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ABSTRACT

Background: Wind turbinesare a form of renewable energy, which generate electricity
from wind energy, a practice dating back over 100 ydaose recently, argescale wind
energydevelopmentfiave started temploy one or several industrial wind turbines,

which produce the majority of windnergy in OntarioThe production of electricity from

the movement ahdustrialwind turbine motor blades creates both mechanical and
aerodynamic noise. This type of environmental noise is a growing public health concern,
especially for residents living closeitalustrialwind turbines. A body of evidence wo

exists to suggest thatdustrialwind turbine noise can impair health and contribute to
annoyance and sleep disturbance. However, in Ontario, little is known about how
industrialwind turbines impact people living in their vicinity.

Objectives: This investigation was a crosectional study involving eight Ontario
communities that contaigreater than temdustrial wind turbinesThe objectives of this

study were t@xplorethe association between proximity to industrial wind turbines and
selfreportedhealth effects, specifically quality of life (both physical and mental health)

and sleep disturbance, in residents living close to wind turbines:rBsgense

relationships weralso exploredn an attempt to investigate acceptable exposure levels

and ajpropriate setback distances fodustrialwind turbines.

Methods: Eight windfarmsin Ontario were selected for analydt®r this cosssectional

st ud yQuality of bife ad Renewb | e Ener gy T esturllepywasusedi es St uc
to measure the impaot industrial wind turbinesn healthUs i ng Canada Post 6s
Unaddressed Admail Service, surveys were sent to 4,876 residences near industrial wind
turbines in these eight communities. Survey responses were sent back to the University of
Waterloo and datadm the surveys were used for analyBigscriptiveanalyses were
performedandmultiple regression models were nminvestigate the effect of the main
independent variable of interest (distance to neardsstrial wind turbingon the

various outcomeariables Descriptive statistics, including means and standard

deviations were pormedon a numbeof dependent and independent variables

including age, sex, time in home, numbemalustrial wind turbinesvithin 2,000 meters

and sleep and health outcem



Results:In total, 412 surveys were returned (8.45% response rate); 16 obthresg
responeénts did not provide their honagldress. Therefore, 396 surveys were included in
the analysisThemeanselfreported distances survey respondents to wifidrms was

2,782 meters 3,950 meters (rang8:40-55,000 meters). The mean calculated distance
from residence to the closest industrial wind turbine was 4,523 nidt&20 meters

(range: 31&22,661 meters). The difference between the calculated andveerdestance
measurements was statistically significant (P<0.001) with survey respondents reporting
that they live, on average, 1,741 meters closer to wind farms than they actually do. The
relationship between Pittsburgh Sleep Quality Index and In(destavers found to be
statistically significant (P6.01) when controlling for age, gender and county, meaning
that as distance increased (move further away from an industrial wind turbine), Pittsburgh
Sleep Quality Index decreased (i.e. sleep improved)agarithmic relationship. Among

the eight Wind Turbine Syndrome index variables, the relationship between vertigo and
In(distance) was statistically significant (P<0.001) when controlling for age, gender, and
county. Additionally, the relationship betwetmitus and In(distance) approached
statistical significance (P=0.08) when controlling for age, gender and county. Both
vertigo and tinnitus were worse among participants living closer to industrial wind
turbines.

Conclusion: Study findings suggeghatindustrial wind turbinesould have an impact on
health.Using a sample of rural Ontario residefakhough not necessarily representative
of the target populationjhis studyexploredthe quality of life(both physical and mental
health)and sleep distbance of residents living in the vicinity midustrialwind turbines.
However, because of study limitationisete are many questions still to be answered
beforefirm conclusions can be drawn. Based on the findings of this study it is
recommended that finer studies be carried out to examine the effects cidoel

stressors, such asdustrial wind turbinenoise, on healtiSpecifically, sudy findings

suggest that future research should focus on the effertdustrialwind turbine noise on
sleep dsturbance and symptomsioher ear problemsAlthoughthe study findings

could suggest that there is a possible association betx@eens health outcomes@

how far someone lives from an industmahd turbine, it is important to remember that

thereare limitations to these conclusions.
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CHAPTER 117 INTRODUCTION

1.1 General Problem Area
Renewable energy sourcesich as wind, solar and bioenergy, have been used for
centuries; however,theyaset art i ng t o play an increasingly
energy scenaridVind turbinesare a form of renewable energy, which generate
electricity from the mechanical movement of blades by the wangractice dating back
over 100 years (Shepherdatt 2011)Ont ari o6s production of rene
specifically wind, is rapidly expanding and currently Ontario isnd@nalleader in
installed wind energy capacity (Ferguddiartin & Hill, 2011).Most of Ont ari o06s
installed wind energy is in therfm of largescale wind energgievelopmentswvhich
employ one or severatdustrial wind turbinedndustrial wind turbines range in size, but
are usually ove®0 metersn height anccan each generate anywhere fromé5 to 2.5
MW of power(CANWEA, 2011).
Typically, a group of several industrial wind turbines locatedasecproximity to
one another aneeferred to as a wind farm. Md farms are a new source of
environmental noise (Peden, 2011) becausee inflowing airstream is rarely stalde
wind velocity and direction are always changing. Wind velocity increases with height,
especially at night and is affected twarby structures (e.g. other industrial wind
turbineg, which may result in inflow turbulence. All of these factors result in what ha
been descri bed as a nais @We. achodynagnic nogse).drhisit humpi ng
aerodynamic noise {goorly masked by ambient noiaad is reported to be more

annoying than other soces of environmental noigelanning, 2012).



1.2 Relevance and Sigficance

The impact ofindustrial wind turbine environmental noise health andvell-
being has not been well established and is still under debate (Pedersen, 2011). A few
studies have shown that whedustrial wind turbinesre placed in residential a®they
may cause noise annoyance (Perssoné\smd Ohrstrom, 200Pedersen and Persson
Waye, 2004; Pedersen and Persson &VaQ07; Pedersen et al., 2008; Pedersen et al.,
2010). However, only a small number of peeviewed studies currently exigthich
have examined the health impactmdustrial wind turbinenoise (Shepherd et al., 2011).
Being able to quantify the impact ofdustrial wind turbinenoise on health will help to
inform industrial wind turbineoperational guidelines (e.g. appropriatelsack distances)
(Shepherd et al., 20L1as well as policy and implementation of wind turbiresq is
therefore very important as wind farms are developing and growing rapidly.

With the increased desire to generate sustainable energy and to reduss dhe
fossil fuels, industriakcale harvesting of wind energy has increased in the last decade
(Shepherd et al., 2011). Although the number of operatindaktrial wind turbiness
rapidly growing globally (Pedersen et al., 2010), not much is knowutdbe impact that
industrial wind turbinesnay have on residents living nearby (Pedersen and Persson
Waye, 2004)Currentlyin Ontariominimal research has been done to investigate the
health impacts ahdustrial wind turbinesn people living in theivicinity (Pedersen &
Persson Waye, 2004). More specifically, one of thedags in evidence is the health
effects from longterm exposure to low frequenapisefrom industrial wind turbines

(Rideout et al., 2010).



It is clear that the increasing numlaerd size of wind farms Ontariocalls for
further investigation into the impact imidustrial wind turbinesn residentéiving nearby
industrial wind turbines in order to minimia@y adverse health effects that noagur
(Pedersen et al., 2009). lanticular, it is important to look at doesesponse relationships
to try to understandcceptable exposure levéRedersen & Waye, 20080 that
possible adverse health effecan be avoided (Pedersen et al., 2009). Furthermore,
policy makers are askimguestions and demanding information about the possible link
betweenndustrial wind turbineand health so that they are able to better inform setback
distances (Shepherd et al., 2011). InMay 2@t ari o6s Chi ef Medi cal
Health concluded thahere is a shortage of Canadian epidemiological evidence proving
any cause and effect relationship betwelustrial wind turbineand adverse health
effects (CMOH, 2010). Therefore, this study will help add to the body of knowledge
surrounding exposute industrialwind turbinesand health. It ifiypothesizedhat
individualsliving closer toindustrial wind turbinesnayexperience a lower quality of life
(both physical and mental health) and have greater sleep distutbandbose living
further awayfrom industrial wind turbinesSpecifically, it ishypothesizedhatindustrial
wind turbines maye negatively related to quality of life (both physical and mental

health) and positively related to sledipturbance (see Figurebklow).

(



Physical Health

|
Exposure to —
Industrial Wind Mental Health
Turbines +

Sleep Disturbance

Figure 1. Conceptual Model Showing Hyghesized RelationshiplsetweerExposure tolndustrial Wind
Turbinesand Outcome Variables (relationships between outcome variables not shown)
1.3 Reseech Objectives
The objectives of thisesearctwere to study eight Ontario wind farm communities in
order to;
1) explore the selfeported adverse health effects relatechémtal health, physical
health and sleep disturbance fremposure to industrial winirbinesand,;
2) explorepossible doseesponse relationshgp
As the number and size of wind farms in Ontario continue to increase, it is critical that
the impact ofndustrial wind turbines on human healthdsamined in order to avoid and

minimizeany aderse health effects that may occur.



CHAPTER 21 LITERATURE REVIEW

This literature review will first describe the current context for wind energy and
industrial wind turbine developmeimt Ontario. Then, the overgdotentialhealth effects
of industrial wind turbinesvill be examined. Following thismpacts ofnoise from
industrial wind turbinesvill be discussed as this is where many curhnevestigatorsare
focusing their research. Finally, a summary of reported health effects relatddstrial
wind turbines noise will be provided as will a discussion about-ces®nse

relationships and causality.

2.1Wind Energy in Ontario

In 2003, the newly elected Liberal government implemented supportive wind
power policies, which included rewable electricity targets of 5% by 2007 and 10% by
2010 (Ontario Liberal Party, 2003). In an attempt to meet these targets, the Ontario
Government issued tenders for renewable energy power purchase agreements in 2004 and
2005 (FergusoiMartin & Hill, 2011). Next, in 2006, the government created a Feed
Tariff program called the Renewable Energy Standard Offer Program (RESOP). This
Feedin-Tariff program guaranteed rates for energy generated from renewable sources
(i.e. solar photovoltaic, biogas, biomassdfill gas, orshore and ofshore wind and
water power) (MOE, 2010). Although this program offered 11 cents/kWh price for wind,
there was no guarantee of being connected to the grid and only wind projects smaller than
10MW were included (Ferguséviartin & Hill, 2011).

In the spring of 2009, the RESOP was expanded and ttes Greergy and

Economy Act (GEA)vas passed by the Ontario Government (Ferghdartin & Hill,



2011). This act was created with the goal s
renewdle energy, encouraging energy conversation and increasing the number -of clean
energy jobs (MOE, 2010). As part of the GEA, the tariff levels were raised. Currently,

Ont ar i enélariff pregeach provides a tariff of 11.5 cents/kWh for new wind

energy @velopment (CanWEA, 2012). The GEA created a single access point for

government approvals, removed the requirement of municipal approval and made it
mandatory for utility companies to feed new renewable energy projects into the grid. This

new regulation forenewable energy projects also included minimum setbacks for

industrial wind turbines (i.e. 550 meters from residences and otheraoéggos’) and

mandatory community consultations (Fergusdartin & Hill, 2011).

In late 2010, the Ontario governnt@mnounced their Long Term Energy Plan
(LTEP). According to the LTEP, the Ontario government aims to have 10,700 MW of
installed capacity of renewable energy (not inclgdiydro) by 2018, with about 7,500
MW of that being supplied by wind energy (CanWEA12).

Recently, the Ontario Government released the results of a review of thenFeed
Tariff program and made a new commitment to acquire all of the wind energy required to
meet the 2018 target by 2085 0f 2012 Ont ari od6s i nwasal l ed wind
approximately 243 MW with more than 3,600 MW of new wind energy already
committed toor contractegto be built(CanWEA, 2012). As of 2012, Canada has an
installed wind energy capacity of 6,568 MW distributed across 162 sites (CanWEA,
2012) withOntaro beingthe nationalleader ininstalled wind energy capacity,
contributing to about onthird of naional wind energy development between 1995 and

2012. Specifically, Ontaribas been quite aggressive in deploying wind since 2005

! Receptors include buildings, dwellings, campsites, places of worship, and institutions (MOE, 2008)
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(FergusormMartin &Hill, 2011) . This is most | ikely due to
power policies and also because Ontariobds Gr
resources with high onshore wind speeds near the lakes, especially in the Bruce Region
(FergusorMartin & Hill, 2011). With the majority ofindustrial wind turbineg Ontario

having been built after 200&s of 2012here areabout46 wind farm sites and a total of

about 1,100ndustrial wind turbinegn Ontario (CanWEA, 2012).

2.2 Health Effects of Wind Turbines

Even though windurbines havéeenused as a source of electricifipbally,
industrial wind turbines and vast decentralized wind farms are a recent phenomenon in
Ontario.As with the introduction of any new technology, concerns about the health
impacts lave been raisedhe relationship between reported health effectsrashastrial
wind turbiness an ongoing debat®inimum setback distances (i.e. 5®@tersn
Ontario) based on a 4fkcibel noise limit (MOE, 2013) have beemr eat ed At o r educ
avoidpotential complaints from, or potential effects to, people living in proximity to
wind turbinesodo (Knopp eastre@umbdr ¢f wiodfarms2 01 1) . How
increaseso does the number of reported health effects and community concerns. These
concerns pmarily relate tothe followingissues:

1. Industrial wind turbine design and infrastructure (eigual impact,
electromagnetic fields associated with generation and transmission of electricity,
shadow flicker and ice throw from rotor blades, and strukcturanechanical

failure) and;



2. Industrial wind turbine noise and vibration (dayels of audible noise [including

low frequency noise] and infrasound).

It is possible that these issues, if left unmanaged, could result in negative health impacts
(Knopperé& Ollson, 2011). Althoughndustrial wind turbinesliffer from traditional
environmental stressors (e.g. heat, crowding, air pollution, odours, etc.) they may still
cause stress through noise, vibration, visual disturbancpaedtially some other

unknown pathways. Thereforéndustrial wind turbinesnay be environmental stressors

to some people and their impacts on health should be examined.

According to Shepherd et al. (2011), Adwin
health, specifically quality offe, including quality of sleep and annoyance leading to a
chronic stress response resulting in diminished physical and environmental quality of
| i .fHewever, there is a large array of reported health effectsifrdustrial wind
turbines Seltreportedsurveys, case studies and complaints from residents living near
wind farms have reported health effects including, but not limited to: decreased quality of
life, sleep disturbance, annoyance, stress, inner ear problems, cardiac concerns,
headaches, angeltepression, irritability, and fatigue (Pedersen & Persson Waye, 2004;
Pedersen & Persson Waye, 2007; Pedersen et al., 2010; Minnesota Department of Health
Environmental Health Division, 2009; Pierpont, 2009; Shepherd et al., 2011; Nissenbaum
et al., 2011)The following symptom$ sleepdisturbance, headaches, difficulty
concentrating, irritability and fatiguehave beem ef erred t o as dAwind tur
(WTS) and are hypothesized to result from the low frequency soundsdustrial wind
turbinesgenerate (Pierpont, 2003t this point in timethere is ittle academic research

on WTS In particular, since wind farms are a new source of environmental noise, the



impact ofindustrial wind turbinenoise on health and webeing has not yet been well

edablished (Pedersen, 2011).

2.3Noise from Wind Turbines

Industrial wind turbinegroduce sound. Sound can be described in two whays
its sound pressure level (loudness), which is measured in dgciBgl and by its
frequency (pitch), which is nasured in Hertz (Hz) (Rogers et al., 2006; Leventtadil,
2003).Noi se can be simply defined as Aunwanted
noise differs among people and places.

Industrial wind turbineproduce twanaintypes of noise: mechanicabise and
aerodynamic noise. Mechanical noise (mainly motor noise from within the turbine) can
contain discrete tone components, which are known to be more annoying than noise
without tone There are ways to substantially reduce mechanical noise. Aerattyna
noise fromindustrial wind turbinesnainly comes from the flow of air around the blades
Sound pressure levels increase with tip speed and simdwdtrial wind turbine
Manufacturers have been able to reduce the mechanical noise to a level below the
aerodynamic noise and thus, aerodynamic noise is usually the dominant noise from
industrial wind turbine¢Pedersen & Persson Waye, 2004).

The inflowing airstreantowards industrial wind turbines rarely stabléecause
wind velocity and direction ar@ways changing. Wind velocity increases with height,
especially at night and is affected by nearby structures (e.g.inthestrial wind

turbineg, which may result in inflow turbulence. All of these factors result in what has

been describhgd asdainfiBwmphngo noise (i .e. ae



more annoying than other sources of environmental noise and is poorly masked by
ambient(i.e. backgroundioise (Hanning, 2012). This aerodynamic noise is present at all
frequencies, from infrasod (frequenciebelow 20Hz)o low frequencyffequencies
below 200 Hz}o the normal audible randkeeventhall, 2006; Colby et al., 2009)he
normal human ear can hear sounds at frequencies ranging frdmta®0,000 Hz
(Rogers et al., 2006; Leventhatl al, 2003).In most cases, the sound framdustrial
wind turbineds described as infrasound. Although infrasound is usually inaudible, at
high enough sound pressure levelsan be audible to some peofiRogerset al., 2006;
Leventhall et al., 208).

Typical sound levels of a modemdustrial wind turbingange from 98104
dB(A) at a wind speed of 8 m/s, though this can vary depending on meteorological and
ground conditions (Pedersen and Persdataye, 2007).For exampleywhen 350550
meters fron an industrial wind turbinghe sound pressure ldus normally in the range
of 35 to ® dB(A) (Rideout & Copes, 2030which is comparable to indoor background
sound (see Figure 2). Althougiis sound level is not usually sufficient enough to
damage haring, it may lead teleep disturbanc@nnoyancand other health effects in

residents living nearbydustrial wind turbine¢Rideout & Copes, 2010).
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A COMPARISON OF SOUND PRESSURE AND SOUND PRESSURE LEVEL

Sound Pressure, Pa Sound Pressure Level, dB
20 —p1— 120
—f— Pneumatic Chipper (at 5 ft)
10 ——
Rock-n-Roll Band —— 110
5 —1— Textile Loom
Power Lawn Mower 5 —— 100
(at operator’s ear)
—— Newspaper Press
1 —
—— 90
. . Diesel Truck 40 mph
Milling Machine (at 4 ft 0.5
Hling Machine (at 4 ft) —— (at 50 ft)
Garbage Disposal (at 3 ft) 0.2 —— B0
0.1 ——
Vacuum Cleaner —t— 70
1 Passenger Car 50 mph
0.05 (at 50 ft)
_ Air andmmmng 0.02 —— 60 Conversation
Window Unit (at 25 ft) (at 3 ft)
0.01 44—
—1— 50
. . 0.005 ——
W'”dagggt;”r; 0002 —}— 40  Quiet Room
0.001 —f—
—t— 30
0.0005 —— Soft Whisper (5 ft)
0.0002 —— 20  Rustling Leaves
0.0001 ——
—— 10 Human Breathing
0.00005 —p—
0.00002 —r— @

Figure 2: A Comparison of Sound Pressure and Sound Pressure Level (Wind
Turbines in Relations to Other SourcesRideout & Copes, 2010)

2.4Reported Health Effects Related to Wind Turbine Noise
Possible adverse health effectaagsult oindustrial wind turbinenoise have

been a concern since the beginning of the modern wind power era in the 1970s, however
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the impact ofndustrialwind turbinenoise on health and wdbeing is not yet well
understood or established (Peders@&i12. In semirural or rural areas, wind farm noise
is of particular interest because it- 1 s typi
characterized and generally cheélherelahed sounds
beenmuchdiscussion about etheror notwind farm noise poses a significant health
threat to residents living nearby. Studies have shown that high sound pressure levels
(loudness) of audible noise and infrasound have been associated with learningnsleep
cognitive disruptionsstress, and anxiety (Leventhall et al., 2003; WHOE, 2009; Knopper
& Ollson, 2011). More specifically, studies have suggestedritastrial wind turbine
noise (i.e. lowfrequency sound energy below B@) can impachealth, though this is
still a topicunder debate (Pierpont, 2009; Salt & Hull2010; Bakker, 2012)n
addition,industrial wind turbinenoise may affect health by causing annoyance or
disturbing sleep, which means thadustrial wind turbinenoise can be classified as
community noise alorggde industrial and transportation noise (Shepherd et al.; 2011
Bakker, 2012

Studies performed in Sweden and the Netherlands found direct relationships
between modeled sound pressure levels fratustrial wind turbinesind selfreported
perception osound and annoyance (Pedersen et al., 2009; Pedersen and Waye, 2008;
Pedersen and Waye, 2007; Pedersen and Waye, RakKer, 2012 Furthermore, case
studies that involved qualitative analyses have shown a negative relationship between
industrial wind trbinenoise and welbeing (Pedersen et al., 2007; Pierpont, 2009). A
recent study by Shepherd et al. (2011), involving quantitative investigations of the impact

of wind farms on Health Related Quality of Life (HRQOL), found that wind farm noise
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can negavely impact different aspects of HRQOL. Specifically they fodimat residents
living within 2 km of an industrial wind turbineported lower overall quality of life,
physical quality of life, and environmental quality of life. Shepherd et al. (201d) als
found that residents exposedndustrial wind turbinenoise reported significantly lower
sleep quality, and rated their environment as less restful. Another recent study compared
sleep and general health outcomes of participants living closdustial wind turbines
and those living further away fromdustrial wind turbinegNissenbaum et al., 2012).
This studyfound that partigants living within 1.4 km of an industrial wind turbihad
worse sleep, were sleepier during the day, and had wor86 Biental component scores
compared to those living further than 1.4 km a\{digsenbaum et al., 2012pther

studies have also observed correlations betwekrstrial wind turbine noise, annoyance,

and sleep disruption (Pedersen & Waye, 2008; van deneéBaitg 2008; Bakker, 2012).

2.5 DoseResponse Relationships
Rot hman & Greenland (2005) define 6causebd
antecedent event, condition, or characteristic that was necessary for the occurrence of the
disease at the momenbitcurred, given that other conditions are fixdd other words,
a cause of a diseasean event, condition, or characteristic timatstprecedehe disease
and withoutthis causes(sjhe disease either would not have occurred or would not have
occurreduntil some latepoint in time. Unfortunately, for biological effects, most and
sometimes all of the components of a cause are unk(®athman and Greenland,

2005)and difficult to determine

13



Sir Austin BradfordHill establisheadhine criteria for causen. The nine criteria
area group of minimatonditions (see Table 1 below) necessargrovide adequate
evidence of a causal relationship between an incidence and a cons€gaedoes
factor A cause disorder BBiological gradient o n e aiteria foi chuksaban, c
guestions if there is a dosesponse relationshifn general, a dosesponse relationship
means the greater tegposure, the greater the incidence of the effect. However, in some
cases, just having the factor present can triggeeffect. In other cases, an inverse
proportion can be found meaning that greater exposure leads to lower incidence
(BradfordHill, 1965). In this study disfance to closest industrial wind turbdmeas used

as the 6dosed vari alsl eisemndd aGhadlet Drestponmed

Tabl e 1: Hi |l 1l 6s Nine Cr-il, 895 a f or Causat
Criterion Description
Strength (of the association) A small/weak association does not mean that there is not a

causal effect, though the larger/stgenthe association, the
more likely that the association is causal.

Consistency (of the observed The likelihood of an effect is strengthened by consistent find

association) observed by different persons in different places with differe
samples.

Specificity (of the association) When there is a very specific population at a specific site wit|

disease and there is no other likely explanation, causation i
likely. The more specific the association between a factor an
effect, the bigger the prability of a causal relationship.

Temporality (temporal relationship of | The cause has to occur before the effect. If there is an expe
the association) delay between the cause and expected effect, then the effeq
must occur after that delay.

Biological gradient (or doseesponse | The greater the exposure, the greater the incidence of the ef
curve) In some cases, just having the factor present can trigger the
effect. In other cases, an inverse proportion can be found
meaning that greater exposueads to lower incidence.

Plausibility (is the suspected causatio| A plausible mechanism between the cause and the effect is

biologically plausible?) helpful, however knowledge of the mechanism is limited by
current knowledge.
Coherence The likelihoodof an effect increases when there is coherence

between epidemiological and laboratory findings. It is import
to know that Hill noted "... lack of such [laboratory] evidence
cannot nullify the epidemiological effect on associations".

Experiment Occasimally it is possible to appeal to experimental or semi
experimental evidence.
Analogy The effect of similar factors may be considered.
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It is important to recognizéoweverthat associations that do show a trend in
disease frequency with increasiegels of exposurera not necessarily causal. For
exampleconfounding can result in a relation between acaunsal risk factor and
disease if the confounding factor itself demonstrates a biological gradient in its relation
with disease (Rothman & Greanid, 2005).

Some studies have examined industrial wind turbine noise andeksanse
relationships for a variety of different outcomes. For example, one study foumbiget
levels of wind turbines have a desesponse relationship with annoyancesidgnificantly
larger proportion of survey responde(86%)i n t he south of Sweden be
annoyedd with wind t ur bcomgaerdtalowennoised¢eeels,| evel s
such as 32:85dB (8%) (Pedersen & Perssivaye, 2004)Similarly, Bakler et al.

(2012) conducted a study examine the relation between exposure to the sound of wind
turbines and annoyance, setported sleep disturbance and psychological distress of
people that live near wind turbines. A dbssponse relationship was falibetween
emission levels of wind turbine sound and sefforted noise annoyandnother study

that used distance as a proxy measure for dose foungkittiafpants living closer to
industrial wind turbinetad worse sleep, were sleepier during the dagl had worse SF

36 mental component scores compared to those living fuatisy from industrial wind
turbines. Moreover, significant desesponse relationships were found between PSQI,
Epworth Sleepiness Score,-86 Mental Component Score and logtaiee to the

nearest industrial wind turbine after controlling for gender, age and household clustering

(Nissenbaum et al., 2012).
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CHAPTER 3 - METHODS

3.1Study Area and Participants
Eight windfarmsin Ontario were selected for analysis andsaewvn in Figure 3.
For this study, a wind farm was defined as a collection of at leastdestrial wind

turbinessituated inthe same locatiofRowlands& Jernigan2008). The largest wind

0 2550 100 Kilometers

T

TRy~ : A

<z

FIGURE 3: Eight Wind Farm Communities Aalyzed in Ontario. Wind farm sites are shown in gre
The province of Ontario is shown (inset)Quick et al.,submitted).

farm in eaclcounty inOntario(that hasa wind farm) was choseexcluding two wind

farms(Prince Wind Power Project [Phase 1 and Phase 2] and Greenwich Wind Farm)

because they are located in very remote areadavitipopulation densitie®ind farms

that consist of more than one phase or have two separatevpegt®nsidered as one
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wind farm in the selection proce@<. Melancthon Phase 1 and Melancthon Phase 2;
Comber East Wind Project and Comber West Wind Project; and Frogmore Wind Project,
Cultus Wind Project, and Clear Creek Wind Faii)nd farns selectedor this study

are outlinedn Table 2.Individual wind turbine locations wenmapped (see Figure 8y
University of Waterloo Researchers using Google Earth, coordinate lists, shapefiles, and
by translating data from other maps. Overall, 1,420 wind turboegitms were mapped

from 56 wind farms in Ontario (Christidis & Law, 2013). The wind turbine locations

from the selected eight wind farms were transferred into ArcGIS 10.1 for analysis
(TransverséMercatorProjection was used).

Table 2: SelectedVNind Farms for Study
Number of Wind

County Wind Farm Turbines Turbines / Total Installed Capacity
Bruce Enbridge Ontario Wind 110 110 x Vestas 1.65MW (A82) /
Farm 181.5000MW)
ChatharmKent Raleigh V\(md Power 52 52 x General Electric 1.5MW / 78.000(
Partnership (MW)
Melancthon Phase | 45 45 x 1.5 MW GE / 67.500(MW)
Dufferin
88 x GE Energy 1.5 MW turbines /
Melancthon Phase II 88 132.0000 (MW)
Elgin Erie Shores Wind Farm 66 66 x GE 1.5 MW / 99.000(MW)
Comber East Wind 36 Siemens 2.3IW SWT-2.3-101 x 36 /
Project 82.8000(MW)
Essex
Comber West Wind 36 Siemens 2.3IW SWT-2.3-101 x 36 /
Project 82.8000 (MW)
Frontenac Wolfe Island EcoPower 86 86 Siemens 2.3 MW Wind Turbines /
Centre 197.800QMW)
Huron Kingsbridge | Wind 22 22 x Vestas 1.8 MW 39.6000(MW)
Power Project
Frogmore Wind Project 6 X Vestas V82 1.65 MW / 9.9000
(MW)
Norfolk Cultus Wind Project 18 &% Viesitzes W2 1L WY 7 22000
(MW)
Clear Creek Wind Farn 6 x Vestas 1.65 MW / 9.9000 (MW)
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Figure 4: Wind Turbine Locations Mapped in Ontario

ArcGIS 10.1 was used to determimbich resdences would receive the survey
Within each Canada Post postal code there are several delivery routes that are available
online and mailings can be targeted at this leRekidentsn the eight counties living
within Canada usdreSpondipgodslivesaylroutetfmidcentied
greater than fivéindustrial wind turbinesvereselected as study participaiisee Figure 5
and Figure 6 below). Canada Posapsivete Busi ness
used to determinteé n u mb er coeds & e(sii.deeen sum of houses, a
on each delivery route (see Table 3 beldie survey was sent to 4,876 residences (out

of 5,658 total residences) located near industrial wind turbines.
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l:l Postal Code Parcels with Wind Turbines 0 1 2 4 6 8
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Figure 5: Map Showing Parcels of Land within Postal Codes that Contain Wind Turbines in a Wil
Farm Community with >10 Industrial Wind Turbines

/

@® Wind Turbine
[ ] wind Farm Community with >10 Wind Turbines
[: Delivery Route RR0001 with >5 Wind Turbines
[ | Delivery Route LB0001 with >5 Wind Turbines 0 1 2 4 6

Kilometers

Figure 6: Map Showing Delivery Routes with % Industrial Wind Turbines
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Table 3: Total Residential Counts for the $udy TakenfromCa na d a

Wind Farm

Enbridge
Ontario
Wind Farm

Raleigh
Wind Power
Partnership

Melancthon
Phase | and
Il

Erie Shores
Wind Farm

Comber
East and
West Wind
Project

Wolfe Island
EcoPower
Centre
Kingsbridge
| Wind
Power
Project
Frogmore/
Cultus/Clear
Creek

Postal
Code
NOG2NO
NOG2TO

NOHOAGC!

NOP1GO
NOP1WO

LON1JG

LON1SO
LON1SY

NOJ1TO
N0J1ZG

NOP1JO
NOP2J0

NOR1Rd

NOR1VO

KOH2YO0

N7A3Y3
NOM1RO

NOE1CO

and Residential Counts and Maps

Post Office

Paisley
Tiverton
Port

Elgin/Saugeer

Shores

Charing Cross

Merlin
Port Alma

Horning Mills
Mansfield
Shelburne
Honeywood
Shelburne
Shelburne

Port Burwell
Vienna

Comber
Staples
Ruscom
Station

St. Joabim
South
Woodslee

Wolfe Island

Goderich
Dungannon

Clear Creek

Delivery
Route

LB0001
LB0001

LB0002

LBOOO1
LBOOO1
LB000O1

RR0003
RR0003
RR0003
LB0001
LBO0O1
RR0O006

LBOOO1
RR0001

LB0001
RR0001
RR0001
RR0001

RR0001

LB000O1

RR0O006
RR0001

RRO0001

Houses| Apartments

472
300

13

123
271
16

54
208
219
61
219
125

301
367

228
31

141
233

324

141

232
177

94

Farms

0 0
37 5

1 0

oo
oo M~

O OO oOoo
N
|

TOTAL
0 2
19 37
TOTAL
15 10
90

21
18
102

TOTAL
7 7

TOTAL

52
0 12

TOTAL

0 19
TOTAL
OVERALL TOTAL

o

Post 6s

Number of
Residences
472

342

14

828
128
271
16

415
55

229
240
66

219
135
944
303
423
726
253
121

162
251
435

1,222
155

155

284
189

473

113
113
4,876

lUsed NOH2CO0, Saugeen Shores ®Bed LON1S0, Shelburne POsed N0J1TO, Port Burwell Ptsed

NOR19, St. Joachim PO

A media release (see Appendix A) notifying study participantsatbatvey

would soonbe arriving in their mailboxvassent tomajormedia outlets antb the Public

Health Unitin each county prior to survey distribution. Surveys, imi@ation letters (see
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Appendix B)and contact information forms (see Appendixw@yedistributed to the

study participants (i.e. everyone living in the selected postal code/delivery route) using
Ca n a d a Uraddeedséd Admail Serviceostcards (see Appeix D) weresent out a
month after survey distribution to remind people to fill out and return their surveys.
Reminder postcardseresentin an effort toimprove response rate3he study protocol

was reviewed and received ethics clearance through fiee ©f Research Ethics at the

University of Waterloo.

3.2 Health Outcomes

Forthisecosss e c t i 0 n a IQuadity af Idfgy and Reheable &nergy
Technol o gsureey (Cistidisleya., submitted) wased to measure the impact
of industrialwind turbineson healthThe aim of this survey wde capture the unique
experiences of residents in communities with renewable energy technoldggesurvey
was designed to be completed by a random adult (over the age of 18) in the household by
askingthe adult with the next upcoming birthday to be the respondent. Based on pre
testing, the survey was expected to take approximately 45 minutes to complete.

The survey was a 32 page booklet that consistetk parts: 1) Renewable
Energy in Ontario, 2) blusing and Community, 3) Environmental Stressors, 4) Sleep, 5)
Health and WelBeing, and 6) Demographic Infoation. The survey incorporated
validated surveys including the Satisfaction with Life S¢Bliener et al., 19855F~12

(Quality Metric, 2013)Pittsburgh Sleep Quality IndeBysse et al., 1989and adapted

2T h Qualbty of Life andRenewable Energy Technologies Stésgyrvey was designed 2012by the

Renewable Energ¥echnologies and Health teahthe University of Waterladlr'he Ontario Research

Chair program in Renewable Energy Technologies and Health at the University of \Wataslo

established by the Ministry of the Environment and addresses the technological, health, and safety aspects
of renewable energyor more information visithttp://www.orcreth.uwaterloo.ca/
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guestions from th€roject WINDFARMperceptiostudy(van den Berg et al., 2008),

Schreckenburg Airplane Noig8chreckenberg et al., 201@nd the Canadian

Community HealttSurvey (Statists Canada, 2011)hesurvey also includeduestions

that collecedinformation about annoyance, exposure and demografmenty

outcome variables from the survey were examined irsthidy (see Table 4). The

Quality of Life and Renewable Energy Teclogies Stud@survey received ethics

clearance through the Office of Research Ethics at the University of Waterloo.

Table 4:

Names, Descriptions and Formatsf the Outcome Variables

Variable Name

Variable Description

Variable Format

PSQI

The Pittsburgtsleep Quality Index
(PSQI) assesssleep quality and
disturbance over a one month time peri

Score out of With 9 being the
extreme negative and 1 being the
extreme positive.

PSQI_bin PSQI scores were also categorized intg Two groups:o o r s 128 and e
two groups. 6good sl eeper d (s

PCS The Physical Component Score (PCS) | Score out of 10@vith 0 being the
from the SF12 health survey and extreme negative and 100 being the
measures general physical health statuj extreme positive.

PCS_hin ThePCS was also categorized into two | Two groups elévw average physical
groups. heal t h¢bsOt)a thavadd 6(a

average physical
MCS The Mental Component Score () is | Score out of 10@vith 0 being the

from the SF12 health survey and
measures general mahhealth status.

extreme negative and 100 being the
extreme positive.

Depression_bin| The MCSwas also categorized into two| Two groups 6 at r i sk f

groups. (¢42) amadt o6at ri sk
(>42).

SWLS The Satisfaction With Life Scale (SWLS Score out of35: extremely satisfied
assesses satisfaction with the (31-35), satisfied (260), slightly
respondent éds | i f e | satisfied(2125), neutral (R), slightly
global measure of life satisfaction dissatisfied (1819), dissatisfied (10

14) and extremely dissatisfied-£5.

SWLS_bin The SWLSscorewas also categorized | Two groups ad s s $2D)antid
into two groups. Oidssat ¢200f i edd (

WTS_index Ei ght qgues tQualtyd Lifé r| Score out of 3%i.e. &4)with 32

and Renewable Energy Technologies
Studyd survey wer ¢
Wind Turbine Syndrome (WTShdex:
headache, irritable, concentration
problems, nausea, vertigo, undue
tiredness, tinnitus and overall sleep

quality. All eight variables werentered

being the extreme negative and O be
the extreme positive.
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into the calculation as apoint scale (i.e.
1,2,3o0r4).

WTS_bin WTS_index scores were also categoriz¢ Two groups:d a ¢ 86) aghado d
into two groups. (<16).

Headache Headache was scored on-pdint scale | Scaleoflto4 O6never or
by asking how often the survey 6about once a mor
respondent had been troubled bythe |a we e knil altha3t)daily (4).
symptom in the last month.

Irritable Irritability was scored on a-goint scale | Scaleofl1to4 O6never or
by asking how often the survey Oabout once a mor
respondent had been troubled bythe |aweel® (3), and al n
symptom in the last month.

Concentration | Concentration problems was scored on| Scaleof 1to4 6énever or

Problems 4-point scale by asking how oftenthe |6 ab outmommtcted a( 2) ,
survey respondent had been troubledbja week6 (3), and
the symptom in the last month.

Nausea Nausea was scored on-gdint scale by | Scaleoflto4 O6never or
asking how often the survey respondenf 6 about obnhhé @2 )mp
had been troubled by the symptomintha weekd (3), and
last month.

Vertigo Vertigo was scored on apbint scale by | Scaleof1to4 O6never or
asking how often the survey respondenf 6 about obnhhé @2)mp
had been troubled by the symptomintha weekd ( 3) , and
last month.

Vertigo_bin Vertigo was scored on apbint scale by | Twogroupss6 have vert.i
asking how often the survey respondenf 6 d o not have vert
had been troubled by the symptom inth The6 h a v e greup was maaléuf
last month. For analysis, vertigo was of Oabout once a
categorized into two groups weekd and dbdal most

andthebdo not hgoupe
was made up of 061
responses

Undue Undue tiredness was scored onpoint | Scaleoflto4 O6never or

Tiredness scale by asking how oftenthe survey |6 about once a mori
respondent had been troubled bythe |a we e k 6 Infos daily (4 n d
symptom in the last month.

Tinnitus Tinnitus was scored on apbint scale by | Scaleof1to4 6énever or
asking how often the survey respondenf 6 about once a mor
had been troubled by the symptominth a we e k 6 alnfo& dajly (4.n d
last month.

Tinnitus_bin Tinnitus was scored on apbint scale by | Two groups:6 ha v e t iand i
asking how often the survey respondenf 6 d o not have tinry
had been troubled by the symptom inth Thed h atvi en ngroupmsdmade u
last month. For analysis, tinnituswas |of &déabout once a
categorized into two groufis weekd and 6al most

andthed d o n dti nmgroum s

was made up of 0&r

responses.
3Vertigowas categorized intotwogroupsi . e. 6 have vert i gfor@Gnalgsisdetd do not hz
an overwhelming number oéspondents hat answer ed &énev e rEfoodistriuioh domé ( see
of vertigo scores
4 Tinnituswas categorized intvogroup i . e. 66 have tinnit focadfalysistud 6do not
to anoverwhelming number of respondebt$rat ameweredr dsel domdé (see Appendi

distribution of tinnitus scorés
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Overall Sleep | Overdl sleep quality was scored ona 4| Scaleof1to4 &édvery goo
Quality point scale by asking how the survey |gooddé (2), o6fairl
respondent would rate their sleepqualit bad 6 ( 4)

overall during the past month.

3.21 Measuremma of Quality of Life

The @uality of Life and Renewable Energy Technologies Shgdyveycollected
information about quality of lifesing two different validated questionnaires: the
Satisfaction with Life Scale (SWLS) (see Appendix E) and th& BR2 Health Survey
(see Appendix F). The SWLS assesses satisfac
whereas the SE2v2 Health Survey measurgsnerahealthstatus (i.e. physical and

ment al heal th) from t(QultyMetre,0l18)dent 6s poi nt o

3.2.1.1Satisfaction With Life Scale

The SWLS, developed by Ed Diener and colleagues (1985), assesses satisfaction
with the respondentdés | ife as a whole and i s
The SWLS is made up of five itenfsach sored on a scale of1 depending on the
respondent ds | evel o thatengasueglabalcagnitiver di sagr een
judgments of satisfaction with onedle | ife (L
scores of the five questions are added uptb@@®WLS is scored based on the following
categories: extremely satisfied ¢(3h), satisfied (2&0), slightly satisfied (2R5),
neutral (20), slightly dissatisfied (4B), dissatisfied (1:04) and extremely dissatisfied
(5-9). SWLS was analyzed as antiauous variable. For purposes of this study, two

dichotomous categories were alsoused:at i sfi edd (>20) and 6di sse
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One study (Schreckenberg et al., 20b@ked at life satisfactionsing aGerman

life satisfaction scale, similar tbeé SWLSo assess mental health, health related quality

of life, and possibly show confounding stressors.

3.2.1.2SF12v2 Health Survey

The SF12 is ashortened version of the &¥6, which is a widely used and
validated assessment of physical and @mdmalth (Villeneuve et al., 2009)he SF
12v2 Health Survey is designed to meagieeeral health statse. physical and mental
health) and is especially useful for large population health surveys. Fh2v@mHealth
Survey uses 12 questions and gactical, reliable and valid measure, from the
respondent 6s padanal health &nd well ew@ualibyMetrit, 2013).
The SF12 includes eightoncepts commonly represented in health surveys: physical
functioning, role functioning physitabodily pain, general health, vitality, social
functioning, role functioning emotional, and mental hedltre SF12 is scored so that a
high score indicates better physical functionifige SF12 scores were calculated using
Qual i t yHéalth Outcanés Scoring Software 4.6rom the SFL2, a Physical
Component Score (PCS) and Mental Component Score (MCS) caicb&atedThe
PCS and MCS scores have a range of 0 to 10@uatkesigned to have a mean score of
50 and a standard deviation of 10 irepresentative sample of thimited States

population(QualityMetric, n.d.). Thereforescores greater than 50 represent above

average health statuBhe PCS and the MCS were analyzed as a continuous variable. For

purposes of this study, both the PCS ardMISC were also categorized into two

di chotomous groups. A PCS score <=50
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statusdé and a PCS above averwage pbAysi dail e dh ed
MCS score <=42 waskfordeprsssii,dvhich ¢ donsstent Witk t
other |l iterature, and a MCSs k cfoare A#@r evsassi «ro
pointof can be used as a preliminary screener to identify those respondents at risk for
depressiofout it is not a diagnostic measy&arisBaglama eal., 2009.

Other studietiave usedhe SF12/SF36 health related quality of life survetgs
assess the impact of environmental stressors (e.g. odour, radio frequency electromagnetic
fields, wind turbines aircraft noiseetc) on he#th (Luginaah et al. 2002; Radon et al.,
2004; Villeneuve et al., 200%chreckenberg et al., 201BergBeckhoff et al., 2009;

Nissenbaum et al., 2012

3.2.2Measurement of Sleep Quality

In the@uiality of Life and Renewable Energy Technologies Sisdyey,
information about sleep qualityascollected using a validated questionnaire, the
Pittsburgh Sleep Quality Index (PSQI) (see Appendix Hl)@her sleepelated
guestions. When investigating healtteny studiegxaminesleep quality because
research las shown that sleep disturbarseel the inability to fall asleep can be associated
with anxiety and depressiothusleading toalack of concentration, daytime sleepiness,
and impaired performance (Hungin & Close, 20I®)e PSQI, developed by Bigsand
colleagues (1989), is an effective instrument used to assess ity and disturbance
over a onanonth time period and is a seHted questionnaire. The PSQI is the survey
most frequently used to assess sleep quality becausecbignized s a valid and

reliable tool that provides relevant information on sleep quaipgecifically, the PSQI
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uses 19 individual questions to measure seven domains: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep destuds, use of sleep
medication, and daytime dysfunction. The sum of the seven components leads to one

global scormutof9t hat i ndi cateoodiot.Bebriegefiopa®r 0 or fg

scale, with 3 being the negative extreme. PSQI was analyzedasraious variable.

For purposes of this study, two dichotomous
and 6good sl eeperd as this is how the PSQI i
total sum >=5 1indicat es<ba ioOnpdoigpr® thel seleaeefr edr Ga.n d

PSQI scores were calculatasing SASSoftware, Versio®.22 (SAS Institute Inc., Cary,
NC, USA)andthe scoring instructions available from the University of Pittsburgh Sleep
Medicine Institute (Buysse et al., 1989).
Otherstudieshave usedhe PSQLlo assess the impact of environmental stressors
(e.g. radio frequency electromagnetic fieM&T, aircraft noisgetc) on sleep quality
(Schreckenberg et al., 2010; BaBgckhoff et al., 2009; Nissenbaum et al., 20T2)o
of these studies dichotomized PSQI scores into two groups with PSQI scores greater than
five repr es entNissegbhawmpebab, 2012 loeg e pdrasid s( eep quali

(Schreckenberg et al., 2010

3.2.3Measurement dfVind Turbine Syndrome

Pierponthapr oposed a syndrome related to | ivin
Turbine Syndromeo (WTS), which is comprised
sleep disturbance, headache, tinnitus, ear pressure, dizziness, vertigo, nausea, visual

blurring, taclycardia, irritability, problems with concentration and memory, and panic
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episodes associated with sensations of internal pulsation or quivering which arise while

awake or asleegP(erpont, 2009 . I n order to assess Pierponto
questions r o m Qualityeof Lde ard Renewable Energy Technolog@idydsurvey

were combined to create a WTS index: headache, irritable, concentration problems,

nausea (e.g. upset or uneasy stomach), vertigo (e.g. feel as if the room is spinning), undue
tiredness, tinnitus (i.e. ringing in the ears), and overall sleep quéégh of the eight

variable§ wasscored on a scale of4l(with 4 béng the extreme negative) andeore

out of a maximum 32 (i.e38) points was determinedlVTS index was analyzed as a

continuous variable. For purposes of this study, two dichotomous categories were also

usedwitha combi ned score >=16 considered O6bado.

3.3Survey Return
Completedsurveyswerereturned to the University of Waterloo by study
participansusing CanadaRb 6 s Busi ness Reply Mail Service.
survey participarstto mail their survey back to the University of Widerat no cost (i.e.
postage was included$urveysverereceived from February'to May 3f!, 2013and
members of the Renewatitnergy Technologies and Healtkamcoded ananteedthe

results into Microsoft Exceds surveys were received

3.4Distance Analysis
Survey r es pepantedaddiessds (i.e. &ll street addresses with city

and postal codes) were enteretbiGoogle Maps to determine the location of each

® When calculating the WTBidex values, vertigand tinnitus were not dichotimized but entered into the
calculationas a4-point scalg(i.e. 1, 2, 3 or 4) to maintain consistency with the other six variables
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residence (see examplefkigure 7). The dataverethenexported from Google Mazs

KML files and transferretb ArcGIS 10.1(ESRICorp., Redlands, CA, USA}ee Figure

8), where the KML fleswerecontere d t o shapefil es AGISng t he
10.1(TransverséVercatorProjection was usedJhe near (analysis) featuire ArcGIS

10.1was usedo determine the distance from eacput feature (i.e. location curvey

r es pond e)otthé seeestfeature in the near features (irdustrial wind turbine

location) These calculated distances are the distances that were used for study

calculations.

Figure 7. Satellite View from Google Maps Showingpcation of
Sur vev Re Rasidencgssimat\Wénd Farm Community
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@ Survey Respondent's Residence

@® Wind Turbine

] wind Farm Community with >10 Wind Turbines 0 1 2 4 6 8
Kilometers

Figure 8: Map from ArcGIS Showing LocationofSur v ey R e Regsidencdsnah t s
Industrial Wind Turbines in a Wind Farm Community

For descriptive purposes only, the calculated distances were ranked by percentile
(1% percentile100" percentile) and then divided into four quartiles (quartile 1"<25
percentile, quartile 2:<%0percentile, quartile 3:<?5percentile and quartile 4:<160
percentile). From these quartiles, four setback groups were created itodvdeable to
compare groups of residents living closer to industrial wind turbines (i.e. setback group 1
and setback group 2) to groups of residents living further away from industrial wind
turbines (i.e. setback group 3 and setback grouim 4)ddition selfreported distancés
(i.e. the distance survey respondents reported living from a wind farm) were compared to

calculateddistances to investigate if survey respondents are generally onaser

®If an exact distancevas not reported but rather a range was selected{L&n@ 12 km, 2-3 km, 34 km,
4-5 km, more than 5 km) the midpoint of the range was tmeanalysisand formore than 5 km, 5 km was
used for analysis.
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perceiving the distance they live from a wind farmotder to compare these two

distances, a paireetést was used.

3.5 Statistical Analysis

All analyses were performed using S&8ftware, Versio®.22for the Windows
7® operating systenDemographics of the sample population were compared to the
compaison populatior(i.e. theCensus Subdivision for each county), via a paiest,
using information from the 2006 and 2011 Canadian Census. The two populations, the
sample population and the comparison population, were compared across different
variables (i.e. median age, percent male, percent married, median income, and percent
with postsecondary education) to see if the respondents were significantly different from
the rest of the population. tvo-tailed ttest (see Figure 9 beldier formula used) as
used to test the difference betwegxancent malgpercent marriedandpercent withpost
secondary education for the twopulations K10:p; - p. = 0, where pis the proportion

from t he &éSampl,theglopagotionf atm d mé& &OHCdimpairosdn. Poj

t = B- B,
pl(l' pl) + pz(l' pz)
n, n,

Figure 9: Formula Used to Calculate R/alues When Compiéng
the Sample Population to the Comparison Population
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Descriptiveanalyses were performatdmultiple regression models were nan
investigate the effect of the main independent variable of interest (distance to nearest
industrial wind turbingon the various outcomariables Descriptive statistics, including
means and standard deviations wenmggumedon a numbeof dependent and
independent variables including age, sex, time in home, numbetusitrial wind
turbineswithin 2,000 metersiad sleep and health outcomes.

Multiple regressioomodels (see Appendix Were runusing the GENMOD
procedure irBAS 9.22with appropriate response distribution depending on the outcome
variable (Binomial, Poisson, or Normal). The GENMOD procedure étenlized linear
models. The class of generalized linear models is an extension of traditional linear
models that allows the mean of a population to depend on a linear predictor through a
nonlinear link function and allows the response probability digioh to be any member
of an exponential family of distributions. Many widely used statistical models are
generalized linear modelmcludingclassicalinear models with normal erroisgistic
models for binary data, and ligear models for multinomialata(SAS Institute Inc.,
2008.

When using the GEMOD procedure, age, gender aralinty were forced intall
modek. Independent variablessessed included the following: countystdnce to
industrial wind turbingboth as a categieal and continuos variable); age (continuous
variable); g¢nder (categorical variable), satisfaction with lgagdnumber ofindustrial
wind turbineswithin 2 km(continuous)Dependent variables assesgsedude the

following: PSQI,PSQI_binPCS,PCS_bin MCS,Depres®n_bhin,SWLS, SWLS bin,
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WTS_index, WTS__ bin, headache, irritable, concentration problems, nausea,
vertigo_bin, undue tiredness, tinnitus_bin and overall sleep quality.

To build the models, a stepise approach was taken starting with a core predictor
variable set. First, théollowing core set of variables were forced into the model: distance
(primary predictor variable of interest), age (can be associated with many health
outcomes, including sleep), gender (can be associated with many health outcomes,
including sleep), and county (attempted to control for pregpetific factors such as
industrial wind turbine make/model, topography, satgonographics, etc.). Forcing age,
gender and county into each model allowed for consistent adjustmeutéotial
confounding across all models, which is why all three variables were forced into the
modeling process (i.e. assessed confounding by forcing the®eieynd, tweway
interactions were tested. The significance of all-iway interactions among the core
variables were tested one at a time (dist&coenty, distanceage, countyage, etc.).
Interactions were kept in the Eihmodel only if significant at P<0.05. Third, in order to
furtherinvestigate confounding, additional predictor variables were examined.
Specifically, other predictor variables were tested one at a time including SWLS, number
of industrial wind turbines within 2,000 meters, and setback group (i.e. setback group 1,
setback group 2, and setback group 4). Additional variatdes kept in theifial model
only if significant at P<0.05.

Additional analysis included investigating the relationshigisveen all of the
outcomevariables using thEpearman Rank Ord@orrelationtest. For all statistical

tests, a value of€0.05 was considered gsdically significant.
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CHAPTER 417 RESULTS

4.1 Study Participants

The data obtained for use in this study were collected between Febtsarg 1
May 3T, 2013. In total there were 412 surveys returned (8.45% response rate); 16 of
thesesurvey responghts did not provide their honaldress. Therefore, 396 surveys
were included in the analysi®verall, the mean age of the survey respondents was 55.33
years {14.94) and 52.17% were male. The mean number of years that study participants
lived in their curent residence was 19.1216.29) and, on average, residents had 2.19
(°4.34) industrial wind turbines within 2,000 meters of their residence.

It i s important to note that the distribu
Unaddressed Admail Service, only al®vor delivery of unaddressed mail to people on
the AConsumer 6s Choiceo Iist (i.e. peopl e wh
admail) and not to the fATot al Points of Calll
Canada Post delivers mail). Thisyrteave resulted in some residents not receiving the
survey, however the difference between the n
Callanditshe AConsumer 6s Choiceo | ist was not

(P=0.53) (see Table 5).

Tabl e 5: Comparison of 6Consumerd6s Choice L
Total Total Difference’
Wind Earm Postal qut Delivery Re_sidential'r Residentiali
Code Office Route Points of Call Consume
Choice
NOG2NO Paisley LB0001 507 472 93.10%
. NOG2TO Tiverton LB0O001 525 342 65.14%
Enbridge .
Ontario Port Elgin/
Wind Farm NOHOAC®®  Saugeen LB0002
Shores 14 14 100.00%
TOTAL 1046 828 79.16%
Raleigh Charing
wind NOP1GO Cross LB0001 151 128 84.77%
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Power NOP1WO Merlin LB0O0OO1 289 271 93.7%%

Partnership Port Aima | LB0001 18 16 88.89%
TOTAL 458 415 90.61%
Horning
LON1JG Mills RIROULE) 92 55 59.78%
Mansfield = RR0003 256 229 89.45%
Melancthon Shelburne RR0003 240 240 100.00%
Phase | and Honeywoo
I LS d UL 105 66 62.86%
Shelburne ' LB0001 348 219 62.93%
LON1SS  Shelburne RR0006 135 135 100.00%
TOTAL 1176 944 80.27%
Port
Erie Shores NOJ1TO Burwell LBO0O1 360 303 84.17%
Wind Farm NoJ1zd Vienna RR0O001 431 423 98.14%
TOTAL 791 726 91.78%
NOP1JO Comber LB0O00O1 315 253 80.32%
NOP2J0O Staples RR0O001 124 121 97.58%
Comber Ruscom
East and NOR1RG Station RO 167 162 97.01%
West Wind St. Joachim RR0001 262 251 95.80%
Project South
ORIV Woodslee RO 448 435 97.10%
TOTAL 1316 1222 92.86%
Wolfe Wolfe
island | <OH2Y0 gjang  LBOOOL 242 155 64.05%
EcoPower
Centre TOTAL 242 155 64.05%
Kingsbridge = N7A3Y3 Goderich  RR0006 313 284 90.73%
| Wind NOM1RO Dungannon RR0001 192 189 98.44%
Power
Project TOTAL 505 473 93.66%
Clear
E / NOE1CO Creek RR0001 124 113 91.13%
rogmore TOTAL 124 113 91.13%
Cultus/ AVERAGE
Clear Creek

PERCENTAGE 86.75%

DIFFERENCE (P=0.513)
IDifferences calculated using data froRebruary2013 2Used NOH2CO, Saugeen Shores Bdsed
LON1S0, Shelburne P&sed N0J1TO, Port Burwell Psed NOR18, St. Joachim PO

Response rates for each wind farm community were calculated. The lowest
response rate was seerBiruce County (6.88%) and the highest response rate was seen
in Norfolk County (12.39%) (see Appendix J for response rates for each cotymani
comparison of these Bruce County and Norfolk County is shown in Table 6 (ssdew

Table 13 at the end of the Results section for overall and ctewdlyresults).
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Table 6: Comparison of Bruce County to Norfolk County

Bruce Norfolk
Response Rte (%) 6.88 12.39
Sample Size 57 14
Mean Age 53.41 £17.42) | 44.00 ¢ 16.04)
(°Ss.D)
% Male (n) 63.16 (36) 57.14 (8)
Mean Time in Home' (°S.D.) 16.21 ¢11.91) | 10.29 £11.38)
Mean # of Industrial Wind Turbines within 0.35(¢1.86) 13.21 (6.42)
2000m¢ S.D.)
Mean PSQI Score {S.D.) 5.87 £2.13) 6.21 £2.12)
% PSQlI binO5 71.93 85.71
Mean PCS Score{S.D.) 49.02 £9.47) 52.17 £8.53)
% PCS_bin(60 43.86 28.57
Mean MCS Score {S.D.) 50.62 £ 9.56) 48.53 £10.21)
% Depression_bir042 14.04 21.43
Mean SWLS Score ¢S.D.) 23.37 £6.50) 24.00 £ 6.59)
% SWLS BinO20 29.82 28.57
Mean WTS index Score {S.D.) 14.39 ¢ 4.85) 14.86 (5.76)
% WTS binO16 33.33 42.86
Mean Headache Score®S.D.) 1.70 ¢0.97) 1.93 ¢0.83)
Mean lIrritable Score (°S.D.) 2.07 €0.90) 2.07 (°0.83)
Mean Concentration Problems Score“S.D.) 1.98 ¢1.01) 2.29 ¢1.33)
Mean Nausea Score°(S.D.) 1.49 ¢0.74) 1.36 £0.63)
Mean Vertigo Score ¢S.D.) 1.44 ¢0.92) 1.43 £0.76)
% Vertigo_bin=1 21.82 28.57
Mean Undue Tiredness Score®°(S.D.) 2.13(°1.09) 2.29 (01.27)
Mean Tinnitus Score ¢ S.D.) 2.09 £1.31) 1.57 £1.09)
% Tinnitus_bin=1 46.43 28.57
Mean Overall Sleep Quality Score {S.D.) 3.05 ¢0.49) 3.07 £0.83)

Yyears that study participants have lived at current residence

In addition, he overall sample population was compared to the comparison
population to see if there was a significant difference between the two groups (see Table
7). The individual county level comparison of the sample population to the comparison
population can be tond inAppendix L.Median age and median total income were not
statistically compared as the data were not comparable because different age groups were
used in achieving these medians. Looking at the whole sample population data combined,
the median age dhe sample population was 13 years older than the median age of the

comparison population. There were a greater percentage of males in the sample
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population (52.17%) compared to the comparison population (49.24%) but this difference
was not significant (F0.24). The sample population had a significantly higher

percentage of married people (79.44%) than the comparison population (60.98%)
(P<0.005). The sample population also had a significantly higher percentage of people
with postsecondary education (58%) compared to the comparison population that had
37.06% of the population with pesecondary education (P<0.005). On average, the

sample population earned $7111.25 less than the comparison population each year based
on median total income.

Table 7: Demographic Comparison Showing the Overall Sample Population
Comparedto the Comparison FPopulation

Demographic Sample Comparison Population P-Value
# Survey Respondents 396 _
(# Surveys Sent Out) (4873) 1,021,257
Median Age 56 43 --
Sex- Male 52.17% 49.24% 0.24
Married 79.44% 60.98% <0.005
Median Total Income®™ ($) 60,000.00 67,111.25 --
PostSecondary Education 58.67% 37.08% <0.005

*Total income for sample population was calculated by using thepaiid of a range. The total income is

the sum of the total incomes received by all household members from all sources, before taxes, in the past
12 months.”The total income for the comparison population is the sum of the total incomes of all members
of that family. Total income refers to tk@al money income received from various sources during

calendar year 2005 by persons 15 years of age and over

4.2 Outcome Variables

The mean values for each of the outcome variables (residuals were checked and
all assumptions were met) and fhgalues for the models are shown in Table 13 (at end
of Results sectionverall, for the PSQI, the averageore was 5.88 £.12) and 65.91%
of survey respondents were poor sleepers (i.e. PSQIG)ofithe mean score for the
PCS was 48.91° (10.14) and the mean score for the MCS was 52.941().A total of

43.94% of survey respondents had a below average physical health status (E)PCS
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and 16.41% were at risk for depression (i.e. \D&J. Themean SWLS score was 24.11

(°7.78) and 30.05% of respondents were not satisfied with their life (i.e. SWLS

s ¢ o r eGdawrage, the WTS index score was 14°@186) with 29.29% of

respondents having scores greater than or equal to 16. The averagéostbec®/TS

index variables were: headache [1.80.99)], irritable [1.920.87)], concentration

problems [1.75%0.97)], nausea [1.45 .81)], undue tiredness [2.051(.05)] and

overall sleep quality [2.93 0.79)]. In terms of vertigo and tinnitus,.28% of survey

respondents suffered from vertigo (i.e. Ohav

suffered from tinnitus (i.e. O6have tinnitus?®o
Some of the means found from the scaigsdin this surveywerealsocompared

to comparable health deascores fronthe pertinent literaturérable 8).For the SF12

health scalethe mean PC$18.91) in this study was slighthigher than a study of

Albertans in 200047.60;Johnsor& Prickard, 2000 and a study of rural Ontarians

living near a hog farn45.5647.20;Villeneuveet al., 2000), bubwer than a study

Germans living near intensive livesto&2(40;Radonet al., 2004)For theMCS

component of the SE2, thestudy populationn this studyhada highemean scor¢han

the three comparable palations describdabove(51.74, versus 51.50, 49601.50,

49.80, respectively)The mearPSQlvalue(5.88) in this study was lower than the mean

PSQI value (7.80) faresidents living near wind turbin@sthe United States

(Nissenbaunet al., 2012pandhigher tharthe PSQI values (3.440.20) forresidents

living near an airporin GermanySchreckenburegt al., 2010).
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Table 8: Comparison of Health Scale Scores for Study Population to Comparable
Population Health Scale Scores from Other Studies

Scak Source Value
Mean SF12 Physical Componen| Radonet al., 2004 52.40
Score (PCS) Johnson and Pickar@000 47.60
Villeneuve et al., 2009 45.5047.20
Overall Study Population 48.91
Mean SF12 MentalComponent | Radon et al., 2004 49.8)
Score (MCS) Villeneuve et al., 2009 49.6051.50
Johnson and Pickar@000 51.50
Overall Study Population 51.74
Mean Pittsburgh Sleep Quality | Schreckenburet al., 2010 3.404.20
Index (PSQI) Nissenbaunet al., 2012
exposed 7.80
unexposet! 6.00
Overall Study Population 5.88

1 Used the SRB6, 2 Lived 3751,400 metersfrom a wind turbine® Lived 3,0006,600 meters from a wind
turbine

4.3 Distance Assessment

Themeanself-reported distancé®f survey respondents to wind farms 22882
meters® 3,950 meters (range: 045,000 meters). The mean calculated distance from
residence to the closest industrial wind turbine was 4,523 nfet@80 meters (range:
31622,661 meters). The difference between the calculated and perceived distance
measuremds was found to be statistically significant (P<0.001) with survey respondents
reporting that they live, on average, 1,741 meters closer to wind farms than they actually
do.

Participants in setback group 1 (closest to an industrial wind turbine) regided
mean distance of 823 meters and had, on average, seven industrial wind turbines within
2,000 meters of their residence. Participants in setback group 4 (furthest from an
industrial wind turbine) resided at a mean distance of 10,968 meters and hadstdal

wind turbines within 2,00éneters (see Table 9).

" In the instances when respondents provided ranges when asked about the distance from their residence to
the dosestwind farm midpoints were used.
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Table 9: Setback Groups

Setback Group n Mean (meters) Standard Deviation Range (meters)
(meters)

1 98 823 246 3161,242

2 99 2,037 532 1,2622,832

3 99 4,161 974 2,8496,727

4 100 | 10,968 3,882 6,73022,661

4.4 Regression Models

Multiple regression models (see Appendix I) were run to assess the relationship
between varioubealthoutcomes and distance to nearest industrial wind turbine
controlling for age, gender and county. Running multipgession models involved
assessing distance to the nearest industrial wind turbine as both distance and In(distance).
In all cases, In(distance) resulted in improved modelsfitletermined by overall model
fit statistics No interaction terms were fod to be significant. In particular, the
In(distance) county interaction term was not found to be statistically significant. The
models were assessed by looking at confounding, interaction terms and overall model fit
(e.g. cheking residual plots, examingnR-squared values, plotting the data in order to
visually assess normality, randomness of errors and possible outliers). The final models

used for analysis (and correspondingafues) can be found in Table 10.

Table 10: Final Models and CorrespondingP-Values

Model P-Value
PSQI=In_distagegendercounty/ Distance: 0.01
. . Age: 0.98
dist=normallink =ID Ggender: 0.04
County: 0.70
vertigo_bin =In_ distagegendercounty/ Distance: <0.001
. . - . Age: 0.99
dist = binomiallink =logit Ggender: 026
County: 0.92
tinnitis __bin =In_distagegendercounty/ Distance: 0.08
it — Nl — Age: 0.80
dist=blink =1D Gender: 0.01
County: 0.07
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The relationship between In(distance) and PSQI was found to be statistically
significant (P=0.01) when controlling for age, gender and county. This relationship
shows that as the distance increased (i.e. further away from an industrialivine),

PSQI decreased (i.e. sleep improved) in a logarithmic relationship. This relationship is

shownin Figure 10.

8
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Figure 10: PSQI In_dist Relationshp (P=0.0). Graph shows modeled mean
and upper and lower 95% confidence intervals

In addition to assessing the WTS index, which was found to have no significant
relationship with In(distance), each of the eighiatales that comprise the WTS index
was assessed independently. Among the eight variables, the relationship between vertigo
and In(distance) was statistically significant (P<0.001) when controlling for age, gender,
and county. The relationship betweemiins and In(distance) approached statistical

significance (P=0.08) when controlling for age, gender and county. Both vertigo and
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tinnitus were worse among participants living closer tustrial wind turbines (See

Figure 11 and Figure 12, respectively).

Vertigo (probability)

Tinnitus (probability)
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Figure 11: Vertigo_bin In_dist Relationship(P<0.003). Graph shows modeled
meanand upper and lower 95% confidence intervals
08
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Figure 12: Tinnitus_bin In_dist Relationship (P=0.08. Graph shows modeled
mean and upper and lower 95% confidence intervals
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R-squared values and adjustegdéared values for the relationship between

In(distance) and PSQI, In(distance) and vertigo and In(distance) and tinnitus were

calculated geeTable 11below).

Table 11 Calculated R-Squared and Adjusted RSquared Values for PSQI, Vertigo

and Tinnitus
R-Squared Value Adjusted R-Squared Value
PSQI 0.08 0.08
Vertigo 0.11 0.16
Tinnitus 0.08 0.11

4.5 Testing CaeVariation between the Outcome Variables

A correlation matrix was run to examine the relationshipvben all of the

variables used for the analysis. Spearman Rank @uigelationcoefficients (¢) (SAS

Institute Inc, 2008 between all the variables can be found in Appendix K.

Spearman Rank Ord@&orrelationcoefficients (§) between PSQI, vertigo dn

tinnitus (the three variables that proved to be significant or approach significmece)

shown inTable 12 All relationships are positive and statistically significanhe

strongest correlatiolss e en b

(rs=0.25).

et ween

t he thewarablédblee t o gio®ni t u:

Table 12: Spearman Rank Order Correlation Coefficientsbetween PSQI, Vertigo

and Tinnitus
Vertigo Tinnitus PSQI
Vertigo 1 0.25 (P<0.0001) 0.22 (<0.0001)
Tinnitus 0.25 (P<0.0001) 1 0.11 (P=0.04)
PSQI 0.22 (P<0.0001) 0.11 (P=0.0% 1
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Table 13: Mean Values for each of the Outcome Variables and theVPalues for the Models

1 Q +—
= IS c ] x(\\l—| XC?\I wi’ xmﬁ' 0.2
@ 3 c = £ > S 5 % 8 o 8 o ® o c o =27
g = =8 | £ =y & = 5 = 23 |23 |23 |83 S ¢
3 6 8 ¥ 5 w wl S T S o O o 9 o 9 o O ==
O [a)] L Pz (ON) (2N0) (2N0) (2N0) o S
Sample Size | 396 57 39 84 55 97 13 37 14 98 99 99 100 -
Mean Age (5051'339 , |5341 |6064 |5491 |5506 [5566 |5538 |5732 [4400 |5182 |57.10 5601 [5629 |
(°S.D) y 7| (17.42) | (1333) | (*1343) | (°17.50) | (*1325) | (°16.18) | (*13.19) | (°16.04) | ("14.11) | (*14.83) | (*16.04) | (°14.35)
% Male (n) 5217 | 63.16 | 46.15 4444 | 5851 4324 5567 | 4949 | 5521 | 4848 | _
(204) | (36) (18) 5422 | oy (55) 69.239)| (1¢) 57.14(8)| (43) (49) (53) (48)
Mean Time in {gl'ézzg 1621 | 2599 |1845 |1574 |2124 |17.08 |2141 |1029 |1835 |2112 [20.60 | 1640 |
Home" (°S.D.) § : (°11.91) | (°15.84) | (°17.5) | (°6.93) | (°14.77) | (°15.89) | (°14.01) | (°11.38) | (°14.18) | (°14.93) | (°18.12) | (°13.20)
Mean # of
{,r\'/?:dStT”ﬁ:bines 219 035 279 079 |41l 157 (469 130 |1321 | 728|156 |ouo |geg |-
within 2000m | €439 | €1.86) | (308) | (2.72) | (°6.93) | (°155) | (°4.92) | ("236) | (°642) |(°5.98) |("212)
(°S.D.)
Mean PSQI 5.88 5.87 6.26 5.72 5.48 5.99 5.70 5.97 6.21 6.24 6.08 5.70 5.48 0.01
Score £S.D.) | (°2.12) | (°2.13) | (°2.20) | (°2.27) | (°2.04) | (°2.14) | (°1.64) | (°2.01) | (°2.12) | (°2.27 | (°2.05) | (°2.21) | (°1.91) |
% PSQI |6591 |7193 |7692 |5833 |5273 |6701 |6154 |7297 |8571 |69.39 |69.70 |6061 |6400 |0.26
Mean PCS ?:,81'311 4 | 4902|4421 | 49.74 | 4918 | 4952 50.63 47.88 5217 | 49.61 | 46.63 |50.41 4933 |
Score (S.D.) y (°9.47) | (°10.47) | (°9.84) | (°10.84) | (°9.49) | (°9.64) | (°12.01) | (°8.53) | (°10.40) | (°10.69) | (°8.88) | (°10.28) |
% PCS binCBO | 43.94 | 4386 | 66.67 | 4048 | 40.00 | 42.27 | 3846 | 4595 | 2857 |4184 |5556 |37.37 |41.00 | 0.13
Mean MCS 5174 |5062 [5022 |5251 [5145 [5284 |5212 [5195 [4853 [50.06 |5L40 |5308 [5239 | .
Score S.D.) | (°9.41) | (°9.56) | (°12.22) | (°9.52) | (°8.32) | (°9.00) | (°7.15) | (°8.71) | (°10.21) | (°9.97) | (°9.96) | (°7.35) | (°9.91) |
%
Depression_bin| 16.41 | 14.04 | 3333 |1429 |16.36 |1237 |1538 |16.22 |2143 |2245 |17.17 |1212 | 1400 0.40
™2
Mean SWLS | 24.11 [2337 |[2184 [2379 |[2470 [2539 [2362 |2441 [2400 [2543 |2237 [2390 [2478 | g,
Score S.D.) | (°7.78) | (°6.50) | (°8.62) | (°8.59) | (°7.75) | (°7.50) | (°7.30) | (°8.03) | (°6.59) | (°6.91) | (°8.18) | (°8.29) | (°7.40) |
0,
é’WL s pp§ (3005 [2082 |4872 |3214 | 2727 |2371 |2308 |2073 |2857 |2245 |4343 |3030 [2400 |0.79
Mean 1401 | 1439 | 1385 | 1352 | 1450 | 1442 | 1262 | 1314 | 1486 | 1481 | 1451 | 1320 | 1355 | 0.24
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WTS_index (°4.86) | (°4.85) | (°4.74) | (°5.50) | (°5.17) | (°4.38) | (°3.20) | (°4.32) | (°5.76) | (°5.28) | (°4.77) | (°4.41) | (°5.07)

Score (S.D.)

0,

V/\O/T S bin 29.29 33.33 28.21 23.81 30.91 30.93 23.08 27.03 42.86 36.73 32.32 22.22 26.00 | 0.23

Mean

Headache 1.87 1.70 2.00 1.81 191 2.02 1.46 1.81 1.93 1.97 2.01 1.79 1.71 0.64
°0.99 °0.97 °1.01 °0.92 °1.02 °1.05 °0.88 °1.00 °0.83 °1.03 °1.10 °0.87 °0.92 '

Score £S.D.) ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( ) | ( )

Mean Irritable 1.92 2.07 1.74 191 2.04 1.86 1.77 1.92 2.07 1.98 1.92 1.80 2.00 0.99

Score £S.D.) (°0.87) | (°0.90) | (°0.85) | (°0.87) | (°0.91) | (°0.86) | (°0.73) | (°0.92) | (°0.83) | (°0.89) | (°0.85) | (°0.82) | (°0.92) :

Mean

Concentration 1.75 1.98 1.71 1.64 1.87 1.67 1.42 1.57 2.29 1.86 1.71 1.64 1.78 0.91

Problems (°0.97) | (°1.01) (°0.96) (°0.96) (°0.99) (°0.90) (°0.90) (°0.90) (°1.33) (°1.05) (°0.98) (°0.82) (°1.02) ’

Score (S.D.)

Mean Nausea | 1.45 1.49 1.38 1.40 1.66 1.53 1.46 1.16 1.36 1.58 1.48 1.33 1.43 0.90

Score £S.D.) | (°0.81) | (°0.74) | (°0.75) | (°0.86) | (°0.98) | (°0.82) | (°0.97) | (°0.44) | (°0.63) | (°0.89) | (°0.85) | (°0.64) | (°0.83) '

Mean Vertigo 1.37 1.44 1.44 1.33 1.40 1.40 131 1.22 1.43 1.65 1.36 1.40 1.23 --

Score S.D.) | (°0.80) | (°0.92) | (°0.72) | (°0.76) | (°0.93) | (°082) | (°0.63) | (°0.58) | (°0.76) | (x0.96) | (x0.70) | (x0.83) | (x0.70)

0,

/0 . . 22.48 21.82 30.77 20.99 18.87 24.21 23.08 16.22 28.57 35.79 27.55 14.43 12.37 <0.001

Vertigo_bin=1

ﬁf:dnng:sue 2.05 2.13 2.13 2.02 1.92 2.08 2.15 1.92 2.29 2.17 2.12 1.98 1.95 0.32
°1.05 °1.09 °1.17 °1.05 °1.01 °1.04 °0.90 °0.95 °1.27 °1.05 °1.11 °1.04 °0.99 ’

Score pS.) | (109 | €109 | (117) | (L05) | (101 | (104 | (0.90) | (°0.95) | ("127) | (°105) | (°111) | (*1.04) | (*0.99)

Mean Tinnitus | 1.79 2.09 1.56 1.83 1.96 1.79 1.46 1.46 1.57 1.82 1.76 1.71 1.86 --

Score £S.D.) (°1.18) | (°1.31) | (°1.07) | (°1.22) | (°1.24) | (°1.18) | (°0.78) | (°0.99) | (°1.09) | (¥1.15) | (*1.13) | (¥1.16) | (x1.25)

0,

A.) . . 35.82 46.43 25.64 35.80 45.28 35.79 30.77 21.62 28.57 42.11 37.76 27.84 35.71 0.08

Tinnitus_bin=1

I\S/Ilgzgn 8\&213‘” 2.93 3.05 2.92 2.95 2.90 2.83 3.17 2.92 3.07 2.89 2.82 2.96 3.06 0.18

Scorz €S D;’ (°0.79) | (°0.49) | (°0.76) | (°0.83) | (°0.86) | (°0.81) | (°0.58) | (°0.95) | (°0.83) | (°0.85) | (°0.82) | (°0.73) | (°0.72) :

years that study participants have lived at current resid@igel,242meters from an indaisal wind turbine®1,2622,832meters from an industrial wind

turbine*2,849-6,727 meters from an industrial wind turbing,730-22,661 meters from an industrial wind turbine
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CHAPTER 51 DISCUSSION

The objectives of this studyereto examine if tkere are angelfreported adverse
health effects related toental health, physical heakimdsleep disturbance from
exposure to industrial wind turbines. Residents fraghteOntariowind farm
communitieghat contain greater than ten industrial windines were used for this
study. The relationship between PSQI and In(distance) was found to be statistically
significant (P9.01) when controlling for age, gender and county meaning that as
distance increased (move further away from an industrial winthe)flPSQI decreased
(i.e. sleep improved) in a logarithmic relationship. Among the eight WTS index variables,
the relationship between vertigo In(distance) was statistically significant (P<0.001) when
controlling for age, gender, and county. Additionalhe relationship between tinnitus
and In(distance) approached statistical significance (P=0.08) when controlling for age,
gender and county. Both vertigo and tinnitus were worse among participants living closer
to industrial wind turbines. It is importato note that in epidemiological studies, such as
this one, there are limitations, such as response rate and potential biases. Study findings
suggesthat future research should focus on the effecisdfstrialwind turbine noise on

sleep disturbance ahsymptoms oinner ear problems

5.1 Study Participants

The response rate was relatively consistent across each of the eight counties, with
an overall response rate of 8.45%. The lowest response rate (6.88%) was seen in Bruce
County and the highestgpgonse rate (12.39%) was seen in Norfolk County. This is

interesting as the county with the lowest response rate had the most number of wind
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turbines (n=110) in this study and the county with the highest response rate had the least
number of wind turbineé=18) in this study. Therefore, we cannot assume that people
with more industrial wind turbines around their residence or in their community would be
more likely to respond than those with less industrial wind turbines around them.

A demographic compaon was done to compare respondent data overall and for
each of the eight wind farm communities (i.e. the study sample) to Stafiatesla
census ivision data for the eight counties (i.e. the comparison popukjti@verall, the
sample population wadder and had a higher percentage of males, but had a lower
median total income when compared to Statistiasadacensus wision data for the
eight counties combinedhe difference between the sample population and comparison
populationwasstatisticallysignificant when comparing marital status, with study
participants more likely to be marriedhe phenomenon thatirvey respondents are
more likely to be married has been described previously (Radler & Ryff, .ZI0¥0)
difference between the study samphd comparison populatisrasalso statistically
significant when comparing pesecondary education status, with study participants
more likely to have some sort of pesicondary educatioliVhen a county level analysis
was performed similar results vesiound. Given these differences between the sample
population and the comparison population, it does not appear that the sample population
is truly representative of the comparison population. However, gauging sample
representativeness is limited due taek of community levetlemographidata
Specifically, thecomparison populatiovariables usetb check population
represerdtiveness come from the countige larger metropolitaarea of which the study

communityis part.In future studies it will bemhportant to make sure that the sample
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population is representative of the comparison (or target) population in order to increase

the internal validity of the study findings.

5.2 Health Outcomes

The scalesusedinRenewabl e Ener gyalTietcyh nofl olgii fees St
have been used in studies similar to this study and are validated scales. The mean scores
from other studies compared to the mean samaksilatedn this study were fountb be
similar showing that the scale scores in this studyat¢hat different from the scale
scores in comparable studies.
The results of this study are consistent with the findings of other studies, which
demonstrate a relationship between proximity to industrial wind turbines and adverse
health effects (vaneh Berg et al., 2008; Pedersen et al., 2009; Shepherd et al., 2011;
Nissenbaum et al., 2012). Specifically, the significant relationship found between
In(distance) (as a continuous variable) and PSQO0.(¥ is consistent with findings
from a recent studfNissenbaum et al., 2012). PSQI examines the sleep quality averaged
over a period of weeks and scores >=5 represent poor sleep quality. Because of the way
the PSQlIl scoring works, an individual ds scor
occasional disgpted nightsBuyse et al., 1989 Also, because PSQI is a standardized
scale used to measure sleep disturbance, it would bédngrelople to skew their
responses to achieve a certain outcome.
Symptoms associated withdustrialwind turbines were testeas an indeand no
significant relationslp was found between distanaed WTS index. Each of the eight
components that make up the WTS indléveadache, irritable, concentration problems,

nausea, vertigo, undue tiredness, tinnitus, and overall sleéfy uaere then tested
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separately to see if there was a relationghtp In(distance) The relationship between
vertigo and In(distance) was the only health outcome that proved to be statistically
significant (P<0.001) when controlling for age, gended eounty.The relationship
between tinnitus and In(distance) approached statistical significance gPwhdn
controlling for age gender and counBoth vertigo and tinnitus were worse among
participants living closer tomdustrialwind turbines.

Staistical analysisdemonstratethat the relationshgbetween sleepnd distance
vertigoand distancand tinnitusand distancevere not affected by countwe had
hypothesized thatariationacross the eight countiesght havdedto identifying farm
speific factors(number of industrial wind turbines, age of wind farm, distance to
industrial wind turbine, community views towards industrial wind turbines, &tag
could be because there is increased media and communications around wind turbines
(espedlly since there is currently a heightened public perception of industrial wind
turbines as a potential health risk) across the province leading to a higher level of
connectedness between residents living close to industrial wind turbines. On the contrary
Deignan (2013) states that #fAdifferences in r
between provincial and community newspapers may set the stage for greater or lesser
resistance to wind turbines amongsk Ontario
communication across the province can help to clarify the nature of disagreements and
enable people to make more considered and informed decisions. As a result,
understanding and managing risk messages and information related to wind turbines,

specificdly wind turbines and health, is a significant concern for policymakers.
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5.2.1R-Squared Values for PSQI, Vertigo and Tinnitus

R-squared values and adjustegdared values for the three final models
In(distance) and PSQI, In(distance) and vertig lagdistance) and tinnituiswere 0.08
and 0.08, 0.11 and 0.16, and 0.08 and 0.11, respecfiledgalculatedRr-squared value
is notdependent on the number of variables in the model, where as, the adjusted R
squareds dependent on the number of véatein the modelR-squared is a statistical
measure of how close the data are to the fitted regressioAlirie-squared value of 0
(i.e.0%) indicates that the model explains none of the variability of the response data
around its mearOn the contraryan Rsquared of 1 (i.€L00%9 indicates that the model
explains all the variability of the response data around its méemeforethe higher the
R-squared value, the better the model fits the data.

It is important to note that in observational epidaiogical studiesparticularly
those with seHassessmefselfreportingand "soft" outcomes, such as this study; the R
squared valueare typically low(usually below 10%)Jtradling & Crosby1991; Short
et al., n.d.; Acebo et al., 200Bt-Sheikh et a].2013. In infectious disease or
toxicological studiesi.e. studies that do not try to predict human behavjdle) R
squaredralueis generally much highéMinitab Inc., 2014)The calculated Bquared
values mentioned above show ttethoughtwo variables (PSQ&andvertigo) are
significantly associated with destce to industrial wind turbine and one variable
(tinnitus) approaches significandbe moded should nobe used to predict future

outcomes at the individual level because th&gRared vales are all less than 20%.
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5.2.2Co-Variation

The Spearman Rank Ord@orrelation oefficientsshow that PSQI was positively
correlated with vertigo (P<0.0001) and tinnitus (P=0.04) and that vertigo was positively
correlated with tinnitus (P<0.0001)hiE means that although a resident is more likely to
suffer from vertigo and tinnitus if they have poor sleep quality, it does not mean that they
will for sure suffer from vertigo and tinnitus. Similarly, it means that although a resident
is more likely tosuffer from tinnitus is they have vertigo it does not mean that they will

for sure suffer from tinnitus.

5.3 Distance Assessment

Themeanself eported perceived distance of suryv
wind farms was Z82meters. The mean calewéd distancéom residence to the closest
industrial wind turbine was 4,528eterslt is important to note that the calculated
di stance is an approximate measure because G
selfreported addresses and Google Mags its limitations (e.g. Google Maps gives an
approximate location of the addréss)) related to geocoding, especially in rural
locations. The difference between the sefforted distances and the calculated distances
was found to be statistically sidigiant (P<0.001)Therefore, residents reported living
closer to wind turbines than they actually live (i.e.pkeceivedistance from residence
to closest wind turbine igreaterthan thecalculateddistance from residence to closest
wind turbine).Thisis interesting as it demonstrates thtatdy participantghink they live
closer to industrial wind turbines that they actually do. This may impact setback decisions

and health perceptions because if people think they are living closer to wind farms, they

51



may also think that their 6édosed (i .e. expos

5.4Low Frequency Noise and the Inner Ear

Industrial wind turbines emit noise and have a low frequency component. As
discussed earlier in the introductisection, the noise produced by industrial wind
turbines is impulsive in nature and is descr
Berg et al., 2012). Although industrial wind turbines generate a broadband (i.e. cover
many frequencies) low level sourtdgy have easily perceived modulations caused by the
differences in wind velocity at different heights, which can increase and decrease the
sound power level with the pace of rotation (van den Berg, 2006). Furthermore, since
industrial wind turbines are amnly placed in rural areas with low ambient sound pressure
levels, intrusion of sound is most likely to be high in these relatively quiet areas
(Pedersen & Perssaiaye, 2008).

The effect on sleep from noise emitted by industrial wind turbines has the
potential to lead to various health effects. For example, previous studies have shown
associations between sleep disturbance and depression and anxiety (Taylor et al., 2005;
Alfano et al., 2007; Spoormaker & Van Den Bout, 200%)ylor et al. (2005) suggest
that nsomnia is a risk factor for poor mental and physical health. They found that people
with insomnia had greater depression and anxiety levels than people not having insomnia
and were 9.82 and 17.35 times as likely to have clinically significant skpneand
anxiety, respectivelyOtherstudies have suggested insomnia and sleep quality are

bidirectionally related to anxiety and depressidangsosrojmark & Lindblom, 2008;
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Morphy et al, 2007)Due to the complex associations between sleep distwelzant
depression, the etiological relationship between these problems remains unclear.

It is also important to look at how mechanisms other than sleep disruption could
af fect peopl eb@isg. Aoreegampleha naechdnisny kak lecently been
propcsed whereby infrasound from industrial wind turbines could affect the cochlea and

cause many of the symptoms that people describe (Salt & Hullar, 2010). In other studies,

low frequency noise has been showedatribute to the symptoms 6fSi ck Bui | di ng
Smwmdromed (e.g. headache, irritability, and |
Turbine Syndromed symptoms (Niven et al ., 20

(2010) performed a study that looked at possible ways that low frequency sounds

(audble or nonaudible levels) could influence the function of the ear. They reported that
there are abnormal states whener ear components (such as olger hair cellscan

become hypersensitive to infrasound. The way that the inner ear respondsstuimdra

can, in most cases, be considered normal, however, these responses could be associated
with unfamiliar sensations or subtle changes in physiology. This suggests that the
infrasound produced from industrial wind turbines could influence the physiofdbg

ear, thus resulting iohanges that disturb the individy&alt & Hullar, 2010). Therefore,

the associations between In(distance) and PSQI, In(distance) and vertigo and In(distance)
and tinnitus could also be a result of the low frequency noa&erttiustrial wind turbines

produce.
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5.5Limitations

There are several limitations to the research findings presented in this thesis
mainly related to survey distribution method and response rate, potential biases, and
mapping of rural addresses andustrial wind turbine locations. These limitations are

discussed in detail in the following sections.

5.5.1 Survey Distribution Method and Response Rate

A limitation of this study involved the survey distribution method used. Canada
Post Unaddresse&dmail Service only delivers unaddressed mail to people on the
AConsumer 6s Choi hoedonot optsut of (edeivirgg Unagddeesspd e w
Admail) and not to the ATotal Points of Cal/l
Canada Post delivers mjaiThis may result in some rieents not receiving the survey,
however thedifference between theumber of residentsn t he A Tot al Points
and t he A Cons uwasnotfaind@he statisécaljghificant(P=0.531).

Furthermore by wusing Canada Postds Unaddressed
sent to residences but they were not addressed to any one resident or residence
specifically. Therefore, there is no way of knowing whether each household actually
received the survey or, tifiey did receive the survey, there is no way of knowing if they
opened it. As a result, Canada Postodos Unaddr
the survey to a large number of people over large geographic areas but response rates
may have been lowelue to the use of the Unaddressed Admail Serlficke survey

distribution method did affect the response rate we can assume this impact would be
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consistent across all eight counties in the study as the same distribution method was used
in each county.

An overall response rate of 8.45% means that this study may have failed to
capture the selfeported health effects of many people within our study population
resulting in poor sample representativeness, thus decreasing internal validity. For
example, itmay be possible that a higher proportion of-nespondents living closer to
the industrial wind turbines truly had adverse health effects as compared to those in the
study sample and the findings would be biased in the direction of failing to observe any
relationship between distance from the industrialdaurbines and health effects.
Alternatively, it may be possible that noespondents were more likely to not be
experiencing symptoms or adverse health effects as compared to those who completed
the suvey. Thus the sample would have overrepresented those with symptoms. Given
that individuals living closer wind farms are likely more aware of the existence of
industrial wind turbines than those further away, they may have been more likely to have
symptomsand responded to the survey. Overall, this means that the associations between
distance to closest industrial wind turbine and certain health outcomes may have been
underestimated or overestimated but there is no way of knowing the effect that the low

regonse rate had on these associations.

5.5.2 Potential Biases

All studies have builin bias (i.e. systematic error) and bias is especially
important to discuss in a study such as this ddias is a form of systematic error that

can dfect scientificinvestigationsdistort the measurement processl underminéhe
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internal validityof researchlnternal validity concerns the validity of inferences about the
target populatiohusing information from the study populatioherefore, the term
Ai nt eefatesatd inferences that do not proceed beyond the target population of
restricted interest (Kleinbaum et al., 1982).
Unfortunately, i is difficult or even impossible to completely eliminatad)
which is hemainchallengenvhen designing researchudtes. It is importanfor
investigators, editors, and readeyde able tgudge howthe residual effects of bias
might affect results in order to limit misinterpretation and misuse of data (Sica, 2006;
Grimes & Schulz, 20025choenbacket al., 2001 Although it is difficult to obtain
sufficient information to precisely quantify tlegtent (or size) of the bias most
epidemiological studies, it may sometimes be possible to determine the direction of the
bi as. Here, 6directiiecnnd arce fuar 4 yf)dita megt teesrt i tmh
exceeds or is |l ess than the true effect (8&).
toward the nullor away from the nullThe direction of the bias is defined totbevard
thenulli 1% & c | o s @the nullvadue of #he effect measure. If the lsa®ward
the nullthen the observed effect in the data appears to be weaker than it really is in the
target population. The direction of the bias is defined taviey from the nuli f °is &
farthertharl8 f rom t he null value of theawagffect mea
from the nulithen the observed effect in the data appears to be stronger tredly itsran

the target population

8 The 6target popul at i o ngudgntendbte magkoeastinhtestipie.dhe pebpter whi ch t
we believe we are studying) (Kleinbaum et al., 1982)

°The 6study popul at i o rsiétsobagroup sf panipijashpse gatite atady fms 6 ¢ o n
collected and analyzdileinbaum et al., 1982).
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There are three major classes of bias that epidemiologisesaly refer to:
selection bias, information bias, and confounding bias (Kleinbaum et al)). 11982
likely that the associations between distance to claségstrial wind turbine andarious
health outcomes may have been affeeted result ofettain types obiasesnamely
selection bias and information bias

One source of selection bias in this study could have been survivor bias, in which
residents severely affected by industrial wind turbines may have moved away before the
survey was distribted,meaning thathe community may be comprised of residents less
impacted by industrial wind turbineBherefore if the people that suffered the most from
exposure to industrial wind turbines were overlooked in our study, we would expect that
the obsergd measure of effect would have been weaker compared to the true measure of
effect.

Another source of selection bias in this study could have beeresponse bias
due tovarious groups thareagairst the research being conducted. For example, anti

wind turbine blogs and websites reported neg

Technol ogies and Quality of Life Surveyd and
wrote Al advise you do not participate in th
research s unethical o. Another bl og member wrote
joke???20. Comments and opinions such as thes

complete the survey or may have altered the way people responded, particularly those
who frequentliese blogs. However, it is important to note that there were blogs, websites
and newspaper articles that reported positive things about the survey and encouraged

people to fill out and return the survey. Therefore, this potential source of selection bias
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could have caused the association to go toward the null (if the most affected people did
not complete the survey) or it could have caused the associations to go away from the
null (if the least affected people did not complete the surveylgithe most dkcted
people completkthe survey).

Furthermorein the past there has been discussion aboutlisafosure
agreements that may exist, meaning that residents who have installed industrial wind
turbines have signed a contract with industrial wind turborapanies to ensure that they
do not take part in research studies or media interviews. After a review of public
documents and discussions with residents with industrial wind turbines on their land,
nearby neighbours, and a lawyer, Walker (20d&)cludedhat agreements (between
industrial wind turbine companies and residents with industrial wind turbines on their
land)could notstop people from speaking out against wind farnasthair impactsit
could be that many people who have signed contractdnditistrial wind turbine
companies percei veortdcherseo c(oWahoHadeassthasl 2 g a g
economic benefits fronmdustrialwind turbine developmesmay reduce the likelihood
that a person will report reduced quality of life or exbe health effectd. non-response
bias really did occur, there may have been many people not captured in our study results,
meaning that the observed measure of effect could have been weaker or stronger
compared to the true measure of effect. Howeverdanot know who and why people
did not respond so it is very difficult to determine the direction of the bias.

One source of information bias is a misunderstanding of questions by a subject
completing a questionnaire (i.e. misclassification) or thbiliaor unwillingness to give

the corrective response. For exampknple who support industrial wind turbine
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developments or those who do not support industrial wind turbine developments may
have skewed their answersrgpresent their subjective fagljs and not actually what
they are experiencing. Moreover, the cresstional survey used is this study assessed
aspects of health, quality of lifand sleep through seléported, subjectiveeasures.
Health outcomes like the ones that were measurtdsirstudy (e.g. tinnitus, sleep, and
vertigo) are difficult to measure accurately especially when the way weeaguring
whether someone is affected is by asking them through a s@pegifically,differential
misclassification may have occurred iétprobability of being misclassified differed
across the eight communities of study subjettsese types of information biases
mentioned above may have resulted in the observed medsffectbeing weaker or
stronger than the true measure of effect.

Therefore, all these sources of bias undermine the internal validity of this study
meaning that is it difficult to make inferences about the target population based on the
results from the study population and therefore it makes it difficadbnclude that an
associatiordoes trulyexistsbetween distance to closest industrial wind turbine and

certain health outcomes

5.5.3Mapping

Another imitation of this study involvedneasuring distances from residences to
closesindustrial wind turbines. Spé#ically, the locations ofesidencesnaynotbe
exact (due to restrictions geocodingural adiresses) and thus the distanoeky
provide an estimaté&oogle Maps was used to geocode the addresses. For public health

surveillanceand spatial epidemiolggstudiessuch aghis research, geocoding is
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increasingly being usg@Kumar et al., 2012)GoogleMaps is a geocoding tool that acts
as amddress approximation servje®tasa standardization or verification service
Although Google Maps does an exeat job at address approximatjonis important to
realize that it is stiljives anapproximate location of the addré=ss)entered into Google
Maps.

Numerous studies have evaluated and compared various geocoding nfetieds.
study performed bynivers i t y of Sout Gl®Researchddbordtooyr ni a o s
conducted a comprehensive evaluation of eight frequently used geocoding software
packages: Centrus, Geolytics, ESRI ArcGIS, Geocoder.us, Google Earth, Google Maps
API, Yahoo API, and open source USC Geding Platforms (Swift et al., 200Bumar
et al., 2012 This study foundhat each of thesgeocoding software packagess
strengths and weaknesses and, in genergdadkagegperformed significantly lieer or
worse than the othe(Bumar et al., 2012)Therefore, due to accessibility and resources,
it was decided that Google Maps would be used for this research projedisiEmee
measurements that were calculated using Google Maps may be ina(aodate cannot
predict these inaccuracieg)eaningthat these distance measurements are a source of
random error in this study.

Similar to the accuracy of residence locati@arsyther factor to consider is the
accuracy of the industrial wind turbine locations. A significant limitation of the wind
turbine mapping is that the wind turbine locasamay vary in accuracy dependiog the
mapping method used. Future studies wanting to use these wind turbine locations for
research are encouraged to verify the accuracy through site visits or further data

colledion. The limitations related to accuracy of residence locations and accuracy of

60



industrial wind turbine locations are important to note, especially for environmental

health and risk applications similar to this study, where the distance between a home and
an industrial wind turbine must be accurate to assess a potentiakdpsase

relationship (Christidis & Law, 2013). Additionally, when calculating the exposure
variable (i.e. distance to closest industrial wind turbine), we only took into account the
closest wind turbine. The issue in only using distance to the closest industrial wind
turbine as an exposure variable is that it does not take the number of industrial wind
turbines around each residence or the size, power, make, and model of eachlindustria

wind turbine into account.
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CHAPTER 6 1T CONCLUSION

Study findings suggedhatindustrial wind turbinesould have an impact on
health.Using a sample of rural Ontario residefgkhough it was unrepresentative of the
target population)this study was successful in exploring the quality of (ifeth physical
and mental healtlgnd sleep disturbance of residents living in the vicinitydéstrial
wind turbineslt is important to note thahére arestill many questions still to be
answeed befordirm conclusions can be drawn.

Statistically significant relationships were falibetween In(distance) and PSQI
andIn(distance) and sehleported vertigpandthe relationship betwedn(distance) and
selfreported tinnituapproached statistl significanceBased on the findings of this
study it is recommended that further studies be carried out to examine the effects of low
level stressors, such elustrial wind turbinenoise, on healttSpecifically, sudy
findings suggest that futuresearch should focus on the effectsnofustrialwind turbine
noise on slep disturbance and symptomsrfer ear problemsAlthough this research
did find a relationship between various health outcomes and how far someone lives from
an industrialwind turbine, it is important to remember that there are limitations to these
conclusions. Also, this study is just one piece of a much larger puzzle, and without all of
those other pieces it is hard to determine whether there is a causal relationship.

Furtherstudies are needed that include a larger number of respondents, especially
at the upper end of the dose curve (i.e. the people living closesustrialwind
turbines) before firm conclusions can be makigther recommendation for further
studiesis to try to increase response rates by engaging and educating concerned residents

and communities so that they can understand why they need to participate in these types
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of research studieBy educating these groups, it is more likely that pewagpllewant to
respond to future surveys, or participate in future studies, thus increasing response rates
and sample representativeness, reducingrasponse bias, and increasing the internal
validity of the study.

Furthermore, in order to accurately capture theosype variable it would be
useful to |l ook at residentods exposure to
them (e.g. number of industrial wind turbines within 2,000 meters) and the size, power,
make and model of industrial wind turbines. One suiesvould be to create an
industrial wind turbine exposure variable that could look something like this: (distance to
closest industrial wind turbidsize/power of industrial wind turbine) + (number of
industrial wind turbines within 2,000 metéssze/pover of each industrial wind turbine
within 2,000 meters). Using a calculation like this to determine an exposure variable
would more accurately capture the picture of what people are living around versus
assuming thaall residents have exposure to onlyusttial wind turbine and that all
industrial wind turbines are the same size.

Additionally, in order to accurately capture the outcome variables, and in relation
to the potential sources of information bias mentioned above, it would be beneficial to
measire objective health outcomes in future studies instead of subjective health
outcomes. Using objective measures, such as sleep actigraphy or hair cortisol levels, to
measure different health outcomes reduces the likelihood of information bias (e.g. people
misunderstanding a survey question or unwilling to give the correct response) and will
look at the health effects of industrial wind turbines from more of a physiological point of

view.
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Also, it is important for future studies that the exact locatidnisdustrial wind
turbines and residence locations be determiimedrder to make this type of research
stronger, a Global Positioning Syst¢@PS)should be used to determine the exact
coordinates of industrial wind turbine locations in Ontario as tilisletermine the
accuracy of the industrial wind turbine locations used in this study. Simige@P,S
should be used to determine the exact coordinates of survey respondent locations as this
will determine the accuracy of the survey respondent locatised in this study. In this
study, errors were not adjusted for but it would be useful to do this in future research (e.g.
the standard deviation should be included in the models to improve accuracy).

Finally, in this study we saw thpeople are repdrg living closer to industrial
wind turbines than they actually live. Therefore, we have shown thaegelfted
distanceshould nobe usedn future research around renewable energy technolbgtes
thatcalculateddistances should be usedtead Also,giventhat the respondents in this
study reported living closer to wind turbines than they actually do, it is important that
setback distances be examined andsgessed.

In conclusion, Bihough this researcduggests that there is a possible assion
betweervarious health outcomes and how far someone lives from an industrial wind
turbine, it is important to remember that theresaeeralimitations to these conclusions
which weaken the internal validity of the study findingkese findingsvarrant further
research including multiple studies with multiple designs on the subject of industrial wind

turbines and health.
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APPENDIX A i MEDIA RELEASE

University of Waterloo renewable energy study coming to several communities

WATERLOQO, Ont. (Monday, Jan. 28, 201i3Dver the next few weeks, some Ontario
residents will receive surveys pertaining to the possible health effects of living near wind
turbines. The questionnaires are part of the Quality of Life and Renewable Energy
Technologies Study from the University of Waterloo.

The research team will sendrgeys to mailboxes of Bruce County, Dufferin County,
Elgin County, Essex County, Frontenac County, Huron County, Norfolk County and
ChathamKent residents who live within five kilometres of a wind turbine.

AThese heal th studi erfResearcleChairprogrampyhelpirgmugs par t
understand the relationship between the renewable energy technologies and potential

health effects,” said Waterloo Professor Siva Sivoththman, the Ontario Research Chair in
Renewable Energy Technologies and Health.

Professor Phil Bigelow, an epidemiologist at the School of Public Health and Health
Systems at Waterloo, is spearheading the research examining the specific relationship
between reported health effects and living near renewable energy technologies.

"It is critical that the survey captures the unique experiences of residents, so people who
receive one in their mailboxes are highly encouraged to complete it," he said.

In appreciation of the time that it will take to fill out the survey, participants will be

en ered into a draw for a chance to win a $15
Furthermore, selected participants will be invited to take part in the second part of the

study, which will involve a more wdepth health assessment.

The Universiy of Waterloo Renewal Energy Study will examine several different
renewal energy source&pproximately 5,000 residents living near these sources across
Ontario will be invited to participaté-or more information on the Ontario Research
Chair program in Bnewable Energy Technologies and Health, please visit
http://www.orcreth.uwaterloo.ca/

For more information on the study, please contact Tanya Christidis at
tchristi@uwaterloo.ca.

About the University of Waterloo

In just half a century, the University of Waterloo, located at the heart of Canada's
technology hub, has become one of Canada's leading comprehensive universities with
35,000 full and partime students in undergraduate and graduate programsrl®ddates
home to the world's largest pestcondary coperative education program, embraces its
connections to the world and encourages enterprising partnerships in learning, research
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and discovery. In the next decade, the university is committed tarfguddoetter future
for Canada and the world by championing innovation and collaboration to create
solutions relevant to the needs of today and tomorrow. For more information about
Waterloo, visitwww.uwaterloo.ca

About the Ontario Research Chair program in Renewable Energy Technologies and
Health

The Ontario Research Chair program in Renewable Energy Technologies and Health
(ORG-RETH) at the University of Waterloo is a muttisciplinary research group

promoting resarch and educational activities in renewable energy technologies (RETS)
and their health and safety implications. Professor Siva Sivoththaman holds the Ontario
Research Chair with annual funding of $300,000 for five years from the Ontario Ministry
of Environment and administered by the Council of Ontario Universities (COU).

-30-
Media Contact:

Pamela Smyth

Media Relations Officer
Communications & Public Affairs
University of Waterloo
519.888.4777

psmyth@uwaterloo.ca

www.uwaterloo.ca/news
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APPENDIX B 7 INFORMATION LETTER
Quality of Life and Renewable Energy Technologies

Dear Resident,

The Ontario ResedncChair program in Renewable Energy Technologies and Health
(ORGRETH) at the University of Waterloo is exploring if there is a relationship
between quality of life and living within close proximity of renewable energy
technologies such as solar farms, aviiarms, and biogas plants. This study will use
different methods like surveys and physical assessments in hopes of understanding the
potential quality of life impacts that may result from renewable energy technologies in
Ontario communities.

Your communty has been selected by our research team as one of several communities
to be included in this project. Your experience and perspective is very important to

understanding the role renewable energy technologies play in quality of life across

Ontario.

Theenclosed survey is the first component of our research program. The survey should
take approximately 30 minutes to complete. The questions are intended to provide
general information about you, your health and personattveatly, your community,

and renewble energy technologies. Questions about your health and demographic
information are asked for study purposes oillyis survey is for adults who live in

this house regularly. To ensure our study selects people at random, we are asking

the adult (18 yearsor older) in your household with the next upcoming birthday to

fill out this survey. Please fill out the survey by yourself and only complete
responses based on your own experiences and not the experiences of others.

You may change your mind about papation and not return the survell questions

are voluntary and you do not have to complete all questions to participate. All
information you provide will be considered confidential. To ensure the confidentiality
of i ndi vi dual s06 d &d identified bycahpartiwipanttidentificgti@a n t
code known only to the University of Waterloo researchers. Any publications or reports
that result from this study will primarily report average responses of groups of
participantsin the case where inddiial data may be presented, the individual will not
be identified.Your information will be stored safely and securely at the University of
Waterloo at the School of Public Health and Health Systems. Any identifying
information will be retained for sevenears, after which it will be destroyed by
confidential shredding. While ddentified data will be retained indefinitely, after this
point, no identifiers will exist linking you to the data collected during this study. All
information you provide will bé&ept confidential, except as required under law. There
are no known or anticipated risks to participation in this survey.
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If you are interested in participating in tiggidy, you can complete the survey on your
own time and return the completed suniaythe enclosed, seHddressed, stamped
envelope. We will then enter your name into a draw. If selected, you will receive a $150
gift card for a store of your choice. The amount received is taxablés your
responsibility to report the amount receifedincome tax purposes.

This study also involves a second component, which will include a more detailed health
assessment in which you will be asked to undergo a heath assessment in your home by a
nursing student and a research assistant from the Ridilip. This assessment may
include any of the following parts: providing a small hair sample, keeping a sleep diary
and symptom journal for a week, collecting saliva samples for three days, completing a
similar survey to this one, and allowing a researsbistant to measure the Global
Positioning System (GPS) coordinates of your home. If you are interested in being
contacted to participate in the second component please indicate this on the contact
form. Not all participants who volunteer to take parthis tomponent will be selected.

You will receive up to $75% you are selected to participate, depending on which and
how many parts of the assessment you participate in.

If you have any questions about this study please contact Tanya Christidis (Project
Coordinator) at the University of Waterlod-5198884567 ext. 31342 or
tchristi@uwaterloo.caFor more information abotiie Ontario Research Chair program

in Renewable Energy Technologies and Heafitease visit http://www.orc
reth.uwaterloo.ca/

This study has been reviewed and received ethics clearance through the Office of
Research Ethics at the University of Waterloo. Should you have any comments or
concerns @sulting from your participation in this study, pleasmtact Dr. Maureen
Nummelin, Director of the Office of Research Ethics,-8t19-8884567, ext. 36005 or
maureen.nummelin@uwaterloo.céhank you in advance for your interest in this
project.

Yours sincerely,
University of Waterloo Renewable Energy Technologies and Health Research Group

Phil Bigelow (PhD), Steve McColl (PhD), Laurie Hoffm@vetz(PhD), Jane Law

(PhD), Shannon Majowicz (PhD), Sigvoththamar{PhD), Mahtab Kamali (PhD),
Veronique Boscart (RN, PhD), Leila Jalali (MD), Susan Yates (MSc, RN), Tanya
Christidis (MSc), James Lane (MSc Candidate), Samriti Mishra (MSC Candidate), Claire
Paller (MSc Candidate)
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APPENDIX C1 CONTACT INFORMATION FORM

Contact Information Form 1 Survey Participant

This survey is for adults who live in this house regularly. To ensure

our study selects people at random, we are asking the adult (18 yeal

or older) in your household with the next upcoming birthday to fill out
this survey.

Please provide your name, address, phone number, and email address Tiet
information will only be used to contact you if your name has been selected
draw, provieé you feedback on the study, and to contact you if you choose
considered for participation in component two of the study. Include this cc
information form in the return envelope, along with your completed survey.

Name:

Mailing Address:

Phone Number:

Email Address (optional):

Signature: Date:

The next portion of our research project will be a more thorough assessment of health.
Participants who took part in this survey will be considered for the second assessment
only if they are interested in doing so. Participants in component two will undergo a
health assessment in their holme a nursing student and a research assistant from the
Renewable Energy Technologies and Health grpupyide a small hair sample, keep a
sleep diay and symptom journal for a week, collect saliva samples for three days,
complete a similar survey to this one, and allow researchers to measure the global
positioning system (GPS) coordinates of their home. Preference will be given to
interested particignts who live closest to renewable energy technologies.

If selected, are you interested in being contacted for participat

in the second part of this study? n Yes n No
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APPENDIX D 1 REMINDER POSTCARD

February 15, 2013

Recently a survey was delivered to you as part of the University of Waterloo's study
looking at quality of life for people living near renewable energy technologies such as
wind turbines and solar panels.

If the person with the next upcoming birthday in your household has already
completed and returned the survey, please accept our sincere thanks. If the survey
has not yet been completed, please have the person in your household that is 18
years or older with the next upcoming birthday complete and return the survey as
soon as possible. We are especially grateful for your help with this important study.

If you did not receive a survey, or if it was misplaced, please call the Project
Coordinator, Tanya Christidis, at 519-888-4567 ext. 31342 or email her
at tchristi@uwaterloo.ca and she will send you another survey.

Sincerely,

The Renewable Energy Technologies and Health research team
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APPENDIX ET DISTRIBUTION OF VERTIGO AND
TINNI TUS SCORES

Variable 1 2 3 4
(never or seldom) | (about once a month) | (about once a week) | (almost daily)

Vertigo 296 47 20 19

TOTAL % 77.49 2251

Tinnitus 246 42 | 25 70

TOTAL % 64.23 35.77
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APPENDIX Fi SATISFACTION WITH LIF E SCALE
QUESTIONS

Below are five statements with which you may agree or disagree. Using the boxe
below, indicate your agreement with each item. Please be open and honest in yo
responses.

Strongly Nether Strongly
di agree no
isagree disagree Agree

42. In most ways my life is clos

to my ideal. 1 2 3 4 S 6 !

43. The conditions of my life ar
excellent.

44, 1 am satisfied with my life. 1 2 3 4 5 6 7

45. So far | have gotten the
important things | want in life.

46. If | could live my life over, |
would change almost nothing.
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APPENDIX G i SF-12v2HEALTH SURVEY
QUESTIONS

The following questions ask general information about your health andbeialy.

Excell Very

ent Good Good Fair Poor

1. Ingeneral, would you say your

health is... 1 2 3 4 5

The following questions are about activities you might do during a typical day. Do
your health now limit you in these activities? If so, how much?

Yes, limited Yes, limited  No, not
a lot a little limited at all

22.Moderate activitiessuch as moving a
table, pushing a vacuum cleaner, n n n
bowling, or playing golf

-
9
]

23. Climbingseveralflights of stairs

During thepast 4 weekhow much of the time have you had any of the following
problems with your work or other regular daily activitéssa result of your physical
health?

Some A little

All of Most of of the of the None of
the time the time ) . the time
time time
24, Accomplished lesthan you 1 5 3 4 5
would like
25. Were limited in th&ind of 1 2 3 4 5

work or other activities

During thepast 4 weekiow much of the time have you had any of tH®fing
problems with your work or other regular daily activitéssa result of any emotional
problems (such as feeling depressed or anxious)?

Some A little

All of  Most of ofthe  of the None of
the time thetime . : the time
time time
24.Accompllshed lesthan you 1 > 3 4 5
would like
25. Did work or other activitieless 1 2 3 4 5

carefully than usual
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28. During thepast 4 weekshow much did pain interfere with your normal work
(including both work outside the home and housework)?

N Notatall 1A Alitlebit 1/ Moderately i Quite abit n Extremely

These questions are about how you feel and how things have been walirywithe
past 4 weeksFor each question, please give the one answer that comes closest t
way you have been feeling. How muafthe time duringthe a st 4 we ek

All of the Most of Some of A little of None of

time thetime thetime thetime the time
'29. Have you felt calr 1 5 3 4 5
and peaceful?
:30. Did you have a lo 1 2 3 4 5
of energy?
'31. Have you felt
downheartedrad 1 2 3 4 5

depressed?

41. During thepast 4 weekshow much of the time has yophysical health or
emotional problemsinterfered with your social activities (like visiting with friends
relatives, etc.)?

N Allofthe 1 Mostofthe f Someofthe n Alitte of 13 None of the
time time time the time time
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APPENDIX HT QUESTIONS ADAPTED FROM
PROJECT WINDFARM pgrceprion STUDY

How often have you been troubled by the following symptoms in the last month?

About About
Newver or Almost
seldom once a once a Daily
month week
4. Headache 1 2 3 4
5. Depression 1 2 3 4
6. Not very sociable, wanting tc 1 2 3 4
be alone
7. Irritable 1 2 3 4
8. ReS|gnAed (e.0. fegl like 1 5 3 4
youbve given
9. Fearful 1 2 3 4
10. Concentration problems 1 2 3 4
11. Nausea (e.g. upset or unee 1 5 3 4
stomach)
12. Vertigo (e.g.feel as if the 1 5 3 4
room is spinning)
13. Mood changes 1 2 3 4
14. Migraine Headache 1 2 3 4
15. Undue tiredness 1 2 3 4
16. Pain and stiffnesa the 1 2 3 4
back, neck or shoulders
17. Feeling tense or stressed 1 2 3 4
18. Unusual body sensations 1 2 3 4
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How often have you been troubled by the following symptoms in the last month?

About About
Newver or Almost
seldom once a once a Daily
month week
19. Tinnitus (ringing in the ears 1 2 3 4
20. Other (please specify): 1 2 3 4
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APPENDIX | T PITTSBURGH SLEEP QUALITY
INDEX QUESTIONS

The following section asks general information about your sleep habits.

The following questions relate to your usual sleep habits during the past month only.
Your answers should indicate the most accurate reply fan#jerity of days and nights
in the past month.

During the past mont hé

1. What time have you usually gone to béul@ase also
circle a.m. or p.m.) a.m./p.m.

2. How long has it taken you to fall asleep each night?
(Once you have decided go to sleep) minutes

3. What time have you usually woken up in the mornin

(please also circle a.m. or p.m.) a.m./p.m.
4. How many hours of actual sleep do you get at night hours

(This may be different than the number of hours you

spend in bed) minutes

5. During the past month, how would you rate your sleep quality overall?
A Very Good A Fairly Good A Fairly Bad A Very Bad

During the past month, how often have you had trouble sleeping bgcauseée

Not in the Less than 1-2times 3+times a

past month once a week aweek week

, Lo
6. Qannot get to sleep within 2 1 5 3 4

minutes?
7. Wake up in the middle of thi

. : 1 2 3 4

night or early morning?
}8. Have to get up to use the

bathroom? 1 2 3 4
19. Cannot breathe comfortably 1 2 3 4
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