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PREFACE

I wrote this report because I saw a medical problem which few clinicians were paying attention to or, for
that matter, seemed to understand. Dr. Amanda Harry in the United Kingdom led the way in recognizing
the cluster of symptoms people experience around wind turbines._l__\ I,ﬂém elf, began encountering the
b in 2004, shortly after wind

problem from pumerous e-mails and telephone calls T receiv¢ '-‘Eé'ginnin' 2
__beg_;@“%p

i

~developers turned up in my community and my husband a§1 ing industrial wind

turbines.

The uniformity of the complaints quickly became apparent. It didﬁ’t take Qﬁ:“ to realize the p‘otéhtial for
a relationship between these complaints, on the one barid, and rigrai i ickness, vertigo, noise

and visual and gastrointestinal sensitivity, and

¢

interconnected neurologic complex in medical pra

[ Impacts of Wind-Eners
.2

As T have worked to understand these complaints, T have benefited from new research allowing us to
better understand neurologic phenomena like spatial memory Joss and fear reactions in people with
balance problems—symptoms that often “bored and baffled” clinicians, as one of my referees put it.’

Some wind developers and acousticians are even less charitable.

! Harry, Amanda. February 2007. Wind turbines, noise, and bealth. 32 pp.

hitn:www windubinenoisebealthhumanrights.convwinotse_health 2007 a barrv.pdf

2 National Research Council. 2007. Environmental Impacts of Wind-Energy Projects. The National Academies Press,
Washington, DC. 185 pp. p. 109.

31 review and discuss this research in the Discussion section, pp. xX.

Sania Fe NM K-Se ecled Books 2008
Copyrighted by Nna P earpont



Nina Pierpont, MD, PhD} Wind Turbine Syndrome: Preface 3-4-00 draft Page 2 of 14

It’s ... worth noting that studies have shown that a person’s attitude toward a sound—meaning
whether it’s a “wanted” or “unwanted” sound—depends a great deal on what they think and bow
they feel about the source of thé sound. In other words, if someone has a negative attitude to wind

turbines, or is worried about them, this will affect how they feel about the sound. However, if

someone has a positive attitude toward wind energy, it’s very unlikely that the sounds will bother

them at all.*

Responses like .

malmgenng about

physical symptoms. (It’s worth-pomtmg out that our understanding of brain finction has progressed by

£k

leaps and bounds in the last 25 years, radically changing the landscape of psychology and psychiatry and,

4 Noble Environmental Power, LLC. Wind fact sheet #5: Are modern wind turbines noisy?
hitoy/fwww.noblepower. com/fags/documents/06-08-23NEP-SoundFrom Wind Turbines-F85-G pdf, p. 2.
5 Leventhall, Geoff. 2004. Notes on low frequency noiss from wind turbines with special reference to the Genesis Power Ltd.
Proposal near Waiuku, NZ. Prepared for Genesis Fower/Hegley Acoustic Consultants, June 4, p. 7.
¢ Rennie, Gary. 2009. Wind farm noise limits urged. The Windsor (Ontario, Canada) Star. February 24.

Santa Fe NM: K-Se acted Books 2008
Copyrighted by N na P erpont
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- of course, neurology.” Much of the research on vestibular function, whereon I draw heavily, is even more

recent, conducted within just the last 10-15 years.)

Leaving that bit of pop psychology behind us, let’s move on to evidence-based science. In the world of
medicine my study is property called a “case series,” defined as a descriptive account of a series of
individuals with the same new medical problem. Let me be clear: a case series is a standard and valid

form of medical research. New illnesses are often introduced with case §BF§6S whose role is to define an

illness, suggest causation, and alert the medical and research pmf-" sion (o ks xsstence (This, simply

afsed, it becomes more

put, is the purpose of this report.) After an illness is deﬁnﬁg d__nd awa;a":is'

feasible to do larger, more expensive studies to explore eti(}lagy' nsation), <—-p:aiﬁ_gphysiology, and

epidemiologic characteristics.

Case series do not typically have control groups. Never ' saw 1 needs omparison group of

symptors that fmc : to vacate its home or perform expensive renovations aimed solely at

noise exclusion.

Which brings us to what is known in science as a “natural experiment.” A natural experiment being a
circumstance wherein subjects are exposed lto experimental conditions both inadvertently and
ecologically (within their own homes and environments). Obviously it would be unethical to expose
people deliberately to potentially harmful interventions. Hence patural experiments, while less

controlied, have an important role in clarifying the impacts of potentially toxic, man-made exposures.

7 See, for example, Schore, Allan N., 1994. Affect Regulation and the Origin of the Self: The Newrobiology of Emotional
Development. Lawrence Earlbaum Associates, Hillsdale, NJ. 700 pp.

Santa Fe NM. K-Se ecled Books 2008
Copyrighied by Nna P erpont
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The ecological dimension in the phrase natural experiment is worth emphasizing, for the simple reason
that many elements of an exposure may not be reproducible in a laboratory, such as round-the-clock
exposure, exposure over months, or impacts on customary activities. For symptoms related to wind
turbine sound, there are also technical difficulties in reproducing in a laboratory the types of sound, air
pressure variation, and vibration that my subjects’ observations suggest are involved. Failure to provoke

the same symptoms in a laboratory sefting may tell us more about t}bf@-;_limitat_ions of the laboratory

5

situation than about the real-world effects.

5
&
e

To further ereate comparison groups, I collected information on'all 1{;’111}55?5 in th

the most affected. This widened the age range of subjects and g%?;f_éj me information on variably::

people who were all exposed to turbine noise capable of causing se

miles of a set of turbines, or every fourth name in an

e miles) or case and control populations identified. 'The

In the course of this study T s;p?:é;_tgdly encountered these clauses in leases between wind developers and

landowners, in “good neighboi”’ contracts between wind developers and neighbors to leaseholders, and in
court decisions following citizen challenges to wind turbine development. Gag clauses prohibit people
who receive payments from wind companies, or who have lost legal challenges, from saying anything
negative about the turbines or developer. The prohibition includes matters of health. In an epidemiologic
study based on interviews or questionmaires these clauses could -easily distort answers or skew

participation, invalidating a randomm sample.

Sarta Fe NM K-Seected Books 2008
Copyrighted by N na P erpont
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Some people iﬁfonned me, as well, that they didn’t want to talk about their problems because they hoped
10 sell their homes in order to flee the turbines next door. (No better way to kill a real estate deal than to
leak the news that one’s home is toxic.) There is also the matter of relationships and familj ties within
small communities, where folks are often reluctant to reveal a problem because, let’s say, the turbines on

your cousin’s land happen to be the source of it.

In this manner has the wind industry both shattered many rural commuﬁiﬁ;e,s and thwarted research like

mine.

Despite what I see as the virtues of my approach, this study has
conducted entirely by clinical interview, over the telephone. Tiﬁ%‘___
an international group of subjects. On the other hand it limited the ty

result my ability to say that a certain symiptom during exposure Is due 1o turb,

if a patient has headache, tinnitus, or
in. figures out about the canses of these symptoms will
atient. This is the part T could credibly do by

determine whether in fact'.f.}gg:';'\ﬁr'ind turbines played a role in these conditions during exposure. These

conditions would require other kinds of study over and above the clinical interview and case series. (I

have included them in a separate section of the Results because I think they may need attention from the

medical research community.)

This study also does not tell us how many people are affected within a certain distance of wind turbines.
But it does offer a framework for what to pursue in such a study (meaning, the next phase: epidemiologic

stadies), such as what symptoms to study and what aspects of the exposure to measure.

Sama Fe N K-Seected Books 2008
Cgpyrigﬁéed by Nna Ferpont
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Shifting, now, to the format of the book. [ have written it as a (long) scientific article, beginning with an
Abstract or brief summary, followed by an Introduction to the problem and background information, a
description of the Methods used (including study sample selection), a presentation of the Resulis (which is
the data secured during the study and its analysis), and a Discussion of the results with interpretation of

their meaning in the context of current medical knowledge.

There are two sets of Tables. The regular Tables (numbered 1 é
found in the Results section. What 1 call the Family Tables are the raw 1

,posed a dilemma: writing in the specialized

The result is 2 book w B . o,tan m texts. They both say the same thing. One says it in the Janguage
of the clinician (WTS for Clzguczans), the other in the everyday language of-—well-—my editor (WIS for

Non-Clinicians).

The goal of WTS for Clinicians is scientific precision, including frequent expressions of my.degree of
certainty or uncertainty.- Since the physics and the physiology I invoke are complex and not widely
known among clinicians, T explain them in this text. Here, likewise, I quote and summarize numerous

scientific articles, and I use numbers and statistics (albeit the simplest type known).

Sants Fe MM K-Se ecled Books 2004
Copyrighted by Nna P erpont
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WIS for Non-Clinicians says it all over again, this time in English my mother-in-law would understand.
To accomplish this T had to sacrifice a degree of scientific precision, since plain English and scientific
precision don’t always mix. I freely acknowledge that WIS for Non-Clinicians might set some clinicians’

teeth on edge. For this I beg their indulgence.

A second disclaimer. Readers should understand that Wind Turbine Syndrome is not the same as

Vibroacoustic Disease.® I say this because the two are often equated in thm popular medza The proposed

low frequency noise or vibration too weak to

opening the door for the symptoms I caH Wmd T

" course unable to demonstrate whether wind turbine exposure

roacoustic Disease, although there are similarities that may be

T have no reason to think 50 1ére has been extensive epidemiologic research since 1979 on magnetic
fields and healih, comparing people who live close to high power lines or work in electrical utilities or
work in other industries where magnetic field exposure is likely to be high, to those who do not."" This

substantial body of research has produced no good evidence that magnetic field exposure causes cancer in

8 Castelo Branco NAA , Alves-Pereira M. 2004, Vibroacoustic disease. Noise Health 6(23): 3-20.

* Todd NPMic, Rosengren SM, Colebatch JG. 2008. Tuning and sensitivity of the human vestibular system to low-frequency
vibration. WNeuroscience Letters 444: 36-41.

1 Castelo Branco NAA , Alves-Pereira M. 2004, Vibroacoustic disease. Noise Health 6(23): 3-20.

11 Ahfhom IC, Cardis E, Green A, Linet M, Savitz D, Swerdlow A; INCIRP (International Commission for Non-lonizing
Radiation Protection) Standing Committee on Epidemiology. 2001. Review of the epidemiologic literature on EMF and health.
Environ Health Perspect 109 (Suppl 6): 911-33.

Sgria Fe NM K-Se ected Books 2009
Copyrighted by Nna Farpont



1283

Nina Pierpont, MD, PhDD Wind Turbine Syndrome; Preface 3-4-og draft Page 8 of14,

children or adults, cardiac or psychiatric disease, dementia, or multiple sclerosis.™™ After three decades
of research, there is still no experimental evidence for a physiologic mechanism for any of the proposed

effects of magnetic fields."

This makes it very hard to do epidemiologic studies, since researchers don’t know what exposure to
measure, or what exposure period (e.g., last week or five years ago) might be relevant. ¥ An association
has been shown between higher magnetic field exposure in utihty workers and amyotrophic lateral

sclerosis (ALS), a neurodegenerative disease, but this is most 11ke]y_-_due to: 'ﬁref frequent electric shocks

in these settings, not to the magnetic fields.'® Claims th

of medical problems — from ADHD fo rashes to diabetes to canc:

also have no plausible biologic mechanisms.'”

The author then revises the mapuscript accordingly, except where she feels her referees are wrong—and

manages so to convince the editor. Once the editor feels the author has addressed criticisms and

snggestions adequately, he (she) proceeds with publication.

2 Ahlbom IC et al. 2001.

1 Johansen €. 2004. Electromagnetic fields and health effects — epidemiologic studies of cancer, diseases of the central nervous'
system and arrhythrnia-related heart disease, Scand ] Work Environ Health 30 Suppl 1: 1-30.

1 Ahtbom IC et al. 2001.

' Ablbom IC et al. 2001,

16 Johansen C. 2004.

17 1 have asked Prof. Magda Havas, Environmental and Resource Studies, Trent University, Ontario, Canada to remove
references to Wind Turbine Syndrome from her PowerPoint presentation on hypothesized Wmd turbine health effects, because
these references are inaccurate.

Santa Fe MM K-Seected Books 2009
Copyrighted by N na P erpont
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Lastly, referees do not have to agree with the author’s arguments or conclusions. This is worth
emphasizing. Their purpose is merely to certify that a) the manuscript conforms to conventional
standards of scholarly or clinical research appropriate for the discipline, and, perhaps most important, b)

the manuscript is a significant contribution to knowledge.

In the case of this book, a variety of scientists and physicians, all pwf ISSOTS at medical schools or

university departiments of biology, read and commented on the it

important contribution to knowledge and as conforming to the
Moreover, they did in fact suggest revisions, even substantial r.»;ﬁ
made. Some gave me written repors to include in the book itselfaéi

it was published.

conumentary to be mcluda i _pﬁk, és did Dr. Lehrer and Professors Katz and Horn, for which I am’
most grateful. Barbara Fr"eg-;gbi:bi:nedical librarian) edited the manuscript and provided many essential

references.

Other readers read and discussed the manuscript with me and advised on routes of pu‘(;iication. These
included Professor Carey Balaban (neuroscience), Dr. Rolf Jacob (psychiatry/ neurotology interface), Dr.
John Modlin (pediatrics/infectious diseases), and Dr. Anne Gadomski (pediatrics/public health). T thank
them all, as well as Christina Ransom and William McCail, librarians of the Champlain Valley
Physician’s Hospital in Plattsburgh, NY, and the FYI Hospital Library Circuit Rider Program.

Sents Fe NM K-Beecled Books 2008
Copyrighted by N na P erpont
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George Kamperman and Rick James, INCE (Ipstitute of Noise Control Engineering) certified noise
control engineers, edited the sections describing noise measurement and modeling. They also analyzed
noise studies done at the homes of several affected families, while developing standards and protocols for
the assessment and control of noise from industrial wind turbines. Kamperman and James presented their
standards and rationale at the Noise-Con 2008 meeting of the Institute of Noise Control Engineering
(USA) in July 2008, then expanded their paper with a detailed discussior;::” oise measurement protocols

and a model wind turbine ordinance.'® The expanded paper is fj?aé;_éfﬁdqmﬂ'

website.””

Some are surprised that T chose to publish this study as a boo

straightforward:  it’s too long for a medical or scientific Joumal The pmb

Many of my rewewglsrsumgested ways: to split the study into shorter papers—a segment on migraine, a

segment on iinnitus, a sezm ﬁethodology, for example. However, 1 feel that keeping the entire

study in one piece makes for 4, 1nore powerful and intelligible document, allowing readers to appreciate
the intertwined nature of individual symptoms and the way they fit with new neural models of vestibular

function.

As for the reception I anticipate for this report, I don’t flatter myself that it will be greeted with loud:

hosannas from. the wind industry. Keep in mind that wind developers have what is called in science a

'8 K amperman GW, James RR, Simple guidelines for siting wind turbines to prevent health risks. Noise-Con, July 28-31, 2008,
Institute of Noise Control Engineering/USA.
19 Qee “How foud is too loud?” www windiurbinesyndrome.com.

Santa Fe NM; K-Seected Books 2008
Copyrighted by Nna P erpom
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“conflict of interest.” Meaning, their judgment is unduly influenced by money. “It’s difficult to get a
man to understand something when his salary depends upon his not understanding it,” wryly observed

‘Upton Sinclair.”

I have no conflicts of interest. This research was unfunded, and neither my small village property, my
town, nor the Adirondack Park bordering my town is a likely candidate for a wind farm. Is a fondness for
bats and other interesting, highly evolved animals a conflict of intereist? % ?:zfgouldnf:t_think so. Admittedly,

& they fly nedt wind turbines,” just as 1

t éndure cogfiitive impairment of uncertain

gpdken and

vigorously about wind developers because of their stubborn reﬂl

amply documented in this and other studies.” Such stonewalling would ¢

¢) and, in mountainous terrain, greater than the 2-3.5 km. (1.24-2.2 mi.) at which there were

symptomatic subjects in Professor Robyn Phipps’s New Zealand study.”

2 ginclair, Upton. 1935. I Candidate for Governor: And How I Got Licked.

2! Baerwaid EF, D’ Amours GII, Klug BJ, Barclay RM. -2008. Barotrauma is a significant cause of bat fatalities at wind turbines.
Curr Biol 18(16): R695-6. Due to alr pressure shifis near moving turbine blades, blood vessels in bats™ fungs and abdomen are
disrupted, which produces fatal internal hemorrhage.

2 In anticipation of wind industry blowback, I imagine it may once again publicize that it thinks  think wind turbines canse mad
cow disease. T do not and never did. My reply to this canard — now a family joke — was published several years ago

twww, windturbinesyndrome, com/?p=84). My previous reports and papers on Wind Turbine Syndrome and the wind industry
can be found on www.windturbingsyndroine.com.

B Qes Introduction, . %, for discussion and references.

Sznta Fe NM: K-Beected Books 2009
Copyrighied by N na P emont
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Two kilometers, or 1.24 miles, remains the baseline, shortest setback from residences (and hospitals,
schools, nursing homes, etc,) that communities should consider. In mountainous terrain, 2 miles (3.2 km)
is probably a better guideline. Setbacks may well need to be longer than these minima, as guided by the

noise criteria developed by Kamperman and James.

The shorter setbacks currently in use in the USA and elsewhere—1000 to 1500 ft. (305457 m.}—are a

convenience and financial advantage for wind developers and pa‘rticipaéifﬁ_s’jg landowners. They have no
basis in research on safety and health, and they do not make clinicz'i'? 'fénse?= S >

This will happéﬁ_-,only when the suffering refuse to be silenced.

By the time 1 fmishegf.iﬁ}t_f:_r_viewing_: {? >bruary 2008) and moved on to data analysis, six of the ten families

in this stady had movedout of the gﬁbmes because of turbine-associated symptoms. Three months later
(May 2008), when the first ds

permission to publish the information about them, two more had moved out because of their turbine-

ft was complete and I contacted the families for their approval and

associated symptoms—bringing the total to eight of the ten. The ninth family could not afford to move,
but had done extensive renovations in an effort to kecp the noise out. (Renovations, ironically, that made
the house worse to live in, since they could no longer heat it properly.) As of this writing, family number

ten is strugeling to remain in their home.

2 Baron, Robert Alex, 1970. The Tyranny of Noise: The World's Most Prevalent Pollution, Who Causes Ii,
How it’s Hurting You, and How to Fight It. St. Martin’s Press, New York, p. 12.

Sante Fe NM K-Beecled Books 2000
Copyrignted by Nna P erpont
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Behold ten families whose lives have been turned upside down because of the wind industry’s acoustic

waste products.

Finally, ask yourself why a country doctor practicing in the poorest county in New York State did this
study, and not the Centers for Disease Control or some other relevant government agency. It’s a fair

question and a troubling one. I ask it myself.

o

e i G s .
It is well known that wind developers target impoverished c_g_}’ﬁfﬁf}mtzea--_iﬁ iheir wind farms.
explains the “poorest county” part of my question, and likevgff why w_i@fd b
looming issue fn my life four years ago. But it leaves unanswered thi pa

report, and not the government?
To answer thai would of necessity catapult this report

naive, would it not? Moreover, while the scientist

and: remain above the hurly burly of public_

( dE) ;eVéry state and national government I know of, under intense pressure
(lobbying} by wind devélog;@éﬁ{ companies generally owned or otherwise capitalized by powerful
investment banks which in turn take large tax write-offs and reap large government subsidies for their
wind farm projects. These companies then turn around and sell carbon credits (green credits). Perhaps

this helps explain why no provision is made for clinical caution?

And perhaps this goes some way toward explaining why a pediatrician in rural NYS and a general
practitioner in Cornwall, England—along with a handful of rank-and-file physicians elsewhere in the UK

and Australia and who knows where else—are the ones funding this research and writing these reports.

Santa Fe NM: K-Seected Books 2008
Copyrighted by N na P erpont’
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Then so be it.

Nina Pierpont, MD, PhDD
Malone, NY
Winter 2009

Sarta Fe NM K-Sescled Books 2009
Copyrighted by Nna P empont
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As yms read, mte that there -
are rissing pages in ii’;;s
typescript ms.

Wind Turbine Syndrome for Clinicians

AbDstract

This report documents a consistent and often debilitating complex of symptoms experienced by adults and
children while living near large industrial wind turbines (1.5-3 MW). It examines patterns of individnal

susceptibility and proposes pathophysiologic mechanisms. Symptoms iné}'ude sleep disturbance

headache, tinnitus, ear pressure, dizziness, vertigo, nansea, visual ;ziumng, tae:hycaz dia, irritabikity,

problems with concentration and memory, and panic episodes

pulsation or quivering that arise while awake or asleep.

symptom {}mplex resembles syndrm- taused by -ygéﬁgbular dysfimction. People without known risk

factors 'TBI____ also affected.

The proposed p }Gphysmlogy posits dlsmrbance to balance and position sense when low frequency noise
or vibration stlmulates reccptors for ‘ihe balance system {vestibular, somatosensory, or visceral sensory, as

ving shadows) in a discordant fashion. Vestibular neural signals are

well as visual stimulatio ifrof
known to affect a variety of bram areas and functions, including spatial awareness, spatial memory,
spatial problem-solving, fear, anxiety, autonomic functions, and aversive learning, providing a robust
neural framework for the symptom associations in Wind Turbine Syndrome. ‘:Fur[:kler research is needed
to prove causes and physiologic mechanisms, establish prevalence, and to explore effects in special
populations, including children. This and other studies suggest that safe setbacks will be at Jeast 2 km

(1.24 mi), and will be longer for larger turbines and in more varied topography.

Santa Fe NM K-Sslectsd Bocks 2009
Copyrghted by N na P erpont
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Introduction and background

Policy initiatives in the United States and abroad currently encourage the construction of extremely large
wind-powered electric generation plants (wind turbines) in rural areas. In its current format, wind electric
. generation is a variably regulated, multi-billion dollar a year industry. Wind turbines are now commonly
placed close to homes., Usual setbacks in New York State, for example, are 305-457 m (1000-1300 f1)
from houses.! Developer statements and preconstruction modeling lead gﬁmmunlues to believe that
disturbances from noise and vibration will be negligible or none_}{_zs_ﬁé:éi;l%.z’g’é:. &) _;aig_f:)é}s assure prospective

‘communities that turbines are no londer than a refrigerator, a library reading

leaves which, they say, easily obscures turbine noise.”

Despite these assurances, some people experience significant

operation near their homes. The purpose of this study s

frequently debilitating, set of symptoms experienceql"' y;péople w

wn._pathophysiology. A case

: to go forward, and to

: Clinton, NY wind law—1200 ft (366 m); Town of Martimsburg,
NY State, see Wind Fnergy Development: A Guide for Local
slopment Authority, October 2002, p. 27.

 org/programs/pdfvwindpuide pdf. e _

W wind turbine, which is in us r Fenmer, New York, is generally no louder than 50 decibels (dBA) ata

feet (the closest we would pro ting a turbine to a residence). Governmental and scientific agencies have

jeing equivalent to a ‘quiet foom.” Please keep in mind that these turbines only turn when the wind blows,
and the sound of thg wind itself is often louder { 50 dBA. Our own experience, and that of many others who live near or have

- visited the Fenner wihdﬁgﬁfﬁ, is that the turbine§ ¢af only be heard when it is otherwise dead quiet, and even then it is very faint,
especially at a distance:. Letfer. from Noble Environmental Power, LLC, to residents of Churubusco (Town of Clinton), New
York, 7/31/2005. S, :
3 vVirtnally everything with moving ‘
wind turbines are generally quiet it gperation, and compared to the poise of road traffic, frains, aircraft, and construction

- aclivities, to name but a few, the noiseirom wind turbines is very low... Today, an operating wind farm at a distance of 750 to
1,000 feet is no noisier than a kitchen reftigerator ot a moderately quiet room." Facts about wind energy and noise. American
Wind Energy Association, August 2008, p. 2. htip:/fwww.awea.ore/pubs/ factshests/WE, Noise.pdf
4 [y general, wind plants are not noisy, and wind js a good neighbor. Complaints about noise from wind projects are rare, and
can usnally be satisfactorily resolved.” Facts abowt wind energy and noise. American Wind Energy Association, August 2008,

. 4. httpi/fwww.awes.org/pubs/factsheets/ WE_Noise.pdf
"Outside the pearest houses, which are at least 300 metres away, and more often further, the sound of a wind turbine generating

electricity is likely to be about the same level as noise from a flowing siream about 50-100 metres away or the noise of leaves
rustling in a gentle breeze. This is similar to the sound level inside a typical living room with a gas fire switched on, or the
reading room of & library or it an unoccupied, quiet, aie-conditioned office... Even when the wind speed increases, it is difffcult
to detect any increase in turbine sound above the increase in normal background sound, such as the noise the wind itself makes
and the rustling of trees.” Noise from wind turbines: the facts. British Wind Energy Associaton, August 2008.

hitp/ fwwwr bweacom/refinoise.htiml

pa‘f’f; yitl make some sound, and wind turbines are no exception. However, well-designed
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This set of symptoms stands out in the context of noisé conirol practice. George Kamperman, P.E., INCE
Bd. Cert., past member of the acoustics firm Bolt, Beranek and Newman (USA), wrote, “After the first
day of digging into the wind turbine noise impact problems in different countries, it became clear that
people living within about two miles from ‘wind farms’ all had similar complaints and health problems. 1
have never seen this type of phenomenon [in] over ﬁﬁy.plus years of consulting on industrial noise

problems. The magnitude of the impact is far above anything I have seen before at such relatively low

sound levels. I can see the devastating health impact from wind turbine noise but I can only comment on
I

¢ George Kamperman, personal communication, 2/21/2008. See htp://www kamperman.com/index htm
T National Research Council. 2007. Emvircamental Impacts of Wind-Energy Projects. The Natjopal Academies Press,

Washington, DC. 185 pp, p. 109.
¥ George Kamperman, personal communication, 2/23/2008.
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Ireland, and Ttaly.® At least one developer has put forward the hypothesis that a negative attitude or worry
towards turbines is what leads people to be disturbed by turbine noise.®

A reorientation is in order. If people are so disturbed by their headaches, tinnitus, sleeplessness, panic
episodes, disrupted children, or memory deficits that they must move or abandon their homes to get away
from wind turbine noise and vibration, then that noise and vibration is by definition significant, because

the symptoms it causes are significant. The role of an ethical acoustician is to figure out what type and

intensity of noise or vibration creates particular symptoms, and to p;{_)posé_: é*i“cti\-_'c; control measures.

My study subjects make it clear that their problems are caused E} noise md% twn ;- Some symptoms in
some subjects are also triggered by moving blade shadows. Hoviféa{ do1 ;

data in this study, because noise is not my training. (Conversely,a%ggapg

training of acousticians.) I focus.on detailed symptomatic descriptions and statistical evaluation of

medical susceptibility factors within the study group. C cla ibration characteristics

symptoms. A UK physician, Dr. Amﬁnd ides patients living near wind

documenting specific symptoms among 42

turbines, has publishe: {hie results of a checklist survey,
" 2 problems while living 300 m to 1.6 ki (984 ft to 1 mi)
ence of sleep disturbance, fatigue, headache, migraine, anxiety,

P van den Berg, PhD), who, as a graduate strdent and a member of the
1 ingen in the Netherlands, investigated noise complaints near a wind turbine
park and devised new modéhs of atmospheric jioise propagation to fit the phenomena he observed. References: 1) van den Berg,
GP. 2004. Effects of the wind profile at ni wind turbine sound. Joumnal of Sound and Vibration 277: 955-970; 2) van den
Berg, GP. 2004. Do wind tuibines produce significant low frequency sound levels? 11" Intemational Meeting on Low
Frequency Noise and Vibration and Its Control, Maastricht, The Netherlands, 30 August to 1 September 2004, 8 pp.; 3) van den
Berg, GP. 2005. The beat is getting stgonger: the effect of atmospheric stability on low frequency modulated sound of wind
turbines. Journal of Low Frequency Notse, Vibration, and Active Control, 24(1): 1-24; 4) van den Berg, GP. 2006. The sound of
high winds: the effect of atmospheric stability on wind turbine sound and microphone noise.  PhD dissertation, University of
Groningen, The Netherlands. 177 pp. http:/firs.ubrue nlfppn/294294 104
16 mpre ofien use the word “noise” to refer to “any unwanted sound.” It's trae that wind turbines make sounds... but whether or not
those sounds are ‘noisy” has a lot to do with who's listening. It's also worth noting that studies have shown [no references
provided in source document] that a person's attitude toward a sound — meaning whether it's not ‘wanted” or ‘unwanted” sound —~
depends a great dea) on what they think and how they feel about the source of the sound. In other words, if someone has a
negative attitude to wind turbines, or is worried about them, this will affect how they feel about the sound. However, if someone
has a positive attitude toward wind energy, it's very unlikely that the sounds will bother thern at all." Wind fact sheet #5: Are
modern wind turbines noisy? Noble Environmental Power, LLC, hifp:/iwww.noblepower com/fags/documents/06-08-23NEP-
SoundFromWindTurbines-FS5-G.pdf, p. 2. :
Y Harry, Amanda. February 2007. Wind turbines, noise, and health. 32 pp.
tps/fwerw, windturbinenoisehealthhnmanrichts. com/winoise heaith 2007 a barrv.pdf

®A notable except_;or to this pattern Is the work:
Science Shop for Physics of the University of Gr
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depreséion, tinnitus, hearing loss, and palpitations. Respondents descﬂbed a similar set of symptoms and
many of the same experiences that T document in this report, including having to move out of their homes
because of symptoms. Respondents were mostly older adults: 42% were age 60 or older, 40% age 45-60,
12% age 30-45, and 5% age 18-30. A biomedical librarian, Barbara Frey, working with this physician
and others, has published online a compilation of other personal accounts of symptoms and sensations

12 These also mirror what I document.

near wind turbines.

turbines.

Published survey

2 Frey, Barba . /2007, Noise radiation from wind turbines installed near homes: effects on
health. 137 p WL W i ischeaitlbumanriehts. com/winhhy_jime2007.pdf

13 Phipps, 200’ i Fhipps, in the matter of Moturimu wind farm application, heard before the Joint
Commissioners 82-26"
nttpe/fwww. wind-watch o

™ Phipps 2007 :
'3 Pedersen E, Persson Waye‘K 2904 '
Acoust Soc Am 116(6): 3460-70::
16 pedersen E. 2007. Human respom o wind turbine noise: perception, annoyance and moderating factors. Dissertation,
Occupational and Environmental Medicine, Department of Public Health and Community Medicine, Gotsborg University,
Goteborg, Sweden. 86 pp.

7 pedersen E, Persson Waye K. 2007. Wind turbine noise, annoyance and self- reported health and wellbeing in different living
enviropments. Ocecup Environ Med 64(7): 430-6.

18 pedersen B, Bouma J, Bakker R, van den Berg GP. 2008. Response to wind turbine noise in the Netherlands. T Acoust Soc
Am 123(5): 3536 (abstract).

¥ van den Berg GP, Pedersen E, Bakker R, Bouma J. 2008, Wind farm aural end visual impact in the Netherlands. J Acoust
Soc Am 123(5): 3682 (abstract).

2 yan den Berg GP, Pedersen E, Bouma J, Bakker R. 2008. Project WINDFARMperception: visual and acoustic impact of wind
turbine farms on residents. Final report, June 3, 2008. 63 pp. Summary:

http:/fumecg. wewieldocub rug nl/Ff ILES/modRanmﬂen 2008/ WINDF AR Mperception/WFp-final-summary pdf

Entire teport: https://dspace.hb.se/dspace/bitstream/2082/2 1 76/1/Wip-fiual. odf

_s;;;éptimls and annoyance due to wind turbine noise —a dose-response relationship. J
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Dutch, make important contributions to the rational setting of noise limits near wind turbines (see

Discussion).

With regard to official opinion, the National Academy of Medicine in France recommended in 2005 that
industrial wind turbines be sited at least 1.5 km (0.93 mi) from human habitation due to health effects of

low frequency noise produced by the turbines.”'

Current wind turbines have three airfoil-shaped rotor blades attached by %hub to gears and a generator,

which are housed in a bus-sized box (nacelle) at the top of a nearly cylindri ow steel tower. The

nacelle is rotated mechanically to face the blades into the wind

Wind turbines generateéc}gﬁ_d' ross the spectrum from the infrasonic to the ultrasonic,” and also
produce ground-bomm or seismic vibration.”> "In the broadest sense, a sound wave is any disturbance that
is propagated in an elastic medium, which may be a gas, a liquid, or a solid. Ulirasonic, sonic, and

infrasonic waves are included in this definition... Sonic waves [are] those waves that can be perceived by

211 g ratentissement du fonctionnement des éoliennes sur la santé de homme, fe Rapport, ses Annexes et les Recommandations
de 'Académie nationale de medicine, 3/14/2006. 17 pp. . ‘
hitpy//www.academie-medecine fifsites_thematigues/ EOLIENNES/ chouard_r
2 yan den Berg 2004

- 2 giyle, P, Stimpson I, Toon S, England R, and Wright M. 2005. Microseismic and infrasound monitoring of low frequency
noise and vibrations from wind farms. Recommendations on the siting of wind farms in the vicinity of Eskdalemuir, Scotland.
125 pp. hupy//www.escilgele.ac.uk/ peophvsics/News/windfarm monitoring il

14mars_2006.htm

Samz Fe NM: K-Selectad Books 2008
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the hearing sense of the human being. Noise is defined as any perceived sound that is objectionable to a

human being."*

Following the usual usage in noise literature, I use the word vibration to refer to disturbances in solid
media, such as the ground, house structures, or the human body. When air-borne sound waves of
particular energy (power) and frequency meet a solid object, they may set the object vibrating.
Conversely, a vibrating solid object, such as the strings on a violin, can create sound waves in air, There

is energy transfer in both directions between air-borne or ﬂuid—beme souéﬁ-ivaves and the vibration of

solids. When I talk about noise and vibration together, I am refe 'mg io thls c(m{ﬁ iwum of mechanical

energy in the air and in solids.

windows, may set up air pressure (sound)

to the tympanic membrane and middle e

filled body cavities sg‘g:_}?_a'fégs the | g;?f, __i‘;aéhea, pharynx, middle ear, mastoid, and gastrointestinal tract.

The elasticity of the walls amé d?:mﬁ-y of the contents of these spaces affect the dynamics of sound waves

inside them. The orbits (bones surrounding the eyes) and cranial vault (braincase) are also resonance
chambers, because of the lower density of their contents compared to the bones that surround them.

There are also vibratory resonance patterns along the spine (which is elastic), inchuding a resonance

2 Baranek, LL. 2006. Basic acoustical quantities: levels and decibels. Chapler 1 it Ver IL, Beranek LL, Noise and Vibration
Control and Engineering: Principles and Applications. John Wiley and Sons, Hoboken, NI, 976 pp:, p. 1.
%5 Hedge, Alan, Professor, Cormell University, Department of Design and Environmental Auaiys1s syllabus/lecture notes for

DEA 350: Whole-Body Vibration, January 2007, found at

httpyferzo human.cornell edu/studentdovwnloads/DEA32ZS dfs/Human%ZOVfbmtion. df
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26,27

involving the movement of the head relative to the shoulders. Von Gierke and Rasmussen™ have

described the resonant frequencies of different parts of the human body.

Noise intensity is measured in decibels (dB), a logarithmic scale of sound pressure amplitude. Single
noise measurements or integrated measurements over time combine the energies of a range of frequencies
into a single number, as defined by the filter or weighting network used during the measurement. The A

weighting network is the most common in studies of community noise. It Is designed to duplicate the

frequency response of human hearing. A-weighting augments the qqptritgé;}t;‘ s of; :-sgiunds in the 1000 to

6000 Hz range (from C two octaves above middle C, key 64 on the piano, to F#f above the highest note on
the piano), and progressively reduces the contributions of lowet : el
1% octaves above middle C, keys 59-60). At 100 Hz, where the
peak response to vibration” (G-G# 1% octaves below middle C, keys 23
measurement by a factor of 1000 (30 dB). At 31 Hz (B, the second;towbotm:

H S ) R : : )
One third (1/3) octave band stuties are used to describe sound pressure levels by frequency, and are

presented as a graph rather tﬁaji:a single number. One third (1/3) octave bands can also be measured

linearly or with weighting networks.

26 yon Gierke HE, Parker DE. 1994. Differences in otolith and abdominal viscera graviceptor dynamics; implications for motion
sickness and perceived body position. Aviat Space Environ Med 65(8): 747-51.

27 yon Gierks HE. 1971. Biodynamic models and their applications. J Acoust Soc Am 50{6): 1357-413.

2 Rasmussen G. 1982, Human body vibration exposure and its measurement. Bruel and Kjaer Technical Paper No. 1, Naerum,
. Denmark, Abstract: Rasmussen G. 1983, Human body vibration exposure and its measurement. J Acoust Soc Am 73(6): 2229.
? Todd NPMc, Rosengren SM, Colebatch JG. 2008. Tuning and sensitivity of the buman vestibular system to low-frequency
vibration. Neuroscience Letters 444: 36-41,
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telephone about further developments. All ten families have reviewed the information presented about -

them and signed permission for anonymous publication.

I use simple statistical tests (2x2 %”) to examine associations among symptorns and between pre-existing -
conditions and symptoms during exposure.** Degrees of freedom (df) is 2 for all the y’ results in this
report. Children were excluded from the analysis of adult symptoms if no child younger than a certain
age had the symptom in question. Study children were categorized into dgvelopmental—age blocks (see
Table 1C). When I excluded children from an analysis, I excluded a]l the ¢} ildren i m that age block and

. ﬂatmg the 1o ymptom/absent pre-

below. Excluding children from adult symptom analyses avoided '1
existing condition box of the 2x2 y” contingency tables, which ¢ ¢ id art]ﬁma'lgy increase the +* value.

Results

and child family members. One family member w

out, so there is no data for this child on sleep“éf be
Gomind

Individual accounts of baséI' ¢’health status and pre-exposure, during exposure, and post-exposure
symptoms or absence of symptoms are presented in Family Tables A through J, with a separate sub-table
for each individual. I encourage the reader to read these, because they highlight tile before-during-after
comparisons for each person, show how the symptoms fit together for individuals, reveal family patterns,

and provide subjects’ own words for what they feel and detect. When individuals are referred to in the

3t Sokal RR, RobIf FI. 1969. Biometry. WH Freeman and Co., San Francisco. 776 pp.
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text, the letter and number in parentheses (e.g., Al, C2) refers to the family sub-table in which that

subject’s information is found.

Baseline conditions

Eight adult subjects had serious baseline medical conditions, including lupus (1), breast cancer (2,
diabetes (1), coronary artery disease (2), hypertension (1), atrial fibrillation with anticoagulation (1),

Parkinson’s disease (1), ulcer (1), and fibromyalgia (2). Two were male gaga 56—64) ?.nd six female (age

51-75). Other baseline medical conditions are listed in Table 2 f_ﬁfé'subj ects smoked at the beginning
of exposure, and five others had smoked in the past (Table 2). . "

sample.

Eight subjects had pre-existing migraine
that I interpreted as migraine). Four W
seven subjects, age <]

at baseline.

Eight sut

s had permanent hearing inj i_grments, defined subjectively or objectively, including miid
losses, Josses

d fo one ear, or unpairments of binaural processing. Six were male (age 32-64) and

two female (agé 5

ora history of multiple, discrete episodes of tinnitus prior to

19-64) and two female {age 33-57).

Six subjects had continuays%“

exposure. Four were male (age

Twelve subjects had significant previous noise exposure, defined as working in noisy industrial or
construction settings; working on or in a diesel boat, truck, bus, farm equipment, or aircraft; a military
tour of duty; or operating lawn mowers and chain saws for work. Not included were home or sporadic

use of Jawn mowers and chain saws, commuting by train or airplane, urban living in general, or playing or
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listening to music. Nine of the noise-exposed subjects were male (age 19-64) and three female (age 33-

53).

Eighteen subjects were known to be motion sensitive prior to exposure, as defined by carsickness as a
child or adult, any episode of seasickness, or a history of two or more episodes of vertigo. Ten were male
{age 6-64) and eight female (age 12-57).

Seven subjects had a remembered history of a single concussion, andno%c had a history of a more severe
[ did not ¢ .

‘{nformation on

head injury. Six were male (age 19-59) and one female (age 12).

whiplash injury.

and concentration.

An additional core symptor
sensations, often apologizing for how strange their

led it “feéhﬁgj}ﬁtexy inside” or “internal quivering.” Other

ion are accompanied by acute anxiety, fearfulness, or

sensations of guivering, jitteriness, or pu

since the symptom arises during sleep or wakefulness), and

agitation, irritabi

episodes of tachycardia. Tcall this. s:é};__ ation and accompanying symptoms visceral vibratory vestibular

disturbance (VVVD). bed furiber below.

Core symptoms are closely correlated with exposure, including being at home, the direction and strength
of the wind, whether turbines are fﬁcing the home, and the presence of moving blade shadows. Cofe
symptoms all resolve immediately or within hours away from the turbines, with the exception of
disturbances of concentration and memory, which resolved immediately in some cases or improved over

weeks to months m others.
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Sleep disturbance. Thirty-two subjects (17 males age 2-64 and 15 females age 2-75) had disturbe‘d sleep.
Types of sleep disturbance included: difficulty getting to sleep, frequent or prolonged awakening by
turbine noise, frequent or prolonged awakening by awakened children, night terrors (both 22-year-olds,
B3 and G5), noctimmal enuresis (one 5-year-old girl, G4), nocturia (six women age 42-75 and one man age
64: B2, C2, B2, F2, F4, H2, D1), excessive movement during sleep (one §-year-old boy, H3), excessive
nighttime fears (two 5-year-olds, a girl and a boy, C8 and G4), and abrupt arousals from sleep in states of

1 S ol

fear and alarm (four women age 42-57; C2, F2, H2, 12). Other adults, though not fearful when they woke .

g:::c‘ij in a subset of the study group that included all subjects age 5 and

Headache risk factors werg ¢ d}nm

older (N=34), since the youﬁgg}r:é:hildren in the study (age <1 to 2) were not reliable sources of
information on headache. The occurrence of unusually severe or frequent headachés during exposure was
significantly associated with pre-existing migrairie disorder (*=826,p= 9.004). Al 8 subjects with
pre-existing migraine experienced headaches that were unusually intense, frequent, or prolonged
compared to their baseline headaches. Of the 26 subjects without pre-existing migraine, 11 also

experienced unusual or severe headaches during exposure. Two of these were children of migraineurs not
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known to have migraine themselves (a girl age 17 and a boy age 6; F3, G3). All children or teens

{through age 21) who had headaches during exposure were migraineurs or children of migraineurs.

Once migraine was factored out as arisk factor, 9 of 17 subjects over age 22 without a history of migraine
still had headaches of increased intensity, duration, or frequency during exposure to turbines. I found no
significant correlation within this group between headache and the presence of serious underlying medical
illness.(y* = 0.486, p = .486), present or past mental health disorder 4 = 0.476, p = 0.450), tinnitus or
hearing loss at baseline, motion sensitivity at baseline, or tinnitus, dlqethbnum, or 'YVVD during

exposure.

Tinnitus risk factors were cxamined in subjects age 16 and older, since the youngest person with tinnitus

was in this age group. The sabject with dementia (E1) was excluded, since there was no information on

his hearing status or tinnitus:*-$ dxﬁple size was 24 subjects. The occurrence of new or worsened tinnitus
in the presence of turbines was significantly correlated with previous noise exposure (¥ =617,p=
0.013), tinnitus prior to exposure (3" = 5.71, p = 0.017), and baseline hearing loss (¢ = 4.20, p=0.040).
Tinnitus during exposure did not show a significant relationship with pre-existing migraine or motion

' sensitivity, or with headache or VVVD during exposure. Tinnitus during exposure showed a weak

cotrelation with dizziness/disequilibrium during exposure (x> = 3.60, p=0.058) .
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Eleven subjects during exposure experienced ear popping, ear or mastoid area pressure, ear pain without
infection, or a sensation that the eardrum was moving but not producing a sensation of sound (six males
age 2-55 and five females age 19-57). The 2% year old (A3) pulled on his ears and got cranky repeatedly
at the same time as his grandmother’s (B2) exacerbations of headache, tinnitus, and ear pain. Five
subjects experienced tickling, blowing, or undefined sensations in the external anditory canal, or

increased wax production (two men age 42-55 and three women age 52-75).

* Balance and equilibrium. Sixteen subjects (seven males age 19-64 and ngn ‘females age 12-64)

zscribing dizziness,

wveakly correlated with tinnitus during exposure (” = 3.60, p =

se are primarily ataxic (unsteady) subjects. Dizziness/

Internal quivering, vibration,.*g} Eulsarion. Eleven adult subjects described these uncomfortable,

unfamiliar, and hard-to-explain sensations:

e Dr.J(J1, age 49) described “internal quivering” as part of the “jittery feeling” he has when the
turbines are turning fast.
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Mrs. 1 (12, age 52) said the noise inside her house is "low, pulsating, almost a vibration," not shut out
by earplugs. She gets a sensation inside her chest like "pins and needles" and chest tightness on
awakening at night to'noise. "It affects my body — this is the feeling I get when I say I'm agitated or
jittery. Tt's this that gives me pressure or ringing in my ears." "A feeling someone has invaded not

only my health and my territory, but my body."

Mirs. H (H12, age 57) described a pulsation that prevented sleep from the “unnatural” noise from the
trbines. ' '

Mr. G (G1, age 35) described feeling disoriented and “very
where he could “feel rumbling.” ¥f he did not move quickly a
would progress to nausea. He described the noise as “at time

different quality, and is not invasive.”

(E2, agé 56), when supine, fcit a “ticking” or “puising” in her chest in rhythm with the andible
swish ;he turbme blades. She inter éted this as her “heart synchronized to the rhythm of the
blades,” bui there is po information uch as a pulse rate from the wrist at the same time) to determine

whether thi
these sensations o awav by getting up and moving around, but they started again ‘when she lay back

ﬁ'ue or not, or W}IL __'&r she detected a separate type of pulsation. Mrs. E could make

down.

Mr. D (D1, age 64) felt pulsations when he lay down in bed. In addition,:“When the turbines get into
a pan:icular position (facing me), I get real nervous, almost like ttemors going through your
body...it’s more like a vibration from outside...your whole body feels it, as if something was
vibrating me, like sitting in a vibrating chair but my body's not moving." This occurs day or night,

but not if the turhines are facing "off to the side."
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e Mr. C(Cl, age 45) felt pulsations in his chest that would induce him to hold his breath, fight the
sensation in his chest, and not breathe “naturally.” Chest pulsations interrupted his sleep and ability
* to read. He also described a sensation of “energy coming within me...like being cooked alive in a

microwave.”

» Mrs. B (B2, age 53) described her breath being "short every once in a while, like [while] falling
. asleep, my. breathing wanted to catch up with something.”

A

e Mr. B (B1, age 55)had two epxsodes of feehng welght on hig chest whlle 3ymg down which resolved

horrible.”

Agitation, anxiety, alarm, irritabiiity, nausea, tachycardid

internal vibration or pulsation:

& Mrs. I(12, age _5: _descrlbes eplsosim queasiness and nausea” with loss of appetite, "trembling in
arms, legs, ﬁngeré " “sﬂ ong mé _'_ai and physical agitation,” and frequent unexpected crying. On
noisy nights she awakma aﬁ _ four hours of sleep, weeping in the night. "When I wake up, [there is]

more a feeling of pressu.re and tightness in my chest; it makes me panic and feel afraid.” Itis "a
startling sort of waking up, a feeling there was something and I don't know what it was." Once she
awoke thinking there had been an earth tremor (there had not), and twice she bas awakened with
tachycardia, the "feeling your heart is beating very fast and very loud, so I can fee] the blood
pumping." Feelings of panic keep her from going back to sleep.
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Mrs. H (H2, age 57) awakens 5-6 times per night with a feeling of fear and a compulsion to check the
house. She describes it as a "very disturbed sort of waking up, you jolt awake, like someone has
broken a pane of glass to get into the house. You know what it is but you've got to check it - go open’
the front door — it's horrific.” She finds it hard to fall back to sleep and describes herself as imitable

and angry, shouting more at her family members.

Mr. G (G1, age 35) described the noise outside his home and the noise that awakened him at night
“stressful.” '

fin r
Mrs. G (G2, age 32) was, during exposure, irritable, angry, _;d_'worrigdf&bout; the future and her

children. She awoke often at night because her children woké"ﬁp‘;

mentioning none of her owmn.

“tremor” at times: "My heart feels Jike i't's starting to race like crazy and I have these tremors going
through my Bég_i'j'?-’- Mr. D pants.

consciously slows, his breathing w

E}:Jlj;;if)'e:r'ven‘ci}ates when the tremor and tachycardia occur, and

ien calming down.

© Mr. C (Cl, age 45) was unable to rest, relax, or recuperate in his home, where his body was "always

in a state of defense." He had to drive away in his car to rest.

Mrs. B (Bi, age 53) became “upset and in a turmoil” when ber symptoms were worse, leaving her

house and tasks repeatedly to get relief.
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e Mr. B (Bl, age 55) described stress, "lots, pretty near more'n 1 could take, it just burnt me, the noise
and run-around.” He was prescribed an anxiolytic, and spent more time at the shore and his boat for

symptom relief.

The internal quivering, vibration, or pulsation and the associated complex of agitation, anxiety, alarm,
irritability, tachycardia, nausea, and sleep disturbance together make up what I refer to as visceral
vibratory vestibular disturbance (VVVD). Fourteen adult subjects (six men age 35-64 and eight women
age 32- 75) had VVVD during exposure, including the eleven quoted aboge Eiﬂd Mr F (F I, age 42), Mirs.

under favorable weather conditions at each locality.

Because VVVD is in part a panic atiack, accompanied

4.95, p=0.026). There Wasng correlation between VVVD and dizziness or tinnitus during exposure, or

between VVVD and pre-existing migraine, tinnitus, or hearing loss.

Concentration and memory. Twenty of the 34 study subjects age 4 and up {eleven males age 6-64 and
nine females aged 5-56) had salient problems with concentration or memory during exposure to wind
turbines compared to pre- and/or post-exposure. This is a conservative count, including only subjects

whose accounts included specific information on decline in school and homework performance (for
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: children and teens) or details on loss of function for adults. Eight other subjects had some disturbance to
concentration and memory, but symptoms were milder or the descriptions more vague (in their own or
parents’ accounts). Five others subjects, all older adults, noted no change compared to pre-existing
memory problems. This leaves only one subject, a 19-year-old woman home from college and minimally

exposed (B3), who did not have baseline deficits and was unaffected.

. Pre-exposure cognitive, educational, and work accomplishments, specific difficulties related to
- concentration and memory during exposure, and degree and timing of pO%i«'é’xposmp_arecovery are

-~1és are often striking

including while caokif
thought I was half losi _': ny i

s Mr. D (D1, age 64), a disabled, retired industrial engineer, noticed progressive slowing of memory

recall speed and more difficulty remembering what he had read.

e Mrs. B (E2, age 56), a retired teacher active in community affairs, could not spell, write e-mails, or
keep her train of thouglit on the telephone when the turbine blades were turned towards the house, but

was able to do these things when the blades were not facing the house.
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e Mrs. F (F2, age 51), anurse, child development specialist, midwife, and Masters level health
administrator, could not follow fecipes, the plots of TV shows, or furniture assembly instructions

during exposure.

s Mrs. G (G2, age 32), a well-organized mother of four, was forgetful, had to write everything down,
could not concentrate, and could not get organized. She forgot a child's hearing test appointiuent. -

She did not have memory or concenttation problems during a pre\fioééﬁ';c:_icpress-_ipp at age 18, and

described her experience as "different this time."

e Mr.1(I1, age 59), a professional gardener, could not concenrat
building tasks if the turbines were noisy, saying "after haif alﬁﬁi :

the door."

parents to the sieeping house.
¢ A 9-year-old boy (C'?}, whose; school work was satisfactory without need for extra help prior fo
exposure, failed tests, lost his math skills, and forgot his math facts. He conld not maintain his train’

of thought during homework, losing track of where be was if be looked up from a problem.

o A 6-year-old boy (G3), described as an extremely focused child and advanced in reading prior to
eprsure, did not like to read during exposure. Two months post-exposure, now age 7, he would sit

down to read on his own for an hour at a time, reading “quite a thick book™ for his age.
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s His S»yearééld sister (G4) had a short attention span prior to exposure. Hei hearing loss due to
bilateral chronic serous otitis media was thought to be interfering with school work during exposure,
and she repeatedly had tantrums over schoolwork at home during the exposure period. Two months
after moving, despite no change in her ears (on a waiting list for pressure equalization tubes), she was
more patient and could work longer on homework. Her mother noted that her "schoolwork has

improved massively."

e An 8-year old boy (H3) had an excellent memory and did weil in reaé;mg spelhﬂg, and math prior to

First, one subjeci, T{/}s E (E2, age 56) {:'otﬂﬂ not do certain mental tasks requiring concentration when the

turbines were tumed toWards her hciuse but could do them when the turbines were not turned towards the
house. Mr. C (CI, age 45 : age 59), and Dr. J (J1, age 49) also had concentration problems

closely livked in time and space to direct exposure to turbine noise.

Second, some of the problems described by subjects, such as Mrs. F (F2, age 51) and the members of
families A and B, are more extreme than I expect from sleep deprivation. The degree of thinking
dysfunction involved in not being able to follow a recipe or assemble a piece of furniture, in a woman -

both highly educated and involved in several practical professions (nursing and farming), does nof match
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my expectation of sleep deprivation from the experience, for example, of both younger and older

physicians, who often function under sleep deprivation.

Third, some subjects had concentration problems without obvious sleep problems. All four members of
family J had concentration problems, but only Dr. J (J1, age 49) was sleep deprived. Mrs. J (J2, age 47}
fell asleep easily and usually went back to sleep if awakened, but still had problems with memory and
focus in her home activities that she had noticed and atiempted to freat. Thelr 13-year-old son (J3)

needed white noise or music to drown out turbine noise to fall asleepj buté t to sleep promptly, slept
i : s

through the nlght and did not complam in the morning of being Hr "d:or hévn ‘slept poorly. His school

baseline. The younger son, age § (J4), continued to sleep well, bu

performance, though milder and of shorter duration than his bro

¢ Mr. and Mrs: B (B 1, B2, age 55 and5 ) said their memories had partially recovered six weeks after

moving.

e Mr. C(CIl, now age 47), Wlth continuing depression and ongoing exposure for house maintenance,

noted 25 months after moving how bad his memory seemed.

e Mrs. C(C2, now age 44) felt she had recovered her memory and coricentration 18 months after
moving, despite ongoing stress from crowded living arrangements. Her affected son (now age 11,

C7) had not completely recovered his school performance.
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e Mrs. E (age 52) recovered immediately. She only experienced problems during exposure when the

turbines were turned in a particular direction.

e Mr. and Mrs. F (F1, F2, ages 42 and 51) had moved away but still worked at their turbine-exposed
home and farm during the day. Three months after they moved, both thought their concentration had

improved, but not to baseline. Mr. F, with ongoing depression, did not perceive any memory

recovery. 1do not have information about their daughter’s (F3, age 17) exam performance after

moving.

and 6-year-old children (G3, G4) showed marked improvemes

moving.

about their own irritability, and severai :%ribed how careful they were to avoid acting irritable in their

households. Four C]’Iildl (three oy% age 8-9 and a girl age 5; C7, G3, H3, G4) were markedly
oung children of family G quarreled and had tantrums incessantly, and

frustrated over homework
the six children/young adults in family C became angry, prickly, moody, defiant, or prone to fights at
school. In families with children, the breakdown in children’s behavior, social coping skills, and school

performance was one of the strongest elements propelling them to move.- .

Fatigue and motivation. Twenty-one subjects felt or acted tired, and 24 had problems with motivation for
usual, necessary, or formerly enjoyable activities (27 combined, fourteen male age 2-64 and thirteen

female age 2-75). Like concentration and memory, these symptoms undoubtedly have a relationship with
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sleep deprivation, but certain subjects described leaden feelings around turbines that resolved as soon as
they left the vicinity, such as Mr. A (Al, age 32), who said, "You feel different up there: draggy, worn
out before you even start anything.... Tt was a chore to walk across the yard." After driving an hour away

to visit a family member, "I felt better all over, like you could do a cart wheel," and he felt well after

moving.

When away from their turbine-exposed homes, most subjects recovered their baseline positive mood
states, energy, and motivation immediately. Six adult subjects did not. ’E;Eaes were Mr B (B1, age 55),
Mr. and Mrs. C (C1, C2, age 45 and 42), Mr. and Mrs. I’ (F1, F2;:ag 42 and 51, _and Mrs. G (G2, age
:32). By their own accounts, three (Mr. C, Mr. F, and Mis. G) had_unresolved. oF rf:sealvmg depression.

All but Mrs. G had ongoing anxiety and anger over abandoning the; mmcs. and their i nresolved hfe

situations.

Other svmptom clusters and isolated problems

ire more than a medical

These symptoms and problems occurred in fewer subjects and

infections dunng xposure (A2,B1, C2 FE F1, F3, F4), and two of these also had prolonged asthma

exacerbations (F1, F 3)..Four subj jhad unusually severe or prolonged middle ear problems (C7, F2,

G3, GA).

Cardiovascular cluster: Two subjects had exacerbations of preexisting dysthythmias (F1, J2). Two

wornen had hypertension that increased during and after the exposure period, requiring medication after

32 Castelo Branco NAA. , Alves-Pereira M. 2004. Vilwoacoustic disease. Noise Health 6(23): 3-20.

3 Beasley R, Clayton T, Crane J, von Mutius E, Lai CK, Montefort S, Stewart A; ISAAC Phase Three Study Group. 2008.
Association between paracetamol use in infancy and childhood, and the risk of asthma, rhinoconjunctivitis, and eczema in
chifdren aged 6-7 years: analysis from Phase Three of the ISAAC programme. Lancet 372(9643); 1039-48.
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the end of the exposure period. Both still had considerable stress related to moving out and not being able

to establish another regular home, and depressed husbands (C2, F2).

Gastrointestinal cluster. Four subjects had exacerbations of pre-existing gastroesopbageal reflux (GER),
ulcer, or irritable bowel, two with irritable bowel and upper gastrointestinal symptoms at the same time

(D1, F1, 72, 12).

. Arthralgia/ myalgia cluster. One healthy 32-year-old woman (GZ)_notedip

in one elbow while in her
exposed house. It resolved when she went away for vacations w;é 1 her fami] . %ecun*ed when she
returned. Tt resolved quickly when the family moved away, eve

move. Two women (age 56-57; B2, I12) had exacerbations of ﬁﬁfq_

moving or during times away from their exposed home.

Diabetes control. A 56-year-old man with Type 11 diabe :

during exposure, and cont'nued to ._sd ‘when I interviewed mother six weeks after the exposure ended

(A3). The child’s languaée'jdcve pment was otherwise good. One woman (age 42, C2) had tinnitus
throughout her 21 month expa_sure period without hearing changes. After she moved and the tinnitus
resolved, she noted hyperacusis. Another woman (age 32, G2) experienced hyperacusis during exposure,

but no tinnitus. The hyperacusis resolved after the family moved.

Ocular cluster: Three subjects exposed to the same turbines (two men age 32-55 and one woman age 53;

Al, Bl, B2) had ecular pain, pressure, and/or burning synchronously with headache and tipnitus. Mr. D
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(D1, age 64) had a painless retinal stroke, losing half the vision in his left eye. Mr. D had a normal CT

scan of the brain and was examined by an ophthalmologist.

Complex migraine phenomena. A.19-year-old fisherman (C4) with migraine at baseline had complex
visual symptoms with flashes in square patterns in one eye at a time (scintillating scotoma), evolving to
blurring and visual loss for 30 seconds to 2 minutes, also n ope eye at a time (amaurosis fugax), right

more than left, repetitively during the last month of his 15-21 month exposure until 8-12 months after

exposure ended, with a decrease in frequency by 7 months after moving %2& Thege svents happened at

The most distinctive feature of Wind Turbine Syndrome is the group of symptoms I cail visceral
vibratory vestibular disturbance, or YVVD. The adults who exper.ience this describe a feeling of internal
pulsation, quivering, or jitteriness, accompanied by nervousness, anxiety, fear, a compulsion to flee or
check the environment for safety, nausea, chest tightness, and tachycardia. The sysnptoms arise day or
night, interrupting daytime activities and concentration, and interrupting sleep. Wakefulness is prolonged

after this type of awakening. Subjects observe that their symptoms occur in association with specific
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typés of turbine function: the turbines turned direcily towards or aWay from them, running particularly
fast, or making certain types of noise. The symptoms create aversive reactions to bedroom and house.
Subjects tend to be irritable and frustrated, especially over the loss of their ability to rest and be
revitalized at home. Subjects with VVVD are also prone to queasiness and loss of appetite even when the

fisll set of symptoms is not present.

There is no statistical association in this study between VVVD and pre- ex1st1ng panic episodes (which

occurred in none of the subjects) or other mental health disorders, such asz_ pressmn anxiety, bipolar

disorder, or postiraumatic stress disorder. There is a highly signi ani assoc;a’{ Gﬁ ‘between VVVD and

pre-existing motion sensitivity (p = 0.005).

Visceral y_i_b%rat(__)ry vestibular distirbance (VVVD)

The work of Mittelstaedt gscef%ai detectors of gravity,” and Balaban and others on balance-anxiety

linkages,”>***"*% opens a window on the VVVD symptom set. Balaban, a neuroscientist, has localized

¥ Mittelstaedt L. 1696. Somatic graviception. Biol Psychol 42(1-2): 53-74.
%5 Balaban CD, Yates BI. 2004. The vestibuloautonomic interactions: a teleologic perspective. Chapter 7 in The Vestibular
System, ed. SM Highstein, Fay RR, Popper AN, pp. 286-342. Springer-Verlag, New York.
% Balaban CD. 2002, Neural substrates linking balance control and anxiety. Physiclogy and Behavior 77: 469-75.
¥ fyrman JM, Balaban CD, Jacob RG. 20601. Iuterface between vestibular dysfunction and anxiety: more than just
?sychogemmty Otol Neurotol 22(3): 426-7.

8 Balaban CD. 2004. Projections from the parabrachiaf nucleus to the vestibular nuclei; potential substrates for antonomic and
fimbic influences on vestibular responses. Brain Res 996: 126-37.
* Halberstadt A, Balaban CD. 2003. Organization of projections from the raphe nuclei to the vestibular nuclei in rats.
Neuroscience 120(2): 573-94,
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and described the neural connections among the vestibular organs of the middle ear, brain nuclei involved
with balance processing, autonomic and somatic sensory inflow and outflow, the fear and anxiety
associated with vertigo or a sudden feeling of postural instability, and aversive learning.” These form a*
coordinated, neurologically integrated system based in the parabrachial nucleus of the brainstem and an

associated neural network.*** Several aspects of this system need to be considered here.

First, there appear to be not three but four body systems for regulaling balance, upright posture, and the .

sense of position and motion in space. The first three systems are the eye;é;f i’h{; semicircular canals and

** Balaban and Yates 2004
4 Balaban CD, Thayer JF. 2001, Neurological bases for balance-anxiety links. J Anx Disord 15: 53- 79
# Balaban 2002
% Balaban and Yates 2004
* vaitl D, Mittelstaedt H, Baisch F. 2002. Shifts in blood volume alter the perception of posture further evidence for somatic
grawceptmn Int J Psychophysiol 44(1): 1-11.
von Gierke HE, Parker DE. 1994. Differences in otolith and sbdominal viscera gravicepior dynarmcs implications for motion
sickness and perceived body position. Aviat Space Environ-Med 65(8): 747-51.
“ Balaban and Thayer 2001 :
“T Balaban 2002
*® Halberstadt and Balaban 2003.
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Balaban illustrates With a story. Ie asks the reader to visualize waiting in traffic on- a hill for a light to
turn. Out of the corner of your eye you see the truck next to you starting to inch forward, and you jam
your foot on the brake, since your sensory system has told you that you are starting to slip backwards.
There's a bit of panic in that moment, quickly settled as you realize you are indeed stable in space and not-
moving. The story illustrates how a sensation of unexpected movement elicits alerting and fear. When
the sense of movement is ongoing and cannot be integrated with the evidence of the other senses, as
happens in vertigo, there is a more prolonged fear reaction. The association of fear with vertigo has been

known since ancient times.* -

tovement (pulsy al vibration, infernal quivering} or-

ki

ething to breathe, pins and needles) in the chest or in

e specific and localizable in time and space, as opposed to

e vague, like discomfort, malaise, fuliness, or nausea. The

The chest, via the mouth, nbﬁe, trachea, smaller airways, and air sacs of the Iungs, is open to the air.
Pressure fluctuations in the air (sound waves) have free access to this airspace within the body when we
breathe. Pressure fluctuations in the air also have access to the ear, which is designed to funnel them to

the tympanic membrane, which concentrates their energy and transmits it to the inner ear. The ear and the

% Balaban and Thayer 2001
% Bafaban and Thaysr 2001
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chest are different size spaces with walls of different mobility and elasticity. Hence they respond

differently to air pressure fluctuations (sound waves) of different sizes.

Studies of whole body vibration focus on the easily mobile diaphragm and coupled abdominal organs.
Being mobile, with the air of the lungs on one side and the soft abdominal wall on the other, this thoraco-
abdominal system is easily set in motion by lower energy (amplitude) vibrations than are required to
perturb other parts of the body.”* Each part of the body bas its own resonance frequency with regard to

vibration. When an object is vibrated at its resonance frequency, the Vibésﬁ'@ is ampliﬁed The resonant

frequency of the thoraco-abdominal system, as it moves verttcally ____)Wards ami "Wdy from the lungs, lies

ssure flnctuations in the chest could disturb visceral receptors, such as

Jarge vessel or pulmonary baroreceptors or mediastinal stretch receptors, which function as visceral

* Coermann RR, Ziegenruecker GH, Wittwer AL, von Gierke HE. 1960. The passive dynamic mechanical properties of the
human thorax-abdominal system and of the whole body system. Aerospace Medicine 31{6): 443-55.

2 von Gierke and Parker 1994 . .
** Hedge, Alan, 2007
* Rasmussen 1982
* Giacomin J. 2005. Absorbed power of small children. Clin Biomech 20(4): 372-80.
% Takahashi Y, Yonekawa Y, Kanada K. Maeda S. 1999. A pilot study on the human body vibration induced by low-frequency
neise. Industrial Health 37: 28-35. ‘
7 Takahashi Y, Kanada K, Yonekawa Y, Harada N. 2005. A study on the relationship between subjective unpleasantriess and
bady surface vibrations induced by high-level low-frequency pure tones. Indusirial Health 43: 580-87, p. 580.
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graviceptors. These aberrant signals lﬁom the visceral graviceptors, not concordant with signals from the
other parts of the motion-detecting system, have the potential to activate the integrated neural networks
which link motion defection with somatic and autonomic outflow, emotiopal fear responses, and aversive
learning. The people who are susceptible to responding in this way are those who in the past have
become nauseated in response to other vertically oriented, anomalous environmental movements
(seasickness or carsickness). Thus panic episodes with autonomic symptoms such as tachycardia and

nausea arise during wakefulness or sleep in people with pre-existing motion sensitivity but without prior

mse symptoms creates

history of panic, anxiety, or other mental health disorders. Repeated trlggenng of t}

aversive learning, wherein the person begins to feel horror and er :d.of things asaoclated with the

physical sensations, such as his bedroom or house where he preiv ously fouﬂﬁ__ mf £ and regeneration.

would fight her mother, grabbing onto the posts of

after awakening in this state. This shows cleat |

Partiirbing the inner ear

I propose tﬁa}___di supted stimulation of oi erchannels of the balance system, especially the inner ear
vestibular organs, is .'_?aiiso likely to play & "role in Wind Turbine Syndrome. Altogether, in subjects with or
without VVVD, the % v nd Turbme S}mdr()me care symptoms resemble the symptoms of a balance or

vestibular disorder, meammCI ma ctlomng of the ipner ear motion-detecting organs (peripheral

vestibular dysfunction) or of bgcun processing of balance-related neural signals (central balance

dysfunction). Near wind turbines, I suggest that these symptoms may arise through disturbed input to the
classical pathways of motion and position perception (the visual, vestibular, and somatosensory
channels), perhaps in an additive fashion. If several pathways are abnormally stimulated at the same

time, it becomes even more likely that muliisensory vestibular brain centers®® will receive disordered or

58 Pyjeterich M, Brandt T. 2008. Functional brain imaging of peripheral and central vestibular disorders. Brain, E-pub ahead of
print, May 30, 2008, pp. 1-15.
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including humans. These structures are used by fish (like us) to sense acceleration and tilt relative to
gravity, but also to detect nearby perturbations in the water (“near-field sound”) with peak sensitivities in
the low frequency range between 40 and 120 Hz.*® Certain fish are also known detect distant low-

frequency sound, which they use to navigate relative to distant shores where waves are breaking.®’

Most exciting, new research provides direct experimental evidence that normal human vestibular organs
are sensitive to low-frequency vibration (which is the same as bone-conducted sound) and much more

d” (has a sharp peak of

sensitive than the cochlea®® Among normal subjects, this sensitivity is “é}'ﬁe

When there is conﬂwt int l aﬁhy : ogﬂe among the signals coming from the different balance channels,

the brain areas that mtegrate tfhﬁ.mformatlon quickly compensate by suppressing or down-weighting the

anomalous channel.” On functiopal brain scans, vestibular and visual cortical areas show a paitern of

5 Fay RR, Simmons AM. 1999. The sense of hearing and fishes and amphibiuns. In Comparative Hearing: Fish and
Amphibians, ed. Fay RR, Popper AN, pp. 269-317. Springer-Verlag, New York.

7 Sand O, Karlsen HE. 1986. Detection of infrasound by the Atlantic cod. .J Exp Biol 125: 197-204.

5 Todd NPMc, Rosengren SM, Colebatch JG. 2008, Tuning and sensitivity of the buman vestibular system to low-frequency
vibration. Neurcscience Letters 444 36-41.

% Todd et al. 2008, p. 41.
™ Jacob RG, Redfern MS, Fumman IM. 2008. Space and motion discomfort (SMD) and abnermal balance control in patwnts

with anxiety disorders. J Neurol Neurosurg Psychiatry, E-pub ahead of print, July 24, 2008, pp. 1~20
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inverse activation and deactivation, such that Vestibulér activation deactivates visual cortex and vice
versa.”"”* In people with vestibular organ damage, long-term compensation promotes reliance on vision
("visual dependence"”) or on somatosensory input from muscles, tendons, joints, and skin ("surface
dependence"). A visually dependent vestibular patient cannot adequately suppress visual input and up-
weight vestibular signals because of pre-existing problems with the vestibular channel,” leaving the
person dependent on visual perception of motion and position even in environments where the visual
information is ambiguons. This can create fear of heights. It can also cause Space and Motion

Discomfort,”* a condition of discomfort in situations challenging to motigf;;]‘ 2d position sense such as

éh;;)wer, leaning far

Iooking up at tall buildings, scanning shelves in a supermarket, c]emng eyésqz

back in a chair, driving through tunnels, riding in an elevator, rﬁ ng in the_-_%giksga_ of a car, or reading in

the car.”

- Even without vestibular organ disease, some people have Space and Motm Discomfort due 16 central

1allenging conditions. 577

79,80

orders, " migrainous vertlgo Yand

stimulation tes the parieto- msu[ar vesnbul_ _ ortex Brain 121(Pt. 9): 1749-58.
” Brandt T, Dieterich M. 1999. The vestibular cortex: its locations, functions, and disorders. Ann NY Acad Sci 871: 293-312.
3 Redfern MS, Yardley L., Bronstein AM. 200} Visual influences on balance. J Anxiety Disord 15(1-2): 81-94.
™ Tacob RG, Woody SR L Jark DB, Lilienfeld: 20 Hirsch BE, Kucera GD, Furman JM, Durrant JD. 1993. Discomfort with
space and motion: a poss;b_ nigrker of vesubu?ar dysfimction assessed by the Situational Characteristics Questionnaire. J
Psychopathol Behav Assess. 1HAY. 299-32
5 Jacob RG, Redfern MS, Furinan M 20{)8 Space and motion discomfort (SMD) and abnormal balance control i patients
with anxiety disorders. J Neurol Neur&smg Psychiatry, E-pub ahead of print, July 24, 2008, pp. 1-20. As 2 rural physician, 1
might also ask about driving past rorws of parallel trees, especially with the fow winter sun flashing between the trunks, as the
rural equivalent of looking at lights on the wall of a tunnel.
7 Redfern MS, Furman IM, Jacob RG. 2007. Visually induced postural sway in anxiety disorders. J Anxiety D1sord 21(5)
704-16. NIH Public Access Author Manuscnpt pp. 1-14,
" Facob et al. 2008 «

78 Furman M, Balaban CD, Jecob RG, Marcus DA. 2005. Migraine-anxiety related dizziness (MARD): a new dlsorder? I
Neurol Nearosurg Psychlany 76: 1-8.
™ Tacob et al. 2008 :
80 Redfern et al. 2007
8 Neuhauser H, Leopold M, von Brevern M, Arnold G, Lempert T. 2001. The interactions of migraine, vertigo, and migrainous
vertigo. Neurology 56: 436-41,
%2 Furman et al. 2005
% Furman et al. 2005
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of 200 migraine patients, half '6f whom also had a history of motion sickness, compared with 30% of
those with tension-type headaches.™ In a study of 72 patients with isolated recurrent vertigo, 61% were
found to have migraine, compared to 10% in a control group of orthopedic patients.” Abnormal balance
festing is seen in patients with migraine but not in those with tension-type headaches.*® Balance testing
shows that both peripheral and central balance abnormalities exist in migraine patients, both more

prominent if dizziness or vertigo is an associated symptom.*’

heights is significantly associated with abnormalities on Vestlblf ty {:a.loric_ t_éﬁ;&;\ﬁl

with abnogmalities on

3 Balaﬁ:ce' "'

patients have been found to have greater vestibular sensitivity than normal ¢o irols.”

If a person is aiready in a state of adapt
fully compensated deﬁcﬂs he or shé%s

Neuro} Res 24(7): 6 G :
86 Tshizaki K, Mori 1.} __akeshuna T, Fukuhara, ¥ ] q T Kusumi M, Yasui K, Kowa H, Nakashima K.. 2002, Static stabilometry
m patients with migraine ancfifsnsmn-type I’;e ache during a headache-free period. Psychiatry Clin Neurosci 56(1): 35-90.

¥ Furman et al. 2005 : ;
% Furman et al. 2005 G o :
¥ Eckhardt-Henn A, Brauer P, rlbo‘ma.g_ & C, Hoffmann SO, Hopf HC. 2003, Anxiety disorders and other psychiatric subgroups
in patients complaining of dizziness: FAuoxiety Disord 17(4): 369-88.
* Jacob et al. 2008
! Tacob et al. 2008

%2 Redfern et al. 2007 _
%3 Furman JM, Redfern MS, Jacob RG. 2006. Vestibulo-ocular function in anxiety disorders. J Vestib Res 16: 209-15.

* perna G, Dario A, Caldirola D, Stefania B, Cesarani A, Bellodi L. 2001. Panic disorder: the role of the balance system. [
Psychiatr Res 35(5): 279-86.
% Jacob RG, Furman JM, Durrant JD, Turner SM. 1996. Panic, agoraphobia, and vestibular dysfunction. Am J Psychistry
153(4): 503-12.

% Yardley L, Britton J, Lear S, Bird J, Luxon LM.. 1995. Relationship between balance system function and agoraphobic
avoidance. Behav Res Ther 33(4): 435-9.
7 Yardley L, Luxon LM, Lear S, Britton J, Bird J. 1994, Vestibular and posturographic test results in people with symptoms of
panic and agoraphobia. J Audiol Med 3: 58-65. )
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exposure or chemotherapy, autoimmune disease,” fibromyalgia,” normal aging (over 50), and normal
early childhood."®!%* Other potential risks for chronic vestibular dysfunction are whiplash injury and

4
head injury, including concussions and milder head impacts without loss of conscwusness 102,103,160

Cognition and vestibular function

It is now becoming apparent that a variety of cognitive functions depend é};&:ix_pherﬁnt_ vestibular signaling.

The vestibular system is ancient in the ve: ehrate lineage (? E:Vlewed &
ramify widely in both older and moreg}

midbrain, cerebelli:

0 AM, Rudgc P, Gresty MA,
patients. J Neurol 245 ):

** Rosenhall U, Johansson G, Orndahl G. 1996
28(4): 225-32, ThEnta
1% Foudriat BA, Di Fablo RP L
normative study with diaguo.s.t]c irpli .
191 steind] R, Kunz K, Schrott-Fischer A#Scholtz AW. 2006. Effect of age and sex on maturation of sensory systems and
balance control. Dev Med Child Neu:of 48(6). 477-82.

1% Grimm RJ, Hemenway WG, Lebray PR; Biack FO. 1989, The perilymph fistula syndrome defined in mild head trauma.
Acta Otolaryngol Suppl 464: 1-40,

19 frpst A, Basta 1D, Seidl RO, Todt I, Scherer H, Clarke A. 2005, Management of posttrausatic vertigo. Otolaryngol Head
Neck Surg 132(4): 554-8.

18 Clanssen CF, Claussen E. 1995, Neurcotological _contribunons to the diagnostic follow-up afier whiplash injuries. Acta
Otolaryngol Suppl 520, Pt. 1: 53-6, .

193 Hanes and McColfum 2006

1% Grimm et al. 1989

7 Grimm et al. 1989 -

1% Hanes and McCollum 2006

1% Dieterich and Brandt 2008

1% Hanes and McCollum 2006
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cogniﬁve tasks) but may actually reflect, instead, the direct dependence of certain cognitive operations on

the vestibular system.'!!

Vestibular input is critical for spatial thinking, body and spatial awareness, spatial memory, and complex
spatial or map calculations.> Dynamic, active vestibular signaling is needed for the acquisition, storage,
and use of information with spatial components, such as building mental maps or deducing a novel path

between two points.” Patients with 5-10 year histories of bilateral veshbular loss showed marked

deficits m a classic expenmental task of spatial memory and nawgatlon awampanmd, on average, by a

snggest stimulaﬁohﬂﬁ_t_ enly to gencral attention, but also to cerebral structures involved in the mental

M Hanes and McCollum 2006

"2 Hanes and McCoflum 2006

113 Brandt T, Schautzer F, Hamilton DA, Bruning R, Markowitsch HJ, Kalla R, Darlington C, Smith P, Strupp M. 2005.
Vestibular loss causes hlppocampal atrophy and impaired spatla.l memory in humans. Brain 128: 2732—41 :

1 Brandt et al. 2005

"33 Brandt et al. 2005 X

V6 Brandt et al, 2005

17 Mast FW, Merfeld DM, Kosslyn SM. 2006. Visual mental imagery during caloric. vestibular stimulation. Neuropsychologia
44(1): 101-9. 1 wonder whether the detailed visualization task also included a parictal component, given the gquantitative
comparison the subjects had to make with the remembered image.

% Mast et al. 2006. T wonder whether the detailed visualization task also inchuded a pametal component, given the quantitative
comparison the subjects bad to make with the remembered image.

1% Hanes and McColhum 2006, p. 82.

Sarta Fe NV K-Sslected Books 2000 -
. Copyrghied by Nna Perpont



1320

Nina Pierpont, MD, PhD Wind Turbine Syndrome for Clinicians  3-5-0¢ draft Page 410f56

representation of space.™'?' Vestibular stimulation also improves hemineglect patients’ performance on
tasks of visual localization and visual-spatial memory retrieval. At baseline, and again 24 hrs after the
experiement, their responses were biased away from the Teft side, but this bias was corrected or improved

immediately after left vestibular stimulation.”

Studies of hemineglect patients have further shown that many mental operations are “spatialized” and

dependent on parietal brain areas that bave been lost, including mathematical operations invelving a
123,124 >

* and spelling
126

“mental number line” with Iower numbers on the left, clock represegs." Hons of tune

day, week, or month and its appointments, to picture in three

r imagine what has gone wrong inside a device and initiate a

:-. D esentation and teraporary recovery from unilateral neglect after vestibular
iry 55(4): 332-3.
:/ 1987. Remission of hemineglect and anosognosia during vestibular stimulation.

stimulation. I Neurol Neurosurg Pg

121 Cappa 8, Sterzi R, Valtar G, Bisiach

Neuropsycholog:a 25:775-82. o
* Geminiani and Bottini 1992

23 7orzi M, Priftis K, Umilta C. 2002, Brain damage: Negiect disrupts the mental number line. Nature 417: 138-9.

2 vruitleumier P, Ortigue S, Brugger P. 2004. The number space and neglect. Cortex 40(2): 339-410.

3 Vuilleumier et al. 2004

126 Hillis HE, Caramazza A. 1995, Spatially specific deficits in processing graphemic representatjons in reading and wntmg

Brain Lang 48 (3}: 263-308.

127 7ovzi et al. 2002

128 Hadamard J. 1996, The Mathematician’s Mind: The Psychology of Invention in the Mathemaﬁcal Field. Princeton

University Press, NJ. I Zorzi et al. 2002, .

19 Zorzi et al. 2002

130 Maguire EA, Valentine ER, Wilding IV, Kapur N, 2003. Routes to remembering: the brains behind superior memory. Nat

Neurosci 6(1): 90-5.
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répair. It is used for understanding the images in a movie or TV show with the sensitivity not to miss
subtle visual clues. In this context, it is easy to see how vestibular disturbance could impact concentration
* (which means the ability to perform thinking tasks successfully and efficiently) and memory. Vestibular
disturbance also has the potential to affect reading directly via the reflex control exerted by semicircular

canal and otolith organs over eye movements {vestibulo-ocular reflex).

Effects on concentration and memory were nearly ubiquitous in the present study, if one includes all
subjects that told me about any problem in this area. For some sub]ects the deﬁcﬂs’ were drarmatic
compared to baseline (before exposure), including the 7 out of l{) fschool—age e,hﬁéren and teens who

y

showed a decline in their academic performance. Detrimental eff@at‘; on Coﬂ;:@nifat}{m and memory were

tin recognition of the behavior of objects under the influence of

storage, and use Of mﬂ.emal maps ar
ain activity by functional MR1 while adult subjects watched the

grav1ty Indovina et al, measured
movement of simulated objecm findmg that the vestibular network was selectively engaged when the
acceleration of the object was consistent with natural gravity, even though the stimulus was only visual.**'
The authors use this as evidence that "predictive mechanisms of physical Jaws of motion are represented.
in the human brain"** under the influence of vestibular signaling of the vector of gravity. I suggest that

these representations of the physical laws of motion are embedded in the human brain during early .

¥ Indovina I, Maffei V, Bosco G, Zago M, Macaluso E, Lacquaniti F. 2005, Representation of visnal gravitational motion in
the human vestibular cortex. Science 308: 416-9.
3 Indovina et al. 2005
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childhood as toddlers and children learn through experimentation (play) about the behavior of their bodies

and other objects in gravity, and that coherent vestibular signaling is critical to this learning.

Environmental noise,' learning, sleep, and health effects

Many studies have quaniified the effects of environmental noise on children's leaming. Reading
acquisition — a language-intensive process — is especially sensitive to the effects of noise in school and at

home. The effect is distinct from the effects of noise on attention or Worlgmg memory, * and is correlated

eXposure on child stress responges sééghluon International Journal of Epidemiology 30: 839-45.
Evans GW, Maxwell L. 1997. Chronic noise exposure and reading deficits: the mediating effects of language acquisition.

Environment and Behavior 29(5): 638-56.
35 Clark C, Martin R, van Kempen E, Alfred T, Head J, Davies HW, Haines MM, Barrio IL, Matheson M, Stansfeld SA. 2005,

Exposure-effect relations between aircraft and road traffic noise exposure at schoo and reading comprehensmn the RANCH
Pro_wct Am J Epidemiof 163: 27-37.
% Lercher P, Evans GW, Meis M. Ambient noise and cognitive processes among primaty, schoolch[idren Environment and

Behavior 35(6) 725-35.
7 Hygoe S, Evans GW, Bullinger M. 2002. A prospective study of some effects of a]rcraﬁ noise on cognitive performance in

schoolchildren. Psychol Sci 13; 469-74.
138 Cohen 8, Glass DC, Singer JE. 1973. Apartment noise, anditory discrimination, and reading ability in childrerr. Journal of

Experimental Social Psychology 9: 407-22.
139 Eyans GW. 2006. Child development and the physical environment. AnnuRev Psychol 57: 423-51.

149 Evans 2006, p. 426.
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superficial. The results also suggest that the health status sampling was inadequafe. For example, the
study found that only 2% of respondents indicated they had chronic migraine disorder,® whereas the
population prevalence is probably 12-13%. Likewise, tinnitus prevalence in this study was 2%, whereas
4% is a more likely population figure for the average age of 54." Tinnitus prevalence was not correlated
with age in this sample,'”! while in reality tinnitus has a well-documented pattern of increasing prevalence
with advancing age.'” In sum, this survey did not adequately sample health status, and was not designed

with comparison groups so as to detect differences.

Recommendations

lives at their previous level ot -];malth, comfort, and prosperity.

? van den Berg et al. 2008b, p. 48.
190 National Institute on Deafness and Other Communication Dl,sorders USA, website, "Prevalence of Chronic Tinmitus." 2009.
hitnAwww.nided.nih.ecovhealib/statistics/prevalence hitm

¥ yan den Berg et al. 2008b, p. 47. '
192 National Tnstitute on Deafness and Other Cornmunication Disorders, USA, website, "Prevalence of Chronic Tinnitus." 2009.

http://wwyenided nib sovihealth/statistics/prevalence hitm
13 Qes George Kamperman and Richard James, The "How To " guide to siting wind turbines to prevent health risks from sound,

47 pp., at htpfwww. windturbipesyndrome com/7p=623 (2008).
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I support the recommendations for noise level criteria and.procedures for noise monitoring by George
Kamperman and Richard James.'™ A single setback distance may not be both protective and fair in all
environments with all types of turbines, but it is clear, from the current study and others, that minimum
protective distances need to be more than the 1-1.5 km (3280-4500 ft or 0.62-0.93 mi) at which there
were severely affected subjects in this study, more than the 1.6 km (5250 {t or 1 mi) at which there were
affected subjects in Dr. Harry’s UK study, *** and, in mountainous terrain, more than the 2-3.5 km (1.24-
2.2 mi) at which there were symptomatic subjects in Professor Robyn Phipps’s New Zealand study. '**
Two kilometers, or 1.24 miles, remaing the baseline shortest setback_froné%és’_;idengas (and hospitals,
ointainous terrain, 2 miles (3.2 km)

pountain

school, nursing homes, etc.) that communities should consider. Ji

is probably a better guideline. Setbacks may well need to be lo%ge than thes.e mﬁifﬁia, as guided by the

noise criteria developed by Kamperman and James.

Suggestions for further research

" j;%mes with regard

ders. Such studies might be

vestibular system.

v

1% Kamperman GW, James RR, The “How To™ guide to siting wind furbines to prevent health risks from sound, 47 pp., al
biep/ e windrbinesyndrome.comy?p=925 (2008). Presented in shorter form, Kamperman GW, James RR, "Simple
gnidetines for siting wind turbines to prevent health risks," at the annual conference of the Institute of Noise Control
Engineering/USA, Noise-Con, July 28-31, 2008. : :

% Harry, Amanda, 2007.

% Phipps, Robyn, 2007.
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