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Executive Summary

People have been harnessing the power of the wind for more than 5,000 years. Initially used
widely for farm irrigation and millworks, today’s modern wind turbines produce electricity
in more than 70 countries. As of the end of 2008, there were approximately 120,800
megawatts of wind energy capacity installed around the world (Global Wind Energy
Council, 2009).

Wind energy enjoys considerable public support, but it also has its detractors, who have
publicized their concerns that the sounds emitted from wind turbines cause adverse health

consequences.

In response to those concerns, the American and Canadian Wind Energy Associations
(AWEA and CanWEA) established a scientific advisory panel in early 2009 to conducta
review of current literature available on the issue of perceived health effects of wind
turbines. This multidisciplinary panel is comprised of medical doctors, audiologists, and
acoustical professionals from the United States, Canada, Denmark, and the United
Kingdom. The objective of the panel was to provide an authoritative reference document for
legislators, regulators, and anyone who wants to make sense of the conflicting information

about wind turbine sound.

The panel undertook extensive review, analysis, and discussion of the large body of peer-
reviewed literature on sound and health effects in general, and on sound produced by wind
turbines. Each panel member contributed a unique expertise in audiology, acoustics,
otolaryngology, occupational/ environmental medicine, or public health. With a diversity of
perspectives represented, the panel assessed the plausible biological effects of exposure to

wind turbine sound.

Following review, analysis, and discussion of current knowledge, the panel reached
consensus on the following conclusions:

There is no evidence that the audible or sub-audible sounds emitted by wind turbines
have any direct adverse physiological effects.

The ground-borne vibrations from wind turbines are too weak to be detected by, or to
affect, humans.

The sounds emitted by wind turbines are not unique. There is no reason to believe,
based on the levels and frequencies of the sounds and the panel’s experience with s?und
exposures in occupational settings, that the sounds from wind turbines could plausibly

have direct adverse health consequences.
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SECTION 4

Results

This section discusses the results of the anaylsis presented in Section 3. Potential effects from
infrasound, low frequency sound, and the fluctuating aerodynamic “swish” from turbine
blades are examined. Proposed hypotheses between wind turbine sound and physiological
effects in the form of vibroacoustic disease, “wind turbine syndrome,” and visceral

vibratory vestibular disturbance are discussed.

4.1 Infrasound, Low-Frequency Sound, and Annoyance

Sound levels from wind turbines pose no risk of hearing loss or any other nonauditory
effect. In fact, a recent review concluded that “Occupational noise-induced hearing damage
does not occur below levels of 85 dBA.” (Ising and Kruppa, 2004) The levels of sound
associated with wind turbine operations are considerably lower than industry levels

associated with noise induced hearing loss.

However, some people attribute certain health problems to wind turbine exposure. To make
sense of these assertions, one must consider not only the sound but the complex factors that
may lead to the perception of “annoyance.” Most health complaints regarding wind
turbines have centered on sound as the cause. There are two types of sounds from wind
turbines: mechanical sound, which originates from the gearbox and control mechanisms,
and the more dominant aerodynamical sound, which is present at all frequencies from the

infrasound range over low frequency sound to the normal audible range.

Infrasound from natural sources (for example, ocean waves and wind) surrounds us and is
below the audible threshold. The infrasound emitted from wind turbines is at a level of 50 to
70 dB, sometimes higher, but well below the audible threshold. There is a consensus among
acoustic experts that the infrasound from wind turbines is of no consequence to health. One
particular problem with many of these assertions about infrasound is that is that the term is
often misused when the concerning sound is actually low frequency sound, not infrasound.

Under many conditions, low frequency sound below about 40 Hz cannot be distinguished
from environmental background sound from the wind itself. Perceptible (meaning above
both the background sound and the hearing threshold), low frequency sound can be
produced by wind turbines under conditions of unusually turbulent wind conditions, but
the actual sound level depends on the distance of the listener from the turbine, as the sound
attenuates (falls off) with distance. The higher the frequency, the greater the sound
attenuates with distance — Appendix D provides more information on the propagation of
sound. The low frequency sound emitted by spinning wind turbines could possibly be
annoying to some when winds are unusually turbulent, but there is no evidence that this
level of sound could be harmful to health. If so, city dwelling would be impossible due to
the similar levels of ambient sound levels normally present in urban environments.
Nevertheless, a small number of people find city sound levels stressful.
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It is not usually the low frequency nonfluctuating sound component, however, that
provokes complaints about wind turbine sound. The fluctuating aerodynamic sound (swish)
in the 500 to 1,000 Hz range occurs from the wind turbine blades disturbing the air,
modulated as the blades rotate which changes the sound dispersion characteristics in an
audible manner. This fluctuating aerodynamic sound is the cause of most sound complaints
regarding wind turbines, as it is harder to become accustomed to fluctuating sound than to
sound that does not fluctuate. However, this fluctuation does not always occur and a UK
study showed that it had been a problem in only four out of 130 UK wind farms, and had

been resolved in three of those (Moorhouse et al., 2007).

4.1.1 Infrasound and Low-Frequency Sound

Infrasound occurs at frequencies less than 20 Hz. At low and inaudible levels, infrasound
has been suggested as a cause of “wind turbine syndrome” and vibroacoustic disease
(VAD)—refer to Section 4.2.1 for more information on VAD. For infrasound to be heard,
high sound levels are necessary (see Section 3, Table 3-2). There is little risk of short term
acute exposure to high levels of infrasound. In experiments related to the Apollo space
program, subjects were exposed to between 120 and 140 dB without known harmful effects.
High level infrasound is less harmful than the same high levels of sound in the normal

audible frequency range.
High levels of low frequency sound can excite body vibrations (Leventhall, 2003). Early
attention to low frequency sound was directed to the U.S. space program, studies from
which suggested that 24-hour exposures to 120 to 130 dB are tolerable below 20 Hz, the
- upper limit of infrasound. Modern wind turbines produce sound that is assessed as

infrasound at typical levels of 50 to 70 dB, below the hearing threshold at those frequencies N
(Jakobsen, 2004). Jakobsen concluded that infrasound from wind turbines does not present a :
health concern. Fluctuations of wind turbine sound, most notably the swish-swish sounds,
are in the frequency range of 500 to 1,000 Hz, which is neither low frequency sound nor
infrasound. The predominant sound from wind turbines, however, is often mischaracterized
as infrasound and low frequency sound. Levels of infrasound near modern-scale wind
farms are in general not perceptible to people. In the human body, the beat of the heart is at
1 to 2 Hz. Higher-frequency heart sounds measured externally to the body are in the low
frequency range (27 to 35 dB at 20 to 40 Hz), although the strongest frequency is that of the
heartbeat (Sakai, Feigen, and Luisada, 1971). Lung sounds, measured externally to the body
are in the range of 5 to 35 dB at 150 to 600 Hz (Fiz et al., 2008). Schust (2004) has givena
comprehensive review of the effects of high level low frequency sound, up to 100 Hz.

4.1.2 Annoyance
Annoyance is a broad topic on which volumes have been written. Annoyance can be caused

by constant amplitude and amplitude modulated sounds containing rumble (Bradley, 1994)

As the level of sound rises, an increasing number of those who hear it may become
distressed, until eventually nearly everybody is affected, although to different degrees. This
is a clear and easily understood process. However, what is not so clearly understood is thaf
when the level of the sound reduces, so that very few people are troubled by it, there remain
a small number who may be adversely affected. This occurs at all frequencies, although
there seems to be more subjective variability at the lower frequencies. '/Ihe effect of low
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frequency sound on annoyance has recently been reviewed (Leventhall, 2004). The standard
deviation of the hearing threshold is approximately 6 dB at low frequencies (Kurakata and
Mizunami, 2008), so that about 2.5 percent of the population will have 12 dB more sensitive
hearing than the average person. However, hearing sensitivity alone does not appear to be
the deciding factor with respect to annoyance. For example, the same type of sound may
elicit different reactions among people: one person might say “Yes, I can hear the sound, but
it does not bother me,” while another may say, “The sound is impossible, it is ruining my
life.” There is no evidence of harmful effects from the low levels of sound from wind
turbines, as experienced by people in their homes. Studies have shown that peoples’
attitudes toward wind turbines may affect the level of annoyance that they report (Pedersen

etal,, 2009).

Some authors emphasize the psychological effects of sounds (Kalveram, 2000; Kalveram et
al., 1999). In an evaluation of 25 people exposed to five different wind turbine sounds at
40 dB, ratings of “annoyance” were different among different types of wind turbine noise

(Persson Waye and Ohrstrém, 2002).

None of the psycho-acoustic parameters could explain the difference in annoyance

responses. Another study of more than 2,000 people suggested that personality traits play

a role in the perception of annoyance to environmental issues such as sound (Persson et al,,
2007). Annoyance originates from acoustical signals that are not compatible with, or that
disturb, psychological functions, in particular, disturbance of current activities. Kalveram et
al. (1999) suggest that the main function of noise annoyance is as a warning that fitness may
be affected but that it causes little or no physiological effect. Protracted annoyance, however,
may undermine coping and progress to stress related effects. It appears that this is the main
mechanism for effects on the health of a small number of people from prolonged exposure

to low levels of noise.

The main health effect of noise stress is disturbed sleep, which may lead to other
consequences. Work with low frequencies has shown that an audible low frequency sound
does not normally become objectionable until it is 10 to 15 dB above hearing threshold
(Inukai et al., 2000; Yamada, 1980). An exception is when a listener has developed hostility

to the noise source, so that annoyance commences at a lower level.

There is no evidence that sound at the levels from wind turbines as heard in residences will
cause direct physiological effects. A small number of sensitive people, however, may be
stressed by the sound and suffer sleep disturbances. ‘

4.1.3 Other Aspects of Annoyance
Some people have concluded that they have health problems caused directly by wind
turbines. In order to make sense of these complaints, we must consider not only the sound,

but the complex factors culminating in annoyance.

There is a large body of medical literature on stress and psychoacoustics. Three factors that
may be pertinent to a short discussion of wind turbine annoyance effects are the nocebo

effect, sensory integration dysfunction and somatoform disorders.




WIND TURBINE SOUND AND HEALTH EFFECTS
AN EXPERT PANEL REVIEW

4.1.4 Nocebo Effect

The nocebo effect is an adverse outcome, a worsening of mental or physical health, based on
fear or belief in adverse effects. This is the opposite of the well known placebo effect, where
belief in positive effects of an intervention may produce positive results (Spiegel, 1997).
Several factors appear to be associated with the nocebo phenomenon: expectations of
adverse effects; conditioning from prior experiences; certain psychological characteristics
such as anxiety, depression and the tendency to somatize (express psychological factors as
physical symptoms; see below), and situational and contextual factors. A large range of
reactions include hypervagotonia, manifested by idioventricular heart rhythm (a slow heart
rate of 20 to 50 beats per minute resulting from an intrinsic pacemaker within the ventricles
which takes over when normal sinoatrial node regulation is lost), drowsiness, nausea,
fatigue, insomnia, headache, weakness, dizziness, gastrointestinal (GI) complaints and
difficulty concentrating (Sadock and Sadock, 2005, p.2425). This array of symptoms is
similar to the so-called “wind turbine syndrome” coined by Pierpont (2009, pre-publication
draft). Yet these are all common symptoms in the general population and no evidence has
been presented that such symptoms are more common in persons living near wind turbines
Nevertheless, the large volume of media coverage devoted to alleged adverse health effects
of wind turbines understandably creates an anticipatory fear in some that they will
experience adverse effects from wind turbines. Every person is suggestible to some degree.
The resulting stress, fear, and hypervigilance may exacerbate or even create problems which
would not otherwise exist. In this way, anti-wind farm activists may be creating with their

publicity some of the problems that they describe.

4.1.5 Somatoform Disorders

There are seven somatoform disorders in the Fourth Edition of Diagnostic and Stafistical
Manual of Mental Disorders (DSM-IV-TR) (American Psychiatric Association, 2000).
Somatoform disorders are physical symptoms which reflect psychological states rather than
arising from physical causes. One common somatoform disorder, Conversion Disorder, is
the unconscious expression of stress and anxiety as one or more physical symptoms
(Escobar and Canino, 1989). Common conversion symptoms are sensations of tingling or
discomfort, fatigue, poorly localized abdominal pain, headaches, back or neck pain,
weakness, loss of balance, hearing and visual abnormalities. The symptoms are not feigned
and must be present for at least six months according to DSM-IV-TR and two years
according to the International Statistical Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10) (WHO, 1993). ICD-10 specifies the symptoms as belonging
to four groups: (1) Gastrointestinal (abdominal pain, nausea, bloating/ gas/, bad taste in
mouth/excessive tongue coating, vomiting/regurgitation, frequent/loose bowel
movements); (2) Cardiovascular (breathlessness without exertion, chest pains);

(3) Genitourinary (frequency or dysuria, unpleasant genital sensations, vaginal discharge),
and (4) Skin and Pain (blotchiness or discoloration of the skin, pain in the limbs, extremities
or joints, paresthesias). ICD-10 specifies that at least six symptoms must be present in two or

more groups.
One feature of somatoform disorders is somatosensory amplification, a process in which a

person learns to feel body sensations more acutely and may misinterpret the significance .of
those sensations by equating them with illness (Barsky, 1979). Sensory integration dysfunction
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describes abnormal sensitivity to any or all sensory stimuli (sound, touch, light, smell, and
taste). There is controversy among researchers and clinicians as to whether sensory
integration problems exist as an independent entity or as components of a pervasive
developmental disorder (Sadock and Sadock, 2005, p. 3135), but their presence can lead to
overestimation of the likelihood of being ill (Sadock and Sadock, 2005, p. 1803). Sensory
integration dysfunction as such is not listed in the DSM-IV-TR or in the ICD-10.

Day-to-day stressors and adverse life events provide multiple stimuli to which people
respond, and that response is often somatic due to catecholamines and activation of the
autonomic nervous system. This stress response can become conditioned as memory. There
is some evidence that poor coping mechanisms (anger impulsivity, hostility, isolation, lack
of confiding in others) are linked to physiological reactivity, which is associated with
somatic sensation and amplification (Sadock and Sadock, 2005, p. 1806).

In summary, the similarities of common human stress responses and conversion symptoms
to those described as “wind turbine syndrome” are striking. An annoyance factor to wind
turbine sounds undoubtedly exists, to which there is a great deal of individual variability.
Stress has multiple causes and is additive, Associated stress from annoyance, exacerbated
by the rhetoric, fears, and negative publicity generated by the wind turbine controversy,
may contribute to the reported symptoms desctibed by some people living near rural wind

turbines.

4.2 Infrasound, Low-frequency Sound and Disease

Some reports have suggested a link between low frequency sound from wind turbines and
certain adverse health effects. A careful review of these reports, however, leads a critical
reviewer to question the validity of the claims for a number of reasons, most notably (1) fhfe
level of sound exposure associated with the putative health effects, (2) the lack of diagno#lc
specificity associated with the health effects reported, and (3) the lack of a control group in

the analysis.

4.2.1 Vibroacoustic Disease
Vibroacoustic disease (VAD) in the context of exposure of aircraft engine technicians to
sound was defined by Portuguese researchers as a whole-body, multi-system entity, caused
by chronic exposure to large pressure amplitude and low frequency (LPALF) sound (Alves-
Pereira and Castelo Branco, 2007a; Alves-Pereira and Castelo Branco, 2007b; Alves-Pereira
and Castelo Branco, 2007¢c; Alves-Pereira and Castelo Branco, 2007d). VAD, the primary
feature of which is thickening of cardiovascular structures, such as cardiac muscle and
blood vessels, was first noted among airplane technicians, military pilots, and disc jockeys
(Maschke, 2004; Castelo Branco, 1999). Workers had been exposed to high levels for more
than 10 years. There are no epidemiological studies that have evaluated risk of VAD from
exposure to infrasound. The likelihood of such a risk, however, is remote in light of the
much lower vibration levels in the body itself. Studies of workers with substantially higher
exposure levels have not indicated a risk of VAD, VAD has been described as leading from
initial respiratory infections, through pericardial thickening to severe and life-threatening
illness such as stroke, myocardial infarction, and risk of malignancy (Alves-Pereira and

Castelo Branco, 2007a).
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4.2.2 High-Frequency Exposure

All of the exposures of subjects for whom the VAD concept was developed, were dominated
by higher frequency sounds, a critical point since the frequency range claimed for VAD-
inducing sound is much wider than the frequency range of exposures experienced by the
aircraft technicians who were diagnosed with VAD (Castelo Branco, 1999). Originally,
proponents of the VAD concept had proposed a “greater than 90 dB” criterion for VAD.
However, now some claim that VAD will result from exposure to almost any level of
infrasound and low frequency sound at any frequency below 500 Hz. This assertion is an
extraordinary extrapolation given that the concept of VAD developed from observations
that a technician, working around military aircraft on the ground, with engines operating,
displayed disorientation (Castelo Branco, 1999). Sound levels near aircraft were very high.
In an evaluation of typical engine spectra of carrier based combat aircraft operating on the
ground, the spectra peaked at frequencies above 100 Hz with sound levels from 120 to
135 dB close to the aircraft (Smith, 2002). The levels drop considerably, however, into the

low frequency region.

There is an enormous decibel difference between the sound exposure of aircraft technicians

and the sound exposure of people who live near wind turbines. Animal experiments

indicated that exposure levels necessary to cause VAD were 13 weeks of continuous

~ exposure to approximately 100 dB of low frequency sound (Mendes et al.,, 2007). The
exposure levels were at least 50 to 60 dB higher than wind turbine levels in the same

frequency region (Hayes, 2006a).

4.2.3 Residential Exposure: A Case Series

Extrapolation of results from sound levels greater than 90 dB and at predominantly higher / “}
frequencies (greater than 100 Hz) to a risk of VAD from inaudible wind turbine sound levels
of 40 to 50 dB in the infrasound region, is a new hypothesis. One investigator, for example,

has claimed that wind turbines in residential areas produce acoustical environments that

can lead to the development of VAD in nearby home-dwellers (Alves-Pereira and Castelo

Branco, 2007a).

This claim is based on comparison of only two infrasound exposures. The first is for a family
which has experienced a range of health problems and which also complained of
disturbances from low frequency sound. The second is for a family which lived near four
wind turbines, about which they have become anxious (Alves-Pereira and Castelo Branco,

2007a; Alves-Pereira and Castelo Branco, 2007b).

The first family (Family F), was exposed to low levels of infrasound consisting of about 50
dB at 8 Hz and 10 Hz from a grain terminal about 3 kilometers (km) away and additional
sources of low frequency sound, including a nearer railway line and road. The second
family (Family R) lives in a rural area and was described as exposed to infrasound levels of
about 55 dB to 60 dB at 8 Hz to 16 Hz. These exposures are well below the hearing threshold
and not uncommon in urban areas. Neither the frequency nor volume of the sound
exposures experienced by Families F or R are unusual. Exposure to infrasound (< 20 Hz) did

not exceed 50 dB.

48




WIND TURBINE SOUND AND HEALTH EFFECTS
AN EXPERT PANEL REVIEW

4231 Family F—Exposure to Low Levels of Infrasound

Family F has a long history of poor health and a 10-year-old boy was diagnosed with VAD
due to exposure to infrasound from the grain terminal (Alves-Pereira and Castelo Branco,
2007a; Castelo Branco et al., 2004). However, the infrasound levels are well below hearing
threshold and are typical of urban infrasound, which occurs widely and to which many

people are exposed.,

According to the authors, the main effect of VAD was demonstrated by the 10-year-old boy
in the family, as pericardial thickening.? However, the boy has a history of poor health of
unknown etiology (Castelo Branco et al.,, 2004). Castelo Branco (1999) has defined

pericardial thickening as an indicator of VAD and assumes that the presence of pericardial
thickening in the boy from Family F must be an effect of VAD, caused by exposure to the
low-level, low frequency sound from the grain terminal. This assumption excludes other
possible causes of pericardial thickening, including viral infection, tuberculosis, irradiation,
hemodialysis, neoplasia with pericardial infiltration, bacterial, fungal, or parasitic infections,
inflammation after myocardial infarction, asbestosis, and autoimmune diseases. The authors
did not exclude these other possible causes of pericardial thickening,

4.23.2 Family R—Proximity to Turbines and Anxiety

Family R, living close to the wind turbines, has low frequency sound exposure similar to
that of Family F. The family does not have symptoms of VAD, but it was claimed that
“Family R. will also develop VAD should they choose to remain in their home.” (Alves-
Pereira and Castelo Branco, 2007b). In light of the absence of literature of cohort and case
control studies, this bold statement seems to be unsubstantiated by available scientific

literature.

4.24 Critique

It appears that Families F and R were self-selected complainants. Conclusions derived by
Alves-Pereira and Castelo Branco (2007b) have been based only on the poor health and the
sound exposure of Family F, using this single exposure as a measure of potential harmful
effects for others. There has been no attempt at an epidemiological study.

Alves-Pereira and Castelo Branco claim that exposure at home is more significant than
exposure at work because of the longer periods of exposure (Alves-Pereira and Castelo
Branco, 2007e). Because an approximate 50 dB difference occurs between the exposure from
wind turbines and the exposure that induced VAD (Hayes, 2006a), it will take 105 years
(100,000 years) for the wind turbine dose to equal that of one year of the higher level sound.

Among published scientific literature, this description of the two families is known as a case
series, which are of virtually no value in understanding potential causal associations
between exposure to a potential hazard (i.e., low frequency sound) and a potential health
effect (i.e., vibroacoustic disease). Case reports have value but primarily in generating
hypotheses to test in other studies such as large groups of people or in case control studies.
The Iatter type of study can systematically evaluate people with pericardial thickening WI‘IO
live near wind turbines in comparison to people with pericardial thickening who do not live

3 pericardial thickening is unusual thickening of the protective sac (pericardium) which surrounds the heart. For example, see

http:/iwww.emedicine.com/radioftopic91.him.
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near wind turbines. Case reports need to be confirmed in larger studies, most notably cohort
studies and case-control studies, before definitive cause and effect assertions can be drawn.
The reports of the two families do not provide persuasive scientific evidence of a link
between wind turbine sound and pericardial thickening.

Wind turbines produce low levels of infrasound and low frequency sound, yet there is no
credible scientific evidence that these levels are harmful. If the human body is affected by
low, sub-threshold sound levels, a unique and not yet discovered receptor mechanism of
extraordinary sensitivity to sound is necessary —a mechanism which can distinguish
between the normal, relatively high-level “sound” inherent in the human body* and
excitation by external, low-level sound. Essential epidemiological studies of the potential
effects of exposure at low sound levels at low frequencies have not been conducted. Until
the fuzziness is clarified, and a receptor mechanism revealed, no reliance can be placed on
the case reports that the low levels of infrasound and low frequency sound are a cause of

vibroacoustic disease.®

The attribution of dangerous properties to low levels of infrasound continues unproven, as
it has been for the past 40 years. No foundation has been demonstrated for the new

hypothesis that exposure to sub-threshold, low levels of infrasound will lead to
vibroacoustic disease. Indeed, human evolution has occurred in the presence of natural

infrasound.

4.3 Wind Turbine Syndrome

“Wind turbine syndrome” as promoted by Pierpont (2009, pre-publication draft) appears to .
be based on the following two hypotheses: / '
1. Low levels of airborne infrasound from wind turbines, at 1 to 2 Hz, directly affect the
vestibular system.

2. Low levels of airborne infrasound from wind turbines at 4 to 8 Hz enter the lungs via the
mouth and then vibrate the diaphragm, which transmits vibration to the viscera, or internal

organs of the body.

The combined effect of these infrasound frequencies sends confusing information to the
position and motion detectors of the body, which in turn leads to a range of disturbing

\\Wf

symptoms.

4.3.1 Evaluation of Infrasound on the Vestibular System

Consider the first hypothesis. The support for this hypothesis is a report apparently
misunderstood to mean that the vestibular system is more sensitive than the cochlea to low
levels of both sound and vibration (Todd et al,, 2008a). The Todd report is concerned with
vibration input to the mastoid area of the skull, and the corresponding detection of these
vibrations by the cochlea and vestibular system. The lowest frequency used was 100 Hz,

4 Bady sounds are often used for diagnosis. For example see Gross, V., A. Dittmar, T. Penzel, F., Schuttler, and P. von
Wichert.. (2000): "The Relationship between Normal Lung Sounds, Age, and Gender. " American Journal of Respiratory and
Critical Care Medicine. Volume 162, Number 3: 906 - 909,

5 This statement should not be interpreted as a criticism of the work of the VAD Group with aircraft technicians at high noise

levels.
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considerably higher than the upper limit of the infrasound frequency (20 Hz). The report
does not address air-conducted sound or infrasound, which according to Pierpont excites
the vestibular system by airborne sound and by skull vibration. This source does not
support Pierpont’s hypothesis and does not demonstrate the points that she is trying to

make.

There is no credible scientific evidence that low levels of wind turbine sound at 1 to 2 Hz
will directly affect the vestibular system. In fact, it is likely that the sound will be lost in the
natural infrasonic background sound of the body. The second hypothesis is equally
unsuppotted with appropriate scientific investigations. The body is a noisy system at low
frequencies. In addition to the beating heart at a frequency of 1 to 2 Hz, the body emits
sounds from blood circulation, bowels, stomach, muscle contraction, and other internal
sources. Body sounds can be detected externally to the body by the stethoscope.

4.3.2 Evaluation of Infrasound on Internal organs

It is well known that one source of sound may mask the effect of another similar source. If
an external sound is detected within the body in the presence of internally generated
sounds, the external sound must produce a greater effect in the body than the internal
sounds. The skin is very reflective at higher frequencies, although the reflectivity reduces at
lower frequencies (Katz, 2000). Investigations at very low frequencies show a reduction of
about 30 dB from external to internal sound in the body of a sheep (Peters et al., 1993). These
results suggest an attenuation (reduction) of low frequency sound by the body before the

low frequency sound reaches the internal organs.

Low-level sounds from outside the body do not cause a high enough excitation within the
body to exceed the internal body sounds. Pierpont refers to papers from Takahashi and
colleagues on vibration excitation of the head by high levels of external sound (over 100 dB).
However, these papers state that response of the head at frequencies below 20 Hz was not
measurable due to the masking effect of internal body vibration (Takahashi et al., 2005;
Takahashi et al., 1999). When measuring chest resonant vibration caused by external sounds,
the internal vibration masks resonance for external sounds below 80 dB excitation level

(Leventhall, 2006). Thus, the second hypothesis also fails.

To recruit subjects for her study, Pierpont sent out a general call for anybody believing their
health had been adversely affected by wind turbines. She asked respondents to contact her
for a telephone interview. The case series results for ten families (37 subjects) are presented
in Pierpont (2009, pre-publication draft). Symptoms included sleep disturbance, headache,
tinnitus, ear pressure, vertigo, nausea, visual blurring, tachycardia, irritability,
concentration, memory, panic attacks, internal pulsation, and quivering. This type of study
is known as a case series. A case series is of limited, if any, value in evaluating causal
connections between an environmental exposure (in this case, sound) and a designated
health effect (so called “wind turbine syndrome”). This particular case series is substantially
limited by selection bias, in which people who already think that they have been affected by
wind turbines “self select” to participate in the case series. This approach introduces a
significant bias in the results, especially in the absence of a control group who do not live in
proximity of a wind turbine. The results of this case series are at best hypothesis-generating
activities that do not provide support for a causal link between wind turbine sound and so-

called “wind turbine syndrome.”
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However, these so called “wind turbine syndrome” symptoms are not new and have been
published previously in the context of “annoyance” to environmental sounds (Nagai et al.,
1989; Moller and Lydolf, 2002; Mirowska and Mroz, 2000). The following symptoms are
based on the experience of noise sufferers extending over a number of years: distraction,
dizziness, eye strain, fatigue, feeling vibration, headache, insomnia, muscle spasm, nausea,
nose bleeds, palpitations, pressure in the ears or head, skin burns, stress, and tension

(Leventhall, 2002).

The symptoms are common in cases of extreme and persistent annoyance, leading to stres.s
responses in the affected individual and may also result from severe tinnitus, when there is
no external sound. The symptoms ate exhibited by a small proportion of sensitive persons
and may be alleviated by a course of psychotherapy, aimed at desensitization from the
sound (Leventhall et al., 2008). The similarity between the symptoms of noise annoyance
and those of “wind turbine syndrome” indicates that this “diagnosis” is nota
pathophysiological effect, but is an example of the well-known stress effects of exposure to
noise, as displayed by a small proportion of the population. These effects are familiar to
environmental noise control officers and other “on the ground” professionals.

“Wind turbine syndrome,” not a recognized medical diagnosis, is essentially reﬂective'z ?f
symptoms associated with noise annoyance and is an unnecessary and confusing addition
to the vocabulary on noise. This syndrome is not a recognized diagnosis in the medical
community. There are no unique symptoms or combinations of symptoms that would lead
to a specific pattern of this hypothesized disorder. The collective symptoms in some people
exposed to wind turbines are more likely associated with annoyance to low sound levels.

4.4 Visceral Vibratory Vestibular Disturbance

441 Hypothesis

In addition to case reports of symptoms reported by people who live near wind turbines,
Pierpont has proposed a hypothesis that purports to explain how some of these symptoms
arise: visceral vibratory vestibular disturbance (VVVD) (Pierpont, 2009, pre-publication .
draft). VVVD has been described as consisting of vibration associated with low frequencies
that enters the body and causes a myriad of symptoms. Pierpont considers VVVD to be th.e
most distinctive feature of a nonspecific set of symptoms that she describes as “wind turb‘me
syndrome.” As the name VVVD implies, wind turbine sound in the 4 to 8 Hz spectra.l region
is hypothesized to cause vibrations in abdominal viscera (e.g., intestines, liver, and kld.neys)
that in turn send neural signals to the part of the brain that normally receives information
from the vestibular labyrinth. These signals hypothetically conflict with signals from the
vestibular labyrinth and other sensory inputs (visual, proprioceptive), leading to unpleasant
symptoms, including panic. Unpleasant symptoms (especially nausea) can certainly bEf
caused by sensory conflict; this is how scientists explain motion sickness. However, this
hypothesis of VVVD is implausible based on knowledge of sensory systems and the. energy
needed to stimulate them. Whether implausible or not, there are time-tested scientific
methods available to evaluate the legitimacy of any hypothesis and at this stage, VVVD as
proposed by Pierpont is an untested hypothesis. A case series of 10 families recruited to

participate in a study based on certain symptoms would not be considered evidence of
causality by research or policy institutions such as the International Agency for Research on
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Cancer (IARC) or EPA. As noted earlier in this report, a case series of self-selected patients
does not constitute evidence of a causal connection.

4.4.2 Critique

Receptors capable of sensing vibration are located predominantly in the skin and joints. A
clinical neurological examination normally includes assessment of vibration sensitivity. It is
highly unlikely, however, that airborne sound at comfortable levels could stimulate these
receptors, because most of airborne sound energy is reflected away from the body.
Takahashi et al. (2005) used airborne sound to produce chest or abdominal vibration that
exceeded ambient body levels. This vibration may or may not have been detectable by the
subjects. Takahashi found that levels of 100 dB sound pressure level were required at 20 to
90 Hz (even higher levels would have been required at lower and higher frequencies).
Sounds like this would be considered by most people to be very loud, and are well beyond
the levels produced by wind turbines at residential distances. Comparison of the responses
to low frequency airborne sound by normal hearing and profoundly deaf persons has
shown that deaf subjects can detect sound transmitted through their body only when it is
well above the normal hearing threshold (Yamada et al., 1983). For example, at 16 Hz, the
deaf persons’ average threshold was 128 dB sound pressure level, 40 dB higher than that of
the hearing subjects. It has also been shown that, at higher frequencies, the body surface is
very reflective of sound (Katz, 2000). Similarly, work on transmission of low frequency
sound into the bodies of sheep has shown a loss of about 30 dB (Peters et al,, 1993)

The visceral receptors invoked as a mechanism for VVVD have been shown to respond to
static gravitational position changes, but not to vibration (that is why they are called
graviceptors). If there were vibration-sensitive receptors in the abdominal viscera, they
would be constantly barraged by low frequency body sounds such as pulsatile blood flow
and bowel sounds, while external sounds would be attenuated by both the impedance
mismatch and dissipation of energy in the overlying tissues. Finally, wind turbine sound at

realistic distances possesses little, if any, acoustic energy, at4 to 8 Hz.

It has been hypothesized that the vestibular labyrinth may be “abnormally stimulated” by
wind turbine sound (Pierpont, 2009, pre-publication draft). As noted in earlier sections of
this report, moderately loud airborne sound, at frequencies up to about 500 Hz, can indeed
stimulate not only the cochlea (the hearing organ) but also the otolith organs. This is not
abnormal, and there is no evidence in the medical literature that it is in any way unpleasant
or harmful. In ordinary life, most of us are exposed for hours every day to sounds louder
than those experienced at realistic distances from wind turbines, with no adverse effects.
This assertion that the vestibular labyrinth is stimulated at levels below hearing threshold is
based on a misunderstanding of research that used bone-conducted vibration rather than
airborne sound. Indeed, those who wear bone conduction hearing aids experience constant
stimulation of their vestibular systems, in addition to the cochlea, without adverse effects.

4.5 Interpreting Studies and Reports

In light of the unproven hypotheses that have been introduced as reflective of adverse
health effects attributed to wind turbines, it can be instructive to review the type of research
studies that can be used to determine definitive links between exposure to an environmental
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hazard (in this case, sound and vibration emissions from wind turbines) and adverse health
effects (the so-called “wind turbine syndrome”). '

How do we know, for example, that cigarettes cause lung cancer and that excessive noise
causes hearing loss? Almost always, the first indication that an exposure might be harmful
comes from the informal observations of doctors who notice a possible correlation between
an exposure and a disease, then communicate their findings to colleagues in case reports, or
reports of groups of cases (case series). These initial observations are usually uncontrolled;
that is, there is no comparison of the people who have both exposure and disease to control
groups of people who are either non-exposed or disease-free. There is usually no way to be
sure that the apparent association is statistically significant (as opposed to simple
coinciderice), or that there is a causal relationship between the exposure and the disease in
question, without control subjects. For these reasons, case reports and case series cannot
prove that an exposure is really harmful, but can only help to develop hypotheses that can
then be tested in controlled studies (Levine et al., 1994; Genovese, 2004; McLaughlin, 2003).

Once suspicion of harm has been raised, controlled studies (case-control or cohort) are

essential to determine whether or not a causal association is likely, and only after multiple
independent-controlled studies show consistent results is the association likely to be

broadly accepted (IARC, 2006).

Case-control studies compare people with the disease to people without the disease

(ensuring as far as possible that the two groups are well-matched with respect to all other

variables that might affect the chance of having the disease, such as age, sex, and other

exposures known to cause the disease). If the disease group is found to be much more likely

to have had the exposure in question, and if multiple types of error and bias can be -
excluded (Genovese, 2004), a causal link is likely. Multiple case-control studies were )
necessary before the link between smoking and lung cancer could be proved. N

Cohort studies compare people with the exposure to well-matched control subjects who have

not had that exposure. If the exposed group proves to be much more likely to have the
disease, assuming error and bias can be excluded, a causal link is likely. After multiple
cohort studies, it was clear that excessive noise exposure caused hearing loss (McCunney

and Meyer, 2007).

In the case of wind turbine noise and its hypothetical relationships to “wind turbine
syndrome” and vibroacoustic disease, the weakest type of evidence —case series— is
available, from only a single investigator. These reports can do no more than suggest
hypotheses for further research. Nevertheless, if additional and independent investigators

begin to report adverse health effects in people exposed to wind turbine noise, in excess of
those found in unexposed groups, and if some consistent syndrome or set of symptoms
emerges, this advice could change. Thus, at this time, “wind turbine syndrome” and VVvVvVD
are unproven hypotheses (essentially unproven ideas) that have not been confirmed by
appropriate research studies, most notably cohort and case control studies. However, the

weakness of the basic hypotheses makes such studies unlikely to proceed.
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4.6 Standards for Siting Wind Turbines

4.6.1 Introduction

While the use of large industrial-scale wind turbines is well established in Europe, the
development of comparable wind energy facilities in North America is a more recent
occurrence. The growth of wind and other renewable energy sources is expected to

continue. Opponents of wind energy development argue that the height and setback
regulations established in some jurisdictions are too lenient and that the noise limits which
are applied to other sources of noise (either industrial or transportation) are not sufficient
for wind turbines for a variety of reasons. Therefore, they are concerned that the health and
well-being of some residents who live in the vicinity (or close proximity to) of these facilities
is threatened. Critics maintain that wind turbine noise may present more than an annoyance
to nearby residents especially at night when ambient levels may be low. Consequently, there
are those who advocate for a revision of the existing regulations for noise and setback
pertaining to the siting of wind installations (Kamperman and James, 2009). Some have
indicated their belief that setbacks of more than 1 mile may be necessary. While the primary
purpose of this study was to evaluate the potential for adverse health effects rather than
develop public policy, the panel does not find that setbacks of 1 mile are warranted.

4.6.2 Noise Regulations and Ordinances

In 1974, EPA published a report that examined the levels of environmental noise necessary
to protect public health and welfare (EPA, 1974). Based on the analysis of available scientific
data, EPA specified a range of day-night sound levels necessary to protect the public health
and welfare from the effects of environmental noise, with a reasonable margin of safety.
Rather than establishing standards or regulations, however, EPA simply identified noise
levels below which the general public would not be placed at risk from any of the identified
effects of noise. Fach federal agency has developed its own noise criteria for sources for
which they have jurisdiction (i.e., the Federal Aviation Administration regulates aircraft and
airport noise, the Federal Highway Administration regulates highway noise, and the
Federal Energy Regulatory Commission regulates interstate pipelines (Bastasch, 2005). State
and local governments were provided guidance by EPA on how to develop their own noise
regulations, but the establishment of appropriate limits was left to local authorities to
determine given each community's differing values and land use priorities (EPA, 1975).

4.6.3 Wind Turbine Siting Guidelines
Establishing appropriate noise limits and setback distances for wind turbines has been a

concern of many who are interested in wind energy. There are several approaches to
regulating noise, from any source, including wind turbines. They can generally be classified
as absolute or relative standards or a combination of absolute and relative standards.
Absolute standards establish a fixed limit irrespective of existing noise levels. For wind
turbines, a single absolute limit may be established regardless of wind speed (i.e., 50 dBA)
or different limits may be established for various wind speeds (i.e., 40 dBA at 5 meters per
second [m/s] and 45 dBA at 8 m/s). The Ontario Ministry of Environment (2008) wind
turbine noise guidelines is an example of fixed limits for each integer wind speed between 4
and 10 meters per second. Relative standards limit the increase over existing levels and may
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