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ind power has been gaining prominence as
a viable sustainable alternative to other forms

of energy production. Studies have found
that there is increasing population demand for ‘green’
energy'?. In Australia, this has been encouraged by the
introduction of the Renewable Energy (Electricity) Act in
2000 and the Renewable Energy Target Scheme in 2009.

As with any new technology, wind turbines are not without Thel’e IS

controversy. Those who oppose the development of wind

farms contend that wind turbines can adversely impact the curre nt|)' no

health of individuals living in close proximity. c
published

scientific

Concerns regarding the adverse health impacts of wind eVidence o
turbines focus on infrasound noise, electromagnetic .. .
interference, shadow flicker and blade glint produced POS|t|Ve|y ||n k

by wind turbines.

wind turbines
with adverse
health effects.

While a range of effects such as annoyance, anxiety, hearing
loss, and interference with sleep, speech and learning have
been reported anecdotally, there is no published scientific
evidence to support adverse effects of wind turbines on health.

Reported health concerns primarily relate to infrasound
(sound that is generally inaudible to the human ear) generated
by wind turbines. The World Health Organization states that
‘There is no reliable evidence that sounds below the hearing
threshold produce physiological or psychological effects’.
A recent expert panel review in North America found no
evidence that audible or subaudible sounds emitted by
+ wind turbines have any direct adverse physiological effect’.
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The principal human response to perceived infrasound
is annoyance’.
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A study of three UK wind farms also supports this conclusion, finding that Do wind turbines impact
sound associated with modern wind turbines is not a source which will result on health?

in noise levels which may be injurious to the health of a wind farm neighbour®.

However, there is also the argument that if people are worried about their How much sound do wind
health they may become anxious, causing stress related illnesses which are turbines produce?

genuine health effects arising from their worry, but not from the wind turbine
itself. For this reason, NHMRC recommends that people who believe they are
experiencing any health problems should consult their GP promptly.

Are there other features
of wind turbines that may
The situation is further complicated by findings that people who benefit have effects on health?
economically from wind turbines were less likely to report annoyance,

despite exposure to similar sound levels as people who were not

economically benefiting?.
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How much sound do wind
turbines produce?

Sound is composed of frequency expressed as hertz
(Hz) and pressure level expressed as decibels (dB).
Human sensitivity to sound is variable and people
will exhibit variable levels of tolerance to different
frequencies, including those below the normal range
of human hearing’.

Noise can be defined as any undesirable or unwanted
sound. The perception of the noise is influenced by
the attitude of the hearer towards the sound source’.

A recent study found that noise annoyance was strongly
associated with a negative attitude to the visual impact
of wind turbines on the landscape?.

Table 1 compares the noise produced by a ten turbine
wind farm compared to noise levels from some
selected activities.

Table I: Noise levels compared to a ten turbine wind farm

Activity Sound pressure level
(dBA¥*)

Jet aircraft at 250m 105

Noise in a busy office 60

Car travelling at 64kph at 100m 55

Wind farm (10 turbines) at 350m 35-45

Quiet bedroom 35

Background noise in rural area at night 2040

Based on these figures noise levels from wind turbines
have been assessed as “negligible”; that is, they appear
to be no different to that found in other everyday
situations’. Further, a survey of all known published
results of infrasound from wind turbines found that
wind turbines of contemporary design, where rotor
blades are in front of the tower, produce very low
levels of infrasound™.

Are there other features of
wind turbines that may have
effects on health?

It has been suggested that phenomena such as
shadow flicker and blade glint could have effects
on health. Shadow flicker describes the flicking
on and off of the wind turbine’s shadow as the
blades rotate'. The primary concern with shadow
flicker is the potential to cause epileptic seizures.
The evidence on shadow flicker does not support
a health concern'.

Blade glint happens when the surface of wind
turbine blades reflects the sun’s light''. All major
wind turbine blade manufacturers coat their blades
with a low reflectivity treatment which prevents
reflective glint from the surface of the blade.

The risk of blade glint from modern wind turbines
is considered to be very low!.

There has been some concern about electromagnetic
radiation from wind turbines however the closeness

of the electrical cables counters the electromagnetic

field, as does shielding with metal armour!z

Concerns regarding the adverse health impacts of
wind turbines focus on infrasound, electromagnetic
radiation, shadow flicker and blade glint produced
by wind turbines, as discussed above. While there is
currently no evidence linking these phenomena with
adverse health effects, the evidence is limited.

Therefore it is recommended that relevant authorities
take a precautionary approach and continue to
monitor research outcomes. Complying with standards
relating to wind turbine design, manufacture, and site
evaluation will minimise any potential impacts of
wind turbines on surrounding areas".

* The “A” represents a weighting of measured sound to mimic that discernable by the human ear, which does not perceive sound at low and

high frequencies to be as loud as mid range frequencies®.
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Wind Turbines and Health — A Rapid Review of the Ewdence

The purpose of this paper is to present findingmfa rapid review of the evidence
from current literature on the issue of wind tudsrand potential impacts on human
health. In particular the paper seeks to asceifténe following statement can be
supported by the evidenckhere are no direct pathological effects fromwind farms
and that any potential impact on humans can be minimised by following existing
planning guidelines. This statement is supported by the 2009 experévevi
commissioned by the American and Canadian Winddgnassociations

(Colby et al. 2009).

Context

In Australia, since the legislation of tRenewable Energy (Electricity) Act in 2000,
wind power has been gaining prominence as a valdtinable alternative to more
traditional forms of energy production. Studiesé&wnd that there is increasing
population demand for ‘green’ energy and that peapé willing to pay a premium
for renewable energy (Chatham-Kent Public Healtlt,\2008; Pedersen & Persson
Waye, 2007). However as with any shift in techngldge emergence of wind farms
is not without controversy.

There are two opposing viewpoints regarding wirrdites and their potential effect
on human health. It is important to note that theeass are frequently presented by
groups or people with vested interests. For examyled energy associations purport
that there is no evidence linking wind turbinesitoman health concerns. Conversely,
individuals or groups who oppose the developmentinél farms contend that wind
turbines can adversely impact the health of indiald living in proximity to wind
farms.

Concerns regarding the adverse health impactsraf tarbines focus on the effects
of infrasound, noise, electromagnetic interferesbadow flicker and blade glint
produced by wind turbines. Does the evidence suppese concerns?

Sound and Noise from Wind Turbines

Sound is composed of frequency expressed as h&rjzahd pressure expressed as
decibels (dB). In terms of frequency sound candiegorised as audible and
inaudible. Infrasound is commonly defined as sowhath is inaudible to the human
ear (below 16 Hz). Despite this commonly usedratgdin, infrasound can be audible
(EPHC, 2009). There is often confusion regardirgglibundary between infrasound
and low frequency noise (Leventhall, 2006). Humamsgivity to sound, especially to
low frequency sound, is variable and people wilibi variable levels of tolerance to
different frequencies (Minnesota Department of He&009).

Noise can be defined as any undesirable or unwaaigad. The perception of the
noise is also influenced by the attitude of thereowards the sound source. This is
sometimes called the nocebo effect, which is thposjpe of the better known placebo
effect. If people have been preconditioned to madative opinions about a noise
source, they are more likely to be affected bAUSWEA, 2004).



Wind turbines produce noise that can be classifitrithe following categories:
1. Mechanical noise which is produced from the motagearbox; if functioning
correctly, mechanical noise from modern wind tuelsishould not be an issue.
2. Aerodynamic noise which is produced by wind passwey the blade of the
wind turbine (Minnesota Department of Health, 2009)

As well as the general audible range of sound eomsswind turbines also produce
noise that includes a range of Special Audible &ttaristics (SACs) such as
amplitude modulation, impulsivity, low frequencyis® and tonality (EPHC, 2009).

Table 1 compares the noise produced by a ten tishoind farm compared to noise
levels from some selected activities.

Activity Sound pressure level (dBAJ
Jet aircraft at 250m 105
Noise in a busy office 60

Car travelling at 64kph at 100m 55
Wind farm (10 turbines) at 350m 35-45
Quiet bedroom 35
Background noise in rural area at night 20-40

Table 1: Noise levels compared to ten turbine viarth (SDC, 2005).

Macintosh and Downie (2006) conclude that basetthese figures “noise pollution
generated by wind turbines is negligible”.

One of the most common assertions regarding pateadiverse noise impacts of wind
turbines is concerned with low frequency noise iafidsound. It should be noted that
infrasound is constantly present in the environnaet is caused by various sources
such as ambient air turbulence, ventilation unitgan waves, distant explosions,
volcanic eruptions, traffic, aircraft and other mimery (Rogers, Manwell & Wright,
2006). In relation to wind turbines, Leventhall (B) concludes that there is
insignificant infrasound generated by wind turbiaes that there is normally little
low frequency noise. A survey of all known publidhresults of infrasound from wind
turbines found that wind turbines of contemporaggign, where rotor blades are in
front of the tower, produce very low levels of emsound (Jakobsen, 2005). Another
recent report concludes that wind farm noise da¢dave significant low-frequency
or infrasound components (Ministry of the Enviromty@007). As discussed in
further detail below the principal human respormsaudible infrasound is annoyance
(Rogers, 2006).

Effects of Noise from Wind Turbines on Human Health

The health and well-being effects of noise on peagh be classified into three broad
categories:

! The “A” represents a weighting of measured sownahimic that discernable by the human ear,
which does not perceive sound at low and high ®eegies to be as loud as mid range frequencies
(AusWEA, nd. a).



1. subjective effects including annoyance, nuisancedassatisfaction;
2. interference with activities such as speech, stewplearning; and
3. physiological effects such as anxiety, tinnitusearing loss (Rogers,
Manwell & Wright, 2006).
Several commentators argue that noise from wiraintas only produces effects in
the first two categories (Rogers, 2006; Peders&e&son Waye, 2007).

Various studies of wind turbine effects on healirdrconcentrated on the self-
reported perception of annoyance. There are diffeuwith measuring and

guantifying subjective effects of noise such asogance. According to the World
Health Organization (WHO) (1999) annoyance is areesk health effect, though this
is not universally accepted. Kalveram proposesahabyance is not a direct health
effect but an indication that a person’s capaatgdpe is under threat. The person has
to resolve the threat or their coping capacityndermined, leading to stress related
health effects (Kalveram 2000). Some people arg aenoyed at quite low levels of
noise, whilst other are not annoyed by high levels.

It has been suggested that if people are worriedtabeir health they may become
anxious, causing stress related illnesses. Thesgeauine health effects arising from
their worry, which arises from the wind turbinegevhough the turbine may not
objectively be a risk to health (Chapman 2010). Mieasurement of health effects
attributable to wind turbines is therefore very qbex.

One study of wind turbine noise and annoyance fahatino adverse health effects
other than annoyance could be directly correlatigd moise from wind turbines. The
authors concluded that reported sleep difficuliessyell as feelings of uneasiness,
associated with noise annoyance could be an effébe exposure to noise, although
it could just as well be that respondents with sileg difficulties more easily
appraised the noise as annoying (Pedersen & Pevgaga, 2007).

Many factors can influence the way noise from wndbines is perceived. The
aforementioned study also found that being abkewind turbines from one’s
residence increased not just the odds of percethi@gound, but also the odds of
being annoyed, suggesting a multimodal effect efatdible and visual exposure
from the same source leading to an enhancemeheafdgative appraisal of the noise
by the visual stimuli (Pedersen & Persson Waye7208nother study of residents
living in the vicinity of wind farms in the Nethards found that annoyance was
strongly correlated with a negative attitude towidn@l visual impact of wind turbines
on the landscape. The study also concluded thati@edio benefit economically
from wind turbines were less likely to report nogsseoyance, despite exposure to
similar sound levels as those people who were cart@mically benefiting (Pedersen
et al, 2009).

In addition to audible noise, concerns have bemsedaabout infrasound from wind
farms and health effects. It has been noted tleag¢tiects of low frequency
infrasound (less than 20Hz) on humans are notuvelerstood (NRC, 2007).
However, as discussed above, several authors bggested that low level frequency
noise or infrasound emitted by wind turbines isimed and of no consequence
(Leventhall, 2006; Jakobsen, 2005). Further, nuosereports have concluded that
there is no evidence of health effects arising frofrasound or low frequency noise



generated by wind turbines (DTI, 2006; CanWEA, 200Batham-Kent Public
Health Unit, 2008; WHO, 2004; EPHC, 2009; HGC Emrgiring, 2007). In summary:

* ‘There is no reliable evidence that infrasound®Wwethe hearing threshold
produce physiological or psychological effects’ (fland & Lindvall 1995).

* Infrasound associated with modern wind turbinesoisa source which will
result in noise levels which may be injurious te trealth of a wind farm
neighbour (DTI, 2006).

* Findings clearly show that there is no peer-reveta@entific evidence
indicating that wind turbines have an adverse impadiuman health
(CanWEA, 20009).

* Sound from wind turbines does not pose a risk afing loss or any other
adverse health effects in humans. Subaudible, lequency sounds and
infrasound from wind turbines do not present a tiskuman health
(Colby, et al 2009).

* The Chatham-Kent Public Health Unit (Ontario, Ca)agviewed the current
literature regarding the known health impacts afdviurbines in order to
make an evidence-based decision. Their report adedlthat current
evidence failed to demonstrate a health concewwcated with wind turbines.
‘In summary, as long as the Ministry of Environmeéntidelines for location
criteria of wind farms are followed ... there will begligible adverse health
impacts on Chatham-Kent citizens. Although opposito wind farms on
aesthetic grounds is a legitimate point of viewpagtion to wind farms on
the basis of potential adverse health consequesced justified by the
evidence’ (Chatham-Kent Public Health Unit, 2008).

* Wind energy is associated with fewer health effétas other forms of
traditional energy generation and in fact will hgpaesitive health benefits
(WHO, 2004).

* ‘There are, at present, very few published andhsifieally-validated cases of
an SACs of wind farm noise emission being problémat the extent of
reliable published material does not, at this stagerant inclusion of SACs
... into the noise impact assessment planning stagelC, 2009).

* While a great deal of discussion about infrasouncbinnection with wind
turbine generators exists in the media there igamidiable evidence for
infrasound and production by modern turbines (H@@iBeering, 2007).

The opposing view is that noise from wind turbipesduces a cluster of symptoms
which has been termed Wind Turbine Syndrome (WTBg main proponent of WTS
is a US based paediatrician, Dr Pierpont, who aEsmsed a book ‘Wind Turbine
Syndrome: A report on a Natural Experiment, presease studies explaining WTS
symptoms in relation to infrasound and low frequemnaise. Dr Pierpont’s assertions
are yet to be published in a peer-reviewed journad, have been heavily criticised by



acoustic specialists. Based on current evidencanitboe concluded that wind turbines
do not pose a threat to health if planning guidsiare followed.

Shadow Flicker and Blade Glint

Shadow flicker occurs when the sun is located lmkhiwind turbine casting a shadow
that appears to flick on and off as the wind tueditades rotate (Chatham-Kent
Public health Unit, 2008). It is possible to usedelting software to model shadow
flicker before the finalisation of a wind farm laytoand siting.

Blade glint occurs when the surface of wind turdateeles reflect the sun’s light and
has the potential to annoy people (EPHC, 2009).

Effects of Shadow Flicker and Blade Glint on HumarHealth

Shadow flicker from wind turbines that interruptsmbght at flash frequencies greater
than 3Hz has the potential to provoke photosemsgeizures (Harding, Harding &
Wilkins, 2008). As such it is recommended thatitowsmvent potential health effects
of shadow flicker wind turbines should only be aik&d if flicker frequency remains
below 2.5 Hz under all conditions (Harding, Hard&gVilkins, 2008).

According to the EPHC (2009) there is negligibbkrof seizures being caused by
modern wind turbines for the following reasons:
» less than 0.5% of the population are subject tlepgpy at any one time, and of
these, approximately 5% are susceptible to strolgmdy
* Most commonly (96% of the time), those that areespsble to strobe lighting
are affected by frequencies in excess of 8 Hz heddmainder are affected by
frequencies in excess of 2.5 Hz. Conventional looitizl axis wind turbines
cause shadow flicker at frequencies of around bHess;
» alignment of three or more conventional horizoatas wind turbines could
cause shadow flicker frequencies in excess of 2;5bBwever, this would
require a particularly unlikely turbine configuiaii

In summary, the evidence on shadow flicker doesuapport a health concern
(Chatham-Kent Public Health Unit, 2008) as the cleasf conventional horizontal
axis wind turbines causing an epileptic seizureafoindividual experiencing shadow
flicker is less than 1 in 10 million (EPHC, 2008F with noise, the main impact
associated with shadow flicker from wind turbinesnnoyance.

In regards to blade glint, manufacturers of allanayind turbine blades coat their
blades with a low reflectivity treatment which peexs reflective glint from the
surface of the blade. According to the Environnferatection and Heritage Council
(EPHC) the risk of blade glint from modern windtimes is considered to be very
low (EPHC, 2009).

Electromagnetic Radiation and Interference
Electromagnetic radiation (EMR) is a wavelike pattef electric and magnetic

energy moving together. Types of EMR include X-rayaviolet, visible light,
infrared and radio waves (AusWEA, nd. b).



Electromagnetic interference (EMI) from wind turbsnmay affect electromagnetic or
radiocommunication signals including broadcastoauatd television, mobile phones
and radar (EPHC, 2009).

As high and exposed sites are best from a winduresgerspective, it is not unusual
for any of a range of telecommunications instadlasi, radio and television masts,
mobile phone base stations or emergency servide naasts to be located nearby.
Care must be taken to ensure that wind turbinasotipassively interfere with these
facilities by directly obstructing, reflecting cefracting their radio frequency EMR
signals.

Effects of Electromagnetic Radiation and Interference from Wird Turbines on
Human Health

Electromagnetic Fields (EMF) emanate from any wagying electricity and
Australians are routinely exposed to these fiaidbheir everyday lives. The
electromagnetic fields produced by the generati@hexport of electricity from a
wind farm do not pose a threat to public healthr(§iviish Energy 2004). The
closeness of the electrical cables between wirldrtargenerators to each other, and
shielding with metal armour effectively eliminateylEMF (AusWEA, nd. b).

Measures to Mitigate Potential Impacts of Wind Turlines

As with the introduction of any new technology, soaommunities are against wind
farms being located in their area. Some factorglwhmay increase community
concern include coerced or unequal exposure, indlystxotic and/or memorable
nature of the turbine, dreaded, unknown or catpktcoconsequences, substantial
media attention, potential for collective actiomdanprocess which is unresponsive to
the community. Voluntary exposure, for example ciog to house the turbine on
community land, reduces concern (Adapted by ProfeShapman from Covello et

al. methodology 1986).

One review of wind turbines and noise recommendshbst practice guidelines such
as those identifying potential receptors of turhbioese, following established
setbacks and dispelling rumours regarding infradomnich have not been supported
by research, are followed in order to mitigate potential noise issues associated
with wind turbines (Howe, 2007).

Sustainable Energy Authority Victoria (2003) alscommend that complying with
standards relating to turbine design and manufagiusite evaluation and final siting
of wind turbines will minimise any potential impaain the surrounding area.

The recently released Draft National Wind Farm Deeent Guidelines (EPHC,
2009) include detailed methodologies at differ¢agss of the planning and
development process to assess such issues asandisbadow flicker to mitigate any
potential impact. Such processes include a rangaeakures such as high-level risk
assessment, data collection, impact assessmeaileddtechnical studies and public
consultation.



Therefore if planning guidelines are followed amtnenunities are consulted with in a
meaningful way, resistance to wind farms is likielyoe reduced and annoyance and
related health effects avoided.

Conclusion

The health effects of many forms of renewable engemeration, such as wind
farms, have not been assessed to the same exthsadrom traditional sources.
However, renewable energy generation is assocwitedew adverse health effects
compared with the well documented health burdernmobiting forms of electricity
generation (Markandya & Wilkinson, 2007).

This review of the available evidence, includingrjaal articles, surveys, literature
reviews and government reports, supports the statethat:There are no direct
pathological effects fromwind farms and that any potential impact on humans can be
minimised by following existing planning guidelines.
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