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Sounds you can't hear can still hurt your ears

By Sarah C. P. Williams | Sep. 30,2014, 7:15PM

A wind turbine, a roaring crowd at a football game, a jet engine running full throttle: Each of
these things produces sound waves that are well below the frequencies humans can hear. But

A wind turbine, a roaring crowd at a football game, a jet engine
running full throttle: Each of these things produces sound waves that
are well below the frequencies humans can hear.

But just because you can’t hear the low-frequency components of
these sounds doesn’t mean they have no effect on your ears. Listening
to just 90 seconds of low-frequency sound can change the way your
inner ear works for minutes after the noise ends, a new study shows.

“Low-frequency sound exposure has long been thought to be innocuous,
and this study suggests that it’s not,” says audiology researcher Jeffery
Lichtenhan of the Washington University School of Medicine in in St.
Louis, who was not involved in the new work.

Humans can generally sense sounds at frequencies between 20 and
20,000 cycles per second, or hertz (Hz)—although this range shrinks as a
person ages. Prolonged exposure to loud noises within the audible range
have long been known to cause hearing loss over time. But establishing
the effect of sounds with frequencies under about 250 Hz has been
harder. Even though they’re above the lower limit of 20 Hz, these low-
frequency sounds tend to be either inaudible or barely audible, and
people don’t always know when they’re exposed to them.

http://www.sciencemag.org/news/2014/09/sounds-you-cant-hear-can-still-hurt-your-ears
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1. Summary

Noise-induced hearing loss is one of the most common auditory
pathologies, resulting from overstimulation of the human cochlea,
an exquisitely sensitive micromechanical device. At very low
frequencies (less than 250 Hz), however, the sensitivity of human
hearing, and therefore the perceived loudness is poor. The
perceived loudness is mediated by the inner hair cells of the
cochlea which are driven very inadequately at low frequencies.
To assess the impact of low-frequency (LF) sound, we exploited a
by-product of the active amplification of sound outer hair cells
(OHCs) perform, so-called spontaneous otoacoustic emissions.
These are faint sounds produced by the inner ear that can
be used to detect changes of cochlear physiclogy. We show
that a short exposure to perceptually unobtrusive, LF sounds
significantly affects OHCs: a 90s, 80 dB(A) LF sound induced
slow, concordant and positively correlated frequency and level
oscillations of spontaneous otoacoustic emissions that lasted for
about 2min after LF sound offset. LF sounds, contrary to their
unobtrusive perception, strongly stimulate the human cochlea
and affect amplification processes in the most sensitive and
important frequency range of human hearing.

For the new study, neurobiologist Markus Drex| and colleagues at
the Ludwig Maximilian University in Munich, Germany, asked 21
volunteers with normal hearing to sit inside soundproof booths
and then played a 30-Hz sound for 90 seconds.

The deep, vibrating noise, Drexl says, is about what you might hear
“if Y]ou open your car windows while you’re driving fast down a
highway.”

Then, they used probes to record the natural activity of the ear
after the noise ended, taking advantage of a phenomenon dubbed
spontaneous otoacoustic emissions (SOAEs) in which the healthy
human ear itself emits faint whistling sounds. “Usually they’re too
faint to be heard, but with a microphone that’s more sensitive than
the human ear, we can detect them,” Drexl| says. Researchers know
that SOAEs change when a person’s hearing changes and disappear
in conjunction with hearing loss.

People's SOAEs are normally stable over short time periods. But in
the study, after 90 seconds of the low-frequency sound,
participants’ SOAEs started oscillating, becoming alternately
stronger and weaker. The fluctuations lasted about 3 minutes, the
team reports today in Royal Society Open Science.

The changes aren’t directly indicative of hearing loss, but they do
mean that the ear may be temporarily more prone to damage
after being exposed to low-frequency sounds, Drex| explains.
“Even though we haven’t shown it yet, there’s a definite
Fossibility that if you’re exposed to low-frequency sounds for a
onger time, it might have a permanent effect,” Drexl| adds.

http://rsos.royalsocietypublishing.org/content/royopensci/1/2/140166.full.pdf
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Effects of low frequency noise and vibrations: Environmental and occupational perspectives, 2011
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e Abstract

* This article provides a current knowledge base of adverse effects due to
. community and occupational low frequency noise (20-200 Hz). Low frequency
noise has a large annoyance potential, and the prevalence of annoyance
increases with higher sound pressure levels (SPLs) of low frequencies.

Low frequency noise annoyance is related to headaches, unusual tiredness, lack
of concentration, irritation, and J)ressure on the eardrum. Data suggest that
sleep may be negativelx affected. In occupational environments, low frequency
noise may negatively affect performance at moderate noise levels, whereas the
health consequences of higher SPLs are less well known.

Factors inherent in most low frequency noise such as the throbbing
characteristics, the intrusion of low frequencies felt when other frequencies in

the sound are attenuated, and the vibration sensations sometimes felt contribute
to the response.

Measurements need to properly assess the individual exposure and include
spectral, temporal, and if present also vibration characteristics.

https://www.gu.se/english/research/publication/?publicationld=150522
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FIG. 1. The frequency spectrum of sound and its nomenclature.

The sources of human exposure to low-frequency noise and its effects are reviewed. Low-frequency
noise is common as background noise in urban environments, and as an emission from many

artificial sources: road vehicles, aircraft, industrial machinery, artillery and mining explosions, and e Q" L L

air movement machinery including wind turbines, compressors, and ventilation or air-conditioning i ’
units. The effects of low-frequency noise are of particular concern because of its pervasiveness due 120 ]
to numerous sources. efficient propagation, and reduced efficacy of many structures (dwellings, - 8
walls. and hearing protection) in attenuating low-frequency noise compared with other noise. @ 00k )
Intense low-frequency noise appears to produce clear symptoms including respiratory impairment 2

and aural pain. Although the effects of lower intensities of low-frequency noise are difficult to E i i
establish for methodological reasons. evidence suggests that a number of adverse effects of noise in S 80F )
general arise from exposure to low-frequency noise: Loudness judgments and annoyance reactions 5 - .
are sometimes reported to be greater for low-frequency noise than other noises for equal § 80 F ]
sound-pressure level: annoyance is exacerbated by rattle or vibration induced by low-frequency a i i
noise: speech intelligibility may be reduced more by low-frequency noise than other noises except 2

those in the frequency range of speech itself. because of the upward spread of masking. On the other 2 or O cormnjom T
hand., it is also possible that low-frequency noise provides some protection against the effects of E O veowarr, 197, 6.7 .
simultaneous higher frequency noise on hearing. Research needs and policy decisions. based on 20k :::::::::z: o i
what is currently known, are considered. © 1996 Acoustical Society of America. | @ whittte etal 1972, 57 |
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http ://dOC'Wind_WatCh 'Org/sou rces-effeCts-Ifn-1996' pdf FIG 2. Hearing thresholds as a function of signal frequency in various

studies (M=monavral: B=binaural: W=whole body. T=tone: N=noise
band).
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ON MEASURING LOW-FREQUENCY NOISE INDOORS
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ABSTRACT

Due to standing waves, the sound pressure within a room may vary 20-30 dB. For assessment of annoyance
from low-frequency noise, if 1s important to measure a level that adequately represents the exposure that may
oive rise to the annoyance, rather than some room average level. Thus, mainly areas of the room with high
sound pressure levels are of interest, since persons present in such areas are not helped by the existence of
much lower levels elsewhere. Sound fields i rooms were investigated using numerical simulations and

scanning measurements of the entire sound pressure distributions in three different rooms. Measurements were
also performed in three-dimensional corners as well as according to Swedish and Danish guidelines. The sound
pressure level that 1s exceeded mn only 10% of the space of a room (L10) 1s proposed as a reasonable target for
a measurement method. The Swedish method showed good results, however its use of C-weighting during
scanning for maximum can lead to the maximum for wrong frequency components, 1.e. components other than
those that give rise to annovance. The Danish method was found to have a high risk of significantly
underestimating the noise present in a room, unless complainants can precisely appoint the measurement
positions. It was found that a very good estimate of the L10 target level 1s obtamed by measuring only in four
three-dimensional corners.

https://www.researchgate.net/publication/5327784 Measuring low-frequency noise indoors
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Figure 1: Sound pressure distributionima 3.7 m by 3.8 m by 2.8 m (L x W x H) room. Left: Sinusoidal
sound wave at 114 Hz. Right: Smuseidal sound wave at 124 Hz (mode 2,2,1). Sound generated by piston
in lower left cormer indicated by rectangle. Simulated using FDTD with (.1 m cell size and 0 kHz

sampiing frequency.

https://www.researchgate.net/publication/5327784 Measuring low-frequency noise indoors
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Stoy fra shaker og MudCube N
Norskolje@gass
"T S WY
Shakerrom preges av mye lavfrekvent stay E . ke !
Siktene drives av eksentermasse med frekvens ca 30Hz. W = ’

Mye av stgydata er oppgitt som A-veidenivaer:
Tradisjonelle shaker 75-80dBA ved 1m 90% kapasitet
MudCube 68dBA ved 1m 90% kapasitet

Begge fritt felt — ingen refleksjoner fra rommet, kun 1

enhet
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https://www.norskoljeoggass.no/drift/arbeidsmiljo/stoy/moter-seminarer-mm/mudcube/
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The Problems With “Noise Numbers” for Wind Farm Noise Assessment

Abstract

Human perception responds primarily to sound character rather than sound

level. Wind farms are unique sound sources and exhibit special audible and

inaudible characteristics that can be described as modulating sound or as a
i . tonal complex.

Wind farm compliance measures based on a specified noise number alone will
fail to address problems with noise nuisance.

The character of wind farm sound, noise emissions from wind farms, noise
prediction at residences, and systemic failures in assessment processes are
examined.

Human perception of wind farm sound is compared with noise assessment
measures and complaint histories. The adverse effects on health of persons
susceptible to noise from wind farms are examined and a hypothesis, the
concept of heightened noise zones (pressure variations), as a marker for cause
and effect is advanced.

A sound level of LAeq 32 dB outside a residence and above an individual’s
threshold of hearing inside the home are identified as markers for serious
adverse health effects affecting susceptible individuals.

The article is referenced to the author’s research, measurements, and
observations at different wind farms in New Zealand and Victoria, Australia.

https://stopthesethings.files.wordpress.com/2014/12/bull-sci-technol-soc-2011-thorne-262-90.pdf
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Altered cortical and subcortical connectivity due to
infrasound administered near the hearing threshold -
Evidence from fMRI

Markus Veichenberger [@]. Martin Bauer, Robert Kuhder, Johannes Hensel, Caraline Garcia Forlim. Albrecht Ihienfeld,
Bemd lttermann, Jirgen Gallingt, Christian Koch, Simene Kiihn

Fublished: Aprl 12, 2017 « hifps:iidoi.org/10.1371/journsLpane.0174420
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Abstract

In the present study, the brain's response towards nesr- and suprs-threshold infrasound (1S)
stimulstion (sound frequency < 20 Hz) was investigsted under rasting-ctste FMRI conditions.
The study involved twa consecutive sessions. In the first session, 14 healthy participants

& haaring threshold—as well 8s a osl loudness scaling in
which the individual loudness perception for IS was sssessed across different sound pressure
levels (SPL). In the second session. these participants underwent three resting-stat
scquisitions, one without auditory stimulation (ne-tang), one with s monsurally presented 12-Hz
15 tone {nesr-threshold) snd one with a similar tone shove the individus! hearing threshold
coesponding to & ‘medium loud’ hearing sensafion (supre-threshold). Data anslysis mainly
focused on local connectivity messures by meens of regional homogenaity (ReHa), but slsa
involved independent campanent analysis (ICA) to investigate inter-regians| connectivity. ReHa
Reader Comments (1) analysis revesled significantly higher local connectivity in right superior temporal gyrus (STG)
Medis Coversge (0) sdjacent to primary suditary cortex. in anterior cingulste cortex (ACC) and, when sllowing
smaller cluster sizes, also in the right smygdsls (rAmyg) during the near-threshold. compared
10 both the supra-threshiid and the no-tone condition. Additionsl independent component
analysis (ICA) revesled large-scale changes of funcfionsl connectivity, refiected in s stronger
sctivetion of the right amygdsla (rAmyg) in the opposite contrast {no-tone > near-threshald) as
wall 2s th right superior frontal gyrus (rSFG) during the nesr-threshold condition. In summary.,
this study is the first to demonstrate that infrasound near the hesring threshold may induce
changes of neural ectivity scross seversl brain regions, some of which are known to be
involved in suditory processing, while others are regsrded as keyplsyers in emotions] snd
sutonomic control, These findings thus sllow us o speculsts on haw confinuous &xposurs to
(sub-Jliminal IS could axert & pathogenic influsnce on the orgenism, et further (zspecially
longitudinal) studies are required in order to substsntialize these findings

Figures

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0174420
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Abstract

This review considers the nature of the sound generated by wind turbines focusing on the low-frequency
sound (LF) and infrasound (1S) to understand the usefulness of the sound measures where people work and
sleep. A second focus concerns the evidence for mechanisms of physiological transduction of LF/IS or the
evidence for somatic effects of LF/IS. While the current evidence does not conclusively demonstrate
transduction, it does present a strong prima facia case. There are substantial outstanding questions relating
to the measurement and propagation of LF and IS and its encoding by the central nervous system relevant
to possible perceptual and physiological effects. A range of possible research areas are identified.
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