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turning out right and how to fix it, planning steps of tasks efficiently in time and space, not

Jorgetting steps.

J1 Paying bills. Mathematics, memory for objects and services purchased, mental calculation

of future needs.

These are not all the tasks people said they were having trouble with, but they are the majority.

Making sense? Balance signals messed up, spatial thinking full of errors and inefficiencies, and people
are enormously frustrated over normal, common sense things they suddenly can’t do efficiently.
(“Common sense” has a big spatial thinking component, too.) Early school learning is thrown off, as well

as reading and certain higher memory and problem-solving tasks in adults.

Interference of noise with reading and children’s learning is not a new discovery; there is an extensive
literature on it. In brief, environmental noise, like airport or traffic noise, makes children learn to read
more slowly. In these studies, large numbers of children were studied in carefully controlled exposed and
non-exposed groups, by choosing school districts at different locations relative to airports. Children were

exposed to the extra noise both in school and at home.

In one study, a city closed an old airport and built a new one, and researchers had the opportunity to
follow the reading skills of both sets of children over time. The ones living near the airport that closed
showed improvements in their reading. The ones near the new airport showed slower learning after

planes started flying in and out.

One study looked at children living in an apartment building next to a busy highway. Those on the higher

floors, where it was quieter, had better reading scores and better ability to tell word sounds apart.

The effects of noise on reading ability go beyond the distracting effects of noise, and are linked to

problems with language processing—Ilike differentiating between sounds in noisy environments. _

Noise can affect thinking in adults, too, at loudness levels nowhere near the levels that harm hearing. In
one study, industrial workers worked on psychological tests while exposed to 50 dBA broadband noise
(like white noise or machine noise) with or without low frequency components. The noise with low
frequency components interfered with test performance more than the noise Without the low frequencies,

especially in individuals who rated themselves as sensitive to low frequency noise. Neither type of noise
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was considered more annoying than the other, nor did subjects become accustomed or sensitized to the

noise.

Many environmental noise studies look at effects on sleep, stress hormone (adrenalin, cortisol) output,
blood pressure, and cardiovascular risk factors in general. Noise at night can significantly disturb sleep
even when the person does not remember waking up. Since the sorting and storage of daily memories
occurs during sleep, especially dreaming or what’s called REM sleep (rapid eye movement), sleep

disturbance by noise, even without known awakening, interferes with memory and learning.

In children, nighttime low frequency (rumbling/vibrating) noise from trucks has been shown to produce
more stress hormone at a time of night when it’s not usually produced (i.e., the wrong time of night), than
gets produced in the same children exposed to regular nighttime car traffic noise. In other words, low
[frequency nose stimulates elevated stress hormone production in children during nighttime sleep.
(Elevated cortisol levels are also known to harm memory and learning, reducing the survival of new
hippocampal memory cells, as in chronically abused children.) High adrenalin or cortisol levels elevate

blood sugar and increase blood pressure, increasing cardiovascular risk.

Interestingly, the levels of noise that disturb sleep are quite low. Noise events of 32 dBA cause people to
move in sleep, showing a low level of arousal. Noise events of 35 dBA cause arousals that can be seen on
a brain wave study (EEG). Conscious awakenings occur at 42 dBA. This is why the World Health

Organization (WHO) recommends 30 dBA as an acceptable indoor nighttime noise level.

I don’t present noise analyses in this paper—something that clearly needs to be done, but requires
resources I didn’t have—but I find that published descriptions of people’s experiences in documented low
frequency noise are very similar to what my study subjects noticed and described to me. If you haven’t

already done so, I recommend you read the section of clinical text called “Low-frequency noise” (pages

XXX-XXX).

First, I quote Dr. Birgitta Berglund (the dean of community noise studies and lead editor of the 1999
World Health Organization Guidelines for Community Noise) on the reasons she thinks many of the

adverse effects of noise in general are due to its low frequency components. She calls attention to how

- low frequency noise travels farther than other noise without losing its power, travels through walls and

hearing protectors, rattles objects, sets up vibrations and resonances in the human body, and is linked to

motion sickness even when vibration is not present. The lower frequencies can make it hard to
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distinguish sounds at higher frequencies, like speech. Noise with low frequency components is
experienced as louder and more annoying than noise at the same dBA level without low frequency
components. All this is discussed in the “Low frequency noise™ section in the clinical text. Again, it’s

well worth reading.

It's important to remember that the term “annoyance” in community noise surveys is used as a shorthand
for a variety of negative reactions. Some of them severe. “Apart from ‘annoyance,’ states the WHO,
“people... exposed to community noise... report anger, disappointment, dissatisfaction, withdrawal,

helplessness, depression, anxiety, distraction, agitation, or exhaustion.”

In the clinical report, I quote as well several other small studies of situations wherein people were
exposed to documented low frequency noise. For instance, the symptoms that healthy young men felt
when exposed to high amplitude low frequency noise, for only 2-3 minutes, in a NASA test facility in the
1960s, included fatigue, reduced efficiency at performing tasks, tickling in the ear, chest vibrations, and a

feeling of fullness in the throat—all symptoms I heard about from my study's participants.

Indeed a case report from Germany in 1996 may well be Wind Turbine Syndrome, since the source of the
low frequency noise (actually infrasound, below 10 Hz) was never identified. It’s an especially
interesting story. The couple’s symptoms and the intensity of noise below 10 Hz both varied with the

wind and weather, and were worse in winter. Their symptoms were,

a) sleep disturbance

b) headache

c) ear pressure

d) not feeling well in a general way

e) decreased ability/efficiency in doing things

f) chest symptoms described as shortness of breath and a tingling/crawling sensation

Symptoms occurred when the sound pressure level at | Hz was 65 dB, well below the couple’s own
hearing thresholds measured in a sound lab. All the frequencies responsible for the symptoms, which

were all below 10 Hz, had sound pressure levels below 80 dB.

We now know that sound levels near turbines easily fall within these ranges, as measured by a Dutch

physicist several years ago.
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The 1996 German case, above, and another series of cases, also by German noise control officials, both
emphasize how the symptoms and the degree to which the people were bothered increased over time afier
they moved into the home or apartment with low-frequency noise. They did not get used to the noise. In

fact, the opposite: they became sensitized to it over time. At first it wasn’t so bad, but it grew worse and

worse.

My study subjects said the same thing, as they compared turbine noise to other types of noise, like traffic,
that they easily got used to. Many said that wind turbine noise would not sound loud to people who did
not live with it, but several also mentioned visitors being bothered if they spent the night. When they
moved away from their turbine-exposed homes, all the families moved into towns and villages with more

traffic noise, but no risk of turbines being build next door.

Hence, glib claims that “you will get used to wind turbine noise,” are contradicted both by people who

struggle to live with it, and by clinical evidence. ;

Both German case studies focused on the ability of low frequency noise, with its long wavelengths, to
pass through walls and then reverberate or set up resonances inside rooms. The authors of the case series
measured the difference in low frequency noise intensity near walls and away from walls, picking up

nodes of higher intensity away from walls, like a standing wave in a stream.

In my study, Mr. and Mrs. G (G1 and G2) both identified a spot in one room where they got symptoms, a
feeling of internal vibration for Mrs. G and the beginnings of nausea for her husband. They could not feel
any vibrations with their hands if they touched walls or furniture. I think this was one of those places
where the low frequency sound (air pressure) waves overlapped in such a way, as they bounced around

the room, that they made a stable spot or standing wave of increased intensity.

Swedish researchers verified in a survey study of hundreds of households that the amount of noise needed
for a wind turbine to cause severe annoyance was much lower than the amount of noise road traffic,
airplanes, or trains would have to make to be severely annoying to as many people. ‘fAJnouﬁt of noise”
was measured in dBA, which filters out the effect of any low-frequency components, and averaged over
time. Fifteen percent of people were highly annoyed at 38 dBA of wind turbine noise, compared to 57
dBA for aircraft, 63 dBA for road traffic, and 70 dBA for trains. By the time the wind turbine noise level
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reached 41 dBA, 35% of people were highly annoyed. Sixteen percent reported sleep disturbance over 35

~

dBA of outdoor turbine noise.

When these researchers interviewed some of the people surveyed, they found the same sorts of problems I
encountered in my study, including people who had moved out of their homes because of the noise or
rebuilt their homes to try to exclude the noise. Some reported feeling invaded or violated by turbine

noise, being sensitive to blade motion as well as noise, and the loss of their ability to rest and feel restored

at home.

From this one can reasonably conclude that, for wind turbines, perhaps unlike other sources of noise,

community standards allowing 45-55 dBA outside neighboring homes are asking for trouble.

George Kamperman and Rick James, two independent American noise control engineers with decades of
experience working with industrial noise and communities, recommend a noise standard based on quietest
background ambient noise and using C-weighted as well as A-weighted measurements, so that the low
frequency components are also controlled. Their specific recommendations—for how the noise
measurements should be done and how the procedures should be spelled out in a local ordinance—were
presented at the annual conference of the Institute of Noise Control Engineering/USA in 2008 and are

posted on the Wind Turbine Syndrome website at http://www.windturbinesyndrome.com/?p=925. An
important part of Kamperman and James’s method is that as turbines get larger, setbacks will have to be

longer.

But the simple answer is: keep wind turbines at least 2 km (1% miles) away on the flat, and 3.2 km (2
miles) in mountains. These are minimum distances; Kamperman and James's methods will in all
likelihood recommend longer setbacks, especially in rural areas that are very quiet at baseline.
Secondly, all wind turbine ordinances should hold developers responsible for a full price (pre-turbine)
buy-out of any family whose lives are ruined by turbines—to prod developers to follow realistic health-

based rules and prevent the extreme economic loss of home abandonment.
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(< 2 D2
Family Table B2 (page 1 of 2)
Person
Mrs. B
Age
53 .
Pre-exposure health status
Good
Health history
Hysterectomy and cholecystectomy, 4 births
Previous noise exposure !
Diesel fishing boat intermittently for decades
Time to onset of symptoms
Several weeks, with progression
Pre-exposure Post-exposure* *
Sleep Good Resolved
Headache Rare, mild Resolved
: B i . Partly resolved at 6 wks, up to
Cognition :Concentration. disturbed; confused if went on errands remembering three things
d to return home. . ;
without a list.
ainst irritability, upset and "in a
Mood s worse. Resolved
Balance/equilibrium ‘unsteadiness and gait change. Resolved
. nd ear pain continuous except when left
Ear/hearing “or wind in favorable direction. Ear irrigation at Resolved
worsened tinnitus.
' . ; : Burning resolved but visual |
Eye/vision Normal with g s s irritated, burning, runny. Ebb and flow of eye

=

ymptoms synchronous with headache and tinnitus.

blurring noted when
chemotherapy started.

Other neurological

Normal, no concuss

No change

No change

Cardiovascular

Normal including BP

Mild BP elevations 132-140/80-80

Unknown

Gastrointestinal

GER and post-tussive
vomiting.

No change

Worsened with chemotherapy | -

Santa Fe ' NM: K-Selecied Books 2000

Copyrighted by Nina Perpont
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dage 02
Family Table B2 (page 2 of 2)
Pre-exposure During exposure* Post-exposure** © |\
Chronic cough Breath "short every once in a while, like [while] falling :
Respiratory secondary to GER and | asleep, breathing wanted to catch up éﬁm.moﬂmﬁria. hard EMMMH_WQ. normal breathing
smoking. to explain." P ’ ;
Felt well though had ' -
Oncologic undiagnosed breast Breast cancer diagnosed. Chemotherapy started.
of exposure.
: cancer.
Left house repeatedly to get relie
Ofter interrupting work and tasks. fgsoived
" ; . Refrigerator became lou h New refrigerator was moved
Machines Refmgeratorgaet was also loud. to new house and is quiet.
Furnace quiet "uc_.:mom cmom_._.Jm la
urnace was sti
*Exposure period 5 months.
“*Interviewed 6 weeks after move.
N

Santa Fe, NM: K-Selected Books 2009
Copynghiad by Nina Pierpont
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Person
Mrs. C

Age
42

Pre-exposure health status
Good

Health history

Migraine disorder, 6 healthy term pregnancies without hypertension

Previous noise exposure
No significant
Time to onset of symptoms

Immediate when first turbines operational, with progression

Family Table C2 (page 1 of 2)

Page g 01 62

Pre-exposure

Post-exposure* *

Sleep

frequent awakening,
2ned, nocturia: "no

Resolved including riocturia. ,

‘Headache

Resolved, no migraines.

Cognition

rthday parties.”

"

ready a month in

cooking; "I thought | was half losing my mind"

Resolved including ability to
multitask.

Mood

ts of energy.

Tired, anxious, irritable.

Improved, but still sadness
and stress related to loss of
home and living with parents.

Balance/equilibrium

vertigo.

seeing boats

Frequent dizziness, vertigo, and nausea
preceding headaches.

Resolved.

Santa Fe, NM:
Copyrighted by Nina Pierpont

K-Selecied Books 2009
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