20 kHz and level of 160 dB [10]. According to
Danner, a lethal level for signals of 18–20 kHz
for an unshaven mouse were 144 dB and for a
shaven mouse 155 dB [21]. Acton obtained similar results and extended studies to larger animals
such as guinea pigs and rabbits [22]. The mismatch of acoustic impedance between the air and
human skin tissue prevents, at considerable
extent, penetration of ultrasonic energy in the
human body and, therefore, only relatively high
intensities of ultrasonic waves can be dangerous
for the human body.
First reports, written in 1948, on the thermal
effects of ultrasounds on the human body
described burns on the hand skin between fingers
from accidental exposure to a signal with a frequency of 20 kHz and level of 165 dB [10, 11].
Ultrasounds at level of 159 dB may cause moderate warming of the surface of the human body;
according to computational simulations, exposure
to ultrasounds for ~50 min at level of at least
180 dB may be fatal [13].
Results of environmental studies on 20 workers
working with ultrasonic devices showed that,
after a day of work, body temperature of 40% of
workers increased by 0.5 °C and in some cases
even by 1–2 °C [9].

4. SUBJECTIVE SYMPTOMS OF
EXPOSURE TO ULTRASONIC
NOISE
Many studies confirmed the appearance of subjective symptoms of exposure to noise emitted by
ultrasonic devices like dizziness, balance disturbances, tinnitus and fatigue [4, 23]. It is assumed
that those symptoms result from the effect of
noise on the vestibular system; however, further
studies are necessary [12].
According to the results of studies in the 1960s
and 1970s, “audible” components of the noise
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spectrum are, above all, responsible for subjective symptoms among workers exposed to noise
emitted by ultrasonic devices [9]. However,
according to Smith, Nixon and von Gierke, signals with frequencies over ~17 kHz and level
exceeding 70 dB may cause negative symptoms
among exposed workers such as excessive
fatigue, nausea, ear fullness and headache [24].
Holemberg, Landström and Nordström exposed
10 workers for 2 min to noise of an ultrasonic
washer, then the workers assessed discomfort and
irritation. They concluded that noise emitted by
ultrasonic washers with level over 75 dB(A)
caused annoyance and discomfort [25].
In 2005, studies on exposure to noise were conducted among 166 production plants workers,
who reported high-frequency and ultrasonic noise
at their workstations. The workers defined it as
wheezing, whistling or squeaky. Over 84% of
workers had follow-up hearing examinations.
Subjective assessment showed that 13% of participants had poor hearing and 50% had difficulties with hearing normal speech [26, 27, 28, 29].
Pawlaczyk-Łuszczyńska, Dudarewicz and
Śliwińska-Kowalska studied the effect of ultrasonic noise among 25 operators of ultrasonic
welding machines, mainly women aged 20–56
[30]. Participants subjectively assessed acoustic
conditions at workstations, complaints and sensations related to noise at the workplace, and selfassessed their hearing and health. About 29.4%
of the workers did not report any complaints
related to noise at the workstations. The rest complained of fatigue (36.8%), headache (12.1%),
somnolence (5.3%), dizziness (5.3%) and palpitations (5.3%). The workers described noise as
loud (52.6%), uneven (44.4%), sharp and
unpleasant (44.4%), annoying (36.8%), irritating
(36.8%) and interfering with work (16.7%).
About 26.3% of the workers complained that
noise interfered with conversations, listening to
the radio (21.1%) and made concentration impossible (5.6%).
It is worth mentioning that some subjective
effects of exposure to ultrasonic noise such as
fatigue, headache, discomfort or irritation may
disturb human cognitive functions [31, 32, 33,
34].
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5. EFFECTS OF ULTRASONIC
NOISE ON FUNCTIONAL
CHANGES

6. HEALTH STANDARDS

Workers using ultrasonic devices suffered from
functional changes such as neurastenia, cardiac
neurosis, hypotension, heart rhythm disturbances
(bradycardia) and adrenergic system disturbances
[32]. Studies showed that exposure to sounds
with a frequency of 21 kHz and level of 110 dB
for 3 h daily for 10–15 days caused functional
changes in the cardiovascular and central nervous
systems [35]. Workers exposed to noise emitted
by ultrasound devices suffered from increased
neural excitability, irritation, memory problems
and difficulties with concentration and learning
[34].
Roshchin and Dobroserdov indicated that levels of 90–110 dB within the range of lower frequencies (21 kHz) and 110–115 dB within the
range of higher frequencies (40 kHz) constituted
the limit of occurrence of functional changes
[36].

Health standards are to prevent subjective effects
of exposure to ultrasonic noise and hearing damage. Individual researchers at the turn of the
1960s and 1970s prepared first proposals of
health standards on occupational exposure [9, 37,
38, 39]. They were based on two basic assumptions: (a) high audible frequencies (10–20 kHz)
may cause annoyance, tinnitus, headache, fatigue
and nausea and (b) ultrasound components (over
20 kHz) with high sound pressure level may
cause hearing damage. Therefore, admissible values were determined at a level that does not eliminate hearing damage and subjective effects
(fatigue, headache, nausea, tinnitus, vomiting,
etc.) [40, 41, 42, 43].
Sound pressure level in one-third-octave frequency bands of 12.5–50 kHz related to 8-h noise
exposure (daily noise exposure level) is, in many
countries, the basic value used for assessing
exposure to ultrasonic noise at workstations [42,
43]. Table 1 presents admissible values of the

TABLE 1. Admissible Values of the Noise Parameter for Assessing Exposure to Ultrasonic Noise [41]
f (kHz)

Japan
(1971)

Australia
(1981)

France
(1985)

Poland
(1986)

USSR
(1989)

Canada
(1991)

Sweden
(1992)

Poland
(2001)

6.3

90

8

90

10

90

75

75

80

12.5

90

110

75

80

80

16

90

110

75

80

80

75

20

110

110

75

90

100

75

105

90

25

110

110

110

105

105

110

115

105

31.5

110

110

110

110

110

115

110

40

110

110

110

110

110

115

110

50

110

110

110

110

110

115

63

110

110

115

80

110

110

115

100

110

110

115

80
80
80

125

115

150

115

160

115

200

115

Notes. f = middle frequency one-third-octave frequency bands.
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noise parameter for assessing exposure to ultrasonic noise. Major differences are in the high
audible range, i.e., up to 20 kHz; over 25 kHz, the
admissible value is 110 dB [41].
In Poland, the first proposals of health standards on ultrasonic noise were prepared in the
late 1970s [38, 39]. However, ultrasonic noise
was on the list of maximum admissible intensities
(MAI) of factors harmful for health in the working environment only in 1989. Standard No. PN86/N-01321 was developed three years earlier
[44]. In 2001, MAI values of ultrasonic noise
were updated [45]; those changes are still in force
[3] (Table 2).
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audible frequencies may cause annoyance, tinnitus, headache, fatigue and nausea and (b) ultrasound components with high sound pressure level
may cause hearing damage. Therefore, admissible values were determined at a level that does
not eliminate hearing damage and subjective
effects (fatigue, headache, nausea, tinnitus, vomiting, etc.) [40, 41, 42, 43].
In many countries, the basic value used for
assessing exposure to ultrasonic noise at workstations is sound pressure level in one-third-octave
frequency bands of 12.5–50 kHz related to 8-h
noise exposure [42].

TABLE 2. Admissible Values of Equivalent and Maximum Sound Pressure Level for Ultrasonic Noise
at a Workstation [3]
Lf,eq,8h,adm (dB)
f (kHz)

Workers in General

Pregnant Women

Young People

Lf,max,adm (dB)

10, 12.5, 16

80

77

75

100

20

90

87

85

110

25

105

102

100

125

31.5, 40

110

107

105

130

Notes. f = middle frequency one-third-octave frequency bands, Lf,eq,8h,adm = admissible values of equivalent
sound pressure level, Lf,max,adm = admissible values of maximum sound pressure level.

7. SUMMARY
Ultrasonic noise may affect hearing and nonhearing parts of the body. Because audible noise is
also present in industrial conditions, it is difficult
to interpret the results of environmental studies
on the effects of ultrasounds on hearing [37, 38,
39]. Furthermore, the age of study participants
and the potential presence of chemical factors in
the working environment are also important.
Nevertheless, some reports indicated that components with ultrasonic frequencies may cause
sound sensations associated with hearing defects
within the high frequency range, which audiometric tests do not always taken into account [15,
20]. Subjective symptoms like headache and dizziness, tinnitus, balance disturbances and nausea
are typical for workers exposed to ultrasounds of
low frequencies. Health standards are to prevent
subjective effects of exposure to ultrasonic noise
and hearing damage. Proposals of these standards
were based on two basic assumptions: (a) high

In conclusion, studies conducted to date in
Poland and worldwide indicate that ultrasonic
noise may cause excessive fatigue, headache, discomfort and irritation. There are some analogies
between ultrasonic and audible noise. Audible
noise with sound level not exceeding 80 dB(A) is
perceived as causing discomfort and having a
negative effect on human cognitive functions.
Irritation caused by ultrasonic noise may cause
reduced work effectiveness [46, 47].
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