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In Canada the Ontario Government has adopted wind energy as a renewable energy
source. Our research in Ontario documents some individuals living in the environs of wind
turbines report experiencing physiological and psychological symptoms, reduced quality of
life, degraded living conditions, and adverse social economic impacts. Some families have
abandoned their homes or negotiated financial agreements with wind energy developers.
Wind turbine noise is a reported cause of these effects; however, some commentators
suggest sound from wind turbines does not pose a risk of any adverse health effect in
humans. These competing claims can confuse authorities responsible for establishing noise
guidelines. An Ontario Environmental Review Tribunal considered a wide body of
evidence including expert testimony and found wind turbines can harm humans if placed
too close to residents. Risks must be understood to ensure guidelines protect human health.
Evidence including peer reviewed literature, case reports, freedom of information
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documents and expert testimony will be presented which support the conclusion that wind
turbines, if placed too close to residents, can harm human health.
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INTRODUCTION

An increasing number of industrial wind turbines are being sited in close proximity to
humans. Some commentators including wind energy promoters, public authorities and health
professionals suggest that wind turbines do not pose a risk to human health. These suggestions
are not supported by the totality of the evidence. A 2011 Ontario Environmental Review
Tribunal considered evidence and testimony from both sides of the debate and found that wind
turbines can harm humans if they are placed too close to residents1.
This paper explores the impacts of industrial wind turbine on health and discusses reviewed
literature, case reports, freedom of information documents and expert testimony which support
the conclusion that wind turbines, if placed too close to residents, can harm human health.
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WIND TURBINES CAN HARM HUMANS

In the United States a 2012 board of health resolution made a formal request for
“…temporary emergency financial relocation assistance from the State of Wisconsin for those
Brown County families that are suffering adverse health effects and undue hardships caused by
the irresponsible placement of industrial wind turbines around their homes and property2.”
Some individuals living in the environs of wind turbines report experiencing adverse health
effects including annoyance and/or sleep disturbance and/or stress related health impacts and/or
reduced quality of life3,4,5,6,7,8 ,9,10,11,12. In some cases the adverse effects have been severe enough
that families have elected to abandon their homes.
Reports of wind turbine induced adverse health effects have been dismissed by some
commentators including government authorities and other organizations. There is debate whether
wind turbine noise poses a risk to human health. Industry and regulating agencies need to be
informed about the health risks to ensure wind turbines are responsibly placed to protect the
health and safety of humans.
2.1 Fundamental Rights and Definition of Health
A prerequisite for assessing the health impacts of any exposure is the application of an
authoritative definition of health. The World Health Organization (WHO) definition of health
has been accepted by many jurisdictions including the Canadian federal, provincial, and
territorial governments and health officials13: “Health is a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity14.” The WHO “…
recognizes the enjoyment of the highest attainable standard of health as one of the fundamental
rights of every human being15.”
2.2 Plausible Causes of Harm to Human Health
Wind turbine sound, visual and economic impacts have been identified as plausible causes
of wind turbine induced annoyance and/or other adverse effects. It is suggested the reported
health effects are not the result of “… a turbine-specific variable like audible noise16…”. In 2009
a literature review was sponsored by the American Wind Energy Association and Canadian
Wind Energy Association “… to provide an authoritative reference document for the use of

legislators, regulators, and people simply wanting to make sense of the conflicting information
about wind turbine sound17.” The literature review states in its conclusion: “Sound from wind
turbines does not pose a risk of hearing loss or any other adverse health effect in humans17.”
Suggesting the sound from wind turbines does not pose a risk of any adverse health effects
in humans is incorrect. Failure to understand the risks of wind turbine sound can result in noise
regulations which enable harm to human health.
2.3 Serious Harm Includes Indirect Effects
Wind turbines can harm humans directly. Ice throw and structural failure present direct and
potentially fatal public hazards to people or passing vehicles. Risk of injury can be minimized
with setbacks of 200 to 500 m18.
It has been suggested that wind turbine sound does not cause “direct physiological
effects17” or that a “direct causal link66” between health effects and wind turbines has not been
demonstrated. However wind turbines can harm humans indirectly. Failure to evaluate indirect
causal pathways and the psychological harm of wind turbine exposure represents an error of
omission19.
Wind turbines produce sound which can become a risk to human health when it is
perceived to be noise. Noise of a moderate level acts via an indirect pathway and can have health
outcomes similar to those caused by high noise exposures on the direct pathway15. Specific
health effects in the indirect pathway include: interference with communication; sleep
disturbance effects; cardiovascular and psycho-physiological effects; performance reduction
effects; effects on social behaviour and annoyance20.
Referring to wind turbines an Ontario Environmental Review Decision found ““serious
harm to human health” includes … indirect impacts (e.g., a person being exposed to noise and
then exhibiting stress and developing other related symptoms). This approach is consistent with
both the WHO definition of health and Canadian jurisprudence on the topic1.”
2.4 Wind Turbines Are More Annoying
Sound is not the same as noise. The WHO defines noise as “unwanted sound”20 perceived
by humans. Some wind energy promoters have distributed literature which suggests that modern
wind turbines are not noisy21. However, wind turbines produce sound which is perceived by
humans to be more annoying than transportation noise or industrial noise at comparable sound
pressure levels22.
2.5 Annoyance: A Health Effect and Serious Human Health Risk
Annoyance is acknowledged to be an adverse health effect23,24,25,26,47. Annoyance has been
defined as “… a feeling of displeasure associated with any agent or condition, known or believed
by an individual or group to adversely affect them20…” For chronically strong annoyance a
causal chain exists between the three steps health – strong annoyance – increased morbidity27.
Other symptoms associated with annoyance from various noise sources include: stress,
sleep disturbance, headaches, difficulty concentrating, irritability, fatigue, dizziness or vertigo,
tinnitus, anxiety, heart ailments, and palpitation28,29,30. Chronic severe annoyance induced by
noise must be classified as a serious human health risk31.
Dr. Nina Pierpont documented symptoms reported by individuals exposed to wind turbines
to include: sleep disturbance, headache, tinnitus, ear pressure, dizziness, vertigo, nausea, visual

blurring, tachycardia, irritability, problems with concentration and memory, and panic episodes
associated with sensations of internal pulsation or quivering when awake or asleep32.
The American Wind Energy Association and Canadian Wind Energy Association
sponsored a literature review which determined wind turbine symptoms documented by Dr.
Pierpont “… are not new and have been published previously in the context of “annoyance”…”
and are the “… well-known stress effects of exposure to noise17…”. A coauthor of this literature
review stated in a separate analysis: “I am happy to accept these symptoms, as they have been
known to me for many years as the symptoms of extreme psychological stress from
environmental noise, particularly low frequency noise … what Pierpont describes is effects of
annoyance by noise – a stress effect … simply the well known effects of persistent, unwanted
noise33…”. The contents of these two references were reaffirmed by witnesses testifying under
oath during a 2011 Ontario Environmental Review Tribunal65.
2.6 Stress Effects Can Be Serious
Stress, if not controlled, can result in serious illness34 and can affect life expectancy35. “The
subjective experience of noise stress can, through central nervous processes, lead to an
inadequate neuro—endocrine reaction and finally to regulation diseases31.”
2.7 Mental Health Counts
Health Canada states: “Mental health is as important as physical health36.” However the
importance of mental health is not always appreciated. “Globally, many are victimized for their
illness and become the targets of stigma and discrimination37.” The WHO states:
“For all individuals, mental, physical and social health are vital strands of life that are
closely interwoven and deeply interdependent. As understanding of this relationship grows,
it becomes ever more apparent that mental health is crucial to the overall wellbeing of
individuals, societies and countries.
Unfortunately, in most parts of the world, mental health and mental disorders are not
regarded with anything like the same importance as physical health. Instead, they have been
largely ignored or neglected37.”
Many health effects of noise are psychologically mediated via the indirect pathway15. Some
of those commenting on the health impacts of wind turbines appear to either overlook or
discount mental health as a crucial element of overall well-being. During a public presentation
focused on wind turbine noise and health one Ontario engineer stated “… it is almost a disservice
to dwell on the negative aspects. It clearly does create health problems in certain individuals but
primarily through the psychological influence and anxiety …”. Some of those who consult for
members of the wind energy industry have proposed the “mental and social well-being” of some
individuals affected by wind turbines be traded off against the “… the larger demand for energy
and its source16.”
Consultant reports prepared for wind energy developers discuss people who subjectively
evaluated themselves as disturbed by noise and state, “Regardless of whether the perceived
impacts by affected individuals are physiological or psychological in nature, they are a serious
matter and are considered as adverse health effects63,64.”

It has been suggested that cognitive behaviour therapy could be used to treat those suffering
adverse effects of wind turbine noise annoyance16,17,62. However prevention of health effects is a
fundamental principle of public health policy60 and noise management20. “Passively waiting for
illness and disease to occur and then trying to cope with it through the health care delivery
system is simply not an option61”. Proposing treatment over prevention raises both ethical and
legal considerations38,39.
2.8 Quality of Life = Health
The president of the Canadian Wind Energy Association stated; “… the sound of wind
turbines can be annoying for some individuals and that may cause them to feel some stress
etcetera40.” A 2011 Canadian Wind Energy Association media release advises: “When
annoyance has a significant impact on an individual's quality of life, it is important that they
consult their doctor41.”
A 2009 Minnesota Department of Health literature review commented: “The most common
complaint in various studies of wind turbine effects on people is annoyance or an impact on
quality of life42.” Reduced or altered quality of life in the environs of wind turbines has been also
documented in other studies published in 20119,11.
Quality of life represents a cornerstone of human health. Quality of life “… is a new name
for an old concept that describes an individual’s state of wellbeing43.” Noise induced annoyance
“…can mean a significant degradation in the quality of life. This represents a degradation of
health in accordance with the WHO's definition of health, meaning total physical and mental
well-being, as well as the absence of disease26.”
2.9 Wind Turbine Noise and Attitudes
The willingness to accept the presence of a potential adverse effect does not mean there is
no adverse effect. Those who benefit financially from wind energy projects typically waive their
right to complain about noise and other adverse effects. Samples of wind turbine hosting
contracts indicate participants of wind energy projects are granted the opportunity to decide
whether or not they wish to be exposed to noise and visual impacts in exchange for financial
compensation. The following excerpt is from a Canadian hosting agreement:
“The Rent, in respect of the Specified Locations…represent compensation in full
for…nuisance, noise, signal interference,…, casting of shadows and other inconveniences or
damage…incurred by Lessor from the acts or omissions of Lessee44.”
Non participating neighbors reporting adverse effects from wind turbine noise have been
characterized as being unreasonable complainers. In one example, an adversely affected family
was reportedly accused of “exaggerating and overreacting45”. Negative attitudes toward wind
turbines have been suggested as a cause of these complaints. However researchers comment that
wind turbines were initially welcomed into the communities for their perceived economic8 and/or
environmental11 benefits. “The reported adverse impacts were unexpected10.”
Individuals who are adversely impacted often are faced with the financial and emotional
burdens of retaining legal counsel to resolve these effects. The following passage is from a
neighbour of a wind energy project in the United Kingdom who took allegations of private
nuisance to the High Court in July 2011.

“Writing as someone who used to live 1km from a windfarm, and whose career has been
involved in some way or other with public health. I make the following observations. We
welcomed the wind farm, why would [sic we] not? We could not see the turbines from our
home. We thought them to be admirable structures, a significant engineering achievement,
and graceful in operation. We were completely and wholly unprepared for the noise and
sleep deprivation that we immediately suffered from. None of my family have had problems
sleeping before, but we did then, and being suddenly awoken in the early hours and being
unable to get back to sleep night after night is very unpleasant, and rapidly makes normal
day to day living almost impossible. It is well documented, and within the public domain
that we tried (as other respondents have suggested) ear plugs, white noise machines, fans
and medication. Nothing worked. Once we stopped sleeping at home, we were able to sleep
normally again. We can sleep next to motorways, industrial sites, [sic train] stations and
airports – but this was something else altogether. You do not habituate to it46.”
The above nuisance case settled out of court before noise evidence was heard. “The terms
of that settlement are strictly confidential, and the parties will not be answering any questions
about the terms of that agreement45.” A number of wind turbine nuisance cases have been settled
out of court with non disclosure agreements10. Non disclosure agreements hinder opportunities to
further understand what exactly the problem was and how to prevent it in the future.
2.10 Wind Turbine “Noise” on the Rise
Not all sounds are equal. “The capacity of a noise to induce annoyance depends upon its
physical characteristics, including the sound pressure level, spectral characteristics and variations
of these properties with time20.”
The “…unique sound characteristics of wind farm noise and the different influences on the
perception of this noise47 …” have been noted. Wind turbine sound has a number of special
sound characteristics which are identified as plausible causes for reported health effects. These
characteristics include amplitude modulation48, audible low frequency noise49,42, infrasound50,
tonal noise, impulse noise51 and night time noise22.
Over the past decade wind turbines have increased in size, electrical power output and the
amount of sound they produce52. At the same time wind turbine amplitude modulation and low
frequency noise have become an increasingly significant part of the noise impact. “It must be
anticipated that the problems with low-frequency noise will increase with even larger turbines49.”
2.11 Wind Turbine Economics and Noise Guidelines
Wind turbines are being sited in close proximity to family homes in order to have access to
transmission infrastructure40. Noise regulations can be a barrier to wind turbine development, as
they can have a significant impact on wind turbine spacing, and therefore the cost of wind
generated electricity53.
Some wind turbine proponents have lobbied regulators to: increase permitted noise levels
for wind turbines, remove requirements to address low frequency noise, avoid penalties for
amplitude modulation.
Not all wind turbine siting guidelines are equally protective of human health. Annoyance to
wind turbine noise starts at wind turbine dBA sound pressure levels in the low 30’s and rises
sharply at 35 dBA22,52. Wind turbine setback and/or noise limits vary by jurisdiction54. For
example wind noise limits can be 55 dBA in one jurisdiction or 35 dBA in another. Some

jurisdictions apply noise limits at the property line. Others apply the limits at the façade of the
building. Some jurisdictions have limits for indoor noise. Other jurisdictions consider low
frequency noise, and/or amplitude modulation and/or wind shear.
Wind turbine compliance noise audits are typically based on an averaged “A”-weighted
metric which is unsatisfactory for complaints of cyclical amplitude modulation and low
frequency noise55. Furthermore wind turbine noise guidelines typically do not address the lack of
night time abatement.
2.12 Sound Noise Management
The WHO published Guidelines for Community Noise20 which identifies annoyance as a
“critical health effect” and provides the following framework for managing noise such that
human health and well-being are protected. Noise limits should be based on annoyance responses
to specific noise sources and should protect humans indoors as well as outdoors. Human
exposure to noise should be based on dose response relationships.
Reliance on noise guideline limits suggested by research on road, rail and air traffic noise is
not appropriate for wind turbines. WHO noise guideline limits are based on research for road,
rail and air traffic, not wind turbines19, 52.
2.13 Wind Turbines in Ontario and Expected Health Impacts
The introduction of wind turbines into Ontario, Canada is a relatively recent development.
Ontario wind turbines are typically sited in quiet rural settings which frequently have low
population densities and can have ambient sound levels below 30 dBA56.
Ontario wind energy projects typically undergo a provincial and sometimes a federal
environmental review process. Ontario Ministry of Environment guidelines are based on an
averaged “A”-weighted metric and permit noise of 40 dBA up to 51 dBA (formerly 53 dBA)
depending on wind speed. Noise limits are measured at the façade of a receptor (i.e. home).
Ontario does not have limits for wind turbine noise elsewhere on private property. Until 2011 the
Ontario Ministry of Environment did not have a scientifically accepted field methodology to
measure wind turbine noise to determine compliance or non compliance with approval limits. In
August 2011 the Ontario Ministry of Environment introduced a “Compliance Protocol for Wind
Turbine Noise” which explicitly excludes consideration of “health effects”.
Ontario noise guidelines require a 5 dBA adjustment for other industrial noise that has
amplitude modulation but not for wind turbines19. Ontario does not have “… measurement
procedures or criteria for addressing indoor noise intrusions due to wind turbines57 …”.
Sound studies commissioned by wind energy developers or community members, and
investigations by Ontario Ministry of Environment personnel have been conducted at various
sites in Ontario. Assessments at some Ontario projects documented the wind turbine sound was
tonal, contained low frequency components, and routinely produced an audible amplitude
modulation.
Internal Ontario Ministry of Environment correspondence, obtained through a Freedom of
Information Request, states “It appears compliance with the minimum setbacks and the noise
study approach currently being used to approve the siting of WTGs will result or likely result in
adverse effects56 …”. In 2011 the Ontario Ministry of Environment released a consultant report
which concludes the sound from wind turbines, at the levels experienced at typical receptor
distances in Ontario, is “… expected to result in a nontrivial percentage of persons being highly

annoyed … research has shown that annoyance associated with sound from wind turbines can be
expected to contribute to stress related health impacts in some persons57.”
There have been numerous noise and health complaints coinciding with the commencement
of operations of some Ontario wind turbine projects. In response to the lack of vigilance
monitoring in Ontario, volunteers established WindVOiCe in March 2009. WindVOiCe is a self
reporting health survey which follows the principles of Health Canada’s Canada Vigilance
Programs for reporting adverse events for prescription and nonprescription products, vaccines
and other9.
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RESULTS

Reduced quality of life, sleeplessness and headaches are among the most common effects
reported in other case studies42. The most common effects reported in the WindVOiCe survey
included altered quality of life, sleep disturbance, excessive tiredness, headaches, stress and
distress. The predicted probability of health effects diminishes with increased separation distance
between the wind turbine and the participant’s property. Nissenbaum et al.8 also documented a
reduction of sleep effects as wind turbine separation distances increased. These “effect versus
distance relationships” are consistent with the physics of sound decay through absorption by
ground and the atmosphere.
WindVOiCe catalogued other effects including migraines, hearing problems, tinnitus, heart
palpitations, anxiety, and depression.
Physical living environments and socioeconomic position are acknowledged to be
determinants of health10,35,60. “Ministry of Environment correspondence … describes how low
frequency noise from Ontario IWT facilities resulted in annoyance, “sleep deprivation” and
“uninhabitable” living conditions19.” To escape the noise, some Ontarians report resorting to
sleeping in vehicles, tents, trailers, basements lined with mattresses, garages, and at relatives or
friends’ homes10.
Adverse social economic impacts from wind turbines are also being reported in Ontario10.
The family home typically represents the one the largest financial and emotional investments for
Canadian families58. Noise can have an impact on property values20. To protect their health some
Ontario home owners reporting adverse health effects due to wind turbines have elected to sell
their home. In Ontario the seller of real estate must disclose any issue which may influence a
purchaser’s decision to buy. The obligation to disclose the adverse effects of the neighboring
wind energy project is being attributed for reduced sale prices.
In a number of cases adversely affected Ontarians have retained legal counsel and eventually
negotiated financial agreements with the wind energy developer. These agreements are reported
to contain non disclosure conditions which prevent the adversely affected party from discussing
specific details of their experience10.
At one Ontario wind project a number of homes were purchased from non participating
residents by the wind energy developer and eventually resold for substantially lower prices59.
Disclosure by the wind energy developer to prospective purchasers states the operation of the
wind turbine facilities “…may affect the living environment of the Transferor and that the
transferee will not be responsible or liable for, of and from any of the Transferor's complaints,
claims, demands, suits, actions or causes of action of every kind known or unknown which may
arise directly or indirectly from the Transferee's wind turbine facilities on the Leasehold Lands to
the extent permitted by this Easement.” The same disclosure also secures “… the right and
privilege to permit heat, sound, vibration, shadow flickering of light, noise (including grey noise)

or any other adverse effect or combination thereof resulting directly or indirectly from the
operation of the Transferee's wind turbine facilities.”
The following testimony describes some of the adverse effects experienced by some
residents living in environs of another Ontario wind project:
“The family unit for each family has deteriorated and has been torn apart. We begged for
sleep, and four families were billeted by the wind company from their homes for 90 to 180
days in motels, hotels and a rooming house. The consistent stress has broken apart the
family unit—no gatherings, few or no celebrations at home. At present, one family has
purchased a separate residence to live in, and two others had to, at the expense of thousands
of dollars, modify their hydro connection to try and live in their homes that they’ve lived in
for 19 to 35 years10.”
After obtaining legal counsel five families in this Ontario wind project eventually reached a
financial agreement with the developer and now live elsewhere.
4

DISCUSSION AND CONCLUSIONS

The references presented in this paper support the conclusion that, if placed too close to
residents wind turbines can harm human health. Health is one of the fundamental rights of every
human being and includes complete physical, mental and social well-being. Wind turbine noise
can cause annoyance, sleep disturbance, stress related health impacts, reduced quality of life,
degraded living conditions, and adverse social economic impacts. These effects can be
psychologically mediated via the indirect pathway and can represent serious harm to human
health. It is expected that at typical wind turbine setback distances and sound pressure levels a
non trivial percentage of exposed individuals in Ontario will be adversely affected.
Those responsible for the production and regulation of wind turbine noise need to
understand the risk to human health and adopt strategies to prevent harm. “Trade-offs” of health
and/or treatment of wind turbine induced health effects can be prevented if setback distances and
noise limits are developed using authoritative noise management techniques. Psycho-acoustical
impacts of a noise source must be assessed in context to the soundscape being affected. Limits
should be based on the physical characteristics of the specific sound source. Sound pressure
level, spectral characteristics, as well as the variations of these properties over time should be
assessed when determining the capacity of a noise to induce health effects.
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