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Human Hearing at Low Frequencies

Hearing (perception) 1s
insensitive to very low e
frequency sounds

As a result, some have concluded that:

Subaudible, low frequency sound and infrasound from wind turbines do not present a
risk to human health. (AWEA, CanWEA Report Colby et al. 2009)

Our data show that the ear 1s sensitive to infrasound frequencies
that are not heard. The electrical responses of the ear can be

substantially larger than to any other type of acoustic
stimulation.
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WVIEaStrementS Hromtie
ANErear wibht tenal
St

For most sounds, electrical
responses from the ear are never
larger than a few mV.

From an electrode in endolymph
near the apical (low frequency)
end of the ear we measure
enormous (19 mV) electrical
responses with a 5 Hz
(infrasound) stimulus.

Much larger responses than with
sounds in the normal audible
range.

Frequencies

Potential (mV)

Sound: 5 cycles/sec (Hz)
120 dB SPL

Electrode in endolymphatic
space of third cochlear turn

Electrical Response

Maximum 96.4 mV, +15.2%

Resting
Potential
83.7 mV

Minimum 77.7 mV, -7.2%

Time (sec)
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REspenseAmplitudSiwitiionc IEevel
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500 Hz perceptual threshold: 18 dB SPL
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REspenseAmplitudSiwitiionc IEevel

500 Hz perceptual threshold: 18 dB SPL
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REspenseAmplitudSiwitiionc IEevel

50 Hz perceptual threshold: 53 dB SPL

Responses
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10 mV
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REspenseAmplitudSiwitiionc IEevel

5 Hz perceptual threshold: ~ 124 dB SPL

Responses
<«——Saturate at

>17 mV

Larger voltages mean
larger transduction
currents, more ion
transport, more
metabolic demand.

The system is being
driven harder.

pk/pk Response (mV)
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Sound Level (dB SPL)
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JhcHargeesponses: iormiasonmnd(SHEZ)rarc supphesscd by,

hgheiicquency tones (S00NH2)
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[nitral Conclisions

The ear generates larger responses to infrasound than it
does for low frequency sounds in the audible range.

Audible low frequency sounds suppress the response to
infrasound.
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Vieasurementspwathisl oMz
passHlicred ioZen noIse

Some types of low pass filtered noise have been
shown to be very annoying (Krahé, 2008,2010)

Changing cutoff frequency alters
high frequency content but does
not affect sound below 125 Hz.

As filter cutoff 1s reduced below
1 kHz, sound becomes quieter,
especially when measured as
dBA.

125 Hz cutoff 1s 56 dBA, which
1s -33.6 dB re. 8 kHz cutoff

noise.
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REsponsesimeasuied
StmulancousyAnomnm

Average across

the cdls Canal (HllC) mi‘ég)rpgggzl 12 to 125 Hz Range

Microphone in Ear Canal

and rem the mner 62
ear. 60

o000 o000

58

Responses from the ear *

54

arc lal‘ger When hlgh | 100 200 500 1000 2000 5000
LP Filter Cutoff Frequency (Hz)

frequency C()mponents

are absent. ) WAV 7o Third Gochlear Turn

Similar to previous
results with tones.
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Re Sp Ons e S With level :70 _ Third Cochlear Turn

Response in 12-125 Hz Spectral Region
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REsponsesywanilevel

Without higher
frequencies,
responses keep

growing

Response in 12-125 Hz Spectral Region
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Same Responses ploticd vsrA=sweighicd sotmdieyel

Response in 12-125 Hz Spectral Region
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—8— 125 Hz Low-Pass Noise
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Responses vs A-weilghted sound' level

Response in 12-125 Hz Spectral Region |

41 dBA with 125 Hz cutoff
stimulates the ear to the same
degree as 85 dB wide band noise
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Responses vs A-weilghted sound' level

Response in 12-125 Hz Spectral Region

46 dBA (or higher) with 125 Hz
cutoff stimulates the ear more
than ANY wide band noise level.
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From Rand and Ambﬁﬂ;ﬂ@;wgﬂadnémyannoyed by wind turbine noise

correlated to normalized EPA community reactions to intrusive noise

Vigorous community action

Severe threats of legal
action, or strong appeals to
local officials

to stop the noise

Widespread complaints
or single threat
of legal action

Sporadic Complaints

No reaction, although noise
is generally noticeable

Highly annoyed means: "Annoyance with wind turbine noise was associated with psychological distress,
stress, difficulties to fall asleep and sleep inferruption.” Pedersen, E. and K. Persson Waye, 2004

o aa §
High annoyance threshold — #
for wind turbine noise
at 32 dBA

highly annoyed from
wind turbine noise

EPA data normalized to:
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[PoWwlnequency sotmds ancrstrongly stimulatimgthe
car at low: dBBATIEVE]S:

Ear

Although an influence on the
Hearing body 1s not be mediated though
perception......

Brain
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[PoWwlnequency sotmds ancrstrongly stimulatimgthe
car at low: dBBATIEVE]S:

Ear .
We also need to consider
scientifically-plausible
Hearing mechanisms that do not involve
perception of the low frequency
sound.
Brain

There are at least 3 possibilities
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IHHnirasermdEmduced amplitidcimodaiion

*

Low frequency and infrasound cause amplitude modulation of sounds
you can hear that is well-established in auditory neuroscience,
described as low frequency biasing.

This is BIOLOGICAL in origins and cannot be measured with a sound
level meter.

Single-Fiber Responses Data V@COI’ded
Gt B  fiom single
f auditory nerve
3 fiber.
E’ Salt & Lichtenhan
= Low-Frequency Tone Alone 20] ]

Peri-Stimulus Time {ms) 7 e 75 85 95

e
@ \>‘~\°<\ Low-Frequency Tone Level (dB SPL)

Expected symptoms: Pulsating sounds, annoyance, stress .
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2) EndoelymphaticrEydropsi(imd distirhance)

*Low frequency sound at non-damaging levels for just 3 minutes causes a
swelling of the endolymphatic space - endolymphatic hydrops.

* As the most compliant part of the endolymphatic system is the saccule, this
could lead to saccular disturbance.

Normal Mild Severe
Hydrops Hydrops

JARQ

Acute Endolymphatic Hydrops Generated by Exposure
of the Ear to Nontraumatic Low-Frequency Tones

1;4_
Expected Symptoms: fullness, unsteadiness, tinnitus,
“seasickness”, possibly vertigo.
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SHINOnEpercerved neural pathways

* 5% of auditory nerve fibers connect multiple outer hair
cells (the source of our large responses) to the brain.

* Similar fibers that innervate multiple hair cells in birds
respond strongly to infrasound.

i o . ” esearch, 48 (1990) 69-78
Ipsilateral trigeminal n i Hearing Research; 48 (L3NNG
% = e Elsevier
Ipsilateral cervical nery [

HEARES 01413

Origin of infrasound sensitive neurones in the papilla basilaris
of the pigeon: an HRP study

‘Main, FRG,

afferent fibres recorded in the pig
1. All st fibres were foun
5 W

Pathway from
Outer Hair Cells

Kaltenbach & Godfrey: DCN Hyperacthity and Tinnitus $153

* Expected Symptoms: Sleep disturbance, stress, leading to
secondary effects such as elevated blood pressure and
memory disturbances.
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erStummarize

There are at least 3 processes, each with
supporting scientific data, by which low
frequency stimulation could influence
people.

The assertion that effects of low frequencies can
ONLY be mediated by hearing the sound is simply
untenable.
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EinalN@oenclusions

The ear generates larger responses to infrasound than it does for low
frequency sounds in the audible range.

Audible low frequency sounds suppress the response to infrasound.

Optimal masking of low frequency responses to noise occurs with
frequencies of 150 Hz -1.5 kHz.

There are a number of scientifically plausible pathways, unrelated to
perception, by which low frequency sounds could influence someone.

We need to better understand how low frequencies affect the ear
before we dismiss their influence on people.
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Additional Slides for questions

Sound: 5 cycles/sec (Hz)
120 dB SPL

Vieasurements
[rem' thie Imner car
Ol gUTMea PIgs

Electrode in endolymphatic
space of third cochlear turn

Guinea pigs vs Humans

Guinea pig hearing is about 15 dB less sensitive than humans
BUT

We make our measurements with the middle ear open,

which makes them ~10-15 dB more sensitive at low frequency.

The sensitivity we measure will be comparable to humans.
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IDEInenStration st
meAsured EeSPONSEs o
irasound arc
gcnenated locally mithe

apical turns P e W e

Perilymph K*

Turn 1 EP
.. . . Turn 1 CM
Response changes are shown for an injection of toxic KCl 4.8Hz,110dB
(150 mM) into the cochlear apex. The calculated elevation e Turn 1 CM
of K at various locations is shown at the top. K 238Hz,70dB - 5°°Hz’9°dB

progressively moves from apex to base with time.
. 0 10 20 30 40

Lower Panel: Compound APs are suppressed progressively CAP Threshold Shifts

with frequency, showing the basal movement.

Middle Panel: Response from turn 3 with 4.8 Hz
stimulation is ablated before CAP thresholds start rising.
This confirms the response is locally generated near the
recording site.

30 40 50 60
Time from start of injection (min)
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Infrasound
Production by Dun
Law Wind Farm, UK

From Styles et al. 2005,
Keele University

Peak spectral output at ~ 0.5 Hz
with harmonics up to ~ 7 Hz.

High wind speed, full production:

Date: 02.10.2004
Time: 11:00 to 12:00
Average wind speed: 11.189ms™
Average wind direction:  254.67°
Average production: 16920.8 kW

Figure 53. Data recorded at Kelphope 1 Infrasound, 02/10/2004 11:00 to 12:00.



