
ERT Case No. 15-011 

ENVIRONMENTAL REVIEW TRIBUNAL 

In the matter of the appeal by Douglas Edward Dingeldein filed February 17, 2015 for a 

Hearing before the Environmental Review Tribunal ("Tribunal") pursuant to section 142.1 

of the Environmental Protection Act, R.S.O. 1990, c. E.19, as amended ("EPA") with respect 

to Renewable Energy Approval Number 5663-9R9JTB ("REA") issued by the Director, 

Ministry of the Environment and Climate Change ("MOECC"), on January 30, 2015 and 

posted on the Environmental Registry on January 30, 2015, to Grey Highlands Nominee 

(No. 1) Ltd., under section 47.5 of the EPA, in respect of a Class 4 Wind facility consisting 

of the construction, installation, operation, use, and retiring of a wind facility with a total 

name plate capacity of 10 megawatts, located in the Municipality of Grey Highlands. 

Witness Statement of Michael A. Nissenbaum, MD  

Date: April 14, 2015 

I have no direct personal interest in the outcome of this appeal. My evidence will be 

technical and opinion evidence. I have read the Tribunal's Practice Direction for Technical 

and Opinion Evidence and I provide this statement in accordance with that Practice 

Direction. In accordance with the Tribunal's Rules of Practice, I have read and signed an 

Acknowledgement of Expert's Duty, which is attached to this statement as Exhibit 1 

Qualifications 
 

I am a Medical Doctor, Board Certified in Diagnostic Imaging, whose training has included, 

in addition to basic and physiological sciences, as well as medicine,  medical physics and 

the physics of energy deposition in human tissues, including ionizing radiation, radio 

frequencies, and sound. I am subspecialized in Magnetic Resonance Imaging. I am a past 

faculty member (junior) of Harvard Medical School. I received my MD at the University of 

Toronto in 1983, completed Diagnostic Radiology specialty training at McGill University in 

1988, and went on to subspecialty training at the University of California, before joining the 

faculty of Harvard University as Associate Director of MRI at Beth Israel Hospital Boston in 

the early 1990’s. I currently work in imaging guided diagnosis and medical interventions 

with the RADIMED group, a network of imaging facilities owned primarily by the 

radiologists of McGill University. I have an associate appointment at McGill University 

Faculty of Medicine, where I lecture to radiology residents on matters of political structure 

and public health differences between the USA and Canada as they relate to the practice 
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of Medicine.  Prior to this, I worked in a hospital based radiology practice in Maine for 15 

years. A copy of my current curriculum vitae is attached as exhibit 2.  

Background 
 

Beginning in 2008, I developed an interest in and researched issues relating to the human 

response to noise arising from Industrial Wind Turbines (IWTs), a new, developing area of 

clinical inquiry at the time. This was in response to media reports, on the one hand, of 

complaints by individuals living in proximity to newly established IWT facilities in Maine, 

and on the other, well publicized plans by the then Governor of Maine to create over 200 

such additional installations in Maine by the Year 2000. I became concerned about the 

potential public health implications if in fact there was substance to the complaints 

individuals living in proximity to the few exiting turbine installations at that time had. I 

developed an interest in the health effects of wind turbine projects after becoming aware 

of complaints related to an industrial wind turbine project in Mars Hill, Maine, some 90 

miles south of where I lived and practiced. Upon informing the Maine Medical Association 

of my concerns, I was asked to perform a preliminary survey of the Town of Mars Hill and 

present my findings to a subcommittee that was to be established to look into the subject. 

Following this preliminary survey, I went on, together with 2 colleagues, an epidemiologist 

and a sleep medicine specialist, to design and carry out  the world’s first controlled study 

utilizing validated medical questionnaires,  investigating adverse health effects related to 

noise arising from Industrial Wind Turbines. This was a larger, standardized study with data 

gathered at the inland town of Mars Hill and at the coastal, island based town of 

Vinalhaven (Fox Island Wind Project) Maine. 

 

This study underwent peer review and was published by the Journal Noise and Health in 

October of 2012. It is attached as Appendix 3.  Data from this study was accepted for oral 

presentation, and has been presented, at two international conferences, one dealing with 

environmental noise (10th International Conference on Noise as a Public Health Problem 

(ICBEN), London, UK, July 2011), and the other dealing specifically with noise arising in 

industrial wind turbine installations (4th International Conference on Wind Turbine Noise, 

Rome, Italy, April 2011). The methodology of the study was the subject of yet another 
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presentation at the latter conference, entitled ‘Selection of Outcome Measures in 

Assessing Sleep Disturbance from Wind Turbine Noise’.   

The study was also an invited presentation to a committee of the Australian Senate, the 

Senate Environment & Communications committee, to which I testified in November of 

2012 (appendix).  

 

The study of Mars Hill and Vinalhaven to be outlined here has been independently peer 

reviewed, and the data was submitted prior to publication to the Environmental Review 

Tribunal in Ontario, in March of 2011, as well as before the Maine Board of Environmental 

Protection in July of 2011. In Ontario, it contributed to the first official recognition by an 

arm of the Provincial Government (the ERT) that IWTs can cause adverse health effects, 

directly contradicting the previously published opinion of the Chief Medical Officer of the 

Province of Ontario at that time, and resulted in the ERT recognizing adverse health effects 

and making recommendations to more closely monitor adverse health effects and amend 

regulations as required. In Maine, it contributed to the decision by the Maine BEP to reduce 

the nighttime noise limits for IWT installations to 43 dBA from 45 dBA.  

 

I was an invited participant, opposite Dr. Robert McCunney, to a debate/discussion of our 

respective perspectives on IWTs and Health, at Rutland Regional Hospital in Vermont in 

May of 2010, the first time a hospital in North America has organized an event on this 

subject. 

I am a founding board member of the Society for Wind Vigilance, a non-profit organization 

comprised of physicians, physiologists, and acoustics experts whose mission is to provide a 

scientific clearinghouse for the analysis of scientific information appearing in published 

documents created by Industry, government, and the Scientific Community on the subject.  

I am a coauthor of some of the analytic documents published by the Society.  Some of the 

publications are listed on in my Curriculum Vitae.  
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Effects of industrial wind turbine noise on sleep and health  

Noise and Health: 2012  |  Volume : 14  |  Issue : 60  |  Page : 237-243 

The following is the abstract that was published as part of the study. The full study is included 

within the appendix. 

 

Industrial wind turbines (IWTs) are a new source of noise in previously quiet rural environments. 

Environmental noise is a public health concern, of which sleep disruption is a major factor. To 

compare sleep and general health outcomes between participants living close to IWTs and those 

living further away from them, participants living between 375 and 1400 m (n = 38) and 3.3 and 

6.6 km (n = 41) from IWTs were enrolled in a stratified cross-sectional study involving two rural 

sites. Validated questionnaires were used to collect information on sleep quality (Pittsburgh Sleep 

Quality Index - PSQI), daytime sleepiness (Epworth Sleepiness Score - ESS), and general health 

(SF36v2), together with psychiatric disorders, attitude, and demographics. Descriptive and 

multivariate analyses were performed to investigate the effect of the main exposure variable of 

interest (distance to the nearest IWT) on various health outcome measures. Participants living 

within 1.4 km of an IWT had worse sleep, were sleepier during the day, and had worse SF36 Mental 

Component Scores compared to those living further than 1.4 km away. Significant dose-response 

relationships between PSQI, ESS, SF36 Mental Component Score, and log-distance to the nearest 

IWT were identified after controlling for gender, age, and household clustering. The adverse event 

reports of sleep disturbance and ill health by those living close to IWTs are supported. 

Some graphic representations of the adverse effects of IWT noise as a function of distance can be 

seen in the following graphs, which represent regression analyses of scatter plots:  
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Utilizing a semi log scale, and sound measurements obtained from the Maine Department of 

Environmental Protection for Mars Hill, Robert W. Rand, ASA, INCE created the following graph: 
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The above graphs indicate that the closer you live to an IWT, the worse your daytime sleepiness is, 

the poorer your sleep quality is, and the poorer your mental health is.  

 

Some Study Conclusions:  

The dose-response (distance-effect) relationship seen at Mars Hill and Vinalhaven is strong 

evidence of a causal relationship between IWT noise and ill health. The setback distances based on 

preconstruction sound modelling permitted at these sites in Maine were too close for protection of 

the human population. This study also supports the case series adverse event reports of sleep 

disturbance and ill health among those living in proximity to IWTs from multiple sites around the 

world (Harry, 2007; Pedersen et al., 2007, van den berg 2008).  
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Based on the Mars Hill/Vinalhaven Study, it is clear that there is a high probability of significant 

adverse health effects for residents whose homes are located within 1400 meters (.87 miles) of 

industrial wind turbines.  The health risks include: 

a) Sleep disturbances/sleep deprivation and the multiple illnesses that cascade from 

chronic sleep disturbance.  These include cardiovascular diseases mediated by chronically 

increased levels of stress hormones, weight changes, and metabolic disturbances, including 

the continuum of impaired glucose tolerance up to diabetes. 

b) Psychological stresses, which can result in additional effects including 

cardiovascular disease, chronic depression, anger, and other psychiatric symptomatology. 

c) Increased headaches. 

d) Auditory and vestibular system disturbances. 

e) Increased requirement for and use of prescription medication. 

 

Based on the above, it is also clear that future industrial wind projects should build in a margin of 

safety to avoid the kind of adverse health effects experienced at Mars Hill and Vinalhaven, Maine. 

  

Discussion 

The short, medium, and long term effects of sleep disturbance and sleep deprivation have been 

long understood, and are a basic tenet of the most rudimentary medical education. Still, 

understanding of the precise physiology and documentation of the effects continues to advance. 

Chronic sleep disturbance can be expected to affect almost every bodily system through its effects 

upon the brain and endocrine systems. Both physical and psychological deleterious effects can and 

do occur, as demonstrated by the Mars Hill/Vinalhaven study and as described in the medical 

literature.  

 

Recent human studies suggest that even short duration sleep disturbances (one week) result in 

measurable effects upon gene expression affecting the immune system, and that medium duration 

(3.5 years)  impaired sleep results in measurable atrophy (shrinkage) of certain areas of the brain. 

Recent literature also indicates that children have demonstrably impaired learning and 

development when sleep is poor, and recent animal studies demonstrate that structural changes in 

how the brain learns and assimilates memories are detectable after short duration sleep 

disturbances. As well, experimental forms of cancer have enhanced aggressivity when sleep is 

disturbed, through modulations of the body’s inflammatory and immune responses (similar to 

those shown in humans). The references are attached.  

Summary presentations of these studies follow:  
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Poor sleep quality is associated with increased cortical atrophy in community-dwelling adults 

C. E. Sexton, et al; Neurology 83 September 9, 2014: 

In 147 adults sleep quality was measured using the Pittsburgh Sleep Quality Index and correlated 

with cross-sectional measures of brain volume and longitudinal measures of atrophy derived from 

MRI scans separated by an average of 3.5 years. 

Sleep quality was assessed using the Pittsburgh Sleep Quality Inventory, one of the measures used 

in our Mars Hill/Vinalhaven study).  

The results are best seen graphically: 
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To summarize, demonstrable brain atrophy associated with 3.5 years of poor sleep scores, 

particularly for those over the age of 60.  

The PSQI scores at which were associated with atrophy in this study occurred at a high frequency 

within 1400 meters of IWTs at Mars Hill and Vinalhaven. 

Here is the scatterplot from our study, with the regression curve, as published: 

Spatial maps display regions where poor sleep 

quality was significantly associated with 

increased rate of cortical atrophy (p, 0.05). 

Poor sleep quality was associated with reduced 

volume within the right superior frontal cortex 

in cross-sectional analyses, and an increased 

rate of atrophy within widespread frontal, 

temporal, and parietal regions in longitudinal 

analyses. Results were largely driven by 

correlations within adults over the age of 60, 

and could not be explained by variation in 

physical activity, BMI, or blood pressure. 
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Shorter duration effects of impaired sleep also occur. Here is a study looking at immune system 

function: 

Effects of insufficient sleep on circadian rhythmicity and expression amplitude of the human blood 

transcriptome. Carla S. Möller-Levet et al, Proceedings of the National Academy of Sciences 

E1132–E1141, doi: 10.1073/pnas.1217154110:  

Twenty-six participants were exposed to 1 wk of insufficient sleep (sleep-restriction condition 5.70 h) and 1 wk of 

sufficient sleep (control condition 8.50 h) Immediately following each condition, 10 whole-blood RNA samples were 

collected from each participant, while controlling for the effects of light, activity, and food, during a period of total 

sleep deprivation. Transcriptome analysis revealed that 711 genes were up- or down-regulated by insufficient sleep. 

Insufficient sleep also reduced the number of genes with a circadian expression profile from 1,855 to 1,481, reduced 

the circadian amplitude of these genes, and led to an increase in the number of genes that responded to subsequent 

total sleep deprivation from 122 to 856. 

 One week of insufficient sleep alters gene expression in human blood cells, reduces the amplitude of circadian 

rhythms in gene expression, and intensifies the effects of subsequent acute total sleep loss on gene expression. The 

affected genes are involved in chromatin remodeling, regulation of gene expression and immune and stress 

responses. The data imply molecular mechanisms mediating the effects of sleep loss on health and highlight the 

interrelationships between sleep homeostasis, circadian rhythmicity, and metabolism. 
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The above studies were performed on humans. Animal studies are equally as dramatic and 

potentially of great significance: 

 

 

Fragmented sleep accelerates tumor growth and progression through recruitment of tumor-

associated macrophages and TLR4 signaling.  Fahed H. et al. © 2014 American Association for 

Cancer Research. 

 

 

In this study, we examined the hypothesis that SF promotes tumor growth and progression through 

proinflammatory TLR4 signaling. In the design, we compared mice that were exposed to SF one week 

before engraftment of syngeneic TC1 or LL3 tumor cells and tumor analysis three weeks later. We found 

that SF enhanced tumor size and weight compared to control mice. Increased invasiveness was apparent in 

SF tumors, which penetrated the tumor capsule into surrounding tissues including adjacent muscle. 

Tumor-associated macrophages (TAM) were more numerous in SF tumors where they were distributed in 

a relatively closer proximity to the tumor capsule, compared to control mice. Our findings offer 

mechanistic insights into how sleep perturbations can accelerate tumor growth and invasiveness through 

TAM recruitment and TLR4 signaling pathways. 
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Sleep promotes branch-specific formation of dendritic spines after learning 

Guang Yang et al. Science 344, 1173 (2014);  

 

The above recent study likes provides part of the physiological basis for the findings in this review 

article: 

 

Long-term sleep disturbances in children: A cause of neuronal loss  

2010 European Paediatric Neurology Society; doi:10.1016/j.ejpn.2010.05.001 

Abstract: How sleep helps learning and memory remains unknown. We report in mouse motor cortex 

that sleep after motor learning promotes the formation of postsynaptic dendritic spines on a subset of 

branches of individual layer V pyramidal neurons. New spines are formed on different sets of dendritic 

branches in response to different learning tasks and are protected from being eliminated when multiple 

tasks are learned. Neurons activated during learning of a motor task are reactivated during subsequent 

non–rapid eye movement sleep, and disrupting this neuronal reactivation prevents branch-specific 

spine formation. These findings indicate that sleep has a key role in promoting learning-dependent 

synapse formation and maintenance on selected dendritic branches, which contribute to memory 

storage. 

 

Short-term sleep loss is known to cause temporary difficulties in cognition, behaviour and health but the 

effects of persistent sleep deprivation on brain development have received little or no attention. Yet, severe 

sleep disorders that last for years are common in children especially when they have neurodevelopmental 

disabilities. There is increasing evidence that chronic sleep loss can lead to neuronal and cognitive loss in 

children although this is generally unrecognized by the medical profession and the public. Without the 

restorative functions of sleep due to total sleep deprivation, death is inevitable within a few weeks. Chronic 

sleep disturbances at any age deprive children of healthy environmental exposure which is a prerequisite for 

cognitive growth more so during critical developmental periods. Sleep loss adversely effects pineal 

melatonin production which causes disturbance of circadian physiology of cells, organs, neurochemicals, 

neuroprotective and other metabolic functions. Through various mechanisms sleep loss causes widespread 

deterioration of neuronal functions, memory and learning, gene expression, neurogenesis and numerous 

other changes which cause are integrated in order to show that untreated chronic sleep disorders may lead 

to impaired brain development, neuronal damage and permanent loss of developmental potentials. Further 

research is urgently needed because these findings have major implications for the treatment of sleep 

disorders, decline in cognition, behaviour and health. When these changes are long-standing, excessive 

cellular stress develops which may result in widespread neuronal loss. In this review, for the first time, 

recent research advances obtained from various fields of sleep medicine are integrated in order to show 

that untreated chronic sleep disorders may lead to impaired brain development, neuronal damage and 

permanent loss of developmental potentials. Further research is urgently needed because these findings 

have major implications for the treatment of sleep disorders. 

 



14 
 
Given the deleterious effects of chronically poor or disordered sleep, it is logical, from the 

medical point of view, to be concerned about chronically poor sleep arising from 

environmental sources of noise. WTN is no different from other sources of noise if it is of 

sufficient nature to result in sleep disturbance.  The precautionary principle should be at 

work here, and government and industry should not demand 100% or even ‘more likely 

than not’ levels of certainty before modifying practices to ensure that WTN does not 

contribute to chronic sleep disorders.   

The precautionary approach means that “When an activity raises threats of harm to human 

health or the environment, precautionary measures should be taken even if some cause 

and effect relationships are not fully established scientifically.” (Roffesperger 1999). He 

outlines several elements: 

            1. Taking preventive action in the face of uncertainty 

            2. Shifting the burden of proof to the proponents of an activity 

            3. Exploring a wide range of alternatives to possibly harmful actions; and 

            4. Increasing public participation in decision-making. 

 

 

As it is known that sleep disturbance will over the short, medium,  and long term result in a 

large basket of adverse health effects, the only ‘proof’ required in this setting is to 

demonstrate that IWT’s placed in proximity to dwellings results in ongoing sleep 

disturbance. If that is in fact the case, it follows that IWT’s in proximity to dwellings can and 

will result in adverse health effects.  

 

Illogically, some people have elected to try and delegitimize the application of these known 

bodies of knowledge to the issue of IWT’s, as if known effects of noise and sleep 

deprivation have to be proven all over specifically with regard to IWT’s prior to basic 

protective legislation/measures being put into place. This is analogous to the deleterious 

effects of a school bus accident being devalued because there is no ‘published, peer 

reviewed’ data describing injuries directly as a cause of school bus accidents, even though 

it is understood that motor vehicle accidents in general can result in injury. 
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“Annoyance” in the context of industrial wind energy facilities is a critical physiologic 

stressor in its own right.  When sleep disturbance is chronic, which it is in the case of 

turbines sited too close to dwellings, it results in sleep deprivation. Sleep deprivation will 

result, as surely as day follows night, in a host of adverse symptoms and, over time, 

diagnoses of frank illness. This includes headaches, changes in weight, psychiatric 

symptoms, cognitive dysfunction, possible increases in blood pressure, and the like in the 

near and medium term. Chronic sequela necessarily include illnesses such as diabetes and 

heart disease, which are known to occur in the chronically sleep deprived at increased 

frequency compared to those who are no sleep deprived. This is not conjecture. This is 

simple, known, medical fact.  

 

What we need to know about noise and sleep in this context: 

 

My coauthor, anesthesiologist and sleep specialist Dr. Chris Hanning, has written much on 

how sleep is disturbed by low levels of noise. He lives and works in the UK. 

 

He writes (Hanning 2009): 

“Noise insufficient to cause awakening may cause an arousal. An arousal is brief, often 

only a few seconds long, with the sleeper moving from a deep level of sleep to a lighter 

level and back to a deeper level. Because full wakefulness is not reached, the sleeper has 

no memory of the event but the sleep has been disrupted just as effectively as if 

wakefulness had occurred. It is possible for several hundred arousals to occur each night 

without the sufferer being able to recall any of them. The sleep, because it is broken, is 

unrefreshing resulting in sleepiness, fatigue, headaches and poor memory and 

concentration (Martin 1997), many of the symptoms of “wind turbine syndrome”. Arousals 

are associated not just with an increase in brain activity but also with physiological 

changes, an increase in heart rate and blood pressure, which are thought to be responsible 

for the increase in cardiovascular risk. Arousals occur naturally during sleep and increase 

with age (Boselli 1998) which may make the elderly more vulnerable to wind turbine noise. 

Arousals may be caused by sound events as low as 32 dBA and awakenings with events of 
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42dBA (Muzet and Miedema 2005), well within the measured noise levels of current “wind 

farms”.” 

 

 

Effects of intrusive noise on health are neatly summarized in this diagram from the 

Division of Sleep Medicine at Harvard Medical School (J. M. Solet, et al, 2010):  
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Mechanism by which noise affects health, taken from a study by Dr. Shepherd, are 

summarized in this diagram (Daniel Shepherd, Ph.D, School of Public Health, Auckland 

Univ. of Technology, Fourth International Meeting on Wind Turbine Noise, Rome Italy 12-14 

April 2011) 

 

 

Adverse health effects can be observed after only a few days of sleep disturbance.  They 

are not dependent on exposure for a month or a year and there is nothing in the medical 

literature that requires such exposure.  
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The World Health Organization, in its Night Noise Guidelines for Europe (2009), recognizes 

a similar pathway in this diagram, extracted from that document:  

 

 

Annoyance, in addition to being addressed in the WHO Night Noise Guidelines for Europe 

2009 and Guidelines for Community Noise 1999, has been studied extensively by Swedish 

wind noise expert, Dr. Eja Pederson, and her colleagues in publications that are already 

well known to both sides of this debate and to the ERT.  

In addition to adverse health effects secondary to sleep interruption, residents living 

nearby to wind projects creating sufficient noise will deprive these residents of health 

related quality of life. It is an accepted public health tenet that vectors that diminishes 

health and wellbeing or that result in negative psychiatric symptomatology result in 

reduced health related quality of life. That this occurs in relation to IWT’s has been 

demonstrated by Pedersen et al, and Shepherd et al, among others in studies included in 

the reference appendix, as well as in the Mars Hill/Vinalhaven study presented here (as the 

SF-36v2 component of the study is considered a ‘quality of life’ measure within medicine).  
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There is no question that the quality of life of the affected residents of both Mars Hill and 

Vinalhaven has been seriously diminished.   

The following graph (Pedersen 2009) demonstrates that decibel for decibel, wind turbine 

noise is more annoying than automobile traffic, rail, and air transportation, and is 

exceeded only by railroad shunting yards.  Note that the graph utilizes averaged dBA 

measurements, and so does not fully capture the magnitude of the lower frequency ranges 

where the bulk of wind turbine energy exists.  

 

 

The reasons for this difference may include:  

(a) Amplitude modulation of audible sounds, which is pulsating (or ‘impulsive’) in 

nature and therefore more “disturbing” than other kinds of noise.  This is an 

important feature, and one that is often lost in noise analyses as mandated by 

regulatory arms of government, which allow for averaging of noise levels over as 

long as a year. More on this follows.  

(b) A dominance of dynamically modulated infrasonic and lower frequency acoustic 

energy, which can more easily penetrate facades of buildings and can convert 

through building resonance from sound that, is inaudible into noise that is audible, 

intrusive and disturbing to many people. Some individuals at Mars Hill complained 

of precisely this mechanism occurring in their homes.  
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(c) Noise being emitted from high above the ground resulting in a pervasive and 

omnipresent character that dominates the soundscape, and  

(d) Noise which is often a persistent source of night-time disturbance compared to 

noise from more common sources such as railroads and airports.  

For these reasons, wind turbine noise has an increased potential to cause adverse effects 

on the adjacent community’s health and welfare than sounds generated from other more 

transient sources, for which most current noise regulations were formulated.    

The following graphs demonstrate some of the qualities of IWT noise: 

This graph represents the frequency spectrum of a GE 1.5mW IWT at Mars Hill, operating 

at half power, at midnight. (The graph was obtained from the Maine Department of 

Environmental Protection). While the graph does not include frequencies below 20 Hz (the 

frequency considered the lowest audible by the average – and only the average – person), 

there is considerable sound energy at frequencies below 20 HZ, as will be demonstrated 

shortly. The graph nonetheless demonstrates the preponderance of sound energy at the 

lower frequencies (at and below 500 HZ), and that is the reason this particular graph is 

being shown. The amplitudes are interesting, in that they are quite high, even though the 

turbine was at half power, and the sound recording equipment was conventional.  

 

The figure below is complex, but useful for a number of reasons. It is a spectrographic 

representation of a sound recording obtained at 3AM, outside a home 1500 feet (about 
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500m) from a 1.5 MW GE industrial wind turbine. The equipment used has increased 

temporal, frequency, and amplitude resolution.  As a result, ‘peaks’ and ‘pulses’ are 

captured and represented with greater temporal accuracy, and the peak level amplitudes 

of the noise are more accurately measured.  

The image should be viewed as a time strip, representing about 300 seconds along the 

bottom of the graph (x axis). Below that, a color key is laid out horizontally, and we can see 

that the brighter the color, the higher the sound level, white being the loudest, and black 

the lowest. The frequency of the sound is seen along the vertical scale, along the Y axis. 

The higher we are on that axis, the higher the frequency of the sound. Thus, 500 HZ is at 

about mid graph and 10-20 HZ closer to the bottom.  

With this type of analytical tool, we can see the IWT noise broken up into its constituent 

effects. A higher frequency (yet still 'low frequency') sound, such as the ‘swish’, is seen as a 

re-occurring pattern at about 500 HZ spaced about one second apart. At the bottom of the 

chart, in the infra and very low frequency sound region from under 10 Hz to about 35 Hz, 

we can see an underlying pulsatile, or impulsive rumble. These pulsations are only about 

60 to 100 Msec in duration. Some of the pulses have peak sound pressure levels that are 

above 90 dB. The valleys between the pulses are 50 to 60 dB. Pulses with a 40 dB 

difference between the maximum and minimum sound pressure levels are not uncommon. 

The crest factor of these pulses puts the pressure peaks above the Threshold of Audibility 

for single pure tones.  Since the wind turbine sounds are a complex mix of tones that 

modulate, the threshold of audibility of the rumble emitted by them may well be at a level 

lower than that expected for a pure tone. Pure tone thresholds of audibility are often  and 

inarporoipiately used  in acoustic literature dealing with IWT noise, for example the 

AWEA/CANWEA white paper of (need year________________________________).      
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Geoffrey Leventhall, a British acoustician whose sub-specialty is low frequency noise and 

who frequently testifies on behalf of Industrial Wind Energy companies, has conceded the 

following points: 

“Noise is multidimensional. A one-dimensional view of noise is the A-weighting, which 

considers only levels and neglects frequencies. Another one-dimensional view is to 

consider only frequencies and neglect levels.  Developing the dimensions further, two 

dimensions include both frequency and levels (the spectrum), three dimensions adds in 

the time variations of the noise, whilst higher dimensions include subjective response. “  

 

“Attention should be focused on the audio frequency fluctuating swish, which some 

people may well find to be very disturbing and stressful, depending on its level. The 

usual equivalent level measurements and analyses are incomplete, as these 

measurements are taken over a time period, which is much longer than the fluctuation 

period, and information on the fluctuations is lost.  A time varying sound is more 

annoying than a steady sound of the same average level, and this is accounted for by 

reducing the permitted level of wind turbine noise.”  (Leventhall, G, Infrasound form 

wind turbines: fact, fiction, or deception; Can Acoust.2006; 34(2):29-36 
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One need not ponder this issue too heavily. A few real life examples adequately prove the 

point: a symphony orchestra will have sound pressure levels in the range of 85-125 dBA at 

about 15 m. A jackhammer will have a level of 85 dBA at 15 m. Yet one is intolerable over 

any but the shortest time exposure, and the other is routinely enjoyed for well over an hour.   

A whisper in a library might be barely heard, but a person whispering in a bedroom while 

someone is trying to sleep would be disruptively loud.   One cannot consider a sound 

without considering both its characteristics and the place and context of where it is being 

emitted and where it is heard. A refrigerator, commonly referenced in industry documents 

and by experts testifying on behalf of industry as an example of how quiet wind turbines 

can be, may be tolerated in the kitchen, but not next to a bed.  

While the recounting of theories as to why IWT noise is highly disturbing is possible, and 

quite interesting, I would want to focus on the amplitude modulation referred to above.  

The amplitude modulation of sound coming from wind turbines is amply demonstrated on 

the above spectrogram obtained from a 1.5mW GE turbine in Ubly Michigan. In it, we can 

see pulsations of lower and other frequencies with periodicities of about once per second, 

sometimes faster, sometimes slower, depending on wind speed.  

We also know that the human brain processes sounds of very short duration. We can look 

at the realm of auditory evoked potentials to see how very sensitive the human brain is. 

Simply stated, these are graphs of electrical potentials (processed form EEG tracings) over 

the  surface the brain obtained by placing electrodes on various predefined areas of the 

scalp (that correlate with different parts of the brain) and then recording what happens, 

electrically within these parts of the brain when certain sounds are played (generally a 

series of clicks). The waveforms we see are averaged over many hundreds of repetitions, 

so that a characteristic pattern emerges out of the background electrical activity of the 

brain. 
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(from 

www.brainvolts.northwestern.edu/documents/Kraus_Nichol_Encyclo_Neurosci_AEPs.pdf) 
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These electrical brain responses are in response to broadband auditory clicks with 

durations as short as 2 msec.  

The middle and late responses are what we are particularly interested in, as they reflect 

brainstem (the ‘primitive’ part of the brain) and cortical (outer layer) responses, generally. 

Cortical responses can be exogenous, meaning a response to the external sound stimulus, 

that cannot be turned off by the listener, as well as endogenous, meaning related to the 

cortical processing/analyzing/cognitive awareness of the noise, a response which 

increases in amplitude if the listener is attending to the noise, or if the noise prompts 

processing because it has certain characteristics that cannot be ignored- such as speech, 

rhythm, or other aspects we are evolutionarily hard wired to pay attention to. Auditory 

evoked potentials are used to diagnose hearing as well as cognitive disorders in people. 

They are useful to us simply because they show that the human brain processes very short 

duration sounds, and that the cortical (higher brain function area) has no choice but to 

process these sounds, and furthermore, when the sounds have certain characteristics, it is 

likely they will be further processed/analyzed for information. In either case, physiological 

/ behavioral responses may occur in response to very short duration sounds. That is the 

point.  

As to why humans are sensitive to short duration repetitive noises, particularly, the 

potential answers are many.  

Fritz van den Berg, one of the consultants who participated in the Health Canada Study, 

stated in 2009 that ‘human beings are sensitive to modulations with a frequency on the 

order of 1 Hz as it occurs in speech.’ (Van_den_Berg_ECHOES_09).  

We are also evolutionarily hard wired to take note of low frequency noises for extra 

processing, as many potentially dangerous situations produce low frequency noise (waves, 

wind, thunder, stampeding herds of animals, and the like. Recall that movie soundtracks 

make special use of low frequency sounds to increase the engagement of the viewer in the 

scene. The fact that many low frequency noises produce not just auditory sensations but 

bodily sensations makes them even more difficult to ignore.  
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The IWT industry, and various governments, has commissioned many white papers 

authored by experts, and there is a constant and peculiar emphasis on the phrase ‘WTN 

noise has no direct health effects’.  

Of course, we all live and die by indirect effects of various environmental toxins.  

Even lower frequency noises, termed ‘infrasound’, are put out by wind turbines. These 

sounds, generally considered to be below 20 or 30 HZ, require high decibel levels to hear, 

but can be sensed in other ways at lower sound pressure levels (see Cooper 2015). 

Additionally, when the infrasound is modulated or multifocal in origin, it is audible at SPLs 

considerably below the commonly accepted thresholds (ref). 

Dr. Alec Salt of the University of Washington has looked at this subject in some detail (Salt 

AN et al Technology & Society 31(4) 296–302 2011).  

He produces the following figure, which contrasts the documented low and infrasonic noise 

produced by turbines with the accepted average human hearing thresholds. This graph 

shows that sound components above 30HZ can be expected to be audible to the average 

person when the SPL level reaches 60 dB. 
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We should recall the spectrogram obtained at Ubly, Michigan by Rick James et al, which 

amply demonstrates that 20 HZ peaks occur at 90dB, and 0 HZ at 70-80 dB.  (See 

Spectrogram above) 

Many authors, including working groups assembled by the World Health Organization, have 

pointed to the inadequacy of using dBA as a weighting when measuring sounds with 

significant lower frequency components (refs). 

dBA weighting was designed to capture the frequencies of human speech, primarily, and 

reduces detection/documentation of lower frequency noise, making it essentially invisible 

to measuring devices using this weighting scheme. 

 

A graphic presentation of this is supplied by Salt as applied to WTN: 

 

In the above graph, the shaded area represents the noise ignored through the use of A- weighting. 

As we have already demonstrated above that there is audibility of 20 and 30 HZ lower frequency 

noise at 90 and 70-80 dB, it is clear that A-weighting is entirely inadequate for assessing WTN, 

even before such aspects as modulation and muti-focality are taken into account (which would be 

expected to drop the hearing threshold further).  
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The World Health Organization suggests that when sources of noise have a significant low 

frequency component, that dBA weighting not be used, or if it is used, that a limit of 30dBA 

be employed (ref).  

 

We can now contrast what we know of human hearing and sound processing physiology 

with the methodology and equipment used to qualify and quantify industrial wind turbine 

noise (WTN) in Ontario and most other jurisdictions.   

The Ministry of the Environment issued Guidelines for Wind Farm noise measurements in 

2008.  

These guidelines include the following:  

 

And  

 

The allowance of averaging of sound measurements over lengthy periods of time, even 

minutes, would result in loss of capture of elements of the noise to which human being  

are sensitive.  

By way of example, imagine a rifle was being fired was being fired every 5 minutes outside 

your home. A 22 gauge Hornet bullet would put out an instantaneous reading of 166 dB for 

1.4 msec, to the side of the muzzle. This is a very loud noise. Now, if the sound meter was 

allowed to average in the ‘fast mode’ common to sound meters, over 125msec, the 

reading would be 137 dB.   

 

We can conclude, as regards the MOE guidelines, that the mandated modelling system is 

entirely non physiological and therefore not reflective of the human hearing/cognitive 
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apparatus. As such, it is inappropriate to the subject and largely irrelevant for their 

intended use.  

 

One can ask how this coarse, physiologically inappropriate method of measuring and 

massaging sound data came to be accepted as a stand in for far more sensitive and 

discerning human physiology. While this is a subject fit for a dissertation outside of the 

scope of this opinion, it is at least in part attributable to the fact that the disciplines of 

medicine and physiology were not called upon to initially validate the methodology, or to 

update it as the state of the art advanced over the decades.   

Hence we know have a situation where the industry’s acoustic consultants, one eye on 

their instruments and the other on the guidelines for how to measure noise set by 

government, are rendering predictions on what adverse effects human beings will or will 

not experience, which at the end of the day are baseless and in the case of those living 

close to IWTs, damaging. 

Their work product, as they relate to human perceptions and potential adverse effects, are 

therefore misdirection to those who read and act on their opinions, such as their corporate 

clients.   

 

 

Reviews of Our Study 
 

There have been 2 published letters to the Editor of Noise and Health critical of our study, 

by Christopher Ollson et al,  and by Michael Barnard, an IBM employee who has worked on 

IBM Intelligent Grid designs, a self-regarded expert on epidemiology and physiological 

responses to WTN. The letters, in turn, have been quoted by others, including Dr. Robert J. 

McCunney, a physician who is frequently called in by companies to testify as to the 

presence or absence of ‘direct’ adverse health effects attributable to IWTs.  

Our study was also evaluated in s strategic manner by the Ontario MOE and in a recently 

released literature review by the Canadian Council of Academies.  
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Christopher Ollson is an employee of Intrinsik Environmental Sciences, in Mississauga, 

Ontario.  He is listed as Vice President of Strategic Development. He coauthored the letter 

with other employees of Intrinsik.  

 

Mr. Ollson’s and his co-employee’s’ letter to the editor of Noise and Health was published 

in 2013. Mr. Ollson has testified many times on behalf of companies involved in IWT 

projects.  

They make a number of factually incorrect statements in a letter to the editor he wrote 

some time after our paper was published in Noise and Health. 

Ollson et all make much of the fact that the sound levels which we included as part of our 

data were not of sufficient rigor – that they were not obtained at the same time as the data 

was collected, for example, but rather from publically available sources, such as the Maine 

Department of Environmental Protection.   I strongly disagree with this criticism.  For 

reasons detailed earlier in this document, we believed the inapplicability of these methods 

to predict the human response to the noise produced by turbines rendered them useless, 

and we therefore included the publically available ones as simple reference points of 

interest.  

 

Nonetheless, the publically available sound levels that we referenced were validly obtained 

per government mandated methodology, obtained by the usual criteria, and were in fact 

over the limits that were predicted for the projects at Mars Hill and Vinalhaven by other 

firms that do precisely the same consulting work for industry that Mr. Ollson’s company, 

Intrinsik, accepts for their environmental analyses which they do for their IWT clients. 

Ollson et all goes on to state: “It is important to note that the authors acknowledge that 

"There was no statistically significant difference in [physical component score PCS (P = 

0.9881)." This means that respondents reported no difference in their physical component 

summary score or physical well-being between the two groups. The findings of the PCS 

score appear to support the premise that there is nothing physically emitted from the 

turbines that affected health in this small population sample size. It also appears that 

negative MCS scores in the near group were not affecting the physical health of 

individuals.” 
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This is faulty logic and medically nonsensical. It speaks to a lack of comprehension of how 

physiological systems respond to various stresses.  

The absence of a detectable drop in score on the PCS scale may signify the study group 

was too small, or the duration of turbine exposure to short to result in diagnosable physical 

illnesses that sleep deprivation is known to cause, or simply that we did not use tools of 

sufficient sensitivity. After all, we administered a questionnaire. We did not do genetic 

testing of blood cells to detect fluctuations of the immune response related to poor sleep. 

We have described in this opinion document, however, several studies that did find many 

physiological alterations that certainly may go undetected on a questionnaire filled out 

with paper and pencil.  

Any medical person knows that in many disorders where stresses such as sleep 

deprivation or psychiatric illness pay a role in inducing physical maladies such as heart 

disease, diabetes, cognitive decline or even malignancy, there is considerable latency 

between the onset of the ‘intangible’ stressor and measurable physical illness, at least by 

conventional measurement methods.  

We have shown, with the small sampling of medical studies that document serious 

adverse medical and physiological effects of sleep disruptions, such as described in those 

studies may well be occurring in the affected residents of Mars Hill and Vinalhaven.  For 

Ollson to conclude that “It also appears that negative MCS scores in the near group were 

not affecting the physical health of individuals” is also unsupported nonsense. If he were a 

physician rendering this opinion, it would be negligent and irresponsible, and if he was 

counselling individuals suffering in these circumstances with similar advice, it would be 

malpractice.  

 

Mr. Ollson was cross examined as to his medical and epidemiological qualifications during 

ERT Case Nos. 14-065 / 14-066 / 14-067 (APPELLANTS RICHARD LANCE BRYCE AND 

KIMBERLEY BRYCE) on February 6, 2015. He admitted to having none.  

Mr. Ollson makes a number of comments criticising the statistical analyses used. One of 

our authors, Jeffery Aramini   PhD, MSc, DVM (Public Health Epidemiologist) has addressed 

these comments, which appear to be entirely without merit according to Dr Aramini 

(attached).  
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 Mr. Ollson has also been cross examined about a literature review article he coauthored 

with one the coauthors of his letter to the editor.  This article is entitled Health Effects and 

Wind Turbines: A Review of the Literature, (Knopper and Ollson, 2011). 

This work and its references were audited in October of 2012 by Brett Horner, BA, CMA, 

(attached) and the audit was presented as evidence in a hearing before the Alberta Utilities 

Commission in October of 2013 (attached). Beginning on page 539, Mr., Ollson is 

questioned about the numerous factual errors and omissions in his literature review article, 

and admits to most of them. All the errors were in a certain direction, with manufactured 

claims that various agencies had found no adverse health effects related to IWTs.  It is 

painful, embarrassing reading, with Mr. Ollson attempting at first to devalue the audit 

because it was written by an accountant, before acknowledging, under forceful cross 

examination, misrepresentation after misrepresentation.   

It would appear he is more of an aggregator of information, who imparts ‘spin’ to the data 

he reviews, favourable to his industry clients.  

 

Michael Barnard, a non-medical, non-statistician IBM employee, submitted a letter to the 

Editor of Noise and Health criticising our study. His criticisms were similarly without merit, 

overlapping those of Ollson. I note that Mr. Barnard has engaged in cyber bullying of some 

individuals and libelous statements of others, including myself, on his various internet 

postings and ‘blogs’, and unsolicited emails. When his employer was made aware of them, 

and also of the fact that he was using his IBM affiliation as a buttress for his statements, 

he was apparently reprimanded, and told to cease and desist from such further activity by 

IBM (IBM communications in appendix. I believe it was because he signed his name under 

the IBM letterhead that his letter to the editor of Noise and Health was published.   

 

Dr. RJ McCunney has referenced our study in a review paper he wrote on the subject, and 

repeats the same invalid criticisms as Ollson, who he cites favorably.  Dr. McCunney has 

performed no original research on the subject with individuals who leave in proximity to 

IWTs, his contribution to the field largely being testimony on behalf of corporations 

installing IWTs, and generating white papers commissioned by them.  He helpfully informs 
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us in almost every deposition that ‘hearing loss does not occur as a result of WTN’, even 

though no opposing expert has ever made that claim.  

 

McCunney has suggested that the population groups were tainted by the fact that they 

launched law suits against the IWT companies. This was not the case at the time the data 

was collected. While I cannot say that some suffering individuals were not contemplating 

legal action, as is their right, and perhaps even logical under the circumstances, there were 

simply no lawsuits launched at the time the data was collected.  

 

Dr. McCunney also references a study by Bozena Mroczek et al (ref), published in the Polish 

Journal of Agricultural and Environmental Medicine, as providing more compelling 

information that counters the findings of our study. The Mroczek study is ludicrously 

problematic and a parody of objective scientific inquiry (Ollson also favorably reviews this 

study).  

 

The fact that McCunney, Ollson, and others would depend on this study, and attempt to use 

it to devalue our smaller but better constructed and executed study says much about 

McCunney’s and Ollson’s motivations. Either they are ignorant of the deficiencies of the 

study and the biases of the authors, or they are cognizant, and choose to ignore them 

because it suits their agenda. Given that both these individuals have authored selective 

‘literature reviews’, that cherry picked studies and parts of studies, and in the case of 

Ollson, misrepresented some,  to buttress predetermined conclusions, and work almost 

exclusively as experts for the IWT industry (when working on IWT related projects), the 

latter is more likely, in my opinion 

 

Dr. McCunney also favorably and uncritically reviews a study associating personality traits 

with negative responses to IWTs. This approach is a favorite of industry consultants, who 

tend to try and find problems with the human beings who complain about adverse effects 

from large machines operating near their homes, rather than accepting human beings the 

way they are, both physiologically and psychologically, and looking to change the machines 
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or increase their distance from human beings. Interestingly, they tend to focus on potential 

psychological or psychiatric predispositions, rather than physiological ones. Why is that? 

One can make the argument that they are attempting to trade on a bias some may have 

against people whose complaints originate in the psychological realm.   

Potential  sufferers of adverse health effects deserve to be believed and medically  

evaluated, and not a priori dismissed or special efforts made to explain away their 

complaints as somehow arising from predisposing personalities, or be the result of 

unproven, conjectural  concepts of ‘nocebo’, when the downsides of writing them off in this 

manner are so very serious. This approach is not medical and it is an odd perspective for a 

physician to have, particularly one who has not personally and formally evaluated the 

individuals who claim adverse health effects, and been able to exclude serious adverse 

effects to his professional medial satisfaction.   

 

Nocebo  

Some critics of our study have suggested that ‘Nocebo’ is at work, and contributes to the 

findings.  

On 'nocebo', if a physician provides the diagnosis of 'nocebo' (a psychologically mediated 

effect analogous to a 'psychosomatic illness/response'), and the opposite of ‘placebo’, 

which is the attribution of positive effect to a sham intervention, medical protocol and 

patient safety dictate that it be done subsequent to thoroughly excluding the possibility of 

any pathophysiological pathways that are plausible, more likely, or more important 

(because of serious downstream implications) to consider. As sleep deprivation is so very 

important to identify and correct (along with chronic high grade annoyance), ‘nocebo’ is not 

a valid explanation for the complaints people have in regards to WTN at this point in time.  

Proponents of 'nocebo' in the setting of symptoms or complaints related to turbine noise 

are fond of making the argument that the very eliciting of symptoms biases the 

respondent in such a way that the response is unreliable. It is akin to labeling as a ‘nocebo’ 

effect patients who complain of chest pain after learning about lifestyles that contribute to 

coronary artery disease, and who then go to the emergency room when they have chest 

pain. It is outrageous and irresponsible. The 'nocebo' concept is entirely inapplicable to 

issues of chronic sleep disorders which may be the result of remembered or even 
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unremembered nighttime arousals related to noise ( a simple physiological chain of events 

that is not medically controversial in the least, and which are detectable by validated 

investigational tools),  and is an unfair and cruel exercise that in effect tells people that 

while what they are feeling may be real, the origin is 'all in their head' rather than in well 

understood human physiology.  

As ‘nocebo’ is meant to be the inverse of ‘placebo’, which is a favourable response to a 

sham intervention, use of the word ‘nocebo’ itself is a biased misled, for it assumes by 

implication of its contrast with ‘placebo’ that that WTN is a ‘sham’ intervention. Not only 

has this last not been proven, but it is the very issue over which this hearing is taking place.  

Finally, suggesting a diagnosis of 'nocebo' immediately, without investigating, 'boots on the 

ground', for more plausible, better understood, or more logical causes of the medical 

condition, would normally constitute medical malpractice in most Western-based medical 

systems. Individuals who are not physicians are not limited by this professional mandate or 

even necessarily this conceptual framework. Please bear that in mind when deliberating 

the opinions of witnesses or experts who opine on medical matters.  

The biological plausibility of sleep disturbances resulting in ill health is ‘settled science’. 

The relationship of noise to sleep disturbances is long established. There is no suspension 

of critical thinking and accepted medical logic required to understand the causal 

relationship of chronic noise exposure and /or annoyance to chronic sleep disturbance 

resulting in ill health.  

 

 

Australia Acceptance 

The Australian Government’s National Health and Medical Research Council (NHMRC) 

identified our study as one of only 13 out of 4000 scientific report candidates that were 

accepted after having fulfilled their inclusion criteria for a review entitled: NHMRC 

Information Paper: Evidence on Wind Farms and Human Health.  
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Noise and Health statistical popularity of our study: 

 

Our paper, despite having been published as recently as  2012, has now become the 7th 

most accessed academic article in the history of the Noise and Health Journal since they 

started keeping electronic records in 2007. It has been accessed electronically over 

20,000 times (appendix). 

Interestingly, the most frequently accessed article, by well-known industry consultant 

Geoffrey Leventhall, is ranked at number 1, and was published in 2004. It has just over 

40,000 accesses.  

 

The abstract is directly relevant to the subject at hand: 

 

“Low frequency noise, the frequency range from about 10Hz to 200Hz, has been 

recognised as a special environmental noise problem, particularly to sensitive people in 

their homes. Conventional methods of assessing annoyance, typically based on A-weighted 

equivalent level, are inadequate for low frequency noise and lead to incorrect decisions by 

regulatory authorities. There have been a large number of laboratory measurements of 

annoyance by low frequency noise, each with different spectra and levels, making 

comparisons difficult, but the main conclusions are that annoyance of low frequencies 

increases rapidly with level. Additionally the A-weighted level underestimates the effects of 

low frequency noises. There is a possibility of learned aversion to low frequency noise, 

leading to annoyance and stress which may receive unsympathetic treatment from 

regulatory authorities. In particular, problems of the Hum often remain unresolved. An 

approximate estimate is that about 2.5% of the population may have a low frequency 

threshold which is at least 12dB more sensitive than the average threshold, corresponding 

to nearly 1,000,000 persons in the 50-59 year old age group in the EU-15 countries. This is 

the group which generates many complaints. Low frequency noise specific criteria have 

been introduced in some countries, but do not deal adequately with fluctuations. Validation 

of the criteria has been for a limited range of noises and subjects. ‘ 
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Health Canada Study (HCS) 

 

A Health Canada investigation entitled the Wind Turbine Noise and Health Study has been 

published only in summary form, in October of 2014.  There are multiple methodological 

concerns with the study as described. While some may be assuaged when the full study is 

peer reviewed and published, at this point in time there remain serious concerns about its 

structure and methodology, which, if unaddressed, would be lethal to its validity. 

 

These concerns include the way sound was measured, or not measured, and the exclusions 

of certain population groups, including vulnerable groups and people who may well have 

abandoned their homes because of adverse effects. I have concerns as well about how 

data was gathered, based upon discussions with one of the study participants.  

 

Importantly, the Health Canada Study did find that:  

“Statistically significant exposure-response relationships were found between increasing 

WTN levels and the prevalence of reporting high annoyance. These associations were found 

with annoyance due to noise, vibrations, blinking lights, shadow and visual impacts from 

wind turbines. In all cases, annoyance increased with increasing exposure to WTN levels. . .  

 

. . . A statistically significant increase in annoyance was found when WTN levels exceeded 

35 dBA. . . . 
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 . . . WTN annoyance was found to be statistically related to several self-reported health 

effects including, but not limited to, blood pressure, migraines, tinnitus, dizziness, scores 

on the PSQI, and perceived stress. . .  

 . . . WTN annoyance was found to be statistically related to measured hair cortisol, systolic 

and diastolic blood pressure. . . 

 . . . Although Health Canada has no way of knowing whether these conditions may have 

either pre-dated, and/or are possibly exacerbated by, exposure to wind turbines, the 

findings support a potential link between long term high annoyance and health. 

 . . . Findings suggest that health and well-being effects may be partially related to activities 

that influence community annoyance, over and above exposure to wind turbines. 

 

There were many negative summary findings as well, but I believe methodological errors 

and well as errors in conception may account for a large proportion of those.  

 

 

 

 

 

 

 

Annoyance and Sleep Disturbance 

Annoyance is a word that was used repeatedly in many of the earlier studies on adverse health 

effects related to industrial wind turbines, chiefly in the several and oft quoted papers by Eja 

Pedersen PhD et al, regarding populations in Scandinavia and the Netherlands. It became clear in 

the last several years that in Canada, the USA, the UK, and Australia, industry 'white paper' 

literature reviews, and/or some governmental reviews interpreted the word 'annoyance' in these 

studies to suggest a minor inconvenience, which is the colloquial North American use of the word, 

concluding that while this 'annoyance' may occur, and while it may be unpleasant, it was not in 
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itself a health concern and unrelated to true health concerns. A bibliography of such industry white 

papers and governmental literature reviews  is available upon request, but these documents have 

no doubt already been supplied to the Committee by other witnesses (the Committee is no doubt 

mindful of the difference between these sorts of documents and original studies, which are 

medical investigations carried out among real people in the real world).  As a medical doctor 

reading these white papers and reviews, and familiar with the original Pedersen studies from which 

the word 'annoyance' was lifted, I wrote to Dr.  Pedersen to ask her if she was aware of how the 

word 'annoyance' in her papers was being used, and what her understanding of the word was. 

She wrote back:  

“Annoyance is a response, rather than an effect. However, to be annoyed means a lowered well-being 

and annoyance should therefore be avoided. The relationship between annoyance and symptoms of 

lowered health goes, from what I have found in my studies, two ways.  

 

- People who have lowered physical or mental health are more vulnerable and therefore get annoyed. 

- People who get annoyed may not get the physiological and psychological restoration that they need 

and annoyance could hence increase the risk for impaired health."  (Personal email communication 

June 3, 2010) 

This is an appropriate definition of annoyance, and entirely consistent with the World Health 

Organization definition of health. It is quite different from the colloquial interpretation that has 

been put forth in industry commissioned white papers and governmental literature reviews (of 

these very same Pedersen papers) in the Anglosphere. It is clearly the definition that must be kept 

in mind when interpreting the papers written by Dr. Pedersen and her coauthors -  as this is the 

definition she had in mind when carrying out her studies and writing these very papers.  

 

Health Canada has recognized ‘annoyance’ as an adverse health effect: 

 

“Health Canada considers the following noise induced endpoints as health effects: noise induced 

hearing loss, sleep disturbance, interference with speech comprehension, complaints, and change 

in percent highly annoyed (%HA).” [Ref: Health Canada, Useful Information for Environmental 

Assessments, (2010), published by authority of the Minister of Health] 
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A more expansive definition of annoyance come to us from the World Health Organization:  

 “… apart from “annoyance”, people may feel a variety of negative emotions when exposed to 

community noise, and may report anger, disappointment, dissatisfaction, withdrawal, helplessness, 

depression, anxiety, distraction, agitation, or exhaustion … Thus, although the term annoyance does 

not cover all the negative reactions, it is used for convenience in this document.” (Berglund, B., 

Lindvall, T., & Schwela, D. H., Guidelines for Community Noise, Geneva, Switzerland: World Health 

Organization, (1999)) 

 

 

 

The relationship between WTN, annoyance and sleep disturbances are easy to see from 

the qualitative point of view, less so from the quantitative. 

 

People who are sleep deprived are easily annoyed, and people who are annoyed may have 

difficulty getting sufficient sleep. WTN and other perceptions related to IWTs will contribute 

to annoyance.  

I would point out that the issues at play in this realm are not complicated or arcane from 

the medical point of view, and even the most basic medical education is sufficient to 

provide one with the background to understand and diagnose the medical conditions that 

may arise in relation to the subject under discussion.  

It is important to remember that the annoyance that results is not the fault pf the person 

who is annoyed. They do not have a personality disorder or proclivity. Annoyance is an 

adverse effect that has measurable physiological and psychological sequela, and should 

be viewed as an adverse response leading to disease by  toxic environmental stimuli by 

normal people. 

Sleep disruption, when it occurs either as a response to WTN, or as a manifestation of 

annoyance, carries its own downstream adverse physiological consequences. The nature of 

WTN noise makes it particularly toxic at lower sound pressure levels compared to other 

sources of community noise – it is constant, it is more pronounced at night, it has many 

low frequency components that make it pervasive and penetrative into dwellings, and 
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which have limbic effects on the primitive brain. It has periodic amplitude modulation that 

may engage the speech center of the brain. It appears that a significant minority of people 

can hear it, or experience it, do not habituate to it, and are adversely affected.  

 

 

 

 

Expert Opinion: GREY HIGHLANDS ZERO EMISSION PEOPLE PROJECT 

I have reviewed documentation related to the IWT project under consideration.  

There are 27 residences projected to lie within 1500m of the nearest turbine. 

The IWT s themselves are somewhat larger than those at Mars Hill and Vinalhaven, Maine. 

They can be expected to have similar adverse effects at similar proportions at similar 

distances to those that occurred in Maine within 1400m of IWTs.  

There is a high probability of adverse health effects, including annoyance, chronic sleep 

disturbance, and all their potentially serious downstream health consequences in a 

significant minority of the families that will be have to live in close proximity to these 

machines – despite the Ontario Ministry of the Environment’s belief that its version of a 

40dBA limit, predicted by computer modelling, is sufficient to protect these families.  

 

This modelling may predict the mandated averaged dBA levels (in the best case) that will 

be sensed by electronic listening devices, but it is patently not predictive of the 

physiologically significant noise that will be experienced by actual human beings. Old as 

well as new acoustic and medical science has shown that this modelling and regulatory 

scheme, and the proximity to turbines that this scheme allows, is NOT predictive of the 

noise experienced, and not protective against the risks and harms some families will be 

exposed to if this project is permitted as currently proposed.  
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Michael A. Nissenbaum, MD 

Montreal, Quebec  

April 15, 2015 
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Abstract
Industrial wind turbines (IWTs) are a new source of noise in previously quiet rural environments. Environmental noise is a 
public health concern, of which sleep disruption is a major factor. To compare sleep and general health outcomes between 
participants living close to IWTs and those living further away from them, participants living between 375 and 1400 m (n 
= 38) and 3.3 and 6.6 km (n = 41) from IWTs were enrolled in a stratified cross-sectional study involving two rural sites. 
Validated questionnaires were used to collect information on sleep quality (Pittsburgh Sleep Quality Index — PSQI), daytime 
sleepiness (Epworth Sleepiness Score — ESS), and general health (SF36v2), together with psychiatric disorders, attitude, and 
demographics. Descriptive and multivariate analyses were performed to investigate the effect of the main exposure variable 
of interest (distance to the nearest IWT) on various health outcome measures. Participants living within 1.4 km of an IWT 
had worse sleep, were sleepier during the day, and had worse SF36 Mental Component Scores compared to those living 
further than 1.4 km away. Significant dose-response relationships between PSQI, ESS, SF36 Mental Component Score, and 
log-distance to the nearest IWT were identified after controlling for gender, age, and household clustering. The adverse event 
reports of sleep disturbance and ill health by those living close to IWTs are supported. 

Keywords: Health, industrial wind turbines, noise, sleep

Introduction

Environmental noise is emerging as one of the major public 
health concerns of the twenty-first century.[1] The drive to 
‘renewable’, low-carbon energy sources, has resulted in 
Industrial Wind Turbines (IWTs) being sited closer to homes in 
traditionally quiet rural areas to reduce transmission losses and 
costs. Increasing numbers of complaints about sleep disturbance 
and adverse health effects have been documented,[2-4] while 
industry and government reviews have argued that the effects 
are trivial and that current guidance is adequate to protect 
the residents.[5,6] We undertook an epidemiological study to 
investigate the relationship between the reported adverse health 
effects and IWTs among residents of two rural communities.

Methods

General study design
This investigation is a stratified cross-sectional study 
involving two sites: Mars Hill and Vinalhaven, Maine, 

USA. A questionnaire was offered to all residents meeting 
the participant-inclusion criteria and living within 1.5 km of 
an industrial wind turbine (IWT) and to a random sample of 
residents, meeting participant inclusion criteria, living 3 to 
7 km from an IWT between March and July of 2010. The 
protocol was reviewed and approved by Institutional Review 
Board Services, of Aurora, Ontario, Canada.

Questionnaire development
Adverse event reports were reviewed, together with the 
results of a smaller pilot survey of Mars Hill residents. A 
questionnaire was developed, which comprised of validated 
instruments relating to mental and physical health (SF- 
36v2)[7] and sleep disturbance ((Pittsburgh Sleep Quality 
Index (PSQI)[8] and the Epworth Sleepiness Scale (ESS)[9]). 
In addition, participants were asked before-and-after IWT 
questions about sleep quality and insomnia, attitude toward 
IWTs, and psychiatric disorders. A PSQI score > 5 was taken 
to indicate poor sleep and an ESS score > 10 was taken to 
indicate clinically relevant daytime sleepiness.[1-4] Responses 
to functional and attitudinal questions were graded on a five-
point Likert scale with 1 representing the least effect and 5 
the greatest. The questionnaire is available on request.

Study sites and participant selection
The Mars Hill site is a linear arrangement of 28 General 
Electric 1.5 megawatt turbines, sited on a ridgeline. The 
Vinalhaven site is a cluster of three similar turbines sited on 
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a low-lying, tree-covered island. All residents living within 
1.5 km of an IWT, at each site, were identified via tax maps, 
and approached either door-to-door or via telephone and 
asked to participate in the study (near group). Homes were 
visited thrice or until contact was made. Those below the age 
of 18 or with a diagnosed cognitive disorder were excluded. 
A random sample of households in similar socioeconomic 
areas, 3 to 7 km away from IWTs at each site, were chosen to 
participate in the study to allow for comparison (far group). 
The households were approached sequentially until a similar 
number of participants were enrolled. A nurse practitioner 
supervised the distribution and ensured completion of the 
questionnaires.

Simultaneous collection of sound levels during data collection 
at the participants’ residences was not possible, but measured 
IWT sound levels at various distances, at both sites, were 
obtained from publically available sources. At the Mars Hill 
site, a four quarter study was conducted and data from all 
four seasons were reported by power outputs at several key 
measurement points. The measurement points were located on 
or near residential parcels. The predicted and measured levels 
at full power were derived from figures in the Sound Level 
Study, Compilation of Ambient and Quarterly Operations 
Sound Testing, and the Maine Department of Environmental 
Protection Order No. L-21635-26-A-N. Measured noise 
levels versus distance at Vinalhaven were taken over a single 
day in February 2010, with the turbines operating at less than 
full power in moderate-to-variable northwest winds aloft (R 
and R, personal communication, 2011). Table 1 shows the 
estimated and measured noise levels at locations of varying 
distances and directions from the turbines at Mars Hill and 
Vinalhaven.

Data handling and validation
The Principal Investigator (Michael Nissenbaum, MD) did 
not handle data at any point in the collection or analysis 
phase. Questionnaire results were coded and entered into 
a spreadsheet (Microsoft Excel 2007). Each questionnaire 
generated over 200 data elements. The distance from each 
participant’s residence to the nearest IWT was measured 
using satellite maps. The SF36-V2 responses were processed 
using Quality Metric  Health Outcomes™ Scoring Software 
3.0 to generate Mental (MCS) and Physical (PCS) Component 
Scores.

Data quality of the SF36-V2 responses was determined 
using QualityMetric Health Outcomes™ Scoring Software 
3.0. All SF36-V2 data quality indicators (completeness, 
response range, consistency, estimable scale scores, internal 
consistency, discriminant validity, and reliable scales) 
exceeded the parameter norms. SF 36-V2 missing values 
were automatically accommodated by the scoring systems 
(99.9% questions were completed). No missing values were 
present for other parameters (ESS, PSQI, psychiatric and 
attitudinal observations, and demographics).

Statistical analysis
All analyses were performed using SAS 9.22.[10] Descriptive 
and multivariate analyses were performed to investigate the 
effect of the main exposure variable of interest (distance to the 
nearest IWT) on the various outcome measures. Independent 
variables assessed included the following: Site (Mars Hill, 
Vinalhaven); Distance to IWT (both as a categorical and 
continuous variable); Age (continuous variable); Gender 
(categorical variable). The dependent variables assessed 
included the following: Summary variables — Epworth 
Sleepiness Scale (ESS), Pittsburgh Sleep Quality Index (PSQI), 
SF36-V2 Mental Component Score (MCS), SF36-V2 Physical 
Component Score (PCS); Before and after parameters —  
sleep, psychiatric disorders (both self-assessed and diagnosed 
by a physician), attitude toward IWTs; and Medication use 
(both over-the-counter and prescription drugs). A P value of < 
0.05 was regarded as being statistically significant. 

Results

Study participants
Thirty-three and 32 adults were identified as living within 
1500 m of the nearest IWT at the Mars Hill (mean 805 m, 
range 390 – 1400) and Vinalhaven sites (mean 771 m range 
375 – 1000), respectively. Twenty-three and 15 adults at the 
Mars Hill and Vinalhaven sites respectively, completed the 
questionnaires. Recruitment of participants into the far group 
continued until there were similar numbers as in the near 
group, 25 and 16 for Mars Hill and Vinalhaven, respectively 
[Table 2].

Table 1: Measured and predicted noise levels at Mars Hill and 
Vinalhaven

Mars hill
Distance to 
nearestturbine 
(m)1

Predicted 
max. LAeq 

1 hr1

Measured noise LAeq 
1 hr1

Average Range
244 51 52 50 – 57
320 48 50 48 – 53
366 47 49 47 – 52
640 42 44 40 – 47
762 41 43 41 – 46
1037 39 41 39 – 45
1799 35 37 32 – 43
Vinalhaven
Distance to nearest 
turbine (m)2 

Measured Noise LAeq2

Trend Average Range
152 53 51 – 61
366 46 38 – 49
595 41 39 – 49
869 38 32 – 41
1082 36 34 – 43
1 Values read or derived from report figures; accuracy + /- 50 m and + /- 1 Db 2 Values 
obtained with wind turbine noise dominating the acoustical environment, two-minute 
measurements during moderate-to-variable northwest winds aloft (less than full 
power)
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evidenced by significantly greater mean PSQI and ESS 
scores [Table 3]. More participants in the near group had 
PSQI > 5 (P = 0.0745) and ESS scores > 10 (P = 0.1313), 
but the differences did not reach statistical significance. 
Participants living near IWTs were significantly more 
likely to report an improvement in sleep quality when 
sleeping away from home. 

The near group had worse mental health as evidenced 
by significantly higher mean SF36 MCS (P = 0.0021)  
[Table 3]. There was no statistically significant difference in PCS  
(P = 0.9881). Nine participants in the near group reported that 
they had been diagnosed with either depression or anxiety 
since the start of turbine operations, compared to none in 
the far group. Nine of the 38 participants in the near group 
reported that they had been prescribed new psychotropic 
medications since the start of turbine operations compared 
with three of 41 in the far group (P = 0.06).

The ESS, PSQI, and SF36 scores were modeled against 
distance from the nearest IWT (Score = ln (distance) + gender 
+ age + site [controlled for household clustering]), and the 
results are shown in Figures 1–3. In all cases, there were 
clear and significant dose-response relationships (P < 0.05), 
with the effect diminishing with increasing log-distance 
from IWTs. Log-distance fit the health outcomes better than 
distance. This was expected given that noise drops off as the 
log of distance. Measured sound levels were plotted against 
distance at the two sites on Figures 1-3. 

Statistical results
The binomial outcomes were assessed using either the 
GENMOD procedure with binomial distribution and a logit 
link; or when cell frequencies were small (< 5), Fisher’s Exact 
Test. When assessing the significance between variables with 
a simple score outcome (e.g., 1 – 5), the exact Wilcoxon 
Score (Rank Sums) test was employed using the NPAR1WAY 
procedure. Continuous outcome variables were assessed 
using the GENMOD procedure with normal distribution. 
When using the GENMOD procedure, age, gender, and site 
were forced into the model as fixed effects. The potential 
effect of household clustering on statistical significance was 
accommodated by using the REPEATED statement. Effect 
of site as an effect modifier was assessed by evaluating the 
interaction term (Site*Distance). 

Participants living near IWTs had worse sleep, as 

Figure 1: Modeled Pittsburgh Sleep Quality Index (PSQI) versus distance to nearest IWT (mean and 95% confidence limits) Regression 
equation: PSQI = ln (distance) + sex + age + site [controlled for household clustering]. Ln (distance) p-value = 0.0198

Table 2: Demographic data of Mars Hill and Vinalhaven study 
participants

Distance (m) from residence to nearest IWT 
(mean)

Parameter 375 – 750 
(601)

751 – 1400 
(964)

3300 – 5000 
(4181)

5300 – 6600 
(5800)

Sample size 18 20 14 27
Household clusters 11 12 10 23
Mean age 50 57 65 58
Male / Female 10 / 8 12 / 8 7 / 7 11 / 16
Mean time in home1 14 21 30 24
1 Years that study participants lived in the home
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There were no statistically significant differences between the 
near and far groups with respect to age, gender, or duration 
of occupation. In addition, Site, and Site*Distance were not 
significant, indicating that the modeled exposure-outcome 
relationships were similar across both sites.

Discussion

This study supports the conclusions of previous studies, 
which demonstrate a relationship between proximity to 
IWTs and the general adverse effect of 'annoyance',[11-13] but 

differs in demonstrating clear dose-response relationships 
in important clinical indicators of health including sleep 
quality, daytime sleepiness, and mental health. The levels of 
sleep disruption and the daytime consequences of increased 
sleepiness, together with the impairment of mental health 
and the dose-response relationships observed in this study 
(distance from IWT vs. effect) strongly suggest that the noise 
from IWTs results in similar health impacts as other causes of 
excessive environmental noise1.

The degree of effect on sleep and health from IWT 
noise seems to be greater than that of other sources of 

Table 3: Sleep and mental health outcomes of the study participants grouped by distance from the nearest IWT
Distance (m) from residence to nearest IWT (mean)

Parameter 375-750 (601) 751-1400 (964) 375-1400 (792) 3300-5000 (4181) 5300-6600 (5800) 3000-6600 (5248) P-Value1

Mean PSQI2 8.7 7.0 7.8 6.6 5.6 6.0) 0.0461
% PSQI score > 53 77.8 55.0 65.8 57.1 37.0 43.9 0.0745
Mean ESS4 7.2 8.4 7.8 6.4 5.3 5.7 0.0322
% with ESS score > 105 16.7 30.0 23.7 14.3 7.4 9.8 0.1313
Mean worsening sleep score post IWTs6 3.2 3.1 3.1 1.2 1.4 1.3 < .0001
Improved sleep when away from IWTs 9 / 14 5 / 14 14 / 28 1 / 11 1 / 23 2 / 34 < .0001
% New sleep medications post IWTs 11.1 15.0 13.2 7.1 7.4 7.3 0.4711
New diagnoses of insomnia 2 0
Mean SF36 MCS 40.7 43.1 42.0 50.7 54.1 52.9 0.0021
% Wishing to move away post IWTs 77.8 70.0 73.7 0.0 0.0 0.0 < .0001
1 Testing difference of 375 – 1400 m group with 3000 – 6600 m group 2 Pittsburgh Sleep Quality Index 3 PSQI > 5 is considered a ‘poor sleeper’ 4 Epworth Sleepiness Scale 5 
About 10 – 20 percent of the general population has ESS scores > 10 6 (New sleep problems + Worsening sleep problem)/2; Strongly Agree (5) - Strongly disagree (1)

Figure 2: Modeled Epworth Sleepiness Scale (ESS) versus Distance to nearest IWT (mean and 95% confidence 
limits) Regression equation: ESS = ln (distance) + sex + age + site [controlled for household clustering)]. ln (distance)  
p-value = 0.0331
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environmental noise, such as, road, rail, and aircraft noise. 
Bray and James have argued that the commonly used noise 
metric of LAeq (averaged noise level adjusted to human 
hearing) is not appropriate for IWT noise, which contains 
relatively high levels of low frequency sound (LFN) and 
infrasound with impulsive characteristics.[14]  This has led to 
an underestimation of the potential for adverse health effects 
of IWTs.

Potential biases
Reporting and selection biases in this study, if they existed, 
may have underestimated the strength of the association 
between distance to IWTs and health outcomes. Both Mars 
Hill and Vinalhaven residents gain financially from the wind 
projects, either through reduced electricity costs and / or 
increased tax revenues. The fear of reducing property values 
was also cited as a reason for downplaying the adverse health 
effects. Conversely, the possibility of legal action could result 
in symptoms being over stated. It was clear to the respondents 
that the questionnaire was directed at investigating adverse 
health effects potentially associated with IWT noise and no 
distractor questions were included. Nevertheless, given the 
large differences in reported adverse health effects between 
participants living within 1400 m and those living beyond 
3300 m of an IWT, we do not believe that bias alone could 
have resulted in the differences demonstrated between the 
groups. In addition, the finding of strong dose-response 
relationships with log-distance, together with extensive sub-
analyses using survey questions more and less likely to be 

influenced by bias demonstrating similar results, further 
support the existence of causative associations.

Visual impact and attitude are known to affect the 
psychological response to environmental noise.[11,15,16] At 
both sites, turbines are prominent features of the landscape 
and were visible to a majority of respondents; at Mars Hill, 
IWTs are sited along a 200 m high ridge, and Vinalhaven 
is a flat island. The visual impact on those living closest 
to turbines was arguably greater than on those living some 
distance away. Most residents welcomed the installation of 
IWTs for their proposed financial benefits and their attitudes 
only changed once they began to operate and the noise and 
health effects became apparent. Pedersen estimates that, with 
respect to annoyance, 41% of the observed effects of IWT 
noise could be attributed to attitude and visual impact.[11] 
The influence of these factors on other consequences, such 
as the health effects investigated in this study, remains to be 
determined. Even as these factors may have contributed to 
the reported effects, they are clearly not the sole mechanism 
and health effects are certain.

Mechanisms
A possible mechanism for the observed health effects is an 
effect on sleep from the noise emitted by IWTs. Industrial 
wind turbines emit high levels of noise with a major low 
frequency component. The noise is impulsive in nature 
and variously described as ‘swooshing’ or ‘thumping’. [12] 
The character, volume, and frequency of the noise vary 

Figure 3: Modeled SF36 Mental Component Score (MCS) versus Distance to nearest IWT (mean and 95% confidence 
limits) Regression equation: MCS = ln (distance) + sex + age + site [controlled for household clustering]. ln (distance)  
p-value = 0.0014
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with changes in wind speed and direction. Industrial wind 
turbine noise is more annoying than road, rail, and aircraft 
noise, for the same sound pressure, presumably due to its 
impulsive character.[12,15] Pedersen concludes that it is noise 
that prevents restoration, that those subjected to it are unable 
to find psychological recovery in their homes because of 
its intrusive nature.[16] Noise can affect sleep by preventing 
sleep onset or return to sleep following spontaneous or 
induced awakening. Clearly, attitude and psychological 
factors such as noise sensitivity may be important in 
influencing the ability to fall asleep, but it should be noted 
that noise sensitivity is, in part, heritable.[17] Noise also 
affects sleep by inducing arousals, which fragment sleep, 
reducing its quality and leading to the same consequences 
as sleep deprivation. [18] There is good evidence that road, 
rail, and aircraft noise induce arousals and lead to daytime 
consequences and there is no reason to suppose that IWT 
noise will not have a similar effect.[19-23] A recent study on 
the likelihood of different hospital noises that induce an 
arousal shows a considerable effect of sound character, with 
impulsive noises being more likely to induce an arousal.[24] 
It has also been shown that there is individual variability 
in the likelihood of an arousal in response to noise, which 
may be predicted from a spindle index, a measure of sleep 
quality.[25]

ESS assesses daytime sleepiness from the self-assessed 
propensity to fall asleep in different situations averaged 
over several weeks.[9] It is widely used in sleep medicine 
to assess daytime sleepiness, and scores in excess of 10 are 
deemed to represent clinically relevant excessive daytime 
sleepiness. If sleep is only disrupted occasionally, the ESS 
will not be affected, as the sleep deficit can be compensated 
on other nights. Changes in the ESS score observed in this 
study imply that sleep has been disrupted to a degree where 
compensation is not possible in at least some participants. 
PSQI also examines the sleep quality averaged over a period 
of weeks, scores in excess of 5 are deemed to represent poor 
quality sleep.[8] An individual’s score will not be significantly 
affected by occasional disrupted nights, thus confirming the 
conclusions drawn from the ESS data. It is noteworthy also 
that significant changes in ESS and PSQI have been observed, 
despite the scatter in values indicative of the typical levels of 
impaired sleep found in the general population.[8,9]

Other mechanisms than sleep disruption cannot be excluded 
as an explanation for the psychological and other changes 
observed. Low frequency noise, and in particular, impulsive 
LFN, has been shown to be contributory to the symptoms of 
‘Sick Building Syndrome,’ which has similarities with those 
reported here.[26,27] Salt has recently proposed a mechanism, 
whereby, infrasound from IWTs could affect the cochlear 
and cause many of the symptoms described.[28] 

We assessed causality using a well-accepted framework.[29] 
Although the measured parameters (ESS, PSQI, and SF36) 

assess the current status, the evidence of the respondents is 
that the reported changes have followed the commencement 
of IWT operation. This is supported by the reported 
preferences of the residents; the great majority of those 
living within 1.4 km expressed their desire to move away as 
a result of the start of turbine operations. However, a study 
of the same population before and after turbine operation 
will be necessary to confirm our supposition. We believe 
that there is good evidence that a time sequence has been 
established. The association between distance to IWT and 
health outcome is both statistically significant and clinically 
relevant for the health outcomes assessed, suggesting a 
specific association between the factors. Given that this is the 
first study investigating the association between IWTs and 
a range of health outcomes, the consistency and replication 
to prove causation is limited. However, this study includes 
two different study populations living next to two different 
IWT projects. Despite these differences, the study site was 
not a significant effect modifier among any of the measured 
outcomes. In addition, adverse health effects similar to those 
identified in this study among those living near IWTs, have 
been documented in a number of case-series studies and 
surveys.[2-4,30] Finally, causal association can be judged by its 
coherence with other known facts about the health outcomes 
and the causal factor under study. The results of this study 
are consistent with the known effects of other sources of 
environmental noise on sleep.

The data on measured and estimated noise levels were not 
adequate to construct a dose-response curve and to determine 
an external noise level below which sleep disturbance will 
not occur. However, it is apparent that this value will be less 
than an average hourly LAeq of 40 dBA, which is the typical 
night time value permitted under the current guidance in most 
jurisdictions.

Conclusions

We conclude that the noise emissions of IWTs disturbed the 
sleep and caused daytime sleepiness and impaired mental 
health in residents living within 1.4 km of the two IWT 
installations studied. Industrial wind turbine noise is a further 
source of environmental noise, with the potential to harm 
human health. Current regulations seem to be insufficient 
to adequately protect the human population living close to 
IWTs. Our research suggests that adverse effects are observed 
at distances even beyond 1 km. Further research is needed to 
determine at what distances risks become negligable, as well 
as to better estimate the portion of the population suffering 
from adverse effects at a given distance.
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Recreational use of firearms in the United States is common-
place. It is estimated that approximately one-third of households 
in the U.S. own firearms.1 There are 28 million Americans who 
consider themselves hunters, and 13 million went hunting in 
2000.2 Participation in shooting sports without the use of properly 
worn hearing protection exposes participants to high levels of 
impulsive noise that may cause hearing loss or tinnitus (ringing in 
the ear). Firearms may cause permanent hearing loss even after a 
single or a few unprotected exposures. The present study was initi-
ated to gain a better understanding of the noise exposure created 
by contemporary firearms using state-of-the-art instrumentation 
and to ultimately increase our knowledge and awareness of this 
unique noise hazard.

The sound created by recreational firearms used in hunting or 
target practice is characterized by a high-frequency, short-duration 
impulsive noise. This signal is perceived by the human ear as one 
single, loud impulse or “shot.” However, when the firearm sound 
level is measured with microphones capable of sampling wide 
frequency ranges and combined with high-speed, data acquisition 
computer systems, the impulses can be resolved into a number of 
different acoustic signals related to different source mechanisms. 
The acoustic characteristics of firearm impulse noise put great 
demands on the instrumentation. Therefore, the transducers and 
the data acquisition system are critical, especially in terms of 
dynamic range, frequency response, slew rate and sampling rate, 
all of which need to be carefully considered.

This study focuses primarily on recreational firearms as a noise 
source and considers the acoustic interaction of the resulting sound 
field with the human head. It does not delve into the potential 
auditory damage experienced by an individual shooter or extend 
to discussions of specific auditory risk criteria.

Measurement Procedure
Microphone. The typical signal from recreational firearms is a 

short impulse with an extremely brief rise time and a high crest 
factor. The peak level of the signal will depend on the physical 
distance from the firearm and the azimuth relative to the end of 
the barrel (muzzle). In general, levels of more than 140 dB SPLpeak 
should be expected and may vary as a function of ammunition. 
Figure 1 illustrates the inverse relationship between maximum 
measurable sound pressure level and microphone sensitivity. It is 
apparent that a lower microphone sensitivity allows handling of 
greater sound pressure levels (SPLs). For the present measurements, 
a 1/8-inch microphone, Type 40DP, with sensitivity of 1 mV/Pa 
was selected, thereby providing a dynamic range (peak capability) 
of approximately 45-186 dB (3.5 mPa to 40,000 Pa).

In the frequency domain, the short acoustic impulse corresponds 
to a broadband signal with very high frequency content. So it is im-
portant that the microphone has enough bandwidth to capture the 
signal. It is also important that the transducer be small compared 
to the wavelength of the target sound at high frequencies. Since the 
diameter of the transducer becomes comparable to the wavelength, 
the microphone will start to change the sound field locally around 
the microphone. If the microphone is pointed toward the direction 
of propagation (0° incidence) of the sound field (see Figure 2), the 
presence of the microphone in the sound field will cause diffrac-
tion around the microphone and will result in an increased sound 
pressure gradient in front of the microphone.

The diffraction effects can be minimized by pointing the mi-
crophone perpendicular to the direction of sound propagation 
(90° incidence), as shown in Figure 3. This orientation will not 

cause a pressure build-up in 
front of the microphone, since 
the sound wave will simply 
pass over the diaphragm un-
altered. However, a 90° inci-
dence placement will limit 
the useful frequency range 
of the microphone. As the 
wavelength becomes shorter 
at higher frequencies, different 
parts of the microphone dia-
phragm are subjected to differ-
ent pressures. In the extreme 

case where the diaphragm diameter equals the wavelength (see 
Figure 3), half of the diaphragm is subjected to negative pressure, 
and the other half to an equivalent positive pressure. This results 
in an average pressure over the total diaphragm surface of zero and, 
consequently, a microphone output signal of zero

In reality, the reduction of the output signal starts at lower fre-
quencies than where the wavelength is equal to the diameter of 
the transducer. For the 1/8-inch microphone Type 40DP, the cut-off 
frequency is around 80 kHz. 

Preamplifier. Preamplifier considerations included the ability to 
handle the output signal from the microphone without overload-
ing, the slew rate limitation and the capacitive loading from cables 
connecting the preamplifier to the subsequent data acquisition 
system. For an excitation of 40,000 Pa at the microphone with 
a microphone sensitivity of 1 mV/Pa, the output signal from the 
microphone will be 40 V. This means that the preamplifier must be 
able to handle an input signal of at least 40 V; so the supply volt-

Measuring Recreational Firearm Noise

Figure 1. Inverse relationship between microphone sensitivity and peak 
signal handling capacity.

Figure 2. Pressure increase in front of microphone caused by diffraction.

Figure 3. Signal cancellation when 
wavelength is equal to microphone 
diameter.
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age to the preamplifier should be no less than ±40V. In this case, a 
Type 26AC preamplifier was driven by a GRAS Type 12AA power 
module generating a ±60 V supply voltage enabling the preamplifier 
to handle signals up to ±60,000 Pa (189.5 dB SPLpeak). The 12AA 
power module included 20 dB attenuation, so that the output sig-
nal from the preamplifier could be reduced as necessary to fit the 
dynamic range of the subsequent data acquisition system.

Data Acquisition System. A National Instruments PXI-6120 

simultaneous sampling data acquisition board mounted in a four-
slot PXI chassis was used for A/D conversion. This board allowed 
four data channels to be recorded with sampling rates up to 800 
kHz with an analog trigger facility. The data were stored in a 64 
MSample on-board data buffer that was set-up to record 50 msec 
of data before the trigger with a total data length of 0.5 sec. The 
data were sampled with 16-bit resolution, giving a 90-dB dynamic 
range. The data acquisition process was controlled by a custom 
LabView program with integrated calibration routines and trigger 
control. The data were post-processed afterward with National 
Instruments Diadem software. 

Experimental Set-up
A series of acoustic measurements were performed outside on 

a grass surface with no other major surfaces creating reflections 
within the period of interest. To test the firearm without the 
shooter present, the firearm was mounted in a test fixture and 
fired remotely, except when the shooter’s head was present for 
the recording. The set-up shown in Figure 4 includes four chan-
nels of 1/8-inch microphones with ¼-inch preamplifiers with two 
Type 12AA power modules. Microphones were oriented at grazing 
incidence to the wave front.

Firing Process
The firing of a recreational firearm like a rifle may be described 

by the following chain of events: the trigger is pulled and the firing 
pin hits the cartridge. This ignites the primer, which then ignites 
the powder. As the powder combusts and expands, the bullet is 
accelerated through the barrel until it exits the muzzle. The bullet 
will travel forward, usually at supersonic speed, producing a coni-
cal shock wave, often called a sonic boom, that expands backward 
from the bullet tip. In addition, a spherical blast wave centered on 
the muzzle will be produced at the moment the hot compressed 
gases are released. Finally, the gases containing combustion by-
products will produce turbulent airflow around and in front of the 
muzzle as it is carried forward by momentum and cools.

Figure 5 illustrates a typical time-based signal for a .22 Hornet 
Winchester Model 43 rifle with factory ammunition. The signal 
was recorded with a microphone at a position where a shooter 
would normally have his/her head but without a human actually 
present in the sound field. 

The acoustic signal in Figure 5 is dominated by a peak of ap-
proximately 1000 Pa (~154 dB SPLpeak) occurring at t=1 msec. 
Closer inspection of the signal reveals another signal 3 msec before 
this major peak, (Figure 6). It is apparent that the microphone at 
the head position starts to pick up an earlier signal, although at a 
much lower amplitude. This early signal is generated when the 
trigger is pulled. About 1 msec after triggering the firearm, the 
powder combusts and the noise burst is emitted directly from 

Figure 4. Measurement setup.

Figure 5. Impulse waveform at shooter’s left ear location (shooter absent) for 
a .22 Hornet Winchester Model 43 rifle presented in the time domain.

Figure 6. Expanded view of early signal waveform from Figure 5 (.22 Hor-
net Winchester Model 43); early disturbance at t=–2 msec to t=–1.5 msec 
is the sound of the trigger pull, and the sound of powder combustion and 
bullet travel through the rifle structure is observed between t=–1 msec and 
t=1 msec.

Figure 7. Time-domain waveforms of .22 Hornet Winchester Model 43 re-
corded from two microphone locations; blue tracing is from the shooter’s 
head location (≈ 154 dB SPLpeak) ; red tracing is 250 mm behind the muzzle 
location (≈ 166 dB SPLpeak).
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the cartridge through the rifle 
structure to the microphone 
outside the firearm. Due to the 
attenuation of the signal by 
the rifle structure, the signal 
strength is relatively low, with 
peak values around 30 Pa or 
approximately 123 dB SPLpeak. 
The noise generation then con-
tinues while the bullet travels 
through the barrel.

The barrel of the .22 Hornet 
Winchester has an effective 
length of 0.5 m. If the average 
bullet speed through the barrel 
is assumed to be around 700 
m/sec, the bullet will exit the 
barrel approximately 0.7 msec 
after combustion. As the bul-
let exits the barrel, a pressure 
wave will follow the bullet and 
will be transmitted from the 
muzzle back to the microphone 
position. Initially, the pressure 
wave will travel faster than 
the speed of sound but this 
will quickly be reduced to a 
radiation velocity at the speed 
of sound. It will then take the 
sound wave approximately 
1.4 msec to travel the 0.5 m 
distance from the muzzle back 
to the microphone position. The 1.4 msec wave travel time plus 
the 0.7 msec bullet travel gives a total delay of 2.1 msec from the 
cartridge ignition until the blast wave from the muzzle is received 
by the microphone.

Inspection of the signal obtained near the muzzle (red curve 
in Figure 7) reveals a peak level much higher due to the closer 
proximity to the sound source. At the muzzle, the signal can also 
be broken down into a number of different peak signals. At the t=0 
msec timing mark, a first peak at around 500 Pa (~148 dB SPLpeak) 
is generated by the front of the bullet exiting the barrel. This peak 
is generated by the air compressed in front of the bullet as it travels 
through the barrel. When the rear of the bullet has exited the barrel, 
approximately 0.1 msec later, a second much higher peak of around 
4000 Pa (166 dB SPLpeak) is generated by the expanding hot gasses 
from the burning of the cartridge powder. Combining the time dif-

Figure 8. Time-domain waveforms of .22 Hornet Winchester Model 43 re-
corded from four microphone locations; color corresponds to microphone 
location in relation to firearm; near muzzle, negative peak pressure travels 
slower than speed of sound, presumably due to cooling of propellant gases 
after they escape barrel.

Figure 9: Isolated time-domain waveforms for .22 Hornet Winchester Model 
43, measured at two locations; initial N-shaped wave is the supersonic 
pressure wave (sonic boom) produced by the bullet; impulse that follows 
is shock wave caused by release of propellant gases; supersonic pressure 
wave interval suggests that bullet traveling 800 m/s; shock wave interval is 
consistent with speed of sound.

ference of the front and rear pressure pulses (0.1 msec) with the 
bullet exit speed (800 m/sec, see below) gives a distance between 
the pressure pulses of 80 mm. As the bullet itself is only 13.4 mm 
long, the pressure wave in front of the bullet can be estimated to 
be around 66 mm thick. 

The peak generated by the expanding gases is repeated after 
about 0.8 msec. This secondary peak, at around 2000 Pa (160 dB 
SPLpeak) is possibly caused by reflection of the first pressure pulse 
in the barrel. As the expanding pressure pulse in the barrel reaches 
the muzzle, the acoustical radiation impedance will change from 
the impedance in the narrow barrel tube to the free-field radiation 
impedance. This impedance change will generate a reflected wave 
travelling backwards into the barrel. As this reflected wave reaches 
the closed cartridge end of the barrel, the wave is again reflected 
forward within the barrel.

Figure 10. Time-domain waveforms as a function of microphone azimuth relative to axis of .22 Hornet Winchester Model 
43 rifle.
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This secondarily reflected wave will then reach the muzzle and 
again be radiated outward from the muzzle. Since the gas tem-
perature in the barrel is much higher than outside the barrel, the 
speed of sound will be higher within the barrel than outside the 
barrel. Therefore, the reflected wave inside the barrel will travel 
faster than the normal speed of sound of 344 m/sec. Calculating 
backward from the time it takes the reflected pulse to travel back 
and forth in the barrel, and assuming the gas in the air as a first 

Figure 11. .22 Hornet Winchester Model 43 time-domain waveforms recorded 
at locations of the shooter’s right and left ears (shooter absent).

Figure 12. .22 Hornet Winchester Model 43 time-domain waveforms re-
corded from microphone at locations of the shooter’s right and left ears 
(shooter present).

Figure 13. Effect of A-weighted filtering applied to Winchester Model 43 
time domain waveform.

approximation to be an ideal gas, the temperature of the gas can 
be estimated to be around 3000° C.

The sound field in front of the rifle, parallel to the path of the 
bullet, was investigated with four microphones in positions as 
shown in Figure 8. The red curve, corresponding to the signal 
from the microphone closest to the muzzle is dominated by a high 
peak level at around 32,000 Pa (~184 dB SPLpeak), followed by a 
longer, negative pressure wave of around 17,000 Pa. The initial 
positive pressure peak is transmitted from the first microphone 
position to the second microphone position, indicated by green, in 
approximately 0.3 msec The distance between the two microphone 
positions (100 mm) can be used to calculate the transmission speed 
for the peak. The result is approximately 340 m/sec, corresponding 
to the speed of sound. 

However, the negative pressure peak is not transmitted at the 
speed of sound. It takes this pressure extreme 0.5 msec to travel 
the 100 mm from the red microphone position to the green posi-
tion, corresponding to a speed of 200 m/sec. The transmission of 
the negative wave from the green position to the blue position, a 
distance of 200 mm, takes approximately 1.5 msec, correspond-
ing to a mean velocity of 120 m/sec. The propagation speed of the 
negative wave is decreasing with the distance from the muzzle. 
This means that the negative pressure pulse is not a sound wave 
but a bulk movement of air. This can be explained as a volume of 
hot air being “blown” away from the muzzle and being deceler-
ated by the resistance from the ambient air. As the hot air moves 
away from the muzzle, it is cooling down; therefore, the pressure 
constantly drops, resulting in a negative pressure.

At the microphone positions closest to the muzzle (correspond-
ing to the red and green positions in Figure 8), the supersonic pres-
sure wave generated by the bullet is buried in the initial blast from 
the expanding gases. Farther away, at the blue and pink microphone 
positions, the supersonic pressure wave generated by the bullet are 
clearly separated from the blast wave (see Figure 9). 

The bullet pressure wave is visible at t=0.5 msec. This illustrates 
a typical N-profile of a supersonic boom. This waveform can be 
seen at t=1 msec, as the bullet passes the microphone position 
marked with pink. With a distance between the blue and the pink 
microphone positions of 400 mm and a time difference of 0.5 msec, 
the bullet speed can be calculated to 800 m/sec, or more than twice 
the speed of sound. Also, the blast wave following the bullet is 
slower, since it takes approximately 1.2 msec to travel from the 
blue to the pink microphone position, corresponding to a sound 
velocity of around 340 m/sec.

Comparing Figures 5 and 8 shows that the peak level of the blast 
wave is much higher in the forward direction than in the backward 
direction as expected. Figure 10 shows the directionality of the 
blast wave for seven different azimuths relative to the rifle axis. 

Figure 10 also illustrates that the lowest sound levels are ob-
tained to the rear of the muzzle where the shooter is typically 
positioned. Bystanders to the side of the shooter may actually be 
exposed to higher impulse levels than the shooter. Under normal 
conditions, persons should never be positioned in front of the 
muzzle for obvious safety reasons, so the high sound pressure 
levels generated in this direction may not be of primary concern. 
However, there are situations where hunting dogs are positioned in 
front of the hunter when shooting; it should be recognized that the 
dog is then subjected to much higher levels than what the hunter 
may personally experience.

As noted previously, the measurements presented up to this 
point were recorded without the head of the shooter present. When 
the head is introduced, the sound field around the head will be 
changed by diffraction and shadowing effects. Figure 11 illustrates 
the measurements recorded from two microphone positions where 
the shooters ears would normally be located, but without the head 
actually there. The peak levels at the two “ear” positions are almost 
equivalent, and the blast wave reaches the left position (marked 
with blue) slightly before the right (red) position due to the shorter 
distance from the muzzle.

Figure 12 replicates the measurements made in Figure 11, with 
the shooter’s head now in the sound field. The pressure for the 
left “ear” position is increased due to diffraction around the head 
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and closer proximity to the muzzle. At the right “ear” microphone 
position, the pressure is decreased due to head shadowing effects. 
The figure illustrates that the direct path from the muzzle to the 
right-hand side microphone position is blocked by the head and 
therefore also reduces the blast wave. So even if the right ear is 
physically closer to the stock of the firearm, it is the left ear that 
is exposed to the highest sound pressure level.

In the previous figures, the pressure impulses have been dis-
played as time domain signals with the full bandwidth as recorded 
by the microphones. Often such signals may be analyzed using 
A-weighting, exponential averaging or 1/3-octave filtering. This 
will change the measured acoustic characteristics of the gun shot 
impulse.

Figure 13 illustrates the effect of A-weighted filtering on the 
time-based signal. A-weighting reduces the frequency content in 
the original signal above 2 kHz; consequently, the peak level is 
reduced from approximately 4000 Pa (166 dB peak) to 2200 Pa 
(161 dB SPLpeak), or a reduction of about 5 dB. At the same time, 
the finer details in the signal are lost. The authors can be reached at: pr@gras.dk, jelank@niu.edu.

Further analyzing the signal with exponential averaging of a 
sound level meter will also reduce the peak level and the pressure 
details of the signal. The amount of reduction will depend on the 
averaging time used in the measurement. With an exponential 
averaging in “fast” mode corresponding to 125 msec averaging 
time, the peak will be measured as 137 dB, and with an exponential 
averaging in “impulse” mode corresponding to 35 msec averaging 
time, the peak will be measured as 140 dB.
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Full Text

Sir,

I am writing with regard to a recently published study in your journal: Effects of industrial wind turbine noise on sleep and health

(Year: 2012 ǀ Volume: 14 ǀ Issue: 60 ǀ Pages: 237-43, Web Publication October 29, 2012).

Having reviewed the article and discussed it with several people, I believe the data presented does not justify the very strong

conclusions reached by the authors. Given that this study is already being circulated by the media and lay anti-wind activists,

there is a potential for its implications to be misconstrued, which will exacerbate community anxiety and potentially precipitate the

very problems the authors are seeking to investigate. Indeed this is a core and circular issue that the authors have failed to

address (see point 3 below).

Potential problems include:

Use of the loaded term 'industrial wind turbine' is not appropriate. This is not an accepted term in literature - 'wind turbine',

'utility-scale wind turbine,' or 'wind turbine generator (WTG)' must be used instead.All three authors - Michael Nissenbaum,

Christopher Hanning and Jeff Aramini - have a history of anti-wind activity including involvement in the lobby group, The Society

for Wind Vigilance. This does not necessarily invalidate their study, but must be disclosed given the potential for investigator bias.

[1],[2],[3]One of the authors (Nissenbaum) has been active in investigating the Mars Hill and Vinalhaven wind farms previously.

[4],[5] This is not disclosed, and therefore, it is possible that previous contact with the investigators and other anti-wind activists

has primed the responses of participants (inducing a nocebo effect), or biased the sample. Analogous studies looking at

electromagnetic radiation (EMR) rather than noise have shown that concern about EMR, rather than the EMR itself, can affect

sleep quality, Danker-Hopfe et al., 2010.The authors assert that there is a 'strong' dose-response relationship. I cannot see how

this is justified, given the presented data. In contrast to the conclusions, [Figure 1] and [Figure 2] in the paper (recreated below

for clarity) show a very weak dose-response, if there is one at all. The near horizontal 'curve fits' and large amount of 'data



scatter' are indications of the weak relationship between sleep quality and turbine distance. The authors seem to use a low P

value as a support for the hypothesis that sleep disturbance is related to turbine distance. A better interpretation of the P value

related to a near horizontal line fit would be that it suggests a high probability of a weak-dose response. Correlation coefficients

are not given, but should have been given, to indicate the quality of the curve fits.{Figure 1}{Figure 2}In light of the above, I feel

that there is insufficient evidence to suggest a causal relationship between wind turbine noise and sleep quality. Other potential

causal factors such as resident sentiment toward wind turbines or the level of anti-wind farm lobbying have not been investigated.

Establishing a time course is not enough, given that nocebo effects would be expected to occur over a similar time frame.It is

worth noting that the Pittsburgh Sleep Quality Index material asserts that any score over 5 indicates a poor sleeper, and that both

the control group and the group closer to the wind generators had scores over 5 on average. The implication is that rural dwellers

on average are poor sleepers. This is a more significant finding than any related to wind turbines. The Epworth scores confirm

this finding, yet it goes unnoted by the authors. [6],[7]

While I understand that independent review was sought by Noise and Health for this piece of research, it is worth noting that the

reviewers thanked by the authors - Dr. Carl Phillips, Rick James and Robert Rand - also have undisclosed strong histories of

anti-wind activity, both as paid expert testifiers and as service providers to complainants, and two of the three are also on the

Advisory Board of the Society for Wind Vigilance. [8],[9],[10]
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Abstract 

A review of literature describing the effects of very low-frequeney 
~ound on h~mans revealed a controversy between authors claiming that 
1nfrasound 15 very harmful to humans and those claiming that infrasound 
cannot engender any subj eet i ve or obj eet i ve symptoms. Th i s report shows 
that these diserepancies may be explained by individual variability in 
response to low-frequency sound. 

An experiment was performed to determine whether some individuals are 
uniquely sensitive to infrasound. Three acousic conditions were employed. 
These consisted of a control (amplifier hum) condition and two 8 Hz 
infrasound conditions: a high distortion signal and a low distortion 
signal. Subjeets were grouped by their subjective responses. 

No control subjeets exposed to amplifier hum reported any adverse 
responses. The di stri but i on of symptoms (headache and fat i gue vs di zzi ness 
and nausea) between the high and low distortion groups was significantly 
different. In persons reporting symptoms, the higher level of harmonics was 
primarily associated with headache and fatigue, while reduction of harmonics 
primarily resulted in dizziness and nausea. 

Subjects report i ng di zzi ness and nausea were subjected to up to four 
additional sessions - two control , one low distortion, and one ~"ith only 
some harmoni cs wi thout i nfrasound. These sess·i ons showed that these 
symptoms were replicable and related only to the infrasound. 

Multivariate and univariate analyses showed that the subjects reporting 
adverse symptoms can be distinguished from the other groups on the basis of 
heart rate, respiratory rate, systolic and diastolic blood pressure changes, 
ga ze nystagmus, time estimation, and mood scales but not EEG, 
p 1 ethysmography, TTS, a short-term memory task, Eysenek Personality 
Inventory, Cornell Medical Index or age. 

The adyerse responses of some individuals closely resemble motion 
5 i ckness. Indi vi dua 1 differences in the reaet i on to i nfrasound may then be 
expl ai ned by var; abil ity of i nner-ear structure or central adapti ve 
mechanisms. 



Preface 

Infrasound refers to very low frequency sound, falling below what is 
usually considered to be the range of human hearing. The literature 
contains reports of adverse subjective responses to infrasound and there is 
justifiable concern about potential effects of su eh exposure since our 
environment contains many sou rees of infrasound. Vet the literature abounds 
in contradictions: while some warn of infrasound dangers, others deny th at 
infrasound has any ill effects on humans at all. This report is concerned 
with demonstrating whether or not infrasound has any clearly definable 
effects on humans and explores the possibility of individual variability in 
response to infrasound. 
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1.0 REVIEW OF LITERATURE 

1.1 Definition 

Different authors assign infrasound's upper limit at some point between 
16 and 40 Hz (Al ford et al, 1966; Jerger et al, 1966; Anastassiadis et al 
1970; Pimonow, 1974; von Gierke, 1974; Leventhall , 1974; Nixon, 1974; Slarv~ 
and Johnson, 1975; AShley, 1976; Broner, 1978; Busnel and Lehman, 1978). 
Si nce the i ssue of human response to i nfrasound focuses on whether stimul i 
below 30 Hz stimuli are biologically effective, 30 Hz will be considered as 
infrasound's upper frequency limit. 

1.2 Prevalence of Infrasound in the Environment 

Infrasound is found in natural and man-made environments and is related 
to thunder, tornadoes, rain, snow, ocean waves, etc. Because of their brief 
durations, low intensities and extremely low frequencies, naturally 
occurring infrasound has seldom been considered a problem. On the other 
hand, infrasound in working environments such as aircraft, automobiles, 
ships, subway, etc, may be considered potentially harmful, owing to longer 
exposures and greater intensities. 

1.3 Subjective Human Responses to Infrasound 

Two approaches are used by different authors to explain possible 
responses to i nfrasound. One avenue focuses on the immedi ate effects of 
energy transfer between the i nci dent acoust i ca 1 waves and the body. Thi s 
"energetic" approach largely ignores individual differences. An alternate 
approach emphasizes the interactions occurring in the body af ter infrasound 
is transduced by a sensory system. Transduction initiates neural responses 
which convey information to various regions in the body. In this light, it 
is the sensory information provided by infrasound which initiates the 
response. These "informational" models are more amenable to individual 
differences. 

Symptoms of vertigo, often accompanied by disorientation, nausea and 
vomit i ng were reported i n response to i nfrasoni c jet engi ne emi ss i ons by 
Edwards (1950) and Dickson and Chadwick (1951) (cited by Roth and Chambers, 
1968). Gavreau et al (1966) reported symptoms of dizziness, nausea, 
headache and fatigue following accidental exposure to infrasound generated 
by a faulty ventilation system in a laboratory. Gavreau was able to 
reproduce these symptoms following a 2-hour exposure to the same sound. He 
also noted th at when loud music accompanied the infrasound, the ill effects 
were prevented. Gavreau 's report suggests that an i nformat i ona 1 mechani sm 
may underlie these adverse responses, since loud music does not diminish the 
energy of the i nfrasound. Si mil ar symptoms were observed insome workers 
during testing of the Concorde jet engines (Evans, 1976), and in other 
working environments (Andreeva-Galanina, 1971; Feeei, 1971). 

Mohr et al (1965) did not find such adverse responses during 2-minute 
exposures of 5 subjects to infrasound and neither did Al ford et al (1966) 
which employed 3-minute durations and 21 subjects. 

Evans and Tempest (1972) reported the occurrence of "swaying", 
intoxication, lethargy and euphoria in some of their 25 subjects. Two 

- 1 -



individuals were partieularly sensitive. One prematurely terminated the 
exposure to 2 Hz at 104 dB. The seeond sensitive subject had a long history 
of balanee disturbanee. Both complained of "sueh unpleasant sensations that 
the tests had to be terminated". This supports the eontention that some 
individuals are sensitive to infrasound. This possibility was explicitly 
stated by Leventhall (1974). 

Other authors who mention similar symptomatie responses include Leiber 
(1976); Revtov and Yerofeev (1976); Challis and Challis (1978); Yamada et al 
(1980); Landstrom (1980); and Okai et al (1980). Goldman (1978) has stated 
that symptoms of nausea, headache and fatigue develop in most persons at 135 
dB if the exposures last longer than 20 minutes. 

Johnson (1974) and 51arve and Johnson (1975) reported an experiment 
eonducted on 4 mil i tary subj ects exposed to vari ous frequeney-i ntens ity 
combi nat i ons of i nfrasound for 8-mi nute durat i ons. One of these subjeets 
reported nausea, and 3 reported a 1 aek of concentrat i on or euphori a duri ng 
or af ter at 1 east one of the runs. Headache was al so reported by one 
subject along with laek of concentration. Abdominal and chest vibrations 
were common ly encountered. From these results , 51 arve and Johnson (1975) 
concluded that infrasound exposures as high as 144 dB are safe for "healthy" 
subjeets for at least 8-minute periods. They also predicted that much 
longer exposures would be safe. 

The same authors have attributed the adverse effects to harmonic 
di stort i on in the 30 to 100 Hz range generated by Evans and Tempest I s 
equipment (von Gierke and Nixon, 1976). This is based on Harris and 
50mmer ' s (1968) findings of balanee disturbance indueed by 1500 Hz noise at 
105 dB. But, distortion produeed by Evans and Tempestsis equipment in 
response to thei r fundamentals i gna 1 of 130 dB di d not exceed 60 dB in the 
30 to 100 Hz band (Yeowart et al 1967; Yeowart, 1976). There is no evidence 
in the 1 iterature that sound at 60 dB coul d produce negat i ve subject i ve 
responses. 

The opi ni on of von Gi erke and Parker (1976) and von Gi erke and Ni xon 
(1976) that infrasound is harmless is also based on their position that 
acoustical energy below 30 Hz is not transduced by the organism's sensory 
systems. This will be examined later. 

Other authors who did not encounter sysmtomatic responses include 
Borredon and Nathie (1974) and Harris and Johnson (1978). Borredon and 
Nathie employed a relatively large subject sample (n = 42) and a long 
exposure duration (50 minutes), and they did note instance.s of somnolence 
reported by some of their subjects as well. However, their sample eonsisted 
of healthy, young mil itary personnel only. 

Harri s and Johnson (1978) conducted 3 separate experiments in whi ch 
their subjects were exposed to infrasound at various frequeneies and 
intensities for 15 minutes. During half of the 15-minutes exposure to 7 Hz 
at 125 dB in their first 2 experiments, the infrasound was masked by a 
110 dB masking noise. This masking noise was present during all infrasound 
exposures in their third experiment where intensities increased from 125 dB 
to 142 dB. Their subjects were also required to perform demanding mental 
tasks during most of their exposures. 
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· S~m~ of the d.es.cr.ibed experiments have little bearing on the question 
of lndlvldual se.ns.ltlvlty. Small ~amples ?f subjects provides little power 
to detect sensltlves. If an lnformatlonal mechanism is involved in 
symptomat i c responses to i nfrasound, the ongoi ng task s woul d shift the 
subject 's attention from the infrasound information. This could mitigate 
informational responses. Similarly, since potential 7 Hz throbbing would 
have been masked by the llO Hz audible sound, the periodic information 
normally conveyed by i nfrasound was not del i vered to the subjects in the 
majority of conditions in these experiments. 

Thus, based on literature, it is reasonable to conclude th at individual 
sensitivity in response to infrasound is a real possibility, though a 
convincing experirnental demonstration is wanting. Energetic models do not 
offer insight into a meehanism for such sensitivity. Consequently, an 
examination of potential infrasound transdueers is in order. 

1.4 Infrasound and the Auditory System 

Infrasound Auditory Thresholds 

The most obvi ous sensory aeeess of i nfrasound to the body is the 
auditory system. Numerous authors (Breeher, 1934; von Bekesy, 1936; Wever 
and Bray, 1936; Robinson and Dadson, 1956; Corso, 1958; Finek, 1961; 
Yeowart et al 1967: Whittle et al 1972; Yeowart, 1974; Yeowart and Evans J 

1974) have estab 1 i shed auditory thresho 1 ds of very low-frequeney sounds 
whieh are in quite good agreement with each other. 

Uncertainty exists in the literature as to whether these thresholds 
involve an auditory proeess and, if so, whether they refleet the fundamental 
infrasound frequeneies or pereeived distortion produets. 

Von Bekesy (1936) showed that these deteetion thresholds refleet 
auditory, not tactile sensations. Bekesy asked his subjeets to loealize the 
area of the body that was stimulated by the infrasound. Around the 
detection thresholds, the sensation was localized only in the ears. At 
higher intensities, a taetile sensation in the skin was also perceived. 

Yamada et al (198U) and Okai et al (1980) suggest that the auditory 
system of some people is more easily stimulated by infrasound than that of 
others. Sensitive persons in their experiments had infrasound thresholds 15 
- 30 dB below normal. 

Von Gi erke and Parker (1976) eontend that frequene i es bel ow 30 Hz 
eannot be proeessed by the auditory system. Their eontention is based on 
von l3ekesy's (1948; 1960) observation that all frequeneies below 3U Hz 
produee maximal basilar membrane defleetion at one identieal, most apical 
position of the basilar membrane. Von Gierke and Parker elaim that reported 
auditory deteetion of infrasound is aceomplished by harmonie distortion of 
the test signal either at the souree, in the air, or in the middle ear. 
They also propose that subjeets may distinguish the individual peaks of 
frequeneies below 18 Hz on the basis of modulation of the audible 
harmonies. 

But in spite of these objeetions whieh are related mainly to the 
i nterpretat i on of reeorded threshol ds, we may eonel ude that i nfrasound is 
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perceived by the inner ear. Recent audiological data have confirmed that a 
" pl ace " mechanism is not necessary to explain auditory perception below 
400 Hz (Llavis, 1960; Durrant and Lovrinic, 1977; Smith et al 1978). 

One,possible way ,of determinin~ whether infrasound ~ffects the auditory 
system 15 to determl ne whether 1 nfrasound exposure 1 nfl uences audi tory 
thresholds at other frequencies. Exposure to intense sound in the 
convent i ona 1 auditory range produces a temporary threshol d shift (TTS), 
usually one-half to one octave above the eliciting frequency (Elliott and 
Fraser, 1970). 

The literature contains numerous reports of TTS in response to 
infrasounds of varied frequency and intensity (Tonndorf, 1950, cited by von 
Gierke and Parker, 1976; Alford et al 1966; Jerger et al 1966; Nixon and 
Johnson 1973; Nixon, 1974). Like TTS resulting from higher frequency sounds 
(Ell i ott and Fraser, 1970), i nfrasound i nduced TTS in 33 to 50 per cent of 
the subjects in the papers cited above. However, unlike TTS at higher 
frequencies, infrasound-induced TTS is spotty, occurring at seemingly random 
frequenci es throughout the audi ofrequency spectrum. Al 50, the severity of 
this TTS is much less than that which occurs from similar intensities at 
much higher frequencies. The only study in the literature not reporting TTS 
in response to infrasound up to 154 dB (Mohr et al 1965) involved only 5 
subjects whose ears were covered by protective acoustic ear-muffs. 
Furthermore, Mohr et al determined their post-exposure thresholds one hour 
after the i nfrasound exposure. Other i nvest i gators found recovery from 
infrasound induced TTS within 30 minutes. 

1.5 Infrasound and the Vestibular System 

The vestibular system represents an intriguing putative infrasound 
transducer. Systems similar to those reported by some individuals in 
response to infrasound (eg. dizziness, nausea, headache and fatigue) are 
well known consequences of intense, atypical or prolonged vestibular 
stimulation. It has been established that the vestibular system can be 
stimulated by intense acoustical energy (McLaughlin, 1979, 1978; Parker et 
al 1978; Reschke et al 1974). Different authors offer various mechanisms 
for acoustical vestibular stimulation (von Bekesy, 1935, 1948, 1960; Benson, 
1965; Parker et al 1968; Reschke et al 1970,1974; Evans, 1976; Parker, 
1976; Parker et al 1978; Pryse-Phillips, 1979). The most direct conduit 
between the stapes and the vest i bul ar apparatus runs from the inner ear 
vestibule, through the ductus reuniens, saccule, endolymphatic duct, utricle 
and finally semicircular canals. 

Experimental evidence suggestive of vestibular response to infrasound 
in humans has also been provided. Mohr et al (1965) found visual field 
vibration in all of his subjects in response to a 22 Hz centered band at 
148 dB. Visual field shifts are one possible indicator of vestibular 
stimulation (Parker et al 1978). Hood et al (1971) found a decrement in the 
time in which their subjects were able to maintain their balance on a 2.5 
cm-wide rail when exposed to 110 dB infrasound. 

Okai et al (1980) and Yamada et al (1980) found nystagmus in response 
to infrasound only in 1 and 2 subjects (respectively) in over 20 subjects. 
Significantly, these were the subjects who reported symptoms akin to motion 
sickness. 
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A more di re ct approach to the issue was provided by Evans and Tempest 
(1972) who exposed subjects to monaural, binaural in-phase, and binaural 
anti-phase infrasound. Higher intensities and longer durations of the 
infrasound elicited nystagmus. Only 28% of subjects exhibited clear 
nystagmus in response to monaural stimulation while 85% exposed to binaural 
antiphase stimulation showed clear vertical hystagmus. Subjects not 
exhibiting nystagmus tended to show random eye rnovernents capable of masking 
nystagmus. Evans and Tempest's findings and their irnplications were 
disputed by Johnson (1974) who studied visual nystagmus in volunteers 
exposed to infrasound and did not observe it in any of his subjects. 

Johnson (1974) and von Gierke and Parker (1976) attribute the nystagmus 
in Evan~ and Tempest's records either to machine noise switching transients 
or signal distortion. These interpretations are questionable. The machine 
noise hypothesis does not account for the different proportions of subjects 
reporting nystagmus in the monaural and anti-phase conditions. Switching 
transients would have elicited nystagmus bursts only during stimulus onset 
and offset. The signal distortion hypothesis requires minimum sound 
pressure levels for harmonics of 105 dB as it is based on Harris and 
Sommer's (1968) finding of vestibular activation to 1500 Hz at 105 dB, a 
level not approached in Evans and Tempest's experiments. 

1.6 Respiratory System Response to Infrasound 

Another possible infrasound conduit that requires consideration is the 
respiratory system which represents a potential energy gate as well as 
sensory transducer for i nfrasound. Due to the impedance mi smatch between 
air and body tissues, approximately 99 per cent of incident acoustic energy 
is refl ected from the surface of the body. A great ly reduced impedance is 
offered by air-enclosed organs such as the lungs or the middle ear (von 
Gierke and Parker, 1976). Von Gierke and Parker (1976) argue that although 
the resonant frequency of the lungs lies in the 5 Hz region, a loading 
factor introduced by the coupling of the lungs with the thorax should 
i ncrease the resonant frequency of the respi ratory system ten-fold to about 
5U Hz. They, therefore, feel that the respiratory system is less responsive 
to infrasound than to frequencies around 50 - 60 Hz. 

Recently, Fredberg (1978) has shown that lung resonance to acoustical 
energy occurs at 0.5 Hz. Consequently, if lung-thorax coupling increases 
the resonant frequency ten-fol d, the resonant frequency shoul d occur around 
5 Hz. The variously noted subjective reports of chest-wall vibrations in 
the literature (Evans and Tempest, 1972; Slarve and Johnson, 1975) may be 
attributed to infrasound. Johnson (1980, pg. 8 of Panel Discussion) 
described a natural resonance of his own tracheal tube at 3.5 to 4.5 Hz at 
143 dB. 

The 1 ungs may al so act as a sensory transducer of i nfrasound vi a the 
stretch receptors located in the lung tissue. The information conveyed by 
these receptors to the central nervous system may bring about secondary 
changes in cardiovascular function. Respiratory activity could also be 
altered by infrasound affecting other sensory systems. 

Respi ratory a lterat i on by i nfrasound has been reported in the 
literature. Alford et al (1966) found that the respiratory rates of some of 
their subjects increased by 4 or more respirations per minute. Difficulty 
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in breathing, suggestive of infrasound interference with inspiration, was 
found by Andreeva-Galanina (1971). Slight increases in respiratory rate 
were also reported by Fecci (1971) and Pimonow (1971). No infrasound
i nduced changes in respi rat i on were reported by Sl arve and Johnson (1975) 
though von Gi erke and Ni xon (1976) state that 11 respi ratory rhythm changes or 
modulation in humans begin around 13U dB Ii

• Similar findings \'Iere published 
by Landstrom (1980) and Okai et al (1980). 

1.7 Central Nervous System Response to Infrasound 

Other physiological systems probably respond secondarily to primary 
i nfrasound transducers. I f i nfrasound ene rgy is transduced by any sensory 
system, cent ral nervous system activity may, consequently, be affected. 
Various authors (Gavreau, 1968; Andreeva-Galanina, 1971; Rao, cited in 
Ashley, 1976) suggest that the brain's alpha rhythm could be upset or driven 
by infrasound, possibly with harmful consequences (Gavreau, 1968; Johnston, 
1971, cited by Broner, 197H). ~~ork-place studies by Andreeva- Galanina 
(1971) and Fecci (1971) report CNS disturbances occurring due to infrasound 
exposure. 

In laboratory studies, Revtov and Yerofeev (1976) showed that 
infrasound frequencies of 8 and 10 Hz at 135 dB are followed by an induced 
EEG rhythme Individual differences in the extent of this activity and 
hemi spheri c magnitude were noted. A simil ar observat i on was pub 1 i shed by 
Okai et al (1980). Only some individuals were effected. Landstrom (1980) 
contends that EEG responses confi rmed subject i ve reports of ti redness and 
falling asleep. 

These few studies suggest that infrasound information may be processed 
by the cent ral nervous system. 

1.8 Cardiovascular System Response to Infrasound 

The cardi ovascul ar system may al so respond secondarily to i nfrasoni c 
stirnulation. Alford et al (1966) found individual differences in heart rate 
response to i nfrasound at 140 dB. Heart rate changes i n response to 
infrasound in working environments were also reported by Andreeva-Galanina 
(1971) and Fecci (1971). 

In a study conducted on French soldiers, Borredon and Nathie (1974) 
found that diastolic pressure increased significantly in response to 7.5 Hz 
at 130 dB, and this increase persisted over the 45-minute exposure. 
Borredon and Nathi e suggest that the autonomic nervous system underl i es 
these changes since diastolic pressure is more effected than systolic 
pressure. 

Slarve and Johnson (1975) did not find significant changes in heart 
rate in their 4 college-age male subjects. 

Landstom (1980) reported a reduction in systolic pressure and an 
increase in diastolic pressure during a 1 hour exposure to 16 Hz at 125 dB. 
Also, large rebound effects occurred shortly af ter termination of the 
infrasound signal. 
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Okai et al. (1980) f?und an initial decrease in heart rate, followed by 
an increase WhlCh perslsted for the subsequent 59 minutes of a 1-hour 
exposure. lJkai et al partly attribute heart rate acceleration or 
deceleration to respiratory center activation since heart rate changes were 
associated with respiratory rate changes. 

1.9 ~iochemical Responses to Infrasound 

Another reflection of infrasound's action on the body involves 
biochemical changes. Landstrom (1980) found that gastric hydrochloric acid 
production increased in 10 of 20 human subjects during a 1-hour exposure to 
16 Hz at 125 dB. Blood cortisol levels were slightly reduced by the 
infrasonic exposure. Landstrom cites a study by Liszka et al (1978) (in 
Swedi sh) on 37 workers exposed to i nfrasound from a vent il at i on system. 
Exposed workers had approximately half the level of urinary adrenaline at 
the end of thei r worki ng day. These studi es suggest that there i s a 
connection between infrasonic exposure, reduced production of stress-related 
hormones, and wakefulness (Landstrom, 1980). 

1.10 Alterations in Mental Performance in Response to Infrasound 

Mental performance reflects highly coordinated activity of the CNS. If 
infrasound generated input is processed by the brain, it is possible that 
demanding mental performance will be altered due to either general 
processes, like arousal, or more specific informational interference. Since 
infrasound exists within many modern transportation environments, 
performance alterations in response to infrasound may have practical 
importance. 

Gavreau (1968) claimed th at infrasound rendered " ••• the most simple 
intellectual task impossible" (pg. 36) though no supporting evidence was 
offered. Green and Dunn (1968) attempt to explain the higher incidence of 
schoo 1 absenteei sm and hi ghway acci dents duri ng thunders torms on the bas is 
of the infrasonic components of thunder. Their correlative analysis did not 
include any environmental moisture factor which probably correlated highly 
with thunder, school absenteeism and traffic accidents. 

In laboratory studies, Hood et al (1971) and Leventhall (1974) reported 
performance decrements in between 14 and 86 per cent of their subjects on a 
battery of cognit i ve and motor tasks. It i s not cl ear whether a general or 
specific mechanism is involved from these results. 

Benignus et al (1975) found that more numeric signals were missed on a 
monitoring task under infrasound than under control conditions. Individual 
differences in these deficits were also noted. Slarve and Johnson (1975) 
reported no performance a lterat i ons i n response to i nfrasound. Une of 6 
individuals reported time contraction at 20 Hz and 135 dB. 

Kyriakides and Leventhall (1977) exposed subjects to a variety of 
conditions one of which was infrasound exposure at 115 dB and they measured 
performance on a complex task. Infrasound produced an increase in the 
primary task error rate. The peri phera 1 task showed irnprovement with 
infrasound. 
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Similarly, in Harris and Johnson's (1978) study, no performance deficit 
was associated with infrasound, though the authors allow that this may have 
been due to ongoi ng learni ng. Alternat i vely, Harri s and Johnson contend 
that i nfrasound mi ght i nit i ate some arousa 1 process whi ch enhances task 
performance. 

Ising (1980) reported absence of performance deficits in subjects 
exposed to 5 - 20 Hz infrasound for up to 4 hours. Moller (1980) however, 
did find performance deficits due to infrasound on tests such as arithmetic 
addition, complex reaction time and a cue utilization test. Silent control 
and traffic noise did not produce such deficits. 

Lastly, Landstrom (1980) showed that occasions of falling asleep during 
a 2-hour infrasound exposure (16 or 12 Hz, 125 dB) were double that of 
control (50 Hz) conditions. Sleep occurrence was confirmed by EEG, though 
procedures and EEG results were not described. 

From the preceding view of the literature, it is clear that no 
consensus exists on whether infrasound represents a danger to humans, what 
physiological systems are responsive to infrasound stimulation, how such 
stimulation might cause the symptoms that were reported by some authors and 
how some possibly sensitive individuals might be differentiated from the 
majority of non-sensistive individuals. 
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2.0 RATIONALE FOR THE PRESENT STUDY 

This research originated in 1974 when knowledge concerning human 
response to infrasound was even more sketchy and fragmented than appears in 
the foregoing review. Actually, no systematic literature review had been 
written until von Gierke and Parkerls effort in 1976. This project was 
initiated with three complementary purposes in minde They were: 

1) To assess whether infrasound, at levels cornmonly encountered, 
might prove deleterious; 

2) to attempt development of a theoretical framework in which 
responses to infrasound might be understood; 

3) to resolve the widely controversial conclusions concerning human 
response to infrasound. 

In the pilot study, 16 subjects were exposed to infrasoundat 8 Hz and 
100 dB for 30 minutes. Each subject acted as his own control with 8 
subjects receiving the infrasound session first and the other 8 subjects 
receiving the silent control session first. Sessions were identical, 
except for the stimulus. 

In this pilot study, 2 of the 16 subjects reported episodes of 
dizziness, nausea, headache and fatigue a few hours af ter the end of their 
experimental sessions. None of the subjects reported any symptoms in 
response to the control session. Mean heart rate was significantly lower 
during infrasound exposure than during the control exposure, regardless of 
order and across all measured time periods. But, the two affected subjects 
uniquely showed heart rate increases occurring during the first 10 minutes 
of the experimental exposure. 

The conclusion reached from the initial study was th at individual 
di fferences may exi st in human response to i nfrasound. Si nee at 8 Hz, 
100 dB is below the auditory threshold, it is reasonable to suggest that if 
the noted symptoms were a consequence of the infrasound, some extra-auditory 
mechanism was responsible. The heart rate results also suggested that 
sensitivies might be characterized by an altered physiological response to 
infrasound. . 

Design Considerations 

To determine whether infrasound produces symptoms of dizziness, nausea, 
headache, and fatigue in a fraction of the population, it was necessary to 
examine a large and varied subject pool. To clarify the roles of the 
general features of the experiment and the higher harmonies which some 
authors regard as crucial, it was necessary to vary the acoustical 
environment and observe whether statistically dissimilar numbers of subjects 
report these symptoms in response to the altered acoustical conditions. A 
between-groups design was chosen to avoid difficulties involved in repeated 
participation of a large number of subjects. Following their first session, 
subjects were partitioned by their subjective responses and their responses 
on measured dependent vari ab 1 es were th en analysed for group differences. 
To further demonstrate that subjects reporting the noted symptoms were 
reacting to the experimental stimulus and not to the general features of the 
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expe~iment,. availabl~ sen.sitive subjects were rerun in up to 4 additional 
seSSlons WhlCh were ldentlcal except for the acoustical stimulus. 

2.1 Selection of Independent Variables 

Acoustical Parameters 

Aside from acoustical environments, control and experimental sessions 
were identical. The control acoustical condition consisted of an 
approximately 60 dB amplifier hum which was distinctly audible. The 
experimental infrasound parameters were 8 Hz at 130 dB. 8 Hz was chosen 
since in the initial study, 2 individuals had reported symptoms of 
dizziness, nausea, headache and fatigue at this frequency. Furthermore, 
8 Hz represents a frequency most of ten found troublesome in the literature. 
130 dB was employed since this level was considered by the other authors 
(von Gierke and Parker, 1976) to be safe. 

Two 8 Hz variants were used; an unfiltered high distortion signal and a 
filtered low distortion signal (see Figure 1). The total energetic content 
of the two signals was very similar - about 130 dB. Results from the 
initial study (using sub-threshold intensities), along with the foregoing 
analysis of the literature (eg. Evans and Tempest, 1972, whose harmonics 
were themselves inaudible) predicted that the fundamental and not the 
harmonics would be associated with symptoms. 

2.2 Selection of Dependent Variables 

The rat i ona 1 e for the select i on of dependent vari ab 1 es i s out 1 i ned in 
Figure 2. Figure 2 indicates that at least four potential infrasound 
t ransducers exi st in the body. They are the vest i bul ar, auditory and 
somatosensory systems plus the stretch receptors of the lungs. The 
somatosensory receptorls responses were not measured since there is no 
simple method for accomplishing this in intact humans, and there is little 
to impl i cate somatosensory receptors in the response of the organi sm to 
infrasound. To monitor these systems the following measures were taken: 

1) Gaze Nystagmus as an indicator of Vestibular System activation; 

2) Temporary Threshold Shift of the Auditory System; 

3) Respi ratory Rate as an i ndi cator of poss i b 1 e refl ex changes 
induced by the stimulation of pulmonary stretch receptors. 

Gaze Nystagmus 

Possible vestibular system response to infrasound was directly measured 
by checking for ga ze nystagmus in the lateral position prior to the end of 
each session. The lateral position affords observation of small nystagmic 
beats which could be rnissed in the frontal position (Willis and Grossman, 
1973). 
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Temporary Threshold Shift 

The most obvious transducer of infrasound energy is the auditory 
system. Since 130 dB is well above the hearing threshold, detection was not 
an issue in this study. As an index of infrasound's effect on the auditory 
system, temporary threshold shift, ie. the difference in threshold levels 
before and af ter the i nfrasound exposure, at frequenci es up to 8 kHz was 
measured. It has been suggested that TTS ought to be a major damage risk 
criterion for infrasound exposure (Nixon, 1974). The literature offers 
documentation that only some individuals experience TTS following brief 
infrasound exposure. It is then of interest to determine whether TTS might 
occur primarily in sensitive individuals. 

Respiratory Rate 

Infrasound may affect respiratory function directly, through expansion 
of the lungs by a pressure wave and by activation of the Hering-Breuer 
inflation and deflation reflexes. Respiratory system changes might also be 
associated with cardiovascular system alterations. 

Respiratory rate might also be altered by hyperventilation, by motion 
sickness (Reason, 1976), or anxiety on the part of the sensitives. In the 
latter case, increased blood pressure would accompany the hyperventilation, 
whereas a drop in blood pressure usually accornpanies vestibular stimulation 
(Moller, 1978). Hyperventilation is a we" known associate of dizziness; 
nausea, headache and fatigue (Adams and Braunwald, 1974). Thus, it is of 
interest to see whether sensitives can be distinguished from non-sensitives 
by respi ratory rate. 

Other Selected Variables 

EGG Analysis 

If any or all of the above noted systems trans duce infrasonic energy, 
the information may be conveyed to the central nervous system. One prime 
index of CNS activity is the electroencephalogram (EEG). 

The 1 iterature suggests that i nfrasound may affect the EEG in one of 
two ways; by i nduti ng an EEG rhythm at the i nfrasound frequency or by 
changing EEG frequencies to reflect anxiety (13-30 Hz activity) or fatigue 
(4-11 Hz). 

Wessman-Ricks Mood Scale 

Altered CNS activity might also be reflected in subjective mood states. 
A numerical scale for subjective responses was included to corroborate the 
sUbjects ' verbal resppnses. 

A subset of the Wessman-Ricks Mood Scale (1966) was selected in 
accordance with the following considerations: 

1) Questions concerning dizziness,nausea, and headache should not 
appear to avoid suggesting these responses to the subjects. 
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2) A fatigue scale should be included, since it is difficult to 
assess verbal reports of fatigue. 

3) A vari ety of other items shoul d be i ncl uded for two reasons • 
First, if only a fatigue scale were included, fatigue would be 
suggested. Second, it would be of interest to learn about other 
mood fluctuations which might accompany the symptoms. 
Specifically, anxiety and overall well-being were of interest to 
learn whether the physical symptoms could be explained by 
anxiety. 

4) The scales should first present positive stat es rather than 
negative states to avoid a negative bias. 

5) Each scale should cover a wide range of subjective states. 

6) The scales should reflect acute rather than chronic states. 

The Wessman-Ricks Mood Scale (1966) was selected for the above reasons. 
Nine of the 16 items were deleted as they were judged to be irrelevant. 

Performance Variables 

CNS activation might also be manifested by alterations in concurrent 
mental task performance. Part of the confusion in the literature regarding 
the effects of infrasound on performance revolves around the choice of task. 
Arousal is beneficial to some monotonous tasks (eg. vigilance, Broadbent, 
1957) while very high levels of arousal may disorganize higher mental 
processes (Gellhorn, 1967). Consequently, it was decided to have a task 
which would reflect arousal levels early in the experiment. A second task, 
near the end of the session, was sought that would be sensitive to possible 
disorganization due to excessive arousal. 

The early task was the time estimation. Time estimation as a cognitive 
task is supported by the fi nd i ngs that a depress i on of nervous-system 
activity leads to over-estimation of time intervals (Jones and Stone, 1970; 
Hollister and Gillespie, 1970), while an increased arousal facilitates 
under-estimation of time intervals (Ague, 1974). 

The second test was digit span, which measures an indiviäual's ability 
to recall a series of numbers. According to Gavreau et al (1966), even the 
most simple intellectual tasks were rendered impossible by infrasound. If 
so, at least the sensitives might show an inability to perform the digit 
span af ter 27 minutes of infrasound. Neither time estimation nor digit span 
is subject to ongoing learning, a fact which has rende red interpretation of 
earl ier studies difficult. 

Cardiovascular System Variables 

Infrasound information impinging on the CNS might initiate 
cardi ovascul ar responses. Cardi ovascul ar system act i vity is adjusted in 
response to novel, alarming, familiar, intense or barely detectable 
stimulation in any modality (Hebb, 1948). The literature (eg. Alford et al 
1966) suggests that different individuals change cardiovascular activity in 
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di fferent di rect i ons i n response to i nfrasound. Perhaps such differences 
might distinguish between sensitive and non-sensitive individuals. 

Three rel ated ci rcul atory parameters are heart rate, blood pressure , 
and peripheral resistance. Additionally, heart rate may vary with changes 
in respiratory system activity. Moller (1978) suggested that infrasound may 
initiate cardiovascular alterations through a reduction in blood pressure 
via the vestibular depressor reflex. If infrasound initiates an alarm 
(defense) reaction in sensitive individuals, their blood pressure would be 
expected to rise (Rosen, 1970). Sensitive individuals might also possess 
unusually responsive baroreceptors in th ei r blood vessels which could be 
triggered by intense acoustical energy or chest region resonance, and 
thereby influence blood pressure. Consequently, systolic and diastolic 
blood pressures were measured before and af ter the exposures. 

Peri pheral res i stance is usu a 11y measured by recordi ng pul se ampl itude 
in the finger (Moller, 1978). Through finger plethysmography, changes in 
peripheral resistance were exarnined to help distinguish sensitives from 
non-sensitives. 

Possible Predictors of Sensitivity 

Medi ca 1 Hi story 

Medical History was assessed by means of the Cornell Medical Index 
(CM!), a 177-item medical questionnaire. 

Eysenck Personality Inventory 

The Eysenck Personality Inventory (EPI) has been used in the past to 
predict severity of symptoms in Meniereis disease patients (Brightwell and 
Abrahamson, 1975), which are similar to those observed in the preliminary 
study. This inventory is built around arousal and inhibition. 

Neurotics, lacking inhibition, respond more strongly to external 
st imul i • Extroverts, bei ng ori ented to externalevents, mi ght be more 
attentive to infrasound. Perhaps neurotic extroverts might be more affected 
by infrasound than stable introverts. 
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3.0 METHODS 

3.1 Subject Pool 

Eighty male subjects from various walks of life were recruited. Twenty 
subjects served as controls. Twenty-seven subjects received the high 
distortion stimulus and thirty-three subjects the low distortion stimulus. 
All subjects underwent an otoscopi c and audi ometri c exami nat i on pri or to 
being accepted. 

3.2 Equipment 

The infrasound was administered in the loudspeaker-driven booth at the 
University of Toronto Institute for Aerospace Studies (UTIAS). The booth 
itself consisted of an almost airtight chamber with 12 loudspeakers located 
on one wa" with inside wa" surfaces lined with sound-absorbing fibre glass 
material. Free air volume was approximately 1.3 m3 • The booth was equipped 
with a seat, intercom and radio (Glass et al 1972). 

The experimental stimuli were produced by function generator (lES model 
B34). Funct i on generator output was 1 ed to two lOO-Watt ampl i fi ers wi th 
response that went down to direct current. The amplifiers' output activated 
six low-frequency loudspeakers (Altec-Lansing woofers, Model 515B, 38 cm 
diameter). The acoustical stimulus was calibrated by means of a Bruel and 
Kjaer pistonphone (model 4220, 124 dB, 250 Hz) mounted on a Bruel and Kjaer 
condenser microphone (1.25 cm diam. diaphragm) passed by a Bruel and Kjaer 
carrier system (model 2631) to a storage oscilloscope (Tektronix 5103 
Njp13). The condenser microphone was used for all acoustical measurements. 

Filtering was accomplished by passing the function generator output 
through dual Krohnhite filters at their lowest low-pass setting (10 Hz). 
Thi s fi 1 teri ng reduced the second harmon ic (i e. 16 Hz) by an addit i ona 1 
12 dB. The resulting spectrum of the high and low distortion signals is 
shown in Figure 1. In control sessions, the amplifiers produced ambient 
noise of roughly 60 dB. 

Physiological Monitoring Equipment 

EEG, respi ratory rate · and plethysmography were recorded by Narco-Bio 
Systems transducers whose output was fed to Narco-Bi 0 type. 7070 channel 
amplifier and continuously recorded by a four-channel Bruel and Kjaer 70034 
FM tape recorder. 

Heart rate was monitored by a telemetric Biolink 358 transmitter -
receiving system (Biocom Inc.). 

The auscultatory method was used for blood pressure measurements. 

A Beltone 11 audiometer was used for pre- and postsessional 
audiograms. 

The mean of the four 4.5-minute periods during which no task was 
performed was utilized for evaluating the four continuously monitored 
physiological .variables (EEG, respiratory rate, heart rate, 
plethysmography). The other periods during which the performance tasks 
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occurred contained altered values which could not be associated with 
responses to the acoustical conditions. Only low-distortion condition data 
were analyzed for these variables due to missing observations in the control 
(7/20) and high-distortion (13/27) conditions. Thirty-one of thirty-three 
observations were available for response pattern analysis of the 
low-distrotion condition. 

The heart rate was counted from the electrocardiogram by a peak 
detector constructed according to the design of Shimizu (1978) and Hewlett 
Packard Uni versal 532~8 counter. The respi ratory rate was counted di rectly 
by the Hewl ett Packard 53258 counter af ter fil trat i on of the si gnal by an 
Ithaco 4213 electronic filter. 

The plethysmography was evaluated in the following way: 

The analog FM tape was filtered by an Ithaco 4213 electronic filter and 
played at 10 times the recorded speed into a Bruel and Kjaer Type 2417 
random noise voltmeter. Readings were taken every 27 seconds (4.5 
minutes real time) to represent the average root mean squared (RMS) 
voltage of the plethysmography channel for that time periode Since the 
Narco-Bio 323 photoelectric pulse transducer is not a volumetrie 
plethysmograph, these measurernents represent relative pulse amplitudes 
rather than absolute pulse volumes. The RMS voltage for the first time 
period was taken as a standard (ie. 1.0) and the remaining readings 
converted to a value relative to the standard. 

Spectral analysis of the EEG signal was performed by a digital signal 
processor (Spectral Dynamics, Digital Signal Processor (DSP) 360). The 
dominant feature of many of the spectra was a pronounced peak at 8 Hz. 
Since 8 Hz was the acoustic signal frequency, it was felt that perhaps a 
relationship existed between the signal to background noise ratio of the 
peak and subjective response. This has been suggested in earlier work on 
auditory driving of brain rhythms (Plutchick, 1966, 1959; Neher, 1961) as 
wel1 photic driving (Walter and Grey Walter, 1949; U1ett et al 1953). 

3.3 Description of the Experimenta1 Session 

Af ter signing the Informed Consent Form, a tape describing the 
procedures and tasks was played, the audiograms were administered and the 
blood pressure taken. The EEG and EKG electrodes were p1aced, the 
p1ethysmographic respirometer fastened around the sUbjectls right hand. The 
sound si gna 1 was turned on withi n 90 seconds of the subj ect enteri ng the 
booth af ter all monitoring equipment was turned on. Five minutes later the 
time estimation task was administered. 

The subj eet 1 i stened to taped be 11 sounds of 10, 20, 30, 40, and 50 
second durations in that order. Fol10wing each sound, the subject gave his 
time duration estimate over the intercom. Then the next period was p1ayed 
and so on. No feedback was given as to how we11 a subject performed. 

The next task, digit span, was given at the 20-minute mark. The taped 
WAlS digit span instructions were p1ayed for the subject over the intercom. 
The second chance sequence was read by the experirnenter since attempting to 
skip tape was neither feasib1e nor uniform. 
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· At the 28th mi ~ute mark gaze nystagmus was tested through the gl ass 
Wl ndow of the experlmenta 1 booth whose coveri ng was removed duri ng thi s 
procedure on ly. Thi rty mi nutes af ter the monitori ng equi pment had been 
turned, the sound was turned off, the door was opened and the subject filled 
out the Wessman-Ricks Mood Scale questionnaire. Afterwards, the subject was 
asked: "Have you any addit i ona 1 comments on the experi ence?" The quest i on 
was put this way to avoid drawing attention to the sound. The reply was 
written down by the experimenter. The subject remained seated for another 
minute and his blood pressure was taken. Then the post-exposure audiogram 
was administered as described earl ier. Before the subject left, he was 
gi ven copi es of the Eysenck Personal ity Inventory and the Cornell Medi cal 
Index to complete and return. The following day the subject was contacted 
and asked: "Now that a day has passed, have you any further comments on the 
experi ence? 11 Agai n, comments were written down by the experi menter • Thi s 
completed the session. 

3.4 Experimental Design 

The data were analyzed to answer two specific questions. First, to 
determine whether any reported symptoms could be associated with the 
acoustical conditions. Second, to determine whether responses on dependent 
variables (heart rate, mood scales, etc.) could discriminate between the 
various groups spontaneously reporting different subjective responses to the 
acoustical conditions. Subsequent analyses were employed to pinpoint the 
locus of differentiation on the relevant variables. Since the design was 
inherently unbalanced, Type 111 Sum of Squares in SAS (GLM) was used for 
multivariate and univariate analyses of variance. All functions were 
retai ned in the di scrimi nant analyses because subjects were not randomly 
assigned to their response pattern groups (Eisenbeis and Avery, 1972). SPSS 
(Klecka, 1975) was used for the stepwise discriminant analyses. 

3.5 Dependent Variable Analyses 

The measured dependent variables were analyzed statistically in the 
following manner: 

First, the control group data were deleted, since the control group did 
not contain response patterns to distinguish sensitives from non-sensitives. 

Second, due to technical difficu1ties, heart rate, respiratory rate, 
EEG and plethysmography could not be analyzed for the high-distortion 
acoust i ca 1 condit i on. These vari ab 1 es were ana lyzed for response pattern 
effects in the low-distortion condition only. Similar considerations hold 
for the paper and pencil tests which were not consistently returned by the 
subjects. 

Two vari ab 1 es (temporary threshol d shi fts and eye movements ) were 
dichotomized (scored either 0 or 1) with respect to absence or presence of 
TTS or eye movements • These were not ana lyzed by ana lys i s of vari ance and 
were consequently not included in the MANOVA. 
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Subsequent Sessions 

Since it was possible th at the symptoms described by the subjects may 
have been associated with external factors unrelated to the experiment, the 
intent was to establish whether symptoms were replicable in those subjects. 
Therefore, it was decided to rerun the putatively sensitive individuals in 
three additional sessions. These subsequent sessions were as similar as 
possible to the initial session. The second and third sessions were control 
sessions (the infrasound would not be administered) and the fourth session 
contained the low distortion infrasound signal. In Campbell and Stanley's 
(1970) terminology, this sequence is referred to as an ABBA 
quasi-experimental design. This was undertaken to ascertain whether the 
experirnentally generated infrasound (to the exclusion of all other unrelated 
factors associated with the experimental set-up) was related to the reported 
symptoms in those subjects. In addition, a fifth such session was run for 
available subjects utilizing an approximation to the distortion of the 
filtered signal (without infrasound) as a further control treatment • 
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4.0 ~ESULTS 

4.1 Subjective Responses: Classification Results 

. Fr?m the outset, the thrust of the experiment was to distinguish 
subJectl~e r~sponses between t.he .various acoustical conditions. Initially, 
only subJectlve responses of dlzzlness, nausea, headache and fatigue, and no 
o~hers. we:e anticipated. While initially perusing the verbal responses, 
fl ve dl st 1 nct response patterns emerged. These are descri bed i n Tab 1 e 1B 
along with an arbitrary code number that reflects the relative adversity of 
the response pattern. The overall distribution of subjective response 
pattern by acoustic condition is shown in Table IA. 

To evaluate whether the different information or energy contained in 
the different acoustical environments could be associated with the different 
di stri but i on of symptoms, the fi rst ana lysi s undertaken compared the type 
and number of symptoms reported in the two experimental conditions. This is 
illustrated in Table 2A. The probability of obtaining this exact 
distribution as obtained by the conservative Fisher Exact Test (Siegel , 
1956, pp. 96-101) is 0.04895. The probability of a more extreme 
distribution is only 0.0023. Consequently, the probability of obtaining 
this distortion plus more extreme distributions by chance is only 0.05l. 
This is not predicted by an energetic model but is consistent with 
informational models based on the initial study and literature reports such 
as Evans and Tempest (1972). 

Discussion 

These data demonstrate that the symptoms of headache and fatigue alone 
are primarily associarea-w~th the high-distortion stimulus, while dizziness 
and nausea are primarily associated with the purer (low distortion) 8 Hz 
stimulus. Further, the one subject reporting dizziness and nausea in the 
high-distortion condition asked th at the session be terminated by the 
lO-minute mark. With one exception, subjects reporting dizziness and nausea 
in the low distortion condition experienced the symptoms hours later, af ter 
the experiment ended. Both subjects who experienced the symptoms during the 
session (one in each acoustical condition) reported recurrences a few hours 
1 ater. The symptoms occurred and ceased suddenly and 1 asted between 15 
minutes and two hours. Conversely, all subjects reporting only headache and 
fatigue noted these symptoms during the exposure, with the headaches lasting 
up to 5 hours beyond the exposure and the fatigue, 15 hours. 

The fact that negative responses did not result from general features 
of the experiment is further attested to by the distribution of symptoms 
between experimental and control conditions. No control subject reported 
any symptoms at all. This is illustrated in Table 2B. The probability of 
this distribution occurring by chance is 7.6 x 10- 21 • 

During the subsequent sessions, all participating Response Pattern 4 
subjects reported the same symptoms in response to the infrasound, but not 
to the two amplifier hum sessions nor to the harmonie distortion session. 
This shows that these sensitives were not responding to general features of 
the experiment nor to the energy contained in the harmonie distortion of the 
signal. More strikingly, the subject who reported dizziness and nausea in 
response to the high-distortion signal found the low-distortion signal much 
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w?rse and he asked for termination of the low-distortion session in only 1.5 
mlnutes. The presence of the harmonies seems to mitigate infrasound effects 
as suggested by Gavreau (1966) and Bryan (1976). 

Since the energy levels of the fundamental 8 Hz in both low- and 
high-distortion signals were virtually identical, it appears that an 
informational model is required to explain the observed individual 
sensitivity to infrasound. If this model is applicable, it must also 
explai n the delay in response encountered by Response Pattern 4 subjects. 
To guide the discussion of potential mechanisms, results from the selected 
dependent variables are now presented. 

4.2 Univariate Results 

Variables not evidencing significant response pattern effects include: 
initial systolic blood pressure, initial diastolic blood pressure, age, 
digit span, electroencephalogram, finger plethysmography, the Eysenck 
Persona 1 ity Inventory, and the Corne 11 Medi ca 1 Index. 

Vari abl es demonstrat i ng si gnifi cant response pattern effects i ncl ude: 
the Wessman-Ri cks Mood Scal e, gaze nystagmus, respi ratory rate, time 
estimation, heart rate, change in systolic blood pressure and change in 
diastolic blood pressure. Temporary Threshold Shift will also be discussed 
s i nee i nfrasound affected the audi tory system, though without regard to 
subjective response. 

Wessman-Ricks Mood Scale 

All three Wessman-Ri cks Mood Sca 1 e i tems di st i ngui shed between groups 
report i ng symptoms and those not report i ng symptoms. The mean scores 
i ndi cated that the groups report i ng symptoms (Response Patterns 3 and 4) 
were less tranquil, more fatigued and less elated than the others not 
reporting symptoms. These are shown in Figures 3, 4, and 5. For 
Tranquility vs. Anxiety, the ANOVA F value was 3.16 with 4, and 47 dF for a 
0.02 significanee level. The Scheffe F, testing for differences between 
Response Patterns 0, 1,2 and 3 plus 4, was 8.80, significant at the 0.10 
level. (See Scheffe, 1953 for a discussion of this criterion.) 
Correspondingly, for Energy vs. Fatigue, the Response Pattern F was 3.84 
(dF = 4.47) witha significanee level of 0.0089. AScheffe F of 14.23 
declared the Response Pattern 0, 1, 2 vs. 3 and 4 comparison significant at 
the 0.025 level. For the Elation vs. Depression item, the Response 
Pattern F was 6.74 (dF = 4.47) with a significanee level of 0.0002. The 
Scheffe value for comparing Response Patterns not reporting symptoms (0, 1, 
2) against those reporting symptoms (3 and 4) was 28.29, significant beyond 
the 0.01 level. 

Discussion of the Wessman-Ricks Mood Scale Results 

These data provide corroborating numeri cal evidence for the subjective 
verba 1 reports. On the anxi ety item no Response Pattern had a mean score 
below 5 (Figure 3). Therefore, anxiety per se was not evident even in the 
groups report i ng symptoms. Thi s al so i ndi cates that these groups were not 
scoring low universally in accordance with experimental "demand. This 
demonstrates the importance of the Energy vs. Fat i gue item where Response 
Pattern 3 had a mean score below 4 - indicative of substantial tiredness. 
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While these quantitative subjective data support the Response Pattern 
classification and the notion of legitimate individual fatigue and mood 
differences in response to infrasound, they tell us nothing about the 
underlying mechanism(s) associated with symptoms. For this one must turn to 
the phys i ol ogi ca 1 data. 

4.3 Potential Infrasound Transducer Systems 

Gaze Nystagmus 

The observed eye movements suggest that sens it i yes have a procl i vity 
for accoustical vestibular stimulation. From Table 3 it is evident that eye 
movements occurred in all subjects reporting dizziness and nausea, and 
occasionally in Response Pattern 1. 

Discussion of Gaze Nystagmus Results 

These data are consistent with the recent report by Okai et al (1980) 
who found nystagmus only in an individual sensitive to infrasound. This is 
also capable of resolving the conflict regarding nystagmus. A minority of 
subj ects (presumab ly sens i ti ves) experi ence nystagmus (Evans and Tempest , 
1972) while the majority don't. Consequently, in studies involving few 
subjects (Johnson, 1974: von Gierke and Parker, 1976) nystagmus could not be 
found. 

Temporary Threshold Shift 

A physiological variable that is of interest, yet does not 
differentiate between groups is TTS. TTS was entirely absent in controls, 
it was i ndependent of subj eet i ve response to i nfrasound, it was observed 
virtually equally following high- and low-distortion conditions, and it was 
spotty-that is, it was di stri buted throughout the whol e range of studi ed 
frequenci es, but no part i cul ar frequency was preferred • These resul ts, 
summarized in Table 4, are consistent with other literature reports of TTS 
resulting from infrasound and low-frequency noise. 

Discussion 

From these data, an auditory impairment theory of infrasound 
sensitivity can be discounted. The prime acoustical instigator of 
infrasound-induced TTS cannot be the higher harmonies as Nixon (1974) tried 
to argue. If it were, greater and more common TTS should have resulted from 
the high distortion signal, particularly the harmonie frequencies. 

The fact that i nfrasound-i nduced TTS is spotty mi ght be expl a i ned by 
postulating that some areas along the basilar membrane (or supporting 
strueture) are predisposed to auditory impairrnent. This may be due to 
anatomical irregularities or previous functional history. Since 
low-frequency waves traverse the whole basilar membrane, pre-existing 
damage-prone loci would be selectively impaired. However, as these loci 
differ between individuals, the resulting TTS appears spotty and without 
pattern when looking at a group of subjects. Of course, this has little to 
do with symptomatic responses. This mechanism is distinct from TTS 
resulting from intense higher-frequency sounds which are generally localized 
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1/2 to 1 octave above the frequency of the eliciting stimulus (Elliott and 
Fraser, 1970). 

~espiratory Rate 

The mean respi ratory rate for Response Pattern 4 was hi gher than that 
for all other groups as shown in Figure 6 (F = 7.39; dF = 1, 29; 
P>F = 0.01). Furthermore, only this group (reporting dizziness and nausea) 
had an elevated respiratory rate (>16/min.) suggestive of hyperventilation 
(Willis and Grossman, 1973). Hyperventilation was also evident in this 
group in all subsequent experimental sessions and in some subsequent control 
sessions. 

Discussion 

These data suggest that a hi gh respi ratory rate may be one of the 
necessary conditions for infrasound-induced dizziness and nausea (Adams and 
Braunwald, 1974). Elevated respiratory rate is consistent with a mechanism 
involving vestibular activation (Monday, 1979) and motion sickness (Reason, 
1976). The bidirectional respiratory rate changes found in different 
subjects in the infrasound literature (Al ford et al 1966; Andreeva-Galanina, 
1971; etc.) are explicable in light of these findings. Perhaps those 
showing respiratory rate increases are sensitives and the others are not. 
Furthermore, hi gher respi ratory rate was i ndependent of reports of chest
wall vibration. Since reports of chest-wall vibration were independent of 
reports of symptoms, it is also reasonable to suggest that the link between 
hi gher respi ratory rates and symptoms was not due to energet ic considera
tions involving the lungs or thorax. Rather, it appears that the hyperpnea 
associated with dizziness and nausea may characterize sensitive individuals 
and be indirectly associated with the symptoms. 

Summary of Findings from Potential Transducer Systems 

Two potential transducers, the vestibular and respiratory systems, 
differentiated between response pattern 4 and all others. Though the 
observed eye movements probably resulted directly from the infrasound 
exposure and may be related to a mechanism for inducing these symptoms, the 
hyperpnea seems to be an accompanyi ng and not causat i ve event. The thi rd 
potent i al transducer, the auditory system, showed a TTS response that was 
i ndependent of subj ect i ve responses to i nfrasound. These date suggest two 
avenues for infrasound information access. 

4.4 Potential Secondarily Effected Systems 

EEG Results 

In many EEG records of i nfrasound-exposed subjects, very pronounced 
8 Hz activity was evident. This was not found exclusively in sensitives nor 
was it absent in all non-sensitives. Analysis of the 8 Hz signal-to-noise 
ratio (Regan, 1979; Plutchik, 1966; Neher, 1961; Ulett et al 1953; Walter 
and Grey Walter, 1949) revealed no response pattern effect. Consequently, 
though 8 Hz EEG activity appeared in some subjects in this experiment as in 
other studies in the literature, this did not distinguish between sensitives 
and non-sensitives. Perhaps skull thickness, anatomical representation 
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andjor electrode placement determined the extent to which 8 Hz activity was 
reflected in the EEG records. 

Heart Rate 

.H~art rate and blood-pressure changes were also able to distinguish 
s~nsltlves from non-sensitives, albeit in different ways. As shown in 
Flgure 7, groups reporting symptoms had significantly higher heart rates 
than those not reporting, symptoms (F = 2.80;p dF = 4, 26; P>F = 0.0468; 
Scheffe F = 10.31, F>F = 0.10). An alternate analysis, comparing Response 
Pattern 4 against all others combined was even more striking (F = 7.03 
dF = 1, 29; P>F = 0.0128). 

The magnitude of the di fference separat i ng groups report i ng symptoms 
from those not reporting symptoms was approximately 10 beats per minute. 
Unlike respiratory rate, Response Patterns 3 and 4 were similar on heart 
rate. Control values were intermediate between sensitives and 
non-sensitives. 

The difference in heart rate between the sensitive and non-sensitive 
groups may be explained in many ways. One possibility involves the defense 
reaction to intense sound (Borg, 1981). However, an increase of 6 beats per 
minute from control values does not readily furnish any clear-cut 
explanation. The difference in heart rate does not distinguish between 
di zziness and nausea on one hand and headache and fatigue on the other. 
And, even higher mean heart rates were observed in some of the sensitives 
during some of the control sessions with no concurrent reports of 
symptomatology. Consequently, it is safer to view the higher heart rates of 
the groups reporting symptomatology as a related, but not intrinsic part of 
the mechanisme In any case, these data may explain why some individuals 
described in the literature responded with cardiac acceleration, while 
others decelerated. 

Blood Pressure 

The other si gnifi cant cardi ovascul ar parameter, blood pressure change, 
served only to di sti ngui sh Response Pattern 3 from all others, as shown in 
Figures 8 and 9. This group, reporting headache and fatigue, uniquely 
showed increases of 10 and 12 mm Hg on systolic and diastolic pressure 
1 evel s over the duration of the experiment. Changes found on all other 
groups were within limits of measurement error. For Systolic Pressure 
change, the F value of 3.28 (dF = 4, 47) is significant at the 0.0187 level 
and the Scheffe F (composing Response Pattern 3 and all others) of 12.74 is 
significant at the 0.025 level. For diastolic pressure change, the overall 
F value of 3.84 (dF = 4, 47) is significant at the 0.00~9 level and the 
corresponding Scheffe F of 17.95 is significant at the 0.01 level. 
Pre-session values for all groups are in the normal physiological range. 

Finger Plethysmography 

No Response Pattern effect was manifested on the plethysmography 
variable. This may be due to the relatively impreeise (non-volumetrie) 
teehnique employed. 
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Oiscussion and Summary of Plethysmological Variables 

The increase in blood pressure is consistent with a general vasomotor, 
perhaps stress-related reaction present in Response Pattern 3. The 
marginally greater responsiveness in diastolic (vis-a-vis systolic) pressure 
is consistent with Borredon and Nathie (1974) and suggestive of a vegetative 
system response in this group. By themselves, however, these data do not 
offer an expl anat i on for di zzi ness and nausea si nce Response Pattern 4 
evidence no change at all. 

Secondary physiological responses (including heart rate and both 
systolic and diastolic blood pressure changes) were able to distinguish 
Response Patterns 4 and 3 respectively from the non-sensitive groups. 
Plethysmography by itself did not identify any group. The 8 Hz activity 
found in some EEG records is too fragmentary to draw finn conclusions from. 

Performance Variables 

Time Estimation 

Time estimation served to distinguish between groups reporting symptoms 
and those not reporting symptoms (see Figure 10). Only Response Patterns 3 
and 4 over-estimated the durations of the bells by approximately 25%. 
Non-sensitive groups and controls either underestimated the durations 
slightly or were relatively accurate in their estimations. Response 
Pattern 1 furnished the lowest time estimations. The Response Pattern main 
effect was significant (F = 4.25, dF = 4, 47, P>F = 0.0051, Scheffe 
F = 0.0495), subsequent t-tests di d not locate any i ndi vi dua 1 Response 
Pattern that contained significant differences between Acoustical 
Conditions. This breakdown of the data is presented in Figure 11. The 
greatest such difference (though based on only 1 and 5 sUbjects) occurred in 
Response Pattern 4. 

Discussion 

The arousal hypothesis described by Leigh and Tong (1976), if real, 
would predict shorter time estimates for the groups reporting symptoms. The 
resul ts were contrary. But one must note that Lei gh and Tong di d not 
differentiate positive (pleasurable) arousal from negative (aversive) 
arousal. It is reasonable to draw such a distinction. Consequently, though 
the groups reporting symptoms had higher physiological arousal levels as 
manifested by higher heart and respiratory rates, they may still over
estimate time. The greater time estimates for Response Pattern 3 vis-a-vis 
Response Pattern 4 are consistent with this notion since the symptoms 
affected Response Pattern 3 during the session while the symptoms affected 
most Response Pattern 4 subjects only af ter the session. 

The difference in time estimates between the high- and low-distortion 
segments of ~esponse Pattern 4 is explicable in terms of negative subjective 
states since the lone high-distortion condition subject to experience 
di zzi ness and nausea di d so duri ng the sess i on whil e 4 of the 5 Response 
Pattern 4 subjects in the low-distortion condition experienced the symptoms 
only af ter the exposure. 
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4.5 Potentia1 Predictor Variables 

. None of the potentia1 predictor variables (Age, Personality, Medica1 
Hlstory) proved effective in distinguishing sensitives from non-sensitives. 
On the Cornell Medica1 Index, none of the 6 Response Pattern 4 subjects 
shared any negative aspect of their medica1 histories, ie., no common 
comp1aints among the 177 items were noted. Analyses of the other predictor 
variables are presented in Nussbaum (1983). 

4.6 Manova Resu1ts 

A Manova was performed to insure that significant univariate results 
were not actua11y due to chance, given the large number of variables 
studied. Factors in the mu1tivariate analyses of variance and the 
univariate ANOVAS were acoustic condition, response pattern and the acoustic 
condition by response pattern interaction. The 2 levels of the acoustic 
condition factor are high distortion and 10w distortion. 

The MANOVA results are shown in Tab1 e 5. Thi s demonstrates at the 
0.002 level, that the different Response Pattern groups responded 
differentlyon the mu1tivariate set of dependent variables. Thus, these 
i nter-group di fferences are manifested i n more than verbal responses al one. 
The interaction effect is in a region approaching significance, (0.11 in the 
Hotelling-Law1ey trace) though no inference is permitted. This 1ack of 
significance is not surprising since re1ative1y few subjects were manifest1y 
affected by infrasound and they were probab1y too few to invoke significance 
for the overall Acoustic Condition by Response Pattern interaction effect. 
No Acoust i ca 1 Condi t i on mai n effect differences are appa rent. With these 
considerations in mind, the univariate resu1ts can be accepted, and 
additiona1 attention can be paid to the Response Pattern effect. 

4.7 Discriminant Function Analyses Resu1ts 

Though the se1ected predictor variables were of 1itt1e help, the 
following mu1tivariate analyses were successfu1 in discriminating responses 
of sensitives from those of non-sensitives. 

Separate discriminant analyses were performed for the high- and 
low-distortion conditions because the 10w-distortion condition data inc1uded 
four additiona1 variables as exp1ained earlier. On1y the response pattern 
effect was ana1yzed as this was the on1y effect found significant by the 
MANOVA. A poo1ed covariance matrix generated the discriminant functions 
since no heterogeneity within covariance matrices existed (x 2 = 23.41, 
dF = 234, P>x 2 = 0.99 for the high-distortion variables; x 2 = 96.16, 
dF = 544, P>x 2 = 0.99 for the 10w-distortion variables). 

The c1assification results for the high-distortion condition showed 
that 7S% of all subjects were correct1y c1assified by the derived function, 
as documented in Tab1e 6A. This demonstrates that the verbal c1assification 
was in accord with the mult i vari ate responses on the dependent vari ab 1 es. 
Response Patterns 1 and 3 were best defined in terms of Eye Movernents and 
Di asto1 ic Pressure Change respect i ve 1y. The other groups were 1ess well 
defined. Of note is the physio10gica1 nature of the dimension that best 
describes the symptomatic group in this condition. Consequent1y, there is 
no evidence that the affected group is psycho10gically different from the 
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non-sensitive majority. The eye movements associated with Response 
Pattern 1 will be explored when a mechanism for the symptoms is discussed. 

Additional details concerning the discriminant functions (Stepwise 
Summary, Eigenvalues, Canonical Correlations, Standardized Functions, 
Evaluations at Group Centroids, etc.) are included in Nussbaum, 1983. 

The Low-Distortion Classification resulted in correct groupings for 
96.67% of the observations, as shown in Table 6B. In this analysis, 
Response Pattern 4 was by far the best distinguished group (with a Canonical 
Correlation at Group Centroid of 7.06 vs. -2.78 for the next best defined 
group, Response Pattern 1). The four most important variables for defining 
this gr::>up reporting dizziness and nausea were physiological (change in 
diastolic pressure, change in systolic pressure, eye movements and 
plethysmography). This is further evidence that this group primarily 
differs from non-sensitives in the physiological domain. These results also 
show that the individuals originally classified by subjective responses are 
accurately distinguished by their multivariate scores as well. This 
strongly suggests that the noted subjective responses were grounded in 
physiological events unique to these sensitives. Additional details 
concerning these discriminant functions are included in Nussbaum, 1983. 

The greater efficiency of the low-distortion classification (96.67%) 
relative to the high-distortion classification (75.0%) is probably due ta 
two factors. First, the low-distortion analysis contained the Response 
Pattern 4 group which was best distinguished from all others. This group 
was not included in the high-distortion analysis since it contained only one 
subject, and discriminant procedures require a minimum of two observations 
per group (Klecka, 1975). Second, the low-distortion analysis included the 
four additional physiological variables. 
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5.0 Uiscussion: Potential Mechanisms for Sensitivity to Infrasound 

Several factors must be considered prior to the presentation of a 
working hypothesis explaining these data. 

First, the differences in frequencies of response pattern 3 and 4 in 
the high- and low-distortion condition eliminate the possibility of a pure 
energetic model. 

Second, in any experiment with humans the posibility exists that 
responses may be suggested by the experimenter or the context of the 
experimental situation itself. But, specific cues increase the likelihood 
of specific responses (Loftus and Fries, 1979) while non-specific cues 
i ncrease the 1 i kel i hood of wi dely di screpant responses (Orne and Shei be, 
1964). 

In thi sexperi ment, no i nformat i on concerni ng symptom specifi cs was 
given beforehand. Also suggestion does not explain the differences in 
physiological findings and subjective complaints expressed by subjects 
exposed to the high- or low-distored infrasound. 

Third, the presence of symptoms such as dizziness, nausea, and/or 
headache and fatigue may indicate the presence of the stress reaction. 
During exposure to arousing or stressful stimuli, a massive sympathetic 
discharge may occur leading to increased activity of numerous bodily 
functions (Victor and Adams, 1974; Adams and Braunwald, 1974; Lacey, 1967). 
But, if the experimental situation acted as a stressor, the symptoms should 
have occurred during the exposure. Further, headache and drowsiness do not 
follow such attacks (Adams and Braunwald, 1974). The contention that the 
di zzi ness and nausea resul ted from anxi ety and its attendant hyperventi 1 a
tion must be similarly rejected. In persons prone to hyperventilation 
di zzi ness, at 1 east part of the attack can be reproduced by a short (2-3 
min.) period of hyperventilation (Adams and Braunwald, 1974). But, higher 
respiratory rates in the control sessions of sensitive subjects did not 
elicit any adverse subjective feelings. 

Fourth, it is possible to explain the subjective complaints of some 
experimental subjects as a tonsequence of intermittent rhythmic stimulation. 
Some individuals experience adverse effects from repetitive intermittent 
rhythmic sensory stlmulation between about 5 and 25 Hz in any sensory 
modality (Walter and Grey Walter, 1949; Lovett Ooust et al 1952, 19!:i3; 
Plutchik, 1959). Generally, symptoms of fatigue and headache prevail though 
a small minority of subjects complain of dizziness. The 5-10 Hz range is 
most effective i~ eliciting these responses. 

The physiological basis for the symptoms is believed to involve lowered 
blood oxygen (Lovett Doust et al 1953) or sugar levels in the brain (Walter 
and Grey Walter, 1949), which are well known associates of fatigue, 
headache, and dizziness (Adams and Braunwald, 1974). 

However, a number of our findings are not readily accounted for by the 
general effect of intermittent stimulation. It does not account for 
dizziness and nausea being primarily associated with the low-distortion 
condition. Nausea is not listed as a symptom by Walter and Grey Walter 
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(194~) or Lovett .Doust et al (1952, 1953). Nausea is mentioned only in 
passlng by Plutchlk (1959). Thus, the prevalenee of nausea is not readily 
explained by the intermittent stimulation hypothesis. And, in the 
intermittent stimulation literature, the symptoms occurred during the 
exposure. There was no delayed onset of dizziness and nausea whether 
accompanied by headache and fatigue or not. 

5.1 Acoustically induced Motion Sickness Hypothesis 

For all these reasons, an alternative hypothesis was formulated which 
could explain our experimental data. The symptoms of dizziness and nausea 
which of ten occur a number of hours after the exposure resemble, most of 
all, motion sickness. Motion sickness consists of primary symptoms of 
dizziness, nausea and in severe cases vomiting of ten accompanied by headache 
and fatigue. Motion sickness results from sensory conflict following 
abnormal or prolonged vestibular stimulation in sensitive individuals. 
Detailed reviews of the topic are provided by Reason (1976) and Money 
(1975). 

In the introduction, we described an anatomical connection between the 
auditory and vestibular systems. The ability of intense acoustical 
stimulation (above 100 dB) to stimulate the vestibular system was also 
documented (r~cLaughl in, 1978; I{eschke et al 1974; Parker, 1976). Si nee 
lower frequencies are less liable to physical attenuation (Kinsler and Frey; 
1972) and the vestibular system is tuned to low frequencies (Mayne, 1967; 
Deutsch and Deutsch, 1966; Howard and Templeton, 1966), the vestibular 
receptors shoul d be more recept i ve to st imul at i on by i nfrasound than to 
higher frequencies. This could explain the specific symptoms reported in 
these experiments and in the literature. 

The association of headache plus fatigue with the high distortion 
signal and dizziness plus nausea with the low distortion signal was detected 
in this study. There is one possible explanation for this relationship. 
Reschke et al (1974) have shown that induction of the acoustic reflex 
prevents acoustical vestibular stirnulation by intense acoustical energy up 
to at 1 east 130 dB. Further, the greater the number of peaks and the 
broader the bandwidth (Silman, 1979, Popelka et al 1976) of the acoustic 
stimulus, the stro~ger is the reflex and the greater the protection. Since 
the high-distortion signal contains more peaks which extend the upper-band 
limit to a region of greater acoustic reflex responsiveness, it is apparent 
that vestibular stimulation and the attendant probability of causing motion 
sickness is greater with a low-distortion stimulus. 

The current findings of a more adverse response to the low- rather than 
high-distortion stimulus in one subject, and the lack of dizziness and 
nausea in all tested sensitives in response to the signal distortion is also 
consistent with this consideration. These results and this hypothesis are 
consistent with Okai et al (1980) and Evans and Tempest (1972) whose 
subjects reported such symptoms in response to very pure infrasound signals. 
Bryan (1976) also reported purer signals to be more troublesome in a field 
study. Perhaps most important, the experiment by Harris et al (1978) which 
contained a 110 dB background masking noise actually demonstrated nothing at 
all about human response to infrasound. The hi gh frequency masker merely 
served as an acoustic-reflex eliciting protector. 
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· . This alone does . not explain why only some individuals experience 
dlzzlness and nausea ln response to a relatively pure infrasound signa1-
However, individual differences in strength and threshold of the acoustic 
reflex might favour protection in some individuals to alesser degree than 
in others (Johnson and Sherman, 1979; Loeb and Fl etcher, 1963). Another 
potent i a11y different i ati ng factor surfaces if we cons i der the fl ui d path 
joining the oval window and the vestibular apparatus. Yuen and Schuknecht 
(1972) found that in 10 normal ears, the diameters of vestibular aqueducts 
ranged between 0.165 and 0.352 mm and endo lymphat ic duct di ameters between 
0.090 and 0.262 mmo Similar results were obtained in vivo using tomography 
by Clemis and Valvassori (1968, cited by Valvassori, 1975). Since fluid 
flow through a duct is governed by Poiseuille damping (Willis and Grossman, 
1973), the rate of fl ow i ncreases with the fourth power of the duct 's 
diameter. Consequently, a doubling of the diameter (as measured by Yuen and 
Schuknecht, 1972) would result not in a doubling, but in a 16-fold 
difference in fluid flow to the vestibular end organs. Thus there exists an 
anatomical factor which might regulate the extent of physical stimulation of 
the vestibular system. Consequently, in different individuals, identical 
physical energy would lead to different levels of vestibular stimulation. 

In the otological literature, cases are described of a fistula (opening 
or extreme thinness) in the bony wa11 of the vestibular apparatus 
(Pryse-Phillips, 1979). In persons with fistulae, vertigo occurs when 
movement of the soft tissues covering the fistula displaces endolymphatic 
fluid and the cupula following such cornmon activities as sneezing, 
straining, quick head movements or manipulation of the auricle. 
Pryse-Phillips (1979) suggests that a labyrinthine fistula greatly enhances 
the probability of acoustical vestibular stimulation. A similar explanation 
was advanced by Benson (1965) to explain individual instances of pressure 
vertigo. Approximately 10% of pilots report experiencing vertigo upon 
landing or takeoff - always in the same orientation. Extreme thinness of 
the labyrinthine wall adjacent to the affected canal could explain these 
vertiginous responses to the pressure fluctuations. 

To this point, factors affecting the transmission of energy to the 
vestibular system have been considered as possible differentiators between 
sensitive and non-sensitive individuals. However, even when vestibular 
stimulation is clear and unequivocal, as with whole body movement, some 
individuals are especially prone to motion sickness while others are not 
(Reason, 1976; Money, 1970). Though no definitive theory currently exists 
to explain this basic fact of motion-sickness, such sensitivity is believed 
to involve individual characteristics of the central nervous system (Reason, 
1976). Considered characteristics include motion pattern learning ability 
(Groen, 1959), perceptual receptivity (Reason, 1968) and central 
adaptability (Reason and Graybiel, 1972). While the issue of the central 
component of motion-sickness susceptibililty has not been resolved, the 
underlying central tendencies might also distinguish our sensitive subjects 
from non-sensitives. 

The motion-sickness hypothesis is also able to explain why most 
subjects reporting dizziness and nausea in this experiment did so a number 
of hours fo11owing the exposure. Reason (1976) notes that motion-sickness 
symptoms may occur suddenly many hou.rs . aft~r the offend~ ng stimu.l us ~as 
ceased. One interesting example of thlS lS dlsembarkment slckness, ln WhlCh 
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symptoms strike a victim a ~umber of ~ours. after he has left a ship. 
Presumab ly, though an adaptat lOn or habl tuat 1 on has occurred duri ng some 
stage of the experienced motion, the motion pattern itself has been learned 
and sto~ed. A conflict between this pattern and the stationarity of dry 
1 and trl ggers the syndrome somewhat later. Our experiment was conducted 
with subjects in the dark. Consequently, no visual-vestibular conflict 
should have occurred during the infrasound exposure. Adaptation could have 
occurred duri ng thi s peri od, wi th the confl i ct tri ggeri ng the symptoms 
later, as in disembarkment sickness. Perhaps an inter-vestibular conflict 
(due to assymetry between left and right fluid duct diameters, or a single 
labyrinthine fistula) occurred in those sensitives who experienced dizziness 
and nausea during the exposure. A summary of this acoustically induced 
motion-sickness hypothesis (organized sequentially) is outlined in Figure 
12. 

This explanation is consistent with the data showing that f{esponse 
Pattern 4 could be differentiated from the other groups on the basis of eye 
movement s (i nd i cat i ve of vest i bu 1 a r i nvo 1 vement ) and hypervent il at i on 
(indicative of vestibular involvement [Monday, 1979J and motion sickness as 
well [Reason, 1976J). Similar findings are reported in the literature (eg., 
Okai et al, 1980). 

Since the use of mental imagery can alleviate motion sickness (Reason, 
1976; Fukuda, 1976; Barr et al 1976), the finding that Response Pattern 1 
(reporting the similarity of infrasound to a previous experience) did not 
experi ence symptoms is appreci ab 1 e despite eye-movement responses of the 
subjects. Other findings consistent with the motion sickness hypothesis are 
the independence of TTS from infrasound sensitivity, symptomatic responses 
to sub-auditory threshold stimuli, and the ineffectiveness of personality or 
medical history evaluations to predict sensitivity. 

5.2 Implications for Infrasound in Real-Life Situations 

Caution is usually advisable in generalizing from laboratory 
experiments to extra-laboratory situations. This caveat is also true in the 
field of infrasound. But, there are some situations where infrasound may 
induce in sensitive individuals, adverse subjective reactions which cannot 
be explained in any other way. 

Two comon propagating sources of infrasound are malfunctioning 
vent il at i on systems (where the i nfrasound is generated by the fa-n and is 
transmitted through the ducts to di stant poi nts) and transformer stat i ons 
(Challis and Challis, 1978). Complaints tend to be voiced by persons living 
about two mil es from the stat i ons, and not by persons 1 i vi ng nearer (John 
Manual, Noise Pollution Section, Ontario Ministry of the Environment, 
personal communication, 1978). Similarly, otherwise unexplained occurrences 
of dizziness and nausea in 10% of school children at Sir Adam Beck Public 
School, Etobicoke, Ontario (December, 1978) coincided with an adhesion of a 
vent covering while the fan-furnace system was operating. 

One problem in such situations lies in symptoms occurring without an 
apparent cause. lf these events were actua lly caused by i nfrasound as 
hypothes i zed, it i s comfort i ng to know that nothi ng more seri ous than 
insidious motion sickness was involved. 
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However, one must again exercise caution in generalizing. First, 
duration of exposure in our experiments was relatively brief. One does not 
know wh at time-intensity tradeoffs exist. Second, the evidence shows th at 
two different distortion spectra led to different distributions of symptoms. 
Thus, it may be premature to generalize beyond our generated signals, theory 
notwi thstandi n g. 

5.3 Conclusions 

1) Most individuals tolerate 8 Hz at 130 dB for 30 minutes without 
ill effects regardless of distortion level employed. 

2) A minority of individuals were annoyed and physically affected by 
our experimental stimuli. 

3) In sensitive individuals, the infrasound with high admixture of 
higher harmonies was primarily associated with headache and 
fatigue. The purer, low-distortion stimulus was primarily 
associated with dizziness and nausea, of ten beginning a number of 
hours af ter the exposure. 

4) Sensitives were readily distinguishable from non-sensitives on 
the basis of their objectively detected characteristics of 
physiolocial and phychological responses to infrasound. 

5) Presence or absence of TTS was inde~endent of subjective response 
tot hes t i mu 1 us. 

6) Considering infrasound as an intermittent rhythmic stimulus 
and/or an effective vestibular stimulus leads to hypotheses which 
possible account for our results. 

7) These 'informational' hypotheses may resolve apparent 
discrepancies in the infrasound literature. 
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Table 1 A. Distribution of Subjective Response Patterns 
By Äcoustic Condition 

Subjective Response Pattern 

Acoustic 

Condition o 1 2 3 4 

Control 
20 0 0 0 0 

n = 20 

High Distortion 
11 5 4 6 1 

n = 27 

Low Di stort i on 
10 8 8 2 5 

n = 33 

B. Response Pattern Code 

C Control group (All Response Pattern 0) 

o Reporting no negative subjective response 

1 Reporting no negative subjective response and spontaneously comparing 
the acousttc signal to a previously encountered environment 

2 Reporting negative subjective response to the acoustic signal, but no 
physical symptoms 

3 Reporting the symptoms of headache and fatigue, but not dizziness and 
nausea 

4: Reporting the symptoms of dizziness and nausea 



Table 2 

High 

A. Distribution of the Type of Physical Symlptoms 
Reported in Response to the Hlgh and Low 

Distortion Infrasound Conditions 

Reporting Reporting 
Headache Dizziness 
and and 
Ti redness Nausea 

6 1 
Di stort i on 

Low 2 5 
Distortion 

The probability of obtaining this exact symptomatic frequency distribution 
between the high and low distortion conditions by chance alone (as obtained 
by the Fisher Exact Test) is 0.04895. 

B. 

Cont ro 1 

Distribution of Sym~toms between Control and 
Experimenta Conditions 

Not 
Reporting 
Symptoms 

20 

Reporting 
Symptoms 

o 

Experi menta 1 46 14 

66 14 

20 

60 

80 

The probability of obtaining this exact symptomatic frequency distribution 
between Control and Experimental conditions by chance along (as obtained by 
the conservative Fisher Exact Test) is 7.6 x 10- 2/ • 



------------- - -------------------------- --------- ------- ------ -------------------------- ------,. 

Tab 1 e 3 Number of Observations of Verified Eye Movementsj 
Number of Subjects Per ÄcoustlC Condltlon 

by Response Pattern Cell 

RESPONSE PATTERN 
--

ACOUSTIC 
CONDITION 0 1 2 3 4 

0 
1 - - - - --
Contro 1 20 

2 0 3 0 0 1 
High - - - - --
Distortion 10 5 4 6 1 

3 2 1 0 0 5 
Low - - - - -
Distortion 10 8 8 2 5 

The number above the line represents the number of subjects presenting eye 
movements in each cello The number below the line represents the number of 
subjects in the cello 

Legend: Response Patterns are coded as follows: 

C Control group (All Response Pattern 0) 

o Reporting no negative subjective response 

1 Reporting no negative subjective response and spontaneously 
comparing the acoustic signal to a previously encountered 
environment 

2 Reporting negative subjective response to the acoustic signal, 
but no physical symptoms 

3 Reporting the symptoms of headache and fatigue, but not dizziness 
and nausea 

4 Reporting the symptoms of dizziness and nausea 



Table 4 Summary of Occurrence of TTS by Acoustic Condition 
and Response Pattern 

I. TTS by Acoustcal Condition 

Acoustical Number of Number of Subjects with 
Condit i on Subjects Measured TTS Keaching 

Criterion (See Text) 

1 20 0 
2 27 14 

*3 32 15 

11. TTS by Response Pattern for Acoustical Conditions 2 & 3 

Response Number of Number of Subjects with 
Pattern Subj ects Measured TTS Reaching 

Criterion 

0 21 10 
1 l3 7 

*2 11 6 
3 8 3 
4 6 3 

111. TTS by Response Pattern for Acoustical Conditi on 2 

Response Number of Number of Subjects with 
Pattern Subjects Measured TTSO Reaching 

Criteri on 

0 11 5 
1 5 3 
2 4 3 
3 6 3 
4 1 0 

IV. TTS Response Pattern for Acoustical Condit i on 3 

Response Number of Number of Subjects with 
Pattern Subjects Measured TTS Reaching 

Criterion 

0 10 5 
1 8 4 

*2 7 3 
3 2 0 
4 5 3 

* One subject terminated his session prior to administration of the 
post-exposure audiogram. 



Table 5 Multivariate Analysis of Variance (MANOVA) Summary 
Table of Single Score Variables 

Test for 
Hypothesis 

MANOVA STATISTIC 

WilklS Criterion 

of No F Probabi 1 i ty 
Overall: dF Ratio F dF 

Acoustic 10. 1.60 0.1452 10. 
Condition 38 38 
Effect 

Response 40. 1.94 0.0024 40. 
Pattern 145 146 
Effect 

Acoustic 40. 1.28 0.1467 40. 
Condition X 145 146 
Response 
Pattern 
Effect 

Hotelling-Lawley 
Trace 

F Probability 
Ratio F 

1.60 0.1452 

2.10 0.0008 

1.34 0.1058 

Included Variables: Tranquility vs Anxiety; Energy vs. Fatigue; Elation vs. 
Depression; (Mood Scale Items); Average Time 
Estimation; Initial Systolic Pressure; Initial 
Diastolic Pressure; Change in Systolic Pressure; Change 
in Diastolic Pressure; Digit Span; Age. 

Data Set: ~7/60 subjects 

Wilkls criterion is sensitive to central tendencied in the data. 
Hotelling-Lawley Trace is sensitive to extreme deviations in the data. 



Table 6 Discriminant Analysis Classification Results: 

A. High Distortion Condit;on 

Actual 
Pattern 

o 

1 

2 

3 

Response 
Group 

Number 
of Cases 

10 

5 

3 

6 

Predicted Group Membership 
Response Pattern 

o 1 2 3 

9 0 0 1 
90.0% 0.0% 0.0% 10.0% 

2 3 0 0 
4U.0% 60.0% 0.0% 0.0% 

1 0 2 0 
33.3% 0.0% 67.7% 0.0% 

1 0 1 4 
16.7% 0.0% 16.7% 66.7% 

Percent of Grouped cases correctly classified: 75.00% 

B. Low Distortion Condit;on 

Actual 
Response 

o 

1 

2 

3 

4 

Response 
Group 

Number 
of Cases 

9 

7 

7 

2 

5 

Predicted Group Membership 
Response Pattern 

o 

9 
100.0% 

1 

o 
0.0% 

o 7 
0.0% 100.0% 

2 

o 
0.0% 

o 
0.0% 

1 
14.3% 

o 6 
0.0% 85.7% 

3 4 

o 0 
0.0% 0.0% 

o 0 
0.0% 0.0% 

o 0 
0.0% 0.0% 

o 
0.0% 

o 
0.0% 

020 
0.0% 1UO.0% 0.0% 

o 
0.0% 

o 
0.0% 

o 
0.0% 

o 5 
0.0% 100.0% 

Percent of Grouped cases correctly classified: 96.67% 
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LEGEND Response Patterns are coded as follows: 

C Control group (All response Pattern 0) . 
o Reporting no negative subjective response. 
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2 Reporting negative subjective response to the 
acoustical signal, but no physical symptoms . 
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LEGEND Response Patterns are coded as follows: 
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o 
I 

2 

3 

4 

Control group (All Response Pattern 0) 
Reporting no negative subjective response. 
Reporting no negative subjective response 
and spontaneously comparing the acoustic 
signal to a previously encountered environ
ment. 
Reporting negative subjective response to 
the acoustical signal, but no physical 
symptoms . 
Reporting the physical symptoms of headache 
and fatigue, but no dizziness and nausea . 
Reporting the physical symptoms of dizziness 
and nausea . 
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LEGEND Response Patterns are coded as follows: 

C Control group (All Response Pattern 0) 
o Reporting no negative subjective response 
I Reporting no negative subjective response 

and spontaneously comparing the acoustic 
signal to a previously encountered environ
ment . 

2 Reporting negative subjective response to 
the acoustical signal, but no physical 
symptoms . 

3 Reporting the physical symptoms of headache 
and fatigue, but not dizziness and nausea . 

4 Reporting the physical symptoms of dizziness 
and nausea . 
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LEGEND Response Patterns are coded as follows: 

c 
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3 

4 

Con trol group (All Response Pattern 0) . 
Reporting no negative subjective response 
Reporting no negative subjective response and 
spontaneously comparing the acoustic signal 
to a previously encountered environment . 
Reporting negative subjective response to the 
acoustical signal, but no physical symptoms • 
Reporting the physical symptoms of headache 
and fatigue, but not dizziness and nausea . 
Reporting the physical symptoms of dizziness 
and nausea . 

~ Pre-session value. 
o Post-session value. 
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LEGEND Response Patterns are coded as follows: 

C Control group (All Response Pattern 0) 
o Reporting no negative subjective response 
1 Reporting no negative subjective response and 

spontaneously comparing the acoustic signal 
to a previously encountered environment . 

2 Reporting negative subjective response to the 
acoustical signal, but no physical symptoms . 

3 Reporting the physical symptoms of headache 
and fatigue, but not dizziness and nausea . 

4 Reporting the physical symptoms of dizziness 
and nausea . 

~ Pre-session value. 
dpost-session value. 

FIGURE 9. MEAN PRE- AND POST-SESSION DIASTOLIC BLOOD 
PRESSURE 
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LEGEND Response Patterns are coded as follows: 

C Control group (All Response Pattern 0) . 
o Reporting no negative subjective response. 
I Reporting no negative subjective response 

and spontaneously comparing the acoustic 
signal to a previously encountered environ-
ment . . 

2 Reporting negative subjective response to 
the acoustical signal, but no physical 
symptoms . 

3 Reporting the physical symptoms of headache 
and fatigue, but no dizziness and nausea . 

4 Reporting the physical symptoms of 
dizziness and nausea . 

FIGURE 10. MEAN TIME ESTIMATION DATA: MAIN EFFECTS 
GROUPINGS. 
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RESPONSE PATTERN 

LEGEND Response Patterns are coded as follows: 

C 
o 
1 

2 

3 

4 

Control group (All Response Pattern 0) . 
Reporting no negative subjective response 
Reporting no negative subjective response and 
spontaneously comparing the acoustic signal to 
a previously encountered environment . 
Reporting negative subjective response to the 
acoustical signal, but no physical symptoms . 
Reporting the physical symptoms of headache and 
fatigue, but not dizziness and nausea . 
Reporting the physical symptoms of dizziness and 
nausea . 

High Distortion data is on left. Low Distortion data is on 
right . 

FIGURE 11. MEAN TIME ESTIMATION DATA: SHOWING ACOUSTIC 
CONDITION BY RESPONSE PATTERN INTERACTIONS 
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1. SCOPE 

Noise impacts of proposed land-based wind power generation facilities, i.e. Wind Farms, are 
considered in the course of assessing an application for a Certificate of Approval (Air/Noise), in 
accordance with section 9 of the Environmental Protection Act.  Wind Farms two megawatts or 
more are subject to review under the Environmental Screening Process, in accordance with 
Ontario Regulation 116/01 under the Environmental Assessment Act, and noise impacts are also 
considered during review under the screening process.  The purpose of this document is to 
describe the applicable sound level limits and to specify the information proponents are to submit 
to the Ministry of the Environment when seeking approval for a proposed land-based Wind Farm.  
This document has been developed to provide consistency in the submissions and to streamline 
the review and approval process.  Accordingly, the guidance contained herein is intended to 
provide uniformity in planning of Wind Farms in Ontario. 

Proponents of Wind Farms are to prepare and submit to the Ministry of the Environment (MOE) a 
Noise Assessment Report that includes details of the wind turbine design and operation, location 
of the wind turbine(s) within the specific site and surrounding area, as well as summary of 
compliance with the applicable sound level limits.  If applicable, the Noise Assessment Report 
must also include similar details of the Transformer Substation used for transforming the power 
from the wind turbine units.  This document defines a template for the Noise Assessment Report 
to be submitted to the MOE. 

This document also provides guidance on the assessment of the combined noise impact 
produced by the proposed Wind Farm in combination with the noise impact of approved Wind 
Farms or Wind Farms that are in the process of being planned. 

2. REFERENCES 

Reference is made to the following publications: 

[1] NPC-104, “Sound Level Adjustments,” Ontario Ministry of the Environment 

[2] NPC-205, “Sound Level Limits for Stationary Sources in Class 1 & 2 Areas (Urban),” 
Ontario Ministry of the Environment 

[3] NPC-206, “Sound Levels due to Road Traffic,” Ontario Ministry of the Environment 

[4] NPC-232, “Sound Level Limits for Stationary Sources in Class 3 Areas (Rural),” Ontario 
Ministry of the Environment 

[5] CAN/CSA-C61400-11-07, “Wind Turbine Generator Systems - Part 11: Acoustic Noise 
Measurement Techniques” 

[6] ISO 9613-2, “Acoustics-Attenuation of sound during propagation outdoors - Part 2: General 
method of calculation” 

[7] ANSI/IEEE C57.12.90, “Distribution, Power, and Regulating Transformers” 

3. DEFINITIONS 

For the purpose of this document, the following definitions apply: 

“Environmental Screening Process” is a prescribed planning process for electricity projects set 
out in Part B of the Guide to Environmental Assessment Requirements for Electricity 
Projects.  As set out in Ontario Regulation 116/01 under the Environmental Assessment 
Act, certain electricity projects are subject to review under the Environmental Screening 
Process. 
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“Noise Assessment Report” means a report for wind power electricity generation projects, 
prepared in accordance with the guidance described in this document. 

“Participating Receptor” means a property that is associated with the Wind Farm by means of a 
legal agreement with the property owner for the installation and operation of wind 
turbines or related equipment located on that property. 

“Switching Station” means a collection point for the outputs of the wind turbine generators.  
Switching Stations are not significant noise sources. 

“Transformer Substation” means a central facility comprised of power transformer(s) and 
associated equipment such as cooling fans for transforming the electrical outputs from 
the wind turbine generators to a higher voltage for input to the grid transmission system.  
Transformer Substations are significant noise sources. 

“Wind Farm” means an electrical generating facility comprised of an array of wind turbine 
generators and a common electrical connection point such as a Transformer Substation 
or a Switching Station. 

The following definitions are also included in the current Publications NPC-205 and NPC-232, 
References [2] and [4]: 

“Class 1 Area” means an area with an acoustical environment typical of a major population 
centre, where the background noise is dominated by the urban hum. 

“Class 2 Area” means an area with an acoustical environment that has qualities representative of 
both Class 1 and Class 3 Areas, and in which a low ambient sound level, normally 
occurring only between 23:00 and 07:00 hours in Class 1 Areas, will typically be realized 
as early as 19:00 hours.  

Other characteristics which may indicate the presence of a Class 2 Area include: 

i. absence of urban hum between 19:00 and 23:00 hours; 
ii. evening background sound level defined by natural environment and infrequent 

human activity; and 
iii. no clearly audible sound from stationary sources other than from those under 

consideration. 

“Class 3 Area” means a rural area with an acoustical environment that is dominated by natural 
sounds having little or no road traffic, such as the following: 

i. a small community with less than 1000 population; 
ii. agricultural area; 
iii. a rural recreational area such as a cottage or a resort area; or 
iv. a wilderness area. 

The following definition is also included in the current Publication NPC-232, Reference [4]: 

“Point of Reception” means any point on the premises of a person within 30 m of a dwelling or a 
camping area, where sound or vibration originating from other than those premises is 
received. 

For the purpose of approval of new sources, including verifying compliance with section 9 
of the Environmental Protection Act, the Point of Reception may be located on any of the 
following existing or zoned for future use premises: permanent or seasonal residences, 
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hotels/motels, nursing/retirement homes, rental residences, hospitals, camp grounds, and 
noise sensitive buildings such as schools and places of worship. 

For equipment/facilities proposed on premises such as nursing/retirement homes, rental 
residences, hospitals, and schools, the Point of Reception may be located on the same 
premises. 

4. DESCRIPTION OF WIND FARM NOISE 

A Wind Farm is a collection of wind turbines, located in the same area, used for the production of 
electric power.  As the individual wind turbines are separated by several hundred metres from 
each other, a large wind farm covers an area of tens of square kilometres.  Larger Wind Farms 
may include a Transformer Substation that collects and increases the voltage produced by the 
turbines to the higher voltage for the grid transmission system. 

A typical wind turbine consists of a tall tower with a hub (nacelle or housing) containing the drive-
train and generator mounted on top of the tower.  Three rotating blades (typically) are connected 
to a horizontal hub.  In general, the significant noise sources associated with the operation of a 
Wind Farm are the wind turbines and the Transformer Substation.  Noise from wind turbines 
consists of the aerodynamic noise caused by blades passing through the air, and mechanical 
noise created by the operation of mechanical elements of the drive-train.  Close to the turbine, the 
noise typically exhibits a swishing sound as the blades rotate; and the whirr of the drive-train and 
generator.  However, as distance from the turbine increases, these effects are reduced.  The 
wind turbine noise perceived at receptors is typically broadband in nature.  Any tonal character 
associated with the wind turbine noise is generally associated with maintenance issues. 

The Transformer Substation noise is produced by the vibration of the transformer core and 
associated components, and by the operation of other equipment such as cooling fans.  The 
noise produced by a Transformer Substation generally exhibits a pronounced hum, associated 
with the fundamental electrical frequency and its harmonics.  Consequently, the Transformer 
Substation noise perceived at receptors is typically tonal.  

The noise produced by wind turbines, as well as the background noise, typically increases with 
wind speed.  The noise produced by a Transformer Substation is unaffected by the wind speed. 

5. SOUND LEVEL LIMITS FOR WIND FARMS 

5.1 Limits for Wind Turbine Generators 

The sound level limits for wind turbines are set relative to the existing MOE Noise Guidelines in 
Publications NPC-205 and NPC-232, References [2] and [4], as well as to a reference wind 
induced background sound level.  Consistent with these guidelines, the sound level limits, 
expressed in terms of the hourly, “A-weighted,” equivalent sound level (Leq), apply at Points of 
Reception. 

a) Receptors in Class 1 & 2 Areas (Urban) 

The sound level limits at a Point of Reception in Class 1 & 2 Areas (Urban) are given by the 
applicable values in Table 1 and Figure 1, or by the sound level limits, established in 
accordance with requirements in Publication NPC-205. 
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b) Receptors in Class 3 Areas (Rural) 

The sound level limits at a Point of Reception in Class 3 Areas (Rural) are given by the 
applicable values in Table 1 and Figure 1, or by the sound level limits, established in 
accordance with requirements in Publication NPC-232. 

The wind turbine sound level limits are given at integer values of the wind speed and are shown 
as the solid lines in Figure 1.  The dashed line in Figure 1 does not represent a limit and is 
included only for information purposes1.  These sound level limits range from the lowest value of 
40 dBA for Class 3 Areas and wind speeds at or below 4 m/s to the maximum value of 51 dBA for 
wind speeds at or above 10 m/s. 

Table 1 Summary of Sound Level Limits for Wind Turbines 

Wind Speed (m/s) at 10 m height 4 5 6 7 8 9 10 

Wind Turbine Sound Level Limits Class 3 Area, dBA 40.0 40.0 40.0 43.0 45.0 49.0 51.0 

Wind Turbine Sound Level Limits Class 1 & 2 Areas, dBA 45.0 45.0 45.0 45.0 45.0 49.0 51.0 
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e 1 Summary of Sound Level Limits for Wind Turbines 
 

 
1 The measurement of wind induced background sound level is not required to establish the applicable limit.  The wind 

induced background sound level reference curve, dashed line in Figure 1, was determined by correlating the A-weighted 
ninetieth percentile sound level (L90) with the average wind speed measured at a particularly quiet site.  The applicable 
Leq sound level limits at higher wind speeds are given by adding 7 dB to the wind induced background L90 sound level 
reference values, using the principles for establishing sound level limits described in Publication NPC-232, Reference [4]. 
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5.2 Limits for Wind Turbine Generators and Transformer Substations 

In cases where the noise impact at a Point of Reception is composed of combined contributions 
due to the Transformer Substation as well as the wind turbine generators, the applicable limits 
are those shown in Table 1 and Figure 1, as described in Section 5.1. 

The combined noise impact must comply with the limits at all the wind speeds from 0 m/s to 
10 m/s.  It should be noted that the acoustic emissions from a Transformer Substation are 
independent and unrelated to the wind speed, unlike the acoustic emissions from wind turbine 
generators which are wind speed dependent. 

In determining the combined impact, a 5 dB adjustment must be added to the Transformer 
Substation noise in accordance with Publication NPC-104, Reference [1]. 

5.3 Limits for Transformer Substations 

In unique cases where the noise impact assessment at a Point of Reception is limited to the 
operation of the Transformer Substation, as in a case described in Section 6.4.1, the sound level 
limit at a Point of Reception is given in the Publication NPC-205, Reference [2] or Publication 
NPC-232, Reference [4], whichever is applicable.  The limit is independent of wind induced noise. 

In order to account for the tonal characteristics of Transformer Substation noise, a 5 dB 
adjustment must be added to the acoustic emissions in accordance with Publication NPC-104, 
Reference [1]. 

6. NOISE ASSESSMENT REPORT 

A Noise Assessment Report must be prepared for all proposed Wind Farms.  The requirements 
for a detailed noise impact assessment depend on the proximity of the Wind Farm to receptors 
and are described in Section 6.4.  The report must be submitted in a hard copy as well as in an 
electronic format. 

The Noise Assessment Report must demonstrate compliance with the applicable sound level 
limits and the supporting information must be organized in a clear and concise manner.  The 
report must be prepared by a qualified acoustical consultant and the cover document must be 
signed by the proponent for the project. 

The Noise Assessment Report should be performed early in the planning of the project, as part of 
the Environmental Screening Process.  The expectation of the MOE is that the submitted Noise 
Assessment Report be complete and accurate.  Results of the Noise Assessment Report should 
be included in the Screening Report or Environmental Review Report prepared under the 
Environmental Screening Process.  Any revisions to the Noise Assessment Report following the 
completion of the Environmental Screening Process should be very limited and clearly identified.  
In cases where complete information about the Wind Farm (e.g., information relating the 
transformer equipment) was not available at the environmental screening stage, such information 
must be provided to the MOE with the application for the Certificate of Approval under section 9 
of the Environmental Protection Act for the Wind Farm. 

As a minimum, the report must include the following sections in the given sequence: 

6.1 Project Layout 

The overall plan of the Wind Farm must be described in detail for the purpose of supporting the 
noise impact assessment calculations and for demonstrating compliance with the sound level 
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limits.  General project layout description must be supported with clear maps of the site and 
surrounding area, complete with scale, northing, and legend information.  A suitable minimum 
drawing scale for the overall plan of the project is 1 cm : 500 m. 

The following details must be included: 

a) Geographic location of the project study area; 
b) Locations of wind turbines; 
c) Location of Transformer Substation or Switching Station; 
d) Locations of all receptors including buildings, dwellings, campsites, places of worship, and 

institutions, up to 2000 m from any wind turbine location; and 
e) Property boundaries of lands associated with the project and location of dwellings therein. 

The following additional information must be included, if applicable: 

f) Municipal zoning and land-use plans; 
g) Topographical features including roadways, terrain elevations, and ground cover; and 
h) Available information regarding the location and scope of other approved2 Wind Farms, and 

Wind Farms in the process of being planned3, located within 5 km of any wind turbine 
generators of the proposed Wind Farm. 

6.2 Noise Sources 

For the purposes of this document, noise sources mean land-based wind turbine generators and 
Transformer Substations. 

6.2.1 Description 

The Noise Assessment Report must include the description of the wind turbine generators, 
including: manufacturer’s make and model, maximum electrical output rating, hub height above 
grade, range of rotational speeds, and mode of operation. 

The Noise Assessment Report must also include the description of the Transformer Substation, 
including all available information at the time of submission on the manufacturer’s make and 
model designations, maximum electrical output rating, primary and secondary voltages, method 
of cooling, physical dimensions, drawing showing elevation and plan views of the unit, and any 
noise abatement measures. 

Manufacturer’s specifications should be included in an Appendix. 

6.2.2 Wind Turbines 

The acoustic emissions of the wind turbine must be specified by the manufacturer for the full 
range of rated operation and wind speeds.  As a minimum, the information must include the 
sound power levels, frequency spectra in octave bands (63 to 8000 Hz), and tonality at integer 

                                                      
2  For the purposes of this document, a Wind Farm is considered to be “approved” if a Certificate of Approval (Noise) under 

section 9 of the Environmental Protection Act has been issued. 
3  For the purposes of this document, a Wind Farm is considered to be “in the process of being planned” if a Notice of 

Commencement has been issued for the project in accordance with the Environmental Screening Process prescribed 
under Ontario Regulation 116/01 under the Environmental Assessment Act, but for which a Certificate of Approval 
(Noise) under section 9 of the Environmental Protection Act has not yet been issued. 
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wind speeds from 6 to 10 m/s. The acoustic emission information must be determined and 
reported in accordance with the international standard CAN/CSA-C61400-11-07, Reference [5]. 

6.2.3 Adjustment to Wind Turbine Generator Acoustic Emissions for Wind Speed Profile 

The wind speed profile on site of the Wind Farm may have an effect on the manufacturer’s wind 
turbine acoustic emission data and, consequently, on the sound levels predicted at a Point of 
Reception.  Therefore, the wind turbine generator acoustic emission levels must be consistent 
with the wind speed profile of the project area. 

To address this issue, the assessment must use manufacturer’s acoustic emission data adjusted 
for the average summer night time wind speed profile, representative of the site. 

The adjusted acoustic emissions data must be used in the noise impact assessment at each 
receptor.  The manufacturer’s acoustic emissions data and the adjusted acoustic emission data 
used in the noise impact assessment must be tabulated in Table 3. 

6.2.4 Transformer Substation 

The acoustic emissions of each transformer unit must be specified by the manufacturer and 
conform to the standard ANSI/IEEE C57.12.90, Reference [7].  In cases where the specific 
information is not available in the early stages of planning the proposed Wind Farm, as described 
in the introduction to Section 6, proponents must submit a maximum rated value of the 
transformer acoustic emissions. 

The requirements do not apply to the small transformer units attached to each wind turbine.  
These small transformers are insignificant noise sources and, therefore, their contributions do not 
require assessment. 

The acoustic emissions data must be used in the noise impact assessment at each receptor. 

6.2.5 Noise Sources and Locations 

All wind turbine units and Transformer Substations must be assigned a unique source 
identification and must be listed along with their Universal Transverse Mercator (UTM) 
coordinates in a table in the report.  The table should be provided in electronic form along with the 
report.  A sample table format is shown in Table 4. 

The source identifications should remain consistent throughout the submission and review 
process.  Any changes to source identifications in revised versions of the Noise Assessment 
Report should be explicitly stated. 

6.3 Receptors 

For the purposes of this document, receptors mean Points of Reception and Participating 
Receptors, including vacant lots described in Section 6.3.3. 

The definitions of a Point of Reception and a Participating Receptor are given in Section 3.  The 
distance requirements for detailed noise assessments at receptors are described in Section 6.4.1.  
To provide clarity and consistency in the detailed noise assessments, the following describes the 
specific receptor locations for assessment purposes: 
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6.3.1 Wind Farm Does Not Include Transformer Substation 

a) Single Storey Dwelling 

- 4.5 m above grade at the centre of the dwelling; or 

- 1.5 m above grade and 30 m horizontally from the façade of the dwelling in the direction of 
each wind turbine location.  If the 30 m radius spans beyond the property line of the 
dwelling then the receptor location is at the property line. 

Either of the two locations is acceptable for assessment4. 

b) Two Storey Dwelling (or Raised Bungalow) 

- 4.5 m above grade at the centre of the dwelling. 

c) Three Storey or Higher Dwelling 

- at the centre of the highest storey of the dwelling. 

6.3.2 Wind Farm Includes Transformer Substation 

a) Dwellings up to Two Storey High 

- 4.5 m above grade at the centre of the dwelling; or 

- 1.5 m above grade and 30 m horizontally from the façade of the dwelling in the direction of 
each wind turbine location.  If the 30 m radius spans beyond the property line of the 
dwelling then the receptor location is at the property line. 

The location that results in the higher noise impact must be selected5. 

b) Three Storey or Higher Dwelling 

- at the centre of the highest storey of the dwelling; or 

- 1.5 m above grade and 30 m horizontally from the façade of the dwelling in the direction of 
each wind turbine location.  If the 30 m radius spans beyond the property line of the 
dwelling then the receptor location is at the property line. 

The location that results in the higher noise impact must be selected6. 

6.3.3 Vacant Lots 

Receptors include vacant lots that have been zoned by the local municipality to permit residential 
or similar noise-sensitive uses, as described in the definition of a Point of Reception in Section 3. 

The receptor location, if unknown at the time of the proposal, shall be based on a 1 hectare 
(10,000 m²) building envelope within the vacant lot property that would reasonably be expected to 

                                                      
4  Assessment at the centre of the dwelling is simpler.  The sound level at 4.5 m above grade at the centre of the dwelling 

is generally higher. 
5 Assessment at the centre of the dwelling is simpler.  The sound level at 4.5 m above grade at the centre of the dwelling 

is generally higher except where transformer substation noise is a factor. 
6 Assessment at the centre of the dwelling is simpler.  The sound level at the highest storey at the centre of the dwelling is 

generally higher except where transformer substation noise is a factor. 
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contain the use, and that conforms with the municipal zoning by-laws in effect.  The specific 
receptor location for assessment purposes should be assumed to be 4.5 m above grade and: 

- consistent with the typical building pattern in the area, or 
- at the centre of the 1 hectare building envelope. 

6.3.4 Area Classification of Receptors 

Based on the rural nature of the areas surrounding most wind power projects, the Class 3 Area 
sound level limits shown in Table 1 and Figure 1 apply to all receptors, regardless of their 
proximity to a roadway, unless it can be shown clearly that less restrictive sound level limits are 
justified. 

Less restrictive sound level limits for receptors within their designated area classification must be 
justified by analysis of hourly-traffic volumes data or by hourly acoustic monitoring results 
consistent with Publication NPC-206, Reference [3].  The use of general estimates, such as the 
Annual Average Daily Traffic data (AADT), is an insufficient method for determining the minimum 
hourly sound level of the background. 

6.3.5 Receptors and Locations 

All receptors must be assigned a unique receptor identification and must be tabulated along with 
their precise coordinates in the report.  The table should be provided in electronic form along with 
the report.  A sample table format is shown in Table 5 and Table 6. 

The receptor identifications should remain consistent throughout the review process.  Any 
changes to receptor identifications in revised versions of the Noise Assessment Report must be 
explicitly stated. 

6.4 Detailed Noise Impact Assessment 

Assessment of the sound levels produced by a Wind Farm, i.e. detailed noise impact 
assessment, must be made at each Point of Reception and Participating Receptor, within the 
distance requirements described in Section 6.4.1.  In the event that all Points of Reception and 
Participating Receptors are outside the distance requirements described in Section 6.4.1, a 
detailed noise impact assessment is not required and the provisions contained in Sections 6.4.2 
through to 6.4.10 are not applicable.  Note that all proposals for Wind Farm projects must address 
the requirements described in Sections 6.1, 6.2 and 6.3, and Table 4, Table 5 and Table 6, even 
if a detailed noise assessment is not required. 

The noise assessment must represent the maximum rated output of the Wind Farm, and reflect 
the principle of “predictable worst case” noise impact, Publications NPC-205 and NPC-232, 
References [2] and [4]. 

6.4.1 Distance Requirement 

a) Wind Farm Does Not Include Transformer Substation 

- A detailed noise impact assessment of the Wind Farm is required if one or more Points of 
Reception or Participating Receptors are located within 1500 m of a wind turbine 
generator. 
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b) Wind Farm Includes Transformer Substation 

- A detailed noise impact assessment of the Wind Farm including a Transformer Substation 
is required if one or more Points of Reception or Participating Receptors are located within 
1500 m of a wind turbine generator. 

- A detailed noise impact assessment limited to the Transformer Substation is required if no 
Points of Reception or Participating Receptors are located within 1500 m of a wind turbine 
generator but a Point of Reception or a Participating Receptor is located within 1000 m of a 
Transformer Substation. 

6.4.2 Whole Wind Farm Assessment 

In the event that a detailed noise impact assessment is required, the assessment must not be 
limited to a 1500 m radius from a receptor, but must consider the impact of the whole Wind Farm 
subject to the limitations relating to very large distances described in Section 6.4.9. 

6.4.3 Transformer Substation Assessment 

In general, Transformer Substation noise impact must be assessed in combination with the noise 
impact from the wind turbine generators.  In the unique case where the noise impact is caused 
only by the Transformer Substation, as described in Section 6.4.1 b), the detailed noise impact 
assessment is only required to consider the sound levels from the Transformer Substation. 

6.4.4 Impact of Adjacent Approved Wind Farms 

If a Point of Reception or a Participating Receptor is or can be affected by adjacent, approved7 
Wind Farms, the detailed noise impact assessment must address the combined impact of the 
proposed and the adjacent Wind Farms.  The distance requirements described in Sections 6.4.1 
and 6.4.9 apply. 

Note that in accordance with Section 6.4.2, where a detailed noise impact assessment is 
required, it must consider all the wind turbine generators and Transformer Substations in the 
proposed as well as in the adjacent approved Wind Farms, subject to the limitations relating to 
very large distances described in Section 6.4.9. 

6.4.5 Impact of Adjacent Wind Farms in the Process of Being Planned 

If a Point of Reception or a Participating Receptor is or can be affected by adjacent Wind Farms 
in the process of being planned8, the detailed noise impact assessment must address, subject to 
available information9, the combined impact of the proposed and the adjacent Wind Farms.  The 
distance requirements described in Sections 6.4.1 and 6.4.9 apply. 

                                                      
7  For the purposes of this document, a Wind Farm is considered to be “approved” if a Certificate of Approval (Noise) under 

section 9 of the Environmental Protection Act has been issued. 
8  For the purposes of this document, a Wind Farm is considered to be “in the process of being planned” if a Notice of 

Commencement has been issued for the project in accordance with the Environmental Screening Process prescribed 
under Ontario Regulation 116/01 under the Environmental Assessment Act, but for which a Certificate of Approval 
(Noise) under section 9 of the Environmental Protection Act has not yet been issued. 

9  The combined impact would be expected to be assessed if, for example, the information on turbine locations and models 
at an adjacent proposed Wind Farm is publicly available (e.g., through a Screening Report or Environmental Review 
Report under the Environmental Screening Process). 

October 2008  Page 12 of 18 



Noise Guidelines for Wind Farms  Ministry of the Environment 

Note that in accordance with Section 6.4.2, where a detailed noise impact assessment is 
required, it must consider all the wind turbine generators and Transformer Substations in the 
proposed Wind Farm as well as in the adjacent Wind Farm in the process of being planned, 
subject to the limitations relating to very large distances described in Section 6.4.9. 

6.4.6 Assessment of Participating Receptors 

A receptor is a Participating Receptor and not considered as a Point of Reception if the property 
of the receptor is associated with the Wind Farm, see definition in Section 3.  The sound level 
limits stated in Section 5 do not apply to Participating Receptors. 

Despite this exemption, it is prudent to design Wind Farms so as to minimize the noise impact on 
all receptors, including Participating Receptors. 

In some cases, a detailed noise assessment may be required of a receptor that was considered a 
Participating Receptor for an adjacent approved Wind Farm, or is being considered as a 
Participating Receptor for an adjacent Wind Farm in the process of being planned.  Unless the 
property owner has also entered into an agreement with the proponent of the proposed Wind 
Farm, the receptor shall be considered a Point of Reception for the purposes of the detailed noise 
impact assessment for the proposed Wind Farm. 

6.4.7 Prediction Method 

Predictions of the total sound level at a Point of Reception or a Participating Receptor must be 
carried out according to the method described in the standard ISO 9613-2, Reference [6].  The 
calculations are subject to the specific parameters indicated in Section 6.4.10. 

6.4.8 Adjustment for Special Quality of Sound 

Should the manufacturer’s data indicate that the wind turbine acoustic emissions are tonal, the 
acoustic emissions must be adjusted by 5 dB for tonality, in accordance with Publication 
NPC-104, Reference [1].  Otherwise, the prediction should assume that the wind turbine noise 
requires no adjustments for special quality of sound described in Publication NPC-104, 
Reference [1]. 

No special adjustments are necessary to address the variation in wind turbine sound level 
(swishing sound) due to the blade rotation, see Section 4.  This temporal characteristic is not 
dissimilar to other sounds to which no adjustments are applied.  It should be noted that the 
adjustments for special quality of sound described in Publication NPC-104, Reference [1], were 
not designed to apply to sounds exhibiting such temporal characteristic. 

The calculations of the transformer noise must be consistent with the provisions of Section 6.2.4.  
Furthermore, since transformer acoustic emissions are tonal, an adjustment of 5 dB must be 
added to the specified acoustic emissions in accordance with Publication NPC-104, 
Reference [1]. 

6.4.9 Sound Level Contributions from Distant Wind Turbine Generators 

The standard on which the noise impact prediction method is based, namely standard 
ISO 9613-2, Reference [6], is designed for source/receiver distances up to about 1000 m.  
Although the use of the standard may be extended to larger distances, other factors affecting 
sound level contributions from the distant sources may need to be considered.  In practice, sound 
level contributions from sources such as wind turbines located at very large distances from 
receptors are affected by additional attenuation effects. 
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To address the above in a prediction method, contributions from sources located at very large 
distances from receptors, larger than approximately 5 km, do not need to be included in the 
calculation. 

6.4.10 Specific Parameters 

The assessment must use the following parameters that have been designed to provide clarity 
and consistency as well as reflect the principle of the “predictable worst case” noise impact. 

a) All calculations must be performed in terms of octave band sound levels (63 to 8000 Hz) and 
for each integer wind speed from 6 to 10 m/s. 

 
b) The attenuation due to atmospheric absorption must be based on the atmospheric 

attenuation coefficients for 10ºC temperature and 70% relative humidity, specifically: 

Table 2 Atmospheric Absorption Coefficients 

Centre Octave Band Frequency (Hz) 63 125 250 500 1000 2000 4000 8000 

Atmospheric Absorption Coefficient (dB/km) 0.1 0.4 1.0 1.9 3.7 9.7 32.8 117.0

 
c) The term for Ground Attenuation must be calculated using the “General” method in the 

standard ISO 9613-2, Reference [6].  For Class 2 and 3 Areas, the assessment must use 
ground factor values not exceeding the following: 

Gs = 1.0 
Gm = 0.8 
Gr = 0.5 

Where Gs is ground factor for the source region, 
 Gm is ground factor for the middle region, and 
 Gr is ground factor for the receiver region. 

Alternatively, a global value ground factor not exceeding 0.7 may be used. 

Ground factor values for assessments in Class 1 Areas are not specified in this document.  
The choice of the ground factor values for assessments in Class 1 Areas is site-specific. 

6.5 Results and Compliance 

6.5.1 Presentation of Results 

Results of the noise impact assessment calculations must be presented in accordance with the 
Noise Impact Assessment Summary Tables, Table 7 and Table 8.  In addition, the results should 
be plotted on drawings of the site plan, showing property boundaries, noise sources and receptor 
locations with their identifications.  A suitable scale for these drawings is 1 cm : 250 m. 

A separate drawing must be presented for each of the following wind speeds: 6, 8 and 10 m/s.  
The sound level scale should be the same on all drawings.  If practical, each drawing should 
show the sound level contours for the 40 dBA level as well as the contour for the applicable 
sound level limit.  The drawings should be included as an Appendix. 

October 2008  Page 14 of 18 



Noise Guidelines for Wind Farms  Ministry of the Environment 

6.5.2 Assessment of Compliance 

Compliance must be based on the comparison of the combined sound levels from all sources, 
described in Section 6, at each Point of Reception with the sound level limits stated in Section 5.  
All calculations and the determination of compliance with the sound level limits must be presented 
to a precision of one decimal place. 

6.6 Summary Tables 

6.6.1 Wind Turbine Acoustic Emissions Summary Table 

The wind turbine acoustic emissions data used in the calculations must be presented as shown in 
Table 3.  Separate tables should be used if the project involves different models of equipment. 

Table 3 Wind Turbine Acoustic Emissions Summary 

Make and Model: 
Electrical Rating: 
Hub Height (m): 
Wind shear coefficient, as per Section 6.2.310: 

Octave Band Sound Power Level (dB)  

Manufacturer’s Emission Levels Adjusted Emission Levels 

Wind Speed11 (m/s) 6 7 8 9 10 6 7 8 9 10 

Frequency12 (Hz)           

63           

125           

250           

500           

1000           

2000           

4000           

8000           

A-weighted           

 

                                                      
10 Adjustment based on the differences in wind shear factors reflecting manufacturer’s data and on-site data. 
11  At 10 m reference height. 
12  Centre Octave Band Frequency. 
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6.6.2 Locations of Wind Turbine Generators, Transformer Substations and Receptors 

Location coordinates of all wind turbine generators, Transformer Substations, Points of Reception 
and Participating Receptors must be given in accordance with Table 4, Table 5 and Table 6. 

Table 4 Wind Turbine Locations 

Project Name: 

UTM Coordinates 
Identifier Equipment 

Make & Model X Y 
Remarks 

     

     

     

     

     

 Changes in ID or location in revised submissions must be clearly identified under the “Remarks” column. 
 

Table 5 Point of Reception Locations 

Project Name: 

UTM Coordinates 
Point of Reception ID Description 

X Y 

    

    

    

    

    

 

Table 6 Participating Receptor Locations 

Project Name: 

UTM Coordinates 
Receptor ID Description 

X Y 
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6.6.3 Noise Impact Assessment Summary Tables 

Table 7 Combined Noise Impact Summary – Points of Reception 

Calculated Sound 
Level at Selected 

Wind Speeds 
(dBA) 

Sound Level Limit 
(dBA) 

Point of 
Reception 

ID 
Description Height 

(m) 

Distance 
to Nearest 

Turbine 
(m) 

Nearest 
Turbine 

ID 

6 7 8 9 10 6 7 8 9 10

               

               

               

               

               

 Values in the table that exceed the applicable limit should be Underlined and Bolded. 
 

Table 8 Combined Noise Impact Summary – Participating Receptors 

Calculated Sound Level at 
Selected Wind Speeds 

(dBA) 
Participating 
Receptor ID Description Height 

(m) 

Distance to 
Nearest 
Turbine 

(m) 

Nearest 
Turbine 

ID 
6 7 8 9 10 

          

          

          

          

          

 

Table 9 Wind Turbine Noise Impact Summary – Points of Reception 

Calculated Sound 
Level at Selected 

Wind Speeds 
(dBA) 

Sound Level Limit
(dBA) 

Point of 
Reception 

ID 
Description Height 

(m) 

Distance 
to Nearest 

Turbine 
(m) 

Nearest 
Turbine 

ID 

6 7 8 9 10 6 7 8 9 10

               

               

               

               

               

 Values in the table that exceed the applicable limit should be Underlined and Bolded. 
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Table 10 Wind Turbine Noise Impact Summary – Participating Receptors 

Calculated Sound Level at 
Selected Wind Speeds 

(dBA) 
Participating 
Receptor ID Description Height 

(m) 

Distance to 
Nearest 
Turbine 

(m) 

Nearest 
Turbine 

ID 
6 7 8 9 10 

          

          

          

          

6.7 Appendices 

All information necessary to support the conclusions of the report, but not specifically described 
as required in Section 6, should be referenced and attached as Appendices to the report.  
Supporting information includes but is not limited to specifications, drawings, letters/agreements, 
photos, measurements and miscellaneous technical information. 

In addition, sample calculation should be included in the Appendices.  The sample calculation 
must include at least one detailed calculation for a source to receiver “pair,” preferably addressing 
the closest wind turbine unit.  The sample calculation must represent all other “pairs.”  If 
applicable, a sample calculation for the Transformer Substation is also required. 

In cases where a Transformer Substation is part of the Wind Farm, Table 11 and Table 12 must 
be included in the Appendices: 

Table 11 Transformer Substation Noise Impact Summary – Points of Reception 

Point of 
Reception ID Description 

Distance to Transformer 
Substation 

(m) 

Calculated Sound 
Level 
(dBA) 

Sound Level 
Limit 
(dBA) 

     

     

     

     

 Values in the table that exceed the applicable limit should be Underlined and Bolded. 
 

Table 12 Transformer Substation Noise Impact Summary – Participating Receptors 

Point of 
Reception ID Description 

Distance to Transformer 
Substation 

(m) 
Calculated Sound Level 

(dBA) 
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____________________________________________________________ 17
(PROCEEDINGS COMMENCED AT 9:01 A.M.) 18
THE CHAIR:                    Good morning.  Be seated, 19
please. 20

Good morning.  Is there anything before you 21
resume your cross-examination?  22
MR. SECORD:                   Just one item.  I noticed in 23
reviewing the exhibits that I had sent to Ms. Oleniuk a 24
number of aids to cross on Sunday, and when I looked at the 25
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documents that I had uploaded, I noticed that one was 1

missing.  So that one was uploaded this morning, and I will 2

be referring to it.  I can't remember now the exhibit number, 3

but -- 4

Mr. Anderson, I think, gave it Exhibit 248 5

this morning. 6

THE CHAIR:                    Right.  I uploaded this morning 7

and came up with 247.08.  It would probably be suitable to 8

remind counsel that we do request that aids to cross be 9

delivered a full business day before the witnesses under 10

cross-examination, and some of these were at after 9 o'clock 11

last night.  It's very difficult for us and the witnesses to 12

keep up with that sort of thing. 13

And the other thing is, as I'm sure you know, 14

aids to cross are not evidence. 15

MR. SECORD:                   I'm sorry?  16

THE CHAIR:                    Aids to cross are not evidence. 17

MR. SECORD:                   I thought when they're referred 18

to by the witness and referred to, are they not, exhibits in 19

the proceeding?  20

THE CHAIR:                    They're exhibits, but they 21

don't become evidence as aids to cross.  They are exhibits. 22

MR. SECORD:                   Exhibits in the proceeding and 23

then they're evidence in the sense of how the witness deals 24

with the particular document. 25
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THE CHAIR:                    Well, the witness gives the 1

evidence, yes.  2

MR. SECORD:                   Yes.  That was my 3

understanding.  Thank you.  4

So with that, Commissioners, I have now 5

questions for Dr. Ollson. 6

7

C. OLLSON, R. MCCUNNEY, G. LEVENTHALL, K. MATHESON-KING, 8

J. PINTER, P. ASHTIANI, D. DA SILVA, S. GLENDINNING, D. SIMES9

(For BluEarth Renewables Inc.), previously sworn/affirmed10

MR. SECORD CROSS-EXAMINES THE PANEL:11

And in relation to just some background issues, I 12 Q.

understand that you were with Stantec?  13

DR. OLLSON:           Yes.  I headed the health 14 A.

science division of Stantec Consulting Limited for two and a 15

half years. 16

And when did you leave Stantec? 17 Q.

DR. OLLSON:           I left the employ of Stantec in 18 A.

the summer of 2011. 19

And my understanding is, in that time with Stantec, you 20 Q.

did -- you were responsible for drafting a portion of an 21

environmental screening report, or ESR, for Kruger Energy 22

Chatham Wind; is that correct? 23

DR. OLLSON:           That's correct. 24 A.

That would have been in July 2009? 25 Q.
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DR. OLLSON:           To the best of my recollection, 1 A.

it was July 2009 that that document would have been dated. 2

And then understand in August of 2009, you drafted a 3 Q.

portion of an ERR for Byron Wind? 4

DR. OLLSON:           That's correct. 5 A.

And what's an ERR?  6 Q.

DR. OLLSON:           It's -- I know it's -- part of 7 A.

the ER is environmental report.  It's equivalent to the 8

application that's in front of the Commission today. 9

So this would be something like equivalent to the 10 Q.

BluEarth application that we're looking at? 11

DR. OLLSON:           It was the pre-renewable energy 12 A.

application in the province of the Ontario before the Green 13

Energy Act took effect in 2009. 14

And then I understand you prepared an affidavit on 15 Q.

behalf of a wind developer in a case where landowners sought 16

an injunction against a wind farm; is that correct? 17

DR. OLLSON:           That's correct.  I was 18 A.

qualified as an expert in the case of McKinnon v. Martin19

(2010) SQ. QB 374, Queen's Bench of Saskatchewan 2010. 20

And who was your client in that lawsuit? 21 Q.

DR. OLLSON:           It was the Red Lily Consortium.  22 A.

I believe the group that paid the bills was Algonquin Power. 23

I'm sorry?  I missed that.  24 Q.

DR. OLLSON:           I believe it's the Red Lily 25 A.
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Consortium and it was Algonquin Power who paid my bill for 1

that. 2

And then I understand Stantec was involved for a wind 3 Q.

developer, the Ostrander Point Wind development.  Had you 4

left Stantec by that time? 5

DR. OLLSON:           No.  Myself and my colleague 6 A.

Dr. Loren Knopper were still in the employ of Stantec when I 7

worked on the Ostrander Point project first.  Subsequent to 8

leaving Stantec and being employed in Intrinsik, I carried on 9

that file with my colleague Dr. Knopper into 2011 and '12. 10

So you did the -- was that an environmental review 11 Q.

report as well? 12

DR. OLLSON:           That was an application.  It 13 A.

was a REA application under the Green Energy Act. 14

And what's a REA application? 15 Q.

DR. OLLSON:           The REA is equivalent to an AUC 16 A.

application for building a wind farm. 17

And who was the wind developer in that case? 18 Q.

DR. OLLSON:           The wind developer for 19 A.

Ostrander Point is a developer known as Gilead Power. 20

And then I understand you provided a witness statement 21 Q.

on behalf of a wind developer in the case known as Kent 22

Breeze the appeal filed by the Ericksons before the 23

Environmental Review Tribunal? 24

DR. OLLSON:           That's right.  I provided a 25 A.
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witness report for Erickson v. Ministry of the Environment 1

10-121/10 -- apologies -- 122, Ontario Environmental Review 2

Tribunal 2011.  I provided a witness statement to that 3

proceeding as well as I appeared in front of the tribunal. 4

And have you -- and who was the wind developer in that 5 Q.

case? 6

DR. OLLSON:           Suncor Energy. 7 A.

And I think that was in March of 2011 when you gave 8 Q.

evidence in that case? 9

DR. OLLSON:           To the best of my recollection, 10 A.

that would be right.  I know the first witness statement was 11

provided in January of 2011. 12

Right.  And since that time, have you appeared in any 13 Q.

further appeals before the Environmental Review Tribunal in 14

Ontario? 15

DR. OLLSON:           I've put in numerous witness 16 A.

statements on various projects that have been appealed in the 17

province of Ontario.  The only time that I've actually 18

appeared post Erickson would have been Montour v. Ministry of 19

the Environment for the Grand Renewable Energy Park in 2012 20

where I was qualified as an expert. 21

And the -- can you list or tell me who the wind 22 Q.

developer was that you were acting for or -- 23

DR. OLLSON:           Yes.  That's Samsung Energy, 24 A.

sir. 25
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And in relation to the other appeals filed by landowners 1 Q.

in Ontario in the Environmental Review Tribunal, can you tell 2

me what other cases you put witness statements in for wind 3

developers? 4

DR. OLLSON:           If you bear with me a minute, 5 A.

I'll have to look that up if you'd like the exact cases and 6

the like. 7

Sure.  Maybe just tell me which are Stantec and which 8 Q.

are Intrinsik? 9

DR. OLLSON:           I will. 10 A.

While you're looking it up, would 2009 have been the 11 Q.

start of the Kruger Energy Chatham Wind ESR, was that the 12

beginning of your work in this area? 13

DR. OLLSON:           I believe it was just prior to 14 A.

that in 2008, and I certainly commented on it in 2007 earlier 15

on with the Environmental Assessment Group at Jacques 16

Whitford that was acquired by Stantec.  17

At that time, I recall writing a brief 18

paragraph prior to a lot of what's gone on lately.  And the 19

brief paragraph would have stated something like "wind energy 20

is known to be without emissions of chemicals and, therefore, 21

health effects not expected to occur," something like that.  22

So my first involvement would have been prior 23

to 2009. 24

I was thinking more working for wind developers? 25 Q.



AUC 1955, Volume 3, October30,2013

AMICUS REPORTING GROUP

520

DR. OLLSON:           At the time I would have 1 A.

written that statement, it would have been for a wind 2

developer, sir, but it was probably no more than a couple of 3

hours of time. 4

I apologize, Commission.  I'm just about 5

there.  I'm just going from a document.  6

All right.  One second.  Let me go to my files 7

here, and I'll -- to the best of my recollection, I'll 8

provide you the hearings that I was involved in where, again, 9

I want to reiterate with these ones, I did not provide 10

testimony or appear in front of the ERT.  It would have been 11

a witness statement, and the legal counsel would have decided 12

that they didn't need to have me appear in front of the 13

tribunal.  14

And, sir, you asked which ones would be 15

Stantec and which would be Intrinsik; is that correct?  16

Sure.  17 Q.

DR. OLLSON:           All right.  Well, starting -- I 18 A.

have the BluEarth file that we're here today on; Capital 19

Power's project in, I believe, the Port Dover area.  That was 20

as Intrinsik.  Erickson, which was as Stantec; Gesner, which 21

would have been as Intrinsik.  I believe all of them, other 22

than Erickson was as Intrinsik.  Actually, I can confirm all 23

of these were Intrinsik, except Erickson.  Grand Renewable, 24

which we spoke about that I actually gave testimony at.  The 25
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K2 project which is ongoing right in hearing.  I have not 1

appeared.  Ostrander I did put in a transcript -- or sorry, a 2

witness statement but did not appear.  I provided information 3

and a witness statement to the South Canoe project in Nova 4

Scotia earlier this year.  South Kent, which is a pattern 5

project in the Ontario proceedings.  Vineland, which was a 6

project that was recently appealed but then the appeal was 7

dropped.  Zephyr, which was also as Intrinsik.  It was the 8

second appeal launched and subsequently dropped.  Dufferin I 9

-- actually I don't believe that I did do for Dufferin. 10

The Varna project, which is an NextEra 11

project, I provided a witness statement but did not appear. 12

And to the best of my knowledge that's it, 13

sir.  14

And while working for Intrinsik, have you continued to 15 Q.

prepare any REAs for wind developers in addition to filing 16

testimony for wind developers in various appeals? 17

DR. OLLSON:           I have not.  Are you asking 18 A.

what I do actually perform as Intrinsik as part of -- for the 19

wind projects that I'm working on?  20

No.21 Q.

DR. OLLSON:           I have not done any subsequent 22 A.

writings for REA submissions. 23

Right.  So essentially now your focus is more as a -- 24 Q.

putting in witness statements, then, on appeals?  Would that 25
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be the main area of your work or the bulk of your work in the 1

area right now? 2

DR. OLLSON:           Not at all, sir.  The bulk of 3 A.

my work, Commission, is doing -- preparing communications 4

material, appearing at public meetings, appearing at open 5

houses, appearing at town hall meetings, answering questions 6

of the public. 7

In addition to that, I oversee a group of four 8

research scientists who are also consultants working in the 9

area at Intrinsik, three of which, including myself, have 10

Ph.D.s.  The fourth is actually pursuing her doctoral work 11

right now and works for us part time.  12

So in addition to the work that I do for 13

developers appearing to -- such as I did with the MD of 14

Provost on two occasions and then also by phone, to try to 15

answer questions that the counsellors may have had.  16

We also continue to actively work in research 17

in the area.  Published two papers in this area, as well as a 18

third that's in submission, and other projects on the go. 19

So then as I understand it, the bulk of your work would 20 Q.

then be being hired by wind farm developers to go to 21

communities and present your views on wind farm issues.  22

Would that be fair? 23

DR. OLLSON:           I'd say the bulk of my work is 24 A.

spent as an environmental health scientist primarily focused 25
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these days on air quality issues and contaminated sites.  1

Wind energy in 2013 would comprise somewhere in the 2

neighbourhood of 20 percent of my practice. 3

Okay.  All right.  And I believe when you worked for -- 4 Q.

I think you were the principal and practice leader of 5

environmental health science at Stantec; and at the time, I 6

believe Stantec was a member of CanWEA; correct? 7

DR. OLLSON:           I'm sure Stantec was a member 8 A.

of CanWEA and remains a member of CanWEA. 9

And in relation to Stantec's legacy in relation to wind 10 Q.

farm projects, I understand that -- I take it you were at -- 11

was it Jacque Whitford's before Stantec's? 12

DR. OLLSON:           Yes.  It's pronounced 13 A.

Jacques Whitford. 14

And then Jacques Whitford merged with Stantec? 15 Q.

DR. OLLSON:           We were wholly acquired by 16 A.

Stantec Consulting, a publically traded company.17

And my understanding is Jacques Whitford did the ESR for 18 Q.

the Ripley wind farm, which is a Suncor project? 19

DR. OLLSON:           To the best of my recollection, 20 A.

that's correct.  I was not involved in Ripley. 21

Right.  And I understand there are reports of adverse 22 Q.

health effects and abandoned homes near the Ripley wind farm? 23

DR. OLLSON:           There are. 24 A.

And I understand that Stantec did the ESR for the 25 Q.
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Melancthon, M-E-L-E-N-C-T-H-O-N (verbatim), 2 wind farm 1

project? 2

DR. OLLSON:           It's pronounced Melancthon, and 3 A.

yes, they did.  And I wish to reiterate that the two projects 4

that you've already mentioned are -- were before the 5

Green Energy Act, before my involvement, and those have homes 6

that are situated quite a lot closer to turbines than are 7

permitted today in Ontario. 8

And again, in relation to Melancthon 2 wind farm 9 Q.

project, there are reports of adverse health effects and 10

abandoned homes? 11

DR. OLLSON:           Certainly for the project I've 12 A.

heard those reports as well, sir. 13

All right.  In relation to your expertise, you have not 14 Q.

conducted any original research in this area? 15

DR. OLLSON:           No, that's not true.  We have 16 A.

recently published a paper of original research in the area.  17

In addition to that, I just spent a couple days this summer 18

working around the K1 wind project in Ontario collecting 19

electromagnetic field data around wind projects given the 20

discussions we've had a Commissions such as this in order 21

to -- and a paper has been submitted for peer-review 22

publication. 23

And where is this original research published? 24 Q.

DR. OLLSON:           The first paper I'll take you 25 A.
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to would be in part of my expert report.  It would be Exhibit 1

Number 202.06.  I'll wait until everybody has found that.  2

This is a paper that's titled "Project 3

Contributions of Future Wind Farm Development to Community 4

Noise and Annoyance Levels in Ontario, Canada."  The 5

authorizes are as follows and in order:  6

Melissa L. Whitfield Aslund, Ph.D.; Christopher A. Ollson, 7

Ph.D.; Loren D. Knopper, Ph.D.  It is published in the 8

journal Energy Policy, which is an -- indexed in PubMed that 9

we've been speaking about before.  The -- I notice now that 10

it says, "Article in press."  This had been subsequently 11

published.  I can get you the publication date, if you'd 12

like. 13

And you're saying this is original research that you 14 Q.

conducted? 15

DR. OLLSON:           It's research that was 16 A.

conducted by the three authors that are on that paper.  Yes, 17

sir. 18

And what of the original research did you conduct? 19 Q.

DR. OLLSON:           Dr. Whitfield-Asland was the 20 A.

primary person on this as a post-doctoral fellow to 21

Dr. Knopper.  She conducted the bulk of it.  Both Dr. Knopper 22

and I were the ones that came up with the original hypothesis 23

idea and methodology for the paper, such as normally happens 24

with somebody who oversees and directs a group like this.  25
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I contributed both along the way as she had 1

results and findings, and ultimately contributed to the 2

editing of the manuscript and inserting my comments and 3

review prior to submission for publication. 4

And what other original research have you conducted? 5 Q.

DR. OLLSON:           Again, this summer I was in the 6 A.

Kingsbridge 1 wind farm, which is operated and owned by 7

Capital Power in Ontario near Goderich.  They paid for us to 8

conduct an electromagnetic field survey or an EMF field 9

survey around their operating wind farm in order to examine 10

and ascertain whether or not EMF truly was coming from wind 11

towers, wind projects in any appreciable amount that people 12

should be concerned about.  13

Given the prevalence of it coming up both at 14

public meetings, town halls, and open houses, as well as 15

within the Environmental Review Tribunal, the field work for 16

that work is done.  I was accompanied by 17

Ms. Lindsay McCallum, who's now at the University of Toronto 18

conducting her Ph.D. under -- partially supervised by myself.  19

That work has been submitted to the Journal of 20

Environmental Health and is -- we are awaiting comment. 21

So that's not published.  Have you published any other 22 Q.

original research other than the one paper that you've 23

referred me to? 24

DR. OLLSON:           Are you referring to wind 25 A.
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turbine projects, sir, or are you referring to any other 1

original research?  2

I think the Commission is interested in wind turbines.  3 Q.

DR. OLLSON:           Okay.  As an -- also an adjunct 4 A.

assistant professor and now looking as a -- for adjunct 5

professorship at the University of Toronto, I certainly 6

continue to publish in many areas.  Those are the only 7

publications -- I would suggest three.  Two actually 8

submitted in the last two years and a third on the way is 9

fairly good for this area of research. 10

But that's not original research, Dr. Ollson.  Your 11 Q.

literature reviews does not constitute original research, 12

does it?  13

DR. OLLSON:           Sir, it constitutes systematic 14 A.

review research, as I'm sure you're well aware, and I never 15

purported to be -- depending on how you define "original 16

research," it certainly did not involve any field work, if 17

that's what you're asking.  It didn't involve anything, you 18

know, new to the field, if you will, from an original 19

standpoint, but it's certainly a synthesis and publication 20

that's been reviewed over 23,000 times and cited 22 times in 21

the last two years by others.  Most papers don't get more 22

than one citation ever in their career. 23

So essentially your expertise is primarily in writing 24 Q.

literature reviews? 25
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DR. OLLSON:           No, sir, I would not say that.  1 A.

I said I published one paper in a systematic review that's 2

been viewed over 23,000 times.  I told you that I continue to 3

actively work in the field with three other research -- three 4

other researchers, and I just indicated that we just 5

submitted another original research publication that we're 6

awaiting and pending peer-review comments on. 7

Now, in your expert report, you refer to the WHO 2009 8 Q.

guidelines of 40 dB being applicable; correct? 9

DR. OLLSON:           I do, as one piece of 10 A.

information that one looks at to see whether or not the AUC 11

Rule 12 cumulative noise level of 40 decibels outside of 12

people's home at nighttime would be a reasonable number to 13

have for an operating wind farm in the province of Alberta.  14

All right.  I'd like to just review what you said at the 15 Q.

Erickson hearing in Ontario if I could.  And, just for the 16

record, I just want to confirm the exhibit number.  17

DR. OLLSON:           The exhibit number that I have, 18 A.

sir, is 248-01. 19

All right.  We'll go with that.20 Q.

THE CHAIR:                    Is that the one that just 21

got -- 22

MR. SECORD:                   Uploaded. 23

THE CHAIR:                    -- uploaded?  Do you have 24

copies for us?  We don't --  25
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MR. SECORD:                   I don't.  In fact, I sent it to 1

Mr. Mousseau on Sunday.  I sent it to Ms. Oleniuk on Sunday.  2

They've had it for a number of days.  So I thought I had 3

uploaded it, Commissioner Beattie, but I guess it was missed 4

in the upload.  These things happen.  But certainly people 5

have had it for three days now. 6

THE CHAIR:                    Well, we're part of that group 7

of people that would like to have it while you're conducting 8

your cross-examination.  I don't know if someone from our 9

staff could be of assistance while it's going on.  I don't 10

want to hold you up.  11

MR. SECORD:                   I just have one hard copy. 12

DR. OLLSON:           Mr. Commissioner, you can have 13 A.

my hard copy. 14

THE CHAIR:                    I'll refer to you if I need to. 15

I'm looking to our staff, and perhaps if they 16

could take a photocopy and just pass that around.  But please 17

proceed.  Thank you.  18

MR. SECORD:                   Sorry about that Commissioner 19

Beattie.  I was hoping you might be able to access the 20

website, the AUC website and the attachment.  But in any 21

event... 22

THE CHAIR:                    Yes.  And I just want to make 23

the point I don't want to interrupt your cross-examination.  24

Carry on. 25
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MR. SECORD:                   Can I hand up one copy to you?  1

Would that be agreeable, so at least you could follow it?  2

THE CHAIR:                    Do you have another copy?  3

MR. SECORD:                   I do. 4

THE CHAIR:                    That would be of assistance.  5

Thank you.  6

I understand it may have been emailed to us. 7

MR. MOUSSEAU:                 Yes. 8

THE CHAIR:                    Very well.  It's been emailed 9

to us, so we'll go on to our emails. 10

MR. SECORD:                   Thank you for that. 11

THE CHAIR:                    Technology is great. 12

MR. SECORD:                   I try to put everything on the 13

AUC's website in advance. 14

THE CHAIR:                    I have it and I have it open, 15

so please proceed. 16

MR. SECORD:                   Great. 17

So if we could turn to page 108 of the hard copy, and 18 Q.

it's only -- I think it's only about a 17-page pdf if I'm not 19

mistaken? 20

DR. OLLSON:           I'm there, sir. 21 A.

And in the -- on that page, if we begin at line 12, it 22 Q.

says:  (as read)23

"Sir, the tribunal has heard from you 24

today in your evidence in the open 25
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session some discussion about the World 1

Health Organization and its 40 dB noise 2

limit."3

And you then at the bottom of that page says:  (as read)4

"In my view, if you review the World 5

Health Organization 2009 document --"6

And just for the record, that is Exhibit 131.11; correct?  In 7

these proceedings?  8

DR. OLLSON:           Sorry, sir, are you asking me 9 A.

to find that for you?  10

Yes.  Just in case you want to have reference to that 11 Q.

document.  12

DR. OLLSON:           Bear with me then please. 13 A.

I just want you to confirm that that's the same document 14 Q.

that you referred to then that we're referring to now? 15

DR. OLLSON:           It is, sir. 16 A.

All right.  And then in the answer you gave at the 17 Q.

bottom of page 108 at line 22, you say:  (as read)18

"In my view, if you review the World 19

Health Organization 2009 document, it's 20

not specific to any one source.  It 21

certainly draws on the literature from 22

a number of different papers, noise and 23

noise sources and they set a generic 24

noise guideline, the lowest observed 25
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effect level on a dose response 1

relationship of 40 dBA.  It's not 2

specific to wind turbines, nor does it 3

anywhere in the document exclude wind 4

turbines."5

And so Mr. Gillespie says:  (as read)6

"Okay.  Well, I'm going to ask for a 7

little help, but I would like you to 8

look at the actual document.  If people 9

want to have the document handy --"10

In our case it's Exhibit 131.11:  (as read)11

"And so the first thing I'm going to 12

show you, Dr. Ollson, is we search on 13

the word' wind' in the document.  It 14

only comes up once."15

And you agree you did the same search; correct?  16

DR. OLLSON:           Yeah, that's exactly what it 17 A.

states here, sir, at line 14. 18

And then the next question was:  (as read)19 Q.

"And at the same time as we do the 20

research on the word 'road' --"21

He goes on to say "it appears dozens of times."  And you 22

agreed. 23

DR. OLLSON:           I did, and I still do today. 24 A.

And Mr. Gillespie said:  (as read)25 Q.
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"Similarly, if we do a search on the 1

word 'rail' in the 2009 WHO document, 2

we, again, find that --" 3

I think you said "I would imagine it appears dozens of 4

times." 5

DR. OLLSON:           I did, and I confirm that still 6 A.

today. 7

And then "aircraft" appears many times, and you agree 8 Q.

with that? 9

DR. OLLSON:           I did, and I can confirm it 10 A.

still does today. 11

And he, Mr. Gillespie, asks you:  (as read)12 Q.

"Did you by any chance search the word 13

'industrial'?  I did not."14

And you said: (as read)15

"I'm sure it probably appears many 16

times within the document as well."17

Actually Mr. Gillespie says "I don't think it does."  18

And did you have a chance to look at that?  I 19

take it it doesn't appear many times. 20

DR. OLLSON:           We went through the document at 21 A.

the time to the best of my recollection at Erickson.  And 22

what he has in the transcript, or what you have in the 23

transcript here, I believe remains true today. 24

And then he then takes you to the body of the document 25 Q.
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where he says, the only time they were able to find a 1

reference to industrial was the following quote:  (as read)2

"For industrial noise, there's almost a 3

complete lack of information, although 4

there is some indication citing the Vos 5

study that impulse noise may cause 6

considerable disturbance at night."  7

DR. OLLSON:           Yes, he did. 8 A.

And then you -- you then gave this response: (as read)9 Q.

"What I would submit to you is that 10

nowhere have I seen in the literature, 11

either by the World Health Organization 12

or the papers published by Pederson and 13

the like, they don't refer to wind 14

turbines as industrial wind turbines.  15

I would submit to you that industrial 16

wind turbines is a relatively new 17

phrase coined by those that have, you 18

know, for example, testified as 19

appellants.  20

I would not read that paragraph and 21

submit to you that industrial there 22

would refer to wind turbines.  I 23

believe that refers to industrial in 24

the sense of heavy industry, and 25
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industry being located in and around 1

areas where you've got things.  And if 2

we check Vos 2003 that they cite within 3

the document, perhaps we could go there 4

to see what the Vos reference is that 5

they're citing.  6

The Vos 2003 reference, I believe if 7

you want to call it up, it's on 8

page 134 of the pdf document."9

So you go on to say it talks both on the relevance of 10

shooting noise induced-sleep disturbance to noise zoning.  It 11

doesn't suggest that they're looking at wind turbines in that 12

case.  13

So, and I take it that you would stand by that 14

answer today that you gave in 2011. 15

DR. OLLSON:           I would because the 2009 16 A.

document hasn't changed since 2009, sir. 17

Okay.  And then over the page.  So Mr. Gillespie said:  18 Q.

(as read)19

"So we now agree the word 'wind' comes 20

up once and not even in reference to 21

wind turbines."22

You agreed.  Dozen of references to road, rail, and traffic, 23

and aircraft.  That was agreed.  24

And there's a reference to industrial noise, 25
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but you're saying it doesn't include wind.  And your answer 1

was "no, not in my opinion;" correct?  2

DR. OLLSON:           That's correct. 3 A.

And you still stand by those answers today? 4 Q.

DR. OLLSON:           I do. 5 A.

Sir, are we done with the WHO 2009 document?  6

We are.  7 Q.

DR. OLLSON:           Can I provide comment then as 8 A.

to why I still believe that it is supported?  9

No.  10 Q.

DR. OLLSON:           I believe there's numerous wind 11 A.

turbine references that have been published at that time and 12

subsequently that still support the 40 decibels as well. 13

All right.  In your evidence, you put in evidence 14 Q.

Appendix B, "Health Effects and Wind Turbines:  A Review of 15

the Literature," Exhibit 202.03; correct? 16

DR. OLLSON:           That appendix is correct, and 17 A.

it constitutes three pages, not even, I believe, one of which 18

is a page of reference in my actual expert report.  It was 19

current as of 2011, and then I go on in my expert report to 20

describe all the work that's been done subsequently. 21

And was this some of the original research that you were 22 Q.

referring to earlier? 23

DR. OLLSON:           This is a systematic review of 24 A.

the literature that was conducted, current as of -- I believe 25
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it was the spring, May of 2011, to culminate the knowledge of 1

wind farm -- or wind turbines potential effects on noise and 2

the views of Dr. Knopper and myself as to what that 3

literature has to say.  4

And is this a peer-reviewed article? 5 Q.

DR. OLLSON:           In fact, not only is it a peer 6 A.

and peer-reviewed journal, open-access journal, Environmental 7

Health, the open-access journal Environmental Health allows, 8

which many other journals, including, for example, both in 9

the science technology and society, allows you to go onto the 10

website and actually see the peer-reviewed comments for 11

yourself and our response to them, so it's very transparently 12

peer reviewed. 13

All right.  And in terms of the report, if we go to 14 Q.

page 7 of the report in the hard copy? 15

DR. OLLSON:           Yes, sir, I'm there. 16 A.

There is a heading "Annoyance"; and you and Dr. Knopper, 17 Q.

the authors of the report studies on the health effects of 18

Wind Turbines both published and peer reviewed and presented 19

in the popular literature tend to conclude that:  (as read)20

"Wind turbines can cause annoyance for 21

some people.  A number of governmental 22

health agencies agree that while noise 23

from wind turbines is not loud enough 24

to cause hearing impairment and are not 25
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causally related to adverse effects, 1

wind turbines can be a source of 2

annoyance for some people." 3

And then you reference three footnotes, one which is the 4

World Health Organization (WHO):  Fourth Ministerial 5

Conference on Environment and Health.  Energy, Sustainable 6

Development and Health; 2004; correct? 7

DR. OLLSON:           In fact, there is a series of 8 A.

references there.  The first is as you read out, and then it 9

subsequently goes on with a comma, and it says, "30 to 34," 10

which refer to four additional references. 11

Right.  And those -- 12 Q.

DR. OLLSON:           And in those references and as 13 A.

I'm sure you're well aware, sir, there was an error.  It 14

should have said "31," not "1, 30."  It should have said "31 15

to 34."  It's an author's error on the referencing in that -- 16

didn't affect the conclusions.  17

So I submit to you and I submit to the 18

Commission that there was an author's note error there that 19

should be "31 to 34." 20

All right.  And did you ever file a corrected version of 21 Q.

this paper that is being, as you say, so highly accessed? 22

DR. OLLSON:           We did not, sir, and what I'm 23 A.

going to submit to you is that anybody reading the paper and 24

coming across that series of references, as anyone who would 25
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-- wants to rely on the paper for information, they would go 1

to the references, and they would check.  And clearly, you 2

know, they might be -- they might say, "oh, World Health 3

Organization may say that because it's -- it is a credible 4

agency I would suggest to you."  But once they got to 5

reference 30 and they saw Leventhall, Benton, and Robertson, 6

coping strategies for low frequency noise and they looked 7

that up, I don't believe they would have been mistaken that 8

that was a government report. 9

Now, if we could turn to Exhibit 137.02, which is 10 Q.

Charlene Hager's written submissions -- 11

DR. OLLSON:           Bear with me.  12 A.

Tab 31.  It's bookmarked.  It's also at pdf 284.  13 Q.

DR. OLLSON:           Sorry, the exhibit number 14 A.

again, sir?  15

137.02.  16 Q.

DR. OLLSON:           I have the pdf up, sir.  The 17 A.

first page that I have, just to confirm, says, "Government of 18

Alberta, corporation nonprofit search"?  19

So essentially it's -- this is part of Charlene, Alan, 20 Q.

Christina, Lillian, and Benjamin Hager's written submissions 21

February 22, 2013.  22

And as I say, at Tab 31, there's a document 23

entitled -- this is at page 284 -- "Literature Reviews of 24

Wind Turbines and Health Effects and the Case For Audit, 25
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October 2012, Brett Horner." 1

DR. OLLSON:           Sorry, sir, can you take -- 2 A.

again, the pdf page of this document?  3

Is 284.  4 Q.

DR. OLLSON:           One second, please.  It's the 5 A.

citations.6

Yes, the title that I have on this page 7

is "Literature Reviews of Wind Turbines and Health Effects 8

and the Case For Audit, October 2012, by Brett Horner," who 9

is a chartered accountant from what I can tell. 10

All right.  And he, in this paper, has a statement that:  11 Q.

(as read)12

"Literature reviews can be useful tools 13

for summarizing existing literature 14

related to a particular topic.  In 15

order to be considered reliable, a 16

literature review must be complete, 17

accurate, and objective."  18

Would you agree with that? 19

DR. OLLSON:           I would agree that literature 20 A.

reviews do provide useful information.  They should be 21

complete and accurate to the -- for the author to have 22

completed them; and at the same time, I'd like to point out 23

that literature reviews also contain numerous statements and 24

qualifications of the authors themselves.  They're not simply 25
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quotes lifted from various documents. 1

And his next point in -- and just in relation to -- his 2 Q.

next point he says:  (as read)3

"Authors have an inherent 4

responsibility to ensure that they 5

accurately reflect the contents of 6

references cited.  Literature reviews 7

which inappropriately cite or misquote 8

references should be viewed with 9

caution." 10

You would agree with that? 11

DR. OLLSON:           Again, sir, yes.  And as I just 12 A.

took you through before, that the -- there was an error 13

within the -- it was an oversight.  It was not an intentional 14

error; and in no way, shape, or form does it change the 15

conclusions of the paper that we wrote in 2011 and has been 16

cited over 22 times by other authors. 17

And then he says:  (as read)18 Q.

"Some literature reviews provide a 19

balanced assessment and attempt to draw 20

reasonable scientific conclusions based 21

on the totality of the evidence.  Other 22

literature reviews lack completeness 23

accuracy and objectivity and contribute 24

little to inform the public about the 25
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potential risks associated with living 1

in the environment of wind turbines.  2

Literature reviews which contain 3

errors and omissions or errors of 4

comission cannot be relied on to make 5

informed decisions and should be 6

amended or regarded with caution."7

Do you agree with that?  8

DR. OLLSON:           Again, sir, I'm well aware of 9 A.

this document, as I know that you are well aware that I'm 10

aware of this document.  We certainly have had communications 11

was Mr. Horner about two references.  I certainly agree with 12

the statement that you provided.  13

I also wish to reiterate that anybody who is 14

using a literature review to make informed decisions will 15

check the reference list of those informed decisions, and 16

they will draw their own conclusions based on the reference 17

list.  18

If they don't agree with my conclusions, such 19

as Mr. Horner, who would like -- explicitly stated that 20

people are suffering severe health effects from around wind 21

turbines, as was stated in this paper at Wind Turbine Noise 22

2013, reiterated by Ms. Krogh, who gave that paper and 23

questioned by the audience; that if I don't agree with their 24

supposition, it doesn't become a valid literature review.  It 25
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is for -- what it is.  Take it at face value.  It's 2011.  1

There's been three years of research published since then. 2

How do you know, Dr. Ollson, that when people take a 3 Q.

look at your literature reviews, they check the references?  4

On what basis do you form that opinion? 5

DR. OLLSON:           That's on the basis of 20 years 6 A.

of scientific training and over ten years of scientific 7

teaching of masters and graduate level and undergraduate 8

students.  Anybody who's trying to make an informed decision 9

in science who looks to a literature review only to make that 10

decision is going to be looking at the reference list.  They 11

will then take that and make their own judgment and views, 12

just as others have, including the experts that you have on 13

your side. 14

Okay.  But it's just an assumption on your part that 15 Q.

people would go and check the references? 16

DR. OLLSON:           It's a professional opinion 17 A.

based on over ten years of teaching at the masters and 18

graduate level at two -- three universities. 19

All right.  So we looked at your -- one of the documents 20 Q.

that you showcase in your expert report at Appendix B, 21

Exhibit 202.03.22

DR. OLLSON:           Sorry, sir, what's the title of 23 A.

that document?  24

You only put in four appendixes to your report and 25 Q.
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Appendix B is the 2011 paper that we were -- 1

DR. OLLSON:           Yes, sir, I'm not used to my 2 A.

appendixes being exhibit numbers, so I apologize. 3

And I drew your attention to the passage that you wrote 4 Q.

about: (as read)5

"The government health agencies agree 6

that while noise from wind turbines is 7

not loud enough to cause hearing 8

impairment and are not causally related 9

to adverse effect, that wind turbines 10

can be a source of the annoyance for 11

some people."  12

And then we looked at those references.  13

DR. OLLSON:           Sir, I'd send it to you.  It 14 A.

was also upheld subsequently by other medical agencies 15

including the Massachusetts Department of Health 2012 16

document. 17

Sure.  We'll just look at what you wrote.  You cite 18 Q.

those six references.  And then what -- as I understand what 19

Dr. Horner did was he took a look at -- 20

DR. OLLSON:           Excuse me, sir.  It's not 21 A.

Dr. Horner.  To the best of my knowledge, as far as I know, 22

he's a chartered accountant. 23

Mr. Horner then looked at the references which you would 24 Q.

say all people do when reading your paper.  So he looks at 25
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Reference Number 1, and you cite WHO 2004 as one of the 1

references; correct? 2

DR. OLLSON:           We did in error, yes, sir.  3 A.

And you're saying that that was -- that reference was in 4 Q.

error?  5

DR. OLLSON:           In that particular section, 6 A.

there is another reference to that document in the first 7

sentence of the introduction, I believe.  That was not cited 8

in error, although Mr. Horner believes it may have been. 9

Okay.  So you intended to reference the WHO 2004 10 Q.

document? 11

DR. OLLSON:           I did indeed, sir. 12 A.

All right.  And the WHO 2004 document is attached as aid 13 Q.

to cross Exhibit 232.05? 14

DR. OLLSON:           Yes, sir, and I have it in 15 A.

front of me.  And if you would bear with me, I'd like to pull 16

up the pdf as well. 17

Actually I think it's -- I think it's 2 -- 18 Q.

DR. OLLSON:           Sorry, I have on my copy, hard 19 A.

copy 232.06. 20

And would you agree that the document states: (as read)21 Q.

"The document still needs further 22

in-depth development and expert review 23

and describes a plan to hold a meeting 24

to review this document to develop 25
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further recommendations."  1

DR. OLLSON:           Bear with me one second, sir, 2 A.

while I pull up the pdf, please. 3

It does, sir.  4

And can you confirm who also contains a disclaimer of 5 Q.

the views expressed in this document are the views of the 6

authors? 7

DR. OLLSON:           It does.  And then it goes on 8 A.

with the World Health Organization Europe logo on the front. 9

It also states that the document was prepared 10

by Bettina Menne from the WHO Regional Office for Europe, And 11

it also includes an acknowledgment section.  It's planned to 12

be published as Menne and -- I can't pronounce the name and I 13

apologize, so I'll spell it out for the court reporter -- 14

M-A-R-K-A-N-D-Y-A 2004, Energy Sustainable Development and 15

Health World Health Organization Regional Office for Europe 16

Global Change and Health Series. 17

And then Mr. Horner says in relation to your claims that 18 Q.

a number of government health agencies agree, which we've 19

looked at, does WHO 2004 fulfill any of the next three 20

criteria? 21

DR. OLLSON:           Again, sir, I've said that that 22 A.

was an error where we meant to, and did, reference the WHO 23

would be back.  And I would take everybody to my Appendix B, 24

which is 202.03, exhibit.  It's on the second page which is 25
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likely the second page of the pdf.  It's in the very first 1

sentence at the top and it states: (as read)2

"Wind power has been identified as a 3

cleaner renewable energy source that 4

does not contribute to global warming 5

and is without known emissions and 6

harmful waste."7

And that is where we meant to reference it, and that is what 8

I believe this document supports.9

So that's what I asked you, was the footnote in relation 10 Q.

to the previous passage -- the first passage that we looked 11

at, was that in error? 12

DR. OLLSON:           It was again, sir. 13 A.

That's what I was trying to find out from you and I 14 Q.

thought you said it wasn't? 15

DR. OLLSON:           No.  Sir, I think I've stated 16 A.

at least three times and -- maybe I can be unequivocal.  17

In that passage, there are four references -- 18

or sorry, it says 1, comma, 30, hyphen 34.  The errors that 19

are contained in that reference -- in those square brackets 20

are 1 and 30.  The reference should have been 31 to 34.  The 21

errors were unintentional. 22

Okay.  That's helpful because I -- somehow in our 23 Q.

communication, I had understood you to say that Footnote 1 24

was still applicable to the passage on page 7.  25
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DR. OLLSON:           No, it's not, sir. 1 A.

That's helpful.  2 Q.

So, really, then we look at the audit test -- 3

sorry, so we've looked at the first reference.  We can get 4

rid of the first reference.  5

Reference Number 30 was a reference to coping 6

strategies for low frequency noise published by 7

Dr. Leventhall in 2008.  And, again, you've said quite 8

clearly that that footnote had no place in the proposition 9

that you were advancing? 10

DR. OLLSON:           Again, that was an 11 A.

unintentional error by Dr. Knopper and myself. 12

All right.  Then we can move to Footnote 31.  And the 13 Q.

next four references cited in your paper are literature 14

reviews produced by various government health agencies; 15

correct?  16

DR. OLLSON:           They are, but they also contain 17 A.

statements at the end of those reviews as to what the 18

feelings of those four agencies are. 19

And Mr. Horner refers to the Chatham -- so the 20 Q.

Chatham-Kent Public Health Unit, the Health Impact of Wind 21

Turbines, a review of the white grey and published literature 22

2008.  At the bottom of page 4 of Exhibit 137.02, Tab 31 -- 23

DR. OLLSON:           Sorry, sir, can you -- 24 A.

This would be pdf 87, I guess.  25 Q.
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DR. OLLSON:           Sorry, bear with me again, sir, 1 A.

please, for a second while I call up that document. 2

Sorry, you said 137.4, sir.  That's the -- 3

Sorry, 137 -- the one that we've been looking at.  4 Q.

DR. OLLSON:           Charlene Hager's 137.02, sir.  5 A.

Is that -- 6

Yeah.  7 Q.

DR. OLLSON:           Give me one second, please.  8 A.

What page would you like me to go to of the 9

pdf?  10

I think you're going to be on 287.  11 Q.

DR. OLLSON:           287.  Bear with me. 12 A.

Hard copy, page 4 at the bottom.  13 Q.

DR. OLLSON:           Yes, sir.  On page 287, the 14 A.

start of that page starts -- it's 414 on the hard copy. 15

So we're looking now -- we've eliminated references 1 16 Q.

and 30 -- 17

DR. OLLSON:           Yes, sir. 18 A.

-- from your literature review and now we're looking at 19 Q.

number 31.  And you can confirm that this reference is 20

produced as aid to cross, Exhibit 232.10? 21

DR. OLLSON:           I can, sir. 22 A.

And would you agree that the Chatham-Kent Public Health 23 Q.

Unit (2008) is a public health agency literature review that 24

states:  (as read)25
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"The health impact of the noise created 1

by wind turbines has been studied and 2

debated for decades with no definitive 3

evidence supporting harm to the human 4

ear."5

DR. OLLSON:           Sorry, sir, what page are you 6 A.

reading from in that exhibit?  7

I'm reading from the bottom of the Horner document? 8 Q.

DR. OLLSON:           I'd prefer to go to the actual 9 A.

document itself, sir. 10

Do you have any reason to believe that this is not -- 11 Q.

DR. OLLSON:           Sir, bear with me while I go to 12 A.

find that passage here in the document. 13

Subject to check later, sir, I can agree that 14

that is likely contained within this document. 15

Right.  Would you agree that the report comments that 16 Q.

noise and sound can be annoying? 17

DR. OLLSON:           Subject to check, I'm sure it 18 A.

does, sir. 19

And I wish to reiterate so far it's exactly 20

what that sentence says that you've been referring to in the 21

2011 Knopper and Ollson paper.22

But would you agree with Mr. Horner that the 23 Q.

Chatham-Kent Public Health Unit comments did not appear to 24

specifically state that wind turbines can be a source of 25
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annoyance? 1

DR. OLLSON:           Commission, again, this is a 2 A.

literature review that has one sentence in a paper of 7,000 3

words, more than 7,000 words.  It is the views of Knopper and 4

Ollson.  And like any time one conducts a systematic 5

literature review, you attribute references that people can 6

go to check to check and see if your views and your writings 7

are correct. 8

Having two of those phrases almost identical 9

within the report, I'm actually surprised it was that close.  10

These are views of ours.  I believe what you just read out, 11

Counsellor Secord is absolutely supported by what's in the 12

Chatham-Kent.  13

I also wish to reiterate that we're going to 14

go through two other medical agency reports I'm sure.  Those 15

are the ones that were available at the time.  We're three 16

years ago when this was written.  17

On page 5 of 4 in the middle paragraph -- 18 Q.

DR. OLLSON:           5 of 4 of which document, sir?  19 A.

We're dealing with exhibit -- with Charlene Hager's 20 Q.

exhibit.  21

DR. OLLSON:           I've got of 14.  Is that what 22 A.

you're referring to, sir?  23

Yeah, so this is on pdf -- what's 5 of 14, which would 24 Q.

be pdf 288.  25
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DR. OLLSON:           I'm there, sir. 1 A.

And just at the top of that page, Mr. Horner indicates:  2 Q.

(as read)3

"Chatham-Kent Public Health Unit 2008 4

states in the conclusion, 'This paper 5

concludes and concurs with the original 6

quote from Chatham-Kent's acting 7

medical officer Dr. David Colby.'"8

Do you see his name?  9

DR. OLLSON:           I do, and David Colby is known 10 A.

to me, sir. 11

And David Colby is the individual who -- or 12 Q.

Dr. David Colby is the individual who has his name attached 13

to the AWEA/CanWEA report; correct?  That's the same 14

Chatham-Kent acting medical officer of health? 15

DR. OLLSON:           It is, with one correction.  16 A.

Subsequent to that report and this report having been 17

published, Dr. David Colby is now the medical officer of 18

health.  They've removed the acting. 19

And in relation to Mr. Horner's statement in the middle 20 Q.

of page 5, pdf 288, he says that although Chatham -- he says:  21

(as read)22

"Although Chatham-Kent's acting medical 23

officer is not the author of the 24

Chatham-Kent Public Health Unit 2008, 25
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he has stated he endorsed and takes 1

full responsibility for the contents."2

You have no reason to disagree with that statement. 3

DR. OLLSON:           I've personally spoken to 4 A.

Dr. David Colby.  I know he takes responsibility for the 5

contents of the 2008 report, at least as to what he 6

represented to me. 7

And the next paragraph, I take it you would agree that 8 Q.

Dr. Colby has authored or participated in references which 9

identify noise-induced annoyance and/or stress as the 10

plausible cause of reported wind turbine adverse effects, and 11

that one such reference is the American Wind Energy 12

Association and the Canadian Wind Energy Association convene 13

literature review, Colby et al 2009?  I take it you would 14

agree with that? 15

DR. OLLSON:           Bear with me one second, sir.  16 A.

I'm certainly aware that Dr. Colby was the 17

lead author, as far as I know, or has been attributed as the 18

lead author to the AWEA/CanWEA report.  19

Again, I'm not sure why Mr. Horner is 20

concerning himself with that when he was apparently auditing 21

the paper to determine whether or not we accurately reflected 22

the Chatham-Kent 2008 report, which I believe I think I just 23

indicated that we had. 24

And I understand in previous documents -- I understand 25 Q.
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in previous documents, Dr. Ollson, you and your Stantec team 1

had cited and relied on Colby 2009 in some of the reports 2

that you wrote for your wind developers? 3

DR. OLLSON:           Not the Colby 2009, sir.  The 4 A.

Colby 2008, which I would have referred to as the -- likely 5

the Chatham-Kent.  I may have referred to the AWEA/CanWEA.  6

So just to distinguish, I prefer to go by the 7

AWEA/CanWEA 2009 and the Chatham-Kent 2008 because 8

Dr. Colby's name has been associated with both, if that works 9

for you, sir. 10

So you've used -- you've cited both of those, the Colby 11 Q.

2008 and the AWEA/CanWEA 2009.  You've cited both of those in 12

your work for wind developers in the reports that you've 13

written for the regulators? 14

DR. OLLSON:           I can certainly attest that 15 A.

I've cited the Chatham-Kent wind developed -- sorry, the 16

Chatham-Kent 2008, "The Health Impact of Wind Turbines:  A 17

Review of the Current White/Grey Literature."  That was one 18

of the few available review documents at the time when we 19

were doing the consulting work.  For example, for Krueger.  I 20

am not aware of whether I have or have not cited the 21

CanWEA/AWEA document.  I may well have.  22

The CanWEA/AWEA document I do not believe to 23

the best of my recollection is cited in this literature 24

review published by Knopper and myself.  25
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Right.  So then we go on on page -- the bottom of page 5 1 Q.

there's the reference to Knopper and Ollson 2011, reference 2

32.  3

The next reference cited is the Minnesota 4

Department of Health -- Environmental Health Division, 5

"Public Health Impacts of Wind Turbines 2009, Minnesota 6

Department of Health, 2009" does not appear to specifically 7

comment on wind turbine noise and hearing impairment but does 8

comment on wind turbine noise annoyance, stating:  (as read)9

"Lower noise level dBA from wind 10

turbine engenders annoyance similar to 11

much higher levels of noise exposure 12

from aircraft, road traffic and 13

railroads."14

The footnote is 233, and can you confirm that that has been 15

produced as 232.16 in this proceeding?  16

DR. OLLSON:           I can, sir, and I'd suggest 17 A.

that Mr. Horner has looked at one paragraph out of what 18

appears to be a 30-some-odd-page report.  I'd be happy to go 19

to their conclusions section to discuss further, if you'd 20

like. 21

Sure.  Well, actually, I -- the report is only 22 Q.

26 pages long, Dr. Ollson?  23

DR. OLLSON:           Agreed.  And the 24 A.

recommendations are found at the bottom of page 26 of the 25
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hard copy of the report.  1

And I'd like to read from that.  It says under 2

the "Recommendations," and I quote:  (as read)3

"Wind turbine noise estimates should 4

include cumulative impacts, 40 to 5

50 dBA isopleths of all wind turbines."6

I believe that is what has been done for this project that 7

we're here to discuss with the Commission.  8

And then it goes on to talk about the 9

isopleths for low frequency noise and discusses shadow 10

flicker.  And I believe that those are all things that are 11

covered within this, and I believe that it also accurately 12

reflects the quote in the 2011 paper.  13

Mr. Horner says:  (as read)14 Q.

"The Minnesota Department of Health, 15

2009, does not state noise from wind 16

turbines is not causally related to 17

adverse health effects."18

So we go back to your proposition on page 7 of your report 19

that you showcased as Appendix B, which says:  (as read)20

"A number of government health agencies 21

agree that wind turbines are not --"22

I guess it would say that:  (as read)  23

"Noise from wind turbines are not 24

causally related to adverse effects."  25
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Right?  1

DR. OLLSON:           Again, sir, there are -- you do 2 A.

not -- this is -- in no way, shape, or form are there quotes 3

around that one sentence that you're reading. 4

I know, but I'm -- 5 Q.

DR. OLLSON:           No, sir, hear me out.  There's 6 A.

no quotes around that sentence.  It is a statement made by 7

Knopper and myself with supporting references, two of which 8

I've already agreed were authors' errors.  The other four we 9

believe in general support that quote.  And I believe that 10

we've read from part of the Minnesota Department of Health 11

document that partially supports that quote.  If I wanted to 12

say that all four of those agencies directly quoted, then I 13

would put direct quotes around that. 14

As is common in scientific publication, 15

literature reviews and introduction sections to any 16

scientific publication, if you're attributing a direct quote 17

to an author or a source, it goes in quotes and only the 18

single reference to that would be there.  I don't believe 19

that anybody in the scientific community -- perhaps 20

Mr. Horner with his chartered accounting background was 21

confused, but I don't believe that reasonable scientists 22

would believe without quotations that every single word in 23

that one sentence out of that 7,000-word paper would in fact 24

do that.  25

558

So you wrote in Appendix B:  (as read)1 Q.

"A number of governmental health 2

agencies agree that while noise from 3

wind turbines is not loud enough to 4

cause hearing impairment and are not 5

causally related to adverse effects."6

So a number of government health agencies.  7

DR. OLLSON:           Sir, I'd like to take you 8 A.

now --9

Just let me finish.  You then say:  (as read)?10 Q.

"The Minnesota Department of Health --"11

You're saying is one of these government health agencies 12

that:  (as read)  13

"-- agrees that noise from wind 14

turbines is not causally related to 15

adverse effects."  16

And the proposition is simple.  I've gone through the 17

document, and nowhere do I find that the Minnesota Department 18

of Health, 2009, saying in this document that noise from wind 19

turbines is not causally related to adverse effects.  20

Now, can you show me in this 26-page document 21

where it says that, as you suggest it does in your literature 22

review -- 23

DR. OLLSON:           Bear with me, sir, while I go 24 A.

through the 26-page document.25
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If you do a search in the document, "adverse" only 1 Q.

appears three times.  2

DR. OLLSON:           Sir -- 3 A.

So it shouldn't take you too long.  I don't think you 4 Q.

need to read -- 5

DR. OLLSON:           Sir, I'm already -- 6 A.

-- every page.  7 Q.

DR. OLLSON:           If you allow me, I'm ready to 8 A.

answer your question, sir. 9

Thank you.  10 Q.

DR. OLLSON:           I would take you to hard copy 11 A.

page 25 of that document, and, Commission, under hard copy 12

page 25.  I do not have the electronic in front of me, sorry.  13

If you go to VI, or Roman numeral 6 -- 14

Sorry, what -15 Q.

DR. OLLSON:           Section 6, Roman numeral, 16 A.

"Conclusions" on page 25 of the Minnesota document. 17

Oh, yes.  You're talking the heading is Roman 6? 18 Q.

DR. OLLSON:           The heading is Roman 6, sir, 19 A.

"Conclusions."20

I've got that.  21 Q.

DR. OLLSON:           I would suggest that throughout 22 A.

this "Conclusions" section, there are a number of different 23

statements made within there that doesn't causally link wind 24

turbine noise and health.  It certainly comments on things 25
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like quality of life.  It goes on to talk about complaints 1

more likely when turbines are visible and shadow flicker.  2

I'm in the second paragraph now. 3

I'd also like to point out if you come to the 4

third paragraph: (as read)5

"The Minnesota nighttime standard of 6

50 -- not 40, folks -- 50 dBA not to be 7

exceeded more than 50 percent of time 8

in a given hour appears to underweight 9

the penetration of low frequency noise.  10

So we're not at 50 dBA in this case.  11

We're at 40 dBA for this project."12

So I think what we're looking at here is a document that was 13

written around the same -- or just before ours was.  And if 14

you look through the conclusions, again you're not going to 15

find a word-to-word conclusion in this document that we have 16

supported.  17

Mr. Horner may disagree, and he's welcome to, 18

as many other scientists are welcome to disagree with what we 19

have in our document, sir.  20

If you'd like me to, sir, I can take you to a 21

document right now that was published in 2012 that certainly 22

supports and has the wording in there that they support the 23

conclusions of Knopper and Ollson.  It was written by the 24

Minnesota Department of Health.  It is in evidence.  Or 25
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sorry, the Massachusetts Department of Health commissioned 1

their report.  It is in evidence before the Commission.  It 2

was 2012.  It is Exhibit 110.20.  3

So, again, for the Commission, it's 4

Exhibit 110.20.  And if you bear with me, I need to call it 5

up on my screen as well.  6

I'm just not quite finished with the Minnesota document.  7 Q.

DR. OLLSON:           I'd be happy to come back to 8 A.

the Minnesota document, sir.9

On 110.20, if you go to pdf page 49, I believe 10

it is.  It's again pdf page 49, Commissioners.  Do you have 11

that in front of you?  Do you need me to wait?  12

THE CHAIR:                    No.  I'm more interested in the 13

question being answered -- 14

DR. OLLSON:           Okay, sir. 15 A.

MR. SECORD:                   -- as opposed to you going off 16

on your own.  If you would just answer my questions, it would 17

be useful.  18

We're dealing with your paper.  This paper 19

that you showcase as Appendix B, we're dealing only with 20

specific references and I was on the Minnesota document.  And 21

I would appreciate it if you -- I think we do have quite a 22

bit of evidence to get through, and it would be useful if you 23

could just answer my questions as opposed to doing what 24

you're doing now.  25

562

DR. OLLSON:           Sir, nowhere in the Minnesota 1 A.

document will you find the exact statement, again because it 2

is not quoted directly.  There's no quotations put around 3

that reference in my document. 4

And just while we're on the Minnesota document, which 5 Q.

is, for those on the pdf, I think it's pdf 24, -- yes it's 6

pdf 28, the conclusions.  7

For those of you who are on Exhibit 232.16, 8

second paragraph, it reads: (as read)9

"The most common complaint in various 10

studies of wind turbine effects on 11

people is annoyance or an impact on 12

quality of life.  Sleeplessness and 13

headaches are the most common health 14

complaints and are highly correlated 15

but not perfectly correlated with 16

annoyance complaints.  17

Complaints are more likely when 18

turbines are visible or when shadow 19

flicker occurs.  20

Most available evidence suggests that 21

reported health effects are related to 22

audible low frequency noise.  23

Complaints appear to rise with 24

increasing outside noise levels above 25
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35 dBA.  1

It has been hypothesized that direct 2

activation of the vestibular and 3

autonomic nervous system may be 4

responsible for less common complaints 5

but evidence is scant."6

I take it that you omitted disclosing these -- this 7

particular Minnesota Department of Health 2009 Conclusion in 8

the report showcased at Appendix B of your expert report in 9

these proceedings?  10

DR. OLLSON:           I would disagree with that.  I 11 A.

think what we're looking at right now is one sentence in the 12

paper.  We can go to other paragraphs in the paper where 13

we've certainly discussed many of the things that were 14

discussed here within the Minnesota document.  15

Again, it comes down to this notion we've been 16

talking about for the last couple of days, a dose response.  17

It's not that all wind turbine noise, it's not that everybody 18

living in proximity, in this case, at 40 decibels over 546 19

metres in one kilometre that this applies to.  It comes down 20

to dose response, as they are describing here within this 21

section.  22

So I believe that continuing to come back to 23

one sentence and mischaracterizing a paper that has many, 24

many sections in it discussing how -- potential health issues 25



AUC 1955, Volume 3, October30,2013

AMICUS REPORTING GROUP

564

is simply unfair.  1

All right.  The fifth reference cited or I guess is a 2 Q.

reference 33, and that's the Chief Medical Officer of Health 3

CMOH Ontario, The Potential Health Impact of Wind Turbines 4

2010.  And you would agree the CMOH 2010 acknowledges wind 5

turbine noise is not loud enough to cause hearing impairment, 6

and wind turbine noise may be annoying.  And the reference 7

is, I think 232.17 is the aid to cross.  8

But if we could just look at the Horner paper, 9

it might save a little time.  This is, again -- the Horner 10

paper is Exhibit 102 -- sorry -- 11

Thank you, sir, 137.02, and we're on pdf 289.  12

It might be easier just to -- it's tough flipping back and 13

forth from the exhibits. 14

But it states there that: (as read)15

"The CMOH stated the sound from wind 16

turbines at common residential setbacks 17

is not sufficient to cause hearing 18

impairment or other direct adverse 19

health effects; however, some people 20

might find it annoying.  It has been 21

suggested that annoyance may be a 22

reaction to the characteristic swishing 23

or fluctuating nature of wind turbine 24

sound rather than to the intensity of 25
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sound."1

And then:  (as read)2

"Wind turbine noise was perceived as 3

more annoying than transportation or 4

industrial noise at comparable levels, 5

possibly due to its swishing quality 6

changes throughout a 24-hour period and 7

lack of nighttime abatement."8

And you don't disagree those were stated in the document? 9

DR. OLLSON:           In fact, they're at exhibit -- 10 A.

I agree.  They're at Exhibit 232.17, hard copy page 10, and 11

they appear -- the first statement there is the second bullet 12

in the "Conclusions."  It appears to be word for word.  13

And then Mr. Horner goes on to say "CMOH 2010 focuses on 14 Q.

direct causal links."  15

And in 2011, the lead author acknowledged -- 16

who is this -- who was the lead author of this report?  17

DR. OLLSON:           From recollection, I believe 18 A.

it's Dr. Gloria Rachamin but that's subject to check.  She is 19

an Associate Medical Officer of Health in the province of 20

Ontario who works for Dr. King, who is the Chief Medical 21

Officer of Health, subject to check.  22

Apparently you acknowledged under oath the literature 23 Q.

review looked at only direct links to human health.  Do you 24

know if that's correct, or do you have any reason to disagree 25
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with that? 1

DR. OLLSON:           I agree with it.  I'm under 2 A.

oath today, and I still agree with it. 3

Okay.  And then at a public information session -- I'm 4 Q.

just going to pull this up here -- a session on wind 5

turbines, "Dr. Christopher Ollson acknowledged CMOHC 2011 6

didn't look at indirect effects." 7

And I produced a videotape as Exhibit 232.18; 8

correct?  9

DR. OLLSON:           Subject to check of the number, 10 A.

yes.  I know that you've provided a video from an open house 11

meeting that has myself on it. 12

So are you able to play that video? 13 Q.

DR. OLLSON:           I believe I am, sir. 14 A.

Could you play that video?  15 Q.

DR. OLLSON:           Bear with me while I find the 16 A.

exhibit.  If you could give me the -- 17

232.18.  18 Q.

DR. OLLSON:           Bear with me while I try to 19 A.

find the wave file, because the exhibit I think is on a Word 20

page.21

I'm just scared to open up mine.  Because it's such a 22 Q.

large document, my computer may... 23

In fact, I know where I can get it.  I can get 24

it right now.  25
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MS. OLENIUK:                  Does the Commission have a copy 1

of the video?  The video that was attached, it was attached, 2

as Dr. Ollson indicated, to a Word document, and it never 3

worked, the one that was filed, so I'm not sure the 4

Commission actually has the video. 5

MR. SECORD:                   It worked for me.  6

DR. OLLSON:           I do have the video, sir.  It's 7 A.

going to be hard for everybody in the hall to see it, but I 8

can play it here. 9

MR. SECORD:                   Just bear with me for a minute.  10

I'm just going to check my... 11

MR. MOUSSEAU:                 It's Exhibit 232.09.  It's a 12

Word document with a link to it.  Now, whether we can open it 13

with our internet sticks and not suffer the wrath of the IT 14

folks, I can't attest to, sir.  15

MR. SECORD:                   Just bear with me for one 16

minute.  17

Yes.  Let me just -- I did email it on Sunday 18

to JP Mousseau and Shanelle Sinclair as well.  19

THE CHAIR:                    I have it. 20

MR. SECORD:                   That's great then. 21

THE CHAIR:                    But just one step at a time 22

here.  23

Yes, I think we all have it. 24

MR. SECORD:                   Okay.  So if you could -- 25
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THE CHAIR:                    Just -- I wasn't going to put 1

the sound on.  It's not going to be that great if all of 2

us -- 3

MR. SECORD:                   I think it needs to have the 4

sound on it. 5

THE CHAIR:                    Well, somebody needs to have 6

the sound, but we don't all need the sound, is what I'm 7

saying.  8

MR. SECORD:                   Here we go.  I'm just going to 9

see if I can open mine.  I'm just worried that it -- okay, 10

that -- 11

THE CHAIR:                    I guess what I'm suggesting -- 12

MR. SECORD:                   I've got sound here. 13

THE CHAIR:                    Yes.  As you put your sound on, 14

nobody else does, and we can hear it and watch it, all watch 15

it silently. 16

(VIDEO CLIP EXHIBIT 232.09 PLAYED) 17

MR. SECORD:           So you were able to play the 18 Q.

video, Dr. Ollson? 19

DR. OLLSON:           I was. 20 A.

And it would seem to me you had a big smile on your face 21 Q.

when you said to the individual:  (as read)22

"She didn't look at indirect health 23

effects."  24

DR. OLLSON:           Commission, if I may, I'll give 25 A.
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you context of where the video is, what the video is, who I'm 1

actually having an exchange with. 2

That video -- now, it says 2010, so it may 3

well have been.  I can attest that it is at an open house, 4

public-style open house, for Algonquin Power for their 5

project on Amherst Island in the Province of Ontario.  The 6

individual that I'm speaking to at that point is not the one 7

who is videotaping me.  It's Dr. John Harrison, who is a 8

professor emeritus from the Queen's University and a member 9

of the board of directors for the Society for Wind Vigilance. 10

It's probably after many, many hours of 11

conversation with Dr. Harrison; I've had many in the past.  12

It was a discussion that Dr. John and I were going back and 13

forth on that -- in which the video -- and I'm going to 14

paraphrase right now.  He was asking me about the quote that 15

I had on a storyboard attributed to the medical officer of 16

health, one of which we've already read out here today.  17

I asked Dr. -- we were going back and forth in 18

this exchange, which I hadn't seen until Sunday but I'm taped 19

in almost all of them, is that I -- having an exchange with 20

him asking -- he was accosting me about the chief medical 21

officer of health's report.  I asked him something along the 22

lines of, Do you agree that there are no direct health 23

effects at 550 metres and 40 decibel sound level in the 24

Province of Ontario?  He comes back and says he would agree 25
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to that, so I say, I agree with -- then he agrees to the 1

chief medical officer of health's report.  He comes back with 2

a discussion about indirect health effects, and I simply 3

agree with him, as I've already stated here today and have 4

stated on many occasions.  The chief medical officer of 5

health's report in 2010 contains absolutely no statements 6

about indirect health effects.  7

There have been many studies done subsequent 8

to 2010.  We're almost -- we're getting on three and a half 9

years later since that document.  And certainly at the time 10

of this discussion, it remained valid then, and it's valid 11

today.  12

I would disagree that I necessarily had a 13

smile on my face.  That was after a numerous-hour 14

conversation with Dr. Harrison that I've many of.  15

THE CHAIR:                    If I can just interrupt.  What 16

we have is a 31-second video which speaks for itself. 17

MR. SECORD:                   Yes. 18

THE CHAIR:                    We heard a bit of it.  It 19

wasn't very good sound.  But we can -- the Panel can watch it 20

individually and make a determination as to -- 21

MR. SECORD:                   Sure. 22

THE CHAIR:                    -- some of the things that 23

you've suggested and some of the things that have been said.  24

But it is clear that this witness is discussing the matter 25
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with another male person.  And I don't know, you mentioned 1

some female or smiling, and that I found confusing. 2

MR. SECORD:                   No, I just wondered -- it just 3

seemed to me he had a smile on his face when he said:  4

(as read)5

"She didn't look at indirect health 6

effects." 7

THE CHAIR:                    She?  8

MR. SECORD:                   The -- Dr. King, the chief 9

medical officer of health for Ontario. 10

THE CHAIR:                    Very well. 11

MR. SECORD:                   Or is it Rachamin?  12

DR. OLLSON:           Gloria Rachamin. 13 A.

MR. SECORD:                   Yes.  So both are female.  14

That's why I said "she."  I'm sorry, sir.  That was just the 15

context of -- 16

THE CHAIR:                    All right.  I understand now, 17

but we're trying to follow along. 18

MR. SECORD:                   Sure. 19

THE CHAIR:                    I believe you've asked him if 20

he had a smile, and he has responded. 21

MR. SECORD:                   Sure. 22

THE CHAIR:                    We can see the video and make 23

our own determination.  Thank you. 24

MR. SECORD:                   Sure.  Thank you for that, 25
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Commissioner Beattie. 1

And what do you mean by -- by "she," meaning Dr. King or 2 Q.

Dr. Rachamin didn't look at indirect effects?  What did you 3

mean by that?  4

DR. OLLSON:           Bear with me, sir. 5 A.

Maybe you can tell me, what are "indirect effects"?  I 6 Q.

think that would be a better question, in terms of what did 7

you mean by that? 8

DR. OLLSON:           There are several questions 9 A.

there.  Perhaps I could answer the first.  Is that the chief 10

medical officer of health's report specifically contains the 11

statement -- and I'd have to find it -- that there are no 12

direct -- and the word "direct" is in that direct -- 13

Sure.  14 Q.

DR. OLLSON:           -- on purpose.  It was -- in 15 A.

fact, if I come back to the chief medical officer of health's 16

report so that I'm not misquoting it.  Exhibit 232.17.  I 17

apologize, I only have the hard copy.  It's hard copy page 10 18

under the conclusions near the end of the document.  It says:  19

(as read)20

"The sound level from wind turbines at 21

common residential setbacks is not 22

sufficient to cause hearing impairment 23

or other direct adverse health effects.  24

The word direct appears there for good 25
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reason, and nowhere within this 1

document does she describe 'indirect 2

health effects.'"  3

Would you like me to go on, then, and --4

Sure.5 Q.

DR. OLLSON:           -- provide you with my 6 A.

understanding of direct and indirect health effects as they 7

pertain to noise, sir?  8

I just wondered what you meant in that conversation by, 9 Q.

she didn't look at indirect effects or indirect health 10

effects.  11

DR. OLLSON:           The discussion that 12 A.

Dr. Harrison and I were having was around a quote on a 13

storyboard.  In fact, if you still have the video up, if you 14

look over my left-hand shoulder, you'll see an Intrinsik logo 15

at the end of that video.  That is the storyboard that I was 16

standing in front of to the best of my recollection.  17

I'm sorry, we called them "storyboards," 18

Commission, because it's a town hall -- or sorry, an 19

open-house format where if we were to be in this room, a 20

number of poster boards would be around, almost like a 21

science fair where you go in and it describes the project; 22

you talk about different aspects, and I was standing in front 23

of the wind turbine health board.  24

It would have, I believe, had that quote that 25
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I just provided you from the conclusions section of the chief 1

medical officer of health's report referring to direct health 2

effects.  3

I believe the conversation Dr. Harrison and I 4

were having is over whether or not indirect health effects 5

were important.  They always have been; they always will be.  6

We were simply discussing this report itself and what was on 7

the storyboard. 8

THE CHAIR:                    But as I understand, the 9

question is:  What did you mean or what do you mean by 10

"indirect health effects"?  11

MR. SECORD:                   Or indirect effects. 12

THE CHAIR:                    Or indirect effects.13

DR. OLLSON:           Certainly, Commission. 14 A.

THE CHAIR:                    That's what was being asked. 15

DR. OLLSON:           Okay.  I apologize.  I didn't 16 A.

understand the question, sir. 17

Direct health effects in relation to noise, 18

meaning -- and I believe that both Dr. McCunney and 19

Dr. Leventhall have gone through this over the last couple 20

days.  Noise is an environmental contaminant, defined so 21

under every jurisdiction in North American that I'm aware of 22

that is defined as a "contaminant."  Noise is unwanted sound.  23

We have noise restrictions in place for good reason.  It's 24

for protection of public health.25
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Direct health effects from noise are when 1

you're in the dose response curve well up into the very 2

high -- if we're talking about the audible frequencies, which 3

is probably just the easiest thing to do in this case just to 4

describe direct and indirect -- I can come back to the lower 5

frequency if you'd like. 6

Direct health effect from noise would be, for 7

example, somebody who's operating a pneumatic drill.  You're 8

up in the 100 plus decibel range prolonged periods of times 9

and they suffer hearing loss.  That would be an example of a 10

direct health effect. 11

The indirect health effects that have been -- 12

much more attention has been paid since 2010 and 2009 when 13

many of these documents were written are on the indirect side 14

for wind turbines.  We know we're not going to be in the 15

audible range where we would expect to have hearing loss or 16

other direct health effects. 17

What is meant by -- certainly how I use the 18

term "indirect health effect," how many of my colleagues -- I 19

believe that Drs. McCunney and Leventhall have testified to 20

this.  Indirect health effect would be if someone was living 21

in a condition where the noise level was simply unbearable, 22

even though it may be, you know, a reasonable noise to be 23

outside during the day and playing in the backyard, but at 24

night it kept you from getting a good night's sleep, the good 25
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night's sleep side would be the direct part of it.  But the 1

health impact potential along the spectra would be the -- all 2

the things that you can imagine come with not getting a good 3

night's sleep over a prolonged period of time. 4

In this case, we believe that the research -- 5

let me restate that.  I believe that the research that has 6

been done over the past three to four years since this 7

document has been published, and others like it, including 8

the Australia Medical Research Council, there's been a 9

considerable amount of work done around the world on the 10

indirect health effect equation specifically for wind 11

turbines.  And I believe that that research, by and large, 12

shows that you need to be over 45 decibels in the dose 13

response curve at nighttime in order to start eliciting these 14

responses of lack of sleep and then some of the other issues 15

that can come along with that. 16

So we now look to protect not against the 17

direct health effects necessarily; we look to protect against 18

the indirect health effects for people exposed to wind 19

turbine noise. 20

MR. SECORD:           And I think my question was 21 Q.

what are these indirect health effects?  You've mentioned 22

sleep.  What other indirect effects are there?  23

DR. OLLSON:           The -- if you go to the 24 A.

scientific literature -- 25
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I'm just wondering what you meant.  I wonder if you 1 Q.

could give us a list.  That's all? 2

DR. OLLSON:           Absolutely.  I think the list 3 A.

is fairly short at this point in terms of what's been 4

actually shown to be elicited from turbines themselves over 5

45 decibels statistically linked, whether we're talking about 6

the Pedersen work or others.  Stress is certainly one that 7

has been statistically linked, and sleepless nights. 8

The rest of the purported issues, to the best 9

of my knowledge without having the papers all in front of me, 10

that would be the extent that we've seen on the indirect 11

health effect side below 45 decibels of nighttime noise dBA. 12

Above 45 decibels, there may well be a number 13

of other issues.  There could be the typical list that we've 14

been talking about here.  I'd have to pull it up.  If you 15

could bear with me, I'm happy to do so.  16

I can give you three examples.  There's claims 17

of the nausea, headache, and others.  But those would be -- 18

none of them have been statistically linked to be under 45 19

decibels.  And I don't believe many, if any, have been linked 20

to over 45 decibels night noise on a dose response. 21

And you haven't done any original research in that area, 22 Q.

I take it? 23

DR. OLLSON:           No.  I'm happy to take you to 24 A.

those who have and look at those curves if you'd like. 25
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MR. SECORD:                   Perhaps, Commissioner Beattie, 1

we could take a morning break. 2

THE CHAIR:                    Yes.  We'll take a 15-minute 3

break, and then we will resume.  Thank you. 4

MR. SECORD:                   Thank you.  5

(ADJOURNMENT) 6

THE CHAIR:                    Thank you.  Please be seated.  7

Just a couple of logistics before we resume.  One, I know on 8

behalf of Madam Reporter, I would just ask, Dr. Ollson, that 9

you speak a little bit more slowly because Madam Reporter 10

does have to take things down, and I know it would be very 11

helpful to her especially, including the court reporter in 12

terms of the whole transcript situation.  So if you could 13

bear that in mind.  14

Now, the second thing I'm told is that our 15

timing is somewhat -- things are happening on that, so we'll 16

maybe address that after lunch in terms of order of witnesses 17

and whether or not we're going to be sitting until eight 18

tonight.  Is that a fair statement?  19

MR. SECORD:                   I think that in the break, 20

Ms. Oleniuk and I had a discussion.  As I mentioned, 21

Dr. Phillips came here from Philadelphia last night.  Like 22

Dr. McCunney, he has some constraints, and my friend has 23

graciously agreed to cross-examine him after I finish with 24

Dr. Ollson.  25
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So I would think either after lunch or shortly 1

after lunch, then, we would have this panel stand down, 2

Dr. Phillips would give evidence, and that way -- he has a 3

7:30 flight tomorrow morning from Edmonton, and that way he 4

wouldn't have to get up at 2:30 in the morning to drive 5

there. 6

THE CHAIR:                    And I think that would be fine.  7

I think from our logistical point of view, if we could 8

certainly sit like, say, we did yesterday, a little later, 9

but not actually take a dinner break because that -- you 10

know, that consumes an hour, and then people come back.  That 11

might be the way to approach it. 12

So we'll keep an open mind on that if -- we 13

won't order a pizza, is what I'm saying. 14

MR. SECORD:                   Let's not order a pizza, and 15

I'm happy with that. 16

MS. OLENIUK:                  We're in your hands, sir.  17

We're here all week, and our calendar is open. 18

THE CHAIR:                    Great.  Are we ready to 19

proceed?  20

MR. SECORD:                   Thank you.  21

All right.  We were looking at Exhibit 137.02, and I had 22 Q.

discussed with you the videotape that we looked at.  And 23

we've had your comment about the chief medical officer of 24

health didn't look at indirect effects.  We have your 25
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evidence on that. 1

And then if we go to the bottom of pdf 289 of 2

Exhibit 137.02, we have the statement that Mr. Horner quotes 3

from the 2010 report.  4

And then over the page, then, to page 290, he 5

states that:  (as read)6

"CMOH 2010 was released to the public 7

on May 20, 2010.  Another document was 8

prepared by the chief medical officer 9

of health and transmitted to the 10

Ontario medical officers of health by 11

the Chair of the" Ontario -- "Council 12

of Ontario Medical Officers of Health 13

on May 19th, 2010."  14

And I believe we put that in as Exhibit 232.18.  That was a 15

personal communication, I believe.  Do you have that? 16

DR. OLLSON:           I don't yet, sir. 17 A.

It's your -- anyway, maybe you can -- 18 Q.

DR. OLLSON:           Is that the one sorry, sir, 19 A.

titled -- it's at the very top -- "Brett Horner," and it's an 20

email, Beth Harrington?  21

It's endnote 40 to his paper that we are looking at in 22 Q.

Exhibit 137.2. 23

DR. OLLSON:           But, sir, so what I have in 24 A.

front of me is 232.18; is that correct?  25
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That's what I have.  1 Q.

DR. OLLSON:           Email to Dr. Kyle?  2 A.

Yes.  And it indicates it was submitted -- received -- 3 Q.

the document dated May 19, 2010, was received from the office 4

of the chief medical of health, Dr. Arlene King.5

DR. OLLSON:           I'm on that email, sir, yes.  6 A.

And I take it you have no reason to disagree with that 7 Q.

information?  8

DR. OLLSON:           Well, I wasn't part of the 9 A.

email chain, but this appears to be an email chain from -- if 10

I go back, it appears to be an email chain from 11

Beth Harrington.  It says at the bottom -- I'm sorry.  I'm on 12

page 2 of the document.  The bottom it says, 13

"Beth Harringtonvigilance.com" and a phone number that I 14

won't read into the record.  And it says:  (as read)15

"Dear, Dr. Kyle, 16

Thank you for this information 17

regarding wind turbines noise Q&A.  As 18

I understand from your assistant's 19

telephone call this morning, the 20

question and answer document dated 21

May 19th, 2010, was received from you 22

from the office of the chief medical 23

officer of health" -- and I've 24

shortened it -- "Dr. Arlene King.  If 25
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this information is correct, please 1

clarify.  2

Thank you for the time."3

The email address that this appears to have gone to is 4

Robert.Kyle@Durham.ca.  I was happy to read that into the 5

record because I believe that to be, to the best of my 6

knowledge, the email address of Dr. Robert Kyle, who is the 7

medical officer of health for the Region of Durham, which is 8

located on the border of Toronto to its east.9

All right.  10 Q.

DR. OLLSON:           I have no reason to not know 11 A.

that in 2011 he received that document, as it states here.  12

Okay.  In any event, Mr. Horner goes on referencing back 13 Q.

to the May 19, 2010, CMOH document; states:  (as read)14

"Although some people living near wind 15

turbines report symptoms such as 16

dizziness, headaches, and sleep 17

disturbance, available scientific 18

evidence has not demonstrated a direct 19

causal link to wind turbine noise.  It 20

is possible that these symptoms are a 21

result of annoyance with noise."22

And he goes on to say:  (as read)23

"CMOH 2010 acknowledges the Ontario 24

Ministry of the Environment has 25
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recently hired independent consultants 1

to review low frequency sound impacts 2

from wind turbines and to develop 3

recommendations regarding low frequency 4

sound."5

And I understand Howe Gastmeier Chapnick Limited were the 6

consultants hired; is that correct?  7

DR. OLLSON:           I don't believe that the CMOH 8 A.

2010 document does include those quotes, sir.  If you could 9

take me to the page, I'd be happy to read them. 10

Sure.  It's the reference -- the footnote reference is 11 Q.

41.  This reference is Chief Medical Officer of Health Q&As.  12

Don't think we've got that endnote in front of us.  13

DR. OLLSON:           I don't, sir.  If I could have 14 A.

that endnote.  If it's in evidence -- 15

I don't think we put that in.  I take it you don't have 16 Q.

any information, one way or another, in relation to that 17

end -- you haven't seen that endnote, I take it? 18

DR. OLLSON:           I'm sure that I have seen that 19 A.

endnote.  I'm positive that I have, but I don't recall that 20

it says what -- I'd like to add that it's got some dot dot 21

dots.  So it appears to be a number of different quotes. 22

Oh, no, no -- 23 Q.

DR. OLLSON:           I have no reason to suspect 24 A.

that it is not contained in that footnote, if that's what 25
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you're asking me. 1

Well, there's no dot dot dots in the quote that's in 2 Q.

quotes there in the indented; correct? 3

DR. OLLSON:           No.  But sir, I thought we were 4 A.

talking about the next paragraph, I apologize, where it says 5

"the Ministry of the Environment has recently hired 6

independent consultants to dot dot dot review low frequency 7

noise."  I thought that's where you had me.  I apologize. 8

No.  The dot dot dot part is from -- that footnote is 9 Q.

the Chief Medical Officer of Health 2010 May report.  We've 10

got that one, I think, in evidence.  11

DR. OLLSON:           I'm sorry that I'm getting 12 A.

confused.  I'll stop. 13

Sure.  In any event, you would agree that Howe Gastmeier 14 Q.

Chapnick Ltd. was the consultant hired to prepare the report? 15

DR. OLLSON:           To the best of my knowledge, 16 A.

yes. 17

And Howe Gastmeier Chapnick Limited literature review is 18 Q.

entitled "Low Frequency Noise and Infrasound Associated with 19

Wind Turbine Generator Systems, a Literature Review? 20

DR. OLLSON:           I would have to pull up the 21 A.

document but that appears to be right. 22

We produced one of the drafts.  I think Exhibit 232.19 I 23 Q.

believe is the draft which is endnote 43; correct? 24

DR. OLLSON:           The exhibit you referred to, 25 A.
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sir -- 1

232.19? 2 Q.

DR. OLLSON:           -- is in front of me, and it 3 A.

says: (as read)4

"Low frequency noise and infrasound 5

associated with wind turbine generator 6

systems, a literature review, and it 7

says 'draft for discussion.'"8

And I think we produced the final draft, which is aid to 9 Q.

cross Exhibit 232.20? 10

DR. OLLSON:           Yes, sir.  It does say "final 11 A.

draft" on it. 12

And would you agree, subject to check, that these drafts 13 Q.

state in quotes:  (as read)14

"The audible sound from wind turbines 15

at levels experienced at typical 16

receptor distances in Ontario is 17

nonetheless expected to result in a 18

nontrivial percentage of persons being 19

highly annoyed.  20

As with sounds from many sources, 21

research has shown that annoyance 22

associated with sound from wind 23

turbines can be expected to contribute 24

to stress-related health impacts in 25
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some persons."1

Do you agree with that extract from the report?  2

DR. OLLSON:           I do, sir.  Let me qualify 3 A.

that.  I agree that that's what the report does say, yes. 4

And the report, again can you accept, subject to check, 5 Q.

also contains the statement:  (as read)6

"Stress symptoms associated with noise 7

annoyance and, in particular, low 8

frequency annoyance includes sleep 9

interference, headaches, poor 10

concentration, and mood swings."  11

MS. OLENIUK:                  I think my friend is reading 12

from a report.  Could you provide a page number?  I think 13

that might be helpful for those of us trying to follow along. 14

MR. SECORD:                   Sure.  I'm referring to 15

Mr. Horner's article, Exhibit 137.02, and I'm just reading in 16

order to save a little time.  I'm just reading from pdf 17

page 290.  I'm just -- 18

DR. OLLSON:           If I may, sir, and I think I 19 A.

can make this pretty quick. 20

Sure.  21 Q.

DR. OLLSON:           It appears he's referencing all 22 A.

three drafts say the same thing. 23

Yes.  24 Q.

DR. OLLSON:           And if that's okay, what I 25 A.
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would like to be able to do is go then to the final document, 1

which I believe you've given me as 232.21. 2

I believe we have done that, yes.  3 Q.

DR. OLLSON:           And I think I can very quickly 4 A.

verify that that is indeed in the executive summary and it 5

appears in the last paragraph on the first page of the 6

executive summary.  Yes. 7

And then it states that:  (as read)8 Q.

"Since it is evident that complaints 9

related to low frequency noise from 10

wind turbines often arise from the 11

characteristics of the sound impact 12

indoors, and since the indoor low 13

frequency sounds and frequency spectra 14

can differ markedly from those 15

outdoors, it is recommended that the 16

MOE consider adopting or developing a 17

protocol to provide guidance for 18

addressing such complaints."19

You can confirm that was also in the final draft?  20

DR. OLLSON:           It's in the final report and I 21 A.

believe in the final drafts if that's what Mr. Horner has.  22

Yes, sir. 23

And then as I understand it, in December 2010, the 24 Q.

Ontario Ministry of Environment submitted this literature 25
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review as disclosure evidence in an environmental Ontario ERT 1

proceeding.  Are you familiar with that? 2

DR. OLLSON:           I'm familiar with the 3 A.

proceeding.  I believe that probably refers to Erickson. 4

Yeah.  And then it says: (as read)5 Q.

"Mr. Horner says on January 17th, 2011, 6

Dr. Ollson stated he was provided a 7

copy of the 'Low Frequency Noise and 8

Infrasound Associated With Wind Turbine 9

Generator Systems, A Literature Review 10

Final Draft' prepared for the Ministry 11

of Environment December 10, 2010, the 12

aid to cross that we've just looked at 13

and he received it during the 14

preparation of his witness statement 15

for the Ontario Environmental Review 16

Tribunal."17

So that would be the Erickson case.  Is that accurate? 18

DR. OLLSON:           I don't believe that is, sir.  19 A.

To the best of my recollection, I was never provided with a 20

draft copy of this.  I don't know what Footnote 47 is.  Can 21

we go to that?  22

Yes.  Let's take a look at his Footnote 47.  Footnote 47 23 Q.

is the copy of the report, and Footnote 48 is a reference to 24

your witness statement dated January 17th, 2011.  25
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DR. OLLSON:           Sir, to the best of my 1 A.

recollection, and I could undertake to provide you with my 2

witness statement from Erickson if you don't already have it 3

or if it's not already in record.  And I apologize to the 4

court reporter.  I'll slow down. 5

The first I recall seeing this document was 6

when it was publicly released.  And I believe that, even 7

though it's dated the final -- the first I recall seeing this 8

document, it's, although, dated, the final version, the 9

release version is dated December 10th, 2010.  10

The first I recall seeing it is when it was 11

released I believe in December of 2011 along with the general 12

public. 13

Okay.  So -- 14 Q.

DR. OLLSON:           So I would not have had it in 15 A.

front of me during the preparation of Erickson, nor would I 16

have had it in front of me during the preparation of the 17

literature review. 18

So Footnote 47 is just a reference to the report, and 19 Q.

Footnote number 48 is your witness statement.  20

Would you mind giving me an undertaking to 21

review your witness statement, and I probably have it 22

somewhere, but would you undertake to review it and let me 23

know whether you've stated in that witness statement that you 24

were provided with a copy of the report -- the final draft of 25

590

that report?  Is that agreeable?  1

DR. OLLSON:           That is agreeable.  I can 2 A.

certainly agree to undertake to provide you with my witness 3

statement from Erickson 2011. 4

I think all I need is for you to review it and tell me 5 Q.

whether or not you had made a statement in it to this effect.  6

DR. OLLSON:           I can, sir. 7 A.

And that will save a little -- it will reduce the amount 8 Q.

of paper we have to read. 9

UNDERTAKING - TO REVIEW THE WITNESS 10

STATEMENT FROM ERICKSON 2011 AND ADVISE 11

WHETHER DR. OLLSON STATED HE WAS 12

PROVIDED WITH THE FINAL DRAFT OF THE 13

REPORT14

MR. SECORD:           If we turn over to 15 Q.

Exhibit 232 -- sorry, let me just get this up.  So turning to 16

Exhibit 232 -- sorry, 137.02, turning to page 8 of 14 on the 17

aid to cross which is 291 on the pdf -- sorry.  18

So you're going to give us the undertaking.  19

And then on the top of page 8 it says:  (as read)20

"In December 2011, the Ontario Ministry 21

of Environment released the final draft 22

by Howe Gastmeier Chapnick Limited 23

stating that three experts in the field 24

of noise vibration and acoustics had 25
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reviewed and validated the report.  And 1

the report released in December 2011 2

appears to contain the same content as 3

the final draft."4

Have you compared the two to determine whether that is 5

correct?  6

DR. OLLSON:           I have, sir.  I guess where I'm 7 A.

a little confused is that it seems to indicate that Knopper 8

and Ollson 2011 omit any mention of a draft.  We don't 9

mention this report at all within the Appendix B of this 2011 10

paper we've written.  I just checked.  11

Subject to check, with a little bit more time, 12

what I'd undertake to do is to confirm both that I did not 13

refer to the draft in Erickson, nor did I refer to a draft in 14

this 2011 paper that's been the subject of this morning, if 15

that's agreeable to you. 16

Sure. 17 Q.

UNDERTAKING - TO CONFIRM BOTH THAT THE 18

DRAFT WAS NOT REFERRED TO IN ERICKSON, 19

NOR WAS THE DRAFT REFERRED TO IN THE 20

2011 PAPER21

MR. SECORD:           And then in relation to 22 Q.

Reference 34, it says the sixth and final reference -- which 23

really now is 4, right, because we kicked out reference 1 and 24

30 so we've only got 4 references.  25
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The fourth reference is "Australian Government 1

National Health and Medical Research Council, Wind Turbines 2

and Health, a Rapid Review of the Evidence 2010."3

And Mr. Horner indicates that:  (as read)4

"Rapid review appears to acknowledge 5

when wind turbine noise is not loud 6

enough to cause hearing impairment and 7

wind turbine noise may be annoying.  8

He suggested:  (as read)9

"It appears to focus on direct 10

effects."  11

And states in the conclusion:  (as read)12

"There are no direct pathological 13

effects from wind farms that any 14

potential impact on humans can be 15

minimized by following existing 16

planning guidelines." 17

He then goes on to suggest that:  (as read)18

"Rapid review does not conclude that 19

noise from wind turbines is not 20

causally related to adverse effects."  21

I guess that's his opinion. 22

But what I was interested in was the reference 23

to the Australian Senate Committee inquiry, and we produced 24

Exhibit 232.24.  Do you have that exhibit in front of you? 25
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DR. OLLSON:           Sorry, bear with me for one 1 A.

second.  2

And sorry, I do have 232.24 in front of me.  3

Could you take me back again to where you are in the Horner 4

review?  5

Sure.  So I'm referring to the footnote I have is 54, 6 Q.

which is the public hearing.  Do you have that document? 7

DR. OLLSON:           Yes, I do. 8 A.

If you get a chance to look at it, it's called "The 9 Q.

Senate Community Affairs References Committee."  10

DR. OLLSON:           I'm familiar with this report. 11 A.

You've got it?  12 Q.

DR. OLLSON:           Yes, sir, I've got --13 A.

And I'm sure you've checked this.  I mean, you've had 14 Q.

three days or so to look at this.  But do you agree that in 15

that -- that the 2011 Australian Senate Committee inquiry 16

refers to rapid review 2010 and reports many witnesses who 17

asserted that there are not any adverse health effects from 18

wind farms relied on a survey of the literature published by 19

the National Health and Medical Research Council, NHMRC?  20

Is that accurate?  Were you able to find that 21

reference in the committee inquiry?  22

DR. OLLSON:           I -- subject to check, sir, I 23 A.

have no reason to believe that that's not the case.  So yes, 24

I would agree that it's likely in there. 25
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And then we -- then Mr. Horner indicates the Australian 1 Q.

Senate Committee report, again, which is Aid to Cross 220.34, 2

states:  (as read)3

"Professor Anderson, the chief 4

executive officer of NHMRC, informed 5

the Committee that -- I do want to make 6

a point to anybody who is relying on 7

this.  We regard this as a work in 8

progress.  We certainly do not believe 9

that this question has been settled.  10

That is why we are keeping it under 11

review.  That is why we said in our 12

review that we believe authorities must 13

take a precautionary approach to this.  14

That is what we do say in medicine 15

anyhow.  But this is very important 16

here because of the very early stage of 17

the scientific literature.  18

In any area we make statements on, we 19

are robust.  We are used to being 20

criticized from all sorts of 21

directions, and we cannot be 22

responsible for the use that others 23

make of the literature."24

Did you find that -- did you find that statement in the 25
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Australian Senate Committee inquiry report Exhibit 232.24, or 1

can you accept, subject to check, that it's contained there?  2

DR. OLLSON:           I did not find it there, sir.  3 A.

In fact, I found it where the footnote reference says, and I 4

believe if you -- it's in Exhibit 232.2 5 in front of me, 5

which is dated the 12th of -- May 31st.  This is one you 6

provided to me for -- and I believe it's contained in that -- 7

not the committee report.  I believe it was a discussion he 8

was having with senators in your subsequent Exhibit 232.25.  9

Okay.  10 Q.

DR. OLLSON:           And therefore, I'd like to add 11 A.

was -- 12

I seem to have lost my -- 13 Q.

DR. OLLSON:           -- both of these documents were 14 A.

published after the literature review in question that 15

Mr. Horner was drawing your attention to.  16

And let me just pull up Exhibit 232.25.  And that is 17 Q.

also Endnote 56, which is described as "Community Affairs 18

Legislation Committee, 31-5, 2012, Health and Aging 19

Portfolio."  And this is an extract, as I understand it, from 20

Hansard in Australia; is that correct? 21

DR. OLLSON:           That's correct.  It appears to 22 A.

be, yes.  It's an internet print-off, or what appears to be 23

that, yes. 24

And I take it, then, Mr. Horner on page 9 of 14 of 25 Q.
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Exhibit 1 -- Exhibit 137.02, pdf 292, he states:  (as read)1

"In 2012 when asked if the NHMRC is 2

prepared to say that there are no 3

health problems from the wind turbines, 4

the chief executive officer of the 5

NHMRC, Professor Anderson, stated that 6

'we have never been prepared to say 7

that because it is very hard to rule 8

things out.'"9

And I take it that you found that quote within 10

Exhibit 232.25?  11

DR. OLLSON:           I did, sir.  And if I may, I -- 12 A.

now looking at the quote before that you read me, subject to 13

check, I was not aware that it may have contained in the 14

Senate report.  So that being said, I just can't tell you one 15

way or another.  What I can tell you for both of these quotes 16

and both of these documents is that they were done after the 17

literature review that's in question, the 2011 literature 18

review.  19

And I can also tell you that I have not relied 20

on the Medical Research Council from the Australia 2010 21

report since 2010, sir.  22

And then Mr. Horner did a table in the aid to cross, 23 Q.

which is 137.02, beginning at page 293 of the pdf, and he has 24

three columns where he says is the -- reference -- (as read)25
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"An official production of a government 1

health agency, obviously we can kick 2

out the first two, because they're not 3

supposed to be there."4

And references 31 to 34R.  He says:  (as read)5

"Does the cited reference agree that 6

noise from wind turbines is not loud 7

enough to cause hearing impairment?"  8

The answer is yes for the -- well, yes for your Footnote 31 9

in your showcased Appendix B.  No for the Minnesota 10

Department of Health Environmental Health Division, 11

Footnote 32.  Yes for the other two. 12

In relation to does your reference agree that 13

noise from wind turbine is not causally related to adverse 14

effects, for your References 31, 32, 33, and 34, he says no.  15

And does the cited referenced agree that wind 16

turbines noise can be a source annoyance, and I guess for all 17

four that you cited, your Footnotes 31 through 34, he says 18

yes. 19

And that's his analysis of the documents.  And 20

I take it essentially what you would say it's for really -- 21

it's for the reader, then, to take a look at your work, and 22

then we would make our own opinions based on how we check 23

your references.  Is that how it works?  24

DR. OLLSON:           No.  That's not what I said, 25 A.

598

sir.  What I said was -- 1

No, I'm just saying --2 Q.

DR. OLLSON:           To be absolutely clear, sir, we 3 A.

spent a lot of time talking about one sentence in a paper 4

that is ten pages long.  I have agreed that there was an 5

error.  Instead of saying 31 through 34, it says "1, to 34."  6

I do not agree with how you characterized nor how Mr. Horner 7

has characterized the no/yes/no side of things.  It is not in 8

quotes.  It is my scientific professional opinion as to how 9

this all works.  And at the end of the day when you keep 10

going through this, you're at the very start of the annoyance 11

section, and that section then goes on to describe all the 12

concerns that Dr. Knopper and I have around annoyance in the 13

proper setting of wind turbines.14

This document's from 2011.  It stands.  Even 15

this day, 2013.  The Massachusetts Department of Health 16

expert peer -reviewed -- sorry, panel review also cited 17

Knopper and Ollson and said that they agreed with our 18

findings.  19

So not only do I have four references here to 20

medical agencies subscribing one sentence that I wrote, I 21

have an expert panel from Massachusetts also agreeing the -- 22

with -- their conclusions match Knopper and Ollson. 23

Okay.  So in relation to your report itself, if we could 24 Q.

turn to that, which is Exhibit 202.05.  25
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DR. OLLSON:           Yes, sir.  I have it up. 1 A.

And on page 1, it says you're the vice president 2 Q.

strategic development and senior environmental health 3

scientist at Intrinsik Environmental Sciences Inc.  What is 4

your roll role in strategic development? 5

DR. OLLSON:           The role I have at Intrinsik is 6 A.

two-fold.  With the strategic vice presidential role, I 7

oversee business operations and increase revenue and size of 8

the company itself.  So looking at -- making sure that 9

Intrinsik grows, prospers, and is a growing entity in the 10

future for the president and the other vice presidents of the 11

company and the shareholders. 12

And is it a publicly traded company? 13 Q.

DR. OLLSON:           It is not.  We are a small, 14 A.

privately owned company of approximately 70 staff primarily 15

in Canada, including here in Calgary, Alberta. 16

So as the vice president of strategic development, your 17 Q.

job, then, is to grow the business and then increase staffing 18

levels and generate more profit for shareholder is that -- 19

DR. OLLSON:           That is correct.  In that role 20 A.

as part of the company.  I also play a scientific role as a 21

senior environmental health scientist, and that is the 22

capacity in which I appear today.  23

All right.  And on page 3 of your report -- I suppose I 24 Q.

should have the pdf up at the bottom of page 3 which is pdf 5 25
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of Exhibit 202.05, you indicate: (as read)1

"In Provost, the closest turbine, 2

turbine 20, is located 1,036 metres 3

from receptor 101.  And in the case of 4

Wainwright, the closest turbine, 5

turbine 37 is located 695 metres from 6

receptor 04." 7

Correct? 8

DR. OLLSON:           Correct. 9 A.

And where did you obtain the setback distances from?  10 Q.

DR. OLLSON:           I believe those were both from 11 A.

asking for that information from BluEarth representatives 12

themselves as well as having reviewed the 2013 NIA report, 13

the noise impact assessment report. 14

And then on page 4, which is pdf 6, at the second 15 Q.

paragraph, you indicate that:  (as read)16

"The highest daytime cumulative noise 17

level was predicted to be 42 dBA at 18

resident 62 with the noise from the 19

turbine at 38.9 dBA, and the highest 20

cumulative noise level at nighttime was 21

predicted to be 40 dBA at the same 22

receptor with the noise from the 23

turbine, although unpredicted, to be 24

37.7 dBA." 25
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And where did you get those numbers, Dr. Ollson? 1

DR. OLLSON:           Again I believe that they were 2 A.

from the 2013 noise impact assessment report. 3

And then on page 5 of your report, you indicate that -- 4 Q.

this would be on pdf 7, and it's the second full paragraph.  5

You have a -- in the middle of it you say:  (as read)6

"Opposition groups point to a number of 7

issues concerning wind turbines and 8

possible effects on human health as one 9

of the most commonly discussed.  10

Indeed, a small proportion of people 11

that live near wind turbines have 12

reported adverse health effects such 13

as, but not limited to, ringing in 14

ears, headaches, lack of concentration, 15

vertigo, and sleep disruption that they 16

attribute to the wind turbines."17

And you indicate that this collection of effects has received 18

the colloquial name "wind turbine syndrome," a term coined by 19

Nina Pierpont in her book "Wind Turbine Syndrome, a Report on 20

a Natural Experience, Pierpont 2009."  21

And you use the words "but not limited to."  22

Those are your words, are they?  23

DR. OLLSON:           Yes, they are. 24 A.

This is just a sort of quick list that you put together 25 Q.
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for your report.  I take it there -- 1

DR. OLLSON:           It is a brief list, sir, and 2 A.

that's why it says "not limited to." 3

Right.  And then in your report beginning at pdf 4 Q.

page 8 -- sorry, would be pdf page 10, page 8 of your report, 5

you refer to a number of references; correct?  Many of which 6

are in evidence in these proceedings? 7

DR. OLLSON:           Yes, sir.  The first one would 8 A.

be at Section 4.2.1.  Yes. 9

And one of your references is on page 20 of the hard 10 Q.

copy.  That is on 22 of the hard copy.  Crichton, Dodd, 11

Schmid, Gamble and Petrie 2013:  "Can Expectations Produce 12

Symptoms From Infrasound Associated With Turbines, Health 13

Psychology."  14

And you say -- this is how you summarize the 15

report for the Commission in this proceeding.  You say:  16

(as read)17

"Crichton et al conducted a study to 18

examine the possibility --"19

And I take it you felt all of these reports were important to 20

put before this Commission; correct?  You felt these were all 21

supportive of the positions you were advancing on behalf of 22

BluEarth?  23

DR. OLLSON:           That's not how I'd characterize 24 A.

it, sir.  If I take you to my reference section, I'd come 25
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back very quickly, I don't think you even need to flip to it, 1

there are 50 peer-reviewed papers on wind turbine in my 2

reference section of -- sir, one second -- of which, if you 3

flip to the next page, they also include papers.  And I've 4

referenced those papers that don't support my position that 5

the AUC Rule 12 will be protective. 6

I've actually listed a number of papers within 7

this document, probably at least 20 from the Bulletin of 8

Science, Technology & Society, as well as others, that do not 9

support my position because, in fairness and balance to the 10

Commission, I believe they should have all the references in 11

front of them to make their decision.  So it's not just the 12

ones that support my position, sir. 13

They'd have to go and source those documents themselves, 14 Q.

I take it, Dr. Ollson?  They'd have to go on to the -- they'd 15

have to go onto the Internet or contact the publishers 16

presumably to get copies? 17

DR. OLLSON:           No, sir, they wouldn't.  In 18 A.

fact, if you'd like, I can take you to the exhibit numbers of 19

these including Dr. Phillips, Dr. Hanning.  They've 20

referenced a number of these within their own statements.  21

I'm happy to bring you to the exhibit numbers 22

because, quite simply, I didn't have to reproduce them 23

because they were produced within the exhibits already. 24

Well, maybe we'll look at that in a minute.  25 Q.
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In any event, the ones that you specifically 1

showcase, I take it, you felt were important for the 2

Commission to have in front of them, the ones you described 3

here? 4

DR. OLLSON:           Which again include both sides 5 A.

of the story, sir. 6

So you refer to the -- this is called the Crichton paper 7 Q.

or is it Crichton? 8

DR. OLLSON:           I believe it's Crichton, but it 9 A.

could be Crichton.  It's, for the court reporter, 10

C-R-I-C-H-T-O-N, 2013.  11

Okay.  (as read)12 Q.

"So Crichton, et al, 2013, conducted a 13

study to examine the possibility that 14

expectation of negative health effects 15

from exposure to infrasound can promote 16

symptom reporting.  A sham control 17

double-blind provocation study was 18

conducted in which participants were 19

exposed to ten minutes of infrasound 20

and ten minutes of sham infrasound.  21

A total of 54 participants, 34 women, 22

20 men, were randomized into high or 23

low expectancy groups and presented 24

with audio/visual information, 25
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including Internet material, designed 1

to invoke either high or low 2

expectations that exposure to 3

infrasound causes specific symptoms; 4

e.g., headache, ear pressure, itchy 5

skin, sinus pressure, dizziness, 6

vibrations within the body. 7

Notably, participants in the high 8

expectancy group reported significant 9

increases in the number and intensity 10

of symptoms experienced during exposure 11

to both infrasound and sham infrasound.  12

Conversely, there were no systemic 13

changes in the low expectancy group.  14

Based on their findings Crichton, 15

et al, 2013 concluded healthy 16

volunteers when given information about 17

the expected physiological effects of 18

infrasound-reported symptoms that 19

aligned with that information during 20

exposure to both infrasound and sham 21

infrasound.  22

System expectations were created by 23

reviewing information readily available 24

on the internet, indicating the 25
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potential for system expectations to be 1

created outside of the laboratory in 2

real world settings.  3

Results suggest psychological 4

expectations could explain the link 5

between wind turbine exposure and 6

health complaints.  7

These results are consistent with the 8

findings of other researchers who have 9

observed increased concern about the 10

health risks associated with exposure 11

to certain environmental hazards can 12

lead to elevated symptom reporting, 13

even when no objective health risk is 14

presented, Paige et al 2006, Schwartz 15

et al 1995.  16

Furthermore, the authors note 'if 17

symptom expectations are at the heart 18

of symptom expression, current 19

proposals to address health concerns, 20

such as increasing minimum setback 21

distances for wind turbines from 22

residents may do little to alleviate 23

health complaints in related opposition 24

to wind farm development.'"25
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So that was your summary of the Crichton paper that you felt 1

important to put before the Commission in support of your 2

arguments in this case; correct?  3

DR. OLLSON:           So again, it's one of 50 4 A.

papers, and the -- I'd actually like to point out, you can 5

see where I've quoted and put an italicize.  Those are quotes 6

directly from the paper, so hence, that's why the 2011 paper 7

wasn't like that.  But yes, these are quotes directly from 8

the paper itself, I have it up here in front of me.  I can 9

confirm it's out of the paper.  10

And I'd also, again, like to reiterate this is 11

one of 50 papers before the Commission. 12

Right.  So you didn't indicate in your report to the 13 Q.

Commission that the Crichton report has been criticized, did 14

you?  Is there anywhere in here where you indicate any 15

caution to the Commission? 16

DR. OLLSON:           I did not.  And I know that -- 17 A.

well, to the best of my knowledge, there has not been a 18

published criticism of this paper.  I know that I'm certainly 19

well aware that there are unpublished criticisms on the 20

internet.  What I would suggest is where I had published 21

criticisms of papers, they were included, including on both 22

sides of this debate and argument. 23

Well, let's turn up Exhibit 197.15.  24 Q.

DR. OLLSON:           Sorry, I apologize.  What was 25 A.
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the exhibit number, sir?  1

197.15.  Do you have that in front of you?  2 Q.

DR. OLLSON:           Not yet, sir. 3 A.

Just to confirm before I open it, it's 197.15?  4

Right.  And it's titled, "Review of Crichton et al:  Can 5 Q.

Expectations Produce Symptoms From Infrasound Associated With 6

Wind Turbines."  The author is Jerry Punch.  Do you have that 7

in front of you? 8

DR. OLLSON:           I do. 9 A.

And he indicates:  (as read)10 Q.

"The above referenced study by 11

Crichton et al 2013 is open to 12

criticism for its my methodological 13

weaknesses.  The most notable criticism 14

is that their subjects were never 15

actually exposed to infrasound.  If the 16

studio woofer was cable of producing a 17

5 hertz stimulus, they should have at 18

least described or shown a graph of the 19

output spectrum.  20

Even if a true infrasound stimulus 21

was produced by their equipment, 40 dB, 22

presumably SPL was not nearly 23

sufficient to represent the level of 24

infrasound in question by those who 25
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believe infrasound from wind turbines 1

to be an issue.  2

Even if a sufficient stimulus had 3

been produced to represent wind turbine 4

infrasound, a 10-minute exposure would 5

have been meaningless in representing 6

the duration of exposure that is 7

likeliness necessary to produce any 8

substantial health symptoms.  9

So the subjects were not actually 10

exposed to any infrasound stimulation 11

in the first place, in effect, 12

resulting in their being exposed to 13

only two sham conditions."14

Then it says:  (as read)15

"This design itself limits the study's 16

external validity, and thus, the 17

ability to generalize the results to 18

other populations and situations.  19

First, most of the individuals who 20

have reported adverse health effects 21

from wind turbine noise, some of whom 22

have abandoned their homes, are not 23

people who were adequately warned of 24

potential health effects prior to their 25
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exposure.  In fact, many individuals 1

who report adverse health effects were 2

advocates of wind energy prior to being 3

disposed."4

Have you talked, Dr. Ollson, to individuals who have reported 5

adverse health effects who were advocates of wind energy 6

prior to being exposed?  Have you gone out there and talked 7

to any of those people?  8

DR. OLLSON:           I think you've got a two-part 9 A.

question there.  I'll answer it in two parts.  10

The first is I certainly have spoken with 11

people on numerous occasions who have reported to me that 12

they've become sick because of living in proximity to wind 13

turbines. 14

The second part of your question I believe was 15

were they advocates for wind power beforehand.  I can't speak 16

to the second part of that.  I can certainly speak to the 17

first part.  I have met a number of people who self-report 18

being sick living in proximity to wind turbines. 19

Because the major premise underlying this study is that 20 Q.

people complain of wind turbine noise based primarily on 21

expectancies that align with prior information.  The study is 22

based on a false premise.  (as read)23

"Furthermore, the use of university 24

students does not represent the type of 25
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subjects who represent the population 1

apt to complain about wind turbine 2

noise."  3

So I take it Crichton -- their subjects were university 4

students, or do you know? 5

DR. OLLSON:           I can pull the paper up, but 6 A.

again, to the best of my knowledge, the answer to that is 7

yes.  And -- well, we're reading from something that's not 8

documented as to where it's from.  I can accept that 9

Mr. Punch is providing these commentaries, but I'm 10

certainly -- I'm happy to respond as best I can. 11

And what was the -- what were the age range of the 12 Q.

students in the Crichton -- 13

DR. OLLSON:           If you'd like to have that, 14 A.

I'll either undertake to get that for you, or I can look it 15

up right now in the Crichton paper.  I've got in front of me. 16

Maybe give me an undertaking.  17 Q.

DR. OLLSON:           Okay.  I'd be happy to do so.18 A.

UNDERTAKING - TO PROVIDE THE AGE RANGE 19

OF THE STUDENTS WHO WERE THE SUBJECTS 20

OF THE CRICHTON ET AL STUDY21

MR. SECORD:           He says then -- he talks about 22 Q.

the university students:  (as read)23

"This population is probably the least 24

vulnerable to the effects of wind 25
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turbine noise, and that none were young 1

or old, and few, if any, were likely to 2

have chronic health conditions or to be 3

disabled."4

Would you agree with Mr. Punch's commentary there on the 5

Crichton university student test subjects?  6

DR. OLLSON:           Again, what I would suggest is 7 A.

you have a paper in front of you, 1 of 50, which provides 8

some information to the Commission.  It's not the -- and 9

never purported to be the be all and end all study.  Does it 10

have limitations?  Sure, it does, like every research study 11

does. 12

But you didn't raise one limitation in your expert -- 13 Q.

you didn't give the Commission any indication of any 14

limitation with respect to this or any of the other studies 15

that you have cited in support of your arguments, have you? 16

DR. OLLSON:           From reading from here, I don't 17 A.

believe that I've specifically indicated the limitations.  I 18

think I've described the study as is, and I'm not sure.  I'd 19

have to undertake to see if there's other within all of the 20

studies.  I mean, simply I've laid out what the Crichton 21

study had to say.22

Well, perhaps you could undertake to look at your report 23 Q.

and let me know whether you have in your expert report 24

advised the Commission or cautioned the Commission about any 25
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of the limitations that may apply to any of the papers that 1

you've cited.  Could you give me that undertaking?  2

DR. OLLSON:           I can.  And Dr. Leventhall 3 A.

would like to add something.  4

UNDERTAKING - TO LOOK AT DR. OLLSON'S 5

REPORT AND ADVISE WHETHER HE HAS IN HIS 6

EXPERT REPORT ADVISED THE COMMISSION OR 7

CAUTIONED THE COMMISSION ABOUT ANY OF 8

THE LIMITATIONS THAT MAY APPLY TO ANY 9

OF THE PAPERS THAT HE HAS CITED10

MR. SECORD:           Good morning, Dr. Leventhall.  11 Q.

DR. LEVENTHALL:       Good morning again.  The 12 A.

essence of the Crichton work is not that people are exposed 13

to infrasound, but that people thought they were exposed to 14

infrasound.  It doesn't matter whether there's any infrasound 15

of 50 dB or not.  If people thought they were exposed to 16

infrasound and those people had been primed to believe that 17

the infrasound would cause them adverse effects, they felt 18

the adverse effects whether there was infrasound present or 19

not. 20

Another group who were not primed to expect 21

adverse effects were not affected when they were told they 22

were exposed to infrasound. 23

So this is really expectations and attitudes, 24

which I think I mentioned yesterday.  And reason I believe 25
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why people claim to have effects from infrasound is that they 1

have been told repeatedly again and again that infrasound 2

will make them ill.  What Crichton showed was it was 3

expectations which affected people, not infrasound itself. 4

So turning back to Mr. Punch's paper, Exhibit 197.15, he 5 Q.

goes on to say:  (as read)6

"Although the sample size may have been 7

minimally sufficient given the repeated 8

measures design, the distribution of 9

male and female subjects should have 10

been more equal."11

Do you have any comment on that, or is that outside of your 12

expertise, Dr. Ollson?  13

DR. OLLSON:           No.  I thank my colleague 14 A.

Dr. Leventhall for providing some clarity again. 15

I'm just asking a -- 16 Q.

DR. OLLSON:           I think the --17 A.

I'm just asking a --18 Q.

DR. OLLSON:           -- the balance of 34 women to 19 A.

men is very common to have in a study like this where you 20

would have a slightly skewed female to male ratio; but what 21

we're looking for here is if you were told infrasound could 22

adversely affect your health and you were not exposed to it 23

but thought you were, that they reported symptoms. 24

And he says:  (as read)25 Q.
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"Reactive or interactive effects that 1

could have affected post-test 2

behaviours and ratings.  Just the use 3

of the laboratory setting and short 4

exposure times, as opposed to a real 5

life setting in which wind turbine 6

blades are turning at night and the 7

subjects are inside a home, introduce 8

situational effects that limit the 9

ability to generalize the data.  The 10

authors admit this shortcoming on 11

page 4 in their statement." 12

And this is a quote:  (as read)13

"Expose to infrasound in a listening 14

room may not be directly comparable to 15

exposure to infrasound from a wind 16

farm."17

I take it you didn't include that comment and did not point 18

the Commission to that comment in your report, in your expert 19

report?20

DR. OLLSON:           I think if you come back to my 21 A.

expert report under the second sentence, I'm very clear that 22

it was a sham-controlled study.  It's a sham-controlled 23

study.  I never purported to the Commission that this would 24

be in somebody's home.  It's a sham-controlled study, and I 25
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don't think it should be given any more weight than that.  1

I think the important thing, as reiterated by 2

Dr. Leventhall who has been doing this for a considerable 3

number of years, is those who thought that they were exposed 4

to infrasound when they were not, because they were told 5

infrasound was bad for them, purported to have symptoms.  6

Those who weren't told that simply thought they were fine. 7

So at the end of the day, I think my writing 8

exactly what a sham-controlled double blind study -- 9

And Mr. Punch states at that bottom of Exhibit 197.15:  10 Q.

(as read)11

"Finally, multiple treatment 12

interference was likely operating and 13

that multiple treatment sessions and 14

conditions were allowed to interact 15

with each other in determining 16

participants' performance on the 17

dependent variables."18

What do you have to say about that. 19

DR. OLLSON:           I would say that both groups 20 A.

were exposed to the same numbers and times as he is 21

suggesting here.  So whether or not they were told they were 22

going to have infrasound health effects or not, they were 23

simply exposed in the same manner.  So any bias that would 24

have been within that was equally true of both groups. 25
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(as read)1 Q.

"Another design issue, Mr. Punch says, 2

or at least a reporting issue, is that 3

the authors did not describe how their 4

high expectancy and low expectancy 5

conditions were managed in the 6

experiment.  7

Exposure sessions were described as 8

counterbalanced, but were HE, high 9

expectancy, and LE, low expectancy 10

conditions, counterbalanced in an 11

interleaved fashion with exposure 12

sessions or were HE and LE conditions 13

somehow performed in separate blocks?  14

It is critical that readers 15

understand whether and how subjects 16

could be expected to sort out the 17

different expectations across exposure 18

trials throughout the course of the 19

experiment even if HE and LE conditions 20

were counterbalanced within exposure 21

conditions.  22

It is difficult to accept that 23

extraneous variables were controlled to 24

the same extent as they would have been 25
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if HE and LE conditions had been 1

administered to separate groups of 2

subjects as opposed to the same 3

subjects.  4

The use of HE and LE conditions 5

within the same subjects was probably a 6

highly contaminating factor even if the 7

subjects had actually been exposed to 8

both infrasound and sham conditions."9

Do you have the expertise to comment on that criticism?  10

DR. OLLSON:           I believe I do. 11 A.

As you've been qualified in this proceeding? 12 Q.

DR. OLLSON:           I believe I can comment to the 13 A.

extent that I review these types of reports of double-blind 14

controlled studies on a daily basis for determining 15

environmental exposure to noise.  16

I simply don't share his overarching view that 17

this has so influenced the study when, quite clearly, we 18

have -- when people were told they were going to receive 19

infrasound and that that could have a negative impact on 20

their health, they experienced that.  And when they had the 21

same exposure but they weren't told they were going to 22

experience health effects, they simply didn't experience 23

them. 24

I think it's one study of the 50 that I've 25
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tried to provide to the Commission on both sides of this 1

argument allowing the Commission to be able to go through 2

this work and see for themselves, both from my view as well 3

as views on the other side, what stands up at the end of the 4

day.  5

It's simply one study of over 50 that have now 6

been published in this realm. 7

Mr. Punch goes on to say: (as read)8 Q.

"Basically, this was an experiment 9

whose outcomes could have been 10

predicted given the conditions 11

employed.  As already stated, the 12

outcome has virtually nothing to do 13

with real world conditions of exposure 14

to infrasound from wind turbines.  15

In addition, it is well known that 16

expectations can affect perceptions 17

through top down or cognitive-based 18

processing as opposed to bottom up or 19

stimulate based processing.  20

Examples of top down processing cited 21

by Williams 2007 include responses to 22

visual stimuli assessments of a 23

person's ability, judgments of extended 24

events, the enjoyment of a film, and 25
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cigarette preferences.  1

Factors such as attention, effort, 2

experience, experimental demand 3

effects, and adherence to soft image 4

all can play a role in experiments 5

designed to study perception, and none 6

of these factors was controlled or 7

discussed in this study."8

I take it you agree with that. 9

DR. OLLSON:           What I've stated again is that 10 A.

it's one study amongst 50.  Whether -- it's immaterial 11

that -- and it is Dr. Punch.  It's not Mr. Punch.  He is an 12

audiologist.  He has some concerns with this paper.  13

I believe that -- 14

Just a very brief question, okay.  We need to move on.  15 Q.

DR. OLLSON:           I don't agree with his 16 A.

findings, no. 17

You don't agree with this paragraph that I've just read 18 Q.

to you? 19

DR. OLLSON:           I do not. 20 A.

And what don't you agree -- what do you disagree with? 21 Q.

DR. OLLSON:           I don't believe that these 22 A.

conditions were not appropriate for the type of study that 23

they were undertaking, which was a sham-controlled 24

double-blinded study. 25
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Dr. Punch says:  (as read)1 Q.

"In light of the above criticisms, a 2

number of the author's statements from 3

the results section are worth repeating 4

to illustrate my point that the 5

findings were predictable.  6

From page 3, change from baseline in 7

the number of symptoms reported and the 8

intensity of the symptoms experienced 9

was not influenced by whether exposure 10

was to sham or to infrasound.  11

Page 3, results indicated the number 12

of symptoms reported and the intensity 13

of the symptom experienced during 14

listening sessions were not affected by 15

exposure to infrasound but were 16

influenced by expectancy group 17

allocation."18

Do you know what expectancy group allocation is, Dr. Ollson?  19

DR. OLLSON:           I do.  It's whether they 20 A.

expected to be -- become ill from the infrasound. 21

And page 4: (as read)22 Q.

"Importantly, elevated symptom 23

reporting as seen in the high 24

expectancy group was the same during 25
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sham and infrasound exposure confirming 1

that infrasound exposure itself did not 2

contribute to the symptomatic 3

experience.  No direct physiological 4

effect of genuine infrasound exposure 5

on heart rate or blood rate pressure 6

was indicated."7

DR. OLLSON:           If I could comment there on 8 A.

that.  I think that's the heart of the matter right there.  9

What Dr. Punch is actually pointing out is 10

that, regardless of whether they in the high expectancy 11

group, which those who expected to become sick, whether it 12

was sham and infrasound exposure confirming they were 13

symptomatic responses, it's immaterial whether or not they 14

had physiological health effects.  15

What we're looking at here is exactly -- I 16

could -- it's a very pertinent part of this quote and that -- 17

of this paper and it really demonstrates the heart of what 18

they were trying to get to. 19

And then Dr. Punch goes on to say:  (as read)20 Q.

"Finally, based on the many flaws in 21

this study, I could not disagree more 22

with the following statement by the 23

authors at page 5.  This study suggests 24

a promising future direction of further 25
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research.  1

In my opinion, this study is merely a 2

good example of junk science, and it is 3

unfortunate that it was considered 4

publishable in the Journal of Health 5

Psychology.  Hopefully we can move 6

beyond this type of experimentation and 7

rely on genuinely scientific methods to 8

uncover and define, accurately and 9

completely, the linkages between wind 10

turbine sound and adverse health 11

effects."12

That was his conclusion.  Did you know of Dr. Punch's 13

criticism of the Crichton report when you wrote your expert 14

report?  15

DR. OLLSON:           I can't say with certainty one 16 A.

way or another, sir. 17

It was certainly filed in these proceedings before you 18 Q.

filed your report?  Do you know when it was filed in relation 19

to your report? 20

DR. OLLSON:           I have no reason to believe 21 A.

that it wasn't filed before mine, given what you just said, 22

sir. 23

Given the exhibit number sequence? 24 Q.

DR. OLLSON:           Yes, sir.  I take you at your 25 A.
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word.  1

I think what I'd like to add, though, 2

regardless of whether I had have known about this criticism 3

or not, it still doesn't fundamentally change the conclusions 4

as I've stated them here by the authors themselves of their 5

own report and for the Commission to view. 6

So after having gone through Dr. Punch's 7

criticism, it still doesn't change my opinion that this study 8

lends yet another piece to the ongoing body of evidence for 9

wind turbine and potential health effects.  It's just merely 10

another piece of the 50 plus papers that we now have 11

available to us. 12

So in your report, you refer on page 27 of your expert 13 Q.

report to the Massachusetts Department of Environmental 14

Protection and Massachusetts Department of Public Health 15

2012? 16

DR. OLLSON:           I do, and I believe that is -- 17 A.

I do. 18

And I believe that that was the report that you took the 19 Q.

Commission off to look at during one of my questions? 20

DR. OLLSON:           It was, indeed, an exhibit that 21 A.

I had gone towards. 22

Right.  And I'd like you to turn to Exhibit 131.15.  23 Q.

This is entitled "Comments on Wind Turbine Health Impact 24

Study:  Report of Independent Expert Panel Prepared for 25
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Massachusetts Department of Environmental Protection and 1

Public Health by Dr. CD Hanning, BSc, MB, BS, FRCA, MD.  2

Do you have that in front of you? 3

DR. OLLSON:           I do, sir. 4 A.

And is this a comment on the report that you -- on the 5 Q.

report that you referred to the Commissioners earlier in my 6

cross-examination today?  7

DR. OLLSON:           It is.  This is a report that 8 A.

is critical of that panel -- expert panel report and just as 9

there are many reviews that are very favourable to that 10

report. 11

Right.  And Dr. Hanning, in this report, gives a little 12 Q.

bit of background about himself.  And he indicates that he 13

has been concerned about the effects of wind turbine noise on 14

sleep and health and had written a detailed major review 15

based on evidence given at planning inquiries in the UK, 16

et cetera.  17

He then in his introduction says that he's 18

limited his comments to those parts of the report which 19

consider health and sleep.  And he says I think -- he says:  20

(as read)21

"It is entirely appropriate for the 22

Massachusetts Government to commission 23

an independent review of wind turbine 24

noise and its potential effects on 25
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health.  1

The brief given to the Panel is 2

commendable in its breadth.  It has to 3

be presumed that the protection of its 4

citizens is the primary duty of the 5

Massachusetts Government, and the aim 6

would be shared by the physicians on 7

the Panel.  They would or should be 8

mindful of the precept primum non 9

nocere, or first, do no harm, and also 10

those of the hypocratic oath.  And 11

modern translations such as those of 12

Dr. Louis Lasagna and have been adopted 13

by many US medical schools.  14

Relevant sections include:  I will 15

apply for the benefit of all of the 16

sick, all measures that are required, 17

avoiding those twin traps of 18

overtreatment of therapeutic nihilism.  19

I will prevent disease whenever I can, 20

for prevention is preferable to cure.  21

And I remember that I remain a member 22

of society with special obligations to 23

all my fellow human beings, those of 24

sound mind and body.  25
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They would, I hope, be mindful also 1

of the precautionary principle, and 2

that absolute certainty may not be 3

required to take action and prevent 4

harm.  5

To use a legal analogy, the burden of 6

proof should not be the criminal 7

standard beyond a reasonable stand but 8

the civil standard, the balance of 9

probability. 10

So Dr. Hanning says:  (as read)11

"The panel has indulged in an entirely 12

paper exercise and does not seem to 13

have visited a wind farm, nor spoken 14

with those claiming harm, nor even 15

those scientists working in the field 16

with the apparent exception of 17

Dr. Van den Berg." 18

Am I correct that this paper which you point to -- which you 19

have showcased in your report only had representations made 20

to it by pro-wind farm advocates? 21

DR. OLLSON:           Sorry, can you repeat that, 22 A.

sir?  23

Can you tell me who made presentations to the committee 24 Q.

in the preparation of this report?  Do you know who -- 25
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DR. OLLSON:           I don't believe anybody made 1 A.

preparations to the committee -- 2

Presentations.  3 Q.

DR. OLLSON:           Sorry, presentations to the 4 A.

committee.  There were certainly presentations made to the 5

committee after, to the best of my knowledge, the report was 6

prepared.  They simply -- and if you would like, we can go to 7

the methods.  But subject to check, I would suggest conducted 8

a literature review, reported on the findings of that 9

literature review back to Massachusetts Department of Health 10

and the environment, and then went to public meetings after 11

that.  12

So he says, the panel -- as I say, then he -- so I take 13 Q.

it it's correct that the panel engaged in an entirely paper 14

exercise? 15

DR. OLLSON:           Just as it purports to say that 16 A.

they did.  Yes. 17

He said that he was surprised that a group of people 18 Q.

with generally no previous experience in a subject can 19

nevertheless produce a report which claims to be 20

authoritative in only three months with only three meetings.  21

(as read)22

"My own review lists over 23

100 references relevant to wind turbine 24

noise, sleep, and health, far more than 25
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are listed in this report.  I conclude 1

that this can only be regarded as a 2

cursory examination of the subject."3

Can you tell me, is Dr. Hanning correct that this group had 4

no previous experience with the subject?  5

DR. OLLSON:           I believe that was part of the 6 A.

selection of the group themselves.  I mean, I guess where I'm 7

a little bit confused is that when I look at -- I mean, 8

you're worried that I'm not giving the panel both sides.  I 9

look at Dr. Hanning's expert report.  I don't see his 10

criticism, nor do I see the Massachusetts report listed in 11

his.  And so, I guess, I -- if Dr. Hanning felt so strongly 12

about it -- I mean, I simply wrote what the panel did.  It's 13

from the panel's report in their findings.  I was not -- nor 14

did I put in those who said that it was a well written 15

report. 16

You don't believe it was a well written report? 17 Q.

DR. OLLSON:           I think it -- I do believe that 18 A.

it was a well written report. 19

So they write well.  (as read)20 Q.

"The conclusion is supported by an 21

examination of the literature cited or 22

'reviewed' in this report.  Some 23

25 pages of references and bibliography 24

are given.  There is considerable 25
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duplication between lists.  Many 1

citations are incomplete and clearly 2

have not been adequately read and 3

researched."  4

Relevant papers by Crow -- is it Butre?  Do you know?  5

B-U-T-R-E.  6

DR. OLLSON:           I'm not aware of the 7 A.

pronunciation. 8

Dr. Harry and Cabes (phonetic).  We've looked at 9 Q.

Dr. Harry's work in this case, and Cabes have been 10

overlooked.  (as read)11

"The latter two are cited in my own 12

review for which an outdated version is 13

cited." 14

I take it that that comment is accurate?  15

DR. OLLSON:           I think it is accurate, and I'd 16 A.

like to maybe expand on it.  The reason why it's accurate is 17

that if you look at -- and they were very open about how they 18

did their search.  And this comes back to something that 19

Dr. McCunney had said on Monday, is they were very clear that 20

they did a PubMed search, which is where one would go when 21

they're looking for medical and health literature.  It is 22

simply the -- it houses more than 22 million citations from 23

Medline.24

The reason the panel did not find the Crow 25
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report, some of Hanning's work, or any of the cited wind 1

vigilance reports that he's discussing here is because BSTS, 2

the journal with which they were published, simply didn't 3

appear in PubMed.  4

So it wasn't that they went out of their way 5

not to report on them, I would suspect.  It's because if you 6

do a search for their articles in PubMed, you simply won't 7

find them.  8

I just lost my document.  9 Q.

MR. SECORD:                   Sorry about that, 10

Commissioner Beattie.  I had 17 pdfs open and clicked the 11

wrong one.  12

Dr. Hanning says:  (as read)13 Q.

"In my opinion, the panel has failed in 14

its duty, and instead of reviewing the 15

published data objectively with the 16

principles set out above in mine has 17

adopted an approach which I can best 18

describe as scientific nihilism."  19

DR. OLLSON:           I apologize, sir.  Can you take 20 A.

me to where you are -- 21

I'm on Exhibit 131.15. 22 Q.

DR. OLLSON:           Yes. 23 A.

Pdf -- this doesn't seem to be -- 131.15, and it's a 24 Q.

Word document.  No wonder I was in the wrong place.  So it's 25
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not a pdf, so you just have to scroll down.  1

DR. OLLSON:           Sorry, I have it as a pdf, but 2 A.

if you could tell me the page number, that would be great. 3

Yeah, it's page 2 of 6.  4 Q.

DR. OLLSON:           Okay.  One second, please.  5 A.

So -- 6

So he then makes a comparison to the rigour that was 7 Q.

applied.  On the top of page 3, he states:  (as read)8

"The onus of proving safety falls on 9

those introducing new forms of 10

pollution, including noise pollution 11

into the environment.  This is 12

particularly the case where there is a 13

clear causal link between the pollution 14

and the harm.  The relationship between 15

environmental noise and ill health is 16

well established.  The panel seems to 17

have taken the opposite view, that it 18

is the responsibility of the public to 19

prove harm using the most rigorous and 20

robust evidence.  This is a complete 21

reversal of the normal burden of proof 22

in such matters.  They have similarly 23

failed to note that there is no 24

objective evidence that wind turbines 25
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are safe at distances and noise levels 1

permitted under current Massachusetts 2

guidance.  Not a single study, merely 3

conjecture and opinion.  Great store 4

seems to have been set by regulators by 5

other jurisdictions, but without any 6

critical assessment of how they have 7

been derived.  Not one is based on any 8

objective evidence of safety."9

Do you have a comment on Dr. Hanning's criticism of the 10

report you have showcased to this Commission?  11

DR. OLLSON:           I do.  Perhaps, Commissioners, 12 A.

the first thing I would say is that, again, it's yet another 13

literature review conducted by I believe it was seven 14

experts, and those are three or four physicians from Harvard, 15

Boston University, MIT, and a number of Ph.D.s.  They were 16

asked to conduct a literature review.  I know they were 17

certainly critical of Dr. Hanning's work in its unpublished 18

form for the Nissenbaum study that we colloquially refer to 19

as the "Nissenbob study" that was eventually published in 20

2012.  But I think this paragraph, this isn't what the 21

objectives of the Massachusetts study to the -- or the charge 22

to the panel was.  The charge to the panel was simply please 23

do a literature review, and yes, it was a literature review.  24

And there are a number of objectives, as you'll see in my 25

634

report, that they were asked to look at, and I provided with 1

you with their findings. 2

Okay.  If we turn to page 3 of 6, Dr. Hanning has a 3 Q.

heading, "Wind Turbine Noise Sleep and Health," and he says:  4

(as read)5

"Wind turbine noise is a new source of 6

environmental noise imposed upon 7

previously tranquil countryside.  It is 8

clearly different from other forms of 9

environmental noise, especially road, 10

rail, and aircraft noise with its 11

impulsive character and low frequency 12

noise component."13

And, by that, Dr. Hanning is referring to wind turbine noise 14

as having the impulsive character and low frequency noise 15

component; correct?  16

DR. OLLSON:           I believe he is.  And what I 17 A.

would also suggest though that, you know, I'm not sure how 18

much this actually applies to this particular hearing.  I'm 19

not sure if Dr. Hanning has been here.  20

There are a number of major infrastructure 21

projects, not the least of the pump jacks and the like in the 22

area.  This is certainly a quiet area, but it's not without 23

its own noise sources, that clearly people live with every 24

day. 25
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Okay.  Well, you will, no doubt, be hearing from 1 Q.

Mr. Bonnefoy about his views of the area.  And you're not an 2

acoustician; correct, Dr. Ollson? 3

DR. OLLSON:           That's correct.  I rely on the 4 A.

work of the acousticians on the team. 5

(as read)6 Q.

"It's also clear that A-weighted 7

average noise metrics do not adequately 8

describe wind turbine noise unlike many 9

other noise sources, particularly 10

traffic noise on which most work has 11

been done.  12

Reference to noise levels derived 13

from studies of traffic noise such as 14

the WHO Recommendations is, therefore, 15

inappropriate with respect to wind 16

turbine noise.  These facts seem to 17

have escaped the panel."18

And you and I had a discussion about WHO 2009 this morning; 19

correct?  20

DR. OLLSON:           We did. 21 A.

And we know your views on the topic there? 22 Q.

DR. OLLSON:           But I'm not sure we know the 23 A.

views of the expert panel of the report we're talking about.  24

To the best of my recollection, they didn't 25
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rely on the WHO document in reaching their conclusions.  It 1

may have been one piece, but they certainly -- their 2

conclusions were not based on the WHO document, sir, to the 3

best of my recollection. 4

Were you part of the Massachusetts panel?  5 Q.

DR. OLLSON:           No, sir.  I've read it on a 6 A.

number of occasions.  I was not part of the panel. 7

So how do you know what they relied upon in making their 8 Q.

determinations? 9

DR. OLLSON:           I rely on the information that 10 A.

the panel -- the expert panel has written into their very 11

extensive document.  I'm not sure what else I could rely on.  12

They were very clear and, as I indicated before, well-written 13

methodology and laid everything out. 14

One of which was the WHO 2009 document? 15 Q.

DR. OLLSON:           I would have to go back and 16 A.

check. 17

Would you do that? 18 Q.

DR. OLLSON:           I can undertake to check 19 A.

whether or not and to what extent the WHO document 2009 to 20

the best of my ability in reading their report.  Yes.21

UNDERTAKING - TO ADVISE WHETHER THE WHO 22

2009 DOCUMENT WAS RELIED UPON23

MR. SECORD:           I just wanted to know was that 24 Q.

part of the peer-reviewed literature that they cited? 25
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DR. OLLSON:           No, they would not have cited 1 A.

the 2009 WHO document as peer-reviewed published literature.  2

It would simply not show up in the PubMed database.  They 3

also looked at grey literature such as Dr. Hanning and 4

Nissenbaum's work at the time.  5

So they didn't just restrict themselves to the 6

literature from PubMed.  They also looked at unpublished 7

reports as well. 8

So where they would get access to WHO 2009 would be 9 Q.

those peer-reviewed journal articles that refer to WHO.  That 10

would be how they would access that type of information, by 11

reading the peer-reviewed journals.  Do I understand that 12

correctly? 13

DR. OLLSON:           I'm not aware of how they would 14 A.

have reached the WHO 2009 document.  They may have been aware 15

of it in the past, or they may simply have got it through 16

their Google search or they may have, in fact, read it in 17

some of the other articles.  I can't speak to how they got 18

the WHO document. 19

Okay.  Then:  (as read)20 Q.

"The dismissal, Dr. Hanning says, of 21

many thousands of anecdotal cases is 22

entirely inappropriate.  Such cases are 23

the bedrock of epidemiological 24

investigations.  And as Phillips 2011, 25
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an experienced epidemiologist points 1

out, they provide prima facie evidence 2

of a clear causal link between wind 3

turbine noise and adverse effects.  4

It is extraordinary that this paper 5

is cited in the bibliography but 6

ignored in the text."7

I take it you're not an epidemiologist, sir?  8

DR. OLLSON:           I would like to see the 9 A.

reference to Phillips 2011 if I may in this document. 10

Would you undertake to see if it's there? 11 Q.

DR. OLLSON:           I think it would be a quick 12 A.

check, if I may. 13

Would you like to, or do you want to just give it to me 14 Q.

as an undertaking?  We're --15

DR. OLLSON:           I prefer to do a quick check if 16 A.

that would be all right with you. 17

Because we're approaching lunch.  18 Q.

DR. OLLSON:           I can do it as an undertaking. 19 A.

Why don't you do that and then -- I'm sure we're ready 20 Q.

for some sustenance.  21

THE CHAIR:                    And what is the undertaking 22

exactly?  23

MR. SECORD:                   He is just going to -- I think 24

he expressed surprise that Phillips 2011 was cited by the 25
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Massachusetts Literature Review.  That's what I gleaned from 1

his response.  He is going to get back to us to -- and tell 2

us whether it's, in fact, in there.  3

THE CHAIR:                    Is that correctly stated, 4

doctor?  5

DR. OLLSON:           Yes.  I will bring it after 6 A.

lunch, sir. 7

UNDERTAKING - TO DETERMINE WHETHER 8

DR. PHILLIP'S REPORT WAS CITED BY THE 9

MASSACHUSETTS LITERATURE REVIEW10

MR. SECORD:                   And Dr. Phillips is in the back 11

of the room, so he can check on it as well. 12

DR. OLLSON:           I recognized him when I came in 13 A.

today. 14

MR. SECORD:           And then it says: (as read)15 Q.

"The dismissal of annoyance as adverse 16

health effect is perverse and runs 17

contrary to a wealth of research 18

showing that it is an appropriate and 19

widely-used method to assess the 20

effects of environmental noise and is 21

related to health.  22

The conclusion that the annoyance 23

responses are all related to other 24

factors, such as visual impact and 25
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financial interest, is equally perverse 1

and is contrary to the conclusions of 2

Pedersen and her colleagues who 3

undertook the research.  4

Rather than a lack of financial 5

interest being a promotor of annoyance, 6

it is more plausible that those with a 7

financial interest in turbines suppress 8

annoyance."9

Are you qualified to -- do you have the expertise to critique 10

that statement by Dr. Hanning?  11

DR. OLLSON:           I believe I do.  And I think 12 A.

it's better critiqued by the expert panel themselves because 13

I simply don't think they state that.  If you look at -- 14

again I won't take you to the document.  I'll just take you 15

to mine, my exhibit which is the one we're in, I guess the 16

one we were referring to, 202.05.  17

And I apologize to the Commission.  I just 18

have the hard copy, which is on page 28 of the hard copy.  19

And at the top of page 28, these are the conclusions from the 20

panel themselves and they conclude that -- 21

I'm just asking you -- 22 Q.

DR. OLLSON:           What I'm saying is I don't 23 A.

believe that they actually dismissed annoyance out of hand, 24

and I don't believe what Dr. Hanning provides here is an 25
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accurate reflection of what is in the Massachusetts report. 1

No, but he's being critical of the report, not basically 2 Q.

dismissing anecdotal cases -- 3

DR. OLLSON:           No, we're in the annoyance 4 A.

adverse health effect perverse paragraph, sir.  That's where 5

you have me now. 6

Right.  7 Q.

DR. OLLSON:           And when I look at that, I 8 A.

simply don't agree that they dismiss Pedersen.  In fact, I 9

think they actually did the opposite.  I think that they 10

simply said -- you know, when you look at that document, I 11

don't agree that that paragraph accurately reflects the 12

conclusions of their report. 13

So you're saying the Massachusetts report says annoyance 14 Q.

is an adverse health effect?  15

DR. OLLSON:           What I'm -- 16 A.

That's the proposition by Dr. Hanning? 17 Q.

DR. OLLSON:           That's not what I'm saying.  18 A.

What I'm say something is that they haven't -- I'd have to 19

check, but I don't believe that they dismissed it out of 20

hand.  They certainly didn't rely just on visual cue and 21

attitude.  I think they accurately reflect Pedersen's work. 22

MR. SECORD:                   Commissioner Beattie, perhaps 23

we could take our one hour of rest.  And I will not have much 24

left.  I have just a couple references to check, but I don't 25
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expect to be very long.  I'd be very disappointed if I'm much 1

longer.  So I will likely be done shortly after lunch. 2

THE CHAIR:                    Thank you very much, 3

Mr. Secord.  4

We will now break for lunch and return at 5

1:30. 6

____________________________________________________________7

PROCEEDINGS ADJOURNED TO 1:30 P.M.  8

____________________________________________________________9
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Volume 3 1

October 30, 20132

P.M. Session3

____________________________________________________________ 4

THE CHAIR:                    Thank you.  Be seated, please.5

MR. BARRETTO:                 And, Mr. Chair, with 6

permission, I have a couple of preliminary matters. 7

Yesterday Mr. Glendinning had two 8

undertakings, and I have those prepared to be filed here, if 9

I may do so.  10

The first one is -- 11

THE CHAIR:                    Please proceed. 12

MR. BARRETTO:                  -- with regard to bat data.  13

And I'm not sure if Mr. Mousseau could provide guidance, but 14

do you want to mark these with exhibit numbers now?  15

THE CHAIR:                    Yes.  As long as we know where 16

we're at.  I understand we're up to about 249.  We've been 17

having trouble with the system, so we'll have to do it by 18

hard copy; right?  19

MR. MOUSSEAU:                 I think that's right, sir, and 20

I'll just consult with Mr. Anderson before I give you a 21

number.  22

THE CHAIR:                    You can describe them.  23

Mr. Anderson is just attending to some matters at the back.  24

You can -- 25
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MR. BARRETTO:                 Okay.  Sure.  So the first 1

is --2

THE CHAIR:                    We'll number them once --3

MR. BARRETT:                  -- a table with regards to bat 4

data. 5

And the second undertaking is the dates of 6

certainly aerial imagery that were contained within 7

BluEarth's environmental evaluation.  8

And I also can advise that Mr. Ollson is 9

prepared to speak to a number of his undertakings orally when 10

we recommence the proceeding.  Dr. Ollson. 11

MR. MOUSSEAU:                 So I think the next exhibit 12

number is 250.  13

MR. BARRETTO:                 So if my notes are correct, 14

that would make the bat data Exhibit 250. 15

EXHIBIT 250 - ANSWER TO UNDERTAKING:  16

TABLE WITH REGARDS TO BAT DATA17

MR. BARRETTO:                 And aerial imagery dates 251. 18

EXHIBIT 251 - ANSWER TO UNDERTAKING:  19

DATES OF CERTAINLY AERIAL IMAGERY THAT 20

WERE CONTAINED WITHIN BLUEARTH'S 21

ENVIRONMENTAL EVALUATION22

MR. SECORD:                   So I think we are ready to go, 23

Commissioner. 24

THE CHAIR:                    Almost.  25
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We're ready.  1

MR. SECORD:           And I understand, Dr. Ollson, 2 Q.

you were able to get some responses over lunch, so can we get 3

those in, and we'll then try and get you wrapped? 4

DR. OLLSON:           Yes, sir, I'd be happy to.  5 A.

Thank you. 6

The first one that I have as an undertaking 7

was to check my Erickson VMOE ERT witness statement from the 8

Province of Ontario.  I did have a chance to check that over 9

lunch.  It's dated the 17th of January, 2011, and it contains 10

no reference to the HGC reports, whether they be in any form, 11

draft or final, and still serves with my recollection that I 12

saw that report first in December of 2011 when it was 13

publicly released. 14

Thank you for that.  15 Q.

DR. OLLSON:           You're welcome.  The second 16 A.

undertaking that I had verbally was to also check the 17

literature review paper, the Knopper and Ollson paper, to 18

also confirm that I did not have the HCG reports, and that 19

they were not referenced within it.  Again, it's consistent 20

with my answer for the first one, and that is, is that it's 21

not in the literature review, nor I do recall having it at 22

the time of publication of that report. 23

All right.  24 Q.

DR. OLLSON:           The third undertaking I 25 A.
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believe, sir, that I promised you was to review the Crichton 1

paper to ascertain the ages of the 54 university students. 2

No ages are reported -- sorry, let me repeat 3

that.  No ages were reported within the paper.  There were 34 4

women and 20 men of university student age. 5

All right.  6 Q.

DR. OLLSON:           The next undertaking that I 7 A.

had, sir, was the -- to review my expert report that is in 8

front of this Commission and report back to you on areas 9

where I feel that I may have been critical or pointed out 10

issues with studies that I had contained within the expert 11

report.  Unfortunately I haven't had time to do that over 12

lunch, but I will undertake to do that while Dr. Phillips is 13

on cross this afternoon and get back to you at your 14

convenience for that.  I should be able to complete that 15

during his cross I would imagine. 16

Sure.  17 Q.

DR. OLLSON:           The next undertaking I have, 18 A.

Commission, was to check the Massachusetts Department of 19

Environment, Department of Public Health report dated 20

January 2012.  21

I'm sorry.  Could somebody pull the exhibit 22

number for me for that, please?  If you could find the 23

exhibit number for the Massachusetts report. 24

I was asked to do two things, undertake two 25
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things in that report.  The first of which was to look at the 1

WHO references contained within the report.  I have had a 2

chance to do that.  3

I believe there are approximately six places 4

or six instances within that report where the WHO was 5

mentioned in relation to the 2009 night noise guidance.  At 6

no point, from my review of those, searching for the WHO -- 7

sorry, the Massachusetts Department of Environment and Health 8

report that I'm referring to now is the Exhibit 110.20.  9

And so I found a number of references to the 10

WHO.  Again, it was five or six.  Most of them were factual 11

reporting, and, in some cases, there was little criticism on 12

the fact that it would have been nicer to have wind turbine 13

noise.  It does not -- it was consistent with my recollection 14

that I did not see them referring to the WHO to the best of 15

my knowledge in coming to their conclusions.  I would be 16

happy to provide you the page numbers if you'd like where I 17

found them, or I could --18

No.  I think that's -- I think we've got the document in 19 Q.

front of us.  It would be easy to search.20

DR. OLLSON:           And the last undertaking I had, 21 A.

sir, on my list was to check for Phillips.  I recalled that I 22

did not remember seeing Dr. Phillips's paper in the reference 23

list.  In fact, when I searched, it is not in the reference 24

list.  However, it is contained within the bibliography which 25
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follows the reference list.  1

And from the review of the report, I'm not 2

aware as to why there's a reference list and a bibliography, 3

but his paper certainly -- there's actually two references.  4

And if I may just so that I don't misquote them -- 5

Maybe you can just give us the page numbers where the 6 Q.

references are and we can look at those.  7

DR. OLLSON:           Yes.  It's page B9, and the two 8 A.

quotes -- or the two references which I believe are to 9

Dr. Phillips, was 2010 from the Win action site (phonetic), 10

and the other is the 2011 paper properly interpreting the 11

epidemiological evidence about the health effects of 12

industrial wind turbines on nearby residents from BSTS. 13

Thank you very much.  If we could just return to 14 Q.

Exhibit 131.15 which is Dr. Hanning's -- 15

DR. OLLSON:           Yeah, sorry, the -- 16 A.

-- report dealing with the Massachusetts Department of 17 Q.

Environmental and Public Health document that you were just 18

referring to? 19

DR. OLLSON:           Sorry, the reference number 20 A.

again?  21

131.15, page 3.  So at the bottom of that page, it 22 Q.

states -- Dr. Hanning states: (as read)23

"The panel seems to have varied in the 24

level of robustness they have applied 25
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to different studies and different 1

parts of studies.  For example, on 2

page 36 in discussions of the first 3

Pedersen paper, they note the size of 4

the turbines but make no comment that 5

they are much smaller than present 6

models.  7

Larger turbines produce more noise 8

and more low frequency sound.  The 9

obvious conclusion would be that 10

Pedersen's results may underestimate 11

the effects, but this is not mentioned 12

ignorance or bias."13

Can you confirm that the Massachusetts report did not -- did 14

not make any comment that the size of the turbines are 15

smaller than present models?  16

DR. OLLSON:           I can't confirm off the top of 17 A.

my head.  I don't necessarily agree with Dr. Hanning's 18

statements here that that particularly matters because, 19

again, it's the noise at the receptor that matters versus the 20

distance or the type of turbine.  And I believe that they 21

would have reviewed that information. 22

You believe they would have? 23 Q.

DR. OLLSON:           Well, the information from 24 A.

Pedersen relates to the noise at the receptor locations, the 25
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noise at the homes themselves.  1

For example, where we get the dose response at 2

over 45 decibels at the home is where we start to depart and 3

get into areas where we would not want to see people living 4

next to turbines at that sound level.  5

So it's more of a sound level at a residence 6

than it is the type of turbine that we're discussing. 7

Okay.  And, again, you're not an acoustician? 8 Q.

DR. OLLSON:           No, I am not, sir. 9 A.

And what I'm referring to, from my expertise, 10

it's -- to be honest with you, I'm not particularly concerned 11

about the type of turbine, the amount of noise, or the sound 12

power rating at the hub.  What I'm more concerned about is 13

will people remain under compliance of Rule 12, 40 decibels 14

outside their homes so that they can get a good night's 15

sleep. 16

Top of the next page: (as read)17 Q.

"Likewise" -- 18

This is the Massachusetts report: (as read)19

"-- they did not critique the use of 20

calculated noise levels, although there 21

is good evidence that they frequently 22

underestimate the actual noise levels.  23

Every opportunity seems to -- WHO 24

have been taken to downplay adverse 25

651

effects while ignoring those factors 1

which could increase the risk."2

Was there any calculation -- was there any critique of the 3

use of calculated noise levels in the Massachusetts study 4

that you showcase before the Commission?  5

DR. OLLSON:           I would suggest, sir, that just 6 A.

like myself, Dr. Hanning wouldn't be a noise expert either in 7

that he would -- and I'm not sure where he's opining on the 8

"frequently underestimated the actual noise levels."  Whether 9

they did or not I'm not sure.  10

I certainly look to and cooperate with the 11

noise and the acoustical engineers that I work with, and, to 12

my understanding and knowledge, every time I've had that 13

discussion with them that they -- I can take, for example, 14

the Pedersen values at face value, 45 decibels, 40 decibels 15

and the like.  16

So I'm not sure where this comes from.  They 17

may or may not have critiqued it. 18

And then in the next paragraph: (as read)19 Q.

"This is also seen in the consideration 20

of Van den Berg's paper.  While the 21

original report was not published in a 22

peer-reviewed journal, large elements 23

have been so published as part of joint 24

analysis in collaboration with 25
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Pedersen.  1

It is clear, also from the original 2

report, that there has been 3

considerable internal review and it is 4

appropriate to put it into the same 5

category as journal published material.  6

Once again, those parts of the 7

manuscript dealing with adverse effects 8

are heavily critiqued, while those 9

parts which do not are accepted 10

uncritically.  11

There is no critique of the 12

calculated sound levels nor the 13

inappropriately high ground absorption 14

factor used."15

Do you know what a high ground absorption factor is, 16

Dr. Ollson? 17

DR. OLLSON:           I do, but I certainly don't use 18 A.

it in my practice.  I would suggest that it's the acoustical 19

engineers at the table that could give you a better 20

description of that.  21

And I will be -- I will be asking you some questions 22 Q.

about Mr. Ashtiani's use of ground absorption factors 23

tomorrow morning.  24

DR. OLLSON:           I guess what I would suggest, 25 A.
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though, is I'm surprised to see Dr. Hanning, who is a 1

renowned sleep expert, speaking about ground absorption 2

factors and what he -- his critical review. 3

Sure.  (as read)4 Q.

"The results on health measuring using 5

the GHQ are accepted uncritically with 6

no recognition that the GHQ is too 7

blunt an instrument for this purpose 8

and that this element of the study was 9

grossly underpowered to show any 10

effect."11

What is GHQ?  12

DR. OLLSON:           I would have to go back to the 13 A.

document to get the exact acronym. 14

Then if we turn over to the very bottom of the page:  15 Q.

(as read)16

"A surprising omission -- this is the 17

bottom of page 4 -- a surprising 18

omission is any consideration of 19

particularly sensitive receptors.  The 20

noise sensitive are only considered in 21

the discussion on low frequency noise, 22

although they constitute about 23

15 percent of the population and tend 24

to be found in quiet rural areas.  25
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People with autistic spectrum 1

disorder, ASD, are particularly 2

sensitive to noise, have poor sleep, 3

and commonly a fixation with rotating 4

objects.  5

Protection of the public includes 6

consideration of sensitive receptors, 7

and their omission is regrettable."8

Over the page:  (as read)9

"The report's conclusions that all of 10

the demonstrated effects are likely due 11

to psychological factors such as 12

dislike of turbines, seeing the 13

turbines and lack of financial benefit 14

is perverse and is a gross exaggeration 15

of the caveats expressed by the authors 16

of the studies.  17

The report compare their conclusions 18

uncritically with those of Knopper and 19

Ollson.  20

A cursory consideration of this paper 21

shows that it has been heavily 22

criticized for its cherry-picking of 23

papers and the independence of the 24

authors."25
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So I understand that Dr. Hanning is referring to you and your 1

partner, Dr. Knopper, at Intrinsik; correct?  2

DR. OLLSON:           Unless there's another Knopper 3 A.

and Ollson, I would suggest he probably is. 4

And the paper that he's referring to, is that the paper 5 Q.

that appears as Appendix B to your expert report before this 6

Commission? 7

DR. OLLSON:           One can only surmise because he 8 A.

hasn't referenced it.  9

I would like to take an opportunity, though, 10

to -- we've had this discussion a number of times today, and 11

it's come back up and you've read it again -- the 12

independence of the authors.  I take, you know, great -- it's 13

almost an insult.  And here is the reason why, if I may. 14

I certainly am a consultant.  The Webster's 15

Dictionary defines it as a person who gives professional 16

advice or services to companies for a fee.  That I do.  17

I'm also a professor defined as a teacher, 18

especially of the highest rank at a college or university.  19

And, to be clear, that is a full professor, that I am an 20

assistant adjunct professor at the Royal Military College of 21

Canada.  I am an adjunct lecturer at the University of 22

Toronto Scarborough.  In fact, I'm up for full professor 23

adjunct at the University of Toronto at this point. 24

I receive payment for both of these functions 25
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and I'm not embarrassed by it at all.  However, I can't 1

emphasize enough that my professional opinion is formed by my 2

scientific training and expertise, not by my client's 3

opinions.  4

In my experience -- 5

Are you reading from something, Dr. Ollson? 6 Q.

DR. OLLSON:           I am.  And I'm happy to provide 7 A.

it to you if you like. 8

What are you reading from? 9 Q.

DR. OLLSON:           I'm reading from some notes 10 A.

that I jotted to myself to again address this notion that, 11

because I get paid for the services that I provide, it 12

somehow makes me as listed here, the independents of the 13

authors. 14

So you were expecting that I would be talking about 15 Q.

confirmation bias, and you prepared a speech then, did you, 16

to address that question that you anticipated I would be 17

asking you? 18

DR. OLLSON:           You've actually asked me that 19 A.

over a number of occasions this morning, I would suggest, 20

sir, and then I jotted some notes down to myself if it came 21

back up again. 22

So you're saying that you wrote up this response over 23 Q.

lunch because this was something that you wanted to get into 24

the record? 25
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DR. OLLSON:           No.  It was a matter of if the 1 A.

question was posed to me again, as it's been posed in the 2

past, as we talked about in Erickson, that we could simply -- 3

that I could get onto the record that I don't think it's a 4

fair statement about what I do for a living. 5

Or did it come as a result of you looking at 6 Q.

Dr. Hanning's paper where he talks about the Massachusetts 7

paper and says that it -- basically that the report compare 8

their conclusions uncritically with those of Knopper and 9

Ollson, and he goes on to talk about your independence.  Was 10

that what brought you on to -- 11

DR. OLLSON:           No, sir. 12 A.

-- make these notes? 13 Q.

DR. OLLSON:           No.  Sir, I hadn't even read 14 A.

the end of it.  In fact, it brought it on from the day we 15

started with Dr. McCunney.  16

So it's - it's just simply stating the facts 17

that as we go through this that I don't think that my view or 18

opinion, which has been openly published in the scientific 19

literature, is biased by the fact that I am a consultant.20

Let's just wrap this up with conclusions.  Dr. Hanning 21 Q.

says:  (as read)22

"An objective review of the evidence 23

using the brief provided --" 24

This was the brief that was provided to the panel that 25
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prepared the Massachusetts report -- 1

DR. OLLSON:           Excuse me.  I didn't provide a 2 A.

brief to the panel. 3

We're talking now Exhibit 131.15, Conclusions.  I'm 4 Q.

referring to what Dr. Hanning wrote.  5

DR. OLLSON:           Okay. 6 A.

(as read)7 Q.

"So an objective review of the 8

evidence, using the brief provided --" 9

I believe he's referring to the brief 10

that was provided to the panel 11

members -- "would have noted --" 12

DR. OLLSON:           Sorry, you mean his -- I think 13 A.

he's referring to his brief.  Are you suggesting -- 14

I think he's saying an objective review of the evidence 15 Q.

using the brief provided, meaning the brief that was -- 16

meaning the brief that was given to the panel members to 17

discharge; right? 18

DR. OLLSON:           Oh, sorry, you're saying the 19 A.

charge to the panel?  20

Yeah, the charge to the panel, that sort of British 21 Q.

approach, the brief, legal brief. 22

(as read)23

"The brief provided would have noted:  24

1, The large numbers of anecdotal 25
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reports and simple surveys which 1

together provide good evidence 2

permitted in most jurisdictions.  3

2, The published evidence of research 4

examining the effects of wind turbine 5

noise on annoyance, sleep, and health.  6

All five main studies show objective 7

evidence of adverse effects at 8

distances currently permitted in most 9

jurisdictions, as do a number of lesser 10

studies.  11

The probability of sensitive 12

receptors and the need to give them due 13

consideration.  14

4, The published opinions on setback 15

distances of a number of acousticians 16

and researchers with considerably more 17

experience on wind turbine noise than 18

the panel, the lack of objective 19

evidence that wind turbine noise does 20

not have adverse health effect at 21

distances currently permitted in most 22

jurisdictions, the lack of objective 23

evidence behind the guidelines in my 24

other jurisdictions, a diligent 25
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objective panel whose aim was the 1

protection of the public and which 2

complied with its brief taking all of 3

these factors into consideration could 4

come to one conclusion only:  That the 5

current guidelines permit industrial 6

wind turbines to be sited too close to 7

human habitation for the well-being of 8

the residents.  The panel has failed in 9

its remit, and this report should be 10

rejected."  11

So this was Dr. Hanning's view of the Massachusetts report.  12

And again, I take it in your report to this Commission you 13

made certainly no qualifications to it.  I take it you did 14

not advise the Commission that there were eminent experts who 15

were critical of this particular paper that you presented? 16

DR. OLLSON:           I'll leave it to the Commission 17 A.

for your qualitative statements there.  There's certainly a 18

number of reports that have gone in to this panel.  They were 19

seeking public comments, and I would assume this went in.  20

Both people who felt they needed to go further, and people 21

who actually supported the document that they created. 22

What I provided to the panel -- or sorry, to 23

the Commission is what I believe to be an accurate reflection 24

of what this report states.  25
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I actually take some consideration of what 1

Dr. Hanning has to say here and don't believe that he's 2

accurately reflected necessarily what the panel has said -- 3

or what the -- this expert panel came to the conclusions.  4

They didn't conclude that there was no harm to health.  They 5

didn't conclude there was no adverse effects.  They actually 6

concluded -- and I'm reading from their document in their 7

second bullet on ES page 5, which is executive summary 8

page 5 -- (as read)9

"Typically at distances larger than 10

400 metres, sound pressure levels for 11

modern wind turbines are less than 12

40 dBA, which is below the level 13

associated with annoyance in the 14

epidemiological studies reviewed."  15

And I would submit that if we were to go through the Pederson 16

papers and others, that that is what they say.17

And do you know what confirmation bias is, Dr. Ollson? 18 Q.

DR. OLLSON:           I do. 19 A.

And what is confirmation bias? 20 Q.

DR. OLLSON:           If they're looking -- my 21 A.

definition would be if one is looking to confirm an answer 22

that you've already presupposed. 23

Right.  And sometimes it can be sort of -- I'm looking 24 Q.

for the word -- inadvertent ; correct? 25
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DR. OLLSON:           I mean, if you're asking if 1 A.

the -- 2

Just in general.  Sometimes it can be inadvertent? 3 Q.

DR. OLLSON:           Hypothetically, it could be 4 A.

inadvertent. 5

And would you agree, Dr. Ollson, that you suffer from a 6 Q.

confirmatory bias in your selection of the literature that 7

you have provided to this Commission? 8

DR. OLLSON:           I don't.  What I would suggest 9 A.

is that I provided critical review of all of the papers that 10

I'm aware of, over 50 in this field, both the ones that you 11

suggest that would add to my confirmatory bias, and those 12

that do not.  Not every one of those papers -- even the ones 13

that I think are good papers -- necessarily align with my 14

views in its entirety.  15

I'm a paid professional and professor who 16

advocates for good science, weight of evidence.  And if 17

you're suggesting that maybe even -- you know, if you're 18

associating me with the Massachusetts panel, you said earlier 19

none of them had a predisposition to knowing anything about 20

wind turbines, noise, or anything else, so I'm not sure how 21

they could have confirmatory bias when you accused them 22

earlier of not having the ability to actually work as an 23

expert panel because they had never worked in wind turbine 24

noise or health. 25
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No, as I understand it, they took about three months to 1 Q.

do their assignment, if I understand Dr. Hanning correctly.  2

DR. OLLSON:           That was what was written in 3 A.

the report, to the best of my recollection. 4

And then just to wrap this up, going to your report, if 5 Q.

we could turn to page 33 of your report.  6

DR. OLLSON:           I'm there, sir. 7 A.

And it's on pdf 35.  You then have a section:  (as read)8 Q.

"Review of intervener's expert 9

reports."10

And then 5.1 you have:  (as read)11

"Review of Christopher Hanning's 12

report."13

Correct?  14

DR. OLLSON:           Correct. 15 A.

You are not a medical doctor? 16 Q.

DR. OLLSON:           I am not, and I did not review 17 A.

his report in that capacity.  I simply reviewed it in the 18

areas where he was looking at the literature and trying to 19

confirm sleep and dose response to wind turbines. 20

And in relation to page 36 of your report, you have a 21 Q.

section on review of Dr. Carl Phillips's report? 22

DR. OLLSON:           I do. 23 A.

And you're not an expert in epidemiology or 24 Q.

epistemology? 25
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DR. OLLSON:           I'm not sure what the 1 A.

discipline of epistemology is, so I'm certainly not an expert 2

in that.  I am not an expert in epidemiology, although I do 3

have training and use some of that within -- but I did not 4

review his report as an epidemiologist.  I reviewed it as an 5

environmental health scientist. 6

And then on page 38 of the hard copy, 40 of the pdf, you 7 Q.

have a review of Mr. Richard James' report? 8

DR. OLLSON:           I do. 9 A.

And which report is that?  He filed two.  10 Q.

DR. OLLSON:           I will have to pull up the 11 A.

report.  I only believe that I reviewed one.  I can pull it 12

up right now and take you to the report that I had reviewed 13

if you bear with me. 14

That's okay.  You only looked at one, then, I gather; 15 Q.

correct? 16

DR. OLLSON:           That is correct. 17 A.

And I think you've agreed you're not an acoustician; 18 Q.

correct? 19

DR. OLLSON:           I'll read what I wrote.  I said 20 A.

(as read)21

"Given that I'm not an acoustician, I 22

will not provide comment on Mr. James' 23

issues surrounding noise modelling for 24

wind projects.  Instead, I have 25
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provided comments on specific areas of 1

potential health effects provided by 2

Mr. James."3

And in relation to your review of Dr. Sarah Laurie's 4 Q.

report, you don't have a bachelor of medicine and a bachelor 5

of surgery? 6

DR. OLLSON:           I don't believe I did provide 7 A.

review of Dr. Sarah Laurie's report.  I think I stated 8

instead that I was leaving that to Dr. McCunney. 9

Sorry, you were giving that to him? 10 Q.

DR. OLLSON:           No.  That was the instructions 11 A.

that I received from counsel, that Dr. McCunney would be 12

reviewing Dr. Laurie's report, and that I -- there was no 13

need for me to do so. 14

Okay.  And then you have review of Dr. Adrian Upton 15 Q.

report.  I take it you took it upon yourself to review that 16

report?  17

DR. OLLSON:           No.  I was asked by counsel to 18 A.

review the -- I believe it's a to two- or three-page letter 19

from Dr. Upton only to -- not to review whether or not the 20

medical diagnoses of Jude Bonnefoy for epilepsy was accurate.  21

More to understand was there anything in the scientific 22

literature that has been published or medical literature that 23

would suggest that he would be at increased risk from the 24

knowledge that we have of today. 25
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And you're not a neurologist? 1 Q.

DR. OLLSON:           I am not. 2 A.

Okay.  Thank you, Dr. Ollson.  Those are all of my 3 Q.

questions.  4

MR. SECORD:                   And I will I guess maybe just 5

stay here, and I guess we'll have Carl Phillips next, if 6

that's agreeable. 7

THE CHAIR:                    Right.  So this panel should 8

stand aside. 9

MR. SECORD:                   Just I think stand down would 10

be good. 11

THE CHAIR:                    Yes.  Panel members, if you 12

wouldn't mind taking a seat in the -- perhaps in the body of 13

the room or some place that's convenient to my left, 14

Dr. Carl Phillips is going to come in now. 15

Do you require -- 16

MR. SECORD:                   No.  I don't think we need a 17

break.  I think we can -- 18

THE CHAIR:                    No, I agree.  I'll just turn my 19

mic off and wait until you indicate you're ready to go. 20

MR. SECORD:                   Maybe we could have the court 21

reporter swear or affirm the witness, sir.  22

THE CHAIR:                    Yes, please.  Would you swear 23

the witness, please. 24

25
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C. PHILLIPS (For the Killarney Lake Group), affirmed1

MR. SECORD EXAMINES THE WITNESS:2

MR. SECORD:                   We have the green light from 3

the court reporter.  Chair, I would -- I thought it might be 4

useful just to review Dr. Phillips's qualifications.  I think 5

this is the first time he's appeared in front of this 6

Commission.  So if you are agreeable, I'll just take them 7

over, or perhaps you don't find that necessary.  I just 8

wanted to get your direction. 9

THE CHAIR:                    I consider that entirely in 10

your discretion, Mr. Secord.  I'm happy to proceed as you 11

suggest. 12

MR. SECORD:                   I won't take too long. 13

Dr. Phillips, your CV is at Exhibit 105.10 -- and I just 14 Q.

wanted to review your qualifications. 15

I understand that you're not a stranger to 16

Alberta, and you were a professor at the University of 17

Alberta for some period of time; correct? 18

DR. PHILLIPS:            That's right, for about five 19 A.

years. 20

I understand you hold your Ph.D. in public policy with 21 Q.

an emphasize on economics based decision-making from Harvard 22

University? 23

DR. PHILLIPS:            Yes. 24 A.

And your dissertation was on environmental policy and 25 Q.
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economics? 1

DR. PHILLIPS:            Yes. 2 A.

And you also listed you have done two post doctoral 3 Q.

fellowships, one at the University of Michigan, and one at 4

the University of Minnesota? 5

DR. PHILLIPS:            That's right. 6 A.

And, as well, you hold your master's in public policy 7 Q.

from the Kennedy School of Government at Harvard? 8

DR. PHILLIPS:            Yes. 9 A.

I understand you've spent most of your career as a 10 Q.

professor of public health, and you currently have your own 11

independent academic style research institute? 12

DR. PHILLIPS:            That's right. 13 A.

And, prior to that, you taught at the University of 14 Q.

Minnesota, the University of Texas, and, as you indicated, as 15

well at the University of Alberta? 16

DR. PHILLIPS:            Yes. 17 A.

So you had no trouble finding your way from Philadelphia 18 Q.

to Provost? 19

DR. PHILLIPS:            Hadn't made it out to 20 A.

Provost before, I have to admit. 21

And you also taught at Harvard's Kennedy School of 22 Q.

Government? 23

DR. PHILLIPS:            Yes. 24 A.

And you've indicated -- I believe your focus has been to 25 Q.
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make optimal public policy decisions based on scientific 1

evidence and how to properly analyze epidemiological data? 2

DR. PHILLIPS:            Yes.  That's what I've done 3 A.

most of my research and teaching on. 4

And I understand you've done research on epidemiological 5 Q.

methods, environmental health, science and ethics-based 6

policymaking, the nature and quality of peer review; is that 7

correct? 8

DR. PHILLIPS:            That's right. 9 A.

And I understand you've also looked at the issue 10 Q.

specifically of tobacco harm reduction? 11

DR. PHILLIPS:            Yes, that's where I do most 12 A.

of my work.13

And I understand you've looked at issues in epidemiology 14 Q.

such as uncertainty and bias, analysis, and translating 15

statistical results into decision relevant information? 16

DR. PHILLIPS:            Yes. 17 A.

And your work in uncertainty has been recognized by 18 Q.

awards? 19

DR. PHILLIPS:            Yes, that's right. 20 A.

And just to complete a review of your background, could 21 Q.

you just advise the Commissioners briefly about epidemiology 22

and then contrast that with epistemology and how those two 23

sciences are relevant to the matters that we're dealing with 24

in Proceeding 1955? 25
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DR. PHILLIPS:            Sure.  Epidemiology is the 1 A.

science that studies actual health outcomes and exposures in 2

people.  So it's obviously closely related to other health 3

sciences, but it is the specific science that looks at the 4

individuals and what actually occurs as opposed to, say, 5

toxicology which looks at what's happening at the cellular 6

level but doesn't necessarily have to do with disease. 7

Epidemiology is usually focused on figuring 8

out the causes of diseases at the population level, although 9

there are other outcomes that can be pursued in that science. 10

Importantly, epidemiology is not a set of 11

techniques.  It is a science that focuses on answering 12

particular questions.  13

As for my use of the word "epistemology," 14

which perhaps I should stop using because you're getting a 15

little bit of harassment about the choice of words, basically 16

what I'm referring to there is how we know what we know.  I 17

mean, that's basically what epistemology means.  18

In the context of epidemiology, this refers to 19

a couple of different areas.  One of them in epidemiology 20

often just gets called methods which is sort of a cryptic 21

generic term and it basically refers to how best to deal with 22

the data to turn it into statistics or other results that you 23

then might want to make sense of. 24

The other half of the epistemology picture and 25
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epidemiology is figuring out how those results that you built 1

up from the data into other conclusions then relate to the 2

real world questions that you might want to answer, like is a 3

particular policy a good idea or not?  4

And is it correct that you've applied your background in 5 Q.

environmental -- economics environmental health as well as 6

your background in energy policy? 7

DR. PHILLIPS:            Yes.  I have some background 8 A.

in the related areas.  I've done other work related to energy 9

industries and the electric power industry and, thus, am able 10

to bring the knowledge from that to this matter also. 11

And I understand after you completed your master's 12 Q.

degree before you went back to get your Ph.D. you worked for 13

a few years in California at a consulting firm, and a lot of 14

that work had to do with the oil and electricity industries? 15

DR. PHILLIPS:            That's right. 16 A.

And I understand certainly I guess in probably -- would 17 Q.

it be fair to say starting in 2010 that you spent a 18

substantial amount of time on the issue of health effects and 19

wind turbines doing research on this as well as providing 20

expert testimony? 21

DR. PHILLIPS:            That's right.22 A.

And I understand you've appeared as a witness in matters 23 Q.

in other jurisdictions regarding industrial wind turbines.  24

I understand you've given testimony in 25
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Wisconsin, New Zealand, and Massachusetts and Connecticut? 1

DR. PHILLIPS:            Yes, and also Illinois, Nova 2 A.

Scotia, Ontario, and to the senate of Australia. 3

And I understand you also had -- you were going to 4 Q.

appear to give expert testimony in a case in Alberta, but 5

apparently a settlement was reached before you got called? 6

DR. PHILLIPS:            That's right. 7 A.

And I think you mentioned -- did you mention that you 8 Q.

were invited to make a presentation to the Australian senate? 9

DR. PHILLIPS:            Yes.  That's right. 10 A.

And that's occurred? 11 Q.

DR. PHILLIPS:            And that occurred by telecom 12 A.

about a year ago.  Yeah. 13

And I understand you're off to Africa on Friday for 14 Q.

meetings and won't be back to the States until November 20th? 15

DR. PHILLIPS:            Yeah, that's right.  And I'd 16 A.

like to thank the committee for fitting me in today before I 17

have to fly out again on Friday.18

MR. SECORD:  Just to attend to a few housekeeping matters.  19

So Dr. Phillips has been qualified in these proceedings as a 20

result of the Commission's ruling on qualification of expert 21

witnesses on October 25th, Exhibit 224.01.  22

He has been qualified in these proceedings as 23

an epidemiologist qualified in the field of public health 24

with knowledge of related health sciences, scientific 25
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epistemology and methodology with expertise to provide 1

opinion evidence on the proper interpretation of the 2

epidemiological evidence regarding the health effect of 3

industrial wind turbine noise.  4

Now, Dr. Phillips, I'm referring you to your curriculum 5 Q.

vitae, Exhibit 105.10.  Was this CV prepared by you? 6

DR. PHILLIPS:            Yes. 7 A.

Other than the fact that it's a year old, is it accurate 8 Q.

to the best of your knowledge and belief? 9

DR. PHILLIPS:            Yes. 10 A.

Are there any changes that you would like to make to 11 Q.

your CV at this time? 12

DR. PHILLIPS:            As you mentioned, it's a 13 A.

year old, but no changes to what existed then. 14

I'm referring you to a report entitled "Expert Report of 15 Q.

Carl V Phillips Ph.D." dated 21 February, 2012, which has 16

been marked in these proceedings as Exhibit 134.02.  Was this 17

report prepared by you? 18

DR. PHILLIPS:            Yes, it was. 19 A.

Is it accurate to the best of your knowledge and belief? 20 Q.

DR. PHILLIPS:            Yes, it is. 21 A.

Are there any changes that you would like to make to 22 Q.

your report at this time? 23

DR. PHILLIPS:            No thank you. 24 A.

Do you adopt this report as your evidence in these 25 Q.
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proceedings? 1

DR. PHILLIPS:            Yes. 2 A.

I'm referring you to the Killarney Lake Group responses 3 Q.

to the information requests of the AUC which have been marked 4

as Exhibit 198.02.  Were the responses to AUC-KLG-40, 41, 42, 5

43, and 44 prepared by you? 6

DR. PHILLIPS:            Yes. 7 A.

And are these responses to the Commission accurate to 8 Q.

the best of your knowledge and belief? 9

DR. PHILLIPS:            Yes. 10 A.

Are there any changes that you would like to make to 11 Q.

these responses at this time? 12

DR. PHILLIPS:         No. 13 A.

Do you adopt these responses as part of your evidence in 14 Q.

this proceeding? 15

DR. PHILLIPS:         Yes. 16 A.

Dr. Phillips, you have an opening statement that has 17 Q.

been filed as Exhibit 245.01.  Was this opening statement 18

prepared by you? 19

DR. PHILLIPS:         Yes. 20 A.

Is it accurate to the best of your knowledge and belief? 21 Q.

DR. PHILLIPS:         Yes. 22 A.

Would you please read your opening statement? 23 Q.

MR. SECORD:                   Is that agreeable, 24

Commissioner Beattie?  25
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THE CHAIR:                    Yes. 1

MR. SECORD:                   Thank you.  2

DR. PHILLIPS:         Yes.  Thank you.  3 A.

Thank you for the opportunity to present today 4

about the scientific evidence that wind turbines cause 5

serious health problems and what is at stake with the 6

Bull Creek Wind Project related to that fact.  7

And again, thank you again for fitting me in 8

today. 9

I am an epidemiologist and do research on how 10

to best interpret epidemiologic evidence.  And thus, my 11

testimony focuses on that science, which is based on 12

observing actual health outcomes in people.  13

The research of acoustic specialist is 14

obviously very informative in this matter also, but I leave 15

that science to others to discuss.  16

I focus on what we know based on observed 17

outcomes, an analysis that is strengthened by what we know 18

about acoustics and the apparent mechanisms through which the 19

effects are caused, but not dependent on knowing that. 20

Based on the available evidence, it's clear 21

that large wind turbines create health problems for some 22

nearby residents.  The diseases in question are most 23

frequently sleep disorders, fatigue, mood disorders, 24

difficulty concentrating and headaches.  There is a 25



AUC 1955, Volume 3, October30,2013

AMICUS REPORTING GROUP

676

constellation -- this is a constellation of diseases that is 1

often the result of constant sensory stress and can be caused 2

by any relentless stimulus that impacts the body and is 3

translated by the body into effects on the mind. 4

There is also a pattern of diseases that might 5

be related to the specific nature of the stimulus, 6

predominantly low frequency noise, and not a general stress 7

reaction to generic relentless disturbance.  These include 8

balance problems and tinnitus. 9

Since chronic stress states, like this, also 10

lead to increased risk of heart attack and other 11

cardiovascular disease, there is also concern that risk for 12

these diseases is being caused, though we have no way to 13

observe such effects yet.  But even apart from heart attacks, 14

these are severe diseases.  15

Conditions that affect people's ability to 16

function and have good social interactions do more harm to 17

quality of life than more easily measurable ailments that are 18

purely physical.  It is usually estimated that more than half 19

of the world's overall burden from disease results from these 20

diseases rather than purely physical ailments that do not 21

affect mental and emotional functioning. 22

The existence of health problems and the fact 23

that they are causally linked to the wind turbines is the 24

first clear scientific observation, I will go into more 25
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detail about that science shortly. 1

The second clear scientific observation is 2

that we know far less about the details of the health effects 3

than we should.  Despite the large and increasing number of 4

exposed people and how clear it has been for years that many 5

of them are suffering health problems, there has been almost 6

no funding for the research that would be needed to more 7

precisely quantify the rate of disease among those who are 8

exposed, let alone figure out which variables increase the 9

chance of bad health outcomes. 10

Fortunately, some research has been 11

self-funded and carried out.  12

But to take just one example, I and some 13

university colleagues designed at study that would get at 14

some better numbers but could not secure funding to carry it 15

out, even though the sum we needed was a small fraction 16

compared to what is being spent on this hearing, let alone 17

compared to the cost of a single turbine. 18

As a result of this, in spite of how clear it 19

is that there are substantial problems, we do not know much 20

about how to mitigate them, other than making sure that wind 21

turbines are several kilometres away from homes.  That is, we 22

do not what technological details of the equipment, terrain 23

features, and so forth matter, and so cannot take advantage 24

of such knowledge to minimize the impact. 25
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Similarly, we know little about which 1

individuals are more or less likely to suffer severe health 2

problems.  We can reasonably expect that since the outcomes 3

are sensory stimulus based and appear to be stress-mediated, 4

that individuals with a history of stress-mediated problems 5

are at greater risk.  Those who suffer from sensory stimulus 6

triggered mind and body disease are also of greater concern.  7

But no one has done the systematic data collection that would 8

allow us to say for sure that, say, a particular offset is 9

sufficient to get the health risks down to a particular level 10

or that a particular nearby resident is at low risk of 11

problems because of his personal characteristics. 12

How can we know so clearly that there's a 13

problem but know so little about the details?  That is a good 14

question, and answering it requires some understanding of the 15

nature of the relevant science and, indeed, science more 16

generally. 17

Scientific inquiry involves using all 18

available information interpreted using whatever methods seem 19

most useful to answer a question, as well, of course, as 20

gathering new information to improve the answers.  21

Science is definitely not about following a 22

simple recipe, let alone looking for excuses to pretend that 23

we know nothing. 24

I realize that this immediately creates a 25
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challenge for adjudicating bodies whose work would be easier 1

if scientific inquiry was defined in terms of procedure 2

rather than being about goals or, even more so, if it always 3

follows a simple recipe.  But policy makers make decisions 4

all the time based on information that does not follow bright 5

line rules like legal processes often have to do and must do 6

so when it comes to science.  This is not easy, but making 7

good policy depends on this challenging pursuit. 8

Fortunately in this case, it's relatively easy 9

for nonscientists to understand the epidemiologic science and 10

what it does and does not tell us. 11

There are many thousands of detailed adverse 12

event reports of nearby residents suffering health problems 13

after wind turbine facilities went online.  This is not the 14

only evidence we have, but I will focus on it because it's 15

most informative.  Some commentators seek to deny the 16

information contained in this huge body of evidence by using 17

words like "anecdotal," as if such characterizations were 18

informative in themselves.  The simple retort is the 19

observation the plural of anecdote is data.  But we can do 20

much better than the unscientific denigration or the glib 21

reply. 22

Different types of data provide different 23

information, and just because one particular source of 24

information is not very good at answering Question X does not 25
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mean it is not value for answering Question Y. 1

And the opposite applies also.  Data that is 2

best for one type of inquiry is generally not best for 3

another. 4

It is indeed true that individual testimonials 5

are not very informative about some health outcomes like 6

causes of cancer or assessing which of two competing medical 7

treatments works better. 8

It turns out that since so much of 9

epidemiology is devoted to those topics, many who have only a 10

shallow understanding of the science, particularly from a 11

medicine-centric point of view mistakenly think that this 12

generalizes to all inquiry. 13

A challenge with trying to assess causes of 14

cancer is that we do not know when the disease actually 15

started.  Years before it was diagnosed, so it's impossible 16

to match it to a particular exposure.  17

The challenge with assessing medical 18

treatments is that we are often trying to discriminate 19

between something that works 40 percent of the time and 20

something that works 50 percent. 21

In neither case is non-systematic gathering of 22

testimonials very useful.  But that is not the case for the 23

question:  Do wind turbines cause serious diseases in a 24

nontrivial portion of nearby residents?  25

681

The most important Epidemiology 101 concept to 1

understand is the different between incidence and prevalence.  2

Prevalence refers to the number of people who 3

have a particular condition, regardless of when it started.  4

The diseases that are caused by wind turbines have, of 5

course, a substantial prevalence among those who are not 6

exposed, which makes studies among prevalent cases more 7

difficult to interpret.  8

Studies of prevalent cases need to 9

systematically gather data and compare rates in exposed and 10

unexposed populations, as was done in the recent University 11

of Waterloo study that showed much higher rates of sleep 12

disorders, vertigo, and tinnitus among those living near wind 13

turbines. 14

The adverse event reports, however, generally 15

focus on incidence, the initiation or cessation of a disease 16

state. 17

While long-term sleep disorders have a 18

relatively high background prevalence rate, the incidence of 19

such problems in a particular week or even month is very 20

small; thus, observing individual prevalent cases is not very 21

informative because of the high background rates, but reports 22

of incidence cases that occurred when the turbines started 23

operating are quite informative. 24

But the evidence is actually far stronger than 25
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that.  A single observation of incidence by an individual 1

that the disease started just after the turbines started 2

operating is informative, but multiple observations by the 3

same persons are definitive. 4

Many of the adverse event reports include 5

observations by the individual that not only did the diseases 6

become incident just after the wind turbines started 7

operating, but also, that they ceased when the individual 8

removed himself from the area where the wind did not blow for 9

a while, and that they started again when the exposure 10

started again. 11

In the epidemiology jargon, this is call a 12

"case crossover study" or a case crossover experiment.  It's 13

basically exactly the experiment that we all conduct every 14

day to figure out if one change is causing another.  The 15

simplest example is to answer the question:  Does this switch 16

turn on that device?  To perform that research, we flip the 17

switch and see if the light, or device, turns on shortly 18

thereafter.  To reinforce our knowledge, we flip the switch 19

again and see if it goes off.  This is the crossover from one 20

exposure status to another watching to see whether the 21

outcomes change. 22

What we learn from this experiment is of 23

course reinforced by understanding of the physical 24

relationships in the world.  We know that switches are often 25
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wired to nearby electrical devices, so it's plausible that 1

there is a cause/effect relationship between them.  If we 2

had, say, scratched our head and the lights went on and then 3

it went off when we coughed, we would probably surmise that 4

this was unrelated. 5

In the case of the diseases caused by wind 6

turbines, we know there is a plausible physical relationship.  7

We know from the research on acoustics and people's reaction 8

to noise and light that stimulus frequently causes stress and 9

the various outcomes observed in nearby residents. 10

The acoustics experts have assessed the 11

specific nature of the noise from wind turbines and pointed 12

out how this can have particular effects on the body.  Given 13

the plausibility of the relationship that's established by 14

that science and the epidemiologic science that shows there 15

is a pattern of cause and effect, the evidence gives us a 16

clear light switch type situation. 17

Now, you may never have heard the phrase "case 18

crossover study" if you're familiar with only the simplistic 19

views of epidemiology from people who half understand the 20

science.  A common claim from those with a rudimentary 21

understanding of the science is that there is a simple list 22

of four or five studies that comprise all of epidemiology.  23

These lists typically trace back to oversimplified 24

introductory textbooks that are designed to give 25
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non-epidemiologists a basic understanding of the science in a 1

few weeks, as is typical in medical education. 2

For many epidemiological questions we might 3

want to ask the study types in the simple list are indeed the 4

most relevant.  In particular, relatively few exposure offer 5

us these crossover properties that are present with wind 6

turbines and the diseases they cause.  7

For many diseases like cancer, once they 8

exist, they do not go away if the exposure is removed.  And 9

for many exposures, it's unlikely that someone will cross 10

between exposed and unexposed multiple times. 11

It just so happens that in the case of wind 12

turbines, the crossover study is possible and thus we know 13

far more than we might about some other exposure and disease 14

combination where we had this view of systematic studies. 15

One thing that the simplistic list of study 16

types do get right is that if a relevant experiment is 17

possible so that the exposure status is actively changed 18

rather than forcing us to rely on observing people who happen 19

to have the exposure in their lives and comparing their 20

average outcome to those who happen to not have it, then it 21

can be much more compelling evidence than nonexperimental 22

studies. 23

In this case, we happen to have the 24

experimental evidence that wind turbines cause the observed 25
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diseases that is as compelling as that flipping the light 1

switch-type experiment. 2

The intensity of the suffering of some nearby 3

residents is exemplified by people going to great expense to 4

try to noise-proof their homes or moving away from their 5

communities to escape the exposure.  6

In many cases, such moves require selling 7

their properties at a loss or even abandoning it because the 8

widespread concern about the effects of wind turbines 9

discourage anyone else from moving in.  10

This so-called revealed preference, people 11

putting their money where their mouth is, belies the claim 12

that the testimonial reports are not serious. 13

The fact that there are no investors scooping 14

up the bargain properties, whose prices have crashed as a 15

result of nearby wind turbines, in anticipation of big 16

profits if it's discovered that there really is no problem, 17

suggests that even those who claim there is no problem do not 18

really believe it. 19

I noted that some questions are better 20

answered using particular bodies of information.  While the 21

evidence and method of scientific reasoning that I just 22

discussed is compelling for establishing that the outcomes do 23

occur and that the relationship is causal is not so useful 24

for estimating other details.  25
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Systematic studies which try to assess all of 1

a defined population, or a random sample from it, are much 2

more useful for estimating how often a particular outcome 3

occurs and which characteristics of the exposure or the 4

person affect this probability. 5

We have a few such systematic studies which, 6

when combined with a huge collection of adverse event 7

reports, make clear that several percent of the exposed 8

population suffer severe problems and suggest that some 9

negative health outcomes occur at rates in the tens of 10

percents among those exposed. 11

So this is what the science tells us will 12

happen on average if we install wind turbines near people's 13

homes.  If there are 100 nearby residents, roughly the 14

situation we were discussing about the Bull Creek project, 15

something in the order of 3 or perhaps 5 of them will suffer 16

severe health problems as a result, and something in the 17

order of 30 or maybe 60 of them will suffer some health 18

problems. 19

Yes, that is a wide range of uncertainty, 20

though actually not much wider than the true unreported 21

uncertainty surrounding many epidemiological estimates, but 22

is still quite a lot more informative than knowing nothing.  23

We can basically be certain that there will be many negative 24

health impacts from the Bull Creek project and that there is 25
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a very high probability that some of those diseases will be 1

severe. 2

The scientific evidence clearly contradicts 3

the frequently made claim that there will be no health risk 4

whatsoever.  5

What the evidence does not do is offer us much 6

basis for comfort that particular mitigation measures will be 7

sufficient.  8

Some of the adverse event testimonials come 9

from people exposed to wind turbines that were not compliant 10

with regulation, but many come from situations that were 11

compliant.  Thus, compliance with existing regulations on 12

tested noise levels and such is clearly not sufficient to 13

prevent problems.  14

Indeed, this is not surprising, given that the 15

research has not been done to determine what regulatory 16

standards would be sufficient and, thus, the standards are 17

guesses based on other exposures rather than evidence based 18

for purpose. 19

You'll probably notice a recurring theme in 20

what I presented.  We know enough to know there's definitely 21

a problem here.  We do not know enough to know exactly how 22

bad it is and how to minimize it. 23

This is a strange situation for purposes of 24

regulatory policymaking.  If a pharmaceutical or household 25
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chemical were observed to have health effects of this 1

magnitude, regulators would demand that the manufacturers 2

fund independent studies to better assess the risks. 3

There's a good chance that use of the product 4

would be severely restricted or prohibited until such 5

evidence was available.  6

Of course, if it were a drug that people would 7

suffer irreversibly without use would be allowed to continue 8

with the explicit warning about the apparent harms being 9

caused, of course, while the research was ongoing to better 10

assess the harms.  11

It's difficult to see any analogous urgency to 12

installing new wind facilities which could easily be delayed 13

a year or two until the studies are done. 14

Of course, science does not make policy.  15

Policymakers need to consider tradeoffs and do often approve 16

important action that would cause severe health problems in a 17

handful of people and less severe problems in tens of people, 18

but that is the question that needs to be considered.  19

Is it acceptable to allow this project to 20

impose those impacts on members of the nearby community 21

rather than to not allow that, or at least to pause until we 22

have research that allows more precise judgement about who is 23

at risk and what can be done to minimize the risk?  24

So long as the centrality of that question is 25

689

being denied, it's difficult to make good policy.  But 1

denying that is exactly what BluEarth did in its 2

presentations to the community. 3

As I detailed in my written report, BluEarth's 4

presentation to the community about what is known about the 5

health effects attempted to deny all the evidence that there 6

are any such effects.  Their reporting was not merely 7

equivocal but was an outright claim that there was not even 8

reason for concern. 9

Again, to make the comparison to other 10

regulated exposures like pharmaceuticals, a manufacturer 11

would never be allowed to avoid warning people and merely 12

say, "It's all okay, just trust us," let alone to explicitly 13

deny the evidence.  14

To the extent that the community was asked to 15

make decisions based on this information, the policy decision 16

cannot be made rationally. 17

Again, the real decision faced here is will it 18

be permitted to install this facility which, based on the 19

available science, is almost certain to substantially damage 20

the health and quality of life for several local residents 21

and will inflict lesser health costs on many others?  And if 22

this seems generally acceptable, then does it make sense to 23

proceed rapidly or wait for more research either requiring 24

specifically that the applicant fund such research or waiting 25
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for it to spontaneously arrive from other sources. 1

MR. SECORD:                   Thank you, Dr. Phillips. 2

Dr. Phillips is now available for questioning.  3

Thank you.  4

MS. OLENIUK CROSS-EXAMINES THE WITNESS:5

MR. SECORD:                   Just one thing.  I received a 6

complaint.  Apparently the live feed is down.  Apparently 7

there's quite a few people listening in.  8

MR. MOUSSEAU:                 I don't think there's anyone 9

listening in because there's no Internet connection 10

whatsoever at this time.  So we're doing what we can to get 11

it back up. 12

THE CHAIR:                    Are we ready to proceed with 13

cross-examination?  14

MS. OLENIUK:                  We are ready.  Thank you, 15

Mr. Chair. 16

THE CHAIR:                    Thank you. 17

MS. OLENIUK:          And good afternoon, 18 Q.

Dr. Phillips.  My name is Terri-Lee Oleniuk.  And along with 19

my colleague Jeremy Barretto, we're here on behalf of the 20

proponent BluEarth.  So I have a few questions I want to ask 21

you today.  I have to admit that my friend took my first 22

question which had to do with being an epistemologist?  Did I 23

say that right?  24

DR. PHILLIPS:         Yes.  And, as I said, perhaps I 25 A.
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should withdraw that from what I write down because I'm 1

giving too much trouble to people pronouncing it. 2

That's okay.  If you're qualified to be an 3 Q.

epistemologist, I think you can probably use it.  4

But I guess my first question would be, what 5

sort of training did you receive in that? 6

DR. PHILLIPS:         Well, there are several aspects 7 A.

of it.  As I mentioned before, epistemology, when it comes to 8

the question of epidemiology, has a couple of different 9

portions.  One is what we call methods or methodology, which 10

is how to move from data through statistics into statistical 11

results.  12

And the other part of it -- and so my work 13

there started in the late '90s working with a colleague of 14

mine at University of Minnesota who is one of the best 15

thinkers in that area which I became further interested in 16

that.  17

As pointed out before, I did some work in it 18

that sort of changed a lot of the thinking in my field, won 19

some awards and so forth. 20

The other half of it refers to how to make 21

better policy decisions once you get through that step and 22

how to know what the right thing to do is.  And that's how I 23

started my intellectual career, studying public policy and 24

decision making and the economics of decision making. 25
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As for the more technical and formal side of 1

epistemology, the post doctoral fellowship I did at the 2

University of Minnesota was in the philosophy of science 3

which is the area of philosophy that relates to what the 4

philosophers would call epistemology. 5

So it would be fair that that's your underlying training 6 Q.

that you're relying on? 7

DR. PHILLIPS:         So those three areas come 8 A.

together to qualify me to talk about the epistemology as it 9

relates to epidemiology and policymaking, yes. 10

And are epistemologists registered or governed by any 11 Q.

sort of body? 12

DR. PHILLIPS:         No. 13 A.

So I have a few questions.  Most of the questions I'm 14 Q.

going to have today are going to focus on your evidence in 15

this proceeding.  So it might be helpful if you turned it up.  16

I'm not sure if you have it there.  It's Exhibit 134.2? 17

DR. PHILLIPS:         I don't have things filed by 18 A.

exhibit numbers. 19

It's your expert report dated 21, February, 2012? 20 Q.

DR. PHILLIPS:         Okay.  I have that in one 21 A.

format here certainly. 22

Sure.  That's fine.  And I think your counsel indicated, 23 Q.

and I've indicated, it's dated 2012, but I think that's 24

probably meant to be 2013; is that right?  25
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DR. PHILLIPS:         Yes.  Oops.  And that appears 1 A.

to be my fault because here's my original.  Apologies. 2

That's okay.  And I noted in your report you don't 3 Q.

provide a list or any indication as to what documents you 4

reviewed prior to submitting your evidence, so maybe you 5

could just tell me which documents you reviewed that were 6

filed in this proceeding prior to your coming to your 7

conclusions about the project? 8

DR. PHILLIPS:         In terms of the documents 9 A.

specific to this proceeding, I reviewed a -- I believe it was 10

both a map and a table that showed locations of proposed 11

turbines and residences or potential residences.  I reviewed 12

some medical records of the specific individuals whose 13

medical records were on file for this.  14

At some point -- it must have been before this 15

because I comment on it -- I reviewed the information that 16

BluEarth provided to the community, a fairly large document 17

that included, in particular, their poster session that they 18

presented to the community, presumably in this very room, 19

which I commented on there.  20

In terms of documents that are specific to 21

this matter and not the science in general, that may be it.  22

If reminded of something else I might have omitted, I'd be 23

happy to confirm whether I saw it or not. 24

So you mention a map and a table.  Were those part of 25 Q.
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the application or were those something that perhaps 1

Mr. Secord or his clients generated for you?  Do you know 2

what it was? 3

DR. PHILLIPS:         Sitting here right now, I do 4 A.

not.  I certainly received them via Mr. Secord.  I don't know 5

whether they generated them or not.  6

Okay.  That's fine.  And is it fair to say, then -- I 7 Q.

know it's been several months since you filed a report in 8

February of 2013, but am I fair to assume that you've 9

reviewed the documents that have been filed subsequent to 10

your report that are related to your area of expertise? 11

DR. PHILLIPS:         I have attempted to review all 12 A.

of the ones that are related to my area of expertise.  I will 13

admit that I might have missed some.  There was a large flow 14

of them, and I definitely didn't review every document that 15

isn't related to my area. 16

But you would have reviewed things presumably related to 17 Q.

health, noise, those sorts of things? 18

DR. PHILLIPS:         I certainly attempted to review 19 A.

all of the documents that came through that were related to 20

health.  Yes. 21

Okay.  But you can't name any specifically, or can you? 22 Q.

DR. PHILLIPS:         I read the reports of the 23 A.

experts who were focused on health from both sides of the 24

proceedings, and I read the -- of course the series of 25
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questions that were -- some that were put to me, some that we 1

created for you that were related to health.  I read Monday's 2

transcript from here, which was obviously closely related to 3

health.  That's certainly what comes to mind at this point. 4

Okay.  That's fine.  And there was new information that 5 Q.

was filed or I guess re-filed by BluEarth in April regarding 6

some supporting assessments that were done, and I'm 7

wondering, first, if you reviewed that first; and second, if 8

you did, how did that affect your opinion? 9

DR. PHILLIPS:         I'm sorry, supporting 10 A.

assessments of what. 11

Right.  There was a noise impact assessment that was 12 Q.

done.  Did you review it? 13

DR. PHILLIPS:         I suspect it was sent to me, 14 A.

and I suspect that I dutifully glanced at it; but one 15

important issue in terms of the science that I'm doing and 16

how it relates to the noise, I mean, I'm not an expert on 17

noise assessments.  I certainly couldn't judge whether those 18

were accurate or not.  But one thing that is clear from the 19

science that I've done is that the noise estimates can't be 20

taken as sufficient to assure us that there won't be a 21

problem because we've seen an awful lot of problems in cases 22

where there have been noise estimates that were ostensibly 23

reassuring. 24

If we actually had the epidemiology that let 25
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us map particular noise estimates to particular health 1

outcomes in terms of probability and so forth, then I 2

definitely would have pored all over those results and 3

analyzed them in light of the epidemiology we have. 4

But unfortunately, this falls into one of the 5

gaps that I was just referring to where we know far less than 6

we really ought to.  And one of the things we don't know is 7

how to parse those noise estimates through epidemiology in 8

order to map them to outcomes. 9

Don't you think the predicted noise levels of the 10 Q.

receptors would be something that's useful when you're 11

looking at potential health effects? 12

DR. PHILLIPS:         I have no doubt that with other 13 A.

knowledge, that if the predicted noise effects, if measured 14

correctly -- and again, without claiming to be an expert in 15

these areas, I can certainly note that I'm aware of the 16

debates between A-weighted decibels and other forms of 17

measurement and whether low frequencies are properly 18

accounted for, whether the effects of structures are properly 19

accounted for and so forth. 20

But assuming the right acoustics were done 21

that properly accounted for all of those things and we had 22

the epidemiology that let us translate that into health 23

outcomes, then yes, that would be exactly what we needed to 24

predict how many people were going to suffer the health 25
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effects on average. 1

We're missing a critical component there, and 2

so unfortunately we're left in the situation where a lot of 3

effort goes into making noise estimates that we simply don't 4

know how to translate into health outcomes. 5

Okay.  So now if we take -- turn back to your report, 6 Q.

when I was reading through it I noticed that the word "most" 7

appears on every page of your report, sometimes several times 8

on a page.  And I just want to understand.  I'm not an 9

epidemiologist or an epistemologist or anything like that, 10

and I just want to make sure my understanding of what "most" 11

means is the same as what your understanding of it is.  I 12

think it would be helpful to do that before we go through. 13

So if I look at this room, for example, and I 14

said that most of the people in this room are men, would you 15

take that -- I know everybody looks around immediately to 16

count when I say that, but would you think that -- my 17

understanding of that would mean that more than half of the 18

people in the room or something greater than 50 percent if I 19

say "most."  Would that be your understanding as well? 20

DR. PHILLIPS:         Well, I would certainly have to 21 A.

go through my report and look at any given appearance of that 22

word to know -- to be able to explain to you whether I was 23

using it in just the way that you used it or not.  I would 24

assume that the way you just used it was referring to greater 25
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than 50 percent, for lack of any other obvious way to 1

interpret it. 2

That is probably how I use it some of the 3

time, and it's probably not what I am meaning in other cases.  4

If you say I use it on every page, I believe you, but that's 5

a lot of occurrences, and the word means different things in 6

different contexts.  7

That's what I thought too, and that's why I thought I 8 Q.

would ask you.  9

So maybe if we just turn to your report, just 10

the first page.  11

DR. PHILLIPS:         Yeah. 12 A.

And I think this is how your counsel introduced you as 13 Q.

well.  It's the second paragraph from the bottom, and it 14

says:  (as read)15

"I spent most of my career as a 16

professor of public health."17

Do you see that?  18

DR. PHILLIPS:         Yes. 19 A.

And then the next sentence third sentence says:  20 Q.

(as read)21

"During my career as a professor."22

Do you see that?  23

DR. PHILLIPS:         Yes. 24 A.

Now, if we look at your CV, which is 105.10.  25 Q.
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DR. PHILLIPS:         Yes.1 A.

So if I go to the second page of your CV, so looking at 2 Q.

-- going in chronological order, the first work experience we 3

have here is as a computer systems manager and associate 4

software engineer.  And then '84 you were a teaching 5

assistant; '89, an economic analyst; 1990, '91 you're a 6

senior associate and associate.  And then following that, it 7

looks like you were an instructor and a teaching assistant.  8

And then if we look at getting up to '97, it looks like 9

you're an assistant professor for about three years.  And 10

then following that, in 2001 you're an assistant professor 11

for about four years.  And then following that, you're an 12

associate professor for about four years.  Does that sound 13

about right? 14

DR. PHILLIPS:         That sounds like what's in my 15 A.

CV.  Yes. 16

So I'm just trying, again, to get an understanding of 17 Q.

your term of -- that you say you've spent most of your career 18

as a professor.  Because on my count, out of a total of 19

31 years of work experience, you're an associate professor 20

for four out of 31.  You're an assistant professor for seven; 21

is that correct? 22

DR. PHILLIPS:         Yeah.  I think I can jump ahead 23 A.

here because I think that the word that is causing trouble 24

here is "career" rather than "most."  When I think of my 25
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career, I think of the professional jobs that I've done that 1

have been on the path to what I'm doing, so I don't count the 2

time that I was in graduate school as part of my career, 3

although I suppose you could.  4

I don't count the -- my time as a young 5

computer hacker when I was in high school.  If you look at 6

the dates, you'll notice that my work experience traces back 7

to my days in high school or even middle school. 8

Does it go back to middle school? 9 Q.

DR. PHILLIPS:         So therefore -- 10 A.

Does it go back to middle school?  11 Q.

DR. PHILLIPS:         I forget what year I first 12 A.

mention.  13

The point is that I was a professor of public 14

health with one little interruption in the middle from 1997 15

to 2010.  Since that time, I have been doing professor-like 16

things but not at a university.  Before that time, I was in 17

training except for a two-year, three-year stint when I 18

worked at a consultant.  So yes, in terms of what I would 19

call "career," the vast majority of it has been as a 20

professor of public health.21

Not my entire adult, life, my career.22

That's fair.  I totally understand.  I think -- there 23 Q.

was two things I was struggling with.  One was the use of the 24

word "professor," because I've been out of school for a 25
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while, but my understanding is that assistant professor and 1

associate professor are not in fact the same thing as being a 2

professor.  Is that fair? 3

DR. PHILLIPS:         They're different ranks.  The 4 A.

collection of job titles is known as "professor," and then 5

there are ranks within it.  Someone might, if they were 6

trying to emphasize the highest of those ranks, specify full 7

professor, which often has the official title, capital P 8

Professor at a university rather than using the actual word 9

"full."  10

But no, I wasn't claiming I was a full 11

professor during that time. 12

Okay.  So when you say you spent most of your career as 13 Q.

a professor, you mean 11 years as an assistant or an 14

associate professor then; is that fair?  15

DR. PHILLIPS:         Is that 11?  I think it's -- 16 A.

That was my count.  17 Q.

DR. PHILLIPS:         I think it's closer to 13, 18 A.

but -- 19

I think it's 11.  We can go back and check though.  I 20 Q.

just wanted to understand if there was something missing from 21

here.  22

DR. PHILLIPS:         I don't think it matters much. 23 A.

Okay.  If you say so.  So I understand you recently 24 Q.

became involved in looking at the potential health effects of 25
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wind turbines just in the last few years; is that correct? 1

DR. PHILLIPS:         The first work I did on it was 2 A.

I believe in 2010.  It was a little over three years ago. 3

Okay.  And you're no longer -- I think you indicated 4 Q.

since leaving the University of Alberta, you're no longer 5

working for or affiliated with an academic institution? 6

DR. PHILLIPS:         I've actually done quite a bit 7 A.

of work with Drexel University in Philadelphia since I've 8

been in Philadelphia.  I'm don't know whether you'd call that 9

affiliated or not.  I'm definitely working for them. 10

Well, no.  You said earlier you are doing professor-like 11 Q.

things.  I wasn't sure if you were engage with university or 12

not.  13

DR. PHILLIPS:         Basically, what I'm referring 14 A.

to there -- I mean, what professors do, obviously, is they do 15

research.  They publish research in various forms.  They 16

educate in various ways, and they teach in classrooms.  I've 17

done relatively little teaching in classrooms since I left 18

full-time university employment.  Though I've done some at 19

Drexel.  However, most of what I've continued to do is 20

basically the exact same thing I was doing when I was a 21

professor. 22

Okay.  And so now you work for Populi Health Institute.  23 Q.

Is that how you say it Populi, Populi? 24

DR. PHILLIPS:         Yeah.  That's actually a 25 A.
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corporation I had.  No longer.  So, basically, I work as an 1

independent consultant, which I did when I was under that 2

auspices too. 3

So the Populi doesn't exist anymore? 4 Q.

DR. PHILLIPS:         What's that?  5 A.

Populi? 6 Q.

DR. PHILLIPS:         Yes.  I have laid that to rest. 7 A.

Okay.  And -- 8 Q.

DR. PHILLIPS:         I just operate under my own 9 A.

name now. 10

And when did you lay that to rest? 11 Q.

DR. PHILLIPS:         I stopped using it as a source 12 A.

of identity a while ago.  I don't think I've actually legally 13

dissolved the corporation yet, but I'm getting to it. 14

Okay.  So you still provide private consulting, but just 15 Q.

under your own name; is that what you said? 16

DR. PHILLIPS:         Yes.  That's right.  As well as 17 A.

independent grant-based research, and other forms -- other 18

forms of independent research work.  Yes. 19

What sort of grants have been receiving since you closed 20 Q.

the doors on the institute? 21

DR. PHILLIPS:         Right now I'm doing -- as I 22 A.

mentioned during the preliminaries, most of my work is in 23

this area that we call tobacco harm reduction.  24

And right now this year I've spent a lot of 25
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time doing work on modelling tobacco use behaviour from a 1

social science perspective and trying to predict how many 2

people -- how many smokers will switch to low-risk 3

alternatives and so forth.  And I've gotten grants from a 4

couple of companies in order to work on that. 5

And which companies are those? 6 Q.

DR. PHILLIPS:         British American Tobacco, and 7 A.

Japan Tobacco Incorporated. 8

Now, if we just go to page 2 of your expert report, 9 Q.

which is Exhibit 134.2.  10

DR. PHILLIPS:         By the way, the version I have 11 A.

is my manuscript version of it.  So the pages might not match 12

up.  13

Do you have one?  Thanks.  Now the pages match 14

up. 15

Sure.  And if I go too fast, just feel free to slow me 16 Q.

down.  I want to make sure we're on the same page.  17

DR. PHILLIPS:         Okay. 18 A.

So if we go to page 2, the second paragraph.  19 Q.

DR. PHILLIPS:         Yeah. 20 A.

Right about the middle, the fifth page on the right, you 21 Q.

mention that you've designed a new field study, which has not 22

been carried out due to a lack of available funding.  Do you 23

see that there? 24

DR. PHILLIPS:         Yes. 25 A.
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And my understanding is that the field study pertains to 1 Q.

the health effects of wind turbines; is that right? 2

DR. PHILLIPS:         That's right. 3 A.

And this is something that you are proposing that would 4 Q.

be carried out by you; is that correct? 5

DR. PHILLIPS:         Well, it would be carried out 6 A.

by multiple people in the field.  It was something that I and 7

some colleagues at Drexel University designed.  And at the 8

time when I wrote this report, which is now almost a year 9

ago, we still had hope that we would be able to get it into 10

the field.  11

Unfortunately, we've all become -- after being 12

very disappointed about not being able to get the funding 13

together to do it, we all moved on to other projects.  14

Actually I'm kind of pessimistic we will get it into field.  15

We might go ahead and just publish our methodology to get it 16

out there so someone else can use it, but the status of that 17

project is unfortunately now, I think, dead. 18

Okay.  Did you file your methodology in this hearing as 19 Q.

evidence? 20

DR. PHILLIPS:         No.  We've never published it 21 A.

in any form. 22

And what other individuals at the university were 23 Q.

involved in putting together this methodology besides 24

yourself? 25
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DR. PHILLIPS:         I worked with Igor Burstyn, who 1 A.

is a professor in the school of public health there; and a 2

couple of his students -- I'm not sure it's appropriate to 3

mention student's names.  So I won't. 4

That's fine.  And did you approach any universities for 5 Q.

funding for your study.  You said you haven't received any 6

funding yet.  7

DR. PHILLIPS:         Igor talked with his 8 A.

department.  Though there's a fair bit of money floating 9

around that department, unfortunately, this wasn't a topic of 10

particularly high interest at the time.  And so that didn't 11

work. 12

It originally was funded in theory.  That is, 13

we developed this with the expectation that there was funding 14

coming from some community groups in Ontario, and, 15

unfortunately, that fell through.  Obviously, it's always 16

possible to keep beating the bushes for more and more 17

funding, but we also have to make a living.  So -- 18

That is true.  So if we just look at -- let's see 19 Q.

here -- I think it's on the next page, page 3.  And I just 20

wanted to make sure I was clear about this.  If we look at 21

the first paragraph under the title "Adverse Event Reports."  22

Do you see that? 23

DR. PHILLIPS:         Yes. 24 A.

And the second last or the last couple sentences in 25 Q.
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there you reference a few collections.  The WindVOiCE 1

collection by Krogh.  You reference the Pierpont book.  And 2

then a little bit later on you reference "a collection 3

assembled by a university project I conducted last year."  Do 4

you see that? 5

DR. PHILLIPS:         Yes. 6 A.

So where is this collection? 7 Q.

DR. PHILLIPS:         I guess it's in DropBox. 8 A.

And my question is, is it publicly available, and also 9 Q.

why didn't you file it here? 10

DR. PHILLIPS:         No.  It's not publicly 11 A.

available.  Again, it was a best-laid plans project to 12

actually continue this collection to try to make it actually 13

much more comprehensive, and we were doing this on a little 14

bit of shoestring funding we had.  And we were employing a 15

couple of students to do it.  16

The shoestring funding ran out, and so it's 17

still there.  We still have the collection.  We -- I used the 18

collection -- that same collection in -- as examples in -- 19

pulled from it as examples in that 2011 paper that I 20

mentioned on the previous page.21

But other than that, I haven't made optimal 22

use of it yet. 23

Okay.  So just to be clear, so in here you say "a 24 Q.

collection assembled by university project I conducted last 25
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year," I assume that was 2012, but you're saying you 1

referenced some of it in a 2011 report as well? 2

DR. PHILLIPS:         Well, it had been on ongoing 3 A.

collection -- actually started -- started not too long after 4

I started working in this area.  I had a research assistant 5

with a little bit of time and a little bit of volunteered 6

time, who started helping me collect that. 7

So it's the same collection.  We actually made 8

a concerted push on it -- again, Professor Burstyn and I and 9

some of his students to try to build it up.  Unfortunately, 10

the assistance we got on that was a little bit disappointing.  11

We didn't get as much as done on it as we wanted to.  12

And, you know, it still exists.  If anyone 13

reading this transcript would like to do research on it, I 14

would make it available to you. 15

Okay.  So if we just turn to your CV again, I 16 Q.

understand -- and there's been some discussion today about 17

it, about the paper that you published in the bulletin of 18

Science and Technology in Society in 2011.  Is that right? 19

DR. PHILLIPS:         I did publish that paper.  Your 20 A.

statement about there being -- about what's been said about 21

it, I'm not -- 22

I think there was discussion today when you were in the 23 Q.

room.  I think your counsel and Dr. Ollson was talking a 24

little bit -- 25
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DR. PHILLIPS:         That's right.  There was some 1 A.

discussion about whether it was referenced in a particular 2

review or not. 3

And this is the same paper; the one they were talking 4 Q.

about today is the one that was published in BSTS? 5

DR. PHILLIPS:         That's right. 6 A.

And this is the only paper you published relating to 7 Q.

wind turbines; is that correct? 8

DR. PHILLIPS:         This is the only journal 9 A.

article I've published.  I don't know whether you would 10

call -- I mean, many of us would call reports like these -- 11

the testimony reports that are self-contained, a paper. 12

Okay.  I guess the report that was -- this would be the 13 Q.

only one that wasn't self-published by you, if I can use it 14

in the sense of the word, in that you create your witness 15

statements and you filed them on your own -- on your own.  16

They're not published by anybody else; right?  17

DR. PHILLIPS:         I can certainly accept the 18 A.

distinction this is the only one that's appeared in a 19

journal.  Exactly who -- sorry.  I'm not trying to be 20

complicated here, but as someone who has actually sort of 21

made a study of the nature of what publication is -- that 22

actually was one of my formal areas of study.  I presented 23

papers on that and so forth -- I get picky about the exact 24

words.  If I write something and this body puts it out into 25
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the world, then I'm the author, they're the publisher.  It's 1

not in a journal.  I'll definitely agree with that, which is 2

what I think you're getting at. 3

So it's the only journal article you've had published 4 Q.

relating to wind turbines.  Can we agree on that? 5

DR. PHILLIPS:         That's right. 6 A.

That sounds good.  And I think you mentioned read the 7 Q.

transcripts on Monday, and you were here earlier this morning 8

when you heard Dr. Ollson talk a little bit about the PubMed 9

index.  Are you familiar with that? 10

DR. PHILLIPS:         I'm familiar with it.  I will 11 A.

have to admit that I was multitasking this morning because I 12

got your documents, the cross-examination assistance 13

documents, or whatever they were called, only this morning.  14

So I was having to review those simultaneously.  15

That's -- 16 Q.

DR. PHILLIPS:         To answer the question, yes.  I 17 A.

certainly know what PubMed is. 18

You do? 19 Q.

DR. PHILLIPS:         Yes. 20 A.

Okay.  And on Monday you probably saw in the transcript 21 Q.

that Dr. McCunney agreed with your counsel's suggestion that 22

it was one of the world's best indexing sources, and it 23

contained peer-reviewed literature from around the world.  Do 24

you recall reading that? 25
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DR. PHILLIPS:         Not specifically, no. 1 A.

Would you agree with that, though?  2 Q.

DR. PHILLIPS:         It's probably the best index we 3 A.

have of health-related papers, you know, those of course that 4

are in journals only.  There are certainly very other good 5

indexes in other fields.  But in the field of heath, that one 6

is probably the best, yes. 7

And I understand that BSTS is not indexed with PubMed; 8 Q.

is that correct? 9

DR. PHILLIPS:         I think I remembered hearing 10 A.

that discussed this morning.  That's all I know about it. 11

Okay.  So you're not sure if it's indexed or not 12 Q.

indexed? 13

DR. PHILLIPS:         Right. 14 A.

Okay.  Now, if we just take a look at your paper, your 15 Q.

BSTS paper, which is Exhibit 134.12.  It was attached to your 16

expert report.  17

DR. PHILLIPS:         I can call up a copy on my 18 A.

computer, if you want. 19

It's Exhibit 134.12 -- and I would like to use the one 20 Q.

that you filed, if possible. 21

DR. PHILLIPS:         In that case, does someone have 22 A.

a -- could someone bring me a copy?  23

It's Exhibit 134.12, and it with you attached to 24 Q.

Dr. Phillips's report -- sorry, it was submitted at the same 25
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time as his expert report.  1

DR. PHILLIPS:         I just opened a copy on my 2 A.

computer, and it's the journal format.  It's the same 3

formatting, so it's going to be the same one that's filed. 4

Okay.  Because the one that I have indicates it's the 5 Q.

preliminary draft.  6

DR. PHILLIPS:         Oh.  7 A.

That was the one that was filed, and then I wanted to 8 Q.

ask you questions about -- 9

DR. PHILLIPS:         Yeah.  I didn't realize a 10 A.

preliminary draft was part of what was filed.  11

Pardon me?  Yeah.  If you email it to me, I 12

can open it. 13

THE CHAIR:                    So I'm clear, we're looking at 14

134.12, which was -- this is a preliminary draft.  Have I got 15

that right?  16

MS. OLENIUK:                  That's correct, sir. 17

THE CHAIR:                    Thank you.  18

DR. PHILLIPS:         It's been a while.  I'm not 19 A.

quite sure why I provided a preliminary draft since the final 20

version was out before the -- before my report here was 21

filed. 22

I suspect the version that is in the record is 23

the same as the final version, which I do have up here.  24

MS. OLENIUK:                  Mr. Secord, can you get him a 25
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copy of the version he filed, please?  1

DR. PHILLIPS:         It's in the ether somewhere.  2 A.

Yeah, so it says, "Preliminary Draft of the 3

Following Article in Press" and has the full reference down 4

to the page numbers, so I would actually assume that this is 5

exactly word for word the same and only the format is 6

different. 7

MS. OLENIUK:          Okay.  And can you confirm it's 8 Q.

the same as the final version that was published, or are 9

there any differences?  I heard you say you "assume," but I'd 10

like to know if you're sure or not. 11

DR. PHILLIPS:         Well, not without stepping 12 A.

through word for word.  The editors might have changed an 13

individual word here.  I would be very surprised if there 14

were any substantive differences, but that would take me a 15

while.  16

Can you undertake to do that and just inform us whether 17 Q.

this is in fact the versions that was published or there were 18

changes made to it? 19

DR. PHILLIPS:         Sure.20 A.

UNDERTAKING - TO CONFIRM THAT 21

EXHIBIT 134.12, A DOCUMENT ENTITLED 22

"PRELIMINARY DRAFT OF THE FOLLOWING 23

ARTICLE IN PRESS" IS THE SAME AS THE 24

FINAL VERSION THAT WAS PUBLISHED25
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MS. OLENIUK:          Now, I understand that BSTS is 1 Q.

not an open access journal; is that correct? 2

DR. PHILLIPS:         That's right. 3 A.

And can you just maybe explain for the Commission and 4 Q.

for me, actually, what an open access journal is?  5

DR. PHILLIPS:         So an open access journal 6 A.

refers to one where it's free for anyone to read it, which, 7

you know, basically also means that it's online since it 8

doesn't have to be an issue of physical access or buying a 9

copy of it. 10

And this is a trend in journal publishing that 11

has expanded rapidly in the internet age and has some obvious 12

advantages, both practical and philosophical.  Practically it 13

gets things into more people's hands.  Philosophically it 14

deals with the problem of having, you know, government grants 15

and other public funds pay for an awful lot of research which 16

is then locked up by publishers who charge an enormous fee to 17

anybody who wants to read it. 18

So anyway, please. 19

Okay.  And I think in your words, your article ended up 20 Q.

"behind a pay wall"; is that right?  I've never heard of that 21

term.  What's a "pay wall"?  22

DR. PHILLIPS:         Pay wall is sort of standard 23 A.

internet talk for just because you can click on this doesn't 24

mean you can actually read it, because when you click on it, 25

715

something is going to pop up and ask you for money before you 1

keep going.  So that could refer to anything from reading 2

that -- you know, the Times of London or something like that, 3

you know, as opposed to most newspaper sites where you can go 4

to for free.  They want a few pence in order to read an 5

article. 6

In the context of academic publishing, the pay 7

wall is usually quite a lot higher.  They want 40, 50, 8

100 dollars for you to be able to download this, which, you 9

know, is why -- which is why a lot of my days in academia 10

were spent as a big proponent of the open access movement, 11

because, you know, I think it's unfair that people don't have 12

easy access to the research in the world. 13

Did you try to get your paper published in an open 14 Q.

access journal before you submitted it to BSTS? 15

DR. PHILLIPS:         No.  This was a special issue 16 A.

of this journal that I was encouraged to write this for.  17

This is, you know, very similar to the material that I had 18

written in reports like this one we have in front of us here 19

for testimony a couple of times.  And basically I adapted the 20

thoughts from those into a paper upon invitation and, you 21

know, responded to -- I honestly forget exactly who it was 22

among the colleagues who work on this that prompted me to do 23

this, but since I was responding to a particular invitation, 24

I didn't create a paper, and then shop for a journal but, 25
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rather, acted in the opposite direction. 1

So BSTS sought you out to write a paper on this topic to 2 Q.

contribute to their special edition on wind turbines.  Is 3

that fair? 4

DR. PHILLIPS:         Well, a particular individual 5 A.

that -- the editor of this collection, presumably, yes.  6

So I was looking at your blog over the past week or so, 7 Q.

and on one of your entries, you indicated that you were 8

"breaking the pay wall and making that paper freely 9

available."  What does that mean? 10

DR. PHILLIPS:         Well, I believe you're 11 A.

referring to an entry in my personal blog or my personal 12

professional blog, as opposed to my organizational blog that 13

you sent this morning, which -- so this was part of a tribute 14

that was being organized to Aaron Swartz.  For those who may 15

not know, he was a young genius, both technical and moral, I 16

would argue, genius, who unfortunately killed himself early 17

this year.  He was -- at age 15 or so, he developed the 18

creative comment system, which is sort of the backbone for an 19

awful lot of open access publishing.  It's a legal agreement 20

to be used on the internet to make something widely available 21

but still offer the author enough control that it isn't sort 22

of just giving it away to the public domain and so forth. 23

He, as sort of an act of civil disobedience, 24

downloaded an enormous number of papers, which actually is 25
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probably a legal -- legal, not illegal -- act on his part but 1

was facing an enormous prosecution and jail time for it, and 2

so in response to his act of civil disobedience and ended up 3

killing himself.  You know, again, very young man. 4

And so there was an outpouring of emotion 5

related to that.  And part of it took the form of what was 6

called "hash tag pdf tribute" which was there in that blog 7

post that you came up with in which there was sort of a mass 8

movement of civil disobedience to make a bunch of pay-walled 9

papers, you know, preferably your own, publically available 10

in the spirit of what he died for doing, and so I 11

participated in that. 12

And it just so happened that I work so very 13

hard to make sure that none of my papers end up behind pay 14

walls, that that was the only candidate that I had for it. 15

Okay.  So just maybe for the Commission's sake, you're 16 Q.

referring to the blog entry, and that was something that was 17

filed as Exhibit 249.05, just so the Commission can follow 18

along.  19

So did you get BSTS's permission before you 20

posted that online?21

DR. PHILLIPS:         No. 22 A.

And when you mention that this was your personal blog, 23 Q.

my understanding was that this blog was listed on the front 24

page of your CV under your work-related feeds; is that 25
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correct? 1

DR. PHILLIPS:         That sounds right.  Yeah, I 2 A.

believe, yeah.  I don't have my CV open. 3

I just want to be clear.  I wasn't looking at a personal 4 Q.

blog, I was looking at something -- 5

DR. PHILLIPS:         Well, I mean -- 6 A.

-- that was in your CV.7 Q.

DR. PHILLIPS:         Sorry, by "personal," I meant 8 A.

not related to an organization that I'm any part of, so it's 9

whatever I feel like writing for myself without any ambiguity 10

that represents anybody else's opinion. 11

Okay.  A few more questions.  You heard this morning 12 Q.

from Dr. Ollson -- do you know Dr. Ollson? 13

DR. PHILLIPS:         Not personally. 14 A.

Are you familiar with the Knopper, Ollson 2011 paper?15 Q.

DR. PHILLIPS:         Not by that identifier.  Can 16 A.

you give me more information?  17

Sure.  Do you want me to give you the exact name of it?  18 Q.

It's Exhibit 202.3 in these proceedings.  I can find the name 19

for it if you --  20

DR. PHILLIPS:         Yeah.  I mean, I might be 21 A.

familiar with it.  Just not by that identifier.  22

So title is, "Health Effects and Wind Turbines:  A 23 Q.

Review of the Literature."  And it's one of those papers that 24

listed in PubMed as being highly accessed.  Does that ring 25
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any bells? 1

DR. PHILLIPS:         PubMed doesn't identify things 2 A.

as being highly accessed.  So I'm not quite sure what that 3

means. 4

Sorry.  The "Journal of Environmental Health" does, but 5 Q.

it's something that's listed in index in PubMed.  I'm just 6

asking if you're familiar -- 7

DR. PHILLIPS:         Yeah.  I'm familiar with it.  I 8 A.

couldn't -- I've read it.  I couldn't tell you off the top of 9

my head exactly what the contents were; but, yes, I've 10

certainly read it. 11

So it's called, "Health Effects and Wind Turbines:  A 12 Q.

Review of the Literature."  So you didn't consider anything 13

that was in there when you came to the conclusions in your 14

report? 15

DR. PHILLIPS:         Well, there isn't much reason 16 A.

for me to use someone else's review of the literature as 17

something to rely on, given that I've done a review of the 18

literature.  So I actually have gone back to the original.  19

So there's not much reason to -- you know, I've sort of 20

eliminated the middleman in terms of the reviews. 21

So you went straight to the sources? 22 Q.

DR. PHILLIPS:         Yeah.  So, I mean, I've 23 A.

reviewed, as far as I know, all of the relevant papers over 24

the course of the three and a half years that I've been 25
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working on this topic.  Yes. 1

So the 40 or so references that are listed in Knopper 2 Q.

and Ollson, 2011, you've reviewed all those from the source? 3

DR. PHILLIPS:         I would have to look at the 4 A.

list in order to be able to answer that. 5

Okay.  And your BSTS paper, was it peer reviewed? 6 Q.

DR. PHILLIPS:         Yeah.  So it was reviewed in 7 A.

several different ways.  I mean, it was the -- as I said, it 8

was the same material that I've been circulating for a while.  9

So I had been collecting comments on that for more than a 10

year at that time.  11

And then, you know -- and then, of course, the 12

journal did its -- journals don't offer nearly that level of 13

review of things.  So in some sense it was better peer 14

reviewed before it went to the journal.  In the sort of 15

technical sense of was it peer reviewed, yes.  16

And I realize there is a substantial issue in 17

terms of some of the discussion that's been, you know, had in 18

this room during the course of the week as just to what 19

exactly constitutes peer review.  And I, perhaps, have made 20

it clear that I don't quite take the simple assessment of 21

that. 22

So, again, I wasn't trying to be difficult in 23

answering more than yes or no to your question, but this is 24

actually a topic I take quite seriously. 25
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Okay.  So the answer was, yes, I think.  People peer 1 Q.

reviewed your BSTS article by way of you receiving comments 2

regarding it on the previous couple years when your ideas 3

were floating around; is that right? 4

DR. PHILLIPS:         Yeah.  And, you know, of 5 A.

course, I got comments back from the journal between the 6

first version and the last version.  I don't think that they 7

were at that point very extensive, but I don't recall 8

exactly.  9

Okay.  So the version of your paper, the preliminary 10 Q.

draft that you filed with this Commission, was that before or 11

after you received comments from the BSTS reviewers? 12

DR. PHILLIPS:         See, I don't know.  That's an 13 A.

interesting question because I say preliminary draft, but 14

then I also say the article is in press.  So if it's in 15

press, that, obviously, meant it was accepted, which means it 16

was pretty darn close to final.  I mean, sometimes something 17

gets accepted with a requirement to cross a few Ts and so 18

forth.  19

That sentence I -- or that phrase I have there 20

is kind of an odd one.  So sitting here right now, I can't 21

quite tell you what I meant by that. 22

Okay.  So you're not sure if that was before you 23 Q.

received comments or after you received comments.  That's 24

what I'm gathering.  25
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DR. PHILLIPS:         I'm pretty sure it would have 1 A.

been before I received comments because then otherwise it 2

wouldn't have been in press.  It wouldn't have page numbers 3

after all. 4

What I'm thinking is that it was actually 5

finalized -- that it was actually even laid out for the 6

journal issue because after all you don't know what 7

page number something is going to be on until the layout is 8

done.  9

But the only version that existed had a big 10

draft or something splashed across it; and, therefore, my 11

manuscript was -- on July 19th, 2011, the most readable form 12

of it that I could distribute to people who wanted it -- 13

which against brings up the question why I put a July 19th 14

version into my report.  I honestly can't tell you.  It 15

doesn't make much sense to me. 16

So I confused me a little bit there.  So is this draft 17 Q.

of your paper that is before Commission and filed in this 18

proceeding -- does that draft already contain responses to 19

reviewers' comments or was that for reviewers' comments still 20

pending? 21

DR. PHILLIPS:         As I said, I'm a little bit 22 A.

confused about what I was doing with that, as I sit here 23

right now.  But I would tell you that I'm 99 percent sure 24

that it's already responded to the reviewers' comments 25
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because it clearly indicates that it's been accepted for 1

publication, which happens only after you get the comments.  2

So I would say I'm quite confident the answer 3

is yes.  And yet I still wonder -- still racking my brain to 4

figure out why I provided that instead of just a copy of the 5

final version.  6

I wonder that too.  That's why I thought I had better 7 Q.

asked.  8

DR. PHILLIPS:         It's a good question. 9 A.

So who reviewed your paper from BSTS? 10 Q.

DR. PHILLIPS:         I either never knew or don't 11 A.

recall.  12

Okay.  And if we can just turn to an exhibit I filed as 13 Q.

an aid to cross, and it's Exhibit 249.03.  14

DR. PHILLIPS:         My aids to cross came in 15 A.

without numbers.  So could you tell me what it was. 16

Sure.  At the top of the page it says, "Environmental 17 Q.

Health Prepublication History." 18

DR. PHILLIPS:         Okay.  Yeah.  19 A.

THE CHAIR:                    And after you're finished with 20

that, I think we'll take our afternoon break. 21

MS. OLENIUK:                  That sounds good.  22

Do you have that, Dr. Phillips? 23 Q.

DR. PHILLIPS:         I looked at it.  Just 24 A.

prepublication history.  Let me open it again rather than 25
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trying to find it.  Okay.  I see it. 1

And you see at the top here, again, this is the Knopper 2 Q.

and Ollson paper that I was referring to earlier? 3

DR. PHILLIPS:         Yeah. 4 A.

And if you look down, under "Prepublication Versions of 5 Q.

this Article," under "Reviewers' Reports," you can see there 6

that there's links to the manuscript --  7

DR. PHILLIPS:         Yeah.8 A.

-- to two different reviewers' comments, resubmissions, 9 Q.

and that sort of thing? 10

Are you familiar with this?  Have you ever 11

looked at this before and clicked through it to see the sort 12

of comments that reviewers provide to authors? 13

DR. PHILLIPS:         Yeah.  What you're looking at 14 A.

here is the system used by BioMed Central a particular 15

publisher that has the little logo.  At the bottom says, "Is 16

now a division of Springer, which many of us found to be a 17

bit of a tragedy.  18

BioMed Central was sort of the original 19

serious developer of the whole open access concept in 20

academic publishing, in health science in particular.  And I 21

was involved with them in various ways from the start.  I 22

thought it was just a wonderful project.  23

I was one of -- I think, one of my better 24

papers was one of the earliest that they published, and it 25
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was the most read paper at one of their journals for months 1

straight.  I actually started a journal that was published by 2

BioMed Central.  So I've been very involved with them.  So 3

this is from BioMed Central. 4

They have a -- I wouldn't say unique.  They 5

really developed this system.  It was pretty unique at the 6

time of actually -- first off, doing a much more open job of 7

peer reviewing, which is a good thing.  You will notice that 8

the reviewers' reports are listed with people's names.  A 9

large portion of reviews are done anonymously, which has all 10

kinds of problems associated with it. 11

The reviews are available, which is not 12

typical for most journals.  Certainly wasn't before open 13

access, before BioMed Central changed this.  And previous 14

versions of the manuscript are also available.  You'll, 15

unfortunately, not find that going on with very many 16

journals. 17

Now, have I looked at the particular previous 18

versions of this paper?  No, I don't think I ever did that.  19

Have I taken advantage of BMC's tools to look at previous 20

versions of other papers that they've published, yes, 21

absolutely. 22

MS. OLENIUK:                  Last question, Mr. Chair.  Just 23

on this topic, and then I think we can move to the break. 24

So does something similar exist for BSTS where other 25 Q.
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sciences can take a look at what you have submitted in terms 1

of prepublication the comments that were received, your 2

responses, anything like that, the sort of transparency that 3

exists with BSTS?  4

DR. PHILLIPS:         Not very many journals at all 5 A.

do it.  As I said, the BioMed Central journals really 6

pioneered this.  They all do it.  Some of the other open 7

access publishers that have tried to follow in their 8

footsteps do it.  The majority of journals do not do it, and 9

I'm certainly aware -- I'm not aware of any way in which BSTS 10

does it.  And I would assume they don't since -- you know, 11

again, you're sort of dependent on having online publishing 12

in order to be able to do this.  It doesn't really work very 13

well in a dead tree journal.  14

MS. OLENIUK:                  To the break, Mr. Chair. 15

THE CHAIR:                    Yes.  We will adjourn for 16

15 minutes and return at approximately 3:40, a little less 17

than 15 minutes.  18

(ADJOURNMENT) 19

THE CHAIR:                    Thank you.  Please be seated.  20

I'm told that because of the problem that 21

we're having with our webcast, Mr. Secord, that your clients 22

or you and your clients have offered your good offices to tie 23

into your network or something.  I may use the wrong terms. 24

MR. SECORD:                   Yes.  That's correct.25
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THE CHAIR:                    And what we're going to do, as 1

I understand it, we're going to just wait until we get the 2

go-ahead from the back table here, is staff member 3

Mr. Kal Elkassem will be the only person looking into that.  4

We don't want to in any way -- all we want to do is get the 5

webcast up and running.  Is that satisfactory?  6

MR. SECORD:                   It is.  Thank you. 7

THE CHAIR:                    Yes.  So we will just wait 8

until this matter is under control.  9

Apparently we're good to go.  10

MS. OLENIUK:                  Thank you, Mr. Chair. 11

Dr. Phillips, if we can just go back to your evidence 12 Q.

again.  It's Exhibit 134.2.  If we can just go to the final 13

page?14

DR. PHILLIPS:         Yes. 15 A.

Okay.  And on that last page, it looks like these are 16 Q.

the references that you relied upon in providing your opinion 17

regarding the potential health impacts of this project; is 18

that fair? 19

DR. PHILLIPS:         These are the references that I 20 A.

specifically mention.  So they're here as references.  It's 21

certainly not a comprehensive list of everything that I've 22

read over the years that went into this opinion.  No. 23

So, sorry, what are these then? 24 Q.

DR. PHILLIPS:         You know, it's actual 25 A.
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references for the document.  That is, when a particular 1

paper is referenced in the document, it appears here as it 2

would with a -- you know, with a research paper.  I did not 3

compile -- attempt to compile a list of everything that I've 4

ever read that contributed to my opinion here.  5

Okay.  So are there references that are not provided on 6 Q.

here, specific ones that you relied on heavily or you think 7

are particularly important or notable? 8

DR. PHILLIPS:         Well, of course they -- you 9 A.

know, a large portion of my analysis has to do with what 10

appears in the adverse event reports, and I did not cite them 11

here.  That's obviously the biggest difference between what I 12

was basing my opinion on and what appears on this page.13

Okay.  Is there any other report -- any other literature 14 Q.

that you find specifically relevant and helped inform your 15

opinion, or does this about cover it? 16

DR. PHILLIPS:         Well, of course it doesn't 17 A.

about cover it.  I mean, a large part of my opinion is 18

focused on the nature of how to make sense of the evidence; 19

that is, what I have attempted to do with this report, as 20

well as the 2011 paper and other testimony that I have given, 21

is not give a simple review of what other people have said 22

but, rather, try to figure out how to better analyze the data 23

that we have. 24

Going into that is, you know, 20 years of 25
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reading and study on how to best make sense of the evidence 1

that we have, and, you know, that's obviously a critical part 2

of what I've done here. 3

Okay.  So if we just take a look at the references.  So 4 Q.

looking at the second reference, that's a decision of a 5

tribunal.  That's correct? 6

DR. PHILLIPS:         Yes. 7 A.

Okay.  And then the third one is Krogh et al, and that 8 Q.

was published in BSTS; is that right?  9

DR. PHILLIPS:         Yes, so that -- 10 A.

I think this is a pretty simple question.  Am I right? 11 Q.

DR. PHILLIPS:         As I recall, the role of that 12 A.

reference in my document is to just provide readers with a 13

way to find out about what the WindVOiCE project was.  So, I 14

mean, it shouldn't be mistaken for I read that article and 15

that's what I know about WindVOiCE but, rather, was providing 16

a -- sort of for further reading on my reference to this 17

WindVOiCE project, see this article, because it's readily 18

available. 19

Okay.  And then if we just keep going down to the next 20 Q.

one, it's Harry A, and it looks like the document is -- the 21

source is provided as www.windwatch.org; is that right? 22

DR. PHILLIPS:         Yes. 23 A.

And going down there's an article by Nissenbaum, 24 Q.

Aramini, and Hanning; is that correct? 25
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DR. PHILLIPS:         Yes. 1 A.

And are those three gentlemen all members of the board 2 Q.

of the Society For Wind Vigilance; is that correct? 3

DR. PHILLIPS:         I don't know. 4 A.

You're not sure? 5 Q.

DR. PHILLIPS:         No. 6 A.

Okay.  I thought you were the scientific advisor for 7 Q.

that organization? 8

DR. PHILLIPS:         I am.  I think I'm listed as a 9 A.

scientific advisor, certainly not the scientific advisor.  10

There are a lot of good scientists in this area.  But that 11

doesn't mean that I have any day-to-day dealings that would 12

allow me to keep track of who else is involved with it. 13

Okay.  I noted it was listed in your CV, but you're not 14 Q.

sure who's involved with your organization or who is not in 15

your role as scientific advisor? 16

DR. PHILLIPS:         Yeah, well, I mean scientific 17 A.

advisor position can mean any number of things.  It can be 18

very close involvement like the one that I had with the 19

Consumer Advocates For Smoke-Free Alternatives Association, 20

in which I actually moved there to being on the board of 21

directors of the organization and one of the leaders, or it 22

could just mean that you have agree to, you know, take 23

people's emails and respond to them. 24

In this particular case, it's definitely in 25
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the latter category.  And, you know, in fact, putting it on 1

my CV might be giving myself too much credit for being 2

involved.  I mean, I basically don't have anything to do with 3

the organization and have hardly, if ever, been asked, you 4

know, dear board of scientific advisors, we would like your 5

opinion about the following.  So, you know, perhaps just in 6

the interest of not overstating my role, I should probably 7

remove that from my CV because it's claiming too much.  8

No.  I really have no idea.  I mean, I, you 9

know, vaguely know the group of people who are associated 10

with that, but I couldn't tell you for sure exactly who is 11

involved, let alone who actually makes things happen or even 12

what happens. 13

Okay.  Because I note on your CV under selective 14 Q.

scientific/scholarly service and honours, it's listed as the 15

second thing in your CV, and it's -- 16

DR. PHILLIPS:         Yeah, and it -- 17 A.

Sorry, just a second, sir.  18 Q.

And it indicates "2010 to present."  So you've 19

been involved with the Society For Wind Vigilance as a 20

scientific advisor for three years, and you really have no 21

idea who's involved with it, or who runs the show, in your 22

words?23

DR. PHILLIPS:         Yeah, I haven't been 24 A.

involved -- I agreed to be a scientific advisor which is a 25
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relatively minimal level of involvement in many cases, and 1

this being one of those cases.  And, as I said, I have, in 2

fact, been -- as I said, I can't even recall a single 3

instance, certainly not for a new years, of getting even so 4

much as an email saying, "Dear members of our scientific 5

advisory Board, can you do the following."  And, as such, I'm 6

thinking I probably shouldn't even have that on there because 7

it gives me too much credit.  I'm not really doing anything. 8

Who brought you on to the organization then?  Who pays 9 Q.

you, that sort of thing? 10

DR. PHILLIPS:         Nobody pays me. 11 A.

Who brought you on to the organization and got you 12 Q.

involved as a scientific advisor? 13

DR. PHILLIPS:         That's a good question.  Since 14 A.

it's mentioned -- it's going clear back to 2010, it would 15

have to be somebody who became aware of the very first 16

project that I ever did on this topic because there was only 17

one that goes back that far. 18

Which project is that? 19 Q.

DR. PHILLIPS:         That was -- the very first case 20 A.

that I worked on related to wind turbines was in Wisconsin.  21

I think that my report for it was actually one of the ones 22

that was discussed early this morning.  I'd have to look it 23

up to recall what the name of the case was.  And I believe 24

that was probably the only thing I actually did in 2010.  25
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I started to get in touch with some of the 1

other scientists and scientific researchers that were working 2

on this topic shortly after I did that just because people 3

became aware of what I had to contribute to it.  4

I probably talked to Michael Nissenbaum.  I 5

probably talked to Carmen Krogh.  I have no idea which of 6

them or who else might have originally invited me to be a 7

scientific advisor. 8

Okay.  And if we keep looking down in your references, 9 Q.

there's a few from Pederson that I think we've talked about.  10

And then third from the bottom, you're citing your paper 11

there? 12

DR. PHILLIPS:         Yeah. 13 A.

And then you have the Pierpont book; is that correct? 14 Q.

DR. PHILLIPS:         Yeah. 15 A.

And then the last one here is another article from BSTS; 16 Q.

is that correct? 17

DR. PHILLIPS:         Yes. 18 A.

And when I looked at these references, here again I 19 Q.

noticed there was -- and I know it was done early in the year 20

but there's nothing listed from 2013 and there's only one 21

reference from 2012.  So is it that there was nothing really 22

published since 2011 that was relevant that you thought would 23

be important to bring to the Commission's attention? 24

DR. PHILLIPS:         There has been woefully little 25 A.
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that's very useful in terms of epidemiology that's been 1

published.  So the Nissenbaum study which dates back -- which 2

was circulating before that, and I certainly commented on it 3

early on, came out in a journal in 2012.  So that is here.  4

There have been a couple of other bits of 5

epidemiology that have become available in 2013, but I 6

provided this report.  And I wrote this in January or 7

something like that, so there's no way that anything from 8

2013 could have been in it.  9

Sure.  I understand that.  But when I look at these 10 Q.

references, I guess I'm surprised that you haven't included 11

anything else, anyone else's work.  12

I know you talk about reviewing epidemiologic 13

papers, but is there nothing else in the public literature 14

that would help you inform your decision about these health 15

effects? 16

DR. PHILLIPS:         Well, as I pointed out, this is 17 A.

not an attempt to describe the full list of what I know what 18

I've reviewed and so forth.  This page serves as references 19

for the paper, which is to say if I wanted to refer a 20

particular quotation or make a reference to where someone 21

might want to find a particular bit of information, I 22

provided it here.  That's serving a different purpose than 23

trying to list everything that I know that's relevant. 24

Is it fair to say, then, that the majority of these 25 Q.
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statements and assertions that are in your expert evidence 1

are essentially unsupported by things in the literature? 2

DR. PHILLIPS:         It depends on what you mean by 3 A.

the literature and what you mean by the majority.  4

I believe that everything I say in there that, 5

you know, is actually a scientific statement is supported by 6

the available science.  That science might or might not take 7

the form of what you call being in the literature. 8

I guess my problem, Dr. Phillips, is you don't provide 9 Q.

any of the science.  So we can't test any of your conclusions 10

or opinions.  I'm having a lot of difficulty trying to test 11

these things because I frankly don't know what you relied on 12

to come to your opinion.  13

You're very vague about what documents you 14

reviewed for this hearing, and you've been very vague about 15

what references you relied on.  I guess that's where I'm 16

struggling.  17

DR. PHILLIPS:         My report here is the science 18 A.

of the key conclusions that I believe I have to offer to this 19

hearing and as well as to the topic in general; that is, it 20

actually contains the analysis of why the adverse event 21

reports that we have are such compelling evidence, which I 22

consider to be the most important thing that we know.  It 23

also contains my analysis of why we don't know particular 24

things.  Obviously our lack of knowledge about particular 25
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topics is not going to be represented in the literature by 1

the nature of that. 2

And so, for the most part, the content of this 3

stands on its own; that is, I am not just repeating what 4

other people have said.  I've compiled all of the knowledge 5

that I could from what other people have said, so, you know, 6

for example, that Nissenbaum study.  In my opening statement, 7

I mentioned the new study that University of Waterloo 8

recently put out. 9

But one of my key points in all of this is we 10

know far too little.  We already discussed that I designed a 11

study that I thought would get quite nicely at some of the 12

key points here.  Wasn't able to get it into the field.  13

Nissenbaum et al were able to get their study 14

into the field at personal expense basically, got that out.  15

There is now some funding in Ontario and we're starting to 16

see the results of that trickle out.  17

As I said, I made reference to one of those in 18

my opening statement, something that only became available 19

this month. 20

If there were more epidemiology studies out 21

there, then, of course, I would be presenting their results.  22

They don't exist, and, therefore, the epidemiology analysis, 23

which is what my report is, not just a recounting of someone 24

else's analysis, but my actual analysis and hopefully an 25
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attempt to show the reader why the analysis is correct; that 1

is, I would like to think it stands on its own without 2

needing to just blindly believe my way of looking at things, 3

is here.  4

I don't -- I don't understand how you can 5

characterize that as any kind of mystery.  6

So you mentioned that you read Dr. Ollson's report in 7 Q.

this proceeding; is that correct? 8

DR. PHILLIPS:         Yes. 9 A.

And did you have a chance to take a look at the 10 Q.

references that Dr. Ollson provides in his report? 11

DR. PHILLIPS:         Probably.  I don't recall 12 A.

specifically. 13

Okay.  So you're not sure whether or not Dr. Ollson's 14 Q.

opinion that he has presented in this hearing is supported 15

generally by evidence and what's been discovered in the 16

scientific community? 17

DR. PHILLIPS:         I'm not quite sure what to make 18 A.

of that question.  There's certainly a big difference between 19

citing references and basing your opinion on the scientific 20

evidence.  So the juxtaposition of these two concepts, I'm 21

not quite sure what to do with. 22

I think it might be because I'm not really a science 23 Q.

person.  Maybe I'm confusing those two.  I apologize for 24

that. 25
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To the best of your knowledge, have there been 1

any reports filed or published in the last month or two that 2

would be relevant to this area that you opine on, and that's 3

the effects of wind turbines on health? 4

DR. PHILLIPS:         Yes.  Well, you know, I 5 A.

mentioned that Waterloo poster that was presented at a 6

conference.  I couldn't tell you exactly what conference off 7

the top of my head.  Literally a couple days ago, I had a 8

chance to read it -- yesterday I believe, and thus -- maybe 9

it was the day before -- and thus incorporate -- no, sorry it 10

must have been last week because I incorporated it into this 11

document that I filed.  12

Some more information actually came to my 13

attention just this morning that somebody has done some 14

fairly clever research in Australia of actually getting 15

someone to do a crossover study that's much more detailed 16

than the types of crossover studies that I talk about.  And 17

actually having someone keep an hour-to-hour diary of whether 18

they were suffering the effects that are believed to be 19

caused in this particular individual by nearby wind turbines 20

and then parsing that against physical measures of how much 21

noise was being created at the time of which the individual 22

in question wasn't aware of and showing a huge correlation 23

between those two. 24

Is any of that available? 25 Q.
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DR. PHILLIPS:         What's that?  1 A.

You said you just found out this morning.  Is any of 2 Q.

that available?  Or is this just like through a phone call or 3

something that you had with someone? 4

DR. PHILLIPS:         Well, it was through an email 5 A.

that I was sent a few links in addition to just the text of 6

the email.  So those are publicly available.  I don't have 7

them up right now, but I could certainly send them to you. 8

Sure.  It's funny you mention Australia because I was 9 Q.

just reading -- do you know a fellow by the name of Dr. Simon 10

Chapman?  11

DR. PHILLIPS:         I'm certainly well aware of 12 A.

him.  I don't know him personally. 13

But you're aware generally of what he does and that he's 14 Q.

involved in this field? 15

DR. PHILLIPS:         Yes. 16 A.

Are you aware he just actually published a paper on 17 Q.

October 16th?  I can read you the name.  It might help.  It's 18

called "The Pattern of Complaints about Australian Wind Farms 19

Does Not Match the Establishment and Distribution of 20

Turbines:  Support for the Psychogenic 'Communicated Disease' 21

Hypothesis."  Have you heard of that?22

DR. PHILLIPS:         I haven't read that paper.  I 23 A.

know what Chapman has been doing for the last couple of 24

years, and without mentioning his name, I actually refer to 25
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it in my report.  Basically Chapman, for unknown reasons -- 1

perhaps consulting contracts, perhaps something else -- 2

decided to start making a list of diseases and symptoms that 3

appeared in adverse event reports that were probably not 4

related to wind turbines.  5

So when someone does a report about what 6

they've been suffering since wind turbines went online near 7

them, if they're thorough about it, they might mention, you 8

know, that they were diagnosed with bladder cancer, or 9

something like that.  It would be unfortunate, though sort of 10

not completely -- not understandable for them to attribute 11

that to the wind turbines, but they certainly might mention 12

it. 13

Chapman embarked on this rather -- I have to 14

say rather inhumane project of collecting of all of these 15

apparently non-related diseases that appeared in adverse 16

event reports.  He sent out tweets about them, Twitter posts 17

about them as he found them over the course of a year 18

basically expressing glee and laughing at people who were 19

suffering diseases that they perhaps thought without much 20

basis were being caused by wind turbines, things that are not 21

on this list of diseases that definitely do seem to be caused 22

by wind turbines. 23

It was a very -- it was a very strange and 24

nasty project that he engaged in for reasons that are a 25
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little bit difficult to fathom. 1

What's Dr. Chapman's title?  Sorry, what's his position 2 Q.

in Australia? 3

DR. PHILLIPS:         He is at the University of 4 A.

Sydney, I believe. 5

Okay.  And you say you reference him in your report in 6 Q.

sort of a read between the lines kind of way?  Am I getting 7

that right? 8

DR. PHILLIPS:         That's a reasonable way to put 9 A.

it. 10

So why not just actually state that you're referring to 11 Q.

him instead of putting it as a read between the lines kind of 12

proposal? 13

DR. PHILLIPS:         Well, I mean, it wasn't meant 14 A.

to be a read between the lines in terms of being sneaky or 15

anything.  It's just that in the evidence that I had read 16

that was presented in this case, nobody cited him; and 17

therefore, there didn't seem to be any obvious reason to 18

bring it up but, rather, to refer to it as a general point.  19

It's that paragraph that's at the bottom of 20

page 4 of my report in which I point out that:  (as read)21

"It's true that many individual ARs 22

also report various health problems 23

that are not apparently related to wind 24

turbine exposure."  25
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And went on to explain why that in no way calls into question 1

the pattern of consistent disease outcomes that are 2

associated in reports of wind turbine exposure. 3

So basically Chapman decided to make a little 4

humorous hobby project out of people's suffering.  Whether it 5

was caused -- whether he genuinely believed it wasn't caused 6

by wind turbines or not, it was a very sad and unfortunate 7

thing.8

So are you referring to the article, then, that he -- 9 Q.

this open access article he just published a couple weeks 10

ago; is that --11

DR. PHILLIPS:         I'm not quite sure what --12 A.

-- where this happened?13 Q.

DR. PHILLIPS:         -- ended up in the article.  I 14 A.

suspect it was part of the same project, but I don't know. 15

Okay.  But you didn't read it? 16 Q.

DR. PHILLIPS:         No. 17 A.

Okay.  So if we just go to your opening statement now, 18 Q.

which I think is Exhibit 245.  On the first page and the 19

second last paragraph here, the first statement indicates:  20

(as read)21

"The second clear scientific 22

observation is that we know far less 23

about the details of the health effects 24

than we should."25
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Do you see that?  1

DR. PHILLIPS:         Yes. 2 A.

But I understand you can't confirm that you've read, for 3 Q.

example, the various references that are cited in the Ollson 4

paper? 5

DR. PHILLIPS:         I don't know what the list of 6 A.

references cited in the Ollson paper is. 7

I guess there's references.  They're cited in 8 Q.

Dr. Ollson's expert report in this proceeding that you 9

indicated earlier on that you had read, and I'm just 10

wondering -- I asked you earlier if you had read those 11

references, and you said you wouldn't -- or you hadn't, and 12

then I read this statement that says:  (as read)13

"We know far less about the details of 14

health effects than we should."  15

And I suggest to you it's because you're not reading the 16

literature.  Do you think that's fair? 17

DR. PHILLIPS:         No.  I would be very surprised 18 A.

if there was any epidemiology that has been made available in 19

any form that hasn't found its way to me at this point. 20

Okay.  But you can't say for sure because you haven't 21 Q.

actually went to those sources and read them, have you?  22

DR. PHILLIPS:         No one can ever say for sure 23 A.

that they haven't missed something, because if you've missed 24

it, you don't know you have. 25
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I guess I'm speaking specifically to the over 1 Q.

100 references that are included in Dr. Ollson's report, if 2

any of those 100 you have read, and if maybe those would have 3

helped inform your opinion on this project? 4

DR. PHILLIPS:         Again, sitting here right now, 5 A.

I don't know what those 100 were.  I can probably step 6

through them if you wanted and indicate whether I'd read them 7

or not and whether any of them just by title appear to be 8

something that would have been informative to the points that 9

I am speaking to in my analysis or not.  If you'd like me to 10

step through them, I certainly can. 11

No.  I think if you can't remember if you have, that's 12 Q.

sufficient for me. 13

If we turn to the next page of your opening 14

statement.  15

DR. PHILLIPS:         Yes. 16 A.

And right in the middle of that statement -- sorry, in 17 Q.

the middle of that paragraph, there's a statement that reads:  18

(as read)19

"Those who suffer from sensory stimulus 20

triggered mind and body disease are 21

also of greater concern."22

Do you see that?  23

DR. PHILLIPS:         Yes. 24 A.

Okay.  And so what would be the reference for that?  25 Q.
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Where could we go to take a look and see whether or not 1

that's in fact accurate and reliable? 2

DR. PHILLIPS:         Well, the fact that they're of 3 A.

greater concern is based on just what we know about 4

constellations of disease, no particular reference.  5

Now, that study that I designed and, you know, 6

again, maybe we'll just release the methodology for hoping 7

that someone else will use it was really focused in part on 8

asking people -- it was designed to be a study before and 9

after the installation of wind turbines in a particular 10

community that -- in which the installation process was 11

already planned. 12

And we made sure to ask questions based on 13

reasonable hypotheses about what might be predictive risks 14

for a particular individual, a known history of vestibular 15

problems, a known history of hearing challenges of various 16

sorts, a known history of stress, particularly, perhaps 17

caused by sensory stimulus. 18

So, Dr. Phillips -- sorry, this is a study that hasn't 19 Q.

been carried out? 20

DR. PHILLIPS:         That's right, and that's --21 A.

Okay.22 Q.

DR. PHILLIPS:         -- and that's why this is in 23 A.

the --24

So when I asked --25 Q.
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DR. PHILLIPS:         -- discussion of things that we 1 A.

don't know. 2

-- what's the support -- no, it's not that you don't 3 Q.

know.  You've made a statement, everybody in this room, that:  4

(as read)5

"Those who suffer from sensory stimulus 6

triggered mind and body diseases are 7

also of greater concerns."  8

And I asked you what's your support for that statement, and 9

you indicated that you have a hypothesis you'd like to test.  10

I don't think that's quite the same thing as being supportive 11

of that statement.  12

DR. PHILLIPS:         That's not in fact all that I 13 A.

said.  What I said to start with is that most of us who have 14

been examining the available literature on this and 15

considering it in light of our knowledge about other health 16

effects and constellations of diseases -- I shouldn't say 17

"most."  I should say many of us believe that sensory 18

stimulated stress is the major cause, the major nexus on the 19

causal pathway between exposure to wind turbines and disease 20

outcomes.  There are others who quite plausibly argue that it 21

actually very specifically has to do with vestibular effects.  22

We don't know for sure which of those it is, 23

or perhaps it's something else entirely.  I mean, one of the 24

advantages of epidemiology is that we can study cause and 25
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effect without actually even knowing the mechanism. 1

But to the extent that we have pretty strong 2

hypotheses about the mechanism and that many of us are 3

convinced that it seems to be sensory caused stress, then 4

someone who has a history of sensory caused stress is 5

definitely going to be at higher risk than someone, you know, 6

who never in their life has been bothered by sensory 7

phenomenon. 8

So if your study is funded and you test out this 9 Q.

hypothesis and it's not true, is there anything else that 10

supports this statement? 11

DR. PHILLIPS:         The statement as it sits here 12 A.

right now, that there's reason for greater concern, you know, 13

is what we know right now.  If we did a couple of studies and 14

we're able to collect decent data and discovered, hmm, no, 15

there's actually no apparent correlation between measures we 16

might take ex-ante of someone's sensitivity to sensory 17

stimulus and whether they suffered the diseases caused by 18

wind turbines, then we would reject the hypothesis.  I mean, 19

that's the scientific process.  We have a hypothesis.  We 20

have some degree of belief in it.  We would like to either 21

improve our degree of believe in it by finding statistics 22

that tend to confirm it or, should those statistics tend to 23

contradict it, correct our original perception. 24

So you said we know this today.  How do we know this 25 Q.
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today, is my question.  1

DR. PHILLIPS:         We know this because people who 2 A.

have a history of suffering problems due to sensory stimulus 3

have a propensity to suffer problems due to sensory stimulus.  4

And there are some people in the world who don't seem to be 5

bothered by any such thing and some people who are.  6

If my hypothesis and that of many others is 7

correct and that sensory stimulus is the -- is one of the key 8

steps in the causal pathway between the exposure and the 9

disease here, then those people who are susceptible to that 10

particular problem are going to be the ones who are more 11

likely to be susceptible to it from this particular exposure. 12

Or you could put it the opposite way.  Someone 13

who is never bothered by noise and light and so forth is at 14

lower risk than average.  So it becomes a question of what, 15

if anything, can we say about who is more likely to suffer 16

problems than average. 17

And I think I make it very clear that in spite 18

of what assessments we might have of that particular point, 19

we really don't know.  You know, I would never -- I would 20

never venture to suggest that a person with a particular set 21

of characteristics has triple the average risk of suffering a 22

severe disease from a nearby wind turbine.  We simply don't 23

know.24

This is solidly within the realm of the things 25
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that we ought to know.  We know how to figure it out.  We 1

have the scientific methods available, but no one has done 2

it.  And, you know, that includes me.  I gave it a shot but 3

couldn't follow through.  4

Okay.  And just moving to the last page of your opening 5 Q.

statement, which is page 6.  6

DR. PHILLIPS:         Yeah. 7 A.

Okay.  Now, in the middle paragraph, you made some 8 Q.

pretty bold assertions about BluEarth and what they did or 9

didn't do in its presentations to the community.  And the 10

second sentence of the second paragraph you write that:  11

(as read)12

"But denying that is exactly what 13

BluEarth did in its presentations to 14

the community.  As I detailed in my 15

report, BluEarth's presentations to the 16

community about what is known about 17

health effects attempted to deny all 18

evidence that there are such effects."19

Do you see that?  20

DR. PHILLIPS:         Yes. 21 A.

Were you at those presentations? 22 Q.

DR. PHILLIPS:         No. 23 A.

Okay.  And prior to arriving yesterday, have you ever 24 Q.

been to this community? 25
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DR. PHILLIPS:         No. 1 A.

Okay.  And I think you heard this morning from 2 Q.

Dr. Ollson that he was here twice accompanying BluEarth to 3

make presentations to the community and to the municipality.  4

Did you hear that this morning? 5

DR. PHILLIPS:         No.  Actually I did not. 6 A.

You can check the transcripts if you like.  7 Q.

DR. PHILLIPS:         I believe you.  I believe you. 8 A.

Sure.  And do you know what he said to the community 9 Q.

regarding the potential health effects associated with wind 10

turbines? 11

DR. PHILLIPS:         What I do know -- no, I don't 12 A.

know that.  What I do know is the written material that they 13

provided, which I review in pages 15 through 17 of my written 14

report. 15

I do understand that.  But when you say here the 16 Q.

presentation to the community about what is known about 17

health effects attempted to deny all evidence there are such 18

effects and Dr. Ollson indicated today that he was here to 19

present to the community what was known about health effects, 20

you don't know what he said.  You weren't here.  So how can 21

you make that statement? 22

DR. PHILLIPS:         I make that statement based on 23 A.

the written material that was provided, which is of course 24

always, you know, well, in my experience of watching people 25
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gathering information in a session like that which -- in 1

which written material is provided predominates, and there 2

were very clear statements in that written material.  3

I think they must have been in the form of 4

posters.  They appeared to be posters that, you know, did 5

exactly what I said that -- tried to persuade the reader that 6

there is no serious concern about risk out there that 7

selectively quoted from the available information that's out 8

in world in a way that would cause someone reading that 9

material to come away thinking there is no serious person in 10

the world who believes that there's no risk here. 11

Do you know if your BSTS paper was shown to the 12 Q.

community by Dr. Ollson?  13

DR. PHILLIPS:         I don't know whether it was.  I 14 A.

received the response to some follow-up questions that were 15

presented to BluEarth.  They made reference in one of their 16

statements in the original application perhaps that written 17

material was made available to members of the community. 18

But you're not sure if -- 19 Q.

DR. PHILLIPS:         We queried what the list of the 20 A.

material was.  I think they came back with four items, and my 21

paper was not among them.  No. 22

But it was sufficient information in that information 23 Q.

request response for you to make this statement here that 24

they're deniers essentially.  You felt comfortable making 25
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that statement? 1

DR. PHILLIPS:         The statement that they were 2 A.

denying the evidence is based on -- is based on what actually 3

physically appeared in the material that they highlighted.  4

You know, like I said, I go into more detail in the brief 5

couple of sentences presented there.  I have three full 6

pages of it in my report referring to specific quotations and 7

the material and so forth. 8

And yes, it is my opinion that that material 9

was designed to convince the reader that no reasonable 10

scientist -- no reasonable analyst of this topic thinks that 11

there's any risk. 12

That's your opinion? 13 Q.

DR. PHILLIPS:         Yes. 14 A.

Okay.  And if we just flip a couple pages back on your 15 Q.

opening statement to page 3, you mentioned it two or three 16

times now during this examination about a University of 17

Waterloo study, and it's just in the very middle of the 18

second paragraph on page 3 of your opening statement.  Do you 19

see that? 20

DR. PHILLIPS:         Yup. 21 A.

Okay.  And it's referencing here a recent University of 22 Q.

Waterloo study?  23

DR. PHILLIPS:         Yes. 24 A.

You see that there? 25 Q.
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DR. PHILLIPS:         Yes. 1 A.

And did you get a copy of that study? 2 Q.

DR. PHILLIPS:         I got a paragraph of the poster 3 A.

that they presented.  As far as I understand that's all 4

that's been released so far. 5

Okay.  And on reading that poster and taking a look at 6 Q.

it, can you recall what the response rate was for those 7

surveys that were sent out? 8

DR. PHILLIPS:         Not offhand, but I can 9 A.

certainly call it up and look at it. 10

I'm just wondering -- 11 Q.

DR. PHILLIPS:         I vaguely recall that it was 12 A.

typical, in the order of a third to a half, but... 13

Yeah, please call it up and we can take a look.  14 Q.

DR. PHILLIPS:         Okay.  15 A.

Sorry, I was looking in the wrong place.  I've 16

got it now. 17

Yeah, it's been filed in a couple of different places.  18 Q.

DR. PHILLIPS:         Okay.  So the response rate 19 A.

appears to be -- no.  I was mistaken it appears to be in the 20

range of 10 percent. 21

I think it was about 8 I calculated.  22 Q.

DR. PHILLIPS:         About 10. 23 A.

About 8 or about 10?  24 Q.

DR. PHILLIPS:         Scientist tend to call 8 about 25 A.
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10. 1

I thought you guys were a really precise group, sorry.  2 Q.

DR. PHILLIPS:         No.  Actually better scientists 3 A.

think that it's really important to make sure that you 4

recognize the uncertainty and imprecision rather than running 5

things out to the third decimal place when it's not really 6

proper to do. 7

Okay.  And did you notice the response rate for those 8 Q.

located within 2,000 metres of a turbine? 9

DR. PHILLIPS:         Sorry, if you point to me where 10 A.

it is on the page I can be quicker about this. 11

Sure.  It's under results and discussion.  12 Q.

DR. PHILLIPS:         Yeah.  13 A.

I think it's located right under there.  14 Q.

DR. PHILLIPS:         I am seeing only the total -- 15 A.

sorry, I'm seeing only the total number of surveys returned. 16

I think it's in the chart in the centre where it says 17 Q.

distance metres nearest the wind turbine.  Sorry, I directed 18

you to the wrong spot.  There's a table right in the very 19

centre of the poster has a purple header.  20

DR. PHILLIPS:         Got it. 21 A.

So it looks to me like they got 70 surveys responses 22 Q.

from those that live between zero and 999.99 metres.  There's 23

those scientists with their decimal places again I guess.  24

DR. PHILLIPS:         Yeah.  That's kind of 25 A.
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unfortunate.  If it were a student of mine -- 1

I think it's helpful for measurement.  I would like to 2 Q.

know the measurement precisely. 3

And then the following one is the 1,000 to 19 4

-- 99.99 metres.  Do you see that? 5

DR. PHILLIPS:         Yes.  6 A.

So this -- as I understand this, there were 150 surveys 7 Q.

sent back from people who were within 2,000 metres of a 8

turbine compared to 4,876 total that were sent out; is that 9

correct?  Does that appear correct to you?  10

DR. PHILLIPS:         There were -- yes, 4800 some 11 A.

were set out.  412 came back, so we're talking a response 12

rate in the neighbourhood of 10 percent. 13

So I think it's about 8 or 10 percent total response 14 Q.

rate, and then we're looking at a response rate of about 15

3 percent for those that live within 2 kilometres of a 16

turbine.  Does that sound about right? 17

DR. PHILLIPS:         No.  There's no information 18 A.

about how close -- sorry, how many surveys were sent out by 19

distance, so we can't break down the response rate by 20

distance because we don't have the denominator. 21

We actually can.  So if you look under methods, it was 22 Q.

sent out to 4,876 residences on the right top right hand box.  23

That was the total amount that was sent out to all distances.  24

DR. PHILLIPS:         Yeah. 25 A.
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And if you go back to that chart I had you at, the table 1 Q.

in the centre of the page, it says that there was 70 was the 2

sample size within 1 kilometre and 80 within 1 kilometre to 3

2 kilometres.  Do you see that? 4

DR. PHILLIPS:         Yeah. 5 A.

So I think that works out to about 3 percent? 6 Q.

DR. PHILLIPS:         No, no, no.  The response rate 7 A.

is what percentage of surveys that went out that were 8

returned.  So if we wanted to know what the response rate was 9

within 1 kilometre, we would need to know how many of those 10

4,000 some surveys were sent to people who lived within 1 11

kilometre.  12

Since we don't have that information 13

separately, we only have that total, we can't figure out the 14

differential response rates by distance. 15

Okay, I see what you're saying.  But we can accept then 16 Q.

there was -- 17

DR. PHILLIPS:         That's a good question.  18 A.

Ultimately they ought to provide us with that information 19

when they do a more complete publication of this. 20

Okay.  And then are you also aware of -- there was an 21 Q.

email that was filed as an exhibit on Monday.  It's 22

Exhibit 239.  And it's an email from Philip Bigelow 23

Dr. Philip Bigelow who was listed as an author on that 24

poster, and it was sent to yourself and your legal counsel.  25
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Has he provided you with a copy that? 1

DR. PHILLIPS:         I don't remember seeing it. 2 A.

It's Exhibit 239, if you want to pull it up.  3 Q.

DR. PHILLIPS:         No.  Actually, this is not the 4 A.

pathway by which I got the poster.  This is a much easier to 5

read version of it than I got.  Like I said, I literally got 6

someone's cell phone photograph of the poster. 7

I think it helps when it comes right from the source. 8 Q.

If you just look at this email.  So it says at 9

the top from Phillip Bigelow.  Do you see that there?  10

DR. PHILLIPS:         Yes. 11 A.

And you do you recognize Dr. Bigelow's name from the 12 Q.

paper? 13

DR. PHILLIPS:         Yeah.  I believe that's right.  14 A.

Yeah.  15

And in his first paragraph he states that his 16 Q.

understanding is that the poster might be discussed at the 17

tribunal involving BluEarth Renewables? 18

DR. PHILLIPS:         Yes, he says that. 19 A.

And then a couple paragraphs down, the paragraph that 20 Q.

starts with, "clear pallor."  Do you see that? 21

DR. PHILLIPS:         Yes. 22 A.

And the fourth line down there says:  (as read)23 Q.

"However, we were very disappointed 24

with our response rate for the study, 25
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which was impacted by circumstances 1

beyond our control.  The overall 2

response rate of under 10 percent is 3

very problematic, and we recognize the 4

opportunity for bias that would 5

invalidate the findings reported on the 6

poster."7

Do you see that?  8

DR. PHILLIPS:         Yes. 9 A.

And now that you know what the response rate is, would 10 Q.

you agree with that assessment by Dr. Bigelow, the author? 11

DR. PHILLIPS:         Yeah.  Well, I don't know 12 A.

exactly what methods he used to try to shake loose responses.  13

Basically, if he sent out -- they sent out -- 14

sorry -- not fair to the other authors.  15

If they sent out one survey query and got back 16

10 percent responses to it, that's actually pretty good.  I 17

mean, a huge amount of epidemiology, of course, is based on 18

doing surveys like this.  A typical approach is to actually 19

bug people, and I know it's pretty rude.  But, you know, 20

actually as many -- at least three times, perhaps as many as 21

seven times -- now that I have a version I can read better, 22

maybe there's actually something about that.  23

I guess my question is just about Dr. Bigelow and what 24 Q.

he said in his concerns regarding bias and invalidating the 25
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findings? 1

DR. PHILLIPS:         Yeah.  Well, I mean, it's 2 A.

always a problem with survey research of this type where your 3

response rate is such that there might be an association 4

between outcomes and -- or exposure status and propensity to 5

respond.  Now, if it were 10 percent random sample of the 6

population, that would be no problem.  The problem comes in 7

when it's not random.  8

It would be worth stopping and thinking 9

about -- especially if, you know, I had more than just this 10

70-word version of the methods to work with -- what it is 11

that might cause an association between someone's inclination 12

to respond and their status.  13

So, for example, if -- you know, you could 14

make up -- you can make up stories.  You can make up stories 15

in either direction.  Just to illustrate the importance of 16

this.  17

If for some reason people who lived nearby and 18

had a bad outcome were likely to respond and people who lived 19

far away and did not have a bad outcome were more likely to 20

respond, then you would have a bias that overstated the 21

apparent association.  If, on the other hand, it went in the 22

had opposite direction you would have a bias that overstated 23

the apparent association. 24

So it becomes a question of the extent to 25
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which the propensity to respond is associated with a key 1

variable in the study.  And we don't have enough information 2

from what's been provided here to even begin to assess that. 3

Okay.  But you had sufficient information to mention it 4 Q.

in your opening statement and say that it showed much higher 5

rates of sleep disorders, vertigo, and tinnitus among those 6

living near wind turbines.  Despite that fact that in your 7

own words you only had 70 words of methodology on a poster to 8

go from; is that correct? 9

DR. PHILLIPS:         Yes.  That's sadly from -- from 10 A.

a lot of research papers that appear in journals, you only 11

have 200 words of methodology.  So it's not all that 12

different, unfortunately.  Publication tends to be far too 13

terse to be able to make a good critical analysis of it.  14

But in any case, I mean, yes, that's what the 15

results showed. 16

Is it possible that the entire correlation 17

observed here is caused by study bias?  Yes.  In fact, it's 18

always possible that the entire correlation in a study is 19

caused by study bias.  I've written papers about that very 20

fact. 21

But this is, again, more information than we 22

had a month ago, and it -- you know, points further in the 23

direction that there's reason for concern. 24

Even if -- even if the lead -- even if the guy in charge 25 Q.
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of it notes that there's an opportunity for bias, that it 1

might invalidate the findings, it's still useful information 2

that we can base opinions on; is that right? 3

DR. PHILLIPS:         I think -- I think great 4 A.

congratulations are due to him being a rare author who 5

actually acknowledged that because far too much is published 6

that has just as much potential for bias in which the authors 7

go out of their way to refuse acknowledging that and 8

providing enough information for the reader to figure out 9

that it's there. 10

So, you know, kudos to Dr. Bigelow for being a 11

careful scientist and pointing out what is -- based on we see 12

here the most likely potential important flaw in the study so 13

far. 14

That still doesn't change the fact that we 15

have this now.  We didn't have it a month ago.  If we had all 16

of the information that ought to have been generated over the 17

three and a half years that I've been working on this topic 18

and that it's been clear that we needed to know more, then 19

probably we would be glancing at this saying, yeah, this 20

is -- as the body of studies -- we have go, this is not one 21

of the better ones; and, therefore, let's not worry too much 22

about it.  23

Given the situation that we're actually in, 24

this is one of the better studies that we have by mere virtue 25
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of the fact that it's one of the only studies that we have of 1

this type in which there was systematic sampling of a 2

population.  Albeit potentially biased by the response rate, 3

it was an attempt at systematic sampling of the population 4

like Nissenbaum did, which is a very different kind of data 5

than we get from the adverse event reports.6

And as I took pains to point out, the adverse 7

event reports are not very good at answering questions like, 8

"What percentage of the population is likely to X."  This is 9

the type of study that you need to do to do this.  Something 10

is better than nothing.  11

Okay.  So if we can just turn to Exhibit 249.9.  12 Q.

DR. PHILLIPS:         Which is -- sorry.  I don't 13 A.

have a file that has the exhibit numbers. 14

Sorry.  Yeah.  You told me that earlier.  I should have 15 Q.

mentioned it.  It's Twitter feed from the Twitter account 16

that you listed on the front of your CV.  17

DR. PHILLIPS:         This one of -- this is one of 18 A.

the bits that was in the aids to cross-examination email I 19

got this morning?  Yes?  Is that right?  20

It says -- 21 Q.

DR. PHILLIPS:         It's the only Twitter feed I'm 22 A.

aware of that's been talked about in this case that you sent 23

me -- or that was forwarded on to me this morning. 24

Sure.  The date is 11, September, '13, which I can take 25 Q.
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as being last month; is that correct? 1

DR. PHILLIPS:         Yeah.  Yeah.  Okay.  Yeah.  2 A.

Yeah.  So I have a copy of this that you sent. 3

And it says Carl V. Phillips was the person that posted, 4 Q.

and the Twitter feed is @carlvphillips, which is the same one 5

on the front of your CV? 6

DR. PHILLIPS:         Yeah.  That's my Twitter feed. 7 A.

And it says here, "WHO lying about smokeless tobacco 8 Q.

again."  So is "WHO," the World Health Organization? 9

DR. PHILLIPS:         Yes. 10 A.

And "smokeless tobacco," the two tobacco companies that 11 Q.

you indicated earlier that you're conducting work for, do 12

they produce smokeless tobacco?  13

DR. PHILLIPS:         BAT certainly does.  I 14 A.

mentioned BAT and JTI as companies that I try to help with 15

this area of tobacco harm.  16

But -- I mean, I think we need to take a step 17

back here.  I realize I already used up some of this 18

committee's time on one of my favourite hobby projects of 19

trying to improve scientific publishing because I was asked 20

about it. 21

My major professional project for the last -- 22

more than ten years has been this area called "tobacco harm 23

reduction," which refers to trying to provide low-risk 24

alternatives to smoking as an alternative to trying to just 25
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force every smoker into abstinence in order to improve their 1

health. 2

And it turns out that smokeless tobacco has, 3

despite what many people think they know, almost no risk, and 4

so a smoker who switches to smokeless tobacco lowers their 5

risk about as much as they would if they switched to 6

abstinence.  7

And this is a lot of what I worked on -- I 8

tried to -- I tried to help BAT introduce a new smokeless 9

tobacco product into Alberta when I was a professor here.  It 10

flopped.  But, you know, it was an attempt to make a public 11

health impact and discourage a lot of people from smoking. 12

If we can just pop back to your CV, I think that would 13 Q.

be helpful.  If we could just go to page 4 of your CV.  14

DR. PHILLIPS:         Okay.  Tell me what you're 15 A.

looking at, and I'll respond. 16

Yeah.  It's your CV.  It's the top of it, and you have a 17 Q.

list of -- it says, "Most Significant Publications," and in 18

brackets it says:  (as read)19

"The 18 contributions that at the 20

moment I would most like to be judged 21

on.  22

That's the page I'm looking at.  Do you have that there?  23

DR. PHILLIPS:         Yeah.  Okay.  24 A.

The first thing that's listed on this page is 25 Q.

765

"Anti-Tobacco-Harm-Reduction Lie of the Day," and it's -- 1

there's a link to antithrlies.blogspot.com.  Is that your 2

blog? 3

DR. PHILLIPS:         Yeah.  So that's a -- 4 A.

Dr. -- 5 Q.

DR. PHILLIPS:         Yeah.  That's a blog that -- 6 A.

I'm trying to get through this cross, Dr. Phillips.  And 7 Q.

I'm asking very straightforward questions.  8

DR. PHILLIPS:         And I'm answering.  Is that 9 A.

not -- 10

I asked if that's a blog of yours.  11 Q.

DR. PHILLIPS:         It's a blog.  12 A.

Thank you.  13 Q.

DR. PHILLIPS:         It's published by a "Consumer 14 A.

Advocates for Smoke-Free Alternatives Association," which is 15

the advocacy group that I'm part of the leadership of that 16

tries to promote this public health approach of encouraging 17

low-risk alternatives to smoking.  18

I write most of the posts for that blog, so 19

you could certainly call it my blog.  Not all of them.  It 20

belongs to KASA.  That's the abbreviation for the 21

organization. 22

So circling back to this Twitter post that you 23

pointed out is a link to a post.  Basically I put out a 24

Twitter post every time I write something, post it, and so 25
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forth.  So this one is a link to a post at the anti THR lies 1

blog which is why it has the hash tag anti THR lies on it and 2

the link there goes to the blog.  The text in the post is the 3

title. 4

If you can back up a second.  You said you're a member 5 Q.

of an advocacy group; is that what you said for smoking 6

tobacco?  7

MR. PHILLIPS:         I'm actually part of the core 8 A.

leadership of an advocacy group for tobacco harm reduction.  9

That is, what we advocate is not a particular product, but 10

rather the approach to making sure that smokers have access 11

to and knowledge about low risk alternatives to smoking.  And 12

by low risk, we're talking about almost zero risk. 13

And ever since I started learning about this 14

and working on it more than ten years ago, it became clear to 15

me that it was probably the most important public health 16

initiative in the western world today.  It was a way to get 17

people to quit smoking, and smoking, of course, creates a 18

terrible burden of disease. 19

And so that's what I've been working on.  I 20

did a lot of that work at the University of Alberta.  I 21

continued to run my research and writing my operation after I 22

left Alberta for a few years and then I merged it into KASA 23

and became part of the leadership of that group.  24

If we can turn up Exhibit 249.01? 25 Q.
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DR. PHILLIPS:         Which is?  1 A.

Which at the top says "anti THR lies and related topics 2 Q.

because cultivating the truth requires both seeding and 3

weeding."4

DR. PHILLIPS:         Which post is it?  Is it the 5 A.

one that --6

It's the one I provided to you.  It's 7 September 2013 7 Q.

by Carl V. Phillips.  And the title of it is "CDC Lies Again 8

or Lies About Kids Using E-Cigarettes."  Do you see that?  9

DR. PHILLIPS:         I'm working on calling it up.  10 A.

Yes, I'm certainly aware of that post.  I wrote it.  11

What does the CDC stand for? 12 Q.

DR. PHILLIPS:         CDC is the US Centre for 13 A.

Disease Control and Prevention.  It used to just be Disease 14

Control.  That's why it's just CDC. 15

So you're taking an issue with an article that they 16 Q.

published about the harm associated with children using 17

e-cigarettes.  You don't agree with it? 18

DR. PHILLIPS:         No, it wasn't about the harm.  19 A.

It was claims about the rate of children using e-cigarettes. 20

That's all right.  I can see it a little bit later on. 21 Q.

So the first paragraph here, I'll just read it 22

back to you and you can confirm if I got it right.  It says:  23

(as read)24

"In a story that is practically a 25
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carbon copy of the lies from the 1

Florida Department of Health that I 2

discussed a few days ago, the CDC is 3

lying to the public about statistics on 4

school aged e-cigarette use, but this 5

time, the lies are officially coming 6

from our nation's government, not some 7

second rate local department.  8

Note:  By calling them second rate, 9

I'm giving Florida the benefit of the 10

doubt.  In my experience, the health 11

departments start at second rate and go 12

down from there."13

Is that what you wrote?  14

DR. PHILLIPS:         Yes. 15 A.

If we just go down to the third paragraph, it starts 16 Q.

with: (as read)17

"The headlands of the press release 18

manages to fit in one lie and two 19

misleading claims.  E-cigarette use 20

more than doubles among US middle and 21

high school students from 2011 to 22

2012."23

Do you see that?  24

DR. PHILLIPS:         Yes. 25 A.
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And you recognize right behind it that the biggest lie 1 Q.

is that they report nothing about use; is that correct? 2

DR. PHILLIPS:         Yes. 3 A.

And, again, I understand you're being paid by a 4 Q.

manufacturer distributor of smokeless tobacco; is that 5

correct? 6

DR. PHILLIPS:         No.  KASA is actually an 7 A.

all-volunteer organization and the work that I do for KASA is 8

entirely on a voluntary basis.  Separate -- and KASA actually 9

doesn't take any money from tobacco manufacturers unless you 10

count e-cigarette manufacturers as tobacco. 11

No, sorry, I was talking about the two manufacturers you 12 Q.

identified earlier as doing work for.  13

DR. PHILLIPS:         I don't do work for those 14 A.

two -- well, to back up a step.  A lot of the work that I do 15

on tobacco harm reduction focuses on helping the industry -- 16

and the industry is a bunch of different players that do 17

somewhat different things -- provide lower risk products to 18

their consumers and to the world in order to better aid this 19

transition that I've been working on for, again, the last ten 20

years which is trying to transition smokers from smoking 21

which is, of course, terrible for you to low risk products 22

which are not and are often very good -- very satisfying 23

substitutes for smokers. 24

So my work on this topic includes a variety of 25
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different activities, some of which are under the auspices of 1

KASA, which are entirely volunteer work, some of which are 2

directly helping manufacturers with projects that they are 3

pursuing in order to do a better job of providing low risk 4

products instead of cigarettes to their customers. 5

What we talked about this morning was actually 6

what's called author initiated research.  It's sort of 7

academic style research in which I embarked on a research 8

project and then basically went begging for money from people 9

who had money to say "I'm doing this.  I need some money so 10

that I can keep doing this.  You don't get any control over 11

it.  This is not a consulting project.  I'm not doing this 12

for you.  The results will be made public, but can you give 13

me some money so I can keep doing it?"  14

So there are very different tasks involved in 15

what I do.  Some of them I do, you know, very much to make a 16

living.  Others like this blog I do in order to try to 17

provide a contribution to public health, even though it takes 18

up my time and I don't get compensated for it. 19

Okay.  So if we can turn to another one of your 20 Q.

work-related feeds which is Exhibit 2.249.04.  It's 21

EP-ology.blogspot.com.  22

DR. PHILLIPS:         Yes. 23 A.

And, again, this is another one of those things that's 24 Q.

listed under your most significant publications which you've 25
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identified that you'd most like to be judged on? 1

DR. PHILLIPS:         The blog itself is not this 2 A.

particular post. 3

No, that's right.  The blog, as a whole, is what you've 4 Q.

indicated in your CV?  And this comes from the blog?5

DR. PHILLIPS:         Yes. 6 A.

Okay.  Can you just read the title out there? 7 Q.

DR. PHILLIPS:         "Back Again in a Video About 8 A.

Why Industrial Wind Turbines Are So Bad." 9

Okay.  And then if we go to the second paragraph, can 10 Q.

you just read out the second sentence for me? 11

DR. PHILLIPS:         (as read)12 A.

"I'll start posting again this week.  13

In the meantime, I'll post a link to a 14

talk I just gave and then recorded a 15

voiceover slide show version, an 16

overview of the case against industrial 17

wind turbines which is roughly --" 18

that's odd -- "which is roughly 19

synonymous with the case against wind 20

power given current practice."21

You can confirm that you did, in fact, give a talk on 22 Q.

the case against industrial wind turbines? 23

DR. PHILLIPS:         Yes, to provide some background 24 A.

there -- 25
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I don't think I need any background.  1 Q.

DR. PHILLIPS:         Yes, but at the time I was -- I 2 A.

was a member of a church, a very socially active church that 3

was very interested in issues of social justice which 4

basically have to do with protecting the powerless against 5

those with a lot of power.  And the church was actually 6

spending some of its funds, you know, basically giving them 7

to the electric -- to the wind power industry. 8

And I pointed out that this tended to run 9

contrary to their social justice mission because, you know, 10

of course we -- I've seen these cases over and over again 11

when a local community is trying to prevent wind turbines 12

from being sited in their community near their homes and, you 13

know, they basically have no way to do anything about it 14

because they're powerless about it. 15

I pointed out to others in the church that 16

this was a rather odd thing for us to be spending our money 17

on, and people, of course, as, you know, I think people in 18

this room have discovered, really had no idea why there was a 19

concern about wind turbines, why there was a health problem, 20

why there are other concerns about environmental problems and 21

so forth that I don't claim to be an expert on, of course, 22

but I've certainly read a lot of the material there. 23

So I was invited to give a presentation about 24

this.  Since, unfortunately, you know, and, unsurprisingly, 25
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only a fraction of the congregation attended my presentation, 1

I decided to go ahead and record it for the rest of them and 2

post it.  And I figured while I was at it, I should go ahead 3

and post it for others who like to follow my work. 4

So that's the story here. 5

Can you -- sorry, I turned my mic off there.  6 Q.

So this blog was posted, and the video was 7

posted on January 17th, 2012; is that correct? 8

DR. PHILLIPS:         Looks that way. 9 A.

And did the talk that you gave on the case against 10 Q.

industrial wind turbines happen at around the same time? 11

DR. PHILLIPS:         Yes.  Yeah, it was right about 12 A.

the same time. 13

So last year you were appearing and advocating against 14 Q.

wind turbines for your church then; is that correct? 15

DR. PHILLIPS:         I was trying to educate the 16 A.

members of the church that, while this sort of widespread 17

perception that, you know, everybody loves wind turbines, 18

they are harmless, they are exclusively good for the 19

environment rather than bad, and so forth, that there is, in 20

fact, an awful lot of information about -- out there, such as 21

appears in the record of a case like this, that calls that 22

into question.  And that while someone's ultimate conclusion 23

might be that they're worth it after all, it was very 24

inappropriate for our church that worries about social 25
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justice issues to be taking what struck me as literally the 1

exact opposite of a social justice position on this 2

particular matter. 3

Okay.  If we can just go back to your BSTS preliminary 4 Q.

draft.  I think your counsel might have to bring a laptop up 5

again for you.  6

DR. PHILLIPS:         My -- the preliminary draft?  7 A.

Yeah, I mean, if you want me to look at that -- 8

Thank you.  I'd like you to look at that.  9 Q.

DR. PHILLIPS:         -- particular version of it --10 A.

It's Exhibit 134.12.  And I'm just at page 3.  11 Q.

DR. PHILLIPS:         Okay.12 A.

Okay.13 Q.

DR. PHILLIPS:         I'm on page 3. 14 A.

The first paragraph starts with, "It is argued here..."  15 Q.

DR. PHILLIPS:         Yes. 16 A.

Do you see that?17 Q.

DR. PHILLIPS:         Yes.18 A.

So the second sentence there states:  (as read)19 Q.

"Moreover, there is no basis for 20

claiming that current regulations and 21

recommendations are sufficient to avoid 22

substantial risk, and those who claim 23

otherwise do so without any basis."24

So my first question to you is do you have any reason to 25
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believe that this sentence from your preliminary draft that 1

was filed was changed in the final version that was 2

ultimately published by BSTS?  3

DR. PHILLIPS:         Well, somewhere I have the 4 A.

final version called up here and can tell you that I don't 5

have any reason to believe it.  I mean, that sentence is more 6

or less exactly the same statement that I made earlier today 7

in pointing out that the regulations that we have in place 8

are not actually evidence based.  That is, if we had some 9

epidemiology, if we could convincingly show that a particular 10

offset and a particular technology and a particular measured 11

level of decibel impact using whatever scale does not seem to 12

in fact cause health problems, then, you know, we would have 13

a basis for saying that regulation is protective.  14

As it is, the regulations are arbitrary 15

because we simply haven't done the research in order to be 16

able to figure out if they're protective or not.  17

Okay.  And did you consider Rule 12 in coming to your 18 Q.

conclusion? 19

DR. PHILLIPS:         Rule 12 being?  20 A.

You know what Rule 12 is, don't you?  Do you know what 21 Q.

Rule 12 is?  22

DR. PHILLIPS:         Not by that name. 23 A.

Okay.  If we can just go back to your report, 24 Q.

Exhibit 134.2, and if you could just turn to page 13.  25
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DR. PHILLIPS:         Sorry.  Have the paper version 1 A.

right in front of me.  I don't need to look on the computer.  2

Yes, okay.  I'm on page 13. 3

Okay.  And the title at the top of the page is, "Risk 4 Q.

for Residents Near the Bull Creek Wind Project"? 5

DR. PHILLIPS:         Yes. 6 A.

You see that there? 7 Q.

DR. PHILLIPS:         Yeah. 8 A.

In here, you provide numerical estimates of the amount 9 Q.

of people within the noise impact, I think you call it, area, 10

noise impact assessment area of 2 kilometres that will suffer 11

severe health problems.  12

DR. PHILLIPS:         That's not my term.  That's 13 A.

something I -- that was used in the materials that were sent 14

me with regard to this case. 15

Right.  And you didn't review the 2013 noise impact 16 Q.

assessment though, did you? 17

DR. PHILLIPS:         The -- 18 A.

This was the one that was filed in April, the revised 19 Q.

one.  20

DR. PHILLIPS:         I think I mentioned before that 21 A.

I looked at such material as it was sent out by Mr. Secord to 22

those of us who were involved in this case. 23

Okay, so I'll give you a chance now.  Does this change 24 Q.

your opinion? 25
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MR. SECORD:                   I'm going to step in here 1

because I think we've had a lot of this, which is Ms. Oleniuk 2

talking over Dr. Phillips at the same time.  So I would like 3

my friend just to let him finish what he's saying before she 4

jumps in.  I think the court reporter would appreciate it 5

too.  6

DR. PHILLIPS:         So to finish what I was saying, 7 A.

I looked at materials like that certainly, but unfortunately 8

we're not in a position to be able to make good scientific 9

use of that information.  We've seen from people's reporting 10

of having suffered health effects living nearby wind turbines 11

that these occur when standards are met, when noise levels 12

are measured and reported to be low. 13

If we had the actual, you know, systematic 14

human health evidence that would allow us to go from noise 15

numbers to health risks, perhaps bringing in other data and 16

so forth, I would certainly pore over every last number in 17

the noise prediction reports in order to use that in the 18

calculations that I do.  I mean, that's what I would rather 19

be doing in work like this.  This is what I do as a, you 20

know, number-crunching kind of scientist. 21

But there's no way to do that.  There's no way 22

to make sense of those numbers with regard to epidemiologic 23

predictions because we have a situation where these projects 24

have been allowed to go forward without us even knowing 25
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what's good enough to protect people. 1

Okay.  So your view, then, is that the noise levels at 2 Q.

receptors are in no way related to the health effects people 3

may suffer? 4

DR. PHILLIPS:         I think that's exactly the 5 A.

opposite of what I just said.  I would love it if we had the 6

information available that would allow us to translate data 7

like that into epidemiologic analyses, predictions, averages 8

and so forth.  As I said, that's -- you know, that's what I 9

do in most of my life.  That's what, unfortunately, I am 10

unable to do when talking about the risks from wind turbines 11

because we simply don't know. 12

But, Dr. Phillips, in the next paragraph, you provide 13 Q.

specific numbers and estimations of the number of people that 14

are going to suffer severe health problems and minor health 15

problems as a result of this project, don't you? 16

DR. PHILLIPS:         Yes. 17 A.

Okay.  So in fact, without knowing what the predicted 18 Q.

sound levels are at the receptors and your acknowledgment 19

that systematic human health evidence doesn't exist, you feel 20

quite comfortable saying the percentages that you do and the 21

numbers that you do? 22

DR. PHILLIPS:         The nature of trying to do 23 A.

quantitative science is basically a matter of making sense of 24

the numbers as best you can.  So if you knew literally 25
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nothing, no one had ever installed a wind turbine before, 1

then you couldn't make any quantitative predictions 2

whatsoever, obviously. 3

If you know what we know, which is that the 4

rate of reporting adverse events is not high in terms of the 5

number of people but not absolutely trivial, so we're talking 6

in the -- a few in a hundred range, not the few in a thousand 7

range, not the few in ten range, and we know that from the 8

volume of adverse event reports that are collected, as well 9

as the systematic studies that we have a few of, then that's 10

what you have to work with.  11

In a better world, you would be able to 12

actually use data like the particular expected noise level, 13

the particular age, sex, and, in a perfect world, medical 14

history of the individuals living nearby and make much more 15

precise predictions.  That's not where we are.  We're at that 16

in between state where we know global averages, and that's 17

what we have to work with. 18

I think I said in so many words in my opening 19

statement that the numbers I was putting out there have a 20

wide range, and that's unfortunate.  21

On the other hand, it's a lot more information 22

than saying we know nothing at all.  It's much better 23

information than saying, "no, we don't know enough, so 24

there's no risk whatsoever."  It's not as much information as 25
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a decision-making body would normally have in a situation 1

like this, but that's where we are.  2

Where would one find these global averages? 3 Q.

DR. PHILLIPS:         On this page.  I mean, as far 4 A.

as I know, I'm the only one who's made an attempt to 5

translate what we know based on the available data into some 6

concrete estimates like that.  And, you know, that's -- these 7

are the estimates that I have.  That, you know, we're down in 8

the range of a few percent, probably more than 1 percent, 9

almost certainly not as high as 10 percent of the exposed 10

population will suffer serious problems. 11

The numbers about more minor problems become 12

more speculative.  At that point, we are actually depending 13

on results like that Waterloo study, which, for all its 14

problems, is what we have and the Nissenbaum study, which, 15

for all its problems, is what we have, and those allow us to 16

make predictions about the lesser effects, the type of things 17

that are not going to show up in an adverse event reports. 18

So in terms of these predictions, when I read your 19 Q.

opinion that you filed in February, you indicated that one or 20

two will suffer severe problems; and in your opening 21

statement, I heard you say three or five.  So that's nearly a 22

tripling from -- 23

DR. PHILLIPS:         No, I was working with a 24 A.

different denominator, actually.  In the report here, I was 25
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referring to the specific 63 people in the area and then made 1

sort of a general reference to other people being just 2

outside of this official area.  And, you know, since we know 3

that the health effects extend beyond 2 kilometres, some of 4

them would be included. 5

In the statement this morning, I just -- I 6

rounded it to 100.  I actually couldn't tell you for sure 7

that there were an additional 37 people that were in that 8

area.  It was just a convenient basis for the analysis. 9

And this goes to my point that came up 10

earlier, that scientist recognize and, if they're behaving 11

properly, actually call attention to levels of uncertainty.  12

We don't know exactly how many people we should be worried 13

about because we don't know how far away we should extend our 14

concerns; that is, in terms of metres away from a turbine 15

installation. 16

And we certainly don't have the percentages 17

down to the level where somebody who -- you know, if somebody 18

insisted to me that the number is 5 percent, whereas I say 2, 19

3 percent, there's no way I could insist to them that they 20

were wrong.  This is back in the realm of the genuine and, in 21

some cases, rather disturbingly profound uncertainty that 22

we're suffering from when trying to make decisions here.  23

Okay.  So if we turn to the next page of your expert 24 Q.

report, and just the first paragraph on page 14.  25
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DR. PHILLIPS:         Yes. 1 A.

It says:  (as read)2 Q.

"Additionally, it is important to note 3

that a disagreement about the 4

probability of risk cannot legitimately 5

be based on specifics of turbine 6

hardware or geography because there is 7

simply no such evidence that would 8

support such arguments."9

Do you see that there?  10

DR. PHILLIPS:         Yes. 11 A.

And do you still agree with that statement? 12 Q.

DR. PHILLIPS:         Yes. 13 A.

So it doesn't matter, for example, whether a home is 14 Q.

surrounded by trees or other absorptive-type landscape 15

features.  It doesn't matter?  16

DR. PHILLIPS:         You're confusing -- 17 A.

I'm just asking you if you agree with me or you don't? 18 Q.

DR. PHILLIPS:         You were suggesting I'm making 19 A.

the affirmative claim that something like that does not 20

matter.  That's not what I'm doing.  21

What I'm saying is there is not support for 22

making the affirmative claim on that point, one way or 23

another.  There's a big difference between the statement "We 24

don't know enough to claim x" and the statement "I am 25
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claiming not X is true."  1

You're suggesting that I'm making the 2

affirmative claim that some particular geographic feature is 3

of no consequence.  That's not what I'm saying.  What I'm 4

saying is that we simply don't have the epidemiologic 5

evidence that would allow us to say with any confidence that 6

the particular geographic feature is of consequence. 7

I think what I'm suggesting to you is that things like 8 Q.

geography and noise matter when we're talking about human 9

health with people residing near turbines.  I think that's 10

what I'm trying to suggest to you.  Do you agree with that? 11

DR. PHILLIPS:         It certainly seems likely, like 12 A.

many of the things that have been discussed here seem quite 13

likely to be true based on our general knowledge and specific 14

knowledge about other similar but not exactly the same 15

exposures. 16

But notice what I say here is that a 17

disagreement about the probability of risk, that is my 18

attempt to quantify as best we can, given that we know quite 19

a lot but not nearly as much as we want to, for someone to 20

say, "Okay, you suggest that the risk is on average in this, 21

you know, 2, 3 percent range, but I'm going to insist that 22

someone whose house is surrounded by trees has only half that 23

risk," that may well be true, but we have no affirmative 24

evidence to support that claim.  25
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That's the statement that I was making in this 1

paragraph.  2

So if you go down three paragraphs on that page to 3 Q.

paragraph number 4 that starts with the Bonnefoy family? 4

DR. PHILLIPS:         Yes. 5 A.

Do you see that?  And do you know, Dr. Phillips, how far 6 Q.

the Bonnefoy residence is going to be located from the 7

closest proposed turbine? 8

DR. PHILLIPS:         I certainly knew when I was 9 A.

putting this together because I had been given that specific 10

information.  I believe I actually have it in a document 11

that's open here.  12

Okay.  It wasn't referenced in here.  13 Q.

DR. PHILLIPS:         What?  14 A.

It wasn't referenced in here.  Sorry, I didn't know if 15 Q.

you knew.  16

DR. PHILLIPS:         No, it's not referenced in 17 A.

there, and I didn't talk about that.  And, again, had -- 18

okay, so I'm seeing here in a document that I was provided by 19

counsel staff that it's 1.1 kilometres.  But for me to have 20

put that in there would be to imply greater scientific 21

knowledge than I or anyone else has.  22

Is 1.1 kilometres much worse than 0.8 23

kilometres?  Is it much better than 1.5 kilometres?  24

Unfortunately, we just don't know that.  25
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And to -- for me to try to argue that that 1

particular number was important would be going beyond the 2

knowledge that any of us have.  3

So distance from the turbine and the corresponding noise 4 Q.

level at their home isn't relevant?  5

DR. PHILLIPS:         We certainly have good evidence 6 A.

that once you get out to 3 kilometres, 4 kilometres, 6 7

kilometres away from a turbine, that these problems disappear 8

or close to it, although there's been some evidence trickling 9

in from Australia that suggests that distances even out to 6 10

or 7 kilometres you have some problems.  And that's something 11

that the scientists looking at this are going to have to try 12

to make sense of. 13

So obviously distance matters.  Distance is 14

the one thing that we know matters at the level that I just 15

described; that is, if the Bonnefoys lived more than 3 16

kilometres from the nearest turbine, I would probably not be 17

including them in this analysis, although that might be a 18

mistake.  There might actually be more risk at 3 kilometres 19

than we thought. 20

The question of whether 1136, the number I'm 21

seeing, matters when compared to, you know, 936 or 1336 is 22

something that we unfortunately don't have a very good answer 23

to.  24

Now, if we can just flip back to page 3 of your report.  25 Q.

786

DR. PHILLIPS:         Yes. 1 A.

And you talk a bit about adverse event reports, AERs? 2 Q.

DR. PHILLIPS:         Yes. 3 A.

And I think on the previous page you first introduced 4 Q.

them and you talk about adverse event reports as being the 5

bulk of the evidence that exists regarding the health 6

effects; is that correct? 7

DR. PHILLIPS:         That is true, yes. 8 A.

And on page 3 here, the second sentence under the title 9 Q.

"Adverse Event Reports," it indicates that these consist of 10

thousands of reports, probably tens of thousands by now, by 11

and about individuals who've experienced serious health 12

problems after they became exposed to wind turbines."  Do you 13

see that there? 14

DR. PHILLIPS:         Yes. 15 A.

And this kind of caught my eye because I recall you made 16 Q.

a similar statement at the Environmental Review Tribunal 17

looking into the Erickson case.  Do you remember that? 18

DR. PHILLIPS:         I don't remember making the 19 A.

statement, but I certainly would believe that I did. 20

I have provided a transcript as an aid to cross if you 21 Q.

wish to refer to that as well.  But Erickson, as you might 22

recall, was in 2011, right after you started getting involved 23

with wind turbines.  At Erickson you said, and I quote:  24

(as read)25
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"That you had reviewed literally 1

hundreds of such reports."2

And then you went on during questioning to say that you 3

estimate there are thousands out there.  4

So it looks like now, you're expecting there's 5

probably tens of thousands; is that correct?  6

DR. PHILLIPS:         Yes.  So as we increase both of 7 A.

the relevant variables, the passage of time and the number of 8

turbines that are installed out there, we're obviously going 9

to see an increase in the number.  10

Thousands is a safe conservative estimate 11

because I may well have seen -- I think I've probably seen 12

lists.  I haven't read every last one of them.  But I've seen 13

lists in various cases that I've worked on from various 14

researchers and so forth that do actually total into that 15

range. 16

But I've only seen the tip of the iceberg.  17

For example, I mentioned that case that I worked on in 18

New Zealand.  And, as part of that, I was given access to a 19

confidential collection of adverse event reports which was 20

hundreds right there that, you know, nobody else has probably 21

ever seen because it wasn't published anywhere. 22

Sorry, these are --23 Q.

DR. PHILLIPS:         I can extrapolate from the fact 24 A.

that every time I look into this issue, every time I look at 25
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the work being done by someone who is working on it and what 1

they've collected, there are tens or even hundreds more of 2

these that that person has that haven't appeared in any other 3

lists. 4

And given the number of facilities that have 5

been installed, it would seem very unlikely that the total 6

number out there, not the total number available to me, mind 7

you, but the total number that are out there somewhere in the 8

tens of thousands.  Yes. 9

So your suggestion is that there's tens of thousands of 10 Q.

people that are experiencing these things in areas that have 11

wind turbines? 12

DR. PHILLIPS:         Based on extrapolating from 13 A.

what I've seen from the, you know, tiny minority of cases 14

that I've -- that are out there that I've looked at, a tiny 15

number of facilities and so forth, that would be a reasonable 16

extrapolation.  Yes. 17

Okay.  So your views of these AERs are important and 18 Q.

provide valuable information that we can make -- we can 19

extrapolate to other future projects; is that correct? 20

DR. PHILLIPS:         I'm not sure what you mean by 21 A.

extrapolate to other future projects.  I mean, the AERs, as I 22

said, are very definitive evidence that there is a problem 23

here.  24

The exact number of AERs that may be out there 25
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and their quality, which varies enormously -- an individual 1

AER might consist of, you know, one person being interviewed 2

for a feature story in their local newspaper and providing 3

five sentences describing their experience.  That is not the 4

most useful AER in the world, but it is an AER.  5

We still can't tell from that exactly how many 6

people are suffering, thus my fairly vague numbers about 7

that, as well as any number of other things.  8

On the other hand, we don't have any reason to 9

believe that the rate of new adverse events, whether reported 10

or not, is going to change very much until we learn more.  11

Okay.  And so that was the basis for your predictions in 12 Q.

your opening statement and in your expert report about the 13

number and percentage of people that you believe are going to 14

be adversely affected by the project; is that fair?  15

DR. PHILLIPS:         My prediction about -- you 16 A.

know, my admittedly very rough prediction about the number of 17

people who are likely to suffer consequences is a combination 18

of the apparent rate of adverse event reporting in situations 19

where we believe -- you know, we have some reason to believe 20

that, you know, a large portion -- perhaps everybody who has 21

suffered an adverse event has been encouraged to tell the 22

world about it, and that gives us some way of actually trying 23

to get a denominator, as well as those -- the paltry 24

collection of systematic studies that we have available.  25
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Do you know when the first wind turbine was installed in 1 Q.

Alberta? 2

DR. PHILLIPS:         No. 3 A.

Okay.  Exhibit 203.5 indicates that it was 1993.  Do you 4 Q.

have any reason to disagree with that? 5

DR. PHILLIPS:         No.  I don't know anything 6 A.

about it. 7

And do you know how much installed capacity there is in 8 Q.

Alberta? 9

DR. PHILLIPS:         No. 10 A.

And again, you can turn to the report or your counsel 11 Q.

can provide you a copy if you'd like to check these numbers, 12

but it's over 1,000 megawatts are installed in operating in 13

Alberta.  Does that sound about right? 14

DR. PHILLIPS:         I really have no idea.  15 A.

Do you have any idea how many complaints this Commission 16 Q.

has received regarding an operating utility scale wind energy 17

project? 18

DR. PHILLIPS:         No. 19 A.

And you haven't reviewed this survey of complaints 20 Q.

received by relevant authorities regarding operating wind 21

energy in Alberta that was filed this summer? 22

DR. PHILLIPS:         Again, there has been -- there 23 A.

have been quite a few documents distributed with regard to 24

this case over the course of a full year.  I may well have 25
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reviewed that.  I'm not picturing it without prompting as we 1

sit here. 2

Okay.  You might have reviewed it, but you're not sure? 3 Q.

DR. PHILLIPS:         Yes. 4 A.

Because I think this is probably the sort of thing that 5 Q.

would have got your attention if you'd had a chance to review 6

it. 7

In this report also, it indicates that:  8

(as read)9

"The health inspectors, whose regions 10

cover the two municipalities that 11

contain the vast majority of wind 12

turbines in Alberta have never 13

encountered a complaint related to a 14

wind turbine."  15

Did you read that in there? 16

DR. PHILLIPS:         I don't recall if -- I mean, if 17 A.

it's in there and I read it, I probably read that in there.  18

But, you know, we have the issue here of, you know, basically 19

response rate, not exactly the same as the response rate for 20

a formal survey.  If it's the case that people in a 21

particular area believe that there is a reason -- some 22

usefulness to reporting any adverse events that they 23

experienced and they have reason to believe that a particular 24

agency, organization, or whoever is the right place to report 25
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that, then we can use numbers like that to get a pretty good 1

idea of how many people are suffering adverse events. 2

If on the other hand people don't believe that 3

there's any reason to report it, they don't know that the 4

right person to report it to is a particular target, then of 5

course we're not going to see any reporting to that. 6

So unfortunately we can't really make very 7

much sense of that. 8

You can't make any sense out of the survey that you 9 Q.

haven't read or reviewed.  Is that what you're saying? 10

DR. PHILLIPS:         If there was an active survey, 11 A.

then I definitely would like to see it, and apparently I 12

missed it, because, you know, active surveys are a very 13

useful way to try to track down information like this and 14

actually have a denominator.  So that's, you know, like the 15

Waterloo survey.  16

If Alberta actually has conducted a survey 17

like that in one form or another where there was a proactive 18

attempt to learn from people whether they had experienced any 19

adverse events, then that of course would be useful.  20

And if there was and I'm not aware of it, then 21

yeah, that's something I'm missing from my knowledge base. 22

I think Dr. McCunney spoke of it in his testimony on 23 Q.

Monday that you indicated you had read the transcript of.  Do 24

you remember seeing it in there?  It might have been referred 25
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to as the "Pembina report."  And Dr. McCunney noted that 1

there was zero complaints to this Commission regarding 2

utility scale wind energy.  Do you remember that?  You don't 3

have to check.  I'm just trying to refresh your memory, 4

because in my mind, this would constitute a jurisdiction that 5

has zero AERs.  6

DR. PHILLIPS:         There's a difference between 7 A.

zero reports to a particular target and zero AERs.  I mean, 8

I've never made a particular study of Alberta.  That's not 9

where a lot of the discussion of this topic is focused, and 10

so I don't have specific knowledge of Alberta and whether it 11

might actually be different here.  It's entirely possible.  I 12

mean, this goes to our problem with how little we know.  13

I did not recall seeing any reference to any 14

active survey.  15

Okay -- 16 Q.

DR. PHILLIPS:         So again, if we just have a 17 A.

passive collection system that depends on somebody 18

proactively deciding that it's worth reporting something and 19

finding the particular target to report it to, then we never 20

have -- you know, then we don't know for sure that anybody 21

realized that that would be a good thing to do. 22

If there was an active survey, then that would 23

be interesting; and if you could point it out to me, I can 24

try to make sense of it. 25
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I think I did.  It's 203.5.  And just -- 1 Q.

MR. SECORD:                   Well, let's be clear.  It's not 2

an active survey. 3

MS. OLENIUK:                  Sorry, it was a survey that was 4

conducted, and a report was prepared and filed with this 5

Commission. 6

MR. SECORD:                   It was not an active survey, so 7

let's just be clear about that.  8

DR. PHILLIPS:         I mean, I think I -- you know, 9 A.

I think I recall references not just in this matter, but they 10

show up in other occasions where somebody tries to suggest 11

that the lack of complaints about -- you know, from a 12

particular community to a particular passive collection 13

system is actually informative, but you run into this problem 14

that I just noted, that if people aren't aware that there is 15

a collection system at all, let alone have any notion that 16

there's -- that it's worth taking the time to report to it, 17

then of course it's not going to find anything. 18

And so I come across those.  I mean, there's a 19

lot of material on this topic in the world that's basically 20

uninformative, and I certainly can't claim that I can tell 21

you every bit of informative prose that's been written on 22

this topic that I've ever read because, you know, as a 23

scientist, I look at something.  If it's not informative, I 24

don't tend to try to make any use of it. 25
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So if there is a passive collection system -- 1

and by "passive," I mean nobody went out there and knocked on 2

people's doors or sent them a postcard saying, "you live near 3

a wind turbine.  We're trying to figure out if you suffered 4

any health effects that started after the wind turbine went 5

on," but rather, just sort of sat back and waited to see if 6

anybody decided that it would be a good idea to send that 7

information spontaneously.  8

If it's the former case, then yes, that's 9

potentially very informative.  If it's the latter case, it's 10

not terribly informative.  11

I don't believe there are any examples that 12

fit the former description that I have overlooked in building 13

my knowledge base on this topic.  I believe that what 14

Mr. Secord just said indicates that this indeed is not one of 15

those.  16

THE CHAIR:                    And we're going to take a 17

ten-minute adjournment and resume in ten minutes.  18

(ADJOURNMENT)19

THE CHAIR:                    Thank you.  Be seated, please. 20

Ms. Oleniuk, do you have further 21

cross-examination?  22

MS. OLENIUK:                  I don't, sir.  I was just going 23

to thank Dr. Phillips for his time and his patience.  I'm 24

done. 25
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THE CHAIR:                    Thank you.  1

Mr. Mousseau. 2

MR. MOUSSEAU QUESTIONS THE WITNESS:3

Good evening, Dr. Phillips, we met earlier, but I'll 4 Q.

introduce myself formally on the record.  My name is 5

JP Mousseau, and I'm the counsel to the Commission. 6

You indicated earlier today that you had 7

reviewed the transcript from Monday; and at that time, I 8

asked Dr. McCunney some questions, and I'm going to ask some 9

of the same questions I asked Dr. McCunney to you.  And just 10

so it's really clear, I'm not looking for a specific answer.  11

My job is to try and complete the record.  So if I think 12

there are some holes in the record or if I think we could 13

enhance the record by putting a bit more information on 14

there, that's what I'm trying to do that today. 15

Having said that, I think it would serve 16

everyone's best interest if you could listen carefully to my 17

questions and, where possible, restrict your answers to the 18

questions so that we can hopefully get out of here and have 19

dinner before 9 or 10.  20

DR. PHILLIPS:         Okay. 21 A.

So, sir, I'm going to start with something you said in 22 Q.

your opening statement, and it's at the top of page 4.  I'll 23

let you get there.  It probably starts on the bottom of 24

page 3.  And I'm going to read it to you.  And you state:  25
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(as read)1

"We know that the research on acoustics 2

and people's reaction to noise and 3

light, that such stimulus frequency 4

causes stress and various outcomes 5

observed in nearby residences."6

And I just wanted to confirm with you, sir, that that's at 7

specific doses of noise and light.  Is that fair to say?  Not 8

all noise and all light causes those sorts of reactions?  9

DR. PHILLIPS:         Right. 10 A.

Okay.  Sir, in this hearing, there's been considerable 11 Q.

debate, and I think you've entered into it, on the value or 12

lack thereof of peer-reviewed studies.  Now, you've dealt 13

with that issue to some degree in your written materials.  14

You've talked about it with Ms. Oleniuk earlier today.  But I 15

asked Dr. McCunney questions about the value of peer-reviewed 16

studies, and I wanted to give you an opportunity if you had 17

anything you wanted to add with respect to how the Commission 18

should look at peer-reviewed studies versus non-peer-reviewed 19

studies when it's coming to its decision on this application? 20

DR. PHILLIPS:         Sure.  First off, it's 21 A.

important to know what peer review really means.  And peer 22

review in a meaningful sense of it doesn't necessarily have 23

anything to do with whether something is published in a 24

journal.  A lot of articles appear in journals with such 25
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minimal review that it might as well be considered not any at 1

all. 2

And many things that do not appear in journals 3

have been very thoroughly reviewed.  The more thoroughly 4

reviewed something has been, the more chance people have had 5

to offer comments on what might be wrong with it and, 6

ideally, the extent to which the author has had a chance to 7

revise it based on those comments certainly makes it better. 8

In terms of the simple question of should we 9

favour things that happen to have appeared in an academic 10

journal as opposed to not, that's a much trickier question.  11

In the overall world of everything that's ever been written 12

down, I think it's probably safe to say that on average, the 13

things that are in academic journals are more likely to be 14

right than everything else that's out there. 15

On the other hand, my analysis of, you know, 16

the adverse event reports and so forth, even though the 17

individual reports have not been thoroughly reviewed or 18

reviewed at all by anybody other than those of us who have 19

read them, who have no way of checking the veracity, just 20

like no peer-review system can ever check the data -- it 21

never does -- my analysis of it has been thoroughly reviewed 22

over the years.  In some sense, this cross-examination stands 23

as a peer review of that. 24

And anywhere that I found it to be lacking, I 25
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tried to correct it.  And what I'm left with has been 1

thoroughly picked over by an awful lot of peer reviewers and 2

I think stands up to scrutiny, even those it's, you know, for 3

example, sitting here and a report to this Commission. 4

So peer review is terrific.  It's exactly what 5

we need more of.  But it's not synonymous with appearing in a 6

journal or not. 7

Fair enough, sir.  I also asked Dr. McCunney about the 8 Q.

weights or what his position on the weight the Commission 9

should accord to consensus studies, reports, et cetera 10

published by government departments and agencies, and I want 11

to give you an opportunity to offer an opinion with respect 12

to that as well.  13

And there I'm referring to things like the 14

WHO's 2009 nighttime guidelines.  I'm also referring to the 15

various publications put out by the Government of Ontario, 16

the chief medical officer, and some of the other government 17

publications, some from Australian government bodies, some 18

from various American state government bodies.  19

Can you give us an idea how the Commission 20

should look at those sorts of or types of reports? 21

DR. PHILLIPS:         Unfortunately, I don't have an 22 A.

easy answer to say they are good or they are bad, but rather, 23

reports like that simply have to be reviewed and understood 24

as to their individual quality. 25
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So WHO 2009 I think is a good example, and 1

I've pointed this out of some arbitrary guesses before we 2

even had the amount of data that we have right now as to 3

what's good enough and shouldn't be accorded much weight 4

because it basically wasn't based on anything. 5

The other documents that you referred to, if 6

I'm getting it right which ones you were referring to, I 7

think unfortunately all suffer from this same problem that 8

I've referred to of, you know, in so many words, in 9

critiquing these documents, of basically ignoring the bulk of 10

the evidence. 11

So, you know, it's obvious that my position is 12

that the bulk of the evidence is the adverse event reports.  13

They very much, very blatantly ignored the information 14

available from the adverse event reports.  And because of 15

that, I think that they are completely uninformative not 16

because they are consensus reports by various government 17

per se.  They could have been great.  But those particular 18

reports were fails. 19

Okay, sir.  And just with respect to the 2009 European 20 Q.

guidelines that the World Health Organization put out, I'm 21

going to read you their conclusion.  I don't think we need to 22

turn it up, but you can if you want to verify it, but what 23

they said is:  (as read)24

"There is no sufficient evidence that 25
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the biological effects observed at the 1

level below 40 dB L night outside are 2

harmful to health." 3

And I want to know whether your view is this conclusion by 4

the World Health Organization something the Commission should 5

take into account when considering whether approval of the 6

proposed the project is in the public interest?  7

DR. PHILLIPS:         I think that conclusion has 8 A.

been shown to be wrong by the evidence that we've accumulated 9

since that time. 10

So -- 11

Let me stop you there, sir, because I think it's going 12 Q.

to be very helpful to the Commission to know specifically and 13

exactly what evidence you're referring to that suggests this 14

to be wrong so that the record is entirely clear.  15

DR. PHILLIPS:         Sure.  As I noted, some of the 16 A.

adverse event reports that we have consist of cases where a 17

facility was wildly out of compliance with the rules.  But an 18

awful lot of them have occurred in cases where there was 19

compliance with the rules.  That's typically a rule, about 20

40 decibels in terms of -- you know, in terms of the measured 21

impact in an awful lot of jurisdictions that I've seen over 22

the years, and we still have adverse outcomes. 23

The problem -- 24

I'm going to need to stop you there.  So then I take 25 Q.
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it -- and this is where I've been struggling a bit, that 1

you're -- those are attributable to noise, then?  The adverse 2

outcomes would be attributable to noise?  3

DR. PHILLIPS:         That's a valid question.  We 4 A.

don't actually know for sure what the pathway is from cause 5

to effect.  And, you know, as I pointed out in my testimony, 6

the nature of epidemiology is that we can very often spot a 7

cause and effect without knowing exactly why it's happening.  8

I have not seen anyone propose a plausible physical pathway 9

that doesn't involve noise most of the time.  There are a few 10

light issues involved, but mostly it's about the noise. 11

Yes, in theory we can observe a cause and 12

effect, and we could be totally wrong that it has something 13

to do with noise, but there's still a cause and effect.  If 14

that were the case, then that would be evidence that your 15

particular statement that you read there is wrong because 16

it's assuming that if you get the noise below a certain 17

level, then your fine, or it's asserting that.  18

If there's something going on here that's more 19

mysterious than noise, then obviously that's not going to be 20

a solution to the problem. 21

Let me follow-up on that, then.  "More mysterious than 22 Q.

noise."  And if you can help me with this, because when I 23

look at a wind turbine in terms of emissions, it strikes me 24

there's going to be audible noise; inaudible noise, which 25
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could either be low frequency or infrasound; light impacts; 1

and potentially vibration.  Does that cover the spectrum?2

DR. PHILLIPS:         I totally agree with you.  I 3 A.

wasn't proposing that there's any plausible story that would 4

fit what I said.  I'm sorry.  I was just trying to follow 5

your line of thinking that -- you know, that suggests that we 6

know that it's all about noise; and, therefore, the statement 7

must be right or that my observations that even if noise 8

compliance rules are met there are still often problems.  9

Whatever it is exactly that's causing these 10

problems -- and we don't know.  I mean, as evidenced by the 11

ferocious debate among the acoustics experts that has 12

transpired in this case and always does.  We don't know 13

exactly what the nature of it is, but we're all pretty sure 14

that it's got to be noise based on the "what else could it be 15

point" that you just made. 16

Okay.  And now, sir, I want to talk a bit about adverse 17 Q.

event reports and follow-up on what Ms. Oleniuk was asking 18

you about.  And these are the numerous adverse event reports, 19

and you suggested there's likely tens of thousands of them 20

out there. 21

What I'm more specifically interested in is 22

how many you reviewed when preparing the report that you 23

submitted to the Commission.  24

DR. PHILLIPS:         I didn't review any 25 A.
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specifically for this report because my work on this topic 1

has led me to review hundreds of them, and my understanding 2

of what's happening in the world -- my scientific opinion has 3

become -- based on this, I wrote down my scientific opinion.  4

There were no specific reports that would have been useful 5

for this case that aren't useful in general. 6

Okay.  Sir, and in your report you reference a few in 7 Q.

particular.  There was the samples from the WindVOiCE 8

collection in Ontario, the book by Pierpont, a study by 9

Harry, and some others. 10

Did you depend on any of those in particular? 11

DR. PHILLIPS:         No.  Not those in particular.  12 A.

I put those in the report just by way of indicating that of 13

the adverse event reports that are out there, I think the 14

whole point of that paragraph was saying, you know, some of 15

them are just out there in random spots, in blog posts, in 16

conversations, in newspaper articles, and so forth. 17

Some of them have been more formally 18

collected.  I collected some of them sort of semi-formally.  19

These other authors have collected them completely formally 20

in the sense of actually putting them in a database that is 21

well defined. 22

Okay.  But in terms of helping me understand -- helping 23 Q.

the Commission understand what you reviewed to come to this 24

position, I take it, then, that we have to accept that you've 25
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reviewed hundreds of adverse event reports, and that's -- 1

it's those reports, although they're unspecified, that your 2

opinion is based on? 3

DR. PHILLIPS:         Yes.  That's right.  I can't. 4 A.

Okay.  You also state that some of these reports were 5 Q.

self-published on the internet, and I just want to understand 6

exactly what that means.  7

DR. PHILLIPS:         That means that a particular 8 A.

individual who wanted the world or some portion of the world 9

to know about what they experienced posted it somewhere. 10

Okay.  And I think when we were talking earlier you 11 Q.

mentioned some of the limitations associated with this sort 12

of an adverse event report, a self-published report, and 13

there's no way to check the veracity of it.  Is that... 14

DR. PHILLIPS:         I mean, that's basically true 15 A.

for all epidemiologic data that we have.  If you think about 16

it, an -- you know, our notions of whether eating more 17

broccoli reduces your risk of heart attack are all based on 18

surveys.  Our -- the vast majority of the epidemiology that 19

exists that doesn't have to do with specific medical 20

treatments in which everything was under tight control is 21

based on self-reports of one sort or another. 22

But you'd agree with me where the data is collected more 23 Q.

formally, like in the Pierpont and the Harry materials, 24

there's some checks and balances to establish that at least 25
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the person who gave the report lived near a wind turbine; 1

whereas, if it's an internet publication without further 2

reference, there's really no way to ascertain that.  Is that 3

fair? 4

DR. PHILLIPS:         I think that would be a way to 5 A.

ascertain it.  I'm not sure how often it's done.  But most of 6

these are signed.  People don't try to produce this 7

information anonymously.  They typically report in some 8

detail about exactly where they live and how far they are 9

from a wind turbine and so forth.  These are important bits 10

of information to them.  So these are quite verifiable. 11

Let me put it this way:  Is one more dependable than the 12 Q.

other?  If it's come from a study that's been developed by 13

someone with a background in the field of epidemiology or 14

medicine, would those reports be more dependable than a 15

report on the internet? 16

DR. PHILLIPS:         Yeah.  Well, certainly a 17 A.

systematic gathering can do a much better job of making sure 18

that people provide the information that we think is relevant 19

by specifically asking them about it or asking follow-ups if 20

they didn't volunteer it.  So that's a huge advantage of an 21

active collection system compared to passive. 22

Okay.  At the break I let Mr. Secord and -- know of some 23 Q.

of the reports I was going to ask you to look at when I'm 24

asking you questions.  And right now I'd like you to turn up 25

807

Dr. McCunney's report.  1

DR. PHILLIPS:         Got it. 2 A.

And I'm a fan of Dr. McCunney's report for one reason, 3 Q.

and that's that the paper page and the pdf page are the same.  4

So if we can go to page 28, we'll all be on the same page.  5

DR. PHILLIPS:         Got it. 6 A.

Okay.  And page 28 is Appendix 2, and if you look at it, 7 Q.

in Table 1 Dr. McCunney has something -- included -- I called 8

it a checklist -- for interpreting epidemiological 9

literature.  And I'm wondering when you're preparing for this 10

hearing whether you had an opportunity to review that 11

checklist? 12

DR. PHILLIPS:         Yes.  I did read that. 13 A.

And do you have any comments on it?  Is this -- I'll 14 Q.

leave it at that.  15

DR. PHILLIPS:         Well, sure.  So we're talking 16 A.

about Table A specifically?  17

Yes.  Starting at Table A.  18 Q.

DR. PHILLIPS:         Because I have different 19 A.

comments about Table B.  20

I mean, this is all well and good, but it 21

doesn't get you very far.  That is, you know, is the 22

hypothesis clearly defined?  That's probably better than 23

having a hypothesis that isn't very clearly defined.  24

On the other hand, an awful lot of 25
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epidemiological research isn't based on a single hypothesis.  1

So maybe this is overly simplistic.  2

Are the methods adequate to evaluate the 3

hypotheses or to put it more broadly the question you're 4

trying to answer.  Well, of course, that's something you 5

definitely want to have. 6

So how do you get there.  7

And, you know, so -- and in some sense this is 8

a list of things you might want to think about.  Never hurts 9

to have a list of things you might want to think about 10

especially for someone who isn't very experienced at doing 11

this work.  And as I understand, he teaches medical students 12

who don't really learn much about epidemiology.  And so, you 13

know, any little hint about how to think about it is a good 14

idea.  15

On the other hand, this isn't 16

operationalizable.  There's no explanation for what a method 17

that's adequate to evaluate the hypothesis is, for example. 18

So, I mean, this is a fine thing to glance 19

over, but it's definitely not particularly useful.  20

Okay.  But if I was to apply, say, some of these methods 21 Q.

to the work that you've done and present it to the 22

Commission -- so, for instance, how is exposure assessed?  23

How would the Commission understand when it's reading your 24

report how exposure to wind turbines was assessed? 25
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DR. PHILLIPS:         It's almost always in terms of 1 A.

reports of individual experiences in terms of the distance to 2

the nearest wind turbines or distances to several nearby wind 3

turbines. 4

Okay.  But was it done in a systematic way?  Was the 5 Q.

data that you looked at organized in a systematic way?  In 6

other words, did you look at folks who lived within 7

500 metres, 500 to 1,000, 1,000 to 1500?  Did you parse the 8

data?  9

DR. PHILLIPS:         I haven't prepared a -- any 10 A.

formal breaking down of the data like that.  When looking at 11

this information, I, of course, paid attention to that, which 12

is what leads me to the conclusion that it's difficult to 13

figure out a clear correlation from this type of data.  Not 14

from -- you know, there's other types of data that would be 15

much better.  Again, I've tried to emphasize that. 16

But from this type of data, it's very 17

difficult to figure out exactly where some breakpoints are 18

between more harmful and less harmful.  And there's 19

definitely a correlation.  Most of the reports are from 20

people who live close -- you know, particularly close to wind 21

turbines. 22

So what do you mean by that? 23 Q.

DR. PHILLIPS:         So, you know, we get lots of 24 A.

reports from people who live less than 1 kilometre away.  We 25
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get, you know, reports -- you know, the larger number of 1

people who live between 1 kilometre and 2 kilometres away 2

produce, apparently, as far as we can tell, guessing that the 3

denominator is the -- or the rate of return from the 4

denominator is the same, produce fewer.  So we see hints of a 5

dose response by reviewing these.  6

Is it enough to be sure about what the dose 7

response looks like?  Absolutely not.  We can't figure that 8

out.  9

Okay.  Just to follow-up on a couple of those things.  10 Q.

Wouldn't parsing the data that you have be sort of the first 11

step in -- along the road to figuring out the dose response?  12

Or at least identifying the potential for a dose response? 13

DR. PHILLIPS:         An excellent project for 14 A.

someone to do, but unfortunately I don't have the resources 15

to do myself, would be to try to collect as many of these 16

reports as possible from every source.  Beat the bushes for 17

them; talk to the people who have known to have collected 18

some of them; get them all together and do an analysis that 19

started to break things out like that. 20

And there are tools available for doing what's 21

called "free text analysis" in which you mine, you know, 22

unstructured prose for bits of information like that.  And 23

yes, this has sort of always been a vague dream of mine to be 24

able to do this, but I've never had the resources to be able 25

811

to. 1

Okay.  And when you were discussing some of the problems 2 Q.

with doing what we've just talked about doing, you referred 3

to the "denominator"? 4

DR. PHILLIPS:         Yeah. 5 A.

Is that the overall population that you're looking at?6 Q.

DR. PHILLIPS:          Basically, yeah.  Sorry, and 7 A.

jargon. 8

So if I'm looking at the methods, where would that fit 9 Q.

in?  Is that how is the cohort defined? 10

DR. PHILLIPS:         Yeah.  I mean, that's sort of a 11 A.

bad way to put it.  I think an epidemiologist would say how 12

is the population defined, which is an important distinction.  13

So yes, epidemiologists who think a lot about 14

what they're doing ask what population it is that they're 15

representing, and it turns out that that's often a far more 16

complicated question than it might be, not just for this type 17

of data but for all sorts of things. 18

Okay.  So what steps in preparing your paper did you 19 Q.

take to define the population? 20

DR. PHILLIPS:         The population of interest for 21 A.

the analysis that I've done over the years has been less 22

precisely defined than is ideal, though not particularly less 23

precisely defined than many epidemiologic studies, which is 24

basically people living near wind turbines.  What does "near" 25
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mean?  I think I've pointed out quite explicitly that we 1

don't know exactly.  You know, 1 kilometre is definitely 2

near.  2 kilometres I would argue is still definitely near.  3

Is 3?  Is 4?  Probably not, maybe.  So we're talking about 4

that population. 5

Now, coming back to this denominator concept, 6

what we would really like to know is what portion of the 7

people in each of those ranges are suffering problems.  That 8

would allow us to figure ought this dose response gradient.  9

We don't have good enough information to do that from adverse 10

event reports because of their nonsystematic nature.  This 11

poster that we discussed for a while from Waterloo, whatever 12

its flaws, was really focused on -- I'm trying to get out 13

exactly that point and used the right methods for doing that. 14

Right.  And this isn't my area, but my understanding 15 Q.

would be in order to determine your denominator or to define 16

your population, wouldn't you have to define that by sort of 17

adverse event clusters? 18

DR. PHILLIPS:         Well, not necessarily clusters.  19 A.

I mean, the perfect -- the perfect way to do this, to try to 20

take a denominator into consideration, everything, you know, 21

would be to do a survey.  To identify a group of people who 22

are living within 1,000 metres of the nearest wind turbine 23

and, you know, take a random sample of them or go talk to 24

every last one of them, bug them until they actually gave you 25
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answers, rather than just sort of sending out one survey and 1

only getting 10 percent back, and then you would know what 2

the denominator was.  It would be the number you started 3

with.  You could count up the number of particular events of 4

interest, and then you would actually have that proportion. 5

Since we have sort of only vague 6

approximations to that; that is, we occasionally have a 7

population where people have been motivated to complain if 8

they have complaints to offer, those are situations where we 9

actually have reasonable confidence that anybody who has 10

complaints has put it out there.  I mean, maybe we missed 11

some.  We can count up the number of people, and then start 12

to get some vague approximations. 13

You know, so there's some advantages to the 14

fact that some populations have become politically motivated 15

around this, because we can be reasonably confident that most 16

of the individuals who have an adverse event to report have 17

reported it there.  Then we start to approximate that world 18

of the active survey in which you pester people. 19

I want to go down to results now in Table A.  And is it 20 Q.

fair to say that when we're looking at your report, there 21

wasn't a statistical method used? 22

DR. PHILLIPS:         That's right.  I mean, other 23 A.

than calculating a fraction basically.  Something like that.  24

And how was chance assessed?  How does that work in? 25 Q.
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DR. PHILLIPS:         Well, since we're -- what's 1 A.

sort of this simplistic guideline is referring to, I'm 2

guessing with this statement, how is chance assessed, is 3

basically referring to the fact that if you do a formal 4

isopleth study of a very small number of people, then you 5

have a high probability that, you know, you accidentally 6

chose a small group of people that aren't representative.  7

Whereas if you have a large population that you're working 8

with, then you don't have a problem anymore. 9

I suspect that's what this is referring to.  10

That tends to be what shows up in simple lists like this.  11

And so it's not particularly relevant to the methods I use is 12

the answer. 13

And what about confounding?  Is there any potential for 14 Q.

confounding? 15

DR. PHILLIPS:         If the question is basically 16 A.

does living near a wind turbine -- sorry, let me rephrase 17

that.  Does living near a facility where a wind turbine 18

starts up cause, you know, the outcomes that we've seen, that 19

is, this incidence of concept that I've talked about, then 20

there really isn't an issue of confounding.  Confounding 21

refers to cases -- situations where there's a difference 22

between the exposed and unexposed population that isn't 23

caused by the exposure basically.  That's basically the 24

definition of confounding. 25

815

And that becomes an issue if you're, say, 1

studying people who eat vegetables and seeing if they have 2

better heart health.  Well, if they eat vegetables, maybe 3

they exercise more too, so you've got to deal with something 4

like that.  There's something different about them other than 5

the exposure.  Not much of an issue in this particular case. 6

Okay.  That's helpful, sir.  I'm going to move on now to 7 Q.

Table 2 -- or Table B, sorry, where Dr. McCunney lists types 8

of studies in order of value and causality assessments, and I 9

think you said that you -- you have more comments on this 10

table.  11

DR. PHILLIPS:         Yeah, sure.  I mean, this is 12 A.

the type of thing that shows up, you know, if you're trying 13

to teach basic epidemiology to someone in a week.  And, you 14

know, you're trying to give them a very, very rough idea of 15

how to make sense of the literature.  And it particularly 16

shows up in medical education, which Dr. McCunney is involved 17

in, because there's this historically terrible problem, still 18

quite a bad problem, of physicians liking to make decisions 19

based on, you know, their own professional experience as they 20

like to say, you know, which is to say -- somebody says, 21

"I've seen twelve patients who had this particular condition, 22

and, you know, I did this, and eight of them got better, so 23

therefore, this must be an effective treatment." 24

And there's a huge effort in medical 25
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education, which I was involved in when I was teaching at the 1

University of Texas to try to hammer it into the head of 2

physicians that your twelve observation -- nonsystematic 3

observations are not nearly as informative as the studies 4

that have been done out there about medical treatment. 5

So if you're actually going to create a list 6

of studies in terms of their information about whether one 7

medical treatment is better than another, then this isn't a 8

terrible list for that.  I mean, it's a little simplistic to 9

insist that, you know, a longitudinal study is always better 10

than a case control study and so forth -- you know, I could 11

go into details about why that is -- but a clinical trial has 12

big advantages in terms of clinical treatments.  Longitudinal 13

case control study has advantages over a case report and so 14

forth. 15

This doesn't generalize to all of 16

epidemiology.  There is an awful lot of epidemiology where 17

the attempts to do an experiment or randomized controlled 18

perspective experiment, is the word that's missing from that 19

phrase there, just are completely failures because you can't 20

do the right experiment. 21

And so unfortunately in epidemiology, we're 22

constantly fighting with, you know, sort of a large cadre of 23

people who have learned 5 percent of epidemiology is part of 24

their medical education who believe some list like this when 25

817

in fact it's not true once you get beyond medical treatment. 1

Okay.  Sir, I'm going to take you to page 14 of 2 Q.

Dr. McCunney's report.  Again, that's pdf and paper.  3

And Dr. McCunney talks about relying on case 4

reports, and he concludes -- let me just get there -- it's in 5

the first full paragraph about halfway down.  Or, sorry, it's 6

in the third paragraph, and he's talking about the IARC and 7

the use of case reports.  And there's a quotation there from 8

the IARC.  It says:  (as read)9

"Case reports and case series usually 10

lack complete ascertainment of cases in 11

any population definition or 12

enumeration of the population at risk, 13

estimation of the expected number of 14

cases in the absence of exposure.  The 15

uncertainties that surround the 16

interpretation of case reports, case 17

series and correlation studies make 18

them inadequate, except in rare 19

instances, to form the sole basis for 20

inferring a causal relationship."21

And I'm just wondering if you agree with the IARC's view on 22

the use of case studies or case series.  23

DR. PHILLIPS:         So there are multiple concepts 24 A.

there, so I'll try to address them separately because they 25

818

are separate.1

One of the concepts there is that case 2

series -- case reports of any sort make it very difficult to 3

assess the rate at which the problem is occurring, and 4

there's no doubt that that's true.  On the other hand, lots 5

of us try to do the best we can with it.  6

For example, the Food and Drug Administration 7

has a passive collection system for adverse drug events.  8

Because it's a passive collection, they can't be sure how 9

many other similar events occurred that they're missing, but 10

they have guidelines and systems for trying to estimate that 11

as best they can because you take what data you have and you 12

try to make sense of it.  13

But there's no doubt that we would be better 14

off if we had systematic sampling for answering that 15

particular point. 16

Continuing -- for drawing causal inferences, 17

that's rather a different question.  Now, in cases where 18

actually having this comparison, the systematic comparison 19

that I was just saying we don't have, is necessary, then yes, 20

you have a problem.  So I identified cancer is a good example 21

of that.  22

Case series about people who have cancer who 23

then say, "You know what, five years ago I was living next to 24

this facility and, you know, I bet that's what caused my 25
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cancer" are demonstrated to be completely hopeless for 1

actually trying to figure out if there's a risk there. 2

On the other hand, you know, there is the 3

caveat there that from what you've read -- let me find it. 4

About the rare instances.  5 Q.

DR. PHILLIPS:         Exactly.  Sorry, I'm not seeing 6 A.

it again, but, yes, except in the rare instances.  We happen 7

to be talking about one of those rare instances for the 8

reason that I've been trying to explain here, and that I've 9

been trying to explain for years is that we have these 10

crossover experiments. 11

Now, you'll recall back on that Table B that 12

we were just talking about, the top item there was the type 13

of experiments that you do about whether one medical 14

treatment is better than another, which are great for medical 15

treatments, not necessarily for other things because you 16

can't do the experiment. 17

But experiments have huge advantages, and it 18

turns out that this is one of those rare cases where you 19

actually have natural experiments going on.  20

I believe that the subtitle to Dr. Pierpont's 21

book is actually -- uses the phrase "Natural Experiment," 22

recognizing the importance of those in this case. 23

It wouldn't work in an awful lot of cases.  We 24

would be just utterly ignorant if the claim here was that 25
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wind turbines cause cancer.  But, fortunately, from the 1

perspective of knowing things, that's not what the issue is. 2

Do you have another example where a causal relationship 3 Q.

was determined solely based on adverse event reports? 4

DR. PHILLIPS:         Sure.  I mean it happens 5 A.

with -- I mean, we generally try to find out more obviously.  6

That's one of my concerns here.  But the FDA example is a 7

good one.  8

I mean, the major role of adverse event 9

reports in the world of health assessment is with regard to 10

pharmaceuticals, which can have all sorts of unexpected 11

effects that just don't show up in the trials because there 12

weren't enough people or they weren't there long enough and 13

so forth.  We have rare effects. 14

So when you start to see a pattern of people 15

taking a drug having a particularly rare outcome -- again it 16

doesn't help very much if it's a common outcome because 17

common outcomes happen all the time.  But somebody who takes 18

the particular drug and one hour later is suffering from 19

something that they hadn't suffered from previous to taking 20

that drug and that gets reported to FDA and 20 of those get 21

reported over the course of a month and 100 of them over the 22

course of a year, and people do start concluding that yes, 23

there is a causal relationship there. 24

Then the next thing they say is, "What more 25
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systematic study can we do to really pin this down?  But if 1

forced to stop with the data that they have, what they're 2

thinking is "I see a causal relationship here."  3

Okay.  And you said one of the issues is if it's a 4 Q.

common outcome.  In other words, when you're looking at these 5

concerns.  6

And are some of the concerns or the 7

constellation of symptoms that we've discussed, those are 8

common symptoms experienced by lots of different people under 9

all sorts of different circumstances.  Is that fair? 10

DR. PHILLIPS:         Yeah, and this is the 11 A.

difference between incidents and prevalence that I tried to 12

emphasize and that I tried to use in the example that I just 13

gave. 14

So I didn't describe someone who happens to be 15

taking this drug and happens to all the time suffer from 16

stomach ailments.  You know, I tried to pick something that 17

actually looked very much like this case where somebody takes 18

the drug and, a short time thereafter, something very new 19

happens to them.  20

And, again, we have the epistemic advantage -- 21

I don't want to use any phrases that suggest this is good -- 22

you know, a good thing in a big picture sense, but in the 23

sense of scientific knowledge, it's a good thing that we have 24

diseases that have identifiable incidence and that, you know, 25
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therefore, can be observed to occur when the exposure starts 1

and to go away when the exposure ends.  That's the big 2

difference here between an awful lot of other diseases we 3

might be interested in.  4

I keep using the example of cancer.  That's 5

just the most obvious one. 6

Sure.  I want to go to your report now, which is 134.02.  7 Q.

Do I have that right?  8

I'm looking at page 4, which I think is pdf 4 9

as well.  So that means I'm a fan of this report too, sir.  10

DR. PHILLIPS:         Got it. 11 A.

And I'm looking at the fifth full paragraph.  It starts 12 Q.

with "most of these diseases."  13

DR. PHILLIPS:         Yup. 14 A.

Okay.  And you state:  (as read)15 Q.

"Most of these diseases are closely 16

related and most are known responses to 17

chronic stress, a condition that can 18

result from keeping someone in a 19

constant mild fight or flight state due 20

to subconscious sensory stimulation."21

And, first of all, I just want to know what you mean by 22

"subconscious sensory stimulation."  23

DR. PHILLIPS:         Right.  So sensory stimulation, 24 A.

of course, I'm referring to some physical signal coming in 25
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from the world that is being detected in one way or another 1

by the body.  2

By subconscious, I was not trying to use the 3

term terribly precisely but, rather, to refer to a situation 4

where you're not thinking "I hear that, I see that."  But 5

it's still having an impact on your body and on your mind. 6

Okay.  And you go on to say:  (as read)7 Q.

"Some are more specifically related to 8

noise exposure."9

And then I think you come to a conclusion, and you can tell 10

me if I'm wrong.  You say:  (as read)11

"Chronic stress is an explanation for 12

most of the effects and many 13

researchers, myself included, believe 14

it is the most likely explanation, 15

although there are other possibilities.  16

Whatever the exact mechanism, the 17

specific list of common outcomes 18

suggest that they are related and have 19

a common cause."20

So I just want to make sure that I understand.  21

What you're saying here is it's your view that 22

the constellation of symptoms that you discuss in your paper 23

are most likely the result of chronic stress.  Is that fair?  24

DR. PHILLIPS:         That's my belief.  But I'm 25 A.
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quick to acknowledge that it's not everyone's theory as to 1

what's going on here.  And they might be right.  But if 2

you -- I'm just trying to provide the best of my opinion and, 3

you know, if I had to place my bet on a particular pathway, 4

it would be that one. 5

Okay.  I'm going to now read you something from 6 Q.

Dr. Ollson's report, and it's on page 32, pdf 34.  You can 7

guess what I think of Dr. Ollson's report from the pdf paper 8

perspective. 9

And I'm not certain you need to turn it up, 10

but you can.  And this is what he has to say:  (as read)11

"I acknowledge that noise from wind 12

turbines can be annoying to some and 13

associated with some reported health 14

effects, for example, sleep 15

disturbance, especially at sound 16

pressure levels greater than 40 dBA.  17

However, annoyance appears to be more 18

strongly related to visual cues and 19

attitude than to noise itself.  20

Therefore, the self-reported health 21

effects of people living near wind 22

turbines are more likely attributed to 23

the physical manifestation of an 24

annoyed state than from the wind 25
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turbine themselves."1

And I'm wondering if you and Dr. Ollson are saying almost the 2

same thing in different ways there. 3

DR. PHILLIPS:         Well, I think we're proposing a 4 A.

different pathway.  5

I believe that Dr. Ollson here is trying to 6

argue that it's actually not the noise that is causing the 7

chronic stress that's then causing the diseases, but, rather, 8

it's some issue of attitude of belief.  And I don't think 9

that he has, you know, any evidentiary basis for saying that.  10

I mean, it's a hypothesis that could be tested.  11

Now, I think it's kind of interesting that 12

some people have actually started testing that in Australia.  13

Like I said, I just saw today, and, thus, I'm not trying to 14

suggest that this is definitive evidence coming in that we 15

ought to be considering yet.  It needs to be thought about, 16

reviewed -- that a researcher in Australia has actually been 17

doing, you know, hour-to-hour research on people in which 18

they report their condition, their symptoms, their health 19

problems without knowing how much noise is impacting them at 20

a particular time, but you're also collecting that 21

information. 22

And, you know, the one little piece of data I 23

have from that work -- so, again, we're not talking 24

reviewed -- suggested a high correlation between those two.  25
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But, you know, setting aside whether that 1

result is right or not, there's a good way to test this, and 2

somebody has come up with it and somebody is doing it.  3

It seems to me that the claims that this is 4

about visual perception and attitude are completely 5

speculative.  I mean, they're basically somebody hunting for 6

an explanation as an alternative to the one that's rather 7

more obvious, that it actually has to do with the physical 8

impact of noise, and are based on just the most tenuous of 9

little hints that you can ferret out from a few studies if 10

you're really looking for them and you're trying to support 11

that hypothesis. 12

Okay, sir, but is there any room in your view on this 13 Q.

that in addition to any physical stimuli produced or 14

stimulation from a turbine that either annoyance or stress 15

could be added to through fears of concerns about health 16

concerns or through visual cues?  Does it have to be one or 17

the other? 18

DR. PHILLIPS:         No.  Absolutely not.  That's a 19 A.

very good question.  I'm sorry I didn't answer that 20

particular question before, because that's a good point.  21

There is no doubt that people can be suffering from, you 22

know, a more physically caused impact from a particular 23

exposure and at the same time be suffering more because of 24

their concerns about it. 25
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Now, from the perspective of epidemiology and 1

I would venture to say from the perspective of policy, it's a 2

distinction without a difference because, you know, we're 3

still facing a situation where the exposure is causing the 4

disease. 5

If we had some way to make that particular 6

pathway that we just described that's adding to the other 7

pathway that I describe go away, then you would certainly 8

reduce the impact, you know, the net total impact on the 9

population of this.  10

But nobody is -- if nobody knows enough about 11

this other theoretical pathway to really nail down exactly 12

what it is, let alone find a way to break it and not have it 13

part of the causation, then we are still in the situation 14

that the exposure is causing the disease, and we don't know 15

how to do anything about that. 16

But should the Commission consider those two situations 17 Q.

differently?  In other words, if -- take the one instance 18

where studies are done and it's determined that, in fact, 19

based on measurements, there's no audible or inaudible noise 20

from a turbine, there's no vibrations, and yet through visual 21

impacts the person is still agitated, so it's -- it becomes 22

clear that the concern is one due to visual cues. 23

Does the Commission treatment that situation 24

the same as where studies are done that demonstrate there are 25
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stimuli?  Like, how does the Commission balance those two? 1

DR. PHILLIPS:         That's a good question.  I'm 2 A.

not suggesting I believe that that extreme hypothetical you 3

just described happens in very many cases. 4

But let's say that it did, and, you know, take 5

your hypothetical and assume that there are situations like 6

that.  How should we deal with that differently?  Well, 7

again, from the epidemiologic perspective, is this exposure 8

causing this disease, there's no difference, if that's your 9

question.  You know, sort of going back to what you were 10

asking me before, well-defined hypothesis question and 11

everything.  If that's your question, then it has no impact. 12

If your policy question is, therefore, are we 13

going to allow this number of bad outcomes to occur, then, 14

you know, the answer is the same.  If the exposure causes the 15

disease, then which of these pathways it's passing through 16

doesn't change that count. 17

I don't claim to be able to -- you know, I 18

don't claim to be -- have the wisdom to make policy decisions 19

here, but I find it difficult to draw a distinction there.  20

You know, especially since it's completely hypothetical.  21

But even if it were nailed down and known to 22

be true that this is happening some of the time, should we 23

not count the cases that are going through a pathway that 24

isn't the one of physical impact, I don't see why.  It's 25
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still the same exposure; it's still the same disease.  It's 1

still the same decision that's going to let the disease 2

occur, so I find it difficult to see why you would make a 3

different decision. 4

That's helpful, sir.  I'm going to maybe re-plow some of 5 Q.

the ground that Ms. Oleniuk did.  It deals with your 6

conclusion that 3 percent of area residences with experience 7

severe health effects and approximately 50 percent will 8

experience some health effects.  And I think she tried to 9

nail you down a bit on this, but I want to know if you can 10

provide any greater clarification as to how you came up with 11

the 3-percent and 50-percent numbers.  12

And it's going to be helpful to know, again, 13

how you came to those numbers.  14

DR. PHILLIPS:         Yeah, of course.  And so the 15 A.

numbers -- the 50-percent number, I mean, we get that from 16

things like Nissenbaum study.  And that, you know, sits out 17

there all by itself, unfortunately, as the one systematic 18

data gathering.  Well, up until this month, and we started to 19

have data trickling in from Waterloo, which is remarkably 20

similar in terms of their estimates.  You know, again, 21

recognizing that they're uncertain.  22

The numbers for the severe impacts are much 23

fuzzier, and I hope I haven't over-stated the precision that 24

I'm claiming here, and those are based on situations where we 25
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seem to have pretty thorough collections of adverse event 1

reports. 2

Can you specify exactly what you're referring to there? 3 Q.

DR. PHILLIPS:         Sure.  So I mentioned that 4 A.

New Zealand case where there was actually some much more -- 5

I'm not sure it's full on active collection, but there was 6

sort of semi-active collection of information, and -- 7

Let me just stop you there.  This was the New Zealand 8 Q.

case that you were talking about with Ms. Oleniuk, but that's 9

not a published survey?  That there was -- 10

DR. PHILLIPS:         No. 11 A.

I take it there was a collection, an ad hoc collection 12 Q.

of adverse event reports?  It wasn't a systematic collection? 13

DR. PHILLIPS:         It was more ad hoc than most.  14 A.

There was sort of an active solicitation, not nearly as good 15

as a full-on survey, as I've been talking about, but better 16

than just sort of sitting and waiting to see what's 17

collected. 18

You know, we also have communities in Ontario, 19

in particular, that have been highly politicized on this 20

issue, so we have, you know, what we can surmise is a pretty 21

thorough collection of the complaints. 22

And what collections are specifically referring to 23 Q.

there?  24

DR. PHILLIPS:         I'm referring to both the 25 A.
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systematic and ad hoc collections that we can put together 1

from living in these communities in terms of -- you know, 2

anything from publishing these blog posts that I referred to 3

something like WindVOiCE. 4

And, you know, as I said -- you know, I say, 5

"I'd like to put a number to it.  It's a couple of percent."  6

If somebody else came in and said, you know, "I'm absolutely 7

sure it's only 1 percent," I wouldn't be confident in telling 8

them he was wrong. 9

If somebody came in and said, "I'm absolutely 10

certain it's 5 percent," same answer.  If somebody came in 11

and said it was as high as 10 percent, I'd say "eh, I don't 12

think so."  But given the numbers we have, you know, the 13

total volume of reports that we have out of the exposed 14

population, if someone insisted that it was less than 15

1 percent, I would be equally skeptical of that. 16

So we're talking orders of magnitude level of 17

knowledge.  You know, something in the range of 2 percent, 18

not 10 percent, not one-tenth of 1 percent.  And we'd like to 19

know more, but we don't. 20

Okay, sir.  On pages 10 and 11 of your report, you're 21 Q.

talking about some of the things people who don't necessarily 22

agree with your views on wind turbines sometimes say with 23

respect to your views.  And you state:  (as read)24

"The constellation of disease does not 25
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occur among neighbours of other 1

unwanted and disliked facilities.  2

Examples include anything from a 3

halfway house or large apartment 4

complex built in a neighourhood to a 5

dirty industrial facility."6

And I'm just interested in understanding what this conclusion 7

is based on.  Is this personal knowledge or a professional 8

review of relevant literature?  9

DR. PHILLIPS:         Yeah, it wasn't a systematic 10 A.

review.  It's based on a general review.  I've done a lot of 11

work on environmental health over the years.  I've done 12

studies of sort of traditional noxious facilities and what 13

people say about that and the fights over those that occur in 14

the political and, as well, scientific realms.  You know, so 15

we're talking about dirty industry that people are afraid is 16

causing cancer. 17

And we very consistently see reports about 18

cancer clusters and so forth, something that I think was 19

pointed out in earlier testimony are very difficult to make 20

any sense of, and I totally agree with that. 21

We do not see in these reports a pattern of, 22

you know, headaches and sleep disorders and so forth just 23

based on, you know, the passive reporting that's out there.  24

And can you be any more specific on that, sir?  Can you 25 Q.
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understand that the Commission is trying to determine what 1

sort of weight to put on your opinion, and when there's 2

general statements like this, it's helpful if there's 3

something more than a general reference. 4

And I'm concerned because there's something 5

else in your report, and you state that:  (as read)6

"Increase in stress caused from being 7

forced into situation that one cannot 8

control is a well-studied phenomenon."9

And that seems to go contrary to what you have suggested.  10

That people who are forced by circumstances to live next to 11

unwanted facilities, why wouldn't they feel that same stress?  12

DR. PHILLIPS:         Oh, and I think they would.  13 A.

And going back to the previous question when you asked could 14

it be both, could it -- you know, could there be some actual 15

physical impacts of noise, as well as some actual -- you 16

know, what we were just talking about, and I think it 17

certainly would be both.  18

And then it comes back to that question, you 19

know, that very cogent question you asked about should we 20

treat those differently if we actually could separate them 21

out, which at this point we can't, but if we could, should we 22

treatment them differently.23

Yes, it's entirely possible that that plays a 24

role.  On the other hand, it's difficult to imagine that it 25
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plays much of a role in these crossover observations.  That 1

is, someone who has this particular collection of diseases on 2

one day, and then they go away for a while, and they go away, 3

and then they return when they come back.  It's not like they 4

forgot, you know, their house is near a wind turbine when 5

they were off on a business trip or something like that. 6

And so -- I mean, yes, of course you could 7

come up with a story where even in that case it might be the 8

second version rather than the first, but it's starting to 9

get to be a pretty tenuous hypothesis at that point. 10

Sir, I think I'm closing in on the end here.  I'm going 11 Q.

to ask you to turn up Exhibit 233.02, which is the table, the 12

blue and pink table that I provided to Mr. Secord last week 13

and I think he gave to you today. 14

And I also want you to turn up Exhibit 143.03, 15

which is a map of the project area.  And that map fortunately 16

enough coincides with this table in that the receptor 17

numbers, the R numbers, are on the map.  So you can look at 18

the distance, and you can also see where the person is 19

located on the map.  20

Did you have a chance to look at both of 21

those? 22

DR. PHILLIPS:         Yeah, I looked at a version of 23 A.

this map and a version of that table when I was preparing my 24

original report.  And yes, I've looked at them again today.  25
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I don't know if it was the exact ones when I was preparing 1

it, but I don't know of any difference.  2

I'm just pulling up my map.  And, sir, when I look at 3 Q.

your evidence -- and we've talked about this for a while -- 4

you talk about 3 percent within the NIA will suffer 5

serious -- or severe health effects and about 50 percent will 6

suffer at least minor problems. 7

And what I'm wondering is having reference to 8

this table, can you comment on whether residents at any 9

particular receptor -- so you can look at the table, or you 10

can look at the map -- may be more or less likely to 11

experience these severe effects? 12

DR. PHILLIPS:         Unfortunately we don't know too 13 A.

much about this.  I mean, we have every reason to believe 14

that distance matters in a monotonic way.  The closer you 15

are, the higher your risk.  16

But even with that one there have been some 17

weird results coming out, you know, again out of Australia 18

where a lot of active research has been going on that 19

suggests that certain ranges of distances don't make any 20

appreciable distance after all.  So we don't even know that 21

for sure.  22

But most of us are working under the belief 23

from what we've seen from systematic studies, from the 24

patterns observable in the adverse event reports that the 25
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closer you are, the worse off you are.  But that's definitely 1

not the only risk factor and, quite possibly, not the biggest 2

risk factor because, of course, quite a few people who live 3

quite close by don't report any serious health outcomes, and 4

some people who live further away do. 5

This isn't an unusual pattern in epidemiology.  6

In fact, it's the inevitable pattern in epidemiology.  That 7

when something happens relatively uncommonly, you know, only 8

to a few percent of exposed people, there are other causal 9

variables involved, individual characteristics, and so forth 10

that are determining whether a person with a particular 11

exposure gets the disease.  I mean, that's always the case 12

for every disease, and it seems to be the case with -- it 13

doesn't seem to be.  It obviously is the case with this one 14

too. 15

So I wouldn't conceive of trying to put my 16

finger on one particular person and say, "okay, this person 17

has a 10-percent risk, whereas fortunately this person over 18

here only a, you know, one-half of 1 percent risk.  We just 19

can't do it.  We don't know. 20

Okay, sir.  And just my last question.  The next 21 Q.

page deals with shadow flicker.  This is Aid to Cross 22

Number 2.  It's 223.03, and it's the other blue -- 23

DR. PHILLIPS:         Yeah. 24 A.

-- table.  And this deals with shadow flicker.  And 25 Q.

837

before I start, sir, have you done any studies with respect 1

to shadow flicker and its effects?  Have you looked at that 2

issue at all? 3

DR. PHILLIPS:         And I've certainly looked at it 4 A.

because it's, of course, always under discussion here.  I 5

haven't -- and, you know, of course there's also amplified 6

light flicker too.  You know, there's reflected light, so 7

there's a different kind of flicker available from turbines 8

also. 9

Frankly, it's never seemed to me to be part of 10

the biggest part of the problem; and therefore, I haven't 11

tended to focus on it.  I mean, you have these numbers here 12

that point out that unlike the noise which can be relentless, 13

or at least, you know, relentless for large parts of the 14

week, the shadow flicker occurs only occasionally.  I would 15

argue that the shadow flicker is, you know, a serious 16

imposition on people.  You know, I've never actually 17

personally experienced it, but I've certainly seen the videos 18

of people, you know, in their houses when it's under the 19

full-on shadow flicker.  And, you know, if it were me, I 20

would be completely unable to function there at the time. 21

On the other hand, it would be over in a 22

finite period of time.  23

And so if what we're talking about are sort of 24

these constant gnawing low-level stress reactions creating 25
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health problems, this is probably not going to be a major 1

contributor to it because it's sufficiently finite. 2

MR. MOUSSEAU:                 Okay.  Thank you, Dr. Phillips. 3

Thank you, Mr. Chair.  Those are my questions. 4

THE CHAIR:                    Thank you Mr. Mousseau. 5

Mr. Jamieson?  6

7

THE CHAIR QUESTIONS THE WITNESS:8

At the bottom of page 4 of your opening statement, the 9 Q.

last sentence there you say:  (as read)10

"While the evidence and method of 11

scientific reasoning that I just 12

discussed is compelling for 13

establishing that the outcomes do occur 14

and that the relationship is causal, it 15

is not so useful for estimating other 16

details."17

And what are you referring to when you say "estimating other 18

details"?  19

DR. PHILLIPS:         Yeah, so exactly -- good 20 A.

question.  The -- in epidemiology, you know, we would like to 21

know, you know, some obvious questions like, you know, are 22

women more likely to suffer these problems than men, are 23

children particularly vulnerable, are people with particular 24

health conditions particularly vulnerable. 25
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And I think you saw that, you know, I 1

identified what our leading hypothesis ought to be about what 2

health conditions or just personality conditions make 3

somebody more vulnerable. 4

But we can't figure that out without more 5

systematic information because we don't -- there we very much 6

don't have the denominator.  Your colleague asked about 7

confounding.  There we would have a terrible problem with 8

confounding, unlike we do with the question of simply is 9

there something happening here. 10

So yes, we would like to know things like 11

that.  And we would also like to know what mitigation 12

measures matter the most.  So, you know, it's often argued in 13

one of these siting cases, you know, well, we have a new and 14

improved technology that's not going to create the problems 15

that have been observed in the past.  Well, that would be 16

great if we knew that to be true, but we don't have the data 17

that shows that when this technology is used, the problems go 18

away. 19

THE CHAIR:                    Thank you, sir. 20

Re-examination?  21

MR. SECORD:                   I have no re-examination.  Just 22

one housekeeping matter. 23

And I believe my friend was questioning 24

Dr. Phillips about the new research that had been done in 25
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Australia, and he said that he could provide that to her.  I 1

thought I heard her say sure, and I wasn't sure whether that 2

was an undertaking. 3

MS. OLENIUK:                  I don't request that as an 4

undertaking.  That's fine.  5

MR. SECORD:                   Then I believe -- unless you 6

want -- Mr. Cheng has offered to cross-examine Mr. Simes for 7

the next hour, but if you're not inclined, then we could all 8

go for dinner. 9

THE CHAIR:                    I think the general consensus 10

is the latter.  11

And we will adjourn at this point until 12

9 o'clock tomorrow, and then does that mean we're leading off 13

with Mr. Cheng and Mr. Simes?  Or -- I'm not holding you do 14

it. 15

MR. SECORD:                   Sure.  We will be ready to go 16

at 9, and hopefully we can make good progress tomorrow, sir.  17

THE CHAIR:                    Thank you.  We're adjourned.  18

(PROCEEDINGS ADJOURNED AT 6:54 P.M.)19

____________________________________________________________20

PROCEEDINGS ADJOURNED TO 9 A.M., THURSDAY, OCTOBER 31, 201321

____________________________________________________________ 22

23
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The Results of an Acoustic Testing Program, Cape Bridgewater Wind Farm  

Prepared for Energy Pacific by Steve Cooper, The Acoustic Group 

 

 A Review of this Study and Where It Is Leading  

Paul D. Schomer, Ph.D., P.E.;   

Schomer and Associates, Inc.; Standards Director, Acoustical Society of America 

George Hessler, Hessler Associates, Inc. 

10 February 2015 

 Recently Cooper has completed a first of its kind test regarding the acoustical emissions of wind turbines. His is 

the first study of effects on people that includes a cooperating windfarm operator in conjunction with a 

researcher that does not work exclusively for windfarms.  This study makes three very simple points: 

1. There is at least  one non-visual, non-audible  pathway for wind turbine emissions to reach, enter, and 

affect some people 

2. This is a longitudinal study wherein the subjects record in a diary regularly as a function of time the 

level of the effects they are experiencing  at that time 

3. This periodic recording allows for responses as the wind-turbine power changes up and down, 

changes not known by the subject 

The results are presented in a 218 page report augmented by 22 appendices spread over 6 volumes so that every 

single detail in the study has been documented for all to see and examine.  The methods and results are totally 

transparent.  The 22 appendices and the main text exhaustively document everything involved with this study.  

Six subjects, 3 couples from different homes are the participants in this study.  They do not represent the average 

resident in the vicinity of a wind farm.   Rather, they are self-selected as being particularly sensitive and 

susceptible to wind farm acoustic emissions, so much so that one couple has abandoned their house.  Cooper 

finds that these six subjects are able to sense attributes of the wind turbine emissions without there being an 

audible or visual stimulus present.   More specifically, he finds that the subject responses correlate with the wind 

turbine power being generated but not with either the sound or vibration. 

Although the very nature of a longitudinal study provides for a finding of cause and effect, some will undoubtedly 

argue that a correlation does not show cause and effect.  In this case they must postulate some other thing like an 

unknown “force” that simultaneously causes the wind turbine power being generated and symptoms such as 

nausea, vertigo, and headaches to change up and down together.  But that is the kind of “creative” logic it takes 

to say that this correlation does not represent cause-and-effect.      So, rather than making such groundless 

arguments, perhaps something like an “expert statistical analysis” can be expected “proving” this is not a “valid 

sample” of the public at large, or proving the study does not do something else it was never intended to do. 

So it is important to sort out what, by design, this study was intended to do and does do, and what, by design, it 

was not intended to do and does not do.  This study is not in any way a sample of the general population nor is it 

in any way a sample of the general population in the vicinity of windfarms.   According to Cooper’s report, this 

study was intended to address the issue of complaints from residents in the vicinity of Pacific Hydro’s Cape 

Bridgewater Wind Farm.  Pacific Hydro requested the conduct of an acoustic study at 3 residential properties to 

ascertain any identifiable noise impacts of the wind farm operations or certain wind conditions that could relate 



 
 

to the complaints that had been received.  The study was to incorporate three houses that are located between 

650 m and 1600 m from the nearest turbine.  This research represents a case study at 3 houses, each with one 

couple, 6 people.  This is one sample, and only one sample, of a small group of people who are all self-selected as 

being very or extremely sensitive to wind turbine acoustic emissions.   A similar group could be assembled 

elsewhere such as in Shirley Wisconsin, USA or Ontario Canada. 

This study finds that these 6 people sense the operation of the turbine(s) via other pathways than hearing or 

seeing, and that the adverse reactions to the operations of the wind turbine(s) correlates directly with the power 

output of the wind turbine{s} and fairly large changes in power output. 

Attempts may be made to obviscate these simple points with such arguments as it cannot be proved that infra-

sound is the cause of the discomfort.   But that again is a specious argument.  The important point here is that 

something is coming from the wind turbines to affect these people and that something increases or decreases as 

the power output of the turbine increases or decreases.  Denying infra-sound as the agent accomplishes nothing.  

It really does not matter what the pathway is, whether it is infra-sound or some new form of rays or electro-

magnetic field coming off the turbine blades.   If the turbines are the cause, then the windfarm is responsible and 

needs to fix it.  Anyone who truly doubts the results should want to replicate this study using independent1 

acoustical consultants at some other wind farm, such as Shirley Wisconsin, USA, where there are residents who 

are self-selected as being very or extremely sensitive to wind turbine acoustic emissions.2 

Some may ask, this is only 6 people, why is it so important?  The answer is that up until now windfarm operators 

have said there are no known cause and effect relations between windfarm emissions and the response of people 

living in the vicinity of the windfarm other than those related to visual and/or audible stimuli, and these lead to 

some flicker which is treated, and “some annoyance with noise.”   This study proves that there are other 

pathways that affect some people, at least 6.  The windfarm operator simply cannot say there are no known 

effects and no known people affected.  One person affected is a lot more than none; the existence of just one 

cause-and-effect pathway is a lot more than none.  It only takes one example to prove that a broad assertion is 

not true, and that is the case here.  Windfarms will be in the position where they must say:  “We may affect some 

people.”   And regulators charged with protecting the health and welfare of the citizenry will not be able to say 

they know of no adverse effects.  Rather, if they choose to support the windfarm, they will do so knowing that 

they may not be protecting the health and welfare of all the citizenry. 

 

http://www.pacifichydro.com.au/pacific-hydro-releases-cape-bridgewater-wind-farm-acoustic-study/ 

 

http://www.pacifichydro.com.au/english/our-communities/communities/cape-bridgewater-acoustic-study-

report/?language=en 

 

                                                           
1 Independent Consultants are those who have worked for both industry and communities, and or have espoused the 
need for research to sort out the issues of people reacting to non-audible non-visual stimuli. 
2 Cooper’s test shows cause and effect for at least one non-visual, no-audible pathway to affect people.   If one only 

wanted to test for the ability to sense the turning on of wind turbines, and not replicate the cause and effect portion of 

Cooper’s study, this reduced test could be accomplished in one to two months with a cooperative windfarm where 

there are residents who are self-selected as being very or extremely sensitive to wind turbine acoustic emissions and 

who also assert that they have this sensing ability.  This study, a subset of the full Cooper tests, would only prove, again, 

that non-visual, non-auditory pathways exist by which wind turbine emissions may affect the body and “signal” the 

brain. 

 

http://www.pacifichydro.com.au/pacific-hydro-releases-cape-bridgewater-wind-farm-acoustic-study/
http://www.pacifichydro.com.au/english/our-communities/communities/cape-bridgewater-acoustic-study-report/?language=en
http://www.pacifichydro.com.au/english/our-communities/communities/cape-bridgewater-acoustic-study-report/?language=en


Further comments on the Cape Bridgewater Wind Farm Study--Muddying the waters   

The Cooper report on the Cape Bridgewater Wind Farm is well-documented and states exactly what it does, 

 but, as predicted, there are those who seek to obviscate what the report is with specious arguments 

 

Paul D. Schomer, Ph.D., P.E.;   

Schomer and Associates, Inc.; Standards Director, Acoustical Society of America 

George Hessler, Hessler Associates, Inc. 

20 February 2015 

On 10 February 2 015 George Hessler and I warned  that rather than making patently groundless arguments, 
something like an “expert statistical analysis” could be expected “proving” this was not a “valid sample” of the 
public at large, or proving the study did not do something else it was never intended to do. Now we see the 
assertion that this was a “medical study” and that Steven Cooper, George and I are not qualified to make medical 
judgements. And of course we are not medical researchers, but it is the predicate that is wrong. This is not a 
medical study, and these are not medical conclusions. As predicted, this study is being made to be something that 
is not. 
 
To explain this we offer the following analogy. Part of the condition of being a human is we get gas. And certainly 
many if not most have observed the cause-and-effect relation between eating beans and a certain aromatic 
condition. We ask each reader to reflect on this. Does it take a medical researcher to tell you that eating beans 
causes gas in some people? Certainly not. The medical research may say why or how the gas is produced in the 
body. But anyone can make the simple observation of the relation between eating beans and the aromatic 
condition, cause-and-effect, literally the input to and the output from the system. 
 
The Cooper study is a variation of how one “discovers” the relationship: beans in  ̶  gas out. Cooper examines 
three possible inputs: sound level of the receivers (six subjects), the vibration levels at the receivers, and the 
power output of nearby turbines. Cooper's outputs are the periodic observations by each subject as to the degree 
by which they feel they are being affected by wind turbines, specifically at the time they are giving these 
observations. The cause and effect is found between the input, the turbine power, and the outputs, subject’s 
judgements as to the degree they are being affected at the time. As with the beans in  ̶  gas out example, the 
processes inside the body are not explained; nothing “medical” is dealt with. Just the inputs to and the outputs 
from the body are dealt with. The result is as the wind turbines affect these 6 subjects and that the greater the 
turbine power, the greater the degree of effect. And, of course, the subjects had no knowledge as to the power 
output of any of the wind turbines 
 
The results are that there is a cause and effect relationship between turbine power output and subject response, 
and, at the same time there is no correlation between subject response and either sound level or vibration level. 
These results show that there is a non-visual, non-audible pathway by which wind turbine emissions can cause 
some specific effects in some people. These results say nothing about the nature of these effects. Nothing internal 
to the body is discussed. We again reiterate to government and to wind farm operators, if you don't believe the 
results, replicate the study using clearly independent consultants1. 

 



1 Cooper’s test shows cause and effect for at least one non-visual, no-audible pathway to affect people.   If one only 

wanted to test for the ability to sense the turning on of wind turbines, and not replicate the cause and effect portion of 

Cooper’s study, this reduced test could be accomplished in one to two months with a cooperative windfarm where 

there are residents who are self-selected as being very or extremely sensitive to wind turbine acoustic emissions and 

who also assert that they have this sensing ability.  This study, a subset of the full Cooper tests, would only prove, again, 

that non-visual, non-auditory pathways exist by which wind turbine emissions may affect the body and “signal” the 

brain. 

 

 

 
 

Some may ask, this is only 6 people, why is it so important?  The answer is that up until now windfarm operators 

have said there are no known cause and effect relations between windfarm emissions and the response of people 

living in the vicinity of the windfarm other than those related to visual and/or audible stimuli, and these lead to 

some flicker which is treated, and “some annoyance with noise.”   This study proves that there are other 

pathways that affect some people, at least 6.  The windfarm operator simply cannot say there are no known 

effects and no known people affected.  One person affected is a lot more than none; the existence of just one 

cause-and-effect pathway is a lot more than none.  It only takes one example to prove that a broad assertion is 

not true, and that is the case here.  Windfarms will be in the position where they must say:  “We may affect some 

people.”   And regulators charged with protecting the health and welfare of the citizenry will not be able to say 

they know of no adverse effects.  Rather, if they choose to support the windfarm, they will do so knowing that 

they may not be protecting the health and welfare of all the citizenry. 

 

http://www.pacifichydro.com.au/pacific-hydro-releases-cape-bridgewater-wind-farm-acoustic-study/ 

 

http://www.pacifichydro.com.au/english/our-communities/communities/cape-bridgewater-acoustic-study-

report/?language=en 

 

http://www.pacifichydro.com.au/pacific-hydro-releases-cape-bridgewater-wind-farm-acoustic-study/
http://www.pacifichydro.com.au/english/our-communities/communities/cape-bridgewater-acoustic-study-report/?language=en
http://www.pacifichydro.com.au/english/our-communities/communities/cape-bridgewater-acoustic-study-report/?language=en
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What is the Wind Turbine Noise and Health Study?

Help on accessing alternative formats, such as Portable Document Format (PDF), Microsoft Word 
and PowerPoint (PPT) files, can be obtained in the alternate format help section.

(PDF Version - 611 K)

Health Canada, in partnership with Statistics Canada, has conducted a study involving 
communities in Southern Ontario and Prince Edward Island to better understand the impacts of 
wind turbine noise on health and well-being. A total of 1238 households participated, out of a 
possible 1570.

The study had three parts:

• An in-person questionnaire, which was given to randomly selected participants living at 
various distances from the wind turbines;

• A collection of physical health measures that assessed stress levels using hair cortisol, blood 
pressure and resting heart rate, as well as measures of sleep quality; and

• More than 4000 hours of wind turbine noise measurements conducted by Health Canada to 
support calculations of wind turbine noise levels at all homes in the study.

The Wind Turbine Noise and Health Study is a landmark study and the most comprehensive 
of its kind. Both the methodology used and the results are significant contributions to the global 
knowledge base and examples of innovative, leading edge research.

Key Finding FINDINGS

IT IS IMPORTANT to note that the results from this study do not provide definitive answers on 
their own and should be considered along with the other research available on the impacts of wind 
turbine noise on health. Results may also not be applied to other communities as the wind turbine 
locations in this study were not randomly selected from all possible sites operating in Canada.

Illness and chronic disease

• No evidence was found to support a link between exposure to wind turbine noise and any of 
the self-reported illnesses (such as dizziness, tinnitus, migraines) and chronic conditions 
(such as heart disease, high blood pressure. diabetes).

Stress

• No association was found between the multiple measures of stress (such as hair cortisol, 
blood pressure. heart rate, self-reported stress) and exposure to wind turbine noise.

Sleep

• The results of this study do not support an association between wind turbine noise and self-
reported or measured sleep quality.

• While some people reported some of the health conditions above, their existence was not 
found to change in relation to exposure to wind turbine noise.
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Annoyance and quality of life

• An association was found between increasing levels of wind turbine noise and individuals 
reporting to be very or extremely annoyed.

• No association was found with any significant changes in reported quality of life, or with 
overall quality of life and satisfaction with health. This was assessed using the abbreviated 
version of the World Health Organization's Quality of Life Scale.

Noise

• Calculated noise levels were found to be below levels that would be expected to directly 
affect health (World Health Organization- Community Noise Guidelines [1999]). This finding 
is consistent with self-reported and measured results of the study.

How will the Information be Used?

Health Canada will consider the results of this study, along with other scientific research available, 
when providing advice on the health impacts of wind turbine noise.

These findings will also support decision-makers, such as provincial and territorial governments, in 
the development of decisions, advice and policies related to wind power development proposals, 
installations and operations.

These results are considered preliminary until published in the peer-reviewed scientific literature.

For more information

A more detailed Summary of Findings from the Wind Turbine Noise and Health Study has been 
published on the Health Canada website at www.hc-sc.gc.ca. For more information, please 
contact: ccrpb-pcrpcc@hc-sc.gc.ca.
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Abstract

This review concentrates on the effects of low frequency noise (LFN) up to 100 Hz on selected physiological

parameters, subjective complaints and performance. The results of laboratory experiments and field studies are

discussed in relation to the thresholds of hearing, of vibrotactile sensation and of aural pain. The effects of LFN may be

mediated trough different ways. Temporary or permanent hearing threshold shifts seem to be due to acoustic stimuli

above the individual hearing threshold. However, non-aural physiological and psychological effects may be caused by

levels of low frequency noise below the individual hearing threshold. The dynamic range between the thresholds of

hearing and of aural pain diminishes with decreasing frequency. This should be taken into account by the setting of limits

concerning the health risks. Sufficient safety margins are recommended. The use of a frequency weighting with an

attenuation of the low frequencies (e.g. G-weighting) does not seem to be appropriate for the evaluation of the health

risks caused by LFN up to 100 Hz. It may be proposed to measure third octave band spectra or narrow band spectra. A

comparison with the known human responses caused by the measured levels and frequencies could help to evaluate the

health risks. Some proposals for further investigations were given: (1) experimental methods to discover the ways

mediating the effects of low frequency noise, (2) consideration of the individual hearing threshold or hearing threshold

shift and of the vibrotactile threshold in the low frequency range to be able to judge the effects, (3) consideration of

combined body vibration caused by airborne low frequency noise or by other sources, (4) modelling to analyse the

transmission of the acoustic energy from the input into the body to the structures containing sensors, (5) consideration of

probable risk groups like children or pregnant women.
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 Introduction

Although some comprehensive reviews have been published in the past decades (Westin 1975, Harris et al. 1976,

Tempest 1976, Broner 1978, Johnson 1982, Landstroem et al. 1993, Berglund et al. 1996), this article is supposed to

supplement the overview with some contemporary publications. It also includes older publications which were not

mentioned in other review articles or were not described there in detail. The presented review concentrates on the
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effects of low frequency noise up to 100 Hz on selected physiological parameters, subjective complaints and

performance. The influence on the loudness judgement and the annoyance is not taken into account. Animal experiments

do not receive attention, too. Some graphics ease the interpretation of the scientific results.

 Sensation of Low Frequency Noise (LFN) - the thresholds of hearing, vibrotactile perception
and aural pain

The knowledge of the hearing threshold is essential for the analysis of effects of LFN. [Figure 1] shows the thresholds

up to 250 Hz measured by different authors (Robinson et al. 1956, Corso 1958, Yeowart et al. 1967 and 1974, Whittle

et al. 1972, Landstroem et al. 1983, Verzini et al. 1999). The inclusion of further data would probably not change the

trend obvious from [Figure 1]. There is only little data with a fairly variable range based on studies of about 260 persons

aged between 16 years (Robinson et al. 1956) and 70 years (Whittle et al. 1972). All published results were given as

mean values and standard deviations. No but one article presented the median values and/or percentiles and/or extreme

values. Robinson et al. (1956) supplied the median values, which were strongly related to the mean values, perhaps

because of the large study group of 120 subjects. In order to generate a range of representative thresholds in [Figure

1], standard deviations reported were added to the highest mean value and subtracted from the lowest mean value.

Perhaps, the thresholds varied because of the used measuring method and the between- and within-subject differences.

The maximum ranges given in [Figure 1] varied between 20.1 dB and 29 dB at 4, 5, 25, 32, 40, 50, 75 and 100 Hz. The

variability of the individual thresholds of the study participants was probably larger, but, as mentioned above, the authors

did not report on the extreme values. Landstroem et al. (1983) investigated the threshold of "vibrotactile" perception.

The results suggest no differences between deaf and hearing subjects. Therefore, the mean values of both groups were

presented in [Figure 1]. The subjects described a frequency-dependent sensation of vibration of different parts of the

body (lumbar, buttock, thigh, calf).

Only one paper was found with information about the threshold of aural pain (von Gierke et al. 1976, see [Figure 1]).

 Aural effects of low frequency noise

Although there are different opinions concerning the role of the temporary threshold shift (TTS) as a predictor of the

permanent threshold shift (PTS), it is assumed that a better method does not exist at present. The TTS is not

appropriate for calculating the individual noise induced hearing loss, but it is useful for predicting the PTS of groups of

persons exposed to noise of certain levels and types (Sataloff et al. 1993). [Figure 2] summarises the scientific results

regarding the aural effects like TTS, PTS and a sensation of pressure in the ear in relation to the hearing threshold and

the threshold of aural pain.

A number of authors obtained temporary threshold shifts in laboratory experiments or field studies. Alford et al. (1966)

and Jerger et al. (1966) found TTS (10 dB - 22 dB) in 11 of 19 subjects after 3 minutes repeated exposure to 119 dB -

144 dB / 2 Hz - 12 Hz. The TTS was observed in the hearing frequency range from 3 kHz to 8 kHz. Nixon (1973)

reported on TTS (20 dB - 25 dB) in one of three participants caused by exposure to 135 dB / 18 Hz (6 times 5minutes

exposures) and 140 dB / 14 Hz (steady exposure, duration 5 min - 30 min). Johnson (1973, cited in Johnson 1982)

recorded TTS (8 dB) in the hearing frequency range from 2 kHz to 6 kHz due to exposure to 140 dB / 4 Hz, 7 Hz, 12 Hz

in one of eight subjects (duration 5 min). A prolonged exposure time (30 min) caused TTS from 14 dB to 17 dB (one

exposed subject only).

Mills et al. (1983) obtained TTS of different degrees and depending on the frequency of the noise (octave band noise,

centred at 63 Hz, 125 Hz or 250 Hz) in 52 subjects. A 24-hourexposure to 84 dB(A) led to TTS from 7 dB to 15 dB in the

frequency range from 300 Hz to 500 Hz. An 8-hour-exposure to 90 dB(A) caused TTS from 12 dB to 17 dB in the

frequency range from 250 Hz to 700 Hz. Tonndorf (1950) reported on temporary hearing impairments determined by

tuning-fork test in employees which worked in engine rooms of submarines (infrasound 10 Hz - 20 Hz), but no sound

pressure level was given.

In contrast, no TTS was found by the following authors: Slarve et al. (1975) recorded no TTS in four subjects after
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exposure to pure tones for a period of 8 minutes. The frequencies ranged from 1 Hz to 30 Hz (125 dB - 144 dB).

Johnson (1973 and 1980) found no TTS after various exposure conditions (126 dB - 171 dB / 0.6 Hz - 10 Hz / 1 min - 26

min / 1 - 16 subjects). Mohr et al. (1965) applied several different exposure conditions (see paragraph "subjective

complaints"). The authors discovered no effects on the hearing threshold even due to the exposure to the highest levels

(narrow band noise, overall sound pressure levels 149 dB - 154 dB / maxima at 2 Hz - 10 Hz for 2 minutes, tests 9, 10

and 11). However, it is difficult to interpret the results, because it is not clear, which subject wore ear protectors for

which period of the exposure.

Several investigations revealed subjective aural complaints. Karpova et al. (1970) reported on pressure in the ear after

exposure to industrial infrasound (5, 10 Hz / 100, 135 dB) for 15 minutes. Slarve et al. (1975) described similar effects.

Subjects told painless pressure in the ear during 8 minute exposure to 144 dB / 1 Hz - 20 Hz. A "sensation reflecting

pressure build-up in the middle ear" occurred in the tests number 9, 10 and 11 of Mohr´s experiments (see above)

during exposures without ear protection, whereas three of the five persons also described a "tympanic membran tickle

sensation". Two of three subjects experienced middle ear pain during "brief" periods without ear protection exposed to

narrow band noise, overall sound pressure levels 143 dB - 145 dB / maxima at 25 Hz - 40 Hz (tests 12, 13, 14).

Only one epidemiological study of permanent hearing impairments could be found. Doroshenko et al. (1983) investigated

216 compressor operators exposed to infrasound (91 dB - 119 dB) and combined steady noise within the hearing

frequency range (84 dB(A) - 97 dB(A)) for a daily period of 6.5 hours in a cross sectional study. The control group

consisted of 220 workers exposed to industrial noise (93 dB(A) - 106 dB(A)) without any infrasound. The duration of

exposure lasted from 1 year to 20 years. The mean age ranged from 20 to 50 years. Combined low frequency and

steady noise exposure caused significantly increased hearing thresholds verified by tonal audiometry as well as

deteriorated intelligibility of whispered speech in comparison with the isolated industrial noise exposure. The differences

enlarged with the length of exposure.

 Non-aural effects of low frequency noise

LFN can cause a lot of non-specific physiological reactions, subjective complaints and an impairment of the

performance. The [Figure 3][Figure 4] show the results of numerous studies in relation to the hearing threshold and to

the threshold of aural pain.

Vascular, respiratory and endocrine effects, balance and visual disturbance

Danielsson et al. (1985) investigated the effect of LFN on blood pressure, heart frequency and serum cortisol. 20 male

study participants were exposed to pure tones at different levels (95 dB, 110 dB and 125 dB) and frequencies (6 Hz, 12

Hz and 16 Hz) for 20 minutes in the first series of experiments. In the second set of experiments, a one-hour exposure

(125 dB, 16 Hz) was followed by a silent control period. On alternate days, the same subjects were exposed to either

infrasound (125 dB / 16 Hz) or a so called control exposure (50 dB / 50 Hz, just 5 dB above the mean hearing level). The

one-hour exposure to LFN led to a significantly increased diastolic blood pressure and a significantly decreased systolic

blood pressure in comparison with the control exposure. No significant changes of the heart rate and serum cortisol

were obtained. Landstroem et al. (1983) exposed 10 normal hearing and 10 deaf subjects to 115 dB / 6 Hz for 20

minutes. In normal hearing volunteers changes of EEG patterns - interpreted as diminished wakefulness -, alterations of

systolic and diastolic blood pressure and of heart rate were observed. These effects were not found in deaf persons. No

differences in vibrotactile sensation were detected between both groups. Therefore the authors attributed the observed

physiological effects to cochlear stimulation. Karpova et al. (1970) obtained the following physiological reactions caused

by 15 minutes exposure to 5 Hz and 10 Hz simulated industrial infrasound (100 dB and 135 dB): significantly decreased

respiration rate, "depression of the encephalic haemodynamics", changes of EEG patterns, increased heart rate,

reduced heart muscle contraction strength. Wysocki et al. (1980) reported on tendencies of decreased heart rate,

diminished electrical conductance which may result from the peripheral vascular changes and reduced skin temperature.

40 subjects were exposed to a low frequency spectrum typical for vehicles (control group: 20 subjects, no exposure).

Evans et al. (1972) recorded vertical nystagmus and described a subjectively reported "feeling of body sway" in 25

subjects exposed to pure tones (2 Hz - 10 Hz) above 130 dB. The effects were primarily pronounced at 7 Hz. The

authors developed a threshold curve for vertical nystagmus induced by a 7 Hz binaural signal. No level of the infrasound

(1 Hz - 20 Hz / 115 - 120 dB) caused any visual disturbance. Takigawa et al. (1988) examined the influence of infrasound
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(5 Hz and 16 Hz, 95 dB, 5 minutes) on the control of upright standing posture. The authors concluded that the excitability

of the vestibulum seemed to be accelerated by LFN, whether or not the subjects perceived any sensations. Doroshenko

et al. (1983, methods see above) reported on significantly abnormal findings regarding the vestibular functions in the

exposed group (test of statokinetic function, calorific test, rotational test). Waye et al. (2002) exposed 32 subjects to a

low frequency noise and a reference noise with a flat frequency spectrum at the same A-weighted sound pressure level

(40 dB(A)). For the LFN, sound pressure levels in the frequency region of 31.5 Hz to 125 Hz were added. Higher cortisol

levels (six saliva samples during the two-hour exposure) were associated with high sensitivity to noise and being

exposed to LFN (significant interaction). This association was not found for the reference noise.

Subjective complaints

Slarve et al. (1975) exposed 4 subjects to a low frequency spectrum which contained pure tones (1 Hz - 30 Hz, 125 dB -

144 dB) for 8 minutes. The study participants reported on voice modulation and body vibration (abdominal, chest). Harris

et al. (1978) exposed 40 subjects to 7 Hz / 125 dB, 132 dB and 142 dB, partly combined with 110 dB low frequency

background noise. The authors mentioned spontaneous complaints in six study participants following exposure to 7 Hz /

142 dB (vibrationsensation, pressure in the ear, inability to concentrate). Verzini et al. (1999) reported on a feeling of

vibration, pressure and annoyance in the head, the ears and the nape during exposure to 10 Hz / 110 dB tones or to a

similar LFspectrum. The results of Slarve et al. (1975), Harris et al. (1978) and Verzini et al. (1999) correspond with the

findings of Landstroem et al. (1983) that the sensations of vibrations caused by airborne noise occur about 20 dB above

the hearing threshold (see [Figure 1]). The investigations of Ising et al. (1979 and 1980) were the only experimental

ones which used prolonged exposures up to 8 hours for 10 days (3 Hz - 24 Hz / 110 dB). The subjects reported on a

lack of concentration, annoyance, tiredness, tense, irritability and restlessness. Waye et al. (2002, see above) did not

find a significant difference between LFN and the reference noise for the mood dimensions or for the subjective

symptoms rated by questionnaires. However, the anxiety of the subjects estimated with the Trait and State

Spielberger´s scales modulated the subjective judgements (semantic differential scales). For example, there was a

strong relationship between the trait "anxiety" and the acceptability to the tone exposure. Landstroem et al. (1988)

studied the effects of different levels of LFN in two types of lorries in a field investigation with 13 lorry drivers.

Subjectively rated increased fatigue was more pronounced when driving the lorry with higher LFN level. The results were

supported by the objective EEG and ECG recordings. Tesarz et al. (1997)

investigated 439 persons working in offices, laboratories and industries. The dominance of LFN at the workplace was

determined by the difference between C- and A- weighted levels. No person was exposed to noise with C-A differences

greater than 20 dB. Fatigue and tiredness after work increased with increasing dominance of LFN. Karpova et al. (1970,

see above) described complaints following exposure to LFN: fatigue, feeling of apathy, loss of concentration,

somnolence and depression. Doroshenko (1983, see above) analysed the anamnestic data and found that the

compressor workers complained about increased irritability, headaches, periodic vertigo attacks, increased sweating

and tiredness, sleep disturbances, pains in the region of the heart and difficulty in breathing.

Mohr et al. (1965) carried out systematic investigations with different types of LFN exposures of very high level. The

following subjective sensations were described:

(1) minor chest wall and body hair vibration due to

a) 124 dB / 10 Hz - 400 Hz broad band noise for 2 minutes (test 1), one of five persons without ear protection

b) 114 dB - 133 dB / 35 Hz - 140 Hz octave band noise for 2 minutes (test 2), one of five persons without ear protection

c) 144 dB / 4 Hz - 4 kHz broadband noise for 1 minute (test 3), no information about wearing of ear protection

(2) "awareness of respiratory action" during test 3

(3) sensation of moderate chest wall vibration, hypopharyngeal fullness (gagging), perceptible visual field vibration,

prolonged post-exposure fatigue caused by 143 dB - 145 dB / 10 Hz - 60 Hz narrow band noise (tests 12, 13, 14), no

information about wearing of ear protection

(4) abdominal wall vibration due to 150 dB - 154 dB / 10 Hz - 20 Hz narrow band noise for 2 minutes (tests 9, 10 and
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11) and nostril vibration during test 10 (5 Hz - 10 Hz), no information about wearing of ear protection

The highest pure tone exposures produced with the help of a siren were used to check the voluntaries tolerance

threshold (140 dB - 154 dB / 40 Hz - 100 Hz, 3 subjects, test 16). All three subjects wore ear protection. It was decided

to stop the exposure, because the following alarming responses occurred: (1) transient headache (one subject only) at

50 Hz / 153 dB, (2) coughing, substernal pressure, choking respiration, salivation, pain on swallowing, hypopharyngeal

discomfort, giddiness, testicular aching (one person only) at 153 dB / 60 Hz and 150 dB / 73 Hz, (3) mild nausea,

giddiness, subcostal discomfort, cutaneous flushing, tingling at 153 dB / 100 Hz. All study participants suffered from

evident post-exposure fatigue.

Performance

Evans et al. (1972, see above) presented a random sequence of illuminated shapes which had to be recognised by the

subjects. Relatively low levels (115 dB) caused a 30% - 40% increase of the choice reaction time. Harris et al. (1978,

see above) revealed no significant effects on a serial search task and a complex counting task for the infrasound

exposure in comparison with the 110 dB background noise. Wysocki et al. (1980, see above) also used a serial search

task and analysed the threshold of speed for the stimuli presentation. A significantly increased threshold was found in

the exposed group. Waye et al. (2002, see above) obtained a significantly decreased subjectively judged working

capacity due to LFN compared with the reference noise. Additionally, LFN caused a more pronounced deterioration of

highly demanding task performance (proof-reading task and verbal grammatical reasoning task). For both tasks,

subjects highly sensitive to noise showed a poorer task performance. This effect could not be found for routine-type

tasks (see also Bengtsson et al. 2000 and Waye et al. 2000). Karpova et al. (1970, see above) mentioned lengthened

visual motor responses to stimuli. Benignus et al. (1975) exposed 27 subjects to broadband noise (11.5 Hz - 44 Hz and

91 Hz - 350 Hz, both 80 dB, control condition: no exposure). The rate of misses in a vigilance task increased significantly

during both noise conditions. Schust et al. (2002) exposed 12 subjects to a LFN spectrum recorded on the bridge of a

ferry boat (main energy in the range of 10 Hz - 100 Hz, 81 dB - 99 dB) and a reference noise with a flat spectrum (55

dB - 65 dB for all 1/3 octaves up to 20 kHz) recorded in the machine room. Both noise conditions had the same

A-weighted level of 70 dB(A) for 48 minutes. A barely significant difference was found for the sum score of

"concentration" and "alertness" rated by questionnaire. A greater impact of LFN was obvious. Moreover, the detection

time (signal detection test) shortened during the reference noise exposure, whereas it remained constant during the LFN

period. This difference approached significance.

A number of publications deal with the so called Vibroacoustic Disease (VAD - see Aviation, Space, and Environmental

Medicine 70 (1999) 3, section II, Supplement). In view of this issue, Gomes et al. (1999) examined 40 workers who

have been employed as aircraft technicians for 22 years in average and 30 educationally and age-matched controls. The

exposure was assumed to be more than 90 dB in the range below 500 Hz. Significant differences occurred only in one

sub-scale of the two applied performance tests, where the controls had better results. However, the P300 event-related

brain potential showed significantly prolonged latencies and significantly smaller amplitudes in the occupationally

exposed group.

 Discussion

Hypothetically, effects of LFN may be mediated trough different ways: (1) vibration of the eardrum, leading to a hearing

sensation through pressure changes in the cochlear endolymph, activation of the hair cells and the acoustic nerve, (2)

direct energetic transmission of the airborne acoustical sound waves into the cochlear endolymph or into the acoustic

nerve, that means pressure changes in the cochlear endolymph without involvement of the eardrum or excitation of the

acoustic nerve without involvement of the eardrum and the endolymph, but both leading to a hearing sensation (a rather

unlikely hypothesis as long as the middle ear is intact because of the higher impedance of this way in comparison with

(1); more probable, (2) might act additionally to (1)), (3) excitation of the vestibular system, (4) excitation of receptors

and/or nerve fibres in the skin or in any other kind of tissue or blood vessels within the organism - e.g. the optic nerve,

mechanoreceptors and baroreceptors responsible for the control of the blood pressure - by direct energetic

transmission of the airborne acoustical sound waves. Following these hypotheses, on one side, a determination of the

thresholds of hearing, of vibrotactile perception and of aural pain [Figure 1] requires a conscious sensation of the

stimulus. On the other hand, other biological reactions could arise even below the perception thresholds. Particularly, the

Effects of low frequency noise up to 100 Hz :<b>M Schust</b>, Noise Health http://www.noiseandhealth.org/printarticle.asp?issn=1463-1741;year=20...

5 of 10 10/04/2015 9:46 PM



pathways (3) and (4) do not presuppose conscious sensations. Bearing these pathways in mind, the scientific results

shall be discussed now.

Aural effects

The function of the hearing organ was checked with the tone audiometry in the presented studies. This method is a

subjective one. It requires an active involvement of the study participant and a conscious hearing of LFN. Acoustic stimuli

affecting the hearing organ are supposed to activate the ways (1) or (2) mentioned above. That means, they accordingly

cause a hearing sensation. The methods for the estimation of the resting hearing threshold and for the measurement of

temporary or permanent shifts of the hearing threshold (TTS or PTS) activate the same sensory pathways.

Consequently, it may be assumed that the TTS or PTS estimated by audiometry appear due to acoustic stimuli above

the individual hearing threshold. The results unquestionably confirm this assumption. In [Figure 2], the only exposure

condition below the hearing threshold which was associated with a threshold shift was part of a LFN spectrum

(Doroshenko et al. 1983). Perhaps, the acoustic energy above the hearing threshold was responsible for the effect. The

combined steady noise within the hearing frequency range could also explain the obtained threshold shift.

Apart from that, there is a need for further scientific research. No publication described LFN-induced threshold shifts in

the relevant low frequency hearing range. The measured audiometry frequencies were not reported in most of the

papers. The resting hearing thresholds of the subjects were not given for the low frequencies. It can be assumed,

therefore, that only the conventional audiometry range from about 500 Hz to 6 kHz was checked.

Additionally, the use of objective methods like the recording of brainstem potentials or otoacoustic emissions could lead

to different results concerning the hearing threshold or the impairment of hearing due to LFN exposure.

A sensation of "pressure in the ear" might be caused by baroreceptors located in the tissue of the ear channel or in the

adjacent tissue around the cortical organ (pathway (4)). From this point of view, the sensation could occur below the

hearing threshold. On the other hand, as mentioned above, this pathway is quite implausible as long as the middle ear

works properly. The results support these doubts. Only Mohr et al. (1965) noticed a sensation of pressure in the ear

due to 129 dB / 1 Hz as a part of a LFN spectrum (see [Figure 2]). Perhaps, the acoustic energy of the sound above the

hearing threshold caused this perception. These results correspond with the findings of Landstroem et al. (1983). Two of

the 10 deaf subjects could "feel the sound through their ears", based on a sensation of vibrations and pressure changes

in the ear ("pseudoauditory air conduction"), but only when the levels exceeded 120 dB (4 Hz - 25 Hz). These sound

pressure levels lie above the hearing threshold.

The studies of Johnson (1973, cited in Johnson 1982) with very high sound levels remain to be discussed. There were

two subjects exposed above the threshold of aural pain without reporting on TTS or pain. But the original paper did not

talk about these experiments, so that the results cannot be judged. Maybe, the subjects wore ear protection. Johnson

(1982) described an experiment he experienced himself. He listened to 172 dB / 4 Hz for less than 30 seconds by using

an earcup. He felt no pain but a "massaging" of the tympanic membrane. He concluded, that damage could occur to the

middle ear without previous pain. Summarising the present knowledge, this conclusion could be supported.

Non-aural effects

Subjective complaints

A conscious perception is to be presupposed for the sensation of vibration of different parts of the body. Therefore,

such effects should arise around or above the threshold of vibrotactile perception [Figure 1]. The present results confirm

this assumption (see [Figure 3],[Figure 4]). However, sensations concerning the vestibular system (pathway (3)) or other

sensors including vibration sensors (pathway (4)) might appear below the hearing threshold. Actually, some

investigations revealed complaints like somnolence, irritability, tiredness, tense and restlessness, below or at least near

the hearing threshold (Ising et al. 1979 and 1980, Karpova et al. 1970, see [Figure 3],[Figure 4]). The other sound

levels, which were associated with subjective complaints and ranged below the hearing threshold in [Figure 3],[Figure 4]

(Doroshenko et al. 1983, Landstroem et al. 1988), were part of a broader LFN-spectrum. Nevertheless, the revealed

complaints - like increased fatigue, irritability, headaches, periodic vertigo attacks, increased sweating and tiredness,

sleep disturbances, pains in the region of the heart and difficulty in breathing - might be caused by the lower frequency

parts of the spectrum, too.
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Vascular, respiratory and endocrine effects, balance and visual disturbance

As already argued above, these effects might emerge due to exposure below the hearing threshold, because the

pathways (3) and (4) perhaps do not presuppose a conscious perception of the LFN by the cortical organ. The findings

seem to support this deduction. Danielson et al. (1985) and Karpova et al. (1970) reported on changes in blood

pressure, respiration rate, EEG patterns and heart rate caused by exposure below or near the hearing threshold (see

[Figure 3]). The low level exposures used by Wysocki et al. (1980), Waye et al. (2002) and Doroshenko et al. (1983)

also comprised acoustic energy above the hearing threshold. Nevertheless, the reported effects - like changes in heart

rate, peripheral vascular blood flow, skin temperature, cortisol levels and vestibular functions - could have been triggered

by the lower parts of the frequency spectrum.

Performance

The same arguments as mentioned above are assumed to be valid for the influence of LFN on the performance. Evans

et al. (1972) and Karpova et al. (1970) found lengthened visual motor responses caused by LFN exposures below or

near the hearing threshold. The impairment of performance obtained by Wysocki et al. (1980), Waye et al. (2002) and

Benignus et al. (1975) could be generated by the lower frequency parts of the spectrum below the hearing threshold,

too (see [Figure 3]).

 Conclusions

There is a clear frequency dependence of the hearing threshold in the low frequency range with a steep slope compared

with the middle frequency range. On the other hand, the threshold of aural pain is less dependent on the frequency. It

varies from 130 dB at middle frequencies around 1 kHz to 160 dB at very low frequencies. Consequently, the dynamic

range between the thresholds of hearing and of sensation of pain diminishes with decreasing frequency [Figure 1].

Moreover, the equal loudness contours narrow with diminishing frequency (Robinson et al. 1956). Because of the

reduced dynamic range, small changes of the LFN stimulus can cause great differences of the response effects.

Therefore, different individual effects may be expected even under similar exposure conditions. This should be taken into

account by the setting of limits concerning the health risks. Sufficient safety margins are recommended. The use of a

frequency weighting with an attenuation of the low frequencies (e.g. G-weighting) does not seem to be appropriate for

the evaluation of the health risks caused by LFN up to 100 Hz. There is no scientific evidence for an association between

a frequency-weighted sound pressure level and the biological effect. It may be proposed to measure third octave band

spectra or narrow band spectra. A comparison with the known human responses caused by the measured levels and

frequencies could help to evaluate the health risks.

The knowledge reviewed in this paper is mainly based on laboratory studies. Only a few field studies were found. A

comprehensively critical view of methodological issues concerning these types of investigations was given by Berglund et

al. (1996). Moreover, the authors provided recommendations for further studies. The proposals are still up to date. They

shall to be only shortly noticed here:

(1) investigation of effects of different frequency spectra

(2) prolonged exposures in laboratory studies

(3) realisation of longitudinal epidemiological studies

(4) use of the rare occasions of noise source changes for epidemiological studies (e.g. opening of new freeways or

airports)

(5) measurement and statistical control of confounding factors

(6) consideration of individual differences (7) taking into account various risk groups
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(8) development of standardised techniques to measure LFN

(9) realisation of laboratory studies of various features of noise signals

(10) investigation of the relative contributions of LFN, impulsiveness and tonality to the human response

(11) study of the relative importance of vibration and rattle versus LFN

(12) development of methods for LFN attenuation and control measurement technology

Additionally, some more proposals could be made as a result of this review:

(1) The measurement of the individual hearing threshold and the vibrotactile threshold for airborne LFN in the exposed

frequency range could be helpful for the judgement of the obtained effects. The objective methods like the recording of

brainstem potentials or otoacoustic emissions should to be considered, too.

(2) In laboratory experiments, an exposure via loudspeakers (whole body exposure) probably better reflects the

practically environmental conditions than the use of headphones alone. On the other hand, headphones can be employed

to distinguish the ways of sensation of LFN. The exposure to LFN near or above the vibrotactile threshold via

loudspeaker could lead to different effects compared with pure headphone exposure.

(3) Experiments with hearing versus deaf persons or with/without ear protection ought to be carried out to clarify the

pathways of LFN sensation.

(4) The hearing threshold shifts in the frequency range of the exposure should be determined (see discussion of aural

effects).

(5) The level of the airborne noise and the body vibration caused by this airborne noise or by other sources ought to be

measured simultaneously. Appropriate methods for laboratory and field studies were described by Takahshi et al. (1999

and 2001) and Smith (2002).

(6) Combined effects of LFN and body vibration should be taken into account. There is some evidence of mutual effects

of both factors at least concerning the thresholds of hearing and vibrotactile sensation (Sueki et al. 1998) and the

influence of vibration on the equal loudness level contours (Bellmann et al. 1999).

(7) A cause-effect modelling ought to be tried to analyse the transmission of the acoustic energy from the input into the

body to the structures containing sensors, like the Membrana basilaris, the adjacent tissue around the Nervus cochlearis,

the vestibular system, the skin layers, the inner organs, muscles etc. Bearing this in mind, individual features could be of

interest, e.g. anthropometric characteristics like height, subcutaneous fat layer, muscularity etc.. For example, Takahshi

et al. (1999) found a negative correlation between the measured noise-induced vibration and the subject´s body mass

index.

(8) Different risk groups like children or pregnant women should be considered (for arguments see point 7)[47].
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HANNING, Dr Christopher, Private capacity 

SALT, Professor Alec Nicholas, Private capacity 

Evidence was taken via teleconference—  

Committee met at 09:00  

CHAIR (Senator Cameron):  Welcome to the Senate Environment and Communications Legislation 

Committee inquiry into the Renewable Energy (Electricity) Amendment (Excessive Noise from Wind Farms) Bill 

2012. The inquiry was referred by the Senate to the committee on 11 October 2012 for inquiry and report by 29 

November 2012. Committee proceedings are protected by parliamentary privilege in Australia. I remind both 

senators and witnesses that parliamentary privilege does not go beyond the Australian parliament's jurisdiction.  

It is unlawful for anyone to threaten or disadvantage a witness on account of evidence given to a committee, 

and such action may be treated by the Senate as a contempt. It is also a contempt to give false or misleading 

evidence to a committee.  

The committee prefers all evidence to be given in public but under the Senate's resolution, witnesses have the 

right to request to be heard in private session. It is important that witnesses given the committee notice if they 

intend to ask to give evidence in camera. If you are a witness today and you intend to request to give evidence in 

camera, please bring this to the attention of secretariat staff as soon as possible. If a witness objects to answering a 

question the witness should state the ground upon which the objection is taken, and the committee will determine 

whether it will insist on an answer, having regard to the ground on which it is claimed. If the committee 

determines to insist on an answer a witness may request that the answer be given in camera. Such a request may, 

of course, also be made at any other time. 

This public hearing is being broadcast within Parliament House, and also live via the web. I ask that people in 

the hearing room ensure that their mobile phones, iPads and other electronic devices are switched to silent. I also 

ask witnesses to remain behind for a few minutes at the conclusion of their evidence in case the Hansard staff 

needs to clarify any terms or references. 

I now welcome Dr Christopher Hanning and Professor Alex Salt via teleconference.  

Prof. Salt:  I am Professor of Otolaryngology at Washington University in St Louis and I am giving evidence 

about the low frequency sounds that turbines emit.  

Dr Hanning:  I am a retired consultant in sleep medicine from the University Hospitals of Leicester. I am 

appearing as a private individual to give evidence on the effects of wind turbine noise on sleep and health. 

CHAIR:  We are still having some small difficulty here, so I ask you to speak up as much as you possibly can, 

because it is a bit difficult to hear you. Dr Hanning has lodged submission No. 95 with the committee and 

Professor Salt has lodged submission No. 18. Do you wish to make any changes or amendments to your 

submissions? 

Dr Hanning:  No. 

Prof. Salt:  No. 

CHAIR:  I now invite you to make a short opening statement, at the conclusion of which I will invite members 

of the committee to ask questions. 

Dr Hanning:  I think my statement clearly sets out that industrial wind turbines disturb sleep and health at 

distances and external noise levels that are currently permitted in most jurisdictions, including the United 

Kingdom and Australia. The setback distances need to be increased. I would also add that the information 

presented in my paper was based upon studies on relatively small wind turbines of two- to 2.5-megawatt size. 

This means that for larger turbines going up to 4.5- to six-megawatts it is likely that setback distances will have to 

be proportionately greater. 

Prof. Salt:  It has been widely assumed that you cannot hear the low-frequency sound from wind turbines and 

that if you cannot hear the low-frequency sound from wind turbines then it cannot affect you. Based on the work 

in both our lab and others we know this is incorrect. The inner ear does respond to low-frequency sounds at levels 

well below those that are heard. This is not just a hypothesis; it is based on years of work by some of the best-

known physiologists in the field. They have shown that you hear through sensory cells of the ear called inner hair 

cells, which have the characteristic of being 'velocity-sensitive', which is another way of saying they are very 

insensitive to low frequencies. That is why you do not hear low frequencies and infrasound, because the inner hair 

cells of your ear do not detect it. But there is another type of sensory cell in the ear called the outer hair cell. 

There are three times more of them. These have been characterised as so-called 'displacement-sensitive'. This has 
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been known for over 50 years from the work of von Bekesy. The outer hair cells do respond well to low 

frequencies and infrasound, and if you measure the ear's responses to an infrasound stimulus, they can be four- to 

five-times larger than to any sounds you normally hear. So, the ear is extremely sensitive and responds very 

strongly to infrasound stimuli. The big question at the moment is whether these responses stay confined just to the 

ear and do not have any effect on you at all, but I think this is very, very unlikely. There are multiple ways that 

these responses can get from the ear to the brain and have effects on you. We know they can cause a perceived 

amplitude modulation of sounds, which people find annoying. We know there are pathways from these cells, 

alerting sensors in your brainstem that could wake you up from sleep. We know that low-frequency sounds could 

cause inner ear fluid disturbances that could give symptoms of vertigo and nausea. There is scientific support for 

each of these ideas but, of course, we need more work in this area. My conclusion, based on 35 years of 

experience in auditory physiology, is that it is very probable that the low-frequency sound from wind farms is 

having effects on people at levels that cannot even be heard. 

CHAIR:  Thank you. 

Senator MADIGAN:  Good morning, Dr Hanning and Professor Salt. Dr Hanning, I believe you support the 

introduction of this legislation. As such, can I ask you the basic question: is the sound from wind turbines a 

problem? 

Dr Hanning:  Yes. There is no doubt that the sound produced by industrial wind turbines is a problem at 

distances of at least 1½ kilometres and probably more. 

Senator MADIGAN:  Can you explain how your research findings show the need for this legislation? 

Dr Hanning:  There are a number of reasons for my assertions. One is the epidemiological evidence based 

upon anecdotal reports and other collections of symptoms from people. Then there are early studies and, more 

recently, specific studies, and I draw your attention to the paper by Daniel Shepherd, from New Zealand, where 

he showed clear health effects at up to two kilometres. I also draw your attention to another recently published 

paper, again outlined in my submission, by Dr Nissenbaum, me and Dr Aramini, looking at the effects of wind 

turbine noise at two sites, Mars Hill and Vinalhaven, in Maine, in the United States—again, clearly showing 

substantial effects upon sleep and health at distances of up to at least 1.4 kilometres, if not further. 

Senator MADIGAN:  Thank you, Dr Hanning. Professor Salt, I will simply ask you the same questions I have 

put to Dr Hanning. Do you believe that sound from wind turbines is a problem? 

Prof. Salt:  I do believe that the sound from wind turbines is a problem. I also think that the current method of 

using A-weighted sounds to characterise wind turbine noise is as big a problem, because that is missing the low-

frequency content that these machines generate. I agree that the legislation, at the moment, is not considering 

different measurements, but at some point it needs to be considered that measuring infrasound levels from these 

machines could be extremely important to understanding how they affect people. 

Senator MADIGAN:  Can you explain, Professor Salt, how your research and your research findings show the 

need for this legislation? 

Prof. Salt:  We know that this type of sound is going to be more annoying and disturb people at lower levels 

than other types of industrial sounds such as aircraft and car noise. In this respect, the legislation for wind turbine 

noise must be very rigorous and strict and keep these noise levels low, because the measurements that it has been 

based on are only looking at part of the noise. They are only looking at the sound you can hear. Because of that, 

these devices need to be very carefully monitored to make sure that they do not exceed these relatively low levels, 

and that is to ensure that the low-frequency sounds do not get to even more annoying levels. 

Senator MADIGAN:  Thank you. 

Senator XENOPHON:  Good morning, gentlemen. I want to ask you some questions in relation to the whole 

issue of this bill. This bill talks about a level above background noise or background sounds of 10 decibels. The 

bill itself does not deal with low-frequency noise. Do you consider that as something that ought to be measured 

separately or be considered in the context of the consideration of this bill? 

Dr Hanning:  I would not have an opinion on the low-frequency sound. It is outside my area of expertise. 

However, I think it is very clear that you cannot treat the noise generated by industrial wind turbines in the same 

way as you would consider other sources of noise—for example, traffic noise or aircraft noise. It is quite clearly 

different. It is more annoying and seems to produce effects at a far greater distance than those other noises. It is 

also perfectly clear that the noise is audible well below the background noise. So setting levels which are above 

the background noise pretty much guarantees that people are going to be disturbed. 
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Senator XENOPHON:  Professor Salt, do you have a view? The bill at the moment is just looking at 10 dBA 

above background noise. Is that adequate at this stage or not? 

Prof. Salt:  Yes. I agree that 10 dB above background noise level is what you would regard as stringent 

criteria. But, as I said before, because of the nature of the wind turbine noise this seems to be an appropriate way 

to deal with it at the moment until the engineers and acousticians come up with a standard by which turbines can 

be measured across the lower frequency range. So at the moment it is an appropriate way to deal with the 

problem. 

Senator XENOPHON:  I want to put some matters to you that have been put by those who have a view that 

there is a wind turbine syndrome that is psychological, that it does not have a physiological basis. I know that 

Professor Chapman in his submission—and he will have an opportunity to give evidence later—asserts that 

complaints follow publicity about 'wind turbine syndrome', that an 'unbelievable number of diseases and 

symptoms are being attributed to wind turbines' and basically that the reviews and evidence do not point to any 

issue. I know that on our national broadcaster Professor Chapman made reference to there being no peer reviewed 

studies about wind turbine noise. Could you deal with those issues? It is put to me on a regular basis that this is 

just a psychological syndrome, that there are lots of wind turbines and there is no issue in respect of that other 

than it being a psychological phenomenon. 

Dr Hanning:  Professor Chapman is entirely incorrect. There is a considerable amount of peer reviewed 

evidence showing convincingly that industrial wind turbines do disturb people's sleep and people's health, and the 

causation—that it is the wind turbines that cause the symptoms—in my view is entirely satisfied. His assertions 

that it is purely psychological I think do not stand up. They are simply assertions. There is no evidence to support 

them whatsoever. 

As regards wind turbine syndrome, this was suggested by a US physician, Dr Pierpont. She suggested that 

there was a specific syndrome of symptoms associated with wind turbine noise. I think she makes a convincing 

case. Whether there is an actual syndrome remains to be shown. This is one reason why in my work we have 

concentrated on the effects on sleep, as being easily measured and easily understood. I think when one looks at 

sleep it is perfectly clear that industrial wind turbines do disturb people's sleep at distances permitted under most 

regulations. 

Senator XENOPHON:  Could you refer to some of that peer reviewed evidence? That seems to be a key 

issue—the assertion in some quarters that there is no peer reviewed evidence in relation to wind turbine noise 

affecting sleep, for instance. Professor Salt, I think your paper has been referred to. Dr Hanning, you wrote a 

paper with Michael Nissenbaum and Jeffrey Aramini. Were they both peer reviewed? 

Dr Hanning:  Yes. The Nissenbaum paper has been published very recently in Noise and Health, which is a 

peer reviewed journal. The paper by Dr Daniel Shepherd and his colleagues was also published in this past year in 

Noise and Health, and that too was peer reviewed. There are others. They are all set out in my paper. 

Senator XENOPHON:  I just want to ask a question of both of you. In your opinion, why does it appear that 

the sleep of some people living close to wind farms is affected while for others it does not appear to be? Are there 

any steps a resident can take to reduce the impact of the noise—for instance, closing or opening windows and 

wearing earplugs? Are they factors that are relevant in dealing with it? I suppose, on the first question, it seems to 

me that some people seem to be affected whereas others do not seem to be affected, from the evidence out there—

it is not a universal problem. 

Prof. Salt:  Let me take that one: the fact that some people are affected. In my view, this is something 

analogous to motion sickness, where some people are very affected by motion sickness and others are completely 

unaffected. It is just part of the way the inner ear and other senses are linked in the body. So, to me, this is not 

unreasonable at all. 

Then, on how people can protect themselves, the biggest problem from our study is that we have shown that, if 

you deliver just low-frequency sound to the ear, the ear gives these large responses and that, as higher frequency 

sounds are mixed in, the response of the ear attenuates. It is like the ear has an iris like the eye. When you have 

just low-frequency sounds there, it is responding most strongly to them. The reason that is important is that 

people's houses shield them from the sound you can hear, but they do not shield them from the infrasound. The 

infrasound inside a house can be the same as or even higher than it is outside. So my view of the problem is that, 

in sleeping with your head on a pillow or in a quiet bedroom, you are just getting exposed to the infrasound and 

you are not being exposed to the other sounds which could suppress the ear's response. 

We are working on what characteristics of masking noise are necessary to reduce the ear's response to 

infrasound. It may be that masking noises could be used. The problem with earplugs like the soft foam ones is that 
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they do not attenuate infrasound. The infrasound just gets through. In order to stop the infrasound getting to your 

ears, you need a solid plug and jelly around it so that it is an airtight seal in the air canal, and most people will not 

find that comfortable for sleep. So the point is that infrasound is very difficult to stop from getting to the ear. But 

there could be ways that this could be dealt with. The key thing is that, essentially, there has to be acceptance that 

infrasound is part of the problem, and then you can work to deal with it. 

Dr Hanning:  May I comment? 

CHAIR:  Yes, Dr Hanning. 

Dr Hanning:  Thank you. Again, it is well established that different people have different susceptibility to 

being woken by different noises. The submission I made sets out work done in the United States that shows 

measurements that can be made to distinguish those people who are disturbed more easily than others. That 

explains why not everybody seems to be susceptible to this. But a significant proportion of the population is, 

probably at least 15 per cent. 

Senator XENOPHON:  Are there some parts of the population affected? Could it be by age, by health 

conditions or by any other factors? In other words, is it better or worse the older you get, for instance, in terms of 

susceptibility? 

Dr Hanning:  Some people inherit, at least partially, their susceptibility to waking up, and some people are 

more likely than others. As we age, our sleep becomes more fragmented and we tend to wake more easily, but our 

hearing changes as well, and we tend to lose our high-frequency hearing, which again may make us more 

susceptible. I will stop there. 

Senator XENOPHON:  That is fine. I just want to finish up, from my end, on this. The second part of the bill 

requires that wind farm developers or proponents need to publish on the internet information about noise, wind 

speed and direction, weather conditions and power output. Can you comment on that part of the bill, and to what 

extent is the research that both of you have done made more difficult by not being able to access that sort of 

information? 

Dr Hanning:  Yes, I think it would be very helpful if that were done. Certainly, on the research that I have 

seen and what we have done, the inability to get instantaneous power outputs and noise levels from the turbines 

does make it more difficult. 

Prof. Salt:  I agree. I think that the monitoring of turbine noise and the ability to correlate that with people's 

symptoms over time is really the only way you are going to have confirmation of the effects on people for a good, 

solid study. I think this type of measurement is really important. 

Senator XENOPHON:  Thank you. 

Senator BACK:  Dr Hanning, just to give us an understanding, could you explain whether or not background 

noise masks wind turbine noise and, if it does, the mechanism for doing so? 

Dr Hanning:  The answer is yes. Background noise does partially mask wind turbine noise. If you think of an 

orchestra, you can pick specific noises out of an orchestra generally. You can pick out a piccolo even amongst the 

other noises because it is a higher frequency. You can pick out the bass drum, even though the noise generated 

may be less than the orchestra in total. Again, it depends on the sort of noise, but most noise is generated either by 

traffic or by wind in the trees or wind generated noise. There is experimental evidence to show that wind turbine 

noise is audible around 10 to 15 decibels below background. 

Senator BACK:  That is the evidence you quote, I think—I am citing now your submission—at point 2.5.4, 

the work of Hayes. Am I correct then in— 

Dr Hanning:  Hayes is a UK acoustician, and that was his sworn evidence before an inquiry. There is also 

other work by Bolay where he has looked at it in an experimental setting and pretty much confirmed that. In the 

evidence from the bigger studies like that by van den Berg and Pedersen, again, they also state that background 

noise does not mask wind turbine noise in the way that is expected. 

Senator BACK:  The amendment by Senators Madigan and Xenophon legislates 10 decibels above 

background noise level. Is that, in your view, the appropriate level that should be sought in this amendment? 

Dr Hanning:  It depends very much on what background noise levels are likely to be expected. If it is near a 

major road, it may be that a 10-decibel limit is too high, and the same will be true if it is a very quiet area, with 

background noise levels of 20 to 30 decibels. My feeling is that we should set absolute noise levels rather than 

setting it in relationship to background. I think Dr Thorne has recommended no more than 35 dBA or even less. 

However, I am not personally convinced that setting sound levels above background is appropriate. 

Senator BACK:  Can I just take you to the next point. I was most interested in your point 2.5.5. You said: 
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Sound with the impulsive characteristics of wind turbine noise is chosen for alarm systems because of its audibility below 

background noise as well as … its ability to arouse a sleeper. 

Could you explain to us what those characteristics are and give us some understanding of the background of just 

how that work was done to characterise them? 

Dr Hanning:  I am not sure how much I cited in there. There is quite a lot of work done on the ability of 

different alarm noises to awaken people, because clearly, if you have a fire alarm or something like that and you 

have to wake sleeping people, you want something that is going to wake them effectively and quickly. A noise 

that has a low-frequency element but, when the sound level is rising, rises sharply seems to be the sort of noise 

that best arouses people, and this is the same sound characteristic as a wind turbine. 

Senator BACK:  Would this help to explain why, anecdotally, information comes in that people wake in a 

panic often as a result of wind turbine noise? Would that, in your view, be a possible explanation for that 

characteristic? 

Dr Hanning:  It might be, yes. 

Senator BACK:  Have you had the opportunity to yourself experience these annoyance impacts that people 

report? Have you had the opportunity to perhaps participate in and be part of that process? 

Dr Hanning:  I live within 1.4 kilometres of four 2½-megawatt turbines. I hear them, but they do not seem to 

affect me. I seem to be one of these fortunate people who are not affected. 

Senator BACK:  This is no scientific experiment, but would you or people with whom you have 

communicated be comfortable to be able to predict whether turbines are on or off in a situation where you cannot 

observe them yourself, as a result of your reaction or otherwise to the sorts of sensations that are reported? 

Dr Hanning:  Could I personally do that? No, because I do not seem to be that susceptible. But I do know of 

plenty of people with whom I have communicated who can confidently predict whether the turbines are on or off, 

even if they cannot see them. Of course, it is not just whether they are on or off; it may be because the wind is in a 

different direction or the wind speed has dropped below their operating level. 

Senator BACK:  Thank you. Professor Salt, I wonder if I could ask you a couple of questions. I was most 

interested in your submission and the conclusion from your work: 

… the inner ear is far more sensitive to low frequency sounds than has previously been recognized by the engineering and 

medical consultants to the wind turbine industry. 

Could you explain to the committee the technology that you are able to use or that is able to be used to pick up 

airborne infrasound, whether this is new technology and your comment on its accuracy? 

Prof. Salt:  This is an engineering issue. There is very sophisticated instrumentation to pick up infrasound. It 

takes very specialised equipment. There are difficulties in picking up infrasound. You have to shield microphones 

from wind noise, so there are technical difficulties in measuring it. But this is not insurmountable, so there is no 

reason why it should not be measured and, for example, correlated with people's symptoms. There is no reason 

why that could not be done. 

Senator BACK:  We will receive evidence later this afternoon from a biomedical acoustic engineer whose 

area extends also into this world of infrasound. He makes the point that there are far higher internally self-

generated natural infrasound levels in the body—the heart and other activities of the body. In fact, his area of 

expertise was in cochlear science and determination. He then makes the point that, if indeed there are higher 

internally self-generated natural infrasound levels, effectively those formed from external sources must 

necessarily be far less relevant and far less important and, therefore, calls into question the significance. I have 

read your work with inner and outer hair cell physiology. Can you comment on those observations. I am referring 

to those now of Professor Seligman, who will appear later today as a witness. 

Prof. Salt:  I disagree completely. The way sound is generated in the body and gets into the ear is completely 

different from the way airborne sounds get into the ear. The sounds from the body come either through bone 

conduction or through a hole between the cranium and the ear called cochlear aqueduct. The cochlear aqueduct 

opens right next to a round window membrane. Mechanically, signals that come through the cochlear aqueduct 

get shunted by that round window membrane so that they do not stimulate the basilar membrane of the ear. 

Internal sounds basically do not stimulate the hair cells of the ear, whereas when a sound is airborne it comes in 

through the stapes, and the stapes move. The round window is the opposite side to the basilar membrane, to the 

stapes, so those movements do cause big stimulation of the ear. The point is that the ear is designed to pick up 

airborne infrasound and is much more sensitive for that than it is for the internally body generated sounds. 
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Senator BACK:  Your work basically contradicts what has been presented to us in terms of what I will call 

'internally generated movement patterns'. 

Prof. Salt:  No, this is not my work. There is a whole science of literature of how low frequency sounds come 

in through the aqueduct and are shunted. This is well established science in our field. It is not my work. It is peer 

reviewed. There are many, many studies of low frequency sounds and how they enter the ear through the 

aqueduct. 

Senator BACK:  Is it your conclusion that these physiological mechanisms go to the actual cause, the 

background or the reason for wind turbine noise affecting health? Is that a reasonable summary? 

Prof. Salt:  Yes. To be honest, that is exactly how I got into this. My expertise is in how any low frequency 

sound affects the ear. We have years of work from working on that. I think we understand better than most 

exactly how the sounds get in, how the ears get stimulated, and we have more measurements than most people 

have of how the ear responds to these sounds. From my perspective, I can see the mechanisms by which people 

could be being disturbed by these sounds. So to me it makes total sense that the effects on people are novel and 

have not be discovered before. I think it is just an unfortunate occurrence that this is the first set of sounds that 

people have been exposed to which have a high low-frequency content and that to have this occur especially in 

their homes is to have a novel effect on them. 

Senator BACK:  In the short time left available, I wonder whether both of you would be good enough, 

perhaps starting with you, Dr Salt, to answer two questions. The first is: is it your opinion that the amendment 

which the committee is dealing with will, if passed, adequately protect the health of people living near wind 

turbines? To save time, I will ask my second question of each of you, and that is: do you believe further research 

needs to be done to establish this link between noise from industrial wind turbines and sleep disturbance, or do 

you believe the science is in? Could I ask each of you to respond, firstly, to the amendment and, secondly, to the 

research. 

Prof. Salt:  The amendment is a good solution until the problem is better studied and better understood. I think 

this 10 dB over background noise is an appropriate way at the moment, with the current technology and with our 

current knowledge of the problem. In answer to the second question: absolutely, research is the only way we will 

solve this problem. There is a lot about how the ear responds to low frequency sounds which has never been 

studied. The more we get into this, the more I realise how little has been studied. This is an unusual problem. 

Basically, we can only get down to this by research. 

Senator BACK:  Thank you, Dr Salt. Dr Hanning. 

Dr Hanning:  Yes, I would agree. In my view anything that increases the setback distances from the present 

levels is to be welcomed. Is more research necessary? Most certainly. The turbines are getting bigger and we need 

to be looking at that. We need to be looking as well at the mechanism. There is no doubt in my mind that people 

are harmed at the current distances. But we need to elucidate the mechanism and I agree entirely with what 

Professor Salt has said. 

CHAIR:  Professor Salt, some of the evidence given by both you and Dr Hanning has been qualified on a 

number of occasions with words like 'maybe'. So you are not really sure of some of the effects, are you? 

Dr Hanning:  Am I a certain that wind turbines harm people at the distances allowed under current legislation? 

Yes, unequivocally. 

CHAIR:  That is not the question I asked you. 

Dr Hanning:  Do I have doubts about some of the mechanisms? Yes, of course I do. Science is rarely 100 per 

cent. Hence the call for further research. 

CHAIR:  I have a question for both of you. Is the nocebo effect a realistic option to explain some of the 

problems that have been raised? 

Dr Hanning:  Is it a nocebo effect? No, it is not a nocebo effect. It is a very definite physical effect caused by 

the wind turbine noise. 

Prof. Salt:  In my view there are good physiological mechanisms which can explain the major symptoms 

people are reporting. 

CHAIR:  So you are both saying there is no nocebo effect at all—is that your evidence? 

Prof. Salt:  I think there is no strong evidence to say there is a nocebo effect. 
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Dr Hanning:  In all of these things, the sleep effects, there is clearly some psychological influence as well—of 

that, there is no doubt. But it is also very clear that there is a physical effect. But is entirely nocebo, or even an 

element of nocebo? No, it is not. 

CHAIR:  It could be that some of the effects reported could be a nocebo effect. Do you both agree with that? 

Dr Hanning:  No, I do not agree. 

CHAIR:  Are you saying all the years of analysis on the nocebo effect do not apply to wind turbines? 

Dr Hanning:  What I am saying is that there are psychological contributions—again, it is quite clear from the 

literature, particularly that done by Dr Daniel Shepherd, who is a psycho-acoustician. There is no doubt that if 

you can see the turbines your annoyance level is increased and if you have a financial interest in the turbines your 

annoyance is decreased. That evidence has not been gathered for the effect on sleep. Is there a psychological 

effect? Quite possibly, but that does not explain all of it. The use of the term 'nocebo' is not helpful, so my answer 

remains no, the nocebo effect is not— 

CHAIR:  Why is it not helpful if it is an established and well researched approach? 

Dr Hanning:  Nocebo effects have been shown for some things, but they are generally those things where 

there is no obvious physical cause for the symptoms complained of. Here there are very evident physical causes 

of the symptoms complained of, a clear causal relationship between the symptoms complained of and the wind 

turbine noise. 

CHAIR:  But isn't there a long literature on the nocebo effect that goes to telephones, televisions, electric 

blankets, microwave ovens, mobile phone towers, wi-fi, electricity meters and now wind turbines? 

Dr Hanning:  There is a literature on the nocebo effect but, for the items you mentioned, there was no obvious 

physical mechanism for the symptoms complained of. With wind turbines there is a clear physical mechanism for 

the symptoms complained of 

CHAIR:  What about wi-fi? Are you saying wi-fi has a physical— 

Dr Hanning:  What do you think is the physical mechanism between wi-fi and whatever symptoms have been 

claimed? 

CHAIR:  I am asking you. Are you an expert on nocebo, have you studied it? 

Dr Hanning:  I am aware of the nocebo effect. Am I an expert on it? Not to that degree. Have I done research 

on it? No, but I am most certainly aware of it. 

CHAIR:  We have submissions before the committee that say the health issues could be experienced seven 

kilometres from a wind turbine. Do you agree with that? 

Dr Hanning:  I am not familiar with that research, so I will not comment on it. 

CHAIR:  I am not saying it is research, I am saying we have got submissions that say the health effect could 

be up to seven kilometres? Do you agree with that? 

Dr Hanning:  As I have said in my submission, the evidence that I have gained from our own research and 

from that of others is that we have very clear evidence of significant effects at distances up to 1.5 kilometres. 

CHAIR:  And nothing further than that? 

Dr Hanning:  Well, that is the evidence at present. If the research is continued, it may well be that effects are 

demonstrated at greater distances. Otherwise, I cannot comment. The research is not there at present. 

CHAIR:  Have either of you have any contact with the Heartland Foundation? 

Dr Hanning:  No. 

Prof. Salt:  No, I have not. 

CHAIR: Do you both accept that there is a need, and an important role, for wind power in dealing with global 

warming? 

Prof. Salt:  Absolutely. 

Dr Hanning:  I have no opinion on that. It is outside my expertise and my submission to this inquiry. 

CHAIR:  Do you have any views on global warming? 

CHAIR:  They are not relevant to the evidence I am giving here. 

CHAIR:  But wind turbines are absolutely essential in terms of a broader social and environmental outcome. If 

wind turbines are not used, we could have a more significant problem than the problem we are discussing now. 

Are you saying that is not— 
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Senator XENOPHON:  Chair, on a point of order: the issue of global warming is not part of this bill. This bill 

relates to, firstly, whether there should be an appropriate noise threshold before any renewable energy certificates 

are granted and, secondly, whether there should be some transparency in relation to that. 

CHAIR:  I do not accept that. This is a bill that will affect the broader act, and the act is about a renewable 

energy target, and the renewable energy target is related to our contribution to global warming. That is the 

position and that is what I am indicating. 

Senator XENOPHON:  If I may, if we are going to go down that path then we should be asking questions 

about why the geothermal industry, which has the ability to replace baseload power stations, has been starved of 

funds to flourish in this country. 

CHAIR:  You can go down that path, if you want to waste your time, but I see this as relevant, so I do not 

accept the point of order. Dr Hanning. 

Dr Hanning:  Would you repeat your question, please. 

CHAIR:  Basically, do you see that there is a role for wind turbines in dealing with the wider social problem 

of global warming? 

Dr Hanning:  I think I would repeat my previous statement. My purpose of giving evidence is to speak on the 

effect of industrial wind turbine noise on sleep and health. That is my area of expertise; I will not comment on any 

other aspect. 

CHAIR:  That is very revealing. Thank you very much, Dr Hanning and Professor Salt. 

Senator XENOPHON:  Maybe I am being a bit slow. How is that revealing? 

CHAIR:  I think you are being a bit slow this morning, Senator Xenophon. 

Senator BACK:  No, I think Professor Salt— 

CHAIR:  Thank you very much. We will now move on. 

Senator Back interjecting— 

CHAIR:  We have run out of time. 

Dr Hanning:  Thank you very much, gentlemen. 

Senator BACK:  You are not allowing him to comment? He actually wanted to answer your question. 

CHAIR:  We have run out of time. 

Senator BACK:  Yes, good. That is no worries at all. 

CHAIR:  That is true. 
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HANSEN, Professor Colin Henry, Private capacity 

NISSENBAUM, Dr Michael Alexander, Private capacity 

PHILLIPS, Dr Carl, Private capacity 

[9:54] 

Evidence has taken via teleconference— 

CHAIR:  Welcome. I just want to remind senators and witnesses that committee proceedings are protected by 

parliamentary privilege in Australia, but that parliamentary privilege does not extend beyond the Australian 

parliament's jurisdiction. I now welcome Professor Colin Hansen, Dr Carl Phillips and Dr Michael Nissembaum 

via teleconference. Do you have any comments to make on the capacity in which you appear? 

Dr Phillips: I am appearing as a private citizen, having been invited by Senator Madigan. 

Prof. Hansen:  I am also appearing as a private citizen, based on my experience in working in this area. 

Dr Nissenbaum:  I am a physician, appearing as a private citizen at the invitation of Senator Madigan, based 

on my experience with the subject matter in a recently published study of which I was a principle investigator. 

CHAIR:  I now invite you to make a short opening statement, at the conclusion of which I will invite members 

of the committee to ask questions. Could I ask you to keep your statements concise, because the process here is 

that we would like to ask questions. We have your submissions. 

Dr Phillips:  As a brief introduction, I spent most of career as a professor of public health. I now operate a 

private research institute. My specialisation and my research has been how to interpret complex bodies of 

epidemiologic evidence, which I have won several awards for. That is the expertise that I bring to the analysis of 

the health effects of wind turbines. In particular, I have published one article on this topic last year, which I would 

like to have entered into the record if it does not exist there already. To summarise the results of that analysis, 

there are thousands of what we call 'adverse event' reports of individuals who are living near wind turbines who 

report having experienced a set of diseases. They are fairly common across these reports and include headaches, 

fatigue, sleep disorders, mood disorders, difficulty concentrating and nausea. It is a group of diseases that are very 

commonly caused by ongoing stress reactions of any sort, and thus are very plausibly related to the conscious and 

unconscious reactions to the noise from the turbines. Some other symptoms could be related to vestibular 

disturbance—that is, balance-system disturbance, including dizziness. 

These AERs constitute an enormous body of scientific evidence, although this is not generally recognised by 

people who have a limited view of what is useful epidemiologic information. For many diseases and exposures, 

individual reports are not very useful, but for this particular set of diseases and exposures, where both the disease 

and the exposure can crossover—which is to say, change from existing to not-existing multiple times—these 

individual reports are in fact quite useful. Most of the reports that are out there have such crossover information, 

as the individuals involved quite reasonably understood that, if the diseases went away when they removed 

themselves from the exposure or when the wind stopped blowing, this was fairly strong evidence that they were in 

fact causally related to the operation of the turbines. 

Once we recognise that these are effectively a collection of experiments that individuals have performed on 

themselves then we can recognise that they are among the strongest scientific evidence that exists in the world, as 

opposed to individuals anecdotes under some circumstances—say, whether someone has got cancer as a result of 

the local environmental exposure, which are not very useful in terms of making epidemiologic conclusions. 

Therefore, my position is that this is a huge body of evidence. It is actually more useful evidence than you can 

get from the typical type of epidemiological studies that people are more used to seeing. It is clear evidence that a 

substantial number of people, a few per cent—which is a lot given the number who are exposed—will experience 

severe health problems of the types I have described. They are so severe that they can really ruin lives. 

Prof. Hansen:  My focus is on the definition and measurement of excessive noise. I am a mechanical engineer 

with a focus on acoustics. That is where I have spent my professional life, so that is why am focused on that. 

Currently, according to the South Australian wind farms environmental noise guidelines, in most rural 

environments a loud wind farm noise level is 40 dBA or five dBA above background noise, whichever is greater. 

The proposed amendment to the act would effectively eliminate the 40 dBA part and just focus on existing 

background noise, which is reasonable given that background noise levels in rural environments at night can be 

very low—as low as 15 to 20 dBA, which is much lower than what you experience in an urban environment. 

So when considering whether or not additional wind farm noise will be intrusive and annoying to some people, 

the important quantity is the amount by which it exceeds existing background noise levels. Also important is the 
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character of the noise, which in the case of wind farm noise when you are a fair way away from the wind farm is 

low-frequency noise and variable noise as well. Both those characteristics add to the annoyance. So it is not just 

the level that is important; it is the character of the noise which should also be included in regulation. 

It is also important to define how background noise is measured. When you are trying to make a statement that 

you cannot exceed background noise by a certain amount, you need to be able to define how you measure it. For 

obvious reasons, there should not be a single number representing an average over many weeks or a single 

number as a function of wind turbines. Background noise is much lower late at night, in the early hours of the 

morning and also in cases when you have significant wind shear and there is no wind at the residence where the 

noise is being experienced. So there really should be different values of background noise at different hours of the 

night with different wind conditions for the measurement. Those are the two main points I wanted to make. 

Dr Nissenbaum:  I did not send in any autobiographical information as part of my submission, although I hope 

you have the recent paper published by Noise and Health. I am a medical doctor, trained at the University of 

Toronto with specialty training at McGill University and postdoctoral training at the University of California, and 

I was a former faculty junior at Harvard Medical School. I became involved in this subject matter several years 

prior by way of the Maine Medical Association, which I contacted when reports of adverse health effects became 

clear in the state of Maine related to a wind turbine project about 90 miles away from where I live. Following a 

preliminary study, a more detailed study was undertaken at the two towns of Mars Hill and Vinalhaven, which I 

will detail shortly. 

I want to state at the outset that I do not take a political position other than to advocate for health-promoting 

practices on issues of which I have knowledge and some expertise. That, in principle, is acceptance of human 

physiology in the citing of industrial wind turbines. 

I have recently had a paper published with co-authors Jeff Aramini and Chris Hanning, who I believe you 

heard from earlier today, in the journal Noise and Health. It was published on 29 October and has received over 

4,000 downloads in that two-week interval. We looked at a total of about 80 people separated into two halves, 

with one group living within about 1,500 metres of a turbine and the other 3,000 metres and beyond. We looked 

at recognised adverse health effects as measured by validated questionnaires, including the Epworth Sleepiness 

Scale and the Pittsburgh Sleep Quality Index as well as the SF-36 version 2 mental health summary. These are 

recognised medical instruments that have been used in hundreds of papers over the years to measure the effects of 

interventions in various illnesses across all medical specialties. This paper received quite a bit of attention 

because it is the first time that a published, peer reviewed paper, designed and carried out by medical specialists, 

using this sort of validated questionnaire tool has ever been published. 

We found that the Epworth Sleepiness Scale, which I believe was developed in Australia and which is a 

measure of daytime sleepiness, showed that the closer one lived to turbines the worse the daytime sleepiness was. 

Similarly, the Pittsburgh Sleep Quality Index, which is a measure of sleep quality and was an aspect of the survey, 

showed that the closer one lived to turbines the worse one's sleep quality was. These SF-36 version 2 illustrated 

that the closer one lived to wind turbines the worse one's mental health was. These correlations were highly 

significant. 

If you look at the paper you will find that the curves demonstrate a rather clear dose response. This argues 

against some sort of conspiracy, lying or bias on the part of the participants, because the responses would have 

had to have been very carefully calibrated in some sort of conspiracy in order to give these sorts of fairly uniform 

curves. That was clearly quite convincing and strongly points to a causative factor in the noise. Similarly, by 

concentrating on sleep which occurs at night, we eliminated the aspect of the visual disturbance that has been 

alleged to be responsible for many people's antipathy towards industrial wind turbines. 

That concludes my preliminary statement. I would be happy to take some questions. 

Senator MADIGAN:  Dr Nissenbaum, why is chronically impaired sleep a health problem? 

Dr Nissenbaum:  When one has chronically impaired sleep one has to recognise that pretty much, as surely as 

the sun rises in the east—I think it rises in the east in Australia as well—impaired sleep will result in adverse 

health effects through stress mediated effects on the hormonal systems in the body. This will result in all sorts of 

stress related illnesses, as well as cardiovascular effects, as well as changes in cognition and mental health in a 

pretty significant subset of individuals. Some people are more immune than others, but we have to take people as 

they come, and a significant proportion of people will be affected in a negative way when there is chronic sleep 

disturbance. It is important to recognise that fact. Once we recognise that fact, the question becomes: do industrial 

wind turbines that are sited too close to people result in sleep disturbance? If we can prove that is correct, then we 

will know that over time very serious adverse health effects will develop. 
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Senator MADIGAN:  The study seems to have a small number of people in it. Does that not affect the 

significance of your study? 

Dr Nissenbaum:  Statistical tools were utilised to evaluate whether the numbers are sufficient. The statistical 

analysis suggested that they are. Similarly, it really depends on the frequency with which the adverse effects 

occur. If, for example, we do a study on a drug and three out of 10 people who are given the drug die or become 

very sick, we do not have to subject 1,000 people to that drug in order to prove it with a larger group of people. It 

is very much the same principle. For certain adverse effects, the frequency of incidents was so high that findings 

were significant, even given the relatively small number of people. 

Senator MADIGAN:  Are you aware of any published studies that refute your study findings? 

Dr Nissenbaum:  No, there are no published studies that refute these findings at this point in time. This is what 

makes this so very significant. Other white papers that have been published are just that—they are white papers, 

they are opinions, they are selective readings of literature—but there is no controlled, peer reviewed study that 

refutes these findings. 

Senator MADIGAN:  Is it possible that the subjects in your study were unhappy with the site of wind turbines 

and therefore lied to the investigators? 

Dr Nissenbaum:  As I indicated, the curves that we obtained were fairly uniform. This would suggest that if 

they were lying they would have all had to get together and do some sort of conspiracy and calibrate their 

responses based on how far away they were from the turbines, which is just not plausible. Additionally, there was 

use of the validated questionnaires. Validated questionnaires themselves are designed to ferret out bias and 

inconsistencies. The same question is asked in a number of different ways, and inconsistencies in response are 

measured and the data gets kicked out. So I think it is unlikely. 

Senator MADIGAN:  Do you have any ideas as to why people react to turbine noise in the fashion identified 

in your study? 

Dr Nissenbaum:  There are many theories. I think you have probably heard that turbine noise has an impulsive 

nature—in other words, it is not a pure tone; it is amplitude and frequency modulated, it has a periodicity, or 

impulsivity, to it. It has a preponderance of sound energy towards the lower frequencies. We are probably 

designed to respond to this sort of noise with some sort of stress response. The noise seems to carry information 

and we do not habituate to it. Evolutionarily speaking, lower-frequency noises were associated with increased 

danger and this may be part of the factor. This is all conjecture. What we do know is that low frequencies are 

more disturbing and more pervasive. They travel longer distances and, particularly when they have a periodicity 

to them, our brains subconsciously seem to want to extract information from that and therefore we cannot tune it 

out the way we can white noise. 

Senator MADIGAN:  Thank you, Dr Nissenbaum. Dr Phillips, can you provide a brief review of the 

epidemiological evidence regarding health effects of industrial wind turbines? 

Dr Phillips:  In terms of what evidence exists out there, I have reviewed what exists and, as Dr Nissenbaum 

pointed out, there is relatively little out there in terms of systematic studies as being [inaudible]. Again, as you 

pointed out, this means that there is literally no evidence that argues against the results from [inaudible]. So, from 

these adverse [inaudible]. As I mentioned, there are thousands of those. There are several collections, including 

mine, that have [inaudible] attempted to [inaudible]. 

Senator MADIGAN:  Do you believe that there is a large body of evidence to support your statements, Dr 

Phillips? 

Dr Phillips:  Yes, exactly. There may well be tens of thousands of these reports out there, and no-one has had 

an opportunity to collect them all together. 

What is very important about them is this [inaudible] collection of complaints because, of course, [inaudible] 

have had some health problems. They are the very same complaints that Dr Nissenbaum found in his systematic 

study; they appear over and over and over again—the same as in [inaudible]. And this is a very strong [inaudible] 

very much like the point that he [inaudible]. In order for this to be replicated it would require an enormous 

amount of coordination among people who do not know each other and who did not even know that there were 

other complaints out there before they voiced their own. Again, when that is taken into consideration it is just an 

overwhelming amount of evidence. 

Senator MADIGAN:  I assume you are aware of attempts to deny the epidemiological evidence. Can you 

explain why there appears to be a concerted effort to deny this evidence and what some of the fundamental flaws 

in these arguments are? 
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Dr Phillips:  Of course, there is a financial incentive for some of those involved to deny it. With others, who 

seem like they ought to be more neutral, it is more difficult to explain. 

I think that part of the problem is that there are many people who are the moderate experts in health science who 

genuinely do not understand the usefulness of this evidence. They understand what a cohort study or a case 

control study looks like and how to make sense of that, but they do not have the understanding of science. They 

do not recognise that individual experiments like the individual crossover studies that people have conducted 

themselves are in some ways the best kind of evidence that you can ever have about a phenomenon; much better 

than trying to tease subtle signals out of complicated statistical data like we do for many things in the world, quite 

successfully. 

Perhaps the failure to really understand how to look at scientific evidence and accounts for a lot of the 

misunderstandings. 

Senator MADIGAN:  Are you aware of statements by Professor Simon Chapman regarding the lack of 

evidence linking adverse health effects and wind turbines? And can you comment on these claims and explain 

why they are possibly flawed? 

Dr Phillips:  Yes. Professor Chapman's approach to this, as far as I can tell, has really focused on [inaudible] 

and ignoring the signal. Imagine listening to a noisy radio set broadcast, or something. Most of us would be trying 

to pick out the coherent signal [inaudible]. But he has [inaudible] made a recording of all the different bits 

[inaudible] and seen that there is nothing there. That was a metaphor. Literally, what he has done is go through 

these reports and discover [inaudible] individual in addition to [inaudible] headaches, mood disorders; the 

common pattern. He also mentioned that she was diagnosed with cancer since the wind turbines went in, then 

collected that observation and said, 'Ah, ha, ha! The wind turbines couldn't possibly be causing cancer and so 

therefore this information must be wrong'. But, of course, that is very much the wrong way to look at it. A 

scientist, of course, that the people are reporting all [inaudible] going to report any number of coincidental 

occurrences. But you will only see a smattering of those; one here and one there as opposed to the common 

reports that appear in almost every last one of these. 

Furthermore I am going to have to comment, since the topic is on the table, that what he has been doing in that 

approach is rather unseemly. Basically, he has been publicly ridiculing people who are suffering from serious 

diseases. Whether he believes those are really caused by the wind turbines or not, it is really questionable 

behaviour to make fun of people for their perhaps mistaken belief that their cancer or whatever was caused by the 

turbines. Why? Again, it is that if you pay attention to signal, like the science does, instead of trying to use the 

noise to obscure it then you see the signal. 

Senator MADIGAN:  Thank you, Dr Phillips. Professor Hansen: low-frequency noise emissions are common 

in heavy industry: heavy engineering, including power generation, of all kinds, as well as in aviation, heating, 

ventilation, air-conditioning systems, mills and other rotating engineering processes, including wind turbines. 

There is a long history of research into these areas, particularly within industry, culminating in practical responses 

such as changing equipment design, siting work exposures through job redesign and so on. Is that correct? 

Prof. Hansen:  Yes, that is correct. There are a lot of examples where there is low-frequency noise in industry. 

Senator BACK:  Professor Hansen, in your opening comments you were talking about the need to measure 

background noise and that it has to be done over time. An alternative view has been put, and that is that an 

absolute figure rather than a figure above background should be considered—something like 35 dBA. Could you  

comment on your view on that position given, as you have indicated, the difficulty in getting a yardstick for 

background noise in rural areas? 

Prof. Hansen:  I can understand where some people are coming from when they say a 35 dBA limit obviates a 

need to measure background noise. The problem with that is that the 35 dBA has to be applied to any 

development, and there are some areas that are much quieter than other areas. Say you have a 35 dBA noise going 

on at night-time, when people are trying to sleep, and the other background noise is about 15. The problem with 

wind farm noise is that it is dominated by low-frequency noise by the time it gets to people's residences. Many 

residences, especially if windows are open, are sort of transparent to that noise. 

The noise level at low frequencies is not much less than what it is outside, whereas the higher-frequency 

noise—if there is a little bit left—gets attenuated through the walls of the house and the roof. What you are left 

with when you are inside is a dominant low-frequency noise, and there is no higher-frequency noise to mask it. 

There is nothing to mix with it. It is just this low-frequency, annoying noise. It is true that probably 50 per cent of 

people will not be adversely affected by it and can probably sleep with it. But there is another 50 per cent, or 

maybe 40 per cent, who have a serious problem—and the higher the noise level is, the bigger the problem will be. 
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It seems to me that you want to make sure that the noise level is not too high above the background noise, because 

otherwise it is going to be an even bigger problem. 

Senator BACK:  Therefore, coming back to your opening statement, is it going to be possible to get 

reasonable yardstick figures for background noise given, as you have said, that it has to be undertaken over time 

et cetera, presumably when turbines are on and off and under different seasonal conditions et cetera? Is this 

possible? 

Prof. Hansen:  What is done now is that before a turbine development is approved people go out and leave 

noise monitoring devices. 

Senator BACK:  They only do that in the audible range, though, don't they? 

Prof. Hansen:  They do a dBA measurement, which really does knock out all the low-frequency components, 

so it does not really tell them what they want to know. But they could measure over the entire spectrum if they 

wanted to. They could say what the existing noise is, and then when the development is there they can go and do 

the measurements again at different times and in different weather conditions. You have to be very conscious of 

what the wind is doing at the measurement location, as well as what time of day or night it is. 

Senator BACK:  You said in your submission that you are a chief investigator on a Research Council funded 

research project. Can you tell us where you are with that? Are you near publishing it? Has it been published? 

What is the progress of that project? 

Prof. Hansen:  We do have some preliminary results of measuring inside and outside of houses, looking at the 

low frequencies at a wind farm near Adelaide. We are going to be presenting a paper at the Australian Acoustical 

Society conference in Perth next week. But this is the first year of the project. We really did not get started until 

the end of March. We have been taking some measurements and we have been getting all our equipment 

organised, so we are not really in a position to publish a journal paper at the moment, but we are getting to that 

point. 

Senator BACK:  Could you comment briefly on a paper you contributed to, by a Richard James. He makes the 

observation that wind turbines are more of an indoor problem than an outdoor problem. Could you briefly explain 

to the committee what your understanding is of his point in that particular comment? 

Prof. Hansen:  What he means by 'more of an indoor problem' is that it affects people more grossly when they 

are indoors, because that is when they are trying to sleep. Also, as I said before, the house acts like a filter; it 

filters out the higher-frequency noise and just lets in the low-frequency, really annoying noise. When you are 

outside you might not notice it so much, because you have a lot of high-frequency noise that goes with it. But 

when you are inside you do not have the mid-range or high-frequency noise as well, and that makes it much more 

of a problem. 

Senator BACK:  My last question is to you, Dr Nissenbaum. You make the observation in your discussion of 

your paper that the study supports the conclusion of previous studies demonstrating a relationship between 

proximity to industrial wind turbines and the general adverse effect of annoyance but differs in demonstrating a 

clear dose-response relationship in clinical indicators of health, including sleep quality et cetera. I wonder could 

you expand on that, particularly your observation that these strongly suggest that noise from industrial wind 

turbines does result in similar health impacts as other causes of excessive environmental noise. You are making 

the point that industrial wind turbines seem to have a different and stronger effect than other causes of 

environmental noise. Could you expand on that for the committee please? 

Dr Nissenbaum:  Yes. Many of these preliminary—I would not call them preliminary, but many of these 

studies have looked at annoyance, particularly Pedersen, Van den Berg and so on that most people are familiar 

with, which showed that that the noise coming off industrial wind turbines when one looked at the end result of 

'annoyance' showed that wind turbine noise was more annoying at about a 10-decibel lower level compared to 

other sources of industrial noise in the environment, whether it was traffic or rail or air. As such, with the 

exception of railroad shunting yards, it was found to be more annoying than any source of industrial noise in the 

environment. 

With regard to the term 'annoyance', this is an important thing: the authors of these studies really had a medical 

intention in using that word 'annoyance', and it was defined to me by Pedersen herself as 'annoyance as a state of 

altered and diminished wellbeing'. I do not know what the situation is in Australia, but in the US and Canada the 

fact that the word annoyance was used was an opportunity for those who have a different perspective to claim, 

'Well, look at that, it's only annoyance'. It is utilising the North American colloquial interpretation of the word 

annoyance as an inconsequential bother. This was a perversion or a distortion of what the authors were intending. 

We went beyond annoyance in our particular study, which I think is helpful in clarifying the issue. We actually 
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looked at defined recognised adverse health effects as opposed to the more general and more abusable term of 

'annoyance'. I do not know if that answers your question. 

Senator BACK:  Thank you. 

Senator XENOPHON:  My questions are initially to Professor Hansen. In your view have governments 

responded with appropriate legislation and regulations to protect workers and the public from low frequency 

emissions? 

Prof. Hansen:  In my opinion they have not because all of the current regulations are written in terms of A-

weighted sound level and A-weighting does not properly account for low frequency components. Some 

regulations apply a five dB penalty if a noise is dominated by low frequency components, but in many cases this 

is insufficient to properly account for the true effect of low frequency noise. 

Senator XENOPHON:  Professor Hansen, can you explain to laypersons such as me the difference between 

A-weighted and other types of noise in the context of this bill? 

Prof. Hansen:  Okay. If you measure unweighted noise that means that is exactly the sound pressure that is 

being experienced by a microphone and no-one has fiddled with it. That is exactly what the microphone 

experiences. If you put an A-weighting on there you are knocking out the low frequency components, especially 

when you are starting to get down to 20 hertz you are knocking them out by 70 dB. This is a huge amount that 

you are just cutting off and saying, 'That's what the level is'. The reason for doing that is that people say that you 

cannot hear low frequencies—it is true; you cannot hear low frequencies as well as you can hear higher 

frequencies—so if you want to approximate how the ear hears things, you use an A-weighted sound level. But 

when you start getting down to really low frequencies it does not properly reflect how people experience the 

noise—especially if it is varying or modulated, if it is very up and down all the time. 

Senator XENOPHON:  Thank you. In your submission you suggested a number of amendments to the bill, 

and I think you suggested that the 10 decibel above background noise level should be amended to five decibels 

and to have a different basis for that. I think you referred to A-weighted levels. Could you expand on that? I think 

you are saying that the bill is almost too generous. 

Prof. Hansen:  The bill, as one would expect, is sort of a compromise. It is not going to stop everyone being 

annoyed. It will stop a lot more people being annoyed than currently, and it will stop a lot of sleep disturbance, 

but there are still going to be some people that are going to be disturbed. If you want to make sure that you get 

most people and that practically no-one is going to be disturbed, then you have to have a five dB thing. 

Senator XENOPHON:  This is sort of a double-barrelled question. Do you think that the noise limits currently 

allowed for industrial sound sources located in rural areas are appropriate? If not, what should they be? Further to 

that, when calculated noise levels are provided for an industrial development in a rural area, how accurate do you 

think they are in terms of predicting actual noise levels and predicting how annoying the noise will be? 

Prof. Hansen:  I will answer the second question first, on the accuracy of the predictions. You find you get 

single-number predictions, whereas in practice the noise varies considerably depending on the weather conditions 

and depending on the turbulence inflow into the turbine. If you have turbulent inflow, due to terrain or due to an 

upwind turbine creating turbulence for a turbine that is directly downwind of it, and if you have several of these, 

the actual noise generated by the turbine is much greater than the noise that is used in the calculations. The noise 

that is used in the calculations is something the manufacturer provides, which they have measured on a turbine on 

flat ground and with no turbines upstream. 

Senator XENOPHON:  That brings us to the second part of this bill, which provides that wind farms should 

publish on the internet information about noise, wind speed and direction, weather conditions and power output. 

Professor Hansen and other members of the panel, Dr Nissenbaum and Dr Phillips, does there appear to be a lack 

of transparency in the information that is given at the moment or is there—I think this is a phrase that the chair 

likes to use—'information asymmetry' when it comes to trying to work out what the actual noise levels are 

coming from a particular development such as this? 

Prof. Hansen:  Yes. It is extremely difficult to get data. In fact, for my ARC project I have asked the wind 

farm operator to provide data of what wind turbines are operating at the times we are doing the measurements, 

and they have refused to provide that. 

Senator XENOPHON:  Why is that? 

Prof. Hansen:  They just said they are not going to. They did not say why. They just do not want to. 

Senator XENOPHON:  The ARC is the Australian Research Council. 

Prof. Hansen:  Yes. 
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Senator XENOPHON:  What is the nature of the research you are doing? What does it involve, how long will 

it take and what resources are being employed in respect of that Research Council grant? 

Prof. Hansen:  It is a three-year project that involves me working on an honorary basis, and I have a research 

assistant. We have purchased quite a bit of equipment, probably about $100,000 worth of equipment at the 

moment. We are getting all that sorted out and all together, and we are going to take measurements inside and 

outside of people's houses. We have got lots of cooperation from people that live near wind farms. They are quite 

happy for us to go into their houses and do measurements there and do measurements outside of their houses. It 

would help us to know, especially at night, when we cannot see the turbines, how many of them are operating and 

which ones are operating. We can get from a website the total power generated by the wind farm, which gives us 

some sort of idea, but it would be nice to have more detail. 

Senator XENOPHON:  My final question, because time is against me, is: would you be able to provide to the 

committee, on notice, your correspondence—emails, notes of phone conversations that you may have—in terms 

of your attempts to obtain this information from wind turbine companies? 

Prof. Hansen:  Yes. I hope I have still got that. I usually keep all my email. There are no telephone 

conversations—just email. 

Senator XENOPHON:  If you could, that would be useful, thank you. 

Prof. Hansen:  Okay. 

CHAIR:  Dr Phillips, Senator Xenophon spoke about information asymmetry.  

Senator XENOPHON:  That is your phrase. I like that phrase, Chair! 

CHAIR:  There is a bit of information asymmetry about your background, Dr Phillips. I have had a quick look 

and you are with a group called the Populi Health Institute—is that correct? 

Dr Phillips:  Yes, that is my research and consulting firm. 

CHAIR:  And you do research and consulting promoting tobacco, do you? 

Dr Phillips:  Not promoting. I have actually spent most of my career, and a lot of my work still is on, 

promoting tobacco harm reduction. It is an approach which tries to reduce the number of smokers and the huge 

health toll that comes from smoking by encouraging people to switch to a low-risk (inaudible). 

CHAIR:  But you are part of what is described as the pro-smoking lobby, aren't you? 

Dr Phillips:  No, absolutely not. What I work on is very much anti-smoking. It is looking for ways to better 

persuade people to quit smoking, and thereby improve their health. 

CHAIR:  I am just trying to get some context for your submission. I just noticed that you were attacking some 

of the analysis on the amount of carcinogens in tobacco and you were saying that it was rubbish. Is that correct? 

Dr Phillips:  You might be looking at some of the work that I have done looking at smokeless tobacco, which, 

of course, is largely banned in your country, as I understand. There is a lot of confusion about that. The types of 

products that I and others who do the work that I do encourage smokers to switch to are the smokeless tobacco or 

the electronic cigarette products. 

CHAIR:  Are you aware of the nocebo effect? 

Dr Phillips:  It is a term that gets used to refer to a psychological negative effect from something. 

CHAIR:  Do think that there could be any element of nocebo effects in some of the reports that have been 

received around problems relating to wind turbines? 

Dr Phillips:  There certainly could be some of that effect. For it to explain any substantial portion of the effect 

that has been experienced, it would have to be far, far larger than anybody has ever found it to be for any similar 

exposure. A lot of these effects that we have all been talking about are mediated through psychological processes. 

As Dr Nissenbaum was talking about, some of the effects we hypothesise have to do with looking for a signal in 

this noise—thinking that a predator is sneaking up on you and your evolutionary brain, and so forth. It is 

extremely difficult to sort out one type of psychological effect from another, but to some extent it hardly even 

matters. If a lot of people are suffering because of the exposure, and we do not know anything about what type of 

psychological process that leads to the suffering, if we do not know how to do anything about it then it does not 

change the fact that it is a substantial health problem and that it is having a major impact on people's lives. 

CHAIR:  Do you see the wind turbine industry as being an important area trying to deal with global warming? 

Dr Phillips: That is a lot beyond my area of expertise. There are serious debates that I am aware of, but that I 

certainly do not contribute to, about whether there is any substantial benefit for the primary goals because of the 
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engineering specifics of wind turbines. It does not appear that they provide as much benefit as is often claimed. 

As a health scientist, as somebody who is still acting as a public health advocate, my feeling is that if someone 

wants to claim that the benefits, in terms of (inaudible) and so forth, justify the health costs that are being inflicted 

on people, then they certainly should go ahead and make that argument. It is entirely possible that that argument 

could carry the day, but that argument has never— 

CHAIR:  Do you accept that there is global warming and that there is a need to deal with it? 

Dr Phillips:  Sure. 

CHAIR:  Thank you. Dr Nissenbaum, you indicated that there had been no published studies to refute the 

findings in, let's call it, the Nissenbaum report. Do you expect that there will be some analysis of your report? 

Dr Nissenbaum:  I am sure there will be. I am sure there will be not just analysis but attempts to disqualify or 

denigrate the information. 

CHAIR:  Do you also believe that there will be professional scientific analysis and critique of your report? 

Dr Nissenbaum:  I expect people will attempt to analyse it, of course. 

CHAIR:  Dr Phillips indicated that individuals had conducted experiments on themselves. Professor Hansen, 

how does that work? 

Prof. Hansen:  You are asking me about how people conduct experiments on themselves? 

CHAIR:  Yes. 

Prof. Hansen:  My understanding is that people who live near wind farms have certain symptoms or certain 

sleep problems and other symptoms, and then they go and stay somewhere else and do not have the symptoms 

anymore. But that is only my understanding; I am not saying that is correct. 

CHAIR:  Dr Nissenbaum, are you aware of the nocebo effect? 

Dr Nissenbaum:  I am aware of the term having been used in the American Wind Energy Association and 

Canadian Wind Energy Association white paper. I believe that the term was introduced in that white paper as a 

way to invalidate the claims that people had. Basically, they were saying that people who are complaining of 

adverse health effects were predisposed not to like the wind turbines and, therefore, when they saw the wind 

turbines or experienced them, of course they did not like them. What I will tell you— 

CHAIR:  Why would it be denigration if there is a long history of scientific analysis of the nocebo effect? 

Dr Nissenbaum:  I am not aware of any studies at all that demonstrate that this nocebo effect has been 

functional in people suffering from adverse health effects related to wind turbines in proximity. I am aware of 

zero information and no information was presented in the American Wind Energy Association white paper to that 

effect. 

CHAIR:  You do not challenge the validity of a nocebo effect in scientific and health literature, do you? 

Dr Nissenbaum:  It is not commonly used. In this case, in the context that we are using it, it is entirely 

speculative and without foundation. 

CHAIR:  You keep coming back to this narrow area. I am asking: generally, is the nocebo effect well 

researched, established and accepted in science and health? 

Dr Nissenbaum:  No, it is not well researched and it is not widespread. It is conceivable; it is plausible. In our 

context, there is no evidence that this is occurring. 

CHAIR:  Thank you very much, Dr Phillips, Professor Hansen and Dr Nissenbaum, for helping us. 
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LAURIE, Dr Sarah Elisabeth, Chief Executive Officer, Waubra Foundation 

[10:44] 

CHAIR:  Welcome. The Waubra Foundation has lodged submission 197 with the committee. I now invite you 

to make a short opening statement, at the conclusion of which I will invite members of the committee to ask 

questions. 

Dr Laurie:  Thank you for the opportunity to give evidence. The Waubra Foundation strongly supports any 

proposal that will help protect the health of any people currently being harmed by excessive noise, whether they 

are residents or workers, regardless of the source of the noise. We therefore strongly support this particular bill. It 

is our understanding that the bill will have no effect on wind developments where there are not excessive noise 

problems. 

The Waubra Foundation was established initially to advocate for research into the health problems being 

reported by people living and working near industrial wind turbines. Sleep disturbance correlating with exposure 

to operating wind turbines is one of the most common problems reported. As a result of sick people approaching 

us for help, our work has expanded over the last 18 months to include helping residents adversely impacted by 

excessive noise, from sources and activities including coal seam gas compressors in Queensland and in the USA, 

coalmining in the upper Hunter region and gas-fired power stations, specifically at Uranquinty in New South 

Wales and Port Campbell in Victoria. 

There is an excellent description of what can happen to people impacted by noise, in quiet rural areas, in 

chapter 5 of Sharon Munro's book Richland Wasteland, which I have with me. The chapter is called 'Clearing the 

country' and this is precisely what happens. Sharon also describes the use of confidentiality agreements to silence 

sick people. This use of confidentiality agreements to silence sick people is part of the wind industry too for both 

the wind turbine hosts and nonparticipating neighbours, as Senator Back revealed in his speech in the Senate on 

30 October. I believe the only reason for these agreements used by noise polluters is to keep this growing public 

health problem from the gaze of the public and public health authorities. The mere existence of these 

confidentiality clauses suggests that noise polluters and the professionals assisting them are well aware of the 

problems.  

Most doctors remain ignorant of the connections between sound frequencies in the lower part of the sound 

spectrum and health problems. However, acousticians have known of the connections for some years. This 

ignorance amongst doctors has been compounded by the emission of a crucial document from the NHMRC's 

Rapid Review of 2010 into the adverse health effects of wind turbines, which details what was known about the 

effects of low-frequency noise, regardless of the source. This is despite the lead author of that crucial document, 

Professor Geoffrey Leventhall, being one of the peer reviewers of the NHMRC document. I have here the 

document that was omitted. It is called A review of published research on low frequency noise and its effects 

dated May 2003, and it was done for the UK Department for Environment, Food and Rural Affairs, DEFRA. 

The 2010 NHMRC document omitting this vital knowledge about the known adverse health impacts of low-

frequency noise is still being widely used by wind developers and government departments to assert that there are 

no known health problems with wind turbines. Sleep disturbance is by far the most common problem reported by 

residents living near wind developments, which they consistently document correlates with their exposure to 

operating wind turbines—the experiment that Professor Phillips was referring to. They sleep well when the 

turbines are off or when they are away from the turbines, or when the wind is not blowing towards them. They 

report repetitively disturbed sleep when the turbines are operating and the wind is blowing towards them. This 

effect is being reported up to 10 kilometres away from three-megawatt turbines at Waterloo in South Australia 

and 7½ kilometres away from two-megawatt wind turbines at Cullerin in New South Wales, in two recent 

community noise impact surveys. These were conducted by members of the community because there has been 

no research by academic institutions into this problem. The size of the turbines matters. The larger the turbine, the 

greater the effect of the low-frequency noise and the further the distance travelled. 

The connections between chronic sleep disturbance and consequent serious adverse health effects are well-

known to clinical medicine. In conclusion, we strongly support all the provisions of this bill and hope that the 

much-needed multidisciplinary research recommended by the Senate in June 2011, after the first Senate inquiry, 

is conducted as soon as possible. 

Senator XENOPHON:  Dr Laurie, I know you have been referred to as the 'high priestess' of anti-wind farm 

agitation by, I think, Professor Chapman. I just want to clear this up on the record. I do not say it as a pejorative; I 

am describing what Professor Chapman said. He referred to you as an 'unregistered doctor'. Can you just give us 

some context about that comment? Is that the case? 
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Dr Laurie:  That is the case currently. I was trained at Flinders University. I graduated in 1994, after which I 

underwent postgraduate training into general practice—and specifically for rural general practice. I became a 

country GP and worked for a number of years, and suddenly in April 2002 I was diagnosed with very early 

ovarian cancer. I left work immediately and took quite a substantial period of time off work. For that period of 

time I was registered. I went on to have a family—twins—aged 40. Various other family circumstances 

intervened: I became a carer for my elderly, frail parents-in-law and my husband went and worked 1,200 

kilometres away. When my children were 2½ my son had just been diagnosed with a serious allergic condition, 

and— 

Senator XENOPHON:  I do not think you need to say any more. The fact is that you have some serious health 

issues and some family commitments, and basically you have not been practising medicine because of family 

circumstances and health circumstances. 

Dr Laurie:  I was actually on my way back into preparing to re-register when I found out about some turbines 

that were planned for the hills near my home, and that stimulated my interest in this particular topic. I am still 

very keen to get back to my work when the research is done. 

Senator XENOPHON:  It is just that, when you are referred to as an 'unregistered doctor', some people might 

think that there is something suspect about your qualification. I just wanted that on the record to clear that up. 

Dr Laurie:  Thank you, Senator Xenophon. It has been used frequently to assert that I am in fact deregistered, 

which is incorrect. I am currently unregistered but eminently registrable to go back to clinical practice, which is 

what I intend to do. 

Senator XENOPHON:  At the Waubra Foundation, you do work for residents affected by noise in terms of 

coal seam gas and gas-fired generators. 

Dr Laurie:  Yes. 

Senator XENOPHON:  In your advocacy for those residents, do you get resistance from the proponents of the 

coal seam gas and the gas-fired generators to release information about the source of noise or the extent of noise? 

Dr Laurie:  Work in that area has been much less in terms of volume. I respond to requests for information 

and help predominantly from the residents but sometimes from treating health professionals—country GPs—who 

are desperate to try to help these sick people. I have provided information to those people; we have not really got 

enough information from them to start publicising the problems. In particular, we have not got the acoustic 

information from those people. But we are encouraging them to employ acousticians to go and collect the full 

sound spectrum to clarify what we think is going on in terms of infrasound and low-frequency noise being 

present. I think that, once we have that, we will be able to be far more effective in helping advocate for them. The 

problems with regulation of noise pollution are an issue in number of industries, not just with wind turbines. 

There may be guidelines. But whether or not they are adequate is one issue; whether they are enforced properly is 

entirely another. 

Senator XENOPHON:  That is why the second part of the bill relates to the transparency of information. Is 

that an issue that you have struck in terms of residents making a complaint but not being able to access 

information to pursue the complaint? 

Dr Laurie:  Absolutely. They are not given it; or, if they are given it, it is very often in a form that they cannot 

use. 

Senator XENOPHON:  The Waubra Foundation sounds like a big organisation. How big is it, and who funds 

it? Do you volunteer your time for that, or do you get paid? 

Dr Laurie:  No, I do not get paid. I have worked voluntarily since I started working, which was about 2½ 

years ago. We are a small organisation. We have a board of directors which became involved in April last year. I 

was initially approached by the founder of the organisation, Mr Peter Mitchell, to join as its medical director. 

Subsequently, I became the CEO. I am the CEO of a very, very small outfit. We have a volunteer administrator 

who helps part-time, and there are six directors including me on the board—and that is it. We are funded entirely 

by donations from residents, predominantly rural residents, who are very concerned about what is going on and 

they want to see the research done. 

Senator XENOPHON:  You obviously run on a shoestring, but how big is your budget in general terms? 

Dr Laurie:  We currently have well under $100,000 in the bank. Operating expenses are absolutely minimal, 

which is why we have shared a post office box with 300 other organisations that use the address of an accounting 

company called Lowell. 

Senator XENOPHON:  Okay. Thank you. 
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CHAIR:  Senator Back, you have a couple of minutes. 

Senator BACK:  Dr Laurie, it has been put publicly that the Waubra Foundation represents only people in 

Waubra or those in the vicinity of the wind turbine operation there. Is that correct or— 

Dr Laurie:  No. 

Senator BACK:  are there also non-Waubra-based people amongst your numbers? 

Dr Laurie:  The organisation itself, as I explained to Senator Xenophon, is very small. However, the people 

that I was first contacted by and helped were in fact the people affected at the Waubra wind development, also 

people at Cape Bridgewater and a number of other locations. From the chairman, the founder, my understanding 

of the reason the organisation was named the Waubra Foundation is that initially the media in Victoria were 

calling the illnesses that people were reporting publicly at Waubra, prior to my involvement, 'the Waubra disease'. 

So I think the media started using the term 'the Waubra disease'. Initially, the organisation was actually registered 

as the Waubra Disease Foundation. That was changed. 

Senator BACK:  Just for clarity: were people affected by the wind turbines in that area contacting your 

organisation— 

Dr Laurie:  Yes. 

Senator BACK:  or did the foundation contact them in the first instance? 

Dr Laurie:  No. I never go out and contact people. I always wait to be contacted. 

Senator BACK:  Thank you. What is your understanding of when the effects of wind turbines in Australia 

were first recognised and documented? 

Dr Laurie:  Dr David Iser was the first general practitioner to raise his concerns. He certainly publicly raised 

them in 2004—it might have been earlier that he started talking about it. But my understanding is that it was in 

2004, shortly after the start-up of the Toora wind development down in South Gippsland. Dr Iser was concerned 

about the health problems that his longstanding patients were reporting to him. He somehow found out that there 

was another rural GP, in Cornwall, who had reported similar problems there, and her name was Dr Amanda 

Harry. I have met with Dr Iser, and he explained that he got in touch with Dr Harry and actually used a survey 

that she had developed in conjunction with a physicist, who helped her understand more about the problems that 

were well known then about low-frequency noise. So that is how it started in Australia. 

Senator BACK:  Thank you. 

CHAIR:  Dr Laurie, we have submissions saying that there are over 200,000 wind turbines around the world. 

Do you agree with that figure? 

Dr Laurie:  I am not across the numbers but I know there are a lot in many parts of the world. 

CHAIR:  Yes. And there have been 17 international studies of the health effects on wind turbines; are you 

aware of those studies? 

Dr Laurie:  With respect, Senator Cameron, they are literature reviews. They are not what we call empirical 

studies. So they are not studies that have gone and collected data, such as Dr Nissenbaum, Dr Hanning and Dr 

Aramini's study or Dr Daniel Shepherd's study. There is a difference. 

CHAIR:  So, in Europe, Canada, the US, the UK, Australia and all over the world where wind turbines are 

operating, none of the health authorities in those countries are actually saying that there is a wind turbine 

syndrome, are they? 

Dr Laurie:  No, they are not. 

CHAIR:  We have got submissions here that say there are 150 different types of health issues associated with 

wind turbines. Are you aware of that? 

Dr Laurie:  I am aware of Professor Chapman's list of a certain number of conditions. 

CHAIR:  How many conditions do you say are associated with wind turbines? 

Dr Laurie:  Sleep disturbance is the number one. That is why I think this bill is so important. There are many 

other symptoms that people have reported. Some of them are symptoms that general practitioners would see a lot, 

not necessarily in conjunction with wind turbines.  

CHAIR:  Have you diagnosed any of these symptoms? 

Dr Laurie:  No; I do not diagnose conditions because I am currently unregistered and you just do not do that 

as an unregistered practitioner. What I have done is listened to the stories. I have then talked to the treating 

doctors, where I have had permission from the sick people to do that. We have shared information. I have been 
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focused on trying to understand what it is about the symptoms that these people are experiencing that could be 

related to whatever the physical force is that might be causing it. Noise was something that we were very 

interested in early on, but there are other issues that have been raised.  

The perception of vibration through the ground is something that some residents report. Where that is reported 

the deterioration of their symptoms is quite marked. 

CHAIR:  There are no studies or any evidence of this, are there? 

Dr Laurie:  No, the reason the Waubra Foundation was established was to advocate for the research to be 

done. Professor Warwick Anderson, who is the CEO of the NHMRC, in his evidence to the Senate inquiry into 

rural wind farms acknowledged very clearly that anecdotal evidence and this sort of observational evidence is the 

start, and that an absence of peer reviewed research does not mean that there is no problem.  

CHAIR:  What the NHMRC indicates is that authorities should take a precautionary approach. 

Dr Laurie:  Yes. I wish they would.  

CHAIR:  You are saying that the precautionary approach at the moment is not sufficient? 

Dr Laurie:  Yes, I am. 

CHAIR:  But there is no evidence that you can bring forward to say why you should take a more stringent 

cautionary approach. 

Dr Laurie:  The evidence is around in the form of the empty houses and the sick people. This Senate called for 

research to be done 16 months ago. It has not yet happened. 

CHAIR:  Have you ever argued that there have been deaths from this? 

Dr Laurie:  No, I have not.  

CHAIR:  So there are sick people and there are empty houses. Have you done an analysis of the sicknesses of 

each individual and taken that to the authorities? 

Dr Laurie:  I have certainly made the concerns that I have very well known to health authorities. 

CHAIR:  Not concerns. You said there were sick people and empty houses. I am just wondering if you have 

given the evidence of these sicknesses to the appropriate authority. 

Senator XENOPHON:  What authority would that be? 

CHAIR:  The NHMRC. 

Dr Laurie:  Yes, I have made submissions to the NHMRC. We have sent letters to the NHMRC. I have 

presented to an NHMRC workshop. 

CHAIR:  Could you provide us with the documentation of the number of houses that are empty and the 

sicknesses that you are aware of. 

Dr Laurie:  I can certainly do that. 

CHAIR:  It would be good if you could do that. I think we have run out of time. 

Senator XENOPHON:  Just on a procedural matter, Dr Laurie referred to a document. I am just wondering 

whether that is being tabled.  

Dr Laurie:  It is called, A Review of published research on low frequency noise and its effects. 

CHAIR:  I am not sure that you want it tabled. It is a public document. 

Senator XENOPHON:  It is only so that the committee can note it; that is all. 

CHAIR:  It is a public document. 

Senator XENOPHON:  Thank you. 

CHAIR:  Thank you, Dr Laurie. 
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HALL, Mr Chris, Senior Town Planner, Pyrenees Shire Council 

[11:03] 

Evidence was taken via teleconference—  

CHAIR:  I welcome you to the hearing via teleconference. The Pyrnees Shire Council has lodged submission 

211 with the committee. I now invite you to make a short opening statement, at the conclusion of which I will 

invite members of the committee to ask questions. Do you have an opening statement? 

Mr Hall:  I will just give a brief overview of a number of wind farm facilities that we have and our position in 

relation to enforcement and noise compliance regulation. At the moment the Pyrenees shire has over 300 

approved wind turbines across four separate projects, which are at various stages of completion or in the initial 

stages of getting the final computations and sign-offs internally. We have 109 turbines in the Waubra wind farm 

and 157 turbines in the Stockyard Hill wind farm. The only one of the projects that we have commissioned is the 

Waubra wind farm. That was completed and commissioned in mid-2009. We have 109 turbines within our shire 

boundary there. There are a further 21 in Ballarat, immediately across the shire boundary border. Shortly after the 

completion and commissioning of that particular project both the council and the Department of Planning and 

Community Development began receiving complaints from landowners living in close proximity to that particular 

development, mainly in relation to audible noise. There have also been complaints received in relation to 

subaudible noise impacts, which I am happy to answer questions on later. 

That permit is regulated through a series of conditions. Noise impacts are assessed through the 1998 New 

Zealand noise standard, and there are various obligations on the permit holder not only to comply with the 

maximum dBA noise levels specified within that standard but also to provide particular documentation to the 

department, prepared by a suitably qualified acoustic consultant, demonstrating compliance with that noise 

standard. 

CHAIR:  Are you saying this is a New Zealand standard? 

Mr Hall:  Yes. It is the NZ6808: 1998 noise standard, which was the state-adopted noise standard in effect in 

Victoria at the time when that particular permit was issued. The planning permit is a public document, so I am 

happy to provide that for the record of the Senate inquiry, should you need to view it. 

CHAIR:  Isn't that the same standard that is used in Australia? 

Mr Hall:  There are varying standards used between the states, and I will touch on that briefly. My 

understanding is that South Australia, for instance, uses the EPA noise standard, which has a different maximum 

noise level. I believe 35 dBA is specified in rural areas under that particular standard, whereas the New Zealand 

standard specifies a minimum of 40 dBA measured within 10 metres of the dwelling. And there is a provision 

there for a 5 dBA penalty to bring it back to 35 dBA to be applied in areas where there are special audible 

characteristics present, such as tonal or modulation noise, but there is not a lot of guidance provided under that 

1998 New Zealand standard in terms of how to assess those particular requirements. That is one of the issues we 

see: nationally there are different standards in each state. In terms of adopting a nationally consistent approach 

when it comes to compliance, that is one of the concerns I have. We do support it in principle. But regarding the 

proposed amendments to section 30E(4) of the renewable energy act—where you wish to bring in a basically 

nationally consistent standard that will obviously override existing permit provisions within each state and 

territory—I do not know whether that would stack up legally or not. I do not know what legal advice has been 

received on it, but I see potential issues there with those provisions overriding existing planning permits that may 

already be in place and been acted upon. 

CHAIR:  Mr Hall, I am going to have to ask you to try to keep your answers a bit shorter. A lot of Senators 

want to ask questions. 

Mr Hall:  That is fine. In terms of enforcement responsibility, it is our position that the minister is responsible 

for all of the projects over 30 megawatts, given that they were called in by him under our legislation. The onus on 

making sure that the proponents are complying with the relevant standards currently rests with the Minister for 

Planning and he has legal enforcement powers to be able to seek enforcement orders against operators that are not 

complying with the relevant standards when it comes to various wind farm projects. So that power already exists 

under Victorian legislation, should DPCD or the minister have reasonable proof to act on. I am now free to 

answer any questions about my submission. 

Senator MADIGAN:  I wish to table one document. It is a planning permit for a wind farm in the Southern 

Grampians shire. 
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CHAIR:  Senator Madigan, we are going to have to have a look at it before we accept it for tabling. I have not 

seen the document. 

Senator MADIGAN:  It is just a planning permit. 

CHAIR:  It does not matter. Formally, we need to have a look at it. If you want to table it, that is fine, but we 

will need to have a look at it. 

Mr Hall:  I may not be able to comment on planning permit issues outside our shire boundaries. 

Senator MADIGAN:  It is not a planning permit issue. I am just seeking your assistance to decipher a 

planning permit document. On the top right hand page there are three headings on the planning permit. There is 

the permit number, the planning scheme and the responsible authority for administration and enforcement of a 

permit. It says next to the last heading that the responsible authority is the Southern Grampians Shire Council. If 

this permit had been issued in your municipality, next to that heading it would have said the Pyrenees Shire 

Council. Is that correct? 

Mr Hall:  It probably would have. The legal advice we have had is that the minister cannot override the 

enabling legislation, being the Planning and Environment Act 1987. We have had four legal opinions, plus one 

from a QC. A Victorian Civil and Administrative Tribunal decision was handed down last week, which basically 

confirmed that the minister is responsible for all planning permits over 30 megawatts that were called in. The 

minister's representatives, as in officers of the DPCD, are on record as having said that at various panel hearings 

in the early stages. It was only when Waubra started becoming an issue—with the number of complaints that were 

received—that the department's attitude towards being willing to take on enforcement responsibility seemed to 

change quite suddenly. They then wrote to us and other councils and indicated that basically they believed—

without providing any legal advice, mind you—that they believed that the shires were the responsible authority 

for administration enforcement, overriding what they have done on the planning permit. It does not override the 

enabling legislation—that is legally unenforceable. 

CHAIR:  Senator Madigan, I have had a quick look at it. Senator Back agrees with me and we are happy to 

have the document tabled. 

Senator MADIGAN:  In your submission on behalf of the Pyrenees Shire Council you said that you have 

sought legal advice, and you have just confirmed that. 

Mr Hall:  In terms of the enforcement issue? 

Senator MADIGAN:  Yes. 

Mr Hall:  A number of councils have. There is— 

Senator MADIGAN:  So, in effect, the shire is not the responsible authority for administering and enforcing 

the permit. 

Mr Hall:  That is only for anything over 30 megawatts. In our shire there is only one wind farm we are 

responsible for, which is Chepstowe, which has three turbines. Given that its capacity is obviously well under 30 

megawatts, we are responsible for administering and enforcing the conditions associated with that permit. 

Senator MADIGAN:  So in effect then it is the state government that is responsible. 

Mr Hall:  Correct. It is our understanding, based on the feedback that we have received from various officers 

of the department, that they have been liaising with the operators of the Waubra Wind Farm in relation to the 

noise compliance issues. We certainly have not received any confirmation that compliance has been met in 

accordance with the standards. So it is really an issue you are going to have to take up with the department as to 

their being outside the timelines, as far as our interpretation of the permit goes in terms of providing that 

information and confirmation that all of the nearby affected residents do comply with the noise standard. The ball 

is really in the minister's court in terms of what further action he may wish to take on that matter. I understand 

they have engaged external noise consultants to review information provided by the applicants, and from what we 

have been told communications have been had with new wind-farm operators to provide additional support 

information demonstrating compliance with that New Zealand noise standard I referenced earlier. 

Senator BACK:  Thanks very much for your submission, Mr Hall; it is very interesting. I have two quick 

questions. The second paragraph of your second page states: 

It should be noted that some of the noise data would need to be confidential, as its publication could breach commercial in 

confidence issues of the proponents, otherwise all such information should be made public … 

Could you tell us briefly: of the noise data that would be supplied by a proponent, what would be commercial-in-

confidence in its nature? 
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Mr Hall:  We have been advised that the Department of Planning and Community Development have refused 

to provide information to landowners who have requested copies of noise data and reports on their properties. I 

would have thought individual assessments of some properties may need to be kept confidential, but I think the 

general report that is provided on the wind farm development as a whole should be disclosed once it has been 

signed off. I would personally like to see that information made available before it has been signed off, so that the 

public can review it, but the position that DPCD are putting is that they are not going to release any of the  

information they have available to them until they have completed their assessment of the— 

Senator BACK:  So, really, the information should be available to someone who is affected by the turbines, 

either on their property or a neighbouring property, shouldn't it? 

Mr Hall:  That is my personal opinion. It is our belief that the Department of Planning and Community 

Development hold a different position at this stage. I have put the question to officers and they have said, 'Look, 

we don't want to make it available until it's been signed off and approved by the minister; we're not sure if the 

minister has actually completed that step of the process yet.' 

Senator BACK:  Sure. The Chair has some questions, so I will put my questions on notice. Thank you, Mr 

Hall. 

Mr Hall:  Sure. 

CHAIR:  Thanks. Mr Hall, do you at council house have any evidence of health problems relating to the wind 

farms? 

Mr Hall:  We are not in receipt of any evidence as such from landowners—as in, none of them have come 

forward with a doctor's report or medical report indicating that they are suffering particular effects or health 

impacts that can be directly attributed to the wind farm. We are certainly in receipt of a number of complaints 

relating to claims of sub-audible noise impacts. There have been various symptoms reported such as headaches, 

nausea, dizziness, sleep disturbance— 

CHAIR:  How many have you had? 

Mr Hall:  There would probably have been 15 to 20 I reckon. I think audible noise impact complaints would 

be in the range of about 10 or 12. 

CHAIR:  What is the council's position on this? Do you want the wind farms to be closed down, or for there to 

be no more wind farms? 

Mr Hall:  Not necessarily closed down. Generally, we are supportive of renewable energy as a concept, but the 

noise information for these projects is just not being made available. We are not sure whether Waubra even 

complies. It has been over three years since this wind farm came into operation. Complaints have been received 

from a number of people— 

CHAIR:  You have had, what, 12 complaints? 

Mr Hall:  that seem pretty credible; they have had a lot of independent noise testing done that proves there is 

an issue, in the eyes of the consultant they have engaged. The department— 

CHAIR:  Sorry, Mr Hall, you are going to have to give us a chance to ask questions. Your answers are very 

long, I am afraid. I am not criticising you for that, but— 

Mr Hall:  Sure. I am just trying to give you an overview. Our position is that the department needs to be taking 

more timely action in terms of ensuring noise compliance. 

CHAIR:  So you have got a noise report, have you? 

Mr Hall:  Do we have a copy of a noise report? 

CHAIR:  I thought you said you had— 

Mr Hall:  We have not officially been provided with a noise report. 

CHAIR:  Can you forward a copy of that report? 

Mr Hall:  I said that we have not officially been provided with a copy of the final noise report. 

CHAIR:  I thought you said you had one. 

Mr Hall:  The only one we have seen is the one that was submitted pre the permit being approved by the 

department. I believe Marshall Day Consultants have been dealing with DPCD in relation to the final report. I 

believe they have submitted material to the department. They have had it audited and independently reviewed by 

another consultant, who raised a number of concerns, from what I understand, and they have subsequently written 
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back to Marshall Day requesting that further investigations be undertaken. That is the extent of where the matter 

is at. As I said, this has gone on well outside the permit time frames. 

CHAIR:  Mr Hall, I am really running out of time. Is this a council report that you have asked for? Did the 

council ask for this report? 

Mr Hall:  It is a requirement of the planning permit conditions. It is something that the department has asked 

the proponents to provide. 

CHAIR:  So you have had 15 complaints? 

Mr Hall:  It would be in that ballpark. 

CHAIR:  You did a 2012 Pyrenees Shire Council community satisfaction survey. 

Mr Hall:  Yes. 

CHAIR:  That closed in October. How many complaints did you get in that satisfaction survey about the 

approach the council has taken on the wind farms? Did you get any comments on wind farms? 

Mr Hall:  I would have to go back and have a look. To be honest, I do not pay a lot of attention to surveys. 

Planning does not usually figure too highly on those. 

CHAIR:  Can you take that on notice and find out whether your 2012 shire council community satisfaction 

survey did have complaints about the wind farm? Could you also take on notice whether the community generally 

is accepting of the wind farm? 

Mr Hall:  I can answer the second question for you now. I would say that the community is very divided in 

relation to wind farms. Prior to Waubra being built, the community was probably more in favour of them than 

against them generally, given that they do bring money into the community both for sports and local groups and 

obviously the landowners who have turbines on them. 

CHAIR:  Is this anecdotal evidence? 

Mr Hall:  Since Waubra the community's view and attitude has generally changed. A lot of people are very 

sceptical and scared— 

CHAIR:  Mr Hall, please take a breath, would you? 

Mr Hall:  I am trying to assist you, Senator. 

CHAIR:  You have to be a bit succinct when we have got 20 minutes and there are five or six senators. I am 

really sorry to do this to you, but you really have to be succinct. Could you provide us with a copy of the shire 

council satisfaction survey? 

Mr Hall:  Yes. 

CHAIR:  As I understand it, the position you have put to me was anecdotal and you have not done any proper 

analysis of the satisfaction of the community in terms of the wind farms. 

Mr Hall:  As I said, my answer to the second question was based on my view from the local council and from 

information coming to us. A lot of people are scared about the possible impacts. 

CHAIR:  Mr Hall, thanks very much for your evidence. We are running late for the next group who are 

participating via teleconference. Thanks for your evidence today. 

Mr Hall:  I will provide the information from the community satisfaction survey. Do you need anything else 

before we finish? 

CHAIR:  If we do, the secretariat will contact you. Thanks, Mr Hall. 

Mr Hall:  Thank you. I appreciate your time. 
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COOPER, Mr Steven, Principal Engineer, The Acoustic Group 

SHEPHERD, Dr Daniel, Private capacity 

THORNE, Dr Robert, Private capacity 

[11:25] 

Evidence from Dr Shepherd and Dr Thorne was taken via teleconference— 

CHAIR:  Welcome. I remind senators and witnesses that committee proceedings are protected by 

parliamentary privilege in Australia, but the parliamentary privilege does not extend beyond the Australian 

parliament's jurisdiction. I invite you to make a short opening statement, at the conclusion of which I will invite 

members of the committee to ask questions. Mr Cooper, do you have an opening statement? 

Mr Cooper:  Yes. 

CHAIR:  Please keep the opening statements concise. 

Mr Cooper:  Thank you. I provided a submission which has measurements that I have undertaken at wind 

farms in Australia. It is not a theoretical approach, it is not an ivory-tower or a bureaucratic approach; they are 

actual measurements relating to wind farms. In addition to the material that has been provided, having looked at 

the submissions, I have four additional points which I wish to add to my submission. 

The first one, which may assist in the understanding of this matter, is that the bill has to be complementary to 

existing guidelines and standards that are used for wind farms in Australia. My understanding from an acoustic 

viewpoint is that the bill required some amendments so as to agree with technical aspects, and I assume that it 

would be following the issue with the guidelines. The second point is that excessive noise, which relates to the 

first part of the bill, may be identified in various planning documents and wind farm guidelines but is not defined. 

The purpose of the bill gives a methodology for defining excessive noise. Therefore, in dealing with the bill, I 

have already provided recommendations for some additional wording. I would need to amend that. For the 

purpose of background, it needs to follow the procedures that appear in the standards and the guidelines, because 

that is a mechanism that is already accepted and it exists in practice for proposed wind farms. 

The fourth point that I have is to assist the committee. I have drawn some lines on two regression curves I 

placed in my report at appendix E. I have copies available for members. I have placed the concept of background 

plus 10 on the graph. Also, in the concept of the noise that will be generated by both these proposed wind farms, 

one in New South Wales and one in South Australia, I have shown that the numbers presented in the bill will not 

alter the operation or noncompliance of what is proposed. 

Dr Shepherd:  I have a PhD in psychoacoustics, which looks at the relationship between the physical 

properties of sound and the consequential psychological sensations, perceptions, feelings et cetera that they give 

rise to. The impact of environmental factors on health defines my scope of research. I have published papers in 

peer reviewed journals on noise induced health impacts and the psychophysical measurement of human hearing 

abilities. I have also presented at numerous international conferences on this topic. Also, over the last six years I 

have spent a considerable amount of time in a region of New Zealand known as Manawatu, where I have resided 

in a dwelling located about 2½ kilometres from a major wind turbine installation. I am here today to discuss the 

impacts of wind turbine noise on health. 

Dr Thorne:  My evidence is simply to assist the committee, to expand on the detail within the bill and to try to 

give some practical guidance as to the different methods of analysis and assessment that would flow from the 

language within the bill. In this respect, my submission is basically a set of definitions and then, based upon my 

work over the last seven years just on wind farms, I have put in some guidance as to what I would expect to see in 

terms of measurement and assessment, which is under section 20A of the bill, referring to regulation. I believe 

this is necessary so that there is a fair discussion on what are the practical aspects of this bill and how to 

implement it. 

My background is that I have been involved in acoustics since 1975. We do a lot of work on this type of noise. 

Wind farm noise is quite unique in its effect on people, as far as I can see. So I have added to my submission a 

paper that I have written on a wind farm study that was done in Victoria—and I just noticed that I had not quite 

specified where the wind farm study was done. I have not read any other submission to this inquiry, so I ask that 

that be borne in mind. 

Senator MADIGAN:  Dr Shepherd, what is the peer reviewed data saying about wind turbine noise and 

people's health and wellbeing? 
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Dr Shepherd:  Comparatively to other noise sources, there has not been quite as much research done, and this 

is obviously due to the recent emergence wind turbines. What seems to be coming out from the data, which, by 

and large, has been collected in Europe, is that wind turbine noise really is no different to other forms of annoying 

community noise such as aviation noise, road traffic noise or nightclub or neighbourhood noise in that people do 

find it very annoying and it has a potency to disrupt sleep. In fact, the latest research is suggesting that wind 

turbine noise may actually be slightly more toxic than other forms of noise. The idea around that perhaps is that, 

because wind turbines are situated predominantly in rural areas, there are a number of physical and psychological 

factors which would cause that. One would be, for example, a lower ambient background noise level and fewer 

masking structures in rural areas and also that a lot of people actually seek to live in semirural and rural areas 

simply because those areas are quiet and those people may be noise sensitive. So the current research is saying 

that, yes, wind turbine noise does degrade health, as other forms of noise do, but it in fact may do so even more 

due to its unique locality. 

Senator MADIGAN:  You would be aware that a number of reviews have been written on wind turbine noise 

and health implications. What are your opinions of these? 

Dr Shepherd:  I have read a number of reviews in the area. Generally, my opinion of them is not high. Most of 

them have been done, I think, in the United States. One was done in Australia, which I have read and which stood 

out as being particularly poor. They are usually done by organisations which seem to have rather large conflicts of 

interest and they do not actually follow what we would say is sufficient scientific or research methodology in 

taking out these reviews. They often leave out a lot of reports and they often do not identify certain factors which 

are important when one is trying to critique or critically analyse the value of these reviews. I would always advise 

people not to look at the reviews, but rather to go to the source papers and look at the original data. I think that the 

last review that was published at the beginning of this year claimed to be peer reviewed but, when one actually 

looked into it, it was in a journal where the author paid to have it published. We call this a pay-and-display 

publication. My opinion is that I do not take these reviews very seriously and I would advise other people not to 

as well. 

CHAIR:  You say that some of the reviews are particularly poor. What reviews are those? 

Dr Shepherd:  The one that was done in Australia was the top of the heap. 

CHAIR:  What was that one? I do not know it. 

Dr Shepherd:  I think the Australian Medical Council or the Australian Medical Association sponsored it. It 

was called Wind turbines and health: a rapid review of the evidence. It was certainly very rapid. I do not think 

anyone could argue against that. The issue that one can instantly see is that the authors in this particular case were 

not even stated—you could not even look at the qualifications of the authors who undertook the review. Vast 

amounts of literature had been excluded for no obvious reason. Generally, there is a panel of non-experts 

commenting in fields that are beyond their expertise. 

Senator XENOPHON:  For the sake of fairness, on notice, could you provide details of those papers you refer 

to and the papers that you say are not appropriately peer reviewed or that have some other deficiencies that you 

refer to? On notice, could you give details of those so that the committee can make appropriate reference to them 

if necessary. 

Dr Shepherd:  I certainly could. 

Senator MADIGAN:  Some people suggest that the people who are complaining about wind turbine noise are 

simply crazy people or moaners who are just happy to have something to complain about. Some people also argue 

that the annoyance to wind turbine noise is simply a reflection of jealousy towards their neighbours' economic 

gains. Is this what the research suggests in your opinion? 

Dr Shepherd:  There are two questions there. Firstly, there has been some discussion that perhaps those who 

complain about noise in general have personality deficits such as neuroticism et cetera. The research is not really 

bearing this out. We are finding that certain individuals seem to be more sensitive to noise than others, which we 

call noise sensitivity. We can also compare that to noise resistance. In our everyday lives, we know individuals 

who are noise sensitive. When they are at work, they cannot have the radio on in the background; or, if someone 

is clicking a pen, they find it very difficult to fulfil their tasks, whereas other people can work through 

jackhammers that are being used in a building. 

It is being more and more accepted now that, as you say, these people are not crazy and they are not moaners. 

But there does seem to be a sort of susceptibility there in terms of noise sensitivity. Some of the latest research 

that has been coming out of Europe in the last two years has stated pretty categorically or convincingly that there 

is a clear genetic component to noise sensitivity. Other research is coming out saying, 'Here are some potential 
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brain or biological mechanisms that will explain why certain people are different.' Certainly when we look at 

mental health and mental illness we see noise sensitivity prevalent across different diagnostic categories—for 

example, autism, schizophrenia et cetera. So no, they are not crazy or moaners. It is just that within any 

population there seems to be a continuum of noise sensitivity and people who are high on that continuum tend to 

seek out quieter areas to live in. So, to answer the question, no, they are not likely to be crazy and they are not 

likely to be moaners, but they may be noise sensitive. 

Senator MADIGAN:  My next question is to Dr Thorne. Your submission is quite a detailed, technical 

submission. Have you had any experience in writing legislative requirements for noise mitigation? 

Dr Thorne:  Yes, I have. Some years ago I was responsible for the writing of the Queensland noise policy. 

That was back in 1997. It was framed and developed over a period of some years with a lot of consultation with 

industry and with people who are susceptible to a whole range of different noises. In particular we worked with 

low-frequency noise and sleep disturbance in the home. The text of the policy was to allow people to have 

reasonable amenity and undisturbed sleep and also to allow business to develop. This was fairly intensive work 

and it was done over five years. I had a lot of experience with writing different briefs for ministers and for 

different departments to try to put together a policy that made sense. 

This policy was based purely on environmental nuisance. We are most concerned with sleep disturbance and 

disturbance with relaxation. In those days wind farms were not around, but what was around and what was 

causing a lot of people problems were air conditioners. There is a lot of similarity between the low-frequency 

thrumming noise from air conditioners and refrigeration plants and wind turbines in the current situation. 

The sound from turbines—and I would reply to Dr Shepherd on this—can be measured in three distinct types 

of measure. The first is sleep disturbance. This is a noise, whether it is a hum or a drone or a thump, just above the 

threshold of hearing. When people are trying to get to sleep it keeps them awake. People cannot get rid of this 

type of noise. They cannot, as we say, habituate to it. This is one of the classic issues with wind farm noise, I 

believe. This is seen now in five different wind farms. 

Senator MADIGAN:  I note in your submission that you have included details of potential regulations when 

this hearing is concerned with a bill. Why have you included details of potential regulations? 

Dr Thorne:  Section 20AB of the bill refers to regulations, hence my submission. This issue on excessive 

noise is quite complex. It is very easy to say it quickly, but when you start pulling apart each part of the bill and 

saying, 'Can we make this work? Is it fair, is it reasonable and is it practical? Does it give certainty of 

application?' then I felt that it was best to draft something that could be considered—no more than that—by the 

committee as a regulation or as a guide to regulations, or not, as the case may be. But referring to standards does 

not help because standards will change and standards are written for specific purposes or general purposes, 

whereas this is a specific bill for a specific noise source. 

Senator XENOPHON:  Mr Cooper, without going into too much of the detail of the work you have done in 

the past, you have been a court appointed expert on cases involving excessive noise. Is that right? 

Mr Cooper:  Correct. 

Senator XENOPHON:  In other words, you were not there for one side or the other; the court actually 

appointed you to give evidence? 

Mr Cooper:  Yes, I have worked both sides of the fence and in the middle, being for the court. 

CHAIR:  Some politicians could relate to that! 

Senator XENOPHON:  I understand you are currently doing work for the defence department on the Joint 

Strike Fighter project. Is that right? 

Mr Cooper:  Correct. 

Senator XENOPHON:  Did you have a key role in drafting the Australian standard for aircraft noise for 

residents? 

Mr Cooper:  Yes. The current version, which is 2000, I most probably edited a quarter of, and I wrote one of 

the appendices for compliance testing. 

Senator XENOPHON:  And that has also been adopted overseas in part. Is that correct? 

Mr Cooper:  Part. But the work that I did in terms of aircraft noise has changed the integrated noise model, 

which is the computer model used for predicting aircraft noise. I found an anomaly which neither the National 

Acoustics Laboratories nor Airservices Australia could sort out. My work with military aircraft found the problem 

and I went to America and the FAA agreed with me and modified the program. 
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Senator XENOPHON:  So the work you have done has led to some changes in the way that aircraft noise is 

dealt with for residents in the United States as well? 

Mr Cooper:  It has dealt with the model, because the model had inaccuracies. The first part I did is about 

lateral attenuation. The second part is atmospheric attenuation, and that is changing the way models are being 

done. 

Senator XENOPHON:  Fine, I just wanted to clear that up. There are two parts to this bill. The first is the 10 

decibels above background noise and the second part—which I will go to first—relates to getting information 

from wind turbine proponents in relation to the source of the noise, wind speeds and a whole range of other 

factors, and I think you are familiar with those provisions. 

Mr Cooper:  Yes, I am familiar. 

Senator XENOPHON:  Can you indicate what you have experienced when you have been asked by residents 

to measure noise—the difficulties you have in getting information from proponents? 

Mr Cooper:  Yes, if I can assist the committee, the graphs that I handed up this morning appear as appendix 

E1 in my report. It is a graph that is used prior to the development of a wind farm. It is a graph that plots the noise 

level for different wind speeds measured at the hub height. This becomes the assessment procedure—that is, the 

noise emission for the wind farm is expressed in terms of a DBA level versus the wind at the hub height. So the 

only way you can do a compliance check is to measure the noise at the residence and compare it with the wind at 

the hub height. If you cannot get the wind at the hub height, you cannot determine acoustic compliance. So you 

need that information. It is not available. The wind proponents or the authority will not supply the material. 

Senator XENOPHON:  To use one of Senator Cameron's classic phrases, there is some information 

asymmetry here with respect to that? 

Mr Cooper:  Yes. It is impossible for anybody to do a compliance check without this data. 

Senator XENOPHON:  So it is a catch-22. You cannot work out whether there is compliance or not for a 

particular development without this data? 

Mr Cooper:  As it is expressed in terms of a noise limit versus the speed. If there were an absolute limit full 

stop it would be a different kettle of fish. But because the wind farms are expressed relative to the background 

level and the wind speed you have to do the compliance with respect to that criteria. 

Senator XENOPHON:  Are they the shortcomings in current noise-measuring and forecasting techniques 

used by the operators? 

Mr Cooper:  The forecasting techniques follow the guideline, and I am assuming the bill follows the 

guideline, so it does not look at the direction of the wind; it provides an average. By definition those dots show 

that the noise will be both higher and lower than an average. So we are already doing an averaging technique for 

the purpose of compliance. In terms of the monitoring it is still assessed against this curve and you measure the 

noise. The predictions are in actual fact in the bottom graph, where the green dots are. The black line is the 

prediction for that wind farm, and it is under the regulatory limits and it is under the plus-10 limit. In the upper 

graph, which is for Flyers Creek, there is a line hidden in the blue dots, which is the regression line. The red line 

is the permitted limits under the South Australian guidelines, and the black line is what the bill would say. So that 

wind farm would actually produce lower noise than what the bill is looking to. In the second graph there is a need 

to reduce the noise level at the lower wind speeds and it the operation of a wind farm will be under that limit. 

Senator BACK:  What is the thick red line in the bottom graph? 

Mr Cooper:  I used black in the upper graph because there is already a red line. The red line in the bottom 

graph is my hand-drawn approximation of plus-10. That is, it is plus 10 on top of the blue line. So if one has a 

graph in front of them they can understand what the bill is saying and where the limits apply versus what is 

currently required, and the black line in the bottom graph is the predicted noise level for this wind farm. You will 

see that the noise level changes with the wind speed at the hub. That is why you need to have the wind hub 

information. 

Senator XENOPHON:  And you have requested this, obviously, in your work and it has been knocked back. 

Is that the case? 

Mr Cooper:  Correct. 

Senator XENOPHON:  What reason was given to you? 

Mr Cooper:  (1) I was not going to get it.  

Senator XENOPHON:  That is not a reason. 
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Mr Cooper:  That was given as a reason. Another one was commercial-in-confidence. 

Senator XENOPHON:  How could it be commercial-in-confidence? 

Mr Cooper:  I do not know. I do not understand, because this is the criteria. A compliance test was done for 

New South Wales for a wind farm and they gave the material and they plotted the wind farm wind speed at the 

time. That appears in the report. So it may be it is commercial-in-confidence to anybody but the applicant. 

Senator XENOPHON:  Can you explain why you believe in the concept of 35 or 40 DBA levels in 

background level at night when the background level of less than that is unacceptable? I think one of the 

templates used for guidelines were the South Australian EPA guidelines, which I think were changed several 

years ago—the threshold changed. 

Mr Cooper:  Yes. These two graphs actually apply the earlier concept of the EPA—the upper graph, 35 and 

background plus five. The bottom graph is where it was changed to be 40. What both of these graphs show— 

Senator XENOPHON:  Why was it changed from 35 to 40? What is your understanding? 

Mr Cooper:  I understand it was political. There were changes in zoning in policies. There is no data that has 

ever been presented to justify the levels. There are no social surveys, no acoustic surveys to say these are the 

appropriate levels in a rural environment. There is nothing referenced in the South Australian guideline, the draft 

New South Wales guideline or the New Zealand standard. It is one of the things I have asked for and I have not 

been able to find. 

Senator XENOPHON:  In addition to the explanation I have asked you to give, can you weave into that what 

the difference would be if you put a wind turbine—in the context of this bill—in, say, a built-up city area 

compared to a rural environment? Are these guidelines skewed or inadequate in the context of a rural 

environment or are they more designed for a suburban environment? 

Mr Cooper:  If I can answer the question in a different way. 

Senator XENOPHON:  Sure. 

Mr Cooper:  Using the graph that I have provided you, the green dots show the background level. It shows 

that, as the wind at the hub height is reduced to four metres per second, the average background level is around 23 

dBA. That is much lower than a noise level in a suburban area at night. The black line is the current guideline 

criteria. It says it can be 40; therefore, that is more than 15 dB above the background. Generally, for industrial 

noise sources, the criterion used throughout Australia is background plus five. 

Senator XENOPHON:  Why plus five? 

Mr Cooper:  The standards say that if a noise is above the background it is likely to be annoying and that 

exceedances of up to five are of marginal significance. So the concept has been that for general noise you can 

have noise that is audible but once you get to about five, above the background, it starts to present problems to the 

community or those people being affected by the noise. So if the background is higher in a city environment, then 

you can have a higher noise level. If you are near a large industrial estate or near a freeway that generates noise, 

then you are in a noisier environment and you can have a higher level of noise emission from the industrial 

sources.  

This graph clearly shows that, as you move to quieter environments, then the criteria that apply should also 

drop down. Therefore, the red line in the bottom graph is showing 10 dB above the background. That is more than 

what is the general noise acceptability. Some people could say the appropriate criterion is background plus five. 

That is a reasonable argument. I am looking at the practical situation and it would seem that, from the 

measurements, if you are at background plus 10 you will cause some disturbance, as Professor Hansen said, but 

certainly nowhere near the level of disturbance as doing background plus 25, or even 30, which can be permitted 

at the moment. 

Senator XENOPHON:  One final question. I read Professor Chapman's paper as saying: this is a syndrome, it 

is a nocebo effect. You are dealing with the science and the acoustics. What do you say to the statement that this 

is all in people's heads or is a psychological effect? 

Mr Cooper:  I have produced a number of peer reviews that are in the public domain and I have produced a 

number of papers. I said when I first started to look at this matter, I went along to places and I had trouble hearing 

the noise and I wondered what the complaints were. But I have been doing noise investigations for 35 years and 

there are times when there is no valid reason for a complaint, times when there is a valid reason for complaint and 

clearly obvious. I kept on digging and looked at further information and testing. I uncovered these low-frequency, 

infrasound components. I measured them inside and outside houses. There is energy there that people cannot 

necessarily hear. I am just an acoustician; I am not a medical doctor. But I found things that are there. If this gives 
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an answer to what is giving rise to disturbance that people cannot hear or they may not be able to feel, then I have 

started that work. I have found that there is a unique signature associated with turbines and you can measure them 

near the turbines and measure them up to seven kilometres away, down at Waterloo. I have been to a house—and 

this is in my submission—and seven kilometres away I can see this signature and the pattern is there. You cannot 

hear it because it is lower than the threshold of hearing, both in frequency and in level, but it is there.  

Other people can talk about the impacts because they are qualified in that area. I am just a noise guy. I have 

done the measurements and I have found there is something there. I am just simply the start of the food chain, so 

to speak, in looking at it. At present, the guidelines are in dBA and that is all that we can deal with, although all 

the guidelines say if you have tonality, low-frequency modulations, you adjust the noise for the character. That 

happens in every standard we have in Australia for noise assessment. If the noise is broadband, you take the 

number. If it has other characteristics, you add a penalty to it. Wind turbines are no different. It appears in all the 

standards and I have been able to show that modulation, infrasound and tonality occur under certain—not all—

installations. In some cases I have been to houses and I could not hear a thing and I could not measure anything. 

That is the nature of the beast. Sometimes the wind blows in different directions. That is the variability that you 

get. It happens in all sorts of noise studies. Take noise from a hotel. Sometimes there is a noise problem; 

sometimes there is not. Usually the worse the band the louder they play! That is what happens. 

Senator BACK:  Dr Shepherd, just reading through the report that you were kind enough to provide which 

was published in September-October this year, in summary you said statistically significant differences were 

noted in some health related, quality-of-life domain scores with residents living within two kilometres of the 

turbine installation. Firstly, are you aware of your work yet being undertaken or repeated in other countries? 

Secondly, what further work do you have to do in New Zealand to validate the findings of your evaluation in this 

particular paper? 

Dr Shepherd:  We have resampled in the area we originally collected from. We did that in July of this year. 

We are currently inputting data. Hopefully what we will see, one way or another, is the longitudinal effects of 

being exposed to wind turbine noise. That way we will be able to also gauge whether or not habituation is 

occurring amongst individuals. 

In respect to international research, there was a peer reviewed journal article published a month ago. I think 

you spoke to Chris Hanning and Dr Nissenbaum. this morning Obviously their research has been published. They 

looked at similar measures of health related quality of life. They have used what is called the SF-36 measure. 

They found a dose response relationship in terms of mental health and general health. Basically, as one gets 

further and further away from a wind farm, the prevalence of complaints around sleep and health decrease. 

Senator BACK:  With regard to the questionnaires, was there any opportunity within those questionnaires for 

people to be able to indicate whether they knew the turbines were on or off at the time that they were either 

recorded or reporting the information upon which you relied for the quality-of-life evaluations? 

Dr Shepherd:  Our study was a masked study, so we went in with questionnaires and we basically gave the 

impression that we were measuring neighbourhood amenity—for example, things like rubbish collection, police 

presence, playgrounds and things like that. Then we asked questions about noise and health et cetera. That way 

people not knowing the actual intention of the study could not give purposely biased responses. 

But we also had what we call an open-ended question right at the end, which was basically just a blank box 

where people were allowed to write in various comments. In the area that we sampled that contained the wind 

farm, which was an area called Makara, a number of people, probably a good 80 per cent or more—I can certainly 

send this information to the committee because we have it in electronic form— 

Senator BACK:  Yes, please. 

Dr Shepherd:  In these comments boxes they were saying, 'The wind turbines are keeping us awake at night 

when the wind blows from specific directions.' In answer to your question, yes, there was some awareness there. 

Senator BACK:  Mr Cooper and Dr Thorne, this circumstance is relating to proposed federal legislation. 

Obviously under our Constitution we are a federation. The area in which we are delving is covered by state 

legislation. Why should the Commonwealth be involving itself in this legislation which, at the end of the day, is 

state managed? 

Mr Cooper:  It was a point that I touched on as additional to my submission. You will not find in the current 

guidelines or standards used for wind farms a definition of 'excessive noise'. It exists in planning concepts. In 

South Australia it says that wind farms are not permitted to create excessive noise, but there is no definition. So 

the addition of 'excessive noise' overcomes the inadequacies of the current regulation. That is all that it is 

applying. It is not changing the operation of the wind farm. It is a matter of addressing the excessive noise. 
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Senator BACK:  But couldn't that be incorporated into state legislation? 

Mr Cooper:  It could be incorporated into state legislation but it will take some time because the various 

environmental authorities have not actually investigated the noise issues from complaints from residents, there is 

a serious lack of credibility in terms of the origins of the data and, as I have said, there is no justification. I have 

put in my submission that, if one were to take into account what has occurred, if the state regulations were 

changed to be 25 dBA, or background plus five, then that would seem to cover the majority of the occasions; it 

would not cover all of them, but it would overcome that issue. At the present time that has not occurred and there 

is an excessive bill. That is the first part of the bill. The second part of the bill is required because none of the 

regulations stipulates this information, and the community needs to have that information so as to establish in the 

first instance that wind farms comply with their state regulations. 

Senator BACK:  Dr Thorne, what are your thoughts on state legislation? 

Dr Thorne:  My view would be that the Commonwealth give an overview and support the states. Queensland 

has a mechanism that would sit very well with the excessive noise definition. The thing that none of us has is a 

consistency across all states. That leads to my mind to the most important function of this bill: it gives a 

consistent approach to excessive noise throughout all of Australia, whereas each individual state could and does 

have completely different criteria, different standards. Back in the old days, there was a competition policy 

process whereby one state could not disadvantage the other states by having different criteria. In the days when I 

was working with it, we were dealing with environmental noise. We tried to get a consistency of approach 

through all the different states—this was back in the mid-nineties. This is where I would see the benefit of this 

particular bill in that it provides a certainty of approach to all states, it provides a certainty of approach to the 

industry and it gives a clear definition to all the different states' legislation. They may well want to pick it up and 

take some part of it for their own noise assessment protocols. 

Senator BACK:  At page 3 of your submission you refer to the publication of information on the internet. You 

say section 20AB, requiring publication on the internet, should be strongly supported. Could you explain to us 

why that is the case when much of the information may be available from other sources? Would it not simply 

impose another burden of administration on those who are operating these facilities? Why have you strongly 

supported that position? 

Dr Thorne:  This information is not available currently anywhere. This is part of the problem with compliance 

protocols and checking compliance with wind farms that I have been involved with. We cannot get the hub height 

wind speeds, as Mr Cooper has mentioned. We can get the 10-metre high wind speeds and do some maths 

relationships, which are a bit open to debate. The type of process that I have suggested is no different to what I 

recommend to my clients currently for doing their own work for their environmental authorities. 

In New Zealand they had a simpler system, and Dr Shepherd has mentioned Makara, or the West Wind wind 

farm. They had four remote logging stations. They did not put anything on to the internet because the connections 

were not there and there was not a need. But I would say that the type of protocols that were put in that I have 

suggested even the playing field. This does two things. It gives the different states automatic information so that 

they can check compliance. The noise may not be excessive, of course. In the bill there is quite a high threshold 

for determining excessive noise. But, at the moment, there is no set protocol or ability for people to know what is 

happening, whereas with an environmental authority they can go to their state governments and generally pick up 

that information, through FOI, on what is happening at different locations. 

I do not see this as being a very expensive option, and it is work that we do ourselves, so I know the costings 

pretty closely and the practicalities of how to actually do it. That is the background to my recommendations. 

CHAIR:  Mr Cooper, how many peer-reviewed technical papers have you written on the specific issue of wind 

turbines? 

Mr Cooper:  In terms of papers, two of them that have been published and, in terms of reports, another four 

that have been reviewed by other acousticians before they were released. 

CHAIR:  Where they published in any technical journals? 

Mr Cooper:  No. The peer reviews appear predominantly on the New South Wales Department of Planning 

website, and on other council websites that I have been engaged in. There are a number of papers currently in 

process. There is a series of papers to the acoustical society. They are expecting another one in the next week 

from me to follow on from the ethics paper. That paper is: 'Wind farms: what dBA doesn't tell you'. 

CHAIR:  So could you provide details of your peer-reviewed papers and any publications you have made to 

the committee? 
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Mr Cooper:  In my report I have provided the two papers, which I have had peer-reviewed, and the technical 

article that appeared in the August edition of the Australian Acoustical Society's journal. It appears as an 

attachment. And the second paper, 'Are wind farms too close to communities?' also appears already in my 

submission, and I can give you a list of the other peer reviews that I have conducted that have been reviewed by 

other acousticians before they went out. 

CHAIR:  Thank you. Have you had discussions with the acoustic engineers working for the New South Wales 

government Department of Planning and/or the EPA with regard to your wind farm studies? 

Mr Cooper:  There was only one engineer in the Department of Planning. His name is Jeff Parnell. The 

answer is: yes and no, in that I had discussions with him prior to my undertaking the work, and at a recent 

meeting that was at Cullerin he refused to talk to me. As to the EPA, the EPA had said that they are not involved 

in it at the present time. I have had some informal discussions with two officers of the EPA who have asked me 

about the technical aspect of my measurements because I have used equipment that they do not have; it is more 

sophisticated. I had to explain to them about the frequency responsive microphones so that they could understand 

my data and do the corrections. 

CHAIR:  So the New South Wales department would not talk to you? 

Mr Cooper:  The one officer who is handling noise, at a meeting which was part of an audit process for 

Cullerin, refused to talk to me and had his back to me for the entire two hours. 

CHAIR:  Was there any other state government reaction to your studies? 

Mr Cooper:  No. There was actually a deafening silence. 

CHAIR:  It is like that on the wind farm! 

Mr Cooper:  There was an extensive submission that went in in relation to the wind farm draft guidelines 

issued by the department. There were only four technical submissions in acoustic terms. Mine had detailed 

information, and it actually had where I had tried to do compliance testing and came up with the problems of not 

having the information. I gave the examples and there has been no response, but there were some discussions with 

the aforementioned New South Wales EPA officers about my methodology and measurements. 

CHAIR:  Are you aware of a company called Sonus? 

Mr Cooper:  Yes, I am. 

CHAIR:  Are they a reputable company in sound engineering? 

Mr Cooper:  To some people, yes; to some people, no. 

CHAIR:  To you? 

Mr Cooper:  No—not on the work that I have seen they have done. 

CHAIR:  So they are not reputable? 

Mr Cooper:  I have found problems with their work and misrepresentation in terms of what they have reported 

about wind farms. 

CHAIR:  Are you aware that they have been working on wind farm noise issues since 2002? 

Mr Cooper:  Yes. 

CHAIR:  So they are not competent? 

Mr Cooper:  One of the persons I have spoken to is competent. I have had lengthy discussions with him. 

CHAIR:  What happened to his input? One of them is competent. Are there other incompetent people at 

Sonus? 

Mr Cooper:  I have not discussed with the other people. I had the opportunity when I was at a public meeting 

at Wellington to talk to one of the authors of the reports and we discussed some of my findings. He was most 

interested in my work and that I had uncovered new areas of research that had not been looked at before. He 

advised me that he would also like to investigate that, but there was no funding to look into the areas that I had 

exposed. 

CHAIR:  Who is funding your analysis? 

Mr Cooper:  Regarding my analysis—you are looking at it—I have had some funding from some 

communities where I have done some peer reviews. The Goyder regional council did a peer review on Stony Gap, 

but 95 per cent of the work that I have done with consulting fees comes to probably a quarter of a million in the 

last 12 months. 
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CHAIR:  What about the Waubra Foundation? 

Mr Cooper:  No. The Waubra Foundation provided some funding for some measurements I conducted in 

Waterloo—a small amount for a proportion of the time that I was there. It assisted me to get there to do some 

measurements. 

CHAIR:  You have a relationship with the Waubra Foundation? 

Mr Cooper:  I have relationships with many consultants. I have spoken to two directors at the Waubra 

Foundation. I meet with them and discussed some of my findings because they are interested in the work that I am 

doing. Do I have a relationship? No, I am not part of the Waubra Foundation. I am not part of any political lobby; 

I am not part of any anti wind farm group. 

CHAIR:  Have you looked at the Sonus 2010 report? 

Mr Cooper:  Which one? 

CHAIR:  There was a report in 2010 from Sonus. 

Mr Cooper:  Is it the one on infrasound? There are two reports that are generally circulated: one about 

environmental noise and one about infra-sound. If it is the 2010 infra-sound report, yes, I have, and I have been to 

Cape Bridgewater to measure at their spot and found a lot more turbines than they indicated. 

CHAIR:  There was the technical paper of 2010; one done for the Clean Energy Council. 

Mr Cooper:  I think that is a general overview. I have seen that one. There was another one done for Pacific 

Hydro. 

CHAIR:  Are these papers incompetent? 

Mr Cooper:  The infra-sound paper is misleading. 

CHAIR:  Can you provide some evidence as to where it is misleading and where there is a lack of competency 

in the Sonus paper on notice? I am not asking you to do it now. You indicated that you could pick up noise from a 

wind turbine seven kilometres away. 

Mr Cooper:  I said I picked up infra-sound. Yes, I did pick up noise. It appears in my report. It is shown at 

appendix D19. 

CHAIR:  I am not sure that you are qualified to answer this, but you may have a view. Would there be any 

health issues surrounding that type of infra-sound from seven kilometres away? 

Mr Cooper:  If you go to appendix D9, it will show you the signature of the turbines. The red line is the 

outside and the blue line is the inside. It will show you that there are actually some high noise levels inside. The 

levels that are reported, that I indicated by Professor Salt, show they have the potential for giving rise to 

disturbance. I can only report on the measurements that I have taken. I have identified that the signature is 

apparent. Outside the residence you could certainly hear a low-frequency hum—there is no doubt about that—and 

the background level was about 25 dBA at that site. 

CHAIR:  There is an international standard for wind turbine noise, IEC 61400-11. You are aware of that? 

Mr Cooper:  Part 11, issue 2 is the current version. 

CHAIR:  Yes. Is that appropriate? 

Mr Cooper:  It is a method at the moment for talking about measuring the sound power level. It has a problem 

in that the position it does at the ground level has an issue with directivity. The standard does not measure below 

30 hertz, so it does not have a procedure for assessing infrasound in terms of it, and it presents the wrong formula 

for the propagation of low-frequency energy, in that it uses a six dB per doubling rather than a three or four dB 

per doubling, as shown in— 

CHAIR:  Mr Cooper, is there any plain English language that explains what that means? My eyes are rolling; I 

don't know what that means! You can take it on notice if you like and give us a plain English analysis. 

Mr Cooper:  No, it is very simple. The noise for general noise in the dBA drops off at six dB per doubling of 

distance. Every time you double the distance, it goes down six dB. But, when you deal with low frequencies and 

you deal with line sources, it goes off at a lower rate. It is identified in one of Dr Chapman's reference documents. 

It shows that the rate of low frequency is a much lower rate than normal noise. So what happens is that the low 

frequency and particularly the infrasound are underestimated as you go further away from the wind farm. 

Senator BACK:  They are underestimated? 

Mr Cooper:  Underestimated. 
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CHAIR:  I just have one last question. The Sonus 2010 report says that Australia has amongst the most 

stringent and contemporary rules in place for wind turbine noise of anywhere in the world. Is that correct? 

Mr Cooper:  In terms of dealing with the South Australian guidelines, at the time yes. If you were to introduce 

the New South Wales guidelines, they are actually more stringent. The reason is that the South Australian 

guidelines used to say 35; they have now lifted to 40. The New South Wales guidelines are talking about 35 in 

background plus five, but they separate it into day versus night. The South Australian guideline allows you to 

average all the data together, so it lifts the regression curve and gives you a higher starting point. 

CHAIR:  If the standard that you are advocating were applied, or the standard in the regulations were applied 

generally for infrastructure and engineering facilities across the country, how many infrastructure and engineering 

facilities would need to be closed down? 

Mr Cooper:  You mean if you apply the— 

CHAIR:  If you applied it generally. 

Mr Cooper:  If you applied the background plus 10 to industry? 

CHAIR:  Yes. 

Mr Cooper:  Most of that is already applied, because it is background plus five measured as an average noise 

level. So that becomes the standard criterion. So this is more lenient than what happens for industry across 

Australia. 

CHAIR:  You are saying that this would have no effect, that you could not have any effect on the rest of 

industry if you had this specific issue applying to wind turbines? I am just wondering why wind turbines and 

nothing else. 

Mr Cooper:  It might be a couple of lawyers' questions, but, if we first put it as industry in suburban areas, 

they are already governed in the general concept of background plus five. If you do some industries in rural areas, 

in the rural areas where you have industries they influence the noise, they create the background, and if there is 

other industry you are already artificially there. If there is no industry and you put a new one there, like a gas-

fired power station, it becomes the noise source, and there have been problems. So, in the rural area, there are 

some cases where industry, if they applied this condition, could have penalties. In the suburban areas, with the 

excessive noise condition, no, if you take it as the average noise level, because the noise limits for industry are 

basically background plus five or, where there is lots of industry, actually less. 

CHAIR:  Thank you, Mr Cooper; thanks, Dr Shepherd and Dr Thorne. 

Proceedings suspended from 12:24 to 13:03 
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SELIGMAN, Professor Peter, Honorary Professor, Melbourne Energy Institute, University of Melbourne 

Evidence was taken via teleconference— 

CHAIR: I welcome Professor Seligman. Is there anything you would like to add about the capacity in which 

you appear today, Professor Seligman? 

Prof. Seligman:  I am an electrical engineer appearing on behalf of the Melbourne Energy Institute of the 

University of Melbourne. 

CHAIR:  The committee has been provided with your submission to the 2011 community affairs committee 

inquiry into the social and economic impact of rural wind farms and some additional information provided by 

you. I now invite you to make a short opening statement, at the conclusion of which I will invite members of the 

committee to ask questions. 

Prof. Seligman:  Yes, I do. My first comment is that the environment is awash with infrasound, which is both 

from natural and man-made sources and which is often far in excess of what is produced by wind farms. 

The second point is that there is a claim that it is modulation of low-frequency noise that can produce the 

symptoms that have been described. The Melbourne Energy Institute, in combination with the Department 

Psychology, are planning to do a double-blind study with this type of noise to see if we can actually induce the 

symptoms that have been described. That study has not started yet, but it is forthcoming. 

Another point that I would like to make is that there appears to be an epidemic of what is called 'wind turbine 

syndrome' in Australia and in Ontario in Canada but not in most other regions where there are wind turbines, 

which is a peculiar distribution. Another point is that in the USA, symptoms of wind turbine syndrome were 

reported, peaked in 2010 and are now on the decline, indicating that possibly the symptoms are not being reported 

there anymore and that concern is going away. That is my opening statement. 

Senator XENOPHON:  Professor Seligman, thank you for your submission. Just in terms of your background: 

you are a biomedical and acoustic engineer? 

Prof. Seligman:  That is correct. 

Senator XENOPHON:  Have you undertaken any surveys or studies of wind farms with a view to recording 

the levels of noise, both infrasound and other forms of noise— 

Prof. Seligman:  No, I have not been involved in any of those studies. 

Senator XENOPHON:  Have you seen any of those studies at all? 

Prof. Seligman:  Yes. 

Senator XENOPHON:  For instance, we heard from Mr Steven Cooper earlier today, an acoustician of some 

35 years standing—did you manage to have a chance to hear his evidence? 

Prof. Seligman:  No, I have not been— 

Senator XENOPHON:  That is fine; I just wanted to confirm whether you had a chance to hear Mr Cooper's 

evidence or not. Have you had a chance to critique the studies done, including the relatively recent New Zealand 

study, which I understand was peer reviewed—I think that was Daniel Shepherd and others—in relation to their 

assessment of wind turbine noise and the potential effect that could have on residents in terms of sleep 

disturbance? 

Prof. Seligman:  I have read a paper by a New Zealand group. I do not remember if it was Shepherd or not, 

but I could certainly review that paper again. There was a conference a couple of years ago in Rome in which 

there were something like 100 papers, and I actually did look at quite a number of those papers. But I do not 

remember this particular one by Shepherd. 

Senator XENOPHON:  Again, I do not want to put you on the spot; but if you could, then perhaps the 

committee could write to you with some of the peer reviewed literature—some of the papers that have been 

referred to in this inquiry? 

Prof. Seligman:  Certainly. 

Senator XENOPHON:  For if you have any particular views in respect of them. Certainly, I think that Mr 

Cooper referred to himself as being 'way down in the food chain', in all these in the sense that he said that he did 

the acoustic recordings and reports and that it is a matter for interpretation by others as to what impact they have. 

But it seems to be way above the accepted benchmark of 5dBA above background noise. 

Prof. Seligman:  I see. Yes, okay. I will look both at Steven Cooper's paper and at the Daniel Shepherd New 

Zealand material. 
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Senator XENOPHON:  Sure, that will be very useful. If you could respond to that—in fairness to you, so that 

you can have a chance to comment on that. 

With the work that you do as a biomedical and acoustic engineer: you were part of the original team that 

developed the Australian Cochlear implant, which is a great Australian invention. What work are you doing at the 

moment? Are you either consulting or giving advice? 

Prof. Seligman:  I have retired. I did work for the company Cochlear for 26 years; before that I worked for the 

University of Melbourne. I have now retired, but I work on a very casual basis with the Melbourne Energy 

Institute and I also work one day a week with the Bionics Institute, which was formerly called the Bionic Ear 

Institute. 

Senator XENOPHON:  Again, I congratulate you on all the work that you have done on the cochlear implant. 

May I take you to the two main provisions of the bill. The first relates to the issuing of a renewable energy 

certificate if the noise levels are 10 dBA above background levels. Is it your understanding of EPA guidelines 

around the country and WHO guidelines in respect of noise that five dBA above background is generally the 

threshold by which there is a level of annoyance and disturbance to individuals who are experiencing it at that 

level or above? 

Prof. Seligman:  Certainly a perceivable level above background noise can be annoying to people who already 

have some adverse opinion of what is happening. I could imagine that, for example, if I were to move to a nice 

quiet place in the country and somebody did something which made it noisy, whether it was a wind farm, a 

freeway or anything else, I would be annoyed by that. 

Senator XENOPHON:  Perhaps I need to reframe that question. Do you acknowledge that EPA guidelines 

and WHO guidelines, and acousticians such as Mr Cooper, who appeared earlier today, make reference to the 

level at which there is annoyance being five dBA above background noise? Is that a reasonable proposition from 

your point of view? Obviously, the noise you experience in the middle of the Sydney CBD is quite different to the 

noise you experience in a rural environment. 

Prof. Seligman:  I can only go back to my previous remark. The level of annoyance is very much a subjective 

thing, whether it is something that you object to or something that you do not mind. For example, a tram going by 

can be an annoying thing to some people but not to others. 

Senator XENOPHON:  I am sorry. I understand there are issues of subjectivity, but isn't it the case that the 

EPA guidelines around the country and the WHO guidelines talk about objective levels of noise above 

background levels of noise before it could become annoying in the same way that we have rules that say you 

cannot use your lawnmower at six o'clock on a Sunday morning? Do you acknowledge that there are accepted 

standards in various EPA guidelines? 

Prof. Seligman:  Of course I acknowledge that there are accepted standards, yes. 

Senator XENOPHON:  The second part of the bill relates to a requirement that there be published online—in 

other words, that there be some transparency and accountability around—various information such as information 

about noise, wind speed and direction, weather conditions and power output. Do you have any issue with that part 

of the bill insofar as it relates to the provision of information? For instance, Mr Cooper, who has been an 

acoustician for 35 years, told me that, when he has requested information, it has been refused to him, as have 

other researchers, including Professor Colin Hansen, who is part of an Australian Research Council grant that is 

looking at noise. Do you think it is reasonable that those basic pieces of information should be out there and 

readily available? 

Prof. Seligman:  Yes, I think that is reasonable. 

Senator BACK:  Thank you very much, Professor, for your paper. I did try to access the reference that you 

had made to pacifichydro.com.au for the infrasound report but unfortunately it had been withdrawn from the 

website so I was not able to access it. 

Prof. Seligman:  I see. 

Senator BACK:  I wonder if you would have a copy of it that you might be able to provide to the committee. 

Prof. Seligman:  Yes, certainly. 

Senator BACK:  In your submission you also pointed out, in figure 7 of the document, an issue relating to 

doubling of distance, and I was not able to check on that. In your submission, and I think it is at paragraph 5, you 

made an observation that infrasound at that level is not detectable 'by man or machine'. Could you explain to us 

what you were referring to in making that observation? 

Prof. Seligman:  Unfortunately I do not have it right in front of me. 
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Senator BACK:  It was to do with 'The arguments for and against damage or annoyance at a distance'. You 

made the observation: 

It has been argued that infrasound does not propagate and attenuate with distance in the same way that normal sound does. 

You made the observation that that was not borne out by Pacific Hydro and then you went on to say: 

At 5 km (4 doublings), a distance at which it is claimed infrasound is still problematic (Dr. Michael Nissenbaum), the level 

would be some 24 dB below background level, undetectable by man or machine. 

I just did not quite understand what you were getting at. 

Prof. Seligman:  The thing is that if you want to detect a sound or anything if it is below the ambient level it is 

really swamped by that ambient level so it is not really detectable anymore because there is another level which is 

much higher and which is overwhelming it. So if it is 24 decibels, which is a long way below the ambient 

background noise level, then there is no instrument that is going to be able to pick it up because the instrument 

will just pick up the background noise. 

Senator BACK:  So just picking up the background noise itself and not the other? 

Prof. Seligman:  Yes. 

Senator BACK:  Mr Cooper, in his evidence to us earlier in the day, was saying that in some of the work he 

has been doing he has actually been able to detect infrasound signatures, which I think was the term he used. The 

chairman has just told me he thought that he used the term 'unique signatures'. Presumably with his using that 

term I wonder whether he was actually referring to it being unique to a wind turbine. He was able to detect those 

unique signatures out seven kilometres. Would that be consistent with your experience? Would that be, from your 

point of view, a likely scenario that he would have been able to detect and report? 

Prof. Seligman:  It sounds somewhat unlikely but there are special methods for detecting signals in noise 

which are used, for example, in wi-fi and in the radio field. That is where you are looking for a very specific 

signal in background noise which has got a wideband nature. So if you have got ambient noise which is very 

wideband and quite uniform across the band and you are looking for a particular signal, you can use special 

mathematical techniques to extract that signal out of the noise. Whether the human physiology is able to do that, 

to extract a particular signal like that, is a good question. That is actually partly the reason why I will be doing this 

study whereby we will be producing a wind turbine signal which we will be presenting to subjects. We will be 

doing a double-blind study in which the subjects will not be able to hear this noise nor will the testers and 

observers. So we will be trying to see whether any symptoms can be displayed. 

Senator BACK:  That will be very welcome work. In commenting as Senator Xenophon was, I note the paper 

to which he was referring was one led by Dr Daniel Shepherd and was in Noise & Health of September-October. 

A second paper was in the same publication of September-October. That was by Nissenbaum, Aramini and 

Hanning, in which they reviewed the reaction from people who were inside and were 1½ kilometres from 

industrial wind turbines in the United States and there was a second group outside that and it was coming up with 

adverse reports of sleep disturbance and ill health among those living closer. The secretariat might send you 

those. I would be very interested. Dr Nissenbaum briefly spoke to his paper, but that is only weeks old. I would be 

most interested to receive your observations of that paper as well. 

Prof. Seligman:  If you could send me that paper, that would be great. 

CHAIR:  Thank you for that. 

Senator XENOPHON:  This is not a criticism by any means, but you have a view that you consider that wind 

turbine energy is a good source of renewable energy from a policy perspective? 

Prof. Seligman:  Yes. 

Senator XENOPHON:  And it is something that you have advocated publicly, and there is nothing to be 

ashamed of, if that is the case—that is your view? 

Prof. Seligman:  That is my view. 

Senator XENOPHON:  It is something that you have any commercial involvement in, or as an investor? 

Prof. Seligman:  I am a shareholder of Hepburn Wind, which is a very small community wind farm. We have 

two turbines. 

Senator XENOPHON:  I take it that is not something you will be retiring on? 

Prof. Seligman:  Not exactly! 

Senator XENOPHON:  I thought it would be good to clear that up. 
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Prof. Seligman:  I have another comment to make. In doing the study that we are doing with the Department 

of Psychology, I am not here to try and prove that this sound cannot produce symptoms. Our objective is to make 

a completely impartial measurement on the sound to see whether we can induce any symptoms. If we could 

induce some symptoms, I would think that would be a positive breakthrough for both the wind farm advocates 

and the opponents to wind farms, because if you actually knew of a mechanism that could induce these symptoms 

then you could basically keep that under control and work out what legitimate and reasonable guidelines would 

be. At the moment we do not have any mechanism that fully explains the symptoms. That would be the objective 

of the study: can this sound produce symptoms? If it can, we would be able to work out what the sensible 

guidelines would be. 

Senator XENOPHON:  I invite you to consider that comment in the context of the material that you will be 

referred to by the committee, in terms of a number of studies that have been done with respect to wind turbine 

noise and issues of health effects, including some peer reviewed papers. I would be very grateful if you could 

comment on those peer reviewed papers in the context of what you have just said. 

Prof. Seligman:  Yes. 

CHAIR:  We had evidence from Professor Alec Salt from the Department of Otolaryngology. 

Prof. Seligman:  From Washington University in St Louis. 

CHAIR:  You are aware of Professor Salt? 

Prof. Seligman:  Yes. 

CHAIR:  Professor Salt rebutted your arguments about the background noise and the internal noise of the 

body. He said that sound generated internally was generated in the cranium cochlear aqueduct and that it does not 

stimulate the hair cells of the ear, so we need better studies to understand what is really happening. Do you have 

any comment on that? 

Prof. Seligman:  That is the issue which we are addressing in the study which we plan to do. 

CHAIR:  So you have got that covered off in terms of your prospective research. 

Prof. Seligman:  It is specifically aimed at investigating that point, yes. 

CHAIR:  Two of the submissions we have are about being able to pick up the noise and the infrasound up to 

seven kilometres away. Are you aware of the Nissenbaum paper? 

Prof. Seligman:  Yes. 

CHAIR:  The conclusion they come to is that the wind turbines disturb sleep, cause daytime sleepiness and 

impair mental health in residents living within 1.4 kilometres of the two installations that were studied. The paper 

goes on to argue that the wind turbine noises are a further source of environment noise with the potential to harm 

human health. Do you have any views on that? 

Prof. Seligman:  I can only go back to some of the things I said in my opening statement. There appears to be 

an epidemic of this wind turbine syndrome in certain regions and it is not reported at all in others. That raises a 

question as to how valid these accusations are. Nevertheless, we are still open-minded and we would like to try to 

make as objective a study as is possible on this topic. 

CHAIR:  The position in Australia at the moment is that the advice being received is that we should basically 

take precautionary measures. Do you agree with that? 

Prof. Seligman:  I would agree with that if the precautionary measures were what I would consider to be fair 

and reasonable and I am not sure whether at the moment I could comment on that unless I knew what those 

measures were. 

CHAIR:  The World Health Organisation states that there is no reliable evidence that sounds below the 

hearing threshold produce psychological effects. Are you monitoring the WHO view on this? 

Prof. Seligman:  I am aware of that view, yes. 

CHAIR:  Do you agree with that at the moment? 

Prof. Seligman:  Yes. 

CHAIR:  Have you come across any evidence to say that there is a link to this wind turbine syndrome through 

wind turbines operating? 

Prof. Seligman:  As you will be aware, there is a whole plethora of papers and documents out there putting 

one view or the other: that these symptoms are being induced, or that these symptoms cannot be induced. It is our 
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objective to assess the validity of the views. If there is the theory that a particular type of noise can induce these 

symptoms, we are asked to try and establish whether that is repeatable. 

CHAIR:  What you are basically testing is what we have heard about this morning—the nocebo effect. Is that 

correct? 

Prof. Seligman:  No, we are not actually testing for the nocebo effect. We are testing for a specific type of 

noise which has been described by Dr Alex Salt. He is actually proposing a particular mechanism for these 

symptoms and we would be interested in trying to induce those systems with the kind of noises he is talking about 

to see whether it is something that you can repeat. 

CHAIR:  We had evidence from Dr Nissenbaum this morning and he says that there has been no published 

articles or assessed articles to refute the article by Nissenbaum, Hanning and Aramini. I just noticed now that that 

was published in September-October 2012 in a publication called Noise and Health. Would it have been possible 

to do an analysis of that given that it was only published in September-October? 

Prof. Seligman:  It is unlikely, isn't it? 

CHAIR:  So the argument that there has been no rebuttal of this does not mean to say that people will not have 

a look at it and deal with it. 

Prof. Seligman:  No. 

CHAIR:  Professor Seligman, we are over time. Thank you for your help and thank you for taking on board 

the questions that have been put to you on notice. 
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DONOGHUE, Mr Kieran, General Manager, Policy, Energy Supply Association of Australia 

PRYOR, Mr Ben, Policy Adviser, Energy Supply Association of Australia 

WARREN, Mr Matthew, Chief Executive Officer, Energy Supply Association of Australia 

[13:34] 

Evidence was taken via teleconference— 

CHAIR:  I now welcome representatives from the Energy Supply Association of Australia. The committee has 

received your submission, No. 205. Would you like to make a short opening statement, at the conclusion of which 

I will invite members of the committee to ask questions? 

Mr Warren:  I will keep this brief because I am conscious of the time. We appreciate the opportunity to 

present before the committee today. Taking our submission as read, we would make the following three points in 

relation to the proposed bill. The first is that issues around noise and planning controls are already managed by 

the states in Australia. There is legislation and there are extensive and comprehensive noise and planning controls 

in place. Given that, the ESAA's view is that it is difficult to see what the proposed legislation is going to do that 

is not already adequately dealt with by the states. 

The second point to make is that the notion that you would have legislation to enshrine a specific noise 

standard on one technology only, and not have noise standards to protect a certain threshold for all sources of 

noise, we find a little confusing. It strikes us that if there is a concern in regional communities, or urban 

communities for that matter, that households and others are suffering detrimental effects as a result of a certain 

threshold of noise, it would seem logical for those noise standards to be applied to all sources and not just one 

technology type. 

The third key point to make is that legislation which makes the development of any energy technology more 

difficult and more challenging invariably makes the cost of that energy and therefore power bills more expensive. 

So you can continue to impose more punitive standards on wind farms or other sources of generation, but the net 

effect will be to put upward pressure on commercial and residential power bills. That concludes our opening 

comments. 

CHAIR:  Thank you. 

Senator XENOPHON:  Thank you for your submission. Your members would include wind turbine 

proponents and companies. Is that fair? 

Mr Warren:  Yes, some of our companies are in the business of developing and installing wind farms. 

Senator XENOPHON:  Sure. There are regulations nationally and indeed there are international standards 

such as the WHO's, but I am talking about EPA regulations that talk about levels of noise above background noise 

that are permissible in industrial developments. It is acknowledged that the reason those benchmarks or standards 

exist is that noise can affect the amenity and, for instance, the sleep of nearby residents, whatever the source of 

the noise is. 

Mr Warren:  Yes, that is right. 

Senator XENOPHON:  There are two parts to the bill. I will begin with the second one first. It relates to 

requiring proponents of wind turbines to provide certain information and make it publicly available, and that 

includes a range of factors such as publishing on the intranet information about the noise, the wind speed and 

direction, weather conditions and power output. We heard a number of witnesses earlier today, including 

Professor Colin Hansen and Mr Steven Cooper, an acoustician. Professor Hansen is undertaking research via an 

Australian Research Council grant and we heard that when he has asked for information from wind turbine 

proponents of these very matters that information has been refused. Does your association have a view on that 

information being made publicly available? 

Mr Warren:  Some of those aspects are information that we as an industry collect and provide. The power 

output of different generation projects is publicly known. There is a rated power output of turbines but, of course, 

that will depend upon differing wind conditions. I think that information is available through the energy market 

operator, if you chose to delve into it. 

Senator XENOPHON:  I must take issue with that little snide remark: 'if you chose to delve into it'. Firstly, 

this is a matter where acousticians, researchers such as Professor Hansen, who has an Australian Research 

Council grant—and we know how rigorous the Australian Research Council is before it grants funds for 

research—say that they cannot get basic information in order to undertake their research and that includes issues 

such as the noise attributable to wind farms; the wind speed and direction at wind farms; the weather conditions at 
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wind farms; and the power output of individual turbines at wind farms. So for you to suggest that if I chose to 

look into it I could somehow get this information I find personally quite offensive. 

Mr Warren:  That is your decision, Senator. 

Senator XENOPHON:  It is not a decision; it is an observation. 

Mr Warren:  It is up to you, Senator. You can say whatever you like. 

Senator XENOPHON:  We have heard from witnesses today, eminent researchers, who say they cannot get 

information in relation to issues such as wind speed and direction, weather conditions and power output which, 

axiomatically, would be necessary in relation to the issue of determining compliance with EPA regulations. 

Mr Warren:  Senator, before you interrupted me, I was explaining that the rated output and energy production 

of wind turbines—any project—would be available from the energy market operator if you chose to ask them for 

it. I am explaining that the aspect of the data you are seeking is publicly available. 

Senator XENOPHON:  Perhaps you could take on notice—and I am sorry if we were talking at cross-

purposes—the specific complaints of some of the witnesses at this inquiry, saying they cannot get some basic 

information in terms of being able to determine whether compliance takes place. It is almost a catch-22 situation. 

There are existing rules that relate to EPA guidelines with respect to wind turbines but, in order to determine 

whether there is compliance, they need this information. That is what has been put to us in summary by a number 

of witnesses who are attempting to research this issue. 

Mr Warren:  Sure. But in relation to noise attributable to wind farms, as I am sure you are fully aware, in 

order to collect that information accurately you need the cooperation of the wind farm operator because you need 

to switch the wind farm off in order to compare noise when it is operating with when it is not operating because 

ambient noise can constitute some, if not all, of the noise recorded near a wind farm. 

Senator XENOPHON:  But do you agree that, as a matter of public policy, considering that wind farms get 

renewable energy certificates, that there is in effect a subsidy in respect of that—I am not taking issue with that, 

because I understand the public policy desirability of renewable energy—isn't it reasonable that there be 

cooperation between the proponents and those who want to ensure that there is compliance with current EPA 

guidelines? 

Mr Warren:  Sure, but my understanding is that all wind farm projects are operating under certain licence 

conditions and are required to comply already with those standards that apply to them in each case. So I would 

assume by definition that that is occurring. If every time somebody wants to come and reassess the noise output of 

a wind farm and asks for it to be turned off, there is a degree in which that process can become onerous just 

because that wants to be repeated. But I would have thought that information would be available as a by-product 

of the approvals and licence conditions. 

Senator XENOPHON:  I think this will be my final question, because the chair has been very generous. 

Perhaps if it were put to you in writing what the specific concerns are—and we are waiting for some email threads 

from, I think, Professor Hansen in relation to this—that might clear up where the information asymmetry is 

occurring. That might be of more assistance to you to focus on the specific complaints that have been made about 

that information. 

Mr Warren:  Sure. We are absolutely happy to help anyone. There is information available and we are happy 

to direct them to how they can obtain that information so that they can fast track their research. 

Senator XENOPHON:  Thank you. 

Senator BACK:  In his evidence earlier today, Mr Cooper was talking about the need to receive information 

on wind, speed and power output at the hub of the turbines. Is this information collected, and can it be made 

available? The point he was making was in terms of placing an application before the relevant authorities and that 

that sort of information would be necessary to be able to fully complete an application by a proponent. 

Mr Warren:  I am not sure that I understand that, Senator. There are two stages. There is a wind farm that is 

operating and that has already received its approval, and there is a proposed wind farm where there are no 

turbines currently operating. Are you referring to the former or the latter? 

Senator BACK:  I would be referring to the latter. You would have to draw upon information presumably 

from existing turbines to be able to provide the information, wouldn't you? 

Mr Warren:  If there are many turbines in the region then wind speed is something you would need to 

measure on the site. It would depend on who owns the land as to how you acquire that information. I am checking 

with Ben whether the applicants, as part of the approval process, provide wind speed data. I would not have 

thought that was difficult. We can take that on notice. On the second part of the question: if there are no turbines, 
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it is difficult to specifically identify. There is nothing there to measure apart from wind noise prior to the 

application going through. 

Senator BACK:  Just a point of clarification, if I can, Mr Warren, to a question that Senator Xenophon asked 

you and that you responded to regarding turning off the turbines: the advice is that the turbines do not need to be 

turned off to gain the information that Senator Xenophon was asking about. Would you confirm that to be the 

case? 

Mr Warren:  I would struggle to understand how you could possibly measure discrete noise coming from a 

wind turbine. You need to turn them off to be able to compare the ambient noise without the turbine to the noise 

with the turbine. Turbines are in windy locations. Most of the time the noise you are picking up is the noise 

directly from the wind. Issues arise in this area, particularly at times of low wind levels where the turbines are still 

operating but the ambient noise is quite low. The only way to identify the discrete noise coming from a turbine is 

to turn it off and on and compare the two different outcomes. 

Senator BACK:  Mr Warren, at the top of page 2 in your submission, you make the observation: 

… esaa considers that the Renewable Energy (Electricity) Amendment (Excessive Noise from Wind Farms) Bill 2012 

places arbitrary and onerous requirements on wind farms that are not based on sound scientific advice. 

I wonder whether you could reconcile that with your answers to a question last year by then Senator Fielding in 

the inquiry, which you were good enough to appear at as a witness. The question put to you by then Senator 

Fielding was: 'What factors would you use to determine the setback?' Your answer was 'measured audible sound'. 

What I am failing to understand is that in 2011 you regarded measured audible noise to be the desired measure. 

Am I wrong in my understanding of your now saying that this information on excessive noise 'places arbitrary and 

onerous requirements on wind farms that are not based on sound scientific advice'. What am I failing to 

understand? 

Mr Warren:  I do not think they are inconsistent. I think you are referring to the evidence I gave last year in 

my prior role as the chief executive of the Clean Energy Council, but that is more for the record. 

Senator BACK:  Yes, that is correct. I understand that to be the case. 

Mr Warren:  Our observation in the submission from the SAA is that if you have a concern about any 

threshold of noise affecting the amenity of households or others, that threshold should be consistent across all 

sources of noise, not just a specific technology. So the onerous nature and arbitrary nature refers to the proposed 

legislation's specific focus on one technology and one type of noise only. 

Senator BACK:  That is auditory noise, is it? 

Mr Warren:  Yes, that is what noise is, I think. 

Senator BACK:  Yes, I think you dealt with that in some answers to questions last year. In the time available, 

I again go back to your submission. You made mention of the NHMRC carrying out a more in-depth study of 

potential health issues related to wind farms. It is my understanding that what the NHMRC are doing is updating 

their literature review. Is that correct, or do you understand that they are actually undertaking epidemiological 

research? 

Mr Warren:  I think you right, Senator; I think they are updating their literature review. There is a lot of 

research done in this area and I think they are aggregating and updating the work that has been done to date. 

Senator BACK:  Due to time constraints, I will put my other questions on notice. 

CHAIR:  I will also ask a question on notice, as we have run out of time. In the Vestas submission they say 

that the amendments would be inconsistent with the Renewable Energy Act and the objects of the act, and they 

outlined the objects, being: 

(a) to encourage the additional generation of electricity from renewable sources; and 

(b) to reduce emissions of greenhouse gases in the electricity sector; and 

(c) to ensure that renewable energy sources are ecologically sustainable. 

Could you give some thought to that, see whether you agree with that proposition and give us some details on 

your view on that. 

Mr Warren:  Certainly. 

CHAIR:  We have run out of time, so I thank you for your input today. 
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ROSS, Dr James, Member, Doctors for the Environment Australia 

TAIT, Dr Peter, Convenor, Ecology and Environment Special Interest Group, Public Health Association of 

Australia 

WALKER, Ms Melanie Jayne, Acting Chief Executive Officer, Public Health Association of Australia 

[13:52] 

CHAIR:  I now welcome representatives from the Public Health Association of Australia and Doctors for the 

Environment Australia. The Public Health Association of Australia and Doctors for the Environment Australia 

have lodged submission 23 with the committee. Would you like to make a short opening statement? At the 

conclusion of that, I will invite members of the committee to ask questions. 

Ms Walker:  Firstly, we would like to acknowledge the traditional owners of the land on which we meet, the 

Ngunawal people here in the ACT. We would to like to acknowledge the committee members and thank them 

very much for the opportunity to appear before the committee to elaborate on the content of our submission. For 

some of the committee members who might not be familiar with our organisation, the Public Health Association 

of Australia is a membership based organisation. We have some 1,900 members across Australia which constitute 

both individuals and organisations across a variety of fields with an interest in public health. Our members are 

doctors and nurses, researchers in the area of public health, public health practitioners, Aboriginal health workers, 

people working in related community sector fields and indeed consumers of health services as well, so we have a 

very broad membership base. We also have branches in each state and territory of Australia, and we have a range 

of special interest groups that basically look at portfolios of interest within public health. Public health is 

obviously a very broad area, so we have special interest groups. Dr Tait, who will speak very shortly, is the 

convenor of our environment and ecology special interest group. That is a bit of an introduction to our 

organisation. I would like to hand over to Dr Ross to provide a bit of an introduction to Doctors for the 

Environment before we summarise what the submission says. 

Dr Ross:  Doctors for the Environment Australia is a branch of the International Society of Doctors for the 

Environment. We are a membership based organisation consisting of doctors of all types and we work to address 

diseases that are caused by damage to the earth's environment. In that context we advocate and attempt to educate 

in those areas. 

CHAIR:  Dr Ross or Ms Walker, have either of you heard of the wind turbine syndrome? 

Dr Ross:  In terms of a syndrome I cannot say that I have heard of that in those terms. Can you elaborate, 

Senator? 

CHAIR:  It is just something that is out there called the wind turbine syndrome and it lists 150 different health 

problems that are associated with it. Have you not heard of that? 

Ms Walker:  We are certainly aware of wind turbine syndrome. The difficulty for Dr Ross is it is not a 

recognised illness or syndrome. At this stage the evidence is still very much out. It is important to note though 

that reviews of all the literature to date have failed to identify any adverse physiological effects attributed to 

exposure to wind turbines, with the exception of those mediated by noise in a small proportion of exposed people 

whose symptoms may or may not be related to perception, annoyance and other psychosocial factors related to the 

uptake of the new technology. While we do acknowledge the literature around the emerging evidence, we think 

the jury is still out on wind turbine syndrome. I might just throw to Dr Peter Tait to elaborate a little on our views 

in terms of the content of the submission. 

Dr Tait:  Thank you. If I may just summarise the submission which you have in front of you, the Doctors for 

the Environment Australia, which I will start calling DEA, and the Public Health Association of Australia, which 

I will start calling PHA, because that is going to be quicker, have three core problems with this bill. 

Firstly, it fails to recognise the broad context of health effects from all the range of electricity generation 

options that we are choosing to use, and it is taking that around wind farms out of context. We think that any 

impacts of wind farms need to be taken in that broader context in order to be understood and judgements made 

about how to respond to them. We do note that there is an ongoing debate about the potential for wind turbines to 

create annoyance, which seems to be a response to audible noise rather than infrasound or any other sorts of 

noise, in a small proportion of people—the literature says about nine per cent of people who are exposed. We are, 

of course, concerned that for these people this is an issue that we need to be dealing with. Whether this is the right 

way of doing it is another question. 

We are also aware, as Melanie has just pointed out, that there is a range of other factors that seem to be 

affecting whether a person will or will not respond adversely to the presence of wind turbines in their vicinity. 



Page 44 Senate Wednesday, 14 November 2012 

 

ENVIRONMENT AND COMMUNICATIONS LEGISLATION COMMITTEE 

The wind turbine syndrome was coined by Dr Pierpoint in her series of case studies. It has not been accepted in 

the mainstream as a syndrome yet. The evidence that has come out of the previous Senate inquiry into wind 

turbines suggested that it is audible noise that is creating the problem, similar to audible noise that comes from 

trains, air-conditioners, traffic, aircraft and all the other things which cause audible noise. We think there is a 

problem with creating a new not particularly well-described and not particularly well-researched syndrome. 

We also note that other electricity generation sources have similar problems which, in addition to noise, also 

include things such as visual impacts, dust, volatile organic compounds and greenhouse gas emissions and the 

effects they have on global warming from fossil fuel use. It is important to bear that context in mind as well, and I 

am glad, Senator Xenophon, that you were saying that you appreciate the role that renewables play in combating 

that. In summary for that part, we maintain that the focus on wind turbine noise out of the larger context is going 

to lead to a skewed policy approach to how we deal with the as-healthy-as-possible electricity generation in 

Australia. 

Secondly, we are aware, and I have just heard from previous evidence that the committee is aware, that the 

National Health and Medical Research Council is conducting another review to get a more up-to-date handle on 

the literature around health impacts from wind farms. We are concerned that this bill, if it goes through, will pre-

empt the findings of that and we would think that any action should wait until that review is complete in the 

middle of next year. 

Thirdly, there are a couple of 'minor-ish' details around the contents of the bill which are in the submission, but 

the main one, and the one that seemed to be being talked about just before we came on, was this issue about the 

10 decibels above existing noise levels: how the level of 10 decibels was reached; what the scientific evidence 

behind that decision was; how you technically measure 10 decibels above pre-existing noise; what are you 

comparing; and how are you defining pre-existing noises at peak noise, mean noise and lower noise. We think 

that setting a limit like this, it is probably too early. But I will leave it at that and leave ourselves open to 

questions. Thank you. 

Senator XENOPHON:  Thank you for your submissions and thank you for being here today. Hydro-

electricity power stations are one of the cleanest forms of energy and Tasmania has been a leader in that. You 

would agree with that in terms of a form of energy? If I were put to you, based on information provided to me by 

Mr Steven Cooper, I think one of the nation's leading acousticians, that the current rules that relate to EPA 

guidelines for hydro-electricity power stations, coal-fired power stations and gas-fired power stations—so quite a 

mix there of energy from clean to not so clean to dirty in relative terms—are background noise plus five decibels. 

So that might help you, Dr Tait: we have used a level of 10 decibels, but with wind turbines it is either 35 or 40 

decibels plus five—it seems to be at a different threshold. The rules seem to be different. If there is a rule that 

applies to hydro-electric power stations and coal-fired power stations and gas-fired power stations that is a 

benchmark for noise affecting residents, should not the same sort of rule apply to another form of renewable 

energy—namely, wind turbines? 

Dr Tait:  If we are talking about just noise, then that would be reasonable. 

Senator XENOPHON:  That would be reasonable? If we want consistency, shouldn't we begin with plus-five 

decibels for all energy in terms of that criterion of noise? 

Dr Tait:  Without knowing the background to how the EPA guidelines got to pick five decibels as their 

number— 

Senator XENOPHON:  We have heard evidence from acousticians today that they say five decibels is a 

threshold by which it will be of some annoyance rather than a minor annoyance—perhaps considerable 

annoyance—to a number of people, although the bill refers to 10 decibels taking a more conservative approach. 

Dr Tait:  Again, without knowing too much about that and not having noise and not being an acoustician, it 

does make it difficult to assess that. I can only go on a very broad statement that if that is what has been arrived at 

then that would seem a reasonable place without being able to comment on the 'how you get there'. 

Senator XENOPHON:  I get where you are all coming from about the impact of, say, a coal-fired power 

station on health in terms of particulates and issues of lung impact. I do not take issue with you about that. I note 

that the Public Health Association is on your website; it provides a forum for the exchange of ideas, knowledge 

and information on public health and you have done a lot of terrific work—is it Michael Moore that I have dealt 

with in the past?—and I applaud the work that you do. But I have had a number of constituents who have 

approached me saying they are concerned about this. We have heard from a number of acousticians and 

professors of engineering and a neuroacoustician and one of the issues they have is that in order to determine 

compliance with respect to wind turbine noise, they cannot get access to the information. 
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In your submission you said: 'In relation to assessment of wind turbine noise, several complicated issues arise: 

for instance, how is electricity supply to be maintained during this test period?' I understand why you said this. 

That is one thing. Mr Stephen Cooper has advised me that his and other research factors-in that you do not switch 

off the wind turbine. As long as you get that data from the turbine components you do not have to switch it off 

because you factor that in, and he has factored that into his research. As a general principle, the second part of the 

bill says that you need to provide this information publicly, about the wind speed, the noise and the power output, 

in order to encourage that debate and exchange of ideas. Would you have difficulty with that being made public, 

as a general principle? 

Ms Walker:  I do not think we have a problem, in principle, with the need to monitor noise and different 

outputs coming from wind turbines as a matter of principle. Just before I go further I would like to thank you for 

acknowledging the work of the Public Health Association, and Michael Moore is still about—he is just on 

holidays overseas at the moment. He is in transit back to our shores even as we speak. We do have a broader 

perspective of the whole wind turbine issue in terms of the balance that needs to be struck with health effects. 

Yes, noise is one issue but is it better to be near some wind turbines that make a little noise or is it better to be 

near another power-generating source that may have a whole range of other health effects? It is an issue of 

balance for us that has to be weighed up. 

Senator XENOPHON: Or is it better to invest in other renewables, such as geothermal, that can actually 

replace baseload coal-powered stations? But that is another debate. 

Ms Walker:  Our policy is to reflect the need to explore that, yes. 

Senator XENOPHON:  Is there a dangerous proposition in what you have just put—that it is better to have a 

little bit of noise? If the evidence from acousticians, neuro-acousticians and neuroscientists is that this causes, in 

certain circumstances, sleep disturbance for a proportion of the population who live near a wind turbine and that 

sleep disturbance itself can affect one's health, is it not something you should take into account? 

Ms Walker:  Absolutely. It is part of the range of things that need to be considered. In our submission we 

make it clear that we think the latest NHMRC consolidation of evidence in the area will be really vital to how we 

look at and consider the different issues that need to be balanced in considering this broader issue. With regard to 

what you hit on before, in terms of principle, the issue of equity in how we manage noise—and we manage noise 

from different sources of electricity generation— is very important. It is important that we do not disregard any 

evidence that is coming forward on negative health impacts. But we are concerned that, in this instance, we may 

be jumping the gun a little in accommodating health impacts that have not entirely been proven. 

Senator XENOPHON:  I am just trying to find some common ground. The second part of the bill relates to 

the exchange of information in order to ensure compliance. We have heard from Mr Cooper. We have heard from 

Professor Colin Hansen, who is doing an ARC-funded project on wind noise. He cannot, from his evidence today, 

get some basic information that we are seeking to open up in this bill. Do you think, as a general principle, it is 

important for that information to be made available? 

Ms Walker:  As a general principle, absolutely. It is very important that there is clarity. But we also need to 

understand the meaning of that. I think the review of the evidence will give us some important benchmarks by 

which we can have a better, meaningful understanding of that. I take the point you made about turbines not 

needing to be switched off in order to understand the difference in noise levels, but at a conceptual level I have 

difficulty with that. How do you measure the impact of something if you do not have a before and after 

benchmark? 

Senator XENOPHON:  I refer you to Mr Cooper's evidence. If you could take this on notice: do you support 

the provisions in the bill, in relation to the second part of the bill, with respect to the exchange of the release of 

information, taking into account the evidence we heard earlier today from a number of senior researchers that they 

are told—point blank—they cannot get this information? I would ask you to consider that in the interest of at least 

having that information out there. 

CHAIR:  Senator Xenophon, we are out of time and no other senator has really had an opportunity here. Are 

there any questions that you want to put on notice now, Senators? 

Senator BACK:  Certainly, Chair. I will provide them to the secretariat. 

CHAIR:  Senator Madigan, have you got any questions on notice? 

Senator MADIGAN:  Yes. 

CHAIR:  Do you want to put them now? 



Page 46 Senate Wednesday, 14 November 2012 

 

ENVIRONMENT AND COMMUNICATIONS LEGISLATION COMMITTEE 

Senator MADIGAN:  Yes. It seems to me that the arguments used by the DEA and the PHAA to downplay 

and minimise the adverse health effects of wind turbines draw heavily on psychosociological ideas repeatedly 

promoted by Professor Simon Chapman in the form of psychogenic theory. Any health problems that arise are 

attributed to socially transmitted fears of new technology. Do you accept that this theory is dangerous to public 

health because all manner of technology can be declared benign even when more detailed knowledge of the area 

suggests the opposite? 

CHAIR:  Dr Tait, if you could answer that very quickly because we are out of time. 

Dr Tait:  What we know, from a lot of the social determinants in health literature, is that a lot of chronic 

disease is actually mediated through psychosocial mechanisms, so, from a public health point of view, we are not 

thinking this is a dangerous theory. I do not have time here to go into the full account of how Professor Chapman 

got to that position. There is some research to be done here. The noise is a problem. How people respond to the 

noise is a problem. Whether people are getting financial benefit from having wind turbines in the area seems to be 

a mediating factor. So there are lots of social things that are happening that do seem to be mediating how people 

are responding to the noise. Part of the problem, I think, of going around and promoting a wind turbine syndrome 

and going into communities and getting people scared about wind turbines is that it has muddied the water and it 

is distracting us from actually dealing with those small groups of people who have got a legitimate problem and 

do need us to be having some sort of debate about how we as a society work to help them with the issues that they 

are experiencing. 

CHAIR:  Thank you. Any other questions will need to go on notice. 

Ms Walker:  We are happy to take those on notice. 

CHAIR:  I thank you all for your assistance today. 

  



Wednesday, 14 November 2012 Senate Page 47 

 

ENVIRONMENT AND COMMUNICATIONS LEGISLATION COMMITTEE 

CHAPMAN, Professor Simon, Private capacity 

[14:12] 

Evidence was taken via teleconference— 

CHAIR:  Welcome. You have lodged submission No. 185 with the committee. Do you wish to make a short 

opening statement? 

Prof. Chapman:  I have been very interested in wind turbines for the last few years because I noticed that 

there were many statements which were appearing, particularly on the internet, and making claims that they were 

causing all sorts of illness and I have a longstanding interest in new technology and the way in which it often 

inspires anxiety and fear in populations. I am Professor of Public Health at the University of Sydney. I have 

published work in the area of mobile telephone towers. About 10 years ago there was a great deal of alarm. That 

alarm has almost completely disappeared. You very rarely hear people expressing anxiety about mobile telephone 

towers these days. We saw the same sort of thing happen globally with things like microwave ovens, video 

display units on computers and television sets. Even way back in the 19th century when telephones were 

introduced we saw a similar thing. 

I had a curiosity about what was happening here and started becoming interested in studying this area. I have 

rapidly formed the view that this is clearly a psychogenic phenomenon. The main reasons for saying that are that 

expressions of concern among residents living adjacent to wind farms only occur in relatively few places. The 

overwhelming majority of wind farms around the world do not have any sorts of examples of people expressing 

anxiety. There is something like 200,000 wind turbines around the world and most of the concern which is being 

expressed is in areas like Ontario, in Canada—but not in other places in Canada—several areas of the east in the 

United States, the United Kingdom and Ireland, and some places in Australia. 

You would have seen that I have listed in one of my appendices the large number of wind farms that are 

established in Australia. The majority of those wind farms have had no complaints whatsoever from residents. In 

the whole of the state of Western Australia, for example, no complaints have been lodged. In Esperance, for 

example, the first wind farm went up in 1993. They have not had a single complaint. In the eastern states as well 

there are wind farms where there has been no history of complaint. For example, the Snowtown farm, which has 

something like 450 residents within five kilometres of it, has had no complaints. At Coober Pedy in South 

Australia the whole population of 3,500 lives within five kilometres of the wind farm. There have been no 

complaints about it. 

So, when you start saying that there are radically different levels of complaints being expressed about wind 

turbines, obviously we are starting to look at variables other than the alleged toxicity of the wind farms coming 

into play. If it were true that wind farms make people ill, all other things being equal it would be the case that 

people would be made ill in the sorts of proportions alleged wherever wind turbines are located. But that is far 

from being the case. 

The other thing that struck me about it is that there are many cases of wind turbines having been up for many 

years and there being no complaints for many years or many months and then suddenly complaints start appearing 

from a small minority of residents who live near the turbines. Those complaints are usually followed by agitation 

from anti wind turbine groups who use the media or hold meetings in the towns—that sort of thing. And that is 

consistent with the psychogenic hypothesis as well. 

Senator XENOPHON:  I want to put a few propositions to you. You accept that excessive noise levels can 

lead to sleep disturbance? 

Prof. Chapman:  Yes, noise level can be associated with sleep disturbance very obviously. 

Senator XENOPHON:  And sleep disturbance can have an adverse effect? 

Prof. Chapman:  Yes, I accept that. 

Senator XENOPHON:  There are WHO guidelines and also EPA guidelines in relation to the noise thresholds 

that the sources of noise need to comply with—do you accept that proposition? 

Prof. Chapman:  That is correct. In response to that, I do not believe there is a single resident in any urban 

area anywhere in the world who is not subject to those levels of noise. Anyone who lives in a city receives every 

day in excess of those guidelines. 

Senator XENOPHON:  But one of the issues here is that for a hydroelectric power station, a coal-fired power 

station or a gas fired power station—a real mix of energy sources—the EPA guidelines, as I understand it, refer to 

background noise plus five decibels whereas for wind turbines it can be 35 or 40 dBA plus five. Do you think that 

is an issue in terms of being inconsistent with what applies to, for instance, a hydroelectric power station? 
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Prof. Chapman:  I do not have any view on that. That is not an area in which I have any expertise. I would 

defer to people with acoustic expertise for a question like that. 

Senator XENOPHON:  A number of witnesses have given evidence earlier today, including Professor Colin 

Hansen, who has received an Australian Research Council grant to look at wind turbine noise, and Steven Cooper, 

an acoustician, who has been responsible to a significant degree for the changing of airport noise guidelines to 

protect residents. They have said that they cannot get the raw material they need in order to determine compliance 

from wind turbine components—the second part of this bill talks about a level of transparency in providing this 

information—but, as Mr Cooper made clear, it does not require switching off the turbines at any time in order to 

determine that. 

Given your background in public health, and the work that you have done, do you have an issue with that level of 

transparency in terms of the proponents of wind farms providing that information publicly? 

Prof. Chapman:  No, transparency is always a good thing—the right to information is a cardinal principle of a 

democracy, which good decision-making needs in order to take place. 

Senator XENOPHON:  You made reference to 17 papers. One of them—the most recent, I think—was Wind 
Turbine Health Impact Study: Report of Independent Expert Panel January 2012—Prepared for: Massachusetts 

Department of Environmental Protection Massachusetts Department of Public Health. Again, if you need to take 

this question on notice that is fine, because it is a lengthy document. You have said in your submission that, 

basically, these studies say—I don't want to verbal you, so please correct me if I am wrong—that there is not a 

problem as such. Is that a fair summary? 

Prof. Chapman:  The 17 reports are not 'papers'; they are reviews. A review is different to a paper—a 'paper' 

is usually a term we use for a single study about a particular exposure or something like that. But these are— 

Senator XENOPHON:  I apologise; thank you for correcting me on that. But you are referring to those 

reviews supporting the proposition that I think you are making that they do not support a change to the status quo 

in respect of wind turbines or do not support the complaints being made. 

Prof. Chapman:  Yes. The overwhelming consensus of those reviews would be that yes, there are people who 

say that they are disturbed, made ill, made anxious or whatever by wind turbines, but one has to look at whether it 

is the wind turbines themselves— 

Senator XENOPHON:  Sorry to cut you off, but the chair is about to wind me up. Can I take you to page ES-

11 of that study where it says: 

The Panel recommends an ongoing program of monitoring and evaluating the sound produced by wind turbines that are 

installed in the Commonwealth— 

of Massachusetts, obviously—and page 34 of the study, where it says: 

In summary, sleep is a complex biological state, important for health and well-being across a wide range of physiologic 

functions. To date, no study has adequately examined the influence of wind turbines on sleep. 

On notice, could you please reflect on that in the context of your report? 

Prof. Chapman:  Yes, I will reflect on that—no problem at all. 

Senator XENOPHON:  Thank you, Professor. 

Senator MADIGAN:  Professor Chapman, in the first paragraph of page 1 of your submission you report that 

your work has been cited 'over 6600 times'. 

Prof. Chapman:  That is correct. 

Senator MADIGAN:  In your publication list of peer-reviewed articles about wind turbines and noise there is 

only one article you co-wrote, and it is currently under review. While I am not questioning your assertion that 

your body of work has been cited 6,600 times, mostly that work is not about wind turbines and noise, is it? 

Prof. Chapman:  That is correct. 

Senator MADIGAN:  While you may have opinions about wind turbines and noise, these opinions are not 

backed up by related professional qualifications or by you having a sizeable body of original published research 

in the relevant field— 

Prof. Chapman:  That would be true if you just said 'about wind turbines', but I do have publications which 

are about psychogenesis and about the nature of community panics. 

Senator MADIGAN:  Thank you, Chair. 
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Senator BACK:  Thanks, Professor Chapman. I just want to go, if I can, to the much-quoted peer reviews of 

the NHMRC 'Rapid Review' which was presented to the Senate inquiry last year. You were one of the two peer 

reviewers of that review—is that right? 

Prof. Chapman:  That is correct, yes. 

Senator BACK:  And who was the other one? 

Prof. Chapman:  I believe it was the British acoustician Geoff Leventhall. 

Senator BACK:  Thank you. Can I also ask: did you have any involvement in the actual writing or editing of 

the original 'Rapid Review' itself, or was your only involvement in peer reviewing? 

Prof. Chapman:  No, they sent me a draft that someone in the NHMRC—or a team of people in the 

NHMRC—had written, and they asked me for my comments on it. I supplied comments on that—that is my 

recollection—some time ago. 

Senator BACK:  Can I just be clear: was it the draft or the rapid review that you reviewed, or did you do both? 

Prof. Chapman:  I am not clear what it was that was sent to me. I know that a document arrived. They asked 

for my comments on it. That is the normal process when you are reviewing something. Any suggestion that I 

wrote the thing is not correct. 

Senator BACK:  Just today—you may not have had an opportunity to look at them—we received papers and 

evidence from two groups. Both papers were produced. The first one was in the September-October 2011 issue of 

Noise and Health, where the principal was a Professor Daniel Shepherd from New Zealand. Are you familiar with 

that particular paper? 

Prof. Chapman:  Yes; I am familiar with that paper. 

Senator BACK:  They note statistically significant differences in health related quality-of-life domain scores 

for residents within two kilometres of a turbine installation as opposed to those who live outside. The second was 

an even more recent one—the same publication for September-October 2012—by Nissenbaum, Aramini and 

Hanning. Is that a paper that you have had an opportunity to review? 

Prof. Chapman:  I am familiar with that, yes. 

Senator BACK:  Any comment on it? 

Prof. Chapman:  Yes. Both of those studies suffer from the same problem. That is that there has been 

considerable activity, in both regions studied in those two papers, of anti-wind-turbine activity. For example, in 

the New Zealand paper there had been, for a large number of years, a resident group called 'something guardians'. 

I cannot remember the name of the area now but they were the local landscape guardians group over there. They 

have a website which lists all of their activities against wind turbines and so forth. So the idea that this was an 

environment which was unpolluted by people going around saying, 'These wind turbines are going to cause health 

problems—will probably make you unable to sleep well and will affect your quality of life in a detrimental way—

was not mentioned in that paper at all. I think that the failure to mention that was really a very severe problem. It 

was also absent in the other paper—the more recent one. Where you have— 

Senator BACK:  Because of the brevity of time— 

Prof. Chapman:  people agitating you have a recipe for what we call the nocibo effect. You have probably all 

heard of the placebo effect, which is where you are given an inert substance—it might be drug or a nick in your 

leg, an operation, under anaesthetic—and told that this is likely to make your feel better. What we know from 

placebo effects is that a considerable proportion of people will feel better if they are told that they will feel better. 

It is the same with nocibo effects. If you go into an area and you say to people, 'Exposure to this particular agent 

is likely to make people feel ill or nauseous or it will disturb your sleep,' for a proportion of them that will happen. 

Those two considerations were not raised in either of those papers but every person that I have spoken to who has 

looked at them sees that problem straight away. 

Senator BACK:  That is where I have the benefit of being a veterinarian, Professor Chapman. My patients 

never worried too much about placebos or nocebos. I did— 

Prof. Chapman:  That is a very good point to raise. I had that discussion recently with a staff member of mine 

whose dog had a bad shoulder. She was about to get it put down and then she got it some kind of manipulation 

and the dog felt better. She made the comment to me that dogs are probably not subject to placebo or nocebo 

effects. 

Senator BACK:  I will just cut you short. I did speak to Dr Shepherd on the same line. Perhaps I will refer 

back to the Hansard, when it appears, because I did put those points to him. 
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My final question is about your table where you mentioned the distances from the various wind farms. You 

have given the figures for five kilometres. Could you take on notice to adjust those figures of populations within 

1½ kilometres? I happen to know the Albany, Esperance, Bremer Bay and Merredin wind farms well. I would 

agree with the numbers you give for five kilometres. I would suggest to you that the number within 1½ kilometres 

of those wind farms would be practically none; nevertheless, I wonder if you could provide that information. 

Because of the shortness of time, I will now defer to others. 

Prof. Chapman:  It might be tricky. It has been rather difficult to get some of the information from some of 

the farms and there are several farms I have not been able to get any information from at the moment, so to go 

back to them and say, 'Now give it to me for the shorter distance,' may be a bit of a challenge. I thought five 

kilometres was a reasonable distance. It is a distance which is often mentioned by opponents of wind turbines. 

Sometimes they go out to 10. There is even one gentleman from the Goulburn area who goes out to 100 

kilometres. 

Senator BACK:  Thank you. 

CHAIR:  Professor Chapman, if people do suffer the nocebo effect, do they actually feel ill? 

Prof. Chapman:  Yes, very much so. There is no suggestion that they are making it up or that they do not feel 

ill or that, in many cases, you cannot physiologically measure the problems that they are having—they do. An 

interesting phenomenon that they report in Korea is called fan death. This is a belief that electric fans running 

overnight can cause death. They have legislation introduced in Korea to have automatic timers on all fans because 

of the prevalence of that belief there. A great many people would be fearful of fans and would not have the them 

in the house because of those fears.  

CHAIR:  There'd be a lot of cadavers in Australia in January! 

Prof. Chapman:  I want to emphasise that, by talking about nocebo effects or psychogenic effects, I am not 

saying at all that people who say that they are feeling nauseous or have any of the other 207 diseases or symptoms 

I have seen on the internet are making it up. They very often genuinely do have those symptoms, but it is whether 

or not they are actually being caused by the turbines or by the anxiety which is being spread about the turbines. 

CHAIR:  Is there any way this can be dealt with? 

Prof. Chapman:  It is very, very difficult for anyone to study this because these days, with access to the 

internet and listening to radio which often is networked all around Australia, it is very difficult to insulate people 

from information or propaganda which is spreading around saying that these things are going to harm you. That is 

one of the big challenges in any epidemiological study which could be done. 

CHAIR:  Thanks, Professor Chapman, you have been very helpful. We could have gone much longer but we 

have run out of time. Thank you for your input today. 

Prof. Chapman:  Thanks very much, Senator. 
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BAGOT, Mr Michael, Project Manager, Development, REpower Australia Pty Ltd 

McALPINE, Mr Ken, Director, Policy and Government Relations, Vestas, Asia-Pacific 

TADICH, Mr Josef, Technical Manager, Alston Wind, Asia-Pacific 

Evidence was taken via teleconference—  

[14:37] 

CHAIR:  I now welcome representatives from Alston, Vestas and Repower via teleconference. Would anyone 

like to make a brief opening statement? 

Mr McAlpine:  Thank you, Chair. Vestas wind systems is the world's largest manufacturer of wind turbines. I 

work for the Asia-Pacific section of the company and I am based in Melbourne. Vestas has got experience across 

the world in over 70 countries, installing more than 47,000 wind turbines over the past 30 years. In Australia we 

have been responsible for the supply of more than half the wind energy capacity to date including the 420 

megawatt Macarthur Wind Farm which we are currently building for AGL and Meridian. We are looking forward 

to commissioning that towards the end of this year or at the start of 2013. We are also members of the Clean 

Energy Council, and I understand that you will be hearing from them shortly. We support the content of their 

submission as well. 

On the bill itself—that is what I am looking to focus on today—we do not support the bill. We think it is 

inconsistent with the objects of the Renewable Energy (Electricity) Act. We also think that it is a bit of a concern 

because it seeks to overturn the rights of state governments to design and administer their own planning processes 

and make decisions on wind farms. It instead seeks to interfere by giving new powers to an existing 

Commonwealth regulator that is neither qualified for this task nor has never expressed any interest, to our 

knowledge, in exercising such powers in relation to wind farms. 

In summary, we think that the bill adds complexity, additional costs, extra delays and, if it were implemented, 

would be highly likely to add more cost to building wind farms in Australia, which in turn would flow through 

and cause increases in power prices for Australian families and businesses. 

CHAIR:  Mr Tadich, do you wish to make an opening statement? 

Mr Tadich:  Yes, thank you—a very abridged one because I very much support what Ken just mentioned. 

Alstom is a global manufacturer of power equipment. We have manufactured roughly 25 per cent of the world's 

power manufacturing equipment. Roughly, over the last 30 years, we have manufactured 3,000 megawatts of 

wind turbines. We fully support Australia's goal of 20 per cent renewables by 2020 as well as the 80 per cent 

reduction of CO2 by 2050. We are fundamentally opposed to the bill. We do not believe it is a logical test basis 

for wind farm noise. We fundamentally believe that it would be very difficult to implement and carry out in 

practice. This only adds uncertainty to what is already a very difficult noise market for the wind industry. In terms 

of Alstom's global experience, it has the most stringent requirements in the world already. 

Already in Australia the wind industry is subject to higher noise requirements than traditional thermal 

generation, as well as other renewables. This bill only serves to increase the cost of renewable energy and makes 

it more difficult for us to meet the 20 per cent renewable energy target. 

CHAIR:  Mr Bagot, would you like to make an opening statement? 

Mr Bagot:  Thank you, Chair. REpower Australia is leading turnkey constructor, developer and operation and 

maintenance service provider for wind farms in Australia. We employ directly about 170 people and have 

installed more than 1,000 megawatts in South Australia, Victoria and New South Wales. Our installed capacity 

represents about a third of what has been put into the ground in Australia. In our experience in delivering wind 

farms since 2004, we have seen significant benefits flow from wind energy projects to local communities—that is, 

specifically, investment and employment opportunities. We do not support the proposed amendments to the 

Renewable Energy (Electricity) Act. We think that the additional restrictions proposed for wind farms in the 

legislation will put these regional development opportunities at risk and endanger achievement of the 20 per cent 

renewable energy target, as well as make power more expensive for consumers. 

Senator MADIGAN:  Thank you, gentlemen. In the Alstom submission, on pages 6 and 7, it says: 

… most modern turbines have active noise control ... This is achieved by lowering the tip speed of the blades and therefore 

lowering the sound power level at the emission source. For Alstom, the tip speed can be reduced so that up to 10 dB(A) can 

be reduced if need be. This noise control can be set by time of day, wind direction and season to manage any possible noise 

complaint. However, this has an adverse effect on energy production and increases the cost of energy, and should only be 

used as a last resort. 



Page 52 Senate Wednesday, 14 November 2012 

 

ENVIRONMENT AND COMMUNICATIONS LEGISLATION COMMITTEE 

Isn't that an argument for an excessive noise standard for your industry? Aren't you admitting that your wind 

turbines create excessive noise and that the technology can be controlled to reduce that noise, but the profit mode 

overrides using those controls unless you are compelled to? 

Mr Tadich:  In response to the question on our submission, on an objective technical level what we are saying 

is that turbines have evolved to such an extent where we can actually control the sound power level of the turbines 

at the source of the turbine. This is in no way a means of saying that any of the noise is excessive at all. We have 

already said in our submission that we already meet much more stringent noise requirements today globally and 

in Australia than any other power generation or any other renewable source. So I would not agree with any 

comment saying that there is excessive noise distribution. 

Senator MADIGAN:  Why was that noise control feature added to wind turbines? Were you pushed by 

regulation in other countries requiring that innovation? Presumably you did not do it as an act of charity. 

Mr Tadich:  Not as an act of charity. Alstom is a 100,000 person business with €50 billion of revenue a year. 

We are not a charity organisation. One of the reasons has been the technical innovation in the industry. In the 

early eighties turbines did not have variable speed control; they operated at fixed speed because of the size of the 

turbine. As the industry has developed, to reduce the cost of energy globally, one of the big differences introduced 

about 10 years ago is what we call variable speed pitch control. Variable speed pitch control in a turbine—and all 

modern turbines now employ this—means that the tip speed of the turbine can be varied through variation of the 

generator speed. 

There has been significant technical development in the industry—nothing to do with noise generation but to 

increase the efficiency and reduce the cost of energy of the wind industry. As a side effect of that what we can do 

is we can manually reduce the tip speed during normal power production to reduce the sound power level, purely 

because sound power is generated by the tip speed of the turbine. So we can control that. It was a secondary effect 

of the technical innovation in the industry. It was not developed for noise purposes at the start. 

Senator MADIGAN:  Do all of the turbines from the respective companies have that noise control feature? 

Mr McAlpine:  I can confirm that Vestas has similar technology in our turbines. 

Mr Bagot:  REpower has a noise control model as well. 

Senator XENOPHON:  Is it correct that the noise criteria for approval relies on the regression curve that is 

done before approval? 

Mr Tadich:  That is correct. The regression curve you are talking about is the characterisation of background 

noise. 

Mr Bagot:  Senator, that may or may not be true, depending on the relevant state standard that you are dealing 

with. For instance, the South Australian EPA standards say that the noise from the wind farm should be either 35 

dBA or the background noise, which is the regression curve you were referring to plus five decibels. So it may or 

it may not be depending on— 

Senator XENOPHON:  Thank you both. Again, if you want to add anything, because of time constraints you 

may want to provide some additional information. As a general principle the regression curve can be an important 

issue in terms of the approval of a wind farm. Correct? 

Mr Tadich:  Yes; agreed. 

Senator XENOPHON:  Is the regression curve determined on dBA versus the wind at the hub height? 

Mr Tadich:  It depends on the relevant state legislation and the noise consultants used on whether or not it is at 

the wind at the hub height or wind at 10 metres. Typically, one of the issues is that there is a difference in the 

wind speed between the receptor and the source—the source being the turbine and the receptor being the relevant 

dwelling under investigation by the noise consultant. 

Senator XENOPHON:  Is it fair to say that you cannot check compliance without knowing the wind speed at 

the hub height? 

Mr Tadich:  I do not think that is correct. It depends on the permitted level that has been handed down by the 

relevant authority in that jurisdiction. That may be the case, but it is my understanding that that sort of 

information—wind speed at hub height and direction—is provided as part of the compliance process for projects. 

Senator XENOPHON:  I will keep moving because I am under severe time constraints. So it can be the 

case—while it is fair to say that there is no uniform legislation across the country, the issue of checking 

compliance with reference to wind speed at the hub height may be a relevant factor in some states. Yes or no? 

Mr Tadich:  Correct. 
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Senator XENOPHON:  I am not rushing you; I am just trying to get through this. The Vestas submission 

refers to 'New regulations to compel publication of detailed and irrelevant data'. It is not irrelevant to know wind 

speed at hub height, is it? 

Mr McAlpine:  I might take that one up since you drew it from our submission. 

Senator XENOPHON:  I was not picking on you. I think your submission is similar to others in suggesting 

that it is irrelevant. I am just trying to establish what your view is of that. 

Mr McAlpine:  I am happy to answer. I suppose the real question back to you is: why do you think a federal 

regulator that has never worked in this area at all would do a better job— 

Senator XENOPHON:  I am sorry. I am asking what is relevant in determining the issue of compliance and 

how you measure compliance. I think there has been a consensus amongst the three of you, from different entities, 

that in order to check compliance it may be relevant to check wind speed at the hub height. Is that a fair 

proposition? 

Mr McAlpine:  It might be a subset of it, but the fair proposition is the one that says that state experts that set 

the rules and enforce compliance against those rules are the ones who decide which data they need in order to 

determine that, not a federal regulator that has never played in this space before. 

Senator XENOPHON:  I do not want to get into a constitutional argument with you about jurisdictional issues 

and various Commonwealth heads of power. I am just trying to determine— 

Mr McAlpine:  But I think this is the nub of the issue here. This is what the bill seeking to impose in the 

current arrangements— 

Senator XENOPHON:  Can I just— 

CHAIR:  Please allow the witness to finish. 

Senator XENOPHON:  Are you going to cut me off? 

CHAIR:  You have time. You are going to get a fair go. You do not have to panic, so we can continue with the 

answer. 

Senator XENOPHON:  That look that you give me makes me panic. 

Mr Bagot:  If I can respond to that question, I do not think that the wording of the proposed amendment makes 

it clear that the proponent is asked for hub height wind speed data. I believe it reads 'wind speed and direction at 

the wind farm'. There are many wind speed measurement devices on an operational wind farm. We have power 

curve verification masts and nacelle-top anemometers. It is not quite clear that that is what is being requested, so I 

am not sure if the phrasing in the submission you read from is referring to that— 

Senator XENOPHON:  Sure, and I am very grateful for that feedback, because that is what this committee 

process is about—to test rigorously any piece of legislation that is put up. But is it fair to say, as a general 

proposition, that these matters, properly phrased, could be relevant in determining compliance with state 

regulations in relation to basic information such as the hub height and the power output, for instance, of a wind 

turbine? Obviously, the noise it produces could be determined on its power output at a particular time. 

Mr Bagot:  I think it is relevant, and that is why state regulators currently do ask for that information. It is a 

part of the normal compliance process at the moment. 

Senator XENOPHON:  Would you provide to me on notice details of what information is requested from you 

by state regulators. Also, you may have heard the evidence of Professor Colin Hansen, who is doing an Australian 

Research Council funded project on wind turbine noise, as well as that of Steven Cooper, a leading acoustician. 

They, as well as others, have said in evidence that they have real difficulty in getting this sort of information from 

wind turbine companies, so there does seem to be an information asymmetry in respect of this. And Professor 

Simon Chapman, in his evidence, said openness with information is very important in a democracy. 

Mr McAlpine:  That is a little hard for the three of us to take on notice because we each work for wind turbine 

equipment suppliers rather than the owners of wind farms. And when a state regulator is looking to determine 

whether or not noise requirements are being adhered to they go to the owner of the wind farm rather than the 

equipment supplier. So, if anything, they would be going to companies such as Infogen, AGL and Hydro 

Tasmania. These are the companies that own the wind farms. We are the companies that supply the equipment. 

Contact between our organisation and state regulators is minimal. Contact on the issue of compliance with noise 

restrictions happens with the owners of the generators, not so much the suppliers of the equipment. 

Senator XENOPHON:  Who verifies the information that you provide—as against claimed compliance? Do 

you think that, as a principle, it ought to be in the public domain? 
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Mr McAlpine:  As I said in my previous answer, the requests do not come to the equipment suppliers, they go 

to the owners of the wind farms. So we cannot really answer that question. It is a question that would be best 

addressed to the owners of the wind farms. I do not think it is one we are able to provide an answer on. 

Senator BACK:  Do any of your companies currently manufacture wind turbine equipment in Australia and, if 

so, what components do you manufacture? 

Mr Tadich:  Alstom employs a little over 1,000 people in Australia. We have several workshops through 

South Australia, Tasmania, New South Wales and Victoria which we use for the overhaul and service of power 

generation equipment. We see renewable power as just another subset of power generation. The answer to your 

question is no, in terms of direct equipment manufacture. However, the operations of maintenance and overhaul 

are fully supported through the Australian business. We are currently investigating assembly of our turbines 

within Australia. However, right now the answer is no. 

Mr McAlpine:  We are currently building two wind farms in Australia. One is Macarthur, which I mentioned 

earlier, for AGL and Meridian, and that is in Victoria. The other wind farm under construction at the moment is 

the Musselroe wind farm in Tasmania, for Hydro Tasmania. In the past we have manufactured components in 

Australia. We did have a factory in Portland in Victoria but unfortunately we had to close that in 2007. We also 

had an assembly plant in Tasmania at one stage. Again, with both of those factories, we found that the market for 

wind turbine components in Australia at that time was simply not big enough to sustain those businesses 

remaining open in Australia. When we build wind farms we have a track record of using Australian manufacturers 

for the towers in many cases. That involves companies in Victoria, South Australia and Tasmania. In fact, the 

towers that are going into the Musselroe project are from Launceston and the towers that went into the Macarthur 

project came from Portland in Victoria and from Adelaide. Where we can we use local suppliers. But, as I 

indicated before, the market to date simply has not been big enough for the large scale manufacturing that you see 

in the US and Europe. 

Senator BACK:  Mr Bagot.   

Mr Bagot:  At the moment, we employ 170 people in Australia. We have had a lot of experience in building 

wind farms in different states. The economic benefits that come from these projects are quite substantial. An 

analysis that was done on AGL's Hallett wind farm projects in South Australia shows that about 13 per cent of the 

project's capital value went straight back into the region, some 30 per cent into the state and more than 60 per cent 

into Australia. We do not currently manufacture equipment for turbines in Australia. I am not aware of any other 

manufacturer of power plant of any kind that is manufacturing in Australia either.  

Senator BACK:  Mr Tadich, perhaps you might take this question on notice. On page 5 of your submission, 

you state: 

… 35 dB(A) is characterized by a gentle whisper, and the World Health Organisation … recommends a 45 dB(A) limit.  

Could you on notice provide us with your reference source for the World Health Organization's comment 

recommending the 45 dBa limit. 

Mr Tadich:  Yes, I can provide that out of session. 

Senator BACK:  Thank you. Mr McAlpine, are your V90-3MW turbines and your V100-2.75 MW turbines 

capable of operating within Victoria's noise guidelines? 

Mr McAlpine:  I can tell you about one project that we are currently building and that has a different turbine 

model from the ones you mentioned, which is the V112. We are installing this turbine at Macarthur. We would 

not have got that contract had we not been able to comply with the Victorian noise guidelines. 

Senator BACK:  You have had a look at the legislation that we are discussing here today. Can you tell me 

whether or not our turbines are capable of operating within that background noise plus 10 decibel limit, as 

proposed by the matter we are discussing? 

Mr McAlpine:  Sure, I can answer that question. The short answer is that it is very difficult to make a call on 

that one, mainly because of the way in which the provision is drafted and the uncertainty and the level of 

discretion that is allowed to the regulator. There is not a lot of guidance in this bill at present, and this is one of 

our criticisms of it. It adds uncertainty. It is not clear how this bill will operate in conjunction with the state 

regulations and guidelines in this area.  

The other thing that we are unclear about is how it will operate where a wind farm is deemed to be 

noncompliant and what it would take and who will judge how a wind farm would ever be compliant in the future. 

That is not clear at all. Perhaps there is a proposal to draft some regulations that will add some clarity, whereas at 

the moment our view would be that it is so vague as to be unworkable in its current form. 
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Senator BACK:  Mr Bagot, could you explain to the committee the association between your organisation 

REpower and Windlab. What, if anything, is that affiliation? 

Mr Bagot:  Thank you for your question, Senator. Windlab and REpower Australia are working together to 

develop a wind farm project called Rugby Wind Farm. It is proposed to be located near the town of Boorowa, 

which is about an hour and a half, 100 kilometres or so, north of Canberra. 

Senator BACK:  Lastly, can I ask each of you—perhaps starting with you, Mr Bagot—a question. The 

committee is obviously most interested to know the answer as to whether you believe your company can 

guarantee that there will not be adverse health effects caused by the noise from your wind farms. Can you give us 

that guarantee? 

Mr Bagot:  I can guarantee that we will comply with any state or federal regulation that is relevant to our 

project. I am not able to provide a guarantee of that kind, given the potentially subjective nature of some of the 

alleged health conditions. 

Senator BACK:  Thank you. Mr McAlpine. 

Mr McAlpine:  I am sorry. Can you restate the question. 

Senator BACK:  Are you happy to give the undertaking to the committee that Vestas can guarantee there will 

be no adverse health effects caused by excessive noise from your products? 

Mr McAlpine:  It is difficult to answer that question for the reasons I stated earlier. The definition of excessive 

noise and the way in which that is interpreted is a massive issue with the bill. It is really not clear what you mean 

by that and if you are identifying excessive noise as a precursor to some sort of adverse health effects then that is 

a step further. I do not think anyone could be expected to respond properly while those provisions in the bill 

remain so vague and the bill is drafted so poorly, so it is difficult to answer that one simply because of the lack of 

rigour and detail in the bill as to what you exactly mean and how you would judge this. We are confident that the 

products that we sell into the markets comply with all laws and we are also confident that no-one suffers health 

effects as a result of our turbine technology. I said that when giving evidence to the Senate Community Affairs 

References Committee inquiry held last year and I say that again. We can only point you to the findings of health 

experts, including the National Health and Medical Research Council, both in its earlier statements and also in the 

one that I understand is being worked on at the moment. 

CHAIR:  Senator Madigan, you have a follow-up question, I understand. 

Senator MADIGAN:  Judging from your respective submissions, you all oppose the draft legislation and want 

the current arrangements without an excessive noise limit to continue. Do any of you support any sort of 

regulation of acoustic emissions from wind turbines? 

Mr McAlpine:  You are putting words in our mouths a little bit there. I think the companies assembled have 

all made it clear that we will comply with all laws relating to noise, and we do that at present. The term 'excessive 

noise' that you have introduced into this bill has not been clearly defined and you have not really made a case as 

to why this bill or the regulator that is empowered under this bill would do anything different or better than what 

state regulators and state experts are currently doing at the moment. We said in our submission that the 

jurisdictions around Australia and New Zealand have some of the most stringent noise requirements for wind 

farms anywhere in the world. We are happy to comply with those and we do so every day. 

Mr Tadich:  We are a strong supporter of state-based acoustic legislation, as you put it, Senator. I think it is 

important both for the renewables and for the broader power industry for other products that we sell such as 

traditional thermal fossil fuel plants, for example. The reason for this is that noise is very much a subjective 

experience for the listener and it is important that there is an objective test basis accepted by the vendor, being the 

manufacturers such as ourselves, the operator and the broader public. This is to get wider acceptance of power 

generation within the community. As a professional engineer I also very much support an objective test basis. We 

were more than happy to meet the current legislation. As all three of us put forward, the Australian and New 

Zealand requirements are some of the most stringent in the world and the wind industry has worked hard to meet 

those. 

CHAIR:  Have any of you got any information that there is a legislative approach being taken anywhere else 

in the world that would be similar to what is being proposed in this bill? 

Mr Tadich:  I have been a professional engineer for 15 years now. Eight of those years have been in the 

industry. I have spent four years working in Europe and I am currently working in the markets of Australia, India, 

Hong Kong, Japan, the Philippines, Korea, Singapore and New Zealand. Out of all the markets I have mentioned, 

we have not seen an excessive noise bill proposal with a 10 dBA limit such as what is put forward in this bill. 
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Mr McAlpine:  The term 'excessive noise' is one introduced by this bill. As Mr Tadich indicated, we deal with 

objectively set levels of noise standards that have to be complied with in state and federal jurisdictions all around 

the world, and the wind farms that we build for our customers do that. Introducing the term 'excessive noise' 

suggests that somehow the states' rules and regulations in this area are not being enforced properly. We do not 

agree that that is the case at all, and we do not believe that you have made out the case that that is occurring at the 

moment. So we can see no need for this federal legislation to come in and amend the Renewable Energy 

(Electricity) Act and interfere with the states' powers in this area. 

CHAIR:  We have had evidence from Professor Chapman who indicated that there were some 200,000 wind 

turbines installed around the world and that the areas where noise was being raised as a problem were in Ontario, 

the eastern US, the UK and Ireland. Can someone just give us an overview as to what the issues are for the 

industry, because you are obviously monitoring it; it is your product. What is the situation around the world? 

Would somebody like to take that? 

Mr McAlpine:  I can take the first shot at that. I did not listen to all of Professor Chapman's evidence but I 

have read some of his work in this area, and I do tend to agree that a lot of the complaints around noise from wind 

farms tend to correspond with a pattern of activism by opponents of wind farms. It is not just local people who are 

nearby to a wind farm; it is often driven by people outside a local community coming in to that community, 

scaring people, putting out information that is not true and making them worry about their health. 

Professor Chapman talks about the 'nocebo effects', and I do tend to agree. While he is more the expert in this 

area, the pattern we have observed is that anti-wind-farm activists do come into communities and that, after they 

have done their best to stir up a community and cause concern in that community, it is only then that you will see 

complaints about any existing wind farms. 

A lot of the other press that you see in those countries and states tends to be about proposed wind farms rather 

than operating wind farms. I will give the local example of the Lake Bonney wind farm in south-east South 

Australia. For years, the various parts of the Lake Bonney wind farm have operated. I think in the case of all three 

parts of it, when it was going through the planning process there were no concerns about health, and, 

subsequently, there were no concerns expressed. It has only been recently, when the owner of that wind farm, 

Infigen Energy, proposed a further wind farm in the region, that one of the land owners that is hosting turbines at 

Lake Bonney has come out, in the last year or so, and complained that he is suffering health impacts from that 

wind farm, and yet he had been hosting those turbines for many years before that. It was only after the Landscape 

Guardians and the Waubra Foundation started running around and spreading misinformation about the wind 

industry that he also ventured into the public domain and made those claims about that wind farm. To our 

knowledge, he had not made any of those claims until the anti-wind activists came to town and stirred things up. 

CHAIR:  So are you seeing an organised opposition to wind farms in Australia? 

Mr McAlpine:  Yes, absolutely. In particular, over the past few years it has really intensified. I guess lay 

people in towns where they have never seen a wind farm before, when they hear that one is proposed for the 

region are entitled to be scared if they have someone with 'Dr' in front of her name coming into their town and 

telling them they are going to get sick from a wind farm. If they have activists telling them that their property 

values will suffer because of a wind farms coming into the town then, yes, they are entitled to be concerned about 

that, too. I think it is that misinformation and the fear factor, spread by anti-wind groups, that often drives a lot of 

the media and concern in these communities. Our customers do their best to get factual information into those 

communities, but it is often drowned out by the intensity of the anti-wind campaign. 

I do not know how that campaign is funded; I do not know how many people are working on it. But you do see 

a pattern, and Senators Xenophon and Madigan would be familiar with it because they have also participated in 

some of the public meetings that have been attended by the Waubra Foundation— 

Senator XENOPHON:  What are you suggesting by that, Mr McAlpine? 

CHAIR:  Order! Senator Xenophon— 

Senator XENOPHON:  He is inferring something— 

CHAIR:  Senator Xenophon, you have had a good go. 

Senator XENOPHON:  Mr McAlpine is inferring an improper motive on my part, and I resent that and ask 

him to withdraw that. 

Mr McAlpine:  I am not sure what you are saying. I have said you have been at meetings where anti-wind 

groups have been present— 

Senator XENOPHON:  I think I know what you are saying, Mr McAlpine. 
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Mr McAlpine:  and have been spreading misinformation about wind farms. I did not say that you had been 

spreading it. If you want me to clarify that, that is okay, but you have definitely been at the meetings. That is a 

matter of public record. You have been part of this roadshow that the Waubra Foundation and the Landscape 

Guardians have been rolling out. 

CHAIR:  That is either a statement of fact or it is not. There is one last question from me. We have a couple of 

dozen people here today. They look like ordinary Aussies to me. They are obviously concerned. They have been 

shaking their heads now and again at some of the evidence that you have put. Professor Chapman himself 

considered the point that this nocebo effect can cause real problems. What are the manufacturers of wind turbines 

and the operators of wind turbines doing to try and deal with issue, to help people? Whether it is a nocebo effect 

or some other effect, what are you doing to help them? 

Mr Tadich:  We see clarifying objectively the information, the science and the facts behind it as a key issue 

for community acceptance and for the development of renewable industry in Australia. In a practical sense what 

that means is that, when there is a proposed wind farm which we are working with a customer on, we are often 

involved with community information days. We provide the objective evidence and the facts behind the wind 

farms as well as about the sound power levels which they emit and the way that we verify those sound power 

levels. We also provide this in general terms about the operation of the wind turbine. In my experience, having 

been a developer for four years myself, I have found that once you put the objective science on the table, rather 

than misinformation and rumour, often at a community level it is more accepted. 

Mr McAlpine:  I will just add to that. Similar to what Josef said, we do our best to work with our customers as 

they propose projects to provide factual information to communities. But we often do so against a background of 

misinformation spread by anti-wind groups that go from town to town and try and stop our projects being built. 

The regular person in the street would be taking what we say with a grain of salt because they know we want to 

get a project built. Unfortunately, it often seems that the anti-wind groups have a louder voice. They are more 

intense in their campaigning whereas we try and stick to the facts. In many cases they do not seem to feel the 

same obligation, and we have seen some very intense and emotional meetings in communities. We do our best to 

get the facts on the table but against that background it is very hard. 

CHAIR:  Thanks, Mr Tadich, Mr McAlpine and Mr Bagot. We have run out of time. Thanks for your 

submission. It has been very helpful. 

  



Page 58 Senate Wednesday, 14 November 2012 

 

ENVIRONMENT AND COMMUNICATIONS LEGISLATION COMMITTEE 

FRANCIS, Ms Lisa, Senior Manager, Institutional Relations and Media, Acciona 

MARSH, Mr Russell, Director of Policy, Clean Energy Council 

McGILP, Mr Jamie, Manager, Environment and Planning Team, Acciona 

UPSON, Mr Jonathan, Senior Development and Government Affairs Manager, Infigen Energy 

[15:18] 

Evidence from Ms Francis, Mr McGilp and Mr Upson was taken via teleconference— 

CHAIR:  I now welcome representatives from the Clean Energy Council, Acconia and Infigen Energy. The 

Clean Energy Council has lodged submission No. 165 with the committee and Infigen has lodged submission No. 

209. Do any of you wish to make a short statement? 

Mr Marsh:  Yes, I am happy to.  

CHAIR:  Can I indicate that they must be short statements. 

Mr Marsh:  The Clean Energy Council as the peak body for the renewable energy and energy efficiency 

industry has some 550 members across the industry and we do not support the adoption of the excessive noise bill 

being discussed today. The bill seeks to apply an arbitrary and unscientific noise limit to wind farms, when 

existing guidelines are adequate for ensuring the amenity of the community, noting that Australia currently has 

some of the most stringent noise standards for wind farms in the world. Noise guidelines form part of an overall 

planning scheme, which should be determined by individual state governments to be considered and defined 

alongside other aspects of infrastructure planning. Seeing a national rule sitting above existing state-based 

planning regimes will create inconsistency and confusion for planners, industry and the community. We would 

also note that the body that has been asked to regulate this part of the guidelines is the Clean Energy Regulator 

and we do not think that it has either the expertise or the knowledge to deal with this quite technical issue. Thank 

you. 

Mr McGilp:  Acciona has built more than 200 wind farms in 15 countries around the world and has over 8,000 

megawatts of installed capacity worldwide. We have three operational wind farms in Australia—one in Victoria, 

one in New South Wales and one in South Australia, which is a joint venture. Acciona Energy does not support 

the adoption of the excessive noise bill. The primary reason that Acciona has issues with the excessive noise bill 

is the inclusion of the 10 dB above background noise level imposition. The bill appears to apply excessive noise 

limits to wind farms without adequate consideration, research or rationale. The noise limits are inconsistent with 

the established noise standards that are adopted by state governments in Australia as part of their planning 

processes which, as we have discussed, are some of the most stringent and toughest in the world. Existing noise 

guidelines set a baseline of permissible noise levels of 35 or 40 dB, depending on which state and situation you 

are in, whereby a wind farm may emit up to five dBs above the background beyond that. The baseline of 

permissible noise limits is guided by an internal noise criterion of 30 decibels, set by the World Health 

Organization, which has been set after significant research into noise impacts and disturbance. It is my 

understanding that experience has shown that 40 dB outside a dwelling will result in compliance with this internal 

limit of 30 dB within a premise. Therefore we strongly disagree with the concept of removing a baseline 

permissible noise level.  

The excessive noise level does not describe the methodology, and other companies have discussed that 

previously—that there is no clear guidance on the methodology that would be implemented. Acciona Energy is 

concerned that the excessive noise bill would be retrospectively applicable. Existing wind farms, accounting for 

billions of dollars of investment in regional Australia, have been designed and constructed to adhere to noise 

guidelines in effect at the time of planning permission being granted. Applying more restrictive noise standards to 

existing wind farms would have serious financial implications in relation to existing commercial and financial 

arrangements which underpin these large infrastructure projects.  

The excessive noise bill would also have a serious impact on future development of wind farms and is likely to 

force wind farms into more remote areas, which are less financially viable. Therefore, renewable energy specific 

prices are likely to be forced up, to make the wind farm developments less viable. In order to make them more 

viable the RECs prices will have to go up in order to meet the Commonwealth's renewable energy target. The 

flow-on impact of that is likely to be a significant increase in electricity prices to consumers. Just to reiterate, 

Acciona Energy does not support the adoption of this excessive noise bill. 
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Mr Upson:  Infigen Energy is the largest owner of wind farms in Australia and is an active developer of large-

scale solar PV energy facilities as well. The company is headquartered in Sydney and its Australian operations 

generate enough pollution-free renewable energy to power more than 250,000 typical Australian homes. 

I would like to make two key points. First, in Australia planning regulations, including noise limits and 

compliance with these noise limits, are completely within the realm of state governments. Steven Cooper's 

statement this morning that the Commonwealth should step in because state governments have no definition of 

excessive noise is absurd. State governments have precise and detailed wind farm noise limits which comprise the 

definition of excessive noise. In fact, as figure 1 in our submission clearly demonstrates, New South Wales has 

the most stringent wind farm noise limit in the world, and the other states are not far behind. Every state 

government requires an extensive and thorough demonstration of compliance with these strict noise limits soon 

after completion of the wind farm. The New South Wales government has even taken the step of undertaking its 

own independent audit of wind farms in its state to test the wind farms that it has already found to be compliant. 

There is no rationale for the Commonwealth to usurp the state governments' planning power. 

Second, I have been very surprised, listening to the proceedings this morning, how little of the discussion had 

anything to do with the amendment actually under consideration today. In addition, what little discussion that did 

occur this morning did not support the primary thrust of the amendment. For example, Professor Salt quite 

correctly stated that the background plus 10 decibels on the A-scale limit proposed would have no impact on 

infrasound as infrasound is not measured on the dBA scale. It is actually measured on the decibel G scale. Dr 

Hanning stated he preferred a fixed decibel noise limit such as 35 decibels, which is the exact opposite to what is 

being proposed in the amendment. Professor Hansen stated that a background plus-five decibel limit would be 

more appropriate. So even the supporters of more stringent noise regulations could not even agree on how 

excessive noise should be defined. This argues very well for leaving such regulations to the state governments. 

One last point that has not been raised about the amendment is its peculiar requirement that the regulator must 

deprive a wind farm of its accreditation if it contravenes any unwritten laws. This provision by itself would stop 

all wind energy development. How could one proceed with a project just to lose half its revenue because it 

supposedly contravenes some unknown and unwritten law? I would be pleased to respond to your questions. 

Senator MADIGAN:  On page 20 of the attachment to the Clean Energy Council's submission, which is the 

Sonus 'Wind Farm Technical Paper Environmental Noise', the following assertion is made: 

Only a few field studies on noise annoyance among people living close to wind turbines have been conducted and further 

investigations have been recommended by these studies. 

Do you all endorse that assertion? 

CHAIR:  Does anyone want to answer that? 

Mr Upson:  I will. There has only been one scientific paper published in a peer-review technical journal, and it 

was published in Acoustics Australia earlier in the year. It was written by Sonus, which, as was pointed out earlier 

this morning, has been doing wind farm testing for 10 years. This study was published in a peer-reviewed 

journal—it is the only study in Australia that had that done that has actually done measurements—and it found 

that the infrasound levels were orders of magnitude less. Even a couple of hundred metres from a turbine, the 

infrasound levels were hundreds of times less than can be perceived by human beings. I would be happy to send 

that study to the committee. 

CHAIR:  Thank you. Senator Madigan. 

Senator MADIGAN:  Through the Chair, and for the information of the committee, I would like to table a 

report called the NASA Technical Memorandum 100528: Wind Turbine Acoustic Research—Bibliography with 
Selected Annotation by Harvey H Hubbard and Kevin P Shepherd. The date of this report is 1988. This NASA 

report, with some 238— 

CHAIR:  Again, we have to have a look and see what the relevance of it is. 

Senator MADIGAN:  I showed it to Senator Back. 

CHAIR:  Yes, but I am still not sure of the relevance. If you could refer to it before you seek to table it, we 

may table it after we understand the relevance. 

Senator MADIGAN:  This NASA publication lists some 238 separate reports on wind turbine acoustic 

research. This includes 48 separate studies on the noise impacts on wind turbines on humans, conducted by 1988. 

Twenty-four years ago this one bibliography listed 48 separate studies. How can you seriously suggest that there 

are only a few field studies on noise annoyance in existence today and  that almost no research has been done on 

this matter in the long period in between? 
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Mr Upson:  I have not read that study, but in 1988 they would have been measuring noise of downwind 

turbines that were about 40 metres long—so it is obviously not terribly relevant. What we are looking at is recent 

acoustic studies. And there have been other peer-reviewed acoustic studies done measuring wind turbine 

infrasound and low-frequency noise overseas as well. There was one completed last year in America that 

measured noise at two wind farms, and I would be happy to send that study to the committee. It was published in 

the Noise Control Engineering Journal, which is essentially the journal of the American Acoustic Engineering 

Society. 

Senator MADIGAN:  I think the point I am trying to make here, as you made out, in 1988 there were smaller 

turbines; and you mean to suggest that bigger turbines would have fewer health effects than smaller turbines. 

Mr Upson:  That is actually true, Senator, because downwind turbines—that is, turbines with the rotor 

downwind of the tower—were known for producing higher levels of infrasound. Those types of turbines have not 

been made in probably 15 or 20 years, so it is possible for that turbine design to have higher low-frequency and 

infrasound levels than the large turbines of today. 

As I said, in the sonar study that was published in Acoustics Australia, to put it in a simplistic way, what they 

basically found was that you could perceive infrasound at your house if you had 200 turbines within 300 metres 

of your house. Then you would have enough infrasound energy such that you could actually perceive it. That is 

how far below the perception of infrasound modern turbines are: you need 200-250 of them, 300 metres from 

your house, to actually perceive the infrasound level. 

CHAIR:  Is there any objection to the document being tabled? There being no objection, it is so ordered. 

Senator MADIGAN:  The SONUS report continues, on page 20, to assert: 

European studies (Peterson, 2005) indicate correlation between the noise level and annoyance but stronger correlation 

factors such as overall sensitivity to noise, attitude towards the noise source, attitude towards the area as a pristine place or a 

place for economic development, influence over the proposal, daily hassles, visual intrusion and the age of the turbine site. 

Do you endorse the SONUS assertion that people are not annoyed by the noise as much as they are by other 

factors? 

Mr Marsh:  All we would say on that I think is that it is clear there are a number of factors that go into why 

people feel annoyed about wind farms. I certainly cannot comment on SONUS's behalf as to that conclusion in 

their report; you would have to ask them exactly why they drew that conclusion. 

Senator MADIGAN:  Thank you, Chair. 

Senator XENOPHON:  Mr Upson and other members of the panel: is it your assertion that there is no peer-

reviewed literature that raises concerns about wind turbine noise and the impact on health? 

Mr Upson:  I am not aware of any truly peer reviewed study in a reputable academic journal that proves a 

causal relationship between wind turbine noise and detrimental health impacts. It is a mixed up thing. Steven 

Cooper was asked whether he had written any peer reviewed studies and he started talking about a peer review 

that he wrote and put on a website. That is not peer review; that is him writing a study. It is a term that gets 

confused, either on purpose or by accident, by people all the time. There are 200,000 wind turbines operating in 

the world today. If there was a direct causal health relationship it would have been discovered years ago in Spain, 

Germany or—  

Senator XENOPHON:  Mr Upson, that is not the question. You have asserted that there are no peer review 

journals but you have qualified it now to say that there are no peer reviewed articles in any reputable journals or 

any reputable reviews. Are you are saying that studies that may have been peer reviewed are not reputable? 

Mr Upson:  First, I am saying that I am not aware of any. Obviously I cannot say— 

Senator XENOPHON:  So Nissenbaum and others in Noise and Health, September-October 2012—are you 

familiar with that study? 

Mr Upson:  I am sorry, Senator, I missed that. 

Senator XENOPHON:  Are you familiar with the study in the publication Noise and Health, by Nissenbaum 

and a number of other authors? 

Mr Upson:  I have not read that study. 

Senator XENOPHON:  I think the committee will advise you of that, because I just want to ask you to 

consider whether your view is the same after reading that. Also, there is the article in the Bulletin of Science, 

Technology and Society by Salt and Kaltenbach in 201l and the New Zealand study by Daniel Shepherd et al on 

Evaluating the impact of wind turbine noise and health-related quality of life. I will not hold you up on this, 
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because of time constraints, but, Mr Upson, could you consider those articles, which I understand have been peer 

reviewed and tell us whether you still make the same assertion that there are no peer reviewed articles. 

Mr Upson:  Okay. 

Senator XENOPHON:  So, take that on notice. I will go back to the issue of compliance. Before you can get 

approval for a wind turbine you need to provide the noise criteria for the approval process; is that right? 

Mr McGilp:  Yes, that is correct. 

Senator XENOPHON:  Thank you, Mr McGilp. Does that rely, in general terms, on the regression curve 

before that approval is given? In other words, do you need to provide a regression curve in terms of the likely 

noise impact of such a development? 

Mr McGilp:  Yes; in some situations it can rely on the regression curve; in other situations it relies on the 

base-line permissible level. It also depends on which state you are in within Australia. 

Senator XENOPHON:  But it is fair to say that the regression curve is relevant in some jurisdictions—

correct? 

Mr McGilp:  On occasions, yes. 

Senator XENOPHON:  And is the regression curve determined by dBA versus the wind at the hub height? 

Mr McGilp:  I am not an acoustician but I understand that you require information of wind speeds at hub 

height. 

Senator XENOPHON:  Again, these are not trick questions, and I am happy for you to provide further 

information after this hearing in relation to the questions I have put. One of the aspects of this bill—the second 

aspect of this bill—is to require certain information to be provided by wind turbine proponents so that compliance 

can be determined. One of the issues to be published is details of wind speed and the output of a particular turbine 

at a particular time. Would you say that they are relevant factors, that would have been relevant in terms of 

compliance being granted for such a development? 

Mr McGilp:  I can only speak from personal experience at our operational wind farms where we have permit 

conditions which require us to have independent compliance testing undertaken to determine whether compliance 

is achieved. All of that information, including wind speed, noise levels, weather conditions et cetera, is provided 

to the regulator such as DPCD in Victoria. 

Senator XENOPHON:  Sure. But do you have an issue with that information as provided to the regulator 

being provided publicly as well? I would ask other members of the panel that as well, including you, Mr Marsh. 

Mr Marsh:  So I am asked the question of what is the purpose of having that information? 

Senator XENOPHON:  No. I am not asking you what the purpose is. This information is already provided to 

regulators as part of the approval process—is that right? 

Mr Marsh:  As far as I am aware, yes. 

Mr McGilp:  We have no problems providing that information to regulators in a controlled manner, so we 

would continue to do that and we have always done that. 

Senator XENOPHON:  Why in a controlled manner, Mr McGilp? 

Mr McGilp:  It is a very complex topic, as you probably appreciate, of analysing acoustic information. It is not 

something that you or I is likely to be able to do and you need acousticians looking at it and reporting on it. 

Senator XENOPHON:  Sure but, Mr McGilp, we have heard from Professor Colin Hansen, who has received 

an Australian Research Council grant to look at wind turbine noise and I think you are aware of the strict criteria 

by which the Australian Research Council gives out grants and of the ethical guidelines as well, and Professor 

Hansen told this committee today that he could not get this basic information from wind turbine proponents. Mr 

Steven Cooper, in his evidence today, said that he could not get that information. One key part of this bill is for 

the release of the information that you already supply to regulators. Why can't that be public? 

Mr Marsh:  I think there are two separate issues. There is the issue about whether wind farm companies are 

prepared to allow their data to be made available to individuals. It is a separate question as to whether that 

information should be allowed into the public domain more broadly. 

Senator XENOPHON:  Well, why shouldn't it be? 

Mr Marsh:  To what end? 

Senator XENOPHON:  One of the great advocates of wind energy in this country is Professor Simon 

Chapman and, to his credit, today he said—and I do not want to misquote him—something along the lines that the 
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release of information in a democracy, so that transparency, is very important. I commend him for saying that. 

What is wrong with adopting that approach by Professor Chapman, one of the great advocates of wind energy, in 

the context of this information being made publicly available so that Mr Cooper, Professor Hansen and other 

researchers are able to analyse that information? 

Mr Marsh:  I think you would say there are two different questions there. To what end is this information 

going into the public domain? 

Senator XENOPHON:  To ensure compliance. 

Mr Marsh:  Yes, but who is ensuring that they are complying? 

Senator XENOPHON:  Let me put it to you simply, Mr Marsh. If residents are complaining about the noise 

from a wind turbine or are seeking to lodge an objection to a proposed wind turbine application because they are 

concerned about potential noise impacts, surely the information that has already been provided to regulators 

would be a relevant factor in determining issues of either compliance prospectively or of whether there have been 

any breaches of the regulations in the context of a particular development's operations. 

Mr Marsh:  Given that the regulator gets the information as part of the compliance program, I am not quite 

sure why the information needs to be put out more broadly. 

Senator XENOPHON:  So you are saying as long as the regulator gets it you do not need to give it to anyone 

else? 

Mr Marsh:  We would say this information goes to the regulator as part of the compliance program. 

Senator XENOPHON:  So if a resident is complaining about a particular development, you are saying that 

that resident or the acoustician representing that resident or the scientist giving advice to that resident by 

providing an expert report should not have access to that—because that is what has happened to Professor 

Hansen. He is trying to get that, not for residents as such but for an Australian Research Council grant funded 

project. He has been told point blank he cannot get it—and he will provide us with the email thread in relation to 

that, as I understand it. 

Mr Marsh:  I think they are two separate questions about whether individuals can get them and whether they 

can get them from the regulator's website. 

Senator XENOPHON:  So you do not think they should? Can I ask all of you this: do you think that 

individuals should not get this information that relates directly to issues of compliance? 

Mr Upson:  Senator, I would like to have a go at this. 

Senator XENOPHON:  Please do. 

Mr Upson:  This morning Steven Cooper stated very clearly that there is no way that you could determine 

whether a wind farm is compliant with its conditions without having the hub-high windspeed data. Is that true? 

Senator XENOPHON:  Mr Cooper is in the room and he has nodded his head. I think that is the case, yes. 

Mr Upson:  That is kind of interesting because—from his report entitled Peer Review of Acoustic Assessment: 

Flyers Creek Wind Farm—he actually did some noise monitoring at our Capital Wind Farm. On page 34 of the 

report he makes a statement that the result of testing at house G13 'found the Capital Wind Farm is generating 

noise above that permitted on the consent'. Obviously, we do not agree with that statement. But here he is stating 

in his report that he can judge that the Capital Wind Farm was over its noise limit and yet he did not have access 

to the data. So either his statement this morning was incorrect— 

Senator XENOPHON:  I do not know whether this will help you, but I had a short conversation with Mr 

Cooper only a few minutes ago and if I misquote him I am sure I will get a signal otherwise. My understanding in 

relation to the Capital Wind Farm is that he actually had to go through a freedom of information request, a 

laborious and torturous process, to get that information. He is nodding his head so that is the case. 

Mr Upson:  He did not have—  

Senator XENOPHON:  They had to fight tooth and nail to get that information. 

Mr Upson:  The point is that he has determined that the Capital Wind Farm is over its noise level without 

having that information. 

Senator XENOPHON:  No, no. He got the information—sorry, you may not have heard me, but my 

understanding is that that information was only obtained after a laborious and lengthy freedom of information 

process. 

Mr Upson:  I will take that on notice. But I do not believe he got the information by the time the report— 
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Senator XENOPHON:  Can I quickly put some questions on notice. The Pyrenees council cannot get hold of 

the compliance reports. Could any of you comment on that in terms of the evidence they gave about a basic 

principle. Finally, can I ask any of you—and, Mr Upson, I would welcome your input as well—what do you 

consider is excessive noise? 

Mr McGilp:  I will answer the first one because it relates to the compliance testing report for one of our wind 

farms, the Waubra Wind Farm, the regulator of which is the DPCD. We have been dealing with the DPCD. If the 

Pyrenees shire needs to contact DPCD about this, then that would be the appropriate channel for them to go 

through. 

Ms Francis:  DPCD is the Victorian Department of Planning and Community Development, which has 

responsibility for planning laws in Victoria. 

Senator XENOPHON:  What is excessive noise? Can anyone help me here? What do you define as 'excessive 

noise' and where in any of the regulations around the country is excessive noise defined? I am very happy for that 

to be taken on notice, because I am conscious the chair has given me a fair go. I am just concerned about time 

constraints. 

CHAIR:  If you could take that on notice, unless you can answer it very quickly. 

Mr Upson:  Excessive noise, by definition, is a noise above what the state noise limits are. If you are over that 

limit, then it is excessive. It is simple enough. 

By the way, I just received an email from someone else in my company stating that Mr Cooper did not receive 

the hub height wind data before he wrote this report. So he made a determination that our wind farm was over its 

noise limit without having this data. 

CHAIR:  One way or another, that will be a matter of public record. If you could perhaps provide more details 

on that, because it is now a matter before the committee as to why you say that, that would be helpful. 

Senator BACK:  I listened very carefully in previous Senate inquiries which I have either chaired or been 

involved in recently. We have addressed ourselves to aircraft noise in the vicinity of airports around Australia and 

this information is readily available. In fact, it is available online and I think in most instances in near to real time, 

not always with the overwhelming support of some of those who have an area of responsibility. But my 

observation has been that, when that information has been available to the wider community, it has added 

immeasurably to the level of confidence in the wider community in the areas that Airservices Australia and others 

deal with. Mr McGilp, you might be kind enough to lead off or Mr Marsh, but I am just intrigued as to why there 

is this level of secrecy for members of the public in general but particularly as to why somebody, who is engaged 

in what would be peer reviewed research, funded by the Australian taxpayer, cannot get information of the nature 

that they would need to actually end up with results that should be helpful to everybody. Could you explain to me 

where I am failing to understand that circumstance? 

Mr McGilp:  I will have a go at answering that. As part of our planning permission conditions, a requirement 

is to get an independent and appropriate acoustic technician to undertake the compliance testing. Therefore, I 

would assume that that person should be able to provide an adequate assessment of whether compliance is being 

achieved.  

Mr Marsh:  I am not aware of the request Colin Hansen has made of the companies and what response he got, 

so I am unable to comment. 

Senator BACK:  But, even with regard to the information sought by legitimate researchers funded by the 

Australian government, wouldn't it be in the interests of your industry to bend over backwards to assist those sorts 

of people to provide what you would regard as relevant and defensible information so that it can find its way into 

peer reviewed research and its results and outcomes? 

Mr McGilp:  I think it is a balance between bending over backwards for everyone's requirements and 

providing information to legitimate organisations. For legitimate organisations trying to understand it, I think it 

seems like an appropriate thing. 

Senator BACK:  Even in the evidence you have presented to this panel this afternoon, you have spoken about 

whether you do or do not have faith in international research. Here we have a circumstance in Australia where 

somebody is actually in a position funded to do this work. I ask you again: is it not in everybody's interests for 

assistance to be given at the highest level and in fact your own technical people to actually provide that data? Is 

that not something that would be seen as valuable? 
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CHAIR:  Senator Back, I understand what has been put, that if it is a legitimate organisation seeking access to 

the information that would be fair enough. I do not know of any other industry in the country who would be 

subject to what you are putting forward. 

Senator BACK:  I have just mentioned aircraft and aircraft noise around major airports, Chairman, as a prime 

example. 

CHAIR:  Who are required to provide that to any individual? 

Senator BACK:  Absolutely—it is there in real time or near real time on the net for everyone to see. 

CHAIR:  I think it might be easier to measure that. I am not sure it is easy to measure that noise on a wind 

farm, given the technical arguments we have heard today, so that is another issue. But can I just say that I am 

equally of the view that there should be as much information available as possible. I think if it does not go out 

there will be another web campaign saying that there is a secret position being adopted by the wind industry. This 

is an industry that is very important for getting to our renewable energy target. It is an important industry for the 

future. I just do not agree with putting issues up that are unnecessary obligations or obligations that do not apply 

to other organisations in the country. If the argument is that legitimate organisations will get access then I think 

we can monitor that and see how that works out. 

Senator BACK:  Thanks, Chairman. Mr Upson, you were talking a few moments ago about excessive noise as 

being that defined above limits. Can you provide the committee now or on notice what you understand those 

limits to be above which noise would be regarded as excessive? 

Mr Upson:  It is actually quite straightforward. In New South Wales it is the greater of 35 decibels or five 

decibels above the background. In terms of the states, there are a few technicalities but basically in South 

Australia and Victoria it is the same, at 40 decibels or background plus five decibels. The definition is 'excessive 

noise': if you are over the planning requirement, then it is excessive 

Senator BACK:  This question picks up on the chairman's comments and the observation I made about aircraft 

noise. You asked why members of the public should be entitled to this information. Can I put to you the view that 

the funding of many of these projects does attract a high degree of taxpayer grant funding through renewable 

energy certificates. Would you not agree that, based on that level of financial grant support from the taxpaying 

community, those people should be entitled to receive this information in much the same way as it is for airports 

and aircraft noise? 

Mr Marsh:  It is fair to say that there is a level of support from electricity consumers that goes into renewable 

energy. But I would note that it is not actually money that goes straight from the government's coffers into the 

wind energy industry. It comes out of a charge on the electricity bills. 

Senator BACK:  But renewable energy certificates are grants, not out of the government's coffers. They are 

taxpayers' moneys. 

Mr Marsh:  Sure. It is not a grant. The renewable energy certificates are not grants. I would be interested to 

know whether that happens in any other industry that gets the kind of support that the renewable energy industry 

receives and whether they are then required to disclose information publicly as a result of getting that support. 

CHAIR:  I am looking at the real-time decibels from the airline industry, which look pretty good. Would there 

be huge technical problems in being able to supply the decibel output? I am aware that some people have argued 

here today that it is not the decibel output that is the issue; that it is the infrasound that is the problem. So is there 

any point in putting the decibels up? 

Mr Marsh:  I cannot answer that question but I am happy to take it on notice and have a discussion with our 

members around that issue. 

Mr McGilp:  It is very technical and difficult to separate background noise from wind farm noise. You cannot 

just measure the noise in the environment and assume that it is all from the wind farm. It is a very difficult thing 

to do. 

CHAIR:  Is it correct that your companies all operate internationally? 

Mr Marsh:  That is correct. 

CHAIR:  In Europe do you have a similar problem to this where there are arguments about the health issues? 

Mr Marsh:  I do not have a huge amount of experience in working overseas, but my understanding is that we 

do not have anywhere near the problem that we have here. 

Ms Francis:  I can speak from our international perspective. We tend to find that this issue seems to be 

contained to Anglo countries. In Canada, the US, the UK and continental Europe we do not see these issues. I 
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guess Acciona can speak from the experience of operating both in continental Europe as well as in English 

speaking Anglo countries. 

CHAIR:  Have you done any studies into why this is the case? 

Ms Francis:  I believe Simon Chapman might have spoken about that earlier today during his session. Is that 

right? He is read quite extensively on this and I would be happy to submit material to the committee around this. 

CHAIR:  It would be good if you could take that on notice, because it is quite important. Do the operating 

companies believe that, if there is even a psychological effect, there should be some way of trying to deal with it? 

Mr McGilp:  We operate at the wind farm sites for 25 years and we are part of the community there. Where 

there is psychological or whatever we think it needs to be addressed and find where the problem is coming from, I 

guess. 

CHAIR:  I suppose if this is not addressed—and I am sort of posing the question—you are going to continue 

to have campaigns against your corporations and you are going to continue to have problems. My question to you 

is: what steps do you intend to take to try to deal with some of the issues that have been raised here, other than 

legislative issues? 

Mr McGilp:  Our community consultation process is becoming more in depth at each of the new projects that 

we go to to educate the local community. That is the initial step that we are taking at this stage. It is very hard to 

solve the problem across the entire country but, on a project-by-project basis, we are attempting to consult with 

community in a greater and better fashion. 

Mr Marsh:  We are working with our members to try to ensure that we have a baseline level regarding 

community engagement to ensure that the developers are doing the right thing in terms of talking to the 

communities where wind farms are going to be located and making sure that they are doing as much as they can 

to address some of the issues that those local people will have around the development of wind farms. 

CHAIR:  As we have run out of time, that concludes the evidence from this group. I would like to thank you 

for coming along. I would also like to thank all the witnesses who have given evidence. I thank Hansard, 

Broadcasting and the secretariat. 

Committee adjourned at 15:59 
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Wiatraki- strach ma wielkie oczy

Rozmowa z doktor nauk medycznych DONATĄ KURPAS z Katedry i Zakładu Medycyny Rodzinnej
Akademii Medycznej we Wrocławiu i Państwowej Medycznej Wyższej  Szkoły Zawodowej w Opolu

Już przed wiekami Cervantes miał na pieńku z wiatrakami, bowiem jego bohater Don
Kichot walczył z nimi, utożsamiając je ze smokiem. Dzisiaj także choćby na Dolnym
Śląsku i Opolszczyźnie słychać różne opinie o wpływie farm wiatrowych na ludzkie zdro-
wie. Niektórzy gardłują, iż wiatraki oddziaływają na nas negatywnie.
Kiedyś ludzkość bała się tak że samochodu, wcześniej pociągu, a jeszcze dużo, dużo wcześniej
ognia. Później zaś okazało się, że bez tego wszystkiego nie możemy istnieć! Najprawdopodobniej
za kilka lat okaże się, że nie  możemy egzystować bez źródeł czystej energii, co wiąże się z tym, że
zaczniemy do jej pozyskania wykorzystywać wszystko co nas otacza,

Zatem postępu cywilizacyjne go zatrzymać nie można.
 Uważam, iż nasza cywilizacja poszła w kierunku wykorzystania wszystkiego co ma ograniczone za-
soby, dlatego dzisiaj musimy sięgnąć do źródła, które trudno – przynajmniej na razie – wyczerpać.
A Obawy związane z wiatrakami wiążą się prawdopodobnie z tym, że w Polsce jest to coś zupełnie
nowego. Warto podkreślić jednak, że farmy wiatrowe zainstalowane w USA i Kanadzie są już dawno
przebrzmiałą, kilkudziesięcioletnią historią.

Czyli przeraża nas nowe i nieznane?
W krajach z doświadczeniem dotyczącym farm wiatrowych nie chodzi o jakikolwiek wpływ wiatra-
ków na zdrowie człowieka, o zaburzenia słuchu związane z hałasem, czy też wpływ infradźwięków
na zdrowie, ale problem tak naprawdę tkwi w tym, że po pewnym czasie nie wiadomo, kto jest
właścicielem farm wiatrowych i odpowiada  finansowo za ich stan techniczny.

Co zatem z tym zdrowiem?
W USA, Kanadzie, Wielkiej Brytanii i Niemczech nie mówi się dzisiaj o żadnych problemach zdro-
wotnych wynikających z działania farm wiatrowych.

Dlaczego?
- Ponieważ te problemy nie występują!

- A to straszenie - jak z bajek braci Grimm - że wiatraki negatywnie wpływają na ciążę,
że kury nie będą znosić jaj, a krowy dawać mleka...
-.. .takie poglądy nie mają żadnych podstaw naukowych. Przeciwnie - po prześledzeniu publikacji
dotyczących wpływu farm wiatrowych na otoczenie dojdziemy do wniosku, że nie mają one żadnego
złego wpływu na ludzkie zdrowie. Natomiast opracowania - które trudno nazwać publikacjami
naukowymi  mówiące o szkodliwym wpływie wiatraków na zdrowie nie przeszły żadnych rzetelnych
recenzji i nie były opublikowane w poważnych czasopismach naukowych. Krótko mówiąc, są to
opracowania o małej wiarygodności naukowej. Podstawą ich były badania przeprowadzane na
małych grupach, a wniosków nie wyciągano na podstawie obserwacji klinicznych, ale domysłów.

-Czyli, gdy boli głowa, to przez wiatrak…
.. .ale równie dobrze może mnie boleć głowa z powodu nadciśnienia, które miał mój ojciec. A mogę
nie spać dobrze dlatego, że w okolicy pojawiło się coś nowego i może to być farma wiatrowa, ale
także na przykład nowa fabryka i nie ma to żadnego znaczenia, co to będzie, bo wiem ja i tak będę
podenerwowana tym „nowym" i będzie mi to przeszkadzać. Konkludując: jakakolwiek zmiana
otoczenia szczególnie na terenie, gdzie mało się dzieje ma początkowo na człowieka taki wpływ;, a
farmy budowane są przede wszystkim na takich terenach.

Zatem boimy się nowego...
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,. .i jest to całkiem zrozumiały lek związany ze zmianą otoczenia, a moje doświadczenia wynikające
z  konsultacji społecznych pokazują, że ludzie nie są wystarczająco poinformowani o działaniu farm
wiatrowych. Wcale też nie jest tak, że ludzie nie chcą słuchać, co do nich mówimy, ale być może te
informacje zbyt późno do nich docierają. Są też zaskoczeni, gdy coś zmienia się w ich najbliższej
okolicy bez ich udziału. Trzeba też zaznaczyć, że w Polsce nie powstają duże farmy wiatrowe, a
najczęściej są to farmy małe składające się y, kilkunastu„wiatraków".

A odczucia estetyczne?
To zupełnie osobna i indywidualna sprawa. Farmy wiatrowe wykorzystywane są jako element
promocyjny i widziałam wiele folderów niemieckich, kanadyjskich i amerykańskich, w których
stanowiły atrakcję krajobrazową. Są też oczywiście i tacy, którzy uważają, że szpecę ten krajobraz

Czy praca wiatraka powoduje dyskomfort?
Każdy, kto był w pobliżu takiego wiatraka wie, że nie wywołuje on hałasu, ale generuje szum
porównywalny z szeleszczeniem drzew.

A infradźwięki niesłyszalne dla człowieka?
Przeprowadzono wszechstronne badania które potwierdziły, że infradźwięki nie mają żadnego
ujemnego wpływu na nasze zdrowie.

Czyli nie bójmy się czarnego luda, budujmy farmy wiatrowe, bogaćmy się i idźmy w
Polsce z postępem zgodnie z wymogami cywilizacji...
.. .i zaufajmy tym krajom, które na własnej skórze sprawdziły dobrodziejstwa wynikające z farm
wiatrowych, i które w tej materii mają od nas większe doświadczenie.

Rozmawiał Sławomir Gryfin
Wrocławianin nr 12 (89)grudzień 2011
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GREY HIGHLANDS ZERO EMISSION PEOPLE PROJECT — Noise Assessment Report Revision 5

Point of
Reception ID

Description Height(m)
Distance to

Nearest
Turbine (m)

Nearest
Turbine

Calculated Sound Level at Selected Wind
Speeds (dBA)

Sound Level Limit (dBA)

6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0
R1027 Residence  4.5  848 T201 38.1 38.1 38.1 38.1 38.1 40.0 43.0 45.0 49.0 51.0
R1028 Residence  4.5  997 T5 31.9 31.9 31.9 31.9 31.9 40.0 43.0 45.0 49.0 51.0
R1029 Residence  4.5  656 Tr211 37.6 37.6 37.6 37.6 37.6 40.0 43.0 45.0 49.0 51.0
R1030 Residence  4.5  957 T201 36.5 36.5 36.5 36.5 36.5 40.0 43.0 45.0 49.0 51.0
R1031 Residence  4.5 1017 Tr6 35.3 35.3 35.3 35.3 35.3 40.0 43.0 45.0 49.0 51.0
R1032 Residence  4.5 1020 Tr6 35.7 35.7 35.7 35.7 35.7 40.0 43.0 45.0 49.0 51.0
R1033 Residence  4.5 1089 T5 32.6 32.6 32.6 32.6 32.6 40.0 43.0 45.0 49.0 51.0
R1034 Residence  4.5  832 T201 38.5 38.5 38.5 38.5 38.5 40.0 43.0 45.0 49.0 51.0
R1035 Residence  4.5 1119 T5 30.9 30.9 30.9 30.9 30.9 40.0 43.0 45.0 49.0 51.0
R1036 Residence  4.5 1059 Tr6 35.4 35.4 35.4 35.4 35.4 40.0 43.0 45.0 49.0 51.0
R1037 Residence  4.5 1050 Tr211 35.0 35.0 35.0 35.0 35.0 40.0 43.0 45.0 49.0 51.0
R1038 Residence  4.5 1020 T201 35.7 35.7 35.7 35.7 35.7 40.0 43.0 45.0 49.0 51.0
R1039 Residence  4.5 1164 T5 32.9 32.9 32.9 32.9 32.9 40.0 43.0 45.0 49.0 51.0
R1040 Residence  4.5 1071 T201 35.4 35.4 35.4 35.4 35.4 40.0 43.0 45.0 49.0 51.0
R1042 Residence  4.5 1146 Tr6 34.6 34.6 34.6 34.6 34.6 40.0 43.0 45.0 49.0 51.0
R1043 Residence  4.5 1206 T1 33.6 33.6 33.6 33.6 33.6 40.0 43.0 45.0 49.0 51.0
R1044 Residence  4.5 1201 T5 34.6 34.6 34.6 34.6 34.6 40.0 43.0 45.0 49.0 51.0
R1045 Residence  4.5 1217 T5 30.1 30.1 30.1 30.1 30.1 40.0 43.0 45.0 49.0 51.0
R1046 Residence  4.5  985 T201 35.6 35.6 35.6 35.6 35.6 40.0 43.0 45.0 49.0 51.0
R1048 Residence  4.5 1162 T201 34.7 34.7 34.7 34.7 34.7 40.0 43.0 45.0 49.0 51.0
R1049 Residence  4.5 1319 T5 32.2 32.2 32.2 32.2 32.2 40.0 43.0 45.0 49.0 51.0
R1050 Residence  4.5  596 T201 39.3 39.3 39.3 39.3 39.3 40.0 43.0 45.0 49.0 51.0
R1051 Residence  4.5  942 T201 35.3 35.3 35.3 35.3 35.3 40.0 43.0 45.0 49.0 51.0
R1052 Residence  4.5 1380 T5 31.0 31.0 31.0 31.0 31.0 40.0 43.0 45.0 49.0 51.0
R1053 Residence  4.5 1390 T5 32.1 32.1 32.1 32.1 32.1 40.0 43.0 45.0 49.0 51.0
R1054 Residence  4.5 1076 T201 34.4 34.4 34.4 34.4 34.4 40.0 43.0 45.0 49.0 51.0
R1055 Residence  4.5 1478 T5 29.4 29.4 29.4 29.4 29.4 40.0 43.0 45.0 49.0 51.0
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Environmental and Workplace Health

Frequently Asked Questions

• Why are there two different names for the Study?
• What specific communities were included in the study and why?
• Why are no children included in the study?
• Why did Statistics Canada not survey people who have abandoned their homes?
• Why was only 1 person per household interviewed for this study?  
• Were the substations that are located on wind farms studied?
• Why did Health Canada not include an analysis of property values?
• What does cortisol measured in someone's hair represent?
• Why have respondents been asked about only a limited number of chronic diseases?
• Some of the questions posed were unrelated to wind turbine noise and could be considered 

offensive to participants. Why were such questions asked?
• What was the rationale for measuring sound at some locations but not all?
• Why did Health Canada take noise measurements in the summer when there is very little 

wind?
• What is the difference between high and low frequencies and different weighted decibels? 
• Do the results of this study apply to all wind farms in Canada?
• How will Health Canada use the study results? 
• How many wind turbine models were included in your study?
• How much did this study cost? 
• Can people receive the results of noise measurements taken in their house or outside their 

house?

Why are there two different names for the Study?

The official Statistics Canada title of this study is the Community Noise and Health Study. Upon 
visiting the homes, Statistics Canada introduced the study as the Community Noise and Health 
Study and individuals were told both the questionnaire and the study were being carried out to 
look at community noise and health. This approach was taken in order to reduce bias within the 
survey sample at the time of data collection. Health Canada refers to this study as the Wind 
Turbine Noise and Health Study. The full text of the questionnaire can be viewed on the 
Statistics Canada Website.

What specific communities were included in the study and why?

The communities targeted in the study were selected randomly from communities situated near 
wind turbine installations where there were sufficient homes within 10km of a wind turbine 
installation to make up an adequate sample size. The areas included in this study were selected 
from southern Ontario and PEI. In order to protect the confidentiality of the participants in the 
study, the specific communities are not provided.

Why are no children included in the study?

A primary objective of the study was to assess the potential impacts that WTN had on measured 
sleep. Sleep patterns among children are very different from those of adults, making it difficult to 
identify potential impacts that might be due to WTN exposure. Furthermore, the questionnaire in 
the study included questions that would not be suitable for a minor to respond to.
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Why did Statistics Canada not survey people who have abandoned their 
homes?

At the point in time when Statistics Canada visited the pre-identified address of a potential 
dwelling, in some cases the dwelling was determined by Statistics Canada to be out-of-scope (e.g. 
under construction, vacant, abandoned, demolished or unoccupied seasonal). The reasons 
underlying why a residence was unoccupied were unknown, and Health Canada has no way of 
knowing why certain homes were determined by Statistics Canada to be abandoned. The number 
of out-of-scope residences is considered consistent with predicted numbers for rural communities, 
regardless of the presence of wind turbines.

Why was only 1 person per household interviewed for this study?

Experts in survey design expressed concern with interviewing multiple residents from the same 
household. The responses to questions from 2 individuals living in the same house may not be 
truly independent, as they are likely to be related to each other, thereby introducing the possibility 
of influence or bias.

Were the substations that are located on wind farms studied?

Substations were not included in the study because they were not present at every wind farm 
studied and, when they were present, it was not possible to isolate the substation sound from 
other environmental and wind turbine sounds.

Why did Health Canada not include an analysis of property values?

In designing the study there needed to be a balance between adding content to the questionnaire 
and risking a reduced participation rate as the questionnaire became excessively lengthy. An 
analysis of property values was outside the scope of the study, which was focused on the potential 
impact that wind turbine noise exposure had on health and well-being. Reviews published recently 
provide a thorough assessment of property values in areas located in proximity to wind turbine 
installations.

What does cortisol measured in someone's hair represent?

Cortisol is a hormone produced by the body and is often called a "stress hormone" because the 
levels of cortisol typically increase when people are exposed to stressors. Cortisol has been shown 
to accumulate in the hair shaft as hair grows over time. Hair grows at a rate of about 1cm per 
month and therefore the amount of cortisol in, for example, a 3 cm sample of hair gives a relative 
indication of how much cortisol the body produced in the previous 3 months. This makes hair 
cortisol particularly useful when studying the potential health effects associated with long term 
exposure to stressors e.g., wind turbine noise.

Why have respondents been asked about only a limited number of chronic 
diseases?

Expert committee members were consulted with regard to the chronic diseases that were included 
in the questionnaire. Prevalence of some diseases and/or symptoms is so low in the general 
population that Health Canada would not be able to detect any associations. A review of the 
literature was undertaken to identify the incidence of specific chronic diseases in the general 
population.

Some of the questions posed were unrelated to wind turbine noise and could 
be considered offensive to participants. Why were such questions asked?

It was important to apply standardized valid questionnaires where available in the measurement of 
endpoints being assessed. The WHOQOL-Bref, Pittsburgh Sleep Quality Index and the Perceived 
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Stress Scale provide measures of quality of life, sleep and stress, respectively and have been 
widely used in social science contexts. A requirement when using these questionnaires is that their 
content is not to be changed in order to maintain their validity and facilitate comparisons between 
studies. The full text of the questionnaire can be viewed on the Statistics Canada Website.

What was the rationale for measuring sound at some locations but not all?

This study included short term field measurements indoors and outdoors at several homes and 
near the base of the turbines. The purpose of these measurements was both observational and to 
acquire enough data to support the modelling used to calculate the A-weighted values used in the 
study. This objective was satisfied with the amount of measures taken.

Why did Health Canada take noise measurements in the summer when there 
is very little wind?

It is true that wind is, on average, lower during the summer months compared to other times of 
the year. In order to minimise awareness bias, noise measurements in any given community only 
began after Statistics Canada had completed the in-home interview. This meant that noise 
measurements began in June 2013 and continued through October 2013. Some of the field 
measurements needed to be carried out during the summer months simply due to the timing of 
the collection period. Taking measures during summer months simply meant that it sometimes 
took longer to acquire enough data (waiting for windy periods). It is important to note that field 
measurements were taken only to the extent that enough data was collected to validate the 
calculated A-weighted values used in the study. This objective was met.

What is the difference between high and low frequencies and different 
weighted decibels?

Scientists that study the community response to noise typically measure different sounds levels 
with a unit called the A-weighted decibel (dBA). The A-weighting reflects how people respond to 
the loudness of common sounds; that is, it places less importance on the frequencies that the ear 
is less sensitive to. For most community noise sources, this is an acceptable practice, but when a 
source contains a significant amount of low frequencies, an A-weighted filter may not fully reflect 
the intrusiveness or the effect that the sound may have (e.g. annoyance). In these cases, the use 
a C-weighted filter (dBC) may be more appropriate because it is similar to the A-weighting except 
that it includes more of the contribution from the lower frequencies than the A-weighted filter. For 
additional information on noise, please refer to the Primer on Noise.

Do the results of this study apply to all wind farms in Canada?

The particular communities in the study were not randomly selected from all potential communities 
in Canada and therefore the results of the study may not be generalized to all wind farms in 
Canada. Conclusions about the study results are restricted to the sample that made up the study.

How will Health Canada use the study results?

Health Canada will not make any recommendations on the basis of results obtained. Results may 
not be generalized beyond the sample studied. Health Canada will consider the results of this 
study, together with the existing body of scientific evidence, when providing advice on the health 
impacts of environmental noise. Health Canada will also continue to review any new scientific 
literature that becomes available.

The results of this study will also support decision-makers in the development of decisions, advice 
and policies related to wind power development proposals, installations and operations. These 
results will be shared with the provinces and territories and will contribute to the global knowledge 
on wind turbine noise and health but will not provide definitive answers on their own.

Page 3 of 4Frequently Asked Questions - Environmental and Workplace Health - Health Canada

06/11/2014http://www.hc-sc.gc.ca/ewh-semt/noise-bruit/turbine-eoliennes/faq-eng.php



Date Modified: 2014-10-29 

How many wind turbine models were included in your study?

13 industrial wind turbine models were assessed in the study; all were 3 bladed, with hub heights 
between 60m and 80m and output capacities ranging from 660kw to 3MW.

How much did this study cost?

The initial budget for the study was $1.8 M over three years. As a consequence of changes related 
to the public consultation, with respect to a more extensive questionnaire and low frequency noise 
in particular, and adjustments that were required in the field, the final cost of the Study was 
approximately $ 2.1 M.

Can people receive the results of noise measurements taken in their house 
or outside their house?

Home owners may request a summary of the results of noise measurements taken at their 
property. It is important to keep in mind that these measurements were taken for research 
purposes only and are not intended to be used to support or refute any noise limits that may exist.
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WIND TURBINE 
NOISE AND 
HEALTH STUDY:
SUMMARY OF KEY FINDINGS

KEY FINDINGS

IT IS IMPORTANT to note that the results  
from this study do not provide definitive 
answers on their own and should be considered 
along with the other research available on  
the impacts of wind turbine noise on health. 
Results may also not be applied to other 
communities as the wind turbine locations  
in this study were not randomly selected  
from all possible sites operating in Canada.

Illness and chronic disease*
No evidence was found to support a link  
between exposure to wind turbine noise and any 
of the self-reported illnesses (such as dizziness, 
tinnitus, migraines) and chronic conditions (such 
as heart disease, high blood pressure, diabetes).

Stress*
No association was found between the multiple 
measures of stress (such as hair cortisol, blood 
pressure, heart rate, self-reported stress) and 
exposure to wind turbine noise.

Sleep* 
The results of this study do not support an 
association between wind turbine noise and 
self-reported or measured sleep quality.

* While some people reported some of the health conditions 
above, their existence was not found to change in relation  
to exposure to wind turbine noise.

Annoyance and quality of life 
An association was found between increasing 
levels of wind turbine noise and individuals 
reporting to be very or extremely annoyed. 

No association was found with any significant 
changes in reported quality of life, or with overall 
quality of life and satisfaction with health. This was 
assessed using the abbreviated version of the 
World Health Organization’s Quality of Life Scale.

Noise
Calculated noise levels were found to be  
below levels that would be expected to directly 
affect health (World Health Organization—
Community Noise Guidelines [1999]). This finding 
is consistent with self-reported and measured 
results of the study.

HOW WILL THE 
INFORMATION BE USED? 
Health Canada will consider the results of  
this study, along with other scientific research 
available, when providing advice on the health 
impacts of wind turbine noise. 

These findings will also support decision-makers, 
such as provincial and territorial governments,  
in the development of decisions, advice and 
policies related to wind power development 
proposals, installations and operations. 

These results are considered preliminary until 
published in the peer-reviewed scientific literature.

For more information
A more detailed Summary of Findings from  
the Wind Turbine Noise and Health Study has 
been published on the Health Canada website  
at www.hc-sc.gc.ca. For more information, please 
contact: ccrpb-pcrpcc@hc-sc.gc.ca. 

WHAT IS THE WIND 
TURBINE NOISE AND 
HEALTH STUDY?
Health Canada, in partnership with Statistics 
Canada, has conducted a study involving 
communities in Southern Ontario and Prince 
Edward Island to better understand the impacts  
of wind turbine noise on health and well-being. 
A total of 1238 households participated, out  
of a possible 1570.

The study had three parts:

 • An in-person questionnaire, which was given 
to randomly selected participants living at 
various distances from the wind turbines;

 • A collection of physical health measures  
that assessed stress levels using hair cortisol, 
blood pressure and resting heart rate, as well  
as measures of sleep quality; and

 • More than 4000 hours of wind turbine noise 
measurements conducted by Health Canada  
to support calculations of wind turbine noise 
levels at all homes in the study. 

The Wind Turbine Noise and 
Health Study is a landmark study 
and the most comprehensive of 
its kind. Both the methodology 
used and the results are significant 
contributions to the global 
knowledge base and examples of 
innovative, leading-edge research. 
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Environmental and Workplace Health

A Primer on Noise

The following information provides the reader with background information and a description of 
basic concepts related to acoustics that are referred to in the summary of results from Health 
Canada's Wind Turbine Noise & Health Study.

What is sound and how is it different from noise?

Even though the terms are sometimes used interchangeably, scientists sometimes make a 
distinction between sound and noise. The simplest way to distinguish between the two is we hear 
"sound", and when this becomes unwanted, it is referred to as noise. The reasons for considering 
the noise unwanted, depend on its physical characteristics (e.g., intensity, frequency and duration) 
and its interactions with people. The unwanted effects can range from annoyance, interference 
with conversation and disturbance of sleep to hearing damage. The first three types of effects 
depend not just on characteristics of the noise, or its occurrence over time (e.g. a continuous noise 
from highway traffic, intermittent noise from aircraft flyovers, an impulsive gun shot, the tonal 
warning sound of a back-up alarm), but also on what activities are engaged in when it is heard and 
the time of day that it is heard. For instance, some sounds may be desirable during the day, but 
interpreted as unwanted noise if they disturb sleep. Similarly, sounds with noticeable tones can be 
more unpleasant or intrusive.

How is sound created?

When an object vibrates back and forth it causes small increases and decreases in air pressure 
that travel, or propagate, through the air as sound waves. When scientists refer to the 
frequency of a sound, they are referring to how many complete sound waves the source produces 
in a single second, i.e. cycles per second, or Hertz (Hz). The frequency of a sound is very 
important when trying to understand how people may respond to it because the human ear is not 
as sensitive to extremely low or high frequencies. Although it is not fixed, in general, a young 
person with normal hearing can typically hear sounds at normal everyday levels with frequencies 
between 20Hz and 20,000Hz, but human ear is most sensitive to sounds between 2000Hz and 
5000Hz.

Frequencies below 20Hz are categorized as infrasound and, as noted above, generally fall outside 
the range of human hearing at normally occurring sound levels. Infrasound is common in the 
environment and can originate from naturally occurring events such as thunderstorms, volcanoes 
and earthquakes or can originate from man-made sources such as rocket launches, explosions and 
some mining activities. Infrasound can also be produced by large wind turbines and large boilers. 
Low frequency noise has been used to describe frequencies between 20Hz and about 200Hz. 
The perception of infrasound and very low frequency noise (less than about 30 Hz) is often 
described as a "feeling" or "pressure" rather than something that is heard. Because this type of 
noise can easily pass from outside a building to inside a building, it can, depending on the level, 
cause light weight structures in a home to vibrate or rattle and this can cause annoyance.

Figure 1 provides the frequency spectrum identifying infrasound, LFN and speech frequencies.

Figure 1 : Sound Frequency Spectrum
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The frequency of rotation of a source can be used to help identify the source that is producing the 
sound. For example, a wind turbine with 3 blades, spinning at 16 revolutions (full rotations) per 
minute (RPM) will have a fundamental frequency that corresponds to 0.8 Hz (i.e. (3 blades X 16 
RPM) divided by 60 seconds). Therefore, in this example, one can isolate the wind turbine sound 
from background noise if in the measured sound at a given distance, the sound level due to the 
wind turbine is high enough to show frequency peaks at the fundamental frequency and at 
multiples of the fundamental frequency. These multiples are called harmonics and for a source 
with a 0.8Hz fundamental frequency, they would be 1.6 Hz, 2.4 Hz, 3.2 Hz, 4.0 Hz, 4.8 Hz, and so 
on.

Figure 2: Wind Turbine infrasound Measurements

How is sound measured?

Frequency is only one component of sound that scientists are interested in measuring.  The 
amount of pressure fluctuation in air created by a noise source is measured in Pascals (Pa). The 
human ear is capable of detecting changes in sound pressure that are as low as 0.00002 Pa, the 
threshold detectable by a healthy young adult. The sound pressure is perceived as loudness. 
Humans are sensitive to such a wide range of sound pressure fluctuations that it can be confusing 
to work in Pa. To reduce the numbers to a more manageable set of values, rather than Pa, 
scientists report in decibels, (dB), using the detection threshold as the reference level, that is, 0 
dB.   When sound pressure in Pa is converted to dB it is referred to as the sound pressure level
(SPL). Table 1 provides typical sound pressure levels associated with different types of sources or 
situations.

Table 1: Typical Sound Pressure Levels for Common Sources 

Sound source Sound Pressure Level
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Distance between listener
and source

Jet aircraft 50m 140

Chainsaw 1m 110

Shoulder of busy road 5m 80

Conversational speech 1m 60

Quiet bedroom at night 30

Threshold of pain 130

Average hearing threshold 0

Understanding A-Weighting and C-Weighting

The human ear is not equally sensitive to all frequencies. Scientists that study the community 
response to noise typically measure different sounds levels with a unit called the A-weighted 
decibel (dBA). The A-weighting reflects how people respond to the loudness of common sounds; 
that is, it places less importance on the frequencies that the ear is less sensitive to. For most 
community noise sources, this is an acceptable practice, but when a source contains a significant 
amount of low frequencies, an A-weighted filter may not fully reflect the intrusiveness or the effect 
that the sound may have (e.g annoyance). In these cases, the use a C-weighted filter (dBC) may 
be more appropriate because it is similar to the A-weighting except that it includes more of the 
contribution from the lower frequencies than the A-weighted filter.

What is the difference between sound pressure level and sound power?

Although they are related, it is easy to confuse sound pressure with sound power. Sound power 
refers to the amount of energy that a source transfers into the air per second. This energy is 
measured in Watts (W). A very quiet sound, like a whisper may produce only 0.0000001W of 
energy per second, while an aircraft engine can produce as much as 100,000W. For the same 
reason as described above for sound pressure, scientists often convert sound power measured in 
W to a dB scale. A sound power range between 0dB and 170dB is much more practical and can be 
used to describe the sound power of most noise sources. In order to understand how sound power 
is related to sound pressure, one must be aware that the sound power of a noise source is 
constant under specific conditions. That is, the total amount of energy produced by the noise 
source per second, in the form of sound, (i.e. its sound power) will be the same, no matter where 
the source is located provided that it is operating under the same conditions. This allows scientists 
to predict the sound pressure level (SPL) at a location of interest based on the known sound power 
of a noise source. In Health Canada's Wind Turbine Noise Health Study, the wind turbine SPLs 
outside the homes in the study were predicted using the sound powers of the wind turbines in the 
residences' vicinity. Predicting SPL from the sound power requires the consideration of multiple 
factors known to influence the SPL that is measured at a distance from the wind turbine. These 
factors go beyond simply how far away the noise source is from the location of interest and 
include, but are not limited to, the sound power of a given model of wind turbine, the number of 
turbines, as well as any barriers or hills that might intervene between the wind turbines and the 
measurement location, and local weather conditions (e.g. humidity, temperature, wind speed and 
wind direction).

Outdoor to indoor sound pressure level difference

Although a home acts like an obstacle to the sound waves, thereby reducing its level, individuals 
are often most concerned about noise from outside that is heard inside a home. People are 
especially concerned about noise when it interferes with sleep. Recall the discussion above 
regarding the frequency of a sound. A source that produces high frequencies (i.e. many complete 
cycles per second) has relatively short sound waves compared to a source that produces lower 
frequencies. These short sound waves are more readily blocked by structures (e.g. the walls and 
roof of homes) in comparison to low frequency sounds with long sound waves which can, 
generally, more readily pass through structures and travel over longer distances.
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For additional information:

• Wind Turbine Noise and Health Study: Summary of Results
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ABSTRACT
Hearing thresholds for low-frequency complex tones were measured to
investigate effects of intensity and frequency differences between components
and effects of the number of components on the detection of complexes.
Complex tones comprised two tones, geometrically centered at 60 Hz, with
frequency differences of 30, 60, 90, or 120 Hz. Sound pressure levels of the two
tones were set to equal intensity or to equal sensation level. Additional threshold
measurements were conducted for complex tones comprising 2–6 components
at 25–145 Hz. A complex signal with multiple tones was detectable even if the
levels of individual components were below the threshold. The improvement of
complex signal detection varied greatly with the level difference and number of
tones. Threshold levels for complex tones (in terms of level per component)
decreased as the number of tones increased. Complex tones whose components
have mutually similar frequencies were more detectable than those with
separated components.

1. INTRODUCTION
Surveys of low-frequency sounds have revealed that noise problems are often
caused by a noise occurring in the region of the hearing threshold [1]; in most cases,
a noise at very low levels, which is generally regarded as acceptable, caused the
complaint [2]. These facts suggests that in real life situations some people may
detect a low-frequency sound at a level below the threshold of hearing as measured
for single pure tones using the conventional procedure.

Hearing thresholds of sounds higher than 20 Hz [3] and lower than 20 Hz [4]
have been measured for pure tones. However, sounds we generally encounter in our
daily lives are not pure tones; they are combinations of tonal components and
random noises. Field measurements of low-frequency noise often reveal several
low-frequency harmonic or inharmonic tonal components [1,5,6]. The hearing
characteristics for such low-frequency complexes might be affected by their
frequency separation and the number of components.

Several studies have investigated detection phenomena of complex tones and
band noises by measuring thresholds. Most investigations [7–14] have revealed that
thresholds of complex tones and band noises (in terms of the level per component
or spectrum level) were lower than those of pure tones: complex tones are detectable
even if their individual components are not audible. However, most empirical data
related to thresholds for complex signals are for middle-frequency and higher-
frequency sounds. In the low-frequency region, threshold and loudness
characteristics differ greatly from those of the higher-frequency region. Bandwidths
of auditory filters around 100 Hz are narrower (35 or 60 Hz) than those in the
higher-frequency region [15–17], but those less than 100 Hz are still ambiguous
because of a lack of empirical data [16]. Furthermore, loudness and thresholds for
low-frequency sounds varied greatly with frequency. Therefore, the need exists to
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clarify the detection characteristics for complex signals in the low-frequency region.
Several studies have investigated thresholds for low-frequency complex tones

[2,18] and noises [19]. Their results were consistent with those of the studies
described  above for middle-frequency and high-frequency sounds. However, in
their studies [2,18], the bandwidths of complex tones (frequency difference between
highest and lowest tone) were narrow, less 50 Hz. Therefore, the effects of
frequency difference between tones related to auditory filters on detection have not
been described.

This study was undertaken to investigate the effects of intensity and frequency
differences between components and the number of components on detection of the
complexes which have wider bandwidths than those examined in previous studies.
This study measured hearing thresholds for complexes with two tones that were
centered geometrically on 60 Hz and which have various frequency differences
(bandwidths). Thresholds for complexes comprising 2–6 tones from the 25–145 Hz
range were also measured. 

2. EXPERIMENT-1
2.1 Method
2.1.1 Stimuli
Hearing threshold measurements for pure tones with frequencies of 25, 30, 37, 47,
77, 97, 120, and 145 Hz were first conducted to obtain reference values for the
sensation level, which was a relative level to the threshold, for each subject. These
pure tones were used to produce complex tones comprising two tones: they were
centered geometrically on 60 Hz and had frequency differences (∆f, bandwidth) of
30 (47 and 77 Hz), 60 (37 and 97 Hz), 90 (30 and 120 Hz), or 120 Hz (25 and 145
Hz). All the tone pairs started with zero phase difference. Then, the second threshold
measurement was conducted for the two-tone complexes with a center frequency of
60 Hz. Figure 1 shows that the sound pressure levels of two tones were set to equal
intensity or to equal sensation levels (SLs) for individual listeners. For equal
sensation levels, the complex tones retained the threshold level difference between
two tones during threshold measurement. Therefore, the two tones of complexes had
an identical level in terms of detection; thresholds of the tones were independent of
frequency. However, the equal intensity indicates only an equal sound pressure level
of two tones. The tone duration was 2,000 ms including a rise–fall time of 150 ms.
Signals were generated digitally using a personal computer with a sampling
frequency of 44.1 kHz with 24-bit resolution.

Figure 1. Settings of sound pressure levels of paired components. Equal sensation levels were determined
based on thresholds for individual components.

2.1.2 Procedure
The bracketing method [20] was used to estimate the hearing threshold level. Test
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tones were presented to the subject repeatedly, their level being varied by 5 dB. The
interval between test tones was changed randomly from 1,000 ms to 2,000 ms at
every presentation. Subjects were instructed to press a key when they detected a
target tone. Five successive runs were conducted four times for each stimulus. The
first run was always an ascending series for familiarization and was excluded from
the threshold calculation. Consequently, 16 measurement values of threshold were
obtained for each stimulus. The median of 16 measurement values was calculated
as the threshold level for each subject and complex. The mean and standard
deviation of six subjects’ thresholds were also obtained.

2.1.3 Apparatus
Measurements were conducted in a low-frequency-sound pressure-field chamber at
AIST. The internal dimensions were 2.5 m (W) × 3.5 m (D) × 2.6 m (H). The A-
weighted sound pressure level of background noise was about 11 dB at the listener’s
position, the midpoint of the listener’s two ears. The one-third-octave band level of
the noise was lower than the normative threshold value [3] by more than 10 dB in
the measured frequency range. Stimuli were generated using a D/A converter (UA-
1000; Roland Corp.) and fed into a 16-channel sound reproduction system with
power amplifiers (IP-300D; TOA Corp.). The tones were presented to listeners via
16 loudspeakers (46 cm diameter, HLS46S-8; TOA Corp.), which were mounted on
a vertical wall of the chamber in a two-dimensional four-by-four array. A listener’s
chair was set 3.15 m distant from the speaker array. The listener sat on the chair,
facing the loudspeakers.

2.1.4 Subjects
Four male and two female subjects (35–63 years old; two in their 30s, three in their
40s, and one in his 60s) with normal hearing took part in the experiment. None had
any history of hearing difficulty. Each had had many prior experiences with
psychoacoustic tasks.

2.2 Results
Thresholds of pure tones for each subject and ISO 389-7 [3] are presented in Fig. 2.
The ISO values at frequencies where the international standard does not provide a
normative threshold level were derived by linearly interpolating the threshold levels
at adjacent frequencies in the standard.

In most cases, thresholds of pure tones were higher than the ISO values, but the
level differences were never more than 10 dB. The threshold for S1 was higher at
120 Hz by 13 dB and for S6 was lower at 25 Hz and 30 Hz by about 10 dB than the
values listed in ISO 389-7. The threshold for the test tone as a function of frequency
was correlated significantly with the ISO threshold (p<0.01).

Figure 2. Thresholds for pure tones for each subject (S1-6) and ISO 389-7.
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Figure 3 shows threshold levels for two-tone complexes whose components were
at an equal intensity. Thresholds in terms of sensation level in decibels on the
ordinate indicate the difference in threshold levels between the complex and the
pure tone, as obtained by subtracting the threshold level for the pure tone with the
same frequency as the higher component from that of the higher component in the
complex.

Figure 3. Threshold levels for two-tone complexes whose components were at an equal intensity for each
subject (S1-6). Error bars show 95% confidence intervals for the mean. The threshold level on the
ordinate was obtained by subtracting the threshold level for a pure tone with the same frequency
as the higher component from that of the higher component in the complex.

As depicted in Fig. 3, the threshold level differences between the higher component
of complex tones and the pure tone with the same frequency as the higher component
were less than 1 dB on average; the differences were not indicated as statistically
significant (p > 0.05) by paired t-tests. Furthermore, analysis of variance revealed no
significant difference between complexes (F = 2.51, df = 3, 20, p > 0.05), which
indicates that the threshold for the complex with two tones of equal intensity was
determined by the higher components, which were at a much higher sensation level
than the lower component.

Figure 4 presents threshold levels for two-tone complexes whose components
were at an equal sensation level. Thresholds for most complexes were lower than
those for the single components of the complexes. The difference in average
thresholds between the complex and the single component was statistically
significant for each complex (p < 0.05 by paired t-test). Average thresholds of
complex (in terms of the level of a component) were lower by about 3 dB than those
of pure tones for 47 + 77 Hz and 37 + 97 Hz complexes, and were lower by about
1.5 dB for 30 + 120 Hz and 20+145 Hz complexes, which shows that the complex
tone is detectable even if each component is 1.5–3 dB below its threshold in
isolation.

3. EXPERIMENT-2
3.1 Method
Additional threshold measurements were conducted for complexes comprising 2–6
tones in the 25–145 Hz range. Table I shows composition and bandwidth (∆f,
frequency difference between highest and lowest tone) of the complex tones. Test
stimuli were five complexes of 25 + 47 Hz, 25 + 47 + 77 Hz, 25 + 47 + 77 + 97 Hz,
25 + 47 + 77 + 97 + 120 Hz, and 25 + 47 + 77+ 97 + 120 + 145 Hz. The bandwidths
(∆f) of stimuli were, respectively, 22, 52, 72, 95, and 120 Hz. Sound pressure levels
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of all components for each stimulus were also set to equal sensation levels. Other
details such as the procedure and apparatus were identical to those in Experiment-
1. Six subjects in Experiment-1 also participated in Experiment-2.

Figure 4. Threshold levels for two-tone complexes whose components were at an equal sensation level for
each subject (S1-6). Error bars show the 95% confidence intervals for the mean. The threshold
level on the ordinate was obtained by subtracting the threshold level for a pure tone from that of
a component in the complex.

Table 1
Composition and bandwidth (∆f) of the complex tones

3.2 Results
Figure 5 shows threshold levels for complex tones as a function of the number of
tones when the components in the complex were at an equal sensation level. The
frequency difference between the lowest and highest tone is also shown on the
abscissa of Fig. 5. As presented there, the difference at threshold level between
complex and pure tones was statistically significant for each complex (p < 0.05, by
the paired t-test). The average threshold for complex (in terms of level of a
component) was lower by about 4 dB than those of pure tone for the 25–47 Hz and
25–77 Hz complex, by about 5.5 dB for 20–97 Hz and 20–120 Hz complex, and by
about 7 dB for 25–145 Hz complex. These results also indicate that people can
detect the complex with tones that are lower by 4–7 dB than the threshold in
isolation. Figure 5 also shows that as the number of tones increased, the threshold
levels for complex the tone (in terms of level per component) decreased for most
subjects.
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Figure 5. Threshold levels for complex tones as the number of tones for each subject (S1-6) when the
components in the complex were at an equal sensation level. The frequency difference between the
lowest and highest tones is also shown on the upper abscissa. The error bars show the 95%
confidence interval for the mean. Thresholds on the ordinate were obtained by subtracting the
threshold level for a pure tone from that of a component in the complex.

4. DISCUSSION
When two tones were set to be equal in intensity, their threshold level did not
significantly differ from that of single tone having the same frequency as the higher-
frequency tone in the pair. Therefore, detection of complexes was determined by the
higher-frequency components. However, when two or more tones at an equal
sensation level were separated in the range of a 22–120 Hz frequency difference,
thresholds for complexes were significantly lower than those of the component by
1.5–3 dB (see Fig. 6). This improvement in the detection of complexes is consistent
with the findings of previous studies not only for middle and high-frequency sounds
[7–14] but also for low-frequency sounds below 100 Hz [2,18]. The two results
described above indicate that the level difference between two tones strongly
influences detection of the complex. In other words, more detectable components
between two tones become a main determinant of the detection of the complex.
Therefore, the threshold (in terms of level per component) of the complex does not
decrease but is instead rather similar to that for more detectable tones. However, for
two tones that were equally detectable or had equal sensation levels, the complex
detection improved because the probability for detecting two tones increases.
Results also show that the threshold for the two-tone complex varied with frequency
differences between tones. Thresholds for complexes with a narrower frequency
difference (30 and 60 Hz) were slightly lower than those for the other complexes.

These data also show that the threshold levels for complex tones (in terms of the
level per component) decreased as the number of tones increased, which is in
agreement with results of previous studies [2,18]. Figure 6 portrays threshold levels
for complexes as a function of the number of tones and the bandwidth (the frequency
difference between the lowest and highest tones) along with data of previous studies
[2,18] when components in a complex were at an equal sensation level. Because
Watanabe and Yamada [18] did not report threshold levels in terms of the level per
component, but the overall level of the complex, the values in Figure 6 of their study
were recalculated, assuming that the intensity difference between tones at threshold
level of complex was greater than 10 dB. Figure 6(a) shows the results. The threshold
levels for complex tones (in terms of level per component) decreased as the number
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of tones increased. The thresholds of the present study were much higher than those
reported in the other two studies. As depicted in Fig. 6(b), bandwidths of complexes
for both previous studies were less than 50 Hz, which is similar to the estimated
auditory filter bandwidth 35 or 65 Hz [15–17], indicating that a complex with
components located near each other in frequency is more detectable than that with
components that have more widely separated frequencies.

Figure 6. Threshold levels for complex tones as a function of (a) number of tones and (b) the bandwidth
(frequency difference between lowest and highest tone) when components in the complex were at
an equal sensation level. Diamonds indicate the mean in the Fig. 5. Lines in figures show the best-
fit curves obtained using the method of least squares.

Figure 6 also shows that the thresholds obtained in the present study and those in
Mirowska’s study [2] are highly correlated not only with the number of tones but also
with bandwidth. This is true because the bandwidth increased concomitantly with
increasing number in the two earlier studies. However, the thresholds in Watanabe
and Yamada’s study [18] correlated with the number of tones well, but not with the
bandwidth at all, which indicates that the number of components has a much stronger
influence on detection of the tone complex than the frequency difference among
tones. This result is also indicated clearly in the results of this study.

Figure 7 shows threshold levels for (a) two tone complexes and (b) two-or-more-
tone complexes as a function of the bandwidth when components in a complex were
at an equal sensation level in this study. When frequency differences (bandwidths)
among components are similar, thresholds (in terms of level per component) for
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complexes with more than two tones were much lower than those of two-tone
complexes, which indicates that, as more tones are found in spectral analysis of low-
frequency noise, the hearing threshold for the signal might become lower.

Figure 7. Threshold levels for (a) two tone complexes and (b) two-or-more-tone complexes as a function of
the bandwidth when components in the complex were at an equal sensation level. The number of
tones is also shown on the abscissa of Fig. 7(b). All data of subjects are shown except for those of
subject-5 (S5) for two-tone complex and the subject-4 (S4) for two-or-more-tone complex, whose
data showed very low correlation with others, as shown in Figs. 4 and 5. Lines in figures show the
best-fit curves obtained using the method of least squares.

In this study, the threshold levels for complex tones (in terms of the level per
component) decreased as the number of tones increased when components in a
complex tone were at an equal sensation level. Those might be caused by the
function of our auditory system that works as if it could integrate the energy of input
sound within a limited range of frequency. The hearing threshold for the complex
was found to be determined by the energy summed over the components when the
components fall within the bandwidth of an auditory filter [8]. However, this study
also found that when two tones were set to be equal in intensity, detection of two-
tone complex was determined by the energy of higher-frequency component, but not
the energy summed over the components. This is due to the fact that threshold level
of higher-frequency component was much lower than that of lower-frequency
component. These contrary results indicate that further investigations should be
conducted to clarify detection mechanism of low-frequency complex in the future.
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5. CONCLUSIONS
To investigate the effects of intensity and frequency difference between components
and the number of components on detection of the complexes, hearing thresholds
for low-frequency complex tones were measured. Threshold measurements revealed
the following.

• Complexes comprising two or more tones in the low-frequency region of less
than 150 Hz were detectable even when the sound level of each component
was lower than its threshold level.

• Improvement in the detection of the complex signal varied greatly with the
sound level difference between tones and the number of tones.

• Threshold levels for a complex tone (in terms of level per component)
decreased when the number of tones increased.

• Complex tones with mutually similar components (in terms of frequency)
were more detectable than those with widely separated components.

These data will help elucidate the detection of low-frequency noises in field
investigations, which typically assess various combinations of sound levels,
frequency separations, and numbers of tones.
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December 10, AND RECORDED ON December 11 2014  

 

Hi, Sherri, I wanted to reach out to thank you again for bringing this delicate matter to our attention and 

to emphasize that none of these postings or comments were IBM endorsed actions. We don't have an 

advocacy position on energy and we have a number of social computing guidelines and policies in place 

that our employees are instructed and expected to follow. Furthermore, the individuals who are upset 

by the postings should be assured that IBM does not have any negative views about them personally or 

professionally. IBM has spent considerable time reviewing this matter internally and has taken several 

actions that our employee has agreed to comply with to resolve this matter. These include having the 

employee delete the Barnardonwind blog, terminate the energy and policy institute senior fellow role 

and agree to no longer publish on wind energy. We truly appreciate you stepping forward to bring this 

matter to our attention.  

 

Regards,  

Carrie (C.) Bendzsa Manager, Brand Communications, IBM Canada 

 



Message on cell phone, November 25, 2014 From IBM Communications Specialist, 

Montreal, Carrie Bendzsa 

 

 

 

Here is what the corporate office has decided to do, and has effected: 

 

1.  Mr. Barnard must immediately take down his website "Barnard on Wind." 

2. Mr. Barnard will immediately disengage from all activities and positions on Energy 

and Policy sites. I see he is still up all over the place, with Clean Technica, etc. 

http://cleantechnica.com/author/mikebarnard/ (He is Senior Fellow at Wind Power, 

Energy and Policy Institute, as we all know.) 

3. Mr. Barnard will no longer publish on wind energy. 

4.  IBM did not know of his actions and takes its corporate responsibilities very 

seriously, and has made it very clear that they do not have positions on energy, and will 

not have in the future. 

5.  IBM regrets that their employee acted in this manner. 

6.  IBM has never endorsed the activities of Mr. Barnard in his website activities on wind 

power. 

 

This is my transcription from her message. I will ask her to send me an email with this 

info, and then we can decide what to do. Personally, I think this is a big win, and maybe 

we can do a media release and explain why this action took place, and reference good 

corporate governance and ethics.  
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Industrial Wind Turbines, Human Variability, and Adverse Health 
Effects  
By Michael A. Nissenbaum, MD 

Current generations of Industrial Wind Turbines (IWTs) have 
changed in many ways from those initially installed in Europe in 
the late 20th century. The generating power of modern IWTs is 
many times that of earlier generations. Current 1.5, 2.5, and 
3MW turbines dwarf the 400 and 600KW turbines most 
Europeans and Americans encountered in the past. In addition to 
larger generators, current turbines have much longer blade 
lengths and are positioned much higher off the ground, often on 
ridgelines, to better capture the greater wind forces required to 
turn them. Many jurisdictions have already been identified as 
hosts for new IWT installations, with plans for tens of thousands 
of ever larger IWTs worldwide in the decade ahead.  
      Improvements in turbine design and more efficient blade 
profiles and materials have resulted in less sound output per unit 

of energy produced compared to older turbines, but current 
turbines, being much larger, still produce considerable amounts of 

sound energy. Unfortunately, the factors that have resulted in less noise per unit energy have been used to justify closer 
placement of turbines to human residences. It is not unheard of in the UK and North America to find turbines sited within 
250m of homes. With the increasing number of installations close to housing, many anecdotal reports from around the 
world began accumulating early in the last decade of adverse health effects of remarkable similarity from many differing 
locales worldwide.  
     In Maine, the towns of Mars Hill and Vinalhaven underwent the installation of IWTs in 2009. These towns were the 
source of multiple complaints of adverse health effects of IWTs that were reported in the local media. Over the last 6 
years,  I developed an interest in and researched issues relating to the human response to noise arising from Industrial 
Wind Turbines,  beginning  with the complaints heard from Mars Hill (about 90 miles from where I live), and the 
announced objectives of the then-Baldacci Administration to install 3000MW of IWT generation within Maine by 2020.  
If the problems at Mars Hill were real and not understood or acknowledged by the Maine DEP,  with steps taken to 
prevent adverse effects that may be occurring, this project by implication risked creating over a hundred more Mars Hill 
type situations state-wide. 
     Jeffery Aramini, Christopher Hanning and I published a study in the journal Noise and Health in late 2012 (Effects Of 
Industrial Wind Turbine Noise On Sleep And Health, Noise & Health, September-October 2012, Volume 14:60, 237-
43).This was the first published study of adverse health effects associated with IWT's that used a control group and well 
accepted, previously validated, medical investigative tools targeted at the most common, and arguably most serious, of the 
commonly reported adverse health effects: sleep disorders and deteriorated mental health.  
     Questionnaires incorporating standardized, validated tools were administered to 79 subjects living between 375 and 
6600 meters from industrial wind turbines (IWTs) at both Mars Hill, and Vinalhaven, Maine. Sleep quality (Pittsburgh 
Sleep Quality Index - PSQI), daytime sleepiness (Epworth Sleepiness Score - ESS) and general health (SF36v2) were 
assessed. Functional inquiry and before and after type questions were asked as well, utilizing Likert scales.  
      Subjects living within 375-1400m (n=38, the 'near' group) were compared with those living 3.3-6.6km from IWTs 
(n=41, the 'far' group). Those living within 1.4km had significantly worse sleep (assessed by Pittsburgh Sleep Quality 
Index (PSQI)), were significantly sleepier during the day (assessed by Epworth Sleep Scale (ESS)) and had significantly 
worse SF-36v2 Mental Component Scores. Significant dose response relationships between PSQI, ESS, SF36 Mental 
Component Score and distance to nearest IWT were identified after controlling for gender, age and household clustering. 
There were no significant differences between the two sites. 
     There was a significant increase in use of prescribed psychotropic medications for those living within 375-1400 meters 
compared to those living farther away. Nine of 38 individuals in the near group were newly diagnosed with depression or 
anxiety disorders and received new prescriptions for psychotropic medications compared to 3 out of 41 in the 'far' group.  

A home at Mars Hill, Maine 

 



  
Figures 1, 2 and 3 summarize the findings from the validated questionnaires. Additional symptoms of note are provided in 
the table.  Please refer to the full study in Noise &Health for further details and discussion. 

 

   Based on our Mars Hill/Vinalhaven Study, it is clear that 
there is a high probability of significant adverse health 
effects for residents whose homes are located within 1400 
meters (.87 miles) of industrial turbines.  The health risks 
include: 
1. Sleep disturbances/sleep deprivation and the multiple 
illnesses that cascade from chronic sleep disturbance.  
These include cardiovascular diseases mediated by 
chronically increased levels of stress hormones, weight 
changes, and metabolic disturbances, including the 
continuum of impaired glucose tolerance up to diabetes. 
2. Psychological stresses, which can result in additional 
effects including cardiovascular disease, chronic 
depression, anger, and other psychiatric symptomatology.  
3. Increased headaches. 
4. Auditory and vestibular system disturbances. 
5. Increased requirement for and use of prescription medication. 
    

  Distance from IWTs 

Significance 
Post IWTs 375-1400m 3000-6600m 

Ear ringing 50% 24% Significant (p=0.0383) 

Nausea 32% 12% Mod Significant (p=0.0675) 

Headaches 53% 29% Significant (p=0.0415) 

Vertigo 40% 15% Significant (p=0.0072) 



 
To date, there is not a single study or any peer reviewed literature representing original work that finds that wind turbine 
noise is harmless to human health. To the contrary, there is an emerging body of literature informing us that under certain 
circumstances wind turbine noise can have substantial adverse health impacts on a community. Illogically, some people 
refuse to apply the known science on the adverse effects of noise and sleep loss to the issue of IWT siting. 

  
How did we get here? 
Preconstruction noise modeling is a key part of the planning and submission process. Acoustic engineering firms are 
typically consulted, and they take the known maximal noise emissions from a particular IWT model to be used, add a 
safety factor (in theory) of a few decibels, and take account of such factors as topography, ground cover, and ambient 
nighttime noise levels.  These various factors are plugged into software programs; maps of sound contours are developed 
that show expected noise levels at certain reception sites (typically homes).  
     If any of the variables plugged into the programs are incorrect or based upon a faulty understanding of human 
physiology, the outcome may end up being unsatisfactory to the point of being disastrous for the affected residents.  
Incomplete or erroneous understanding of human physiology frequently informs the variables non-medical people use to 
arrive at conclusions as to whether people will have their health adversely affected by IWT installation. Let us review a 
few of these. 
     The intended use of an 'equal loudness contour graph' is to demonstrate the sound pressure levels (SPL) at which a tone 
of a particular frequency becomes audible. It is the graph that is the basis for the widely held belief that at the sound 
pressure levels under discussion, humans are simply incapable of hearing noise that is below 20Hz at SPLs below 79.  
This belief informs essentially all the preconstruction sound modeling the industry has used to place turbines. It is wrong - 
for several reasons. To begin with, the equal loudness contour graph was created using pure sinusoidal tones.  It is known 
physiology, however, that complex tones are audible at lower sound pressure levels than those represented on such a 
graph, by up to 6 to 7 dBA. 
     Additionally, it is often overlooked that every point on every line of an equal loudness contour graph represents an 
average of multiple listeners, with a standard deviation of 6 dB. A significant proportion of people may in fact hear sub 
20Hz noise at SPLs significantly lower than the commonly used 79 dB. 
     Wind turbine noise is complex. It is broadband, and has a pulsatile nature to it, with a periodicity depending on rotor 
speed. The preponderance of noise is at the lower frequencies. 
     Instruments that are used in traditional studies are unable to accurately measure short duration pulsations, leading to 
measurement data that understate both the peak SPL levels and average levels. This error can be as much as 20-30dB. 
Additionally, environmental regulations allow the averaging of noise peaks; this renders them unsuitable for measuring 
noise with the complex characteristics of IWTs.  Unfortunately, preconstruction sound modeling utilizes targets meant to 
be confirmed with these same, not optimally sensitive instruments. Even more recently, microbarometers have been 
employed and have demonstrated detectability of IWT activity at downwind distances of 10km (personal communication 
Richard R. James, INCE).  
     GE 1.5MW turbines are in use at both Mars Hill and Vinalhaven. Most modern turbines of any given size have similar 
sound profiles, regardless of manufacturer. Larger turbines will have greater lower frequency output, but because dBA 
weighted measurements are stipulated in siting/DEP regulations, the increased lower frequency noise output (which is 
clinically important) is hidden from consideration in preconstruction sound modeling, at this point in time, in most 
jurisdictions. Reliance upon dBA instead of unweighted sound recording or less weighted dBC is another problem with 
current IWT siting protocols. The difference between heavily weighted dBA and less weighted dBC is visible in figure 4.  
 

 
Wind Turbine Noise has the following characteristics: 

1. Preponderance of lower frequencies (associated 
with increased audibility at distance, increased 
resonance within homes, increased physiologic 
threat/fear response, possible long term potentiation) 

2. Highly modulated, pulsatile, or periodic 
(associated with increased engagement of the human 
brain, possible long term potentiation) 

3. To-date, poorly understood (consequently poorly 
regulated, with poor preconstruction modeling) 
 
 



Graph courtesy of Richard R. James,  INCE, and Wade Bray, Head Acoustics 

 
It is 
conjectural in 
the case of 
IWTs, but the 
pulsatile 
nature of IWT 
noise may 
recruit the 
speech or 
rhythm parts 
of our brain.  
Additionally, 
it has a 
preponderance 
of low 
frequencies, 
which we are 
hard wired to 
pay attention 

to, as most threats to life and 
limb during human evolution carried with them ominous low frequency components.   
      What distance is safe? It depends on the terrain, the climate, the size of the project and the turbines themselves. 
Accurate preconstruction modeling with safe targets in mind is critical, and must be informed by an understanding of 
human physiology.  
     In 2009, the World Health Organization released a 184 page peer reviewed summary of research regarding the risks to 
human health from noise induced sleep disturbance. Adverse health effects included poor performance at work, fatigue, 
memory difficulties, concentration problems, motor vehicle accidents, mood disorders (depression, anxiety), alcohol and  
other substance abuse, cardiovascular, respiratory, renal, gastrointestinal, musculoskeletal disorders, obesity, impaired 
immune system function and a reported increased risk of mortality ( World Health Organization, Night Noise Guidelines 
for Europe, 2009: http://www.euro.who.int/InformationSources/Publications/Catalogue/20090904_12 ). The WHO says 
that 30dbA at night is ideal, and noise levels above 40 dBA have definite health consequences. At Mars Hill, sound levels 
have been measured at over 52.5 dBA. 
  
‘Nocebo’ Effect? 
Advocates of siting IWTs close to populations are fond of referring to variations on a concept some of them refer to as 
'nocebo' (a psychologically mediated effect analogous to a psychosomatic illness/response), the opposite of placebo. In a 
'nocebo' situation, people suffer ill health from IWTs because they have been led to believe that IWTs are harmful, not 
because of anything related to the IWTs themselves. These advocates acknowledge that people may be 'annoyed' by the 
noise, but that 'annoyance' is not a disease. They seize upon the use of the term ‘annoy’ from early European papers on 
adverse effects of IWTs, but attribute to it the colloquial American definition of a disturbance without real consequence; 
this is a perversion of the original intent of the word in the original papers (personal communication, Eja Pedersen, PhD).   
     A physician using the diagnosis of 'nocebo'  must ensure that it be done subsequent to a process of thoroughly 
excluding the possibility of any pathophysiological pathways that are plausible, more likely, or more important because of 
serious downstream implications. To jump to a diagnosis of nocebo without considering the above is, frankly, 
malpractice. Most of the people advocating the 'nocebo' concept as being at play here are not medical doctors, and carry 
no responsibility to individual patients.  
  



In summary, in many IWT projects, the preconstruction sound modeling has underestimated the eventual real world sound 
levels those turbine projects eventually produce. When coupled with the underappreciated human physiological responses 
to the type of noise large turbines produce (adverse sleep and mental health effects), this has had real world consequences 
for those living near them.  The relationship of noise to sleep disturbances is established. The biological plausibility of 
sleep disturbances resulting in ill health is settled science. Chronic noise exposure leads to chronic sleep disturbance in 
many of those exposed, often resulting in ill health. Observed adverse human effects must trump preconstruction sound 
modeling; changes in practice must occur when there are errors.  It's all about distance when siting decisions are made. 
  
For references and comments, please contact Dr. Nissenbaum at mnissenbaum@att.net. 
  

Dr. Nissenbaum is a Radiologist.  After an academic career, he has lived and worked in Ft Kent, Maine, for the last 15 
years. 

  
 

NECOEM NRCME: training course update 
 By Jay Poliner, MD, MPH, FACOEM 

 
In the Winter 2013 edition of the NECOEM Reporter, NECOEM Board of Directors member Ron Blum, MD, FACOEM, 
explained the training requirement for healthcare providers to become a certified Medical Examiner (ME) in the US DOT 
Federal Motor Carrier Safety Administration (FMCSA) National Registry (NRCME) program.  Prior to sitting for the 
NRCME certification exam, a ME must complete a training course.  Through the leadership of Dr. Blum and Dianne 
Plantamura, NECOEM Executive Director, NECOEM has offered this training. 

    NECOEM has offered courses to its members and interested non-member healthcare 
providers.  For some courses it partners with other professional groups in providing 
geographically-convenient, in-person training.  Since the first course in Boston on December 1, 
2012, NECOEM has offered courses in Springfield, MA, Sunday River and Portland, ME 
(jointly with the Maine Academy of Family Medicine); and Tarrytown, NY (jointly with NY 
OEMA).   
    As of October 1, 2013, there were 94 certified MEs in the New England states (see Table 1).  
NECOEM has provided training to 215 healthcare professionals who attended the courses in 
ME and MA (see Table 2).  Twenty-six (26) of the 216 NECOEM course attendees have 
certified (see Table 3). 
   At present there is only one testing organization administering the NRCME test.  There are a 
limited number of test centers in New England, especially in Maine.  NECOEM has contacted 
the Office of Medical Programs at FMCSA to raise concerns about the impact of a limited 

number of test centers on certification. FMCSA plans to add additional testing organizations and test centers before year’s 
end to correct this problem.  
   In addition to offering NECOEM course participants training 
that fulfills FMCSA curriculum requirements, we encourage 
sharing the experience of our faculty and course participants.  
For example, at the Springfield course, our host Barbara 
Haswell, RN, COHN, Manager of WorkWise Occupational 
Health Services, arranged with RM Sullivan Transportation of 
Westfield, MA to have a senior driver and 18-wheeler in the 
Mercy Medical Center parking lot during our lunch break.  (See 
photos following this article). 
   NECOEM has scheduled additional training courses through 
January 2014 in Bangor, ME, Boston and Chicopee, MA, and 
Mystic, CT.    NECOEM training course details can be found at 

Dianne Plantamura 
enjoys her time in the 
driver’s seat of an 18-
wheeler! 
  

 

Robert (left) from RM Sullivan 
discusses the fine points of operating 
an 18-wheeler with David Morse, 
PA, Hartford  



www.NECOEM.org. We encourage all NECOEM members who want to certify to attend a future  
NECOEM course. 
   Additional information about the certification process can be found in the NRCME “Complete Guide to Medical 
Examiner Certification, March 2013” on the NRCME website (nrcme.fmcsa.dot.gov).  
   Thanks to my co-faculty members - NECOEM Fellows Ron Blum, MD and Robert Swotinsky, MD - as well as Dianne 
Plantamura for their continuing efforts to make the NRCME course a success.   
  

TABLE 1:  Certified MEs in New England,  
                 by office address and profession, Oct 1, 2013 
         Source: NRCME online listing of certified MEs 
 MD/DO NP PA DC TOTAL 
Connecticut 13 1 1 7 22 
Maine 8 6 2 0 16 
Massachusetts 13 12 3 5 33 
New Hampshire 4 7 1 1 13 
Rhode Island 1 1 1 2 5 
Vermont 2 3 0 0 5 
TOTAL 41 30 8 15 94 

TABLE 2:  NECOEM ME course attendees  
        MD/DO NP PA TOTAL % states 

Connecticut 13 4 10 27 12.6% 
Massachusetts 27 25 6 58 27.0% 

Maine 53 16 14 83 38.6% 
New Hampshire 8 10 4 22 10.2% 
Rhode Island 1 4 0 5 2.3% 
Vermont 3 2 0 5 2.3% 
New York 4 4 3 11 5.1% 
Other 4 0 0 4 1.9% 

TOTAL 113 65 37 215 
 % profession 52.6% 30.2% 17.2% 

  TABLE 3:  NECOEM ME attendees who have certified 

 
MD/DO NP PA TOTAL % states 

Connecticut 3 1 1 5 19.2% 
Maine 3 2 1 6 23.1% 
Massachusetts 3 5 1 9 34.6% 
New Hampshire 0 2 1 3 11.5% 
Rhode Island 0 0 0 0 0.0% 
Vermont 1 1 0 2 7.7% 
New York 1 0 0 1 3.8% 
Other 0 0 0 0 0.0% 
TOTAL 11 11 4 26 

 % profession 42.3% 42.3% 15.4% 
   

Jay Poliner, MD, MPH, FACOEM, a NECOEM member based in West Hartford, CT who provides prevention-oriented 
occupational and corporate health services, has experience with commercial driver health issues in aerospace, explosives 

manufacturing, healthcare imaging, papermaking and forestry, and petroleum companies. 



Rhode Island Occupational/Environmental Health Happenings 

By Steven G McCloy MD 
 
LANDFILL EXPLOSION . The town of Johnston, RI, licenses an enormous landfill operation.  Isn’t it a good thing when 
that landfill uses methane off-gases to generate power?  Yes. What if it releases noxious odors for months?  Maybe not so 
yes.  An unexplained explosion occurred in July at the operation of BroadRock Gas Services. It is so far unexplained.  It 
damaged the pipes, valves and parts of the methane collecting system.  Inspection by Gov. Chafee and Mayor Polisena 
also found duct tape around valves and holding pipes together.  After the town shut down operation, BroadRock workers, 
without town approval, fired up old auxiliary generators.  The town had received complaints of noxious odors and gases.  
Authorities then padlocked the facility and asked for investigation by the US EPA, the State Dept. of Environmental 
Management and OSHA.  This month a quieter report indicated that BroadRock has paid a fine, not admitting any 
wrongdoing but wanting to “keep the town happy.”  [Extracted from Providence Journal and RI-PRI]. 

WATER QUALITY in RI.  We enjoy (for the most part) good water.  A portion of the state water comes from the single 
source of the Scituate Reservoir.  It is clean and, to my palate, quite good.  It has had a persistently elevated lead level (25 
ppb in the 2012 official report).  Providence is engaged in a multimillion dollar program to replace old lead piping with 
modern, rubber lined water delivery piping. At least at my house, the new piping still delivers water with elevated lead.  
But it tastes great.   Not the case in my office.  We are on Pawtucket water there.  That water is drawn from shallow 
reservoirs and tastes of lake bottom and chlorine.  Not so much to my taste.   To be continued... 

SCHOOL SITING.  Rhode Island was the home of the Industrial Revolution and continued to be a major manufacturing 
state through the 20th Century.  It has more than its fair share of grey- and brownfields.  Last year the Legislature passed a 
law forbidding siting of new school construction on contaminated lands.  This year, the bill was largely gutted by the 
House and Senate under intense pressure from the Rhode Island Mayoral Academies.  They wanted to build a school on a 
contaminated site in Pawtucket.  I guess no one remembers Love Canal and the melting tennis shoe soles. 

SEEKING SUPPORT FROM SENATOR WHITEHOUSE.  Sheldon Whitehouse sits on the Senate Environmental 
Committee.  That committee is responsible for considering S. 1009. This bill, if passed, would require the US EPA to 
review the safety of chemicals used in commerce.  ACOEM has testified in support of this bill.  Certainly we have learned 
from our annual conferences about the personal and environmental dangers associated with some chemicals. Occ docs 
from RI are encouraged to write, call or email the senator and ask for his support of passage of the bill. 

  
  
NECOEM Sponsors an OHIP Intern 
By Katherine H. Kirkland, DrPH, MPH 
Many of today’s occupational health and safety leaders entered the field in the 1970s as interns in a program created by 
the Oil, Chemical and Atomic Workers Union (OCAW). Using that model the Occupational Health Internship Program 
(OHIP) was formed. The OHIP is a paid summer internship. Interns are paired up in teams and placed with a union or 
worker organization to work on a project to investigate job-related health and safety problems. This is a national program; 
one of the sites is located in Boston. This year marks the 10th anniversary of the OHIP and the successful completion of 
the internship by 179 students.  
   The mission of OHIP is to recruit, train, and mentor the next generation of occupational health and safety (OHS) 
professionals who are committed to working in partnership with workers and their organizations for social justice and the 
right to a safe workplace. Over a third of the interns have gone on to jobs in OHS or related fields. While the majority 
have pursued careers outside OHS, all have been influenced by their experiences as OHIP interns.   
   OHIP is a very structured internship with both site supervisors and academic mentors. OHIP interns usually work in 
teams of two for nine weeks during the summer. Projects encompass workers in key industries/occupations facing a range 
of hazards. Some of the projects involve working with organized labor but many others involve worker centers and 
community based organizations that are part of a growing movement including many contingent workers. These 
workforce demographics necessitate the interns have skills to address diverse languages and cultures. Over the past ten 
years OHIP interns have been involved in projects with nail salon workers, restaurant workers, taxi drivers, health care 
workers, forestry and agricultural workers, teen workers, airline baggage handlers and many more.  
   As indicated by the diverse workforce, the projects have involved workplace hazards from chemicals, ergonomics, heat 



stress, and workplace violence among others. It is a paid internship since that is not only the right thing to do but also the 
best way to get minority and economically pressed students. A majority of the students speak two or more languages and 
many are first generation citizens.  
   Anyone interested in learning more of the history of both the OCAW internship and OHIP are invited to read the current 
issues of New Solutions: A Journal of Environmental and Occupational Health Policy, Volume 23, Number 2 / 2013.  In 
it you will find two articles that provide an in-depth review. The articles are: “Student Internships with Unions and 
Workers: Building the Occupational Health and Safety Movement” by Gail Bateson or “Shaping the Future: Ten Years of 
the Occupational Health Internship Program” by Linda Delp, et al. The journal is currently posted by Baywood 
Publishing. 
   The OHIP is administered by the Association of Occupational and Environmental Clinics (AOEC) and funded through 
federal grants, private foundations, union and worker center donations and other sources. In spite of a solid history of 
success, OHIP faces the same issues as many programs in an era of decreased funding and increased need. In 2013, OHIP 
received 338 applications, but given our funding constraints, we could only support 6% (21/338) of the eligible 
candidates. This meant that many qualified applicants are unable to participate. This is particularly troubling since OHIP 
is one of the few programs that provide pathways for young people entering the field.  
   In addition to the summer program, each year OHIP has a session at the American Public Health Association meeting 
(APHA). The goal of this session is to provide the students with an opportunity to make presentations and really immerse 
them in both APHA and the OHS section. Scholarships are provided to help the students attend. 
   We are very grateful this year for a generous donation to those scholarships by NECOEM. The NECOEM funding was 
awarded to Ivan Rosales, a graduate student at NYU in Bioethics. Ivan is planning to apply for medical school upon 
completion of his Bioethics program. The NECOEM funding generously contributed towards his expenses for the APHA 
meeting registration, membership for a year, travel, and hotel in Boston.  
  

Dr. Kirkland is the Executive Director of the Association of Occupational and Environmental Clinics. 
  

  
  
  

  

OHIP Orientation 2013 



New Member Spotlight: Erin Teeple, MD 
New NECOEM member, Dr. Erin Teeple, is currently in her first year of training in the 
occupational and environmental medicine residency program at the Harvard School of 
Public Health.  Prior to this residency, she completed an orthopedic surgery residency 
at Rhode Island Hospital and then a sports medicine research fellowship in the 
Department of Emergency Medicine at Rhode Island Hospital where her time was 
divided between clinical work and research.  She is particularly interested in the 
pathophysiology, treatment, and rehabilitation of degenerative musculoskeletal disease. 
Most of Dr. Teeple’s prior scientific work has focused on the biology and 
biomechanics of osteoarthritis, but her ultimate goal as a clinician researcher is to help 
people return to productive lives after injury. In the near term, her goal is to investigate 
functional and imaging outcomes in patients with meniscal injuries. This will be her 
research focus during the subsequent two years of her residency at Harvard. 

   Dr. Teeple has published 11 scientific papers and presented her papers at international meetings. How did this talented 
orthopedic surgeon/sports medicine research clinician end up in occupational medicine? Has this been her professional 
goal all along? Well, not exactly.  
   Pittsburgh was home for Erin Teeple until she headed to Rhode Island and Brown University to attend college, medical 
school and her orthopedics residency.  Throughout all this training she had never encountered our specialty area of 
occupational medicine. It wasn’t until she was in her sports medicine research fellowship, searching for interesting 
master’s degree programs and was reviewing the Harvard School of Public Health website that she encountered the formal 
field of occupational medicine for the first time. She does not recall hearing about occupational medicine in medical 
school [are any of us surprised?].  As an orthopedic surgeon she saw a lot of work-related injuries but never heard of 
occupational medicine or encountered a physician specializing in occupational medicine. Dr. Stefanos Kales, the director 
of the Harvard occupational medicine residency – and the ACOEM 2013 Kehoe Award Winner – was the first specialist 
in occupational medicine that she had ever met. Now Dr. Teeple is passionate about occupational medicine. She has 
always loved to see patients and get them back to work.  In a sense, she has always loved occupational medicine – she just 
didn’t know that that was what she was doing.  Her research focus on degenerative musculoskeletal disease, begun in 
orthopedics and continued through sports medicine is now seamlessly flowing right on into this new phase of her life in 
occupational medicine. 
   The 2013 NECOEM Conference, December 5-6 in Newton, Massachusetts, will be Dr. Erin Teeple’s first occupational 
medicine conference and her first opportunity to meet her fellow NECOEM members. Please look for her, welcome her to 
our NECOEM family and share a tale or two from your occupational and environmental medicine exploits. 

- Editor 
  
 
 
 

Gearing Up !   
The Annual Conference Committee is very excited 
about this year’s conference.  
Highlights include: 
Jay Himmelstein, MD, MPH, the 2013 Harriet Hardy 
Award Winner, whose talk is entitled "Work Without 
Limits: Observations on 30 years of Occupational 
Health, Health Care, and Employment Policy."   
The William B. Patterson Memorial Lecture on 
Excellence will be given this year by Michael Erdil, 
MD on "Shared Decision Making - A Key to 
Excellence in OM Practice."  The conference will also 
feature lectures on two current controversial topics, 
hydrofracking and medical marijuana. 



 
There are 11.5 hours of Category I CME credits, contact hours, CCM credits, and ABIH credit as well as 11.5 hours of 
MOC credit available.  We will again be holding a President’s Dinner Reception and Poster Competition, with a buffet 
dinner.  There will be a live jazz duo performing at the dinner reception. Drink tickets are included in the registration fee.  
Additional guests may attend for an additional fee. 
As always, there will be ample opportunities for networking and exploring vendor exhibits.  MaAOHN and NECOEM 
Annual Meetings will take place on Friday during the noon luncheon. 
We look forward to you joining us.  Please make sure to make your reservations ASAP as the hotel has filled up for past 
conferences!  

By Matthew Lundquist, MD, MPH . Dr. Lundquist is Assistant Medical Director at Middlesex Hospital Occupational & 
Environmental Medicine in Middletown, Connecticut.  He is Chair of the 2013 NECOEM Annual Conference and a 

member of the Board of Directors. 
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Short-term sleep loss is known to cause temporary difficulties in cognition, behaviour

and health but the effects of persistent sleep deprivation on brain development have

received little or no attention. Yet, severe sleep disorders that last for years are common

in children especially when they have neurodevelopmental disabilities. There is

increasing evidence that chronic sleep loss can lead to neuronal and cognitive loss in

children although this is generally unrecognized by the medical profession and the

public. Without the restorative functions of sleep due to total sleep deprivation, death is

inevitable within a few weeks. Chronic sleep disturbances at any age deprive children of

healthy environmental exposure which is a prerequisite for cognitive growth more so

during critical developmental periods. Sleep loss adversely effects pineal melatonin

production which causes disturbance of circadian physiology of cells, organs, neuro-

chemicals, neuroprotective and other metabolic functions. Through various mechanisms

sleep loss causes widespread deterioration of neuronal functions, memory and learning,

gene expression, neurogenesis and numerous other changes which cause decline in

cognition, behaviour and health. When these changes are long-standing, excessive

cellular stress develops which may result in widespread neuronal loss. In this review, for

the first time, recent research advances obtained from various fields of sleep medicine
esonance imaging; MEG, magnetoencephalography; NDD, neurodevelopmental disabilities;
eye movement.
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are integrated in order to show that untreated chronic sleep disorders may lead to

impaired brain development, neuronal damage and permanent loss of developmental

potentials. Further research is urgently needed because these findings have major

implications for the treatment of sleep disorders.

ª 2010 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights

reserved.
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1. Introduction One of the anecdotal total long-term sleep deprivation
Recent research activities in various fields of sleep medicine

force us to view the wakeesleep states as an interrelated and

orchestrated change in behavioural, cognitive, genetic,

anatomical, electrical, molecular, cellular, biochemical, and

endocrine functions in which the pineal melatonin plays an

important role.1 Viewing sleep as a complex, neurological

process rather than an independent state promotes better

understanding of sleep disorders and their adverse effects on

cognition, behaviour and health. The purpose of this review is

to discuss the neuronal, metabolic and other mechanisms of

sleep, based on recent scientific advances; then to summarise

and integrate the evidencewhich supports the hypothesis that

in childhood chronic sleep deprivation can lead to permanent

neurological damage especially during early critical develop-

mental periods. Sleep deprivation is generally defined in sleep

medicine as sufficient loss of sleep during a period of time

which results in impairment of neurological and physical

functions. Sleep deprivation not only depends on the quantity

but also on the restorativequality and timingof sleep. Children

require more sleep than adults with individual variations.

Sleep deprivation can be short or long-term, partial or total.

Short-term sleep deprivation could be caused by loss of a few

hours of sleep. It ismoredifficult to define chronic or long-term

partial sleep loss but in clinical practice children with neuro-

developmental disabilities frequently exhibit persistent sleep

disturbances with inadequate hours of sleep for years or even

lifetime. Partial and also total short-term sleep loss has been

studiedmainly inanimals, less frequently inhealthyadultsbut

only on rare occasions in children.2e4 Research on the perma-

nent adverse effects of sleep loss on neurodevelopment is still

minimal.5 There are no controlled studies in children, which is

not surprising as such experiments are unethical to perform,

due to adverse psychological and medical consequences.
experiments involved a top radio personality, Peter Tripp,who

in 1959wanted to break the world record for staying awake for

the longest period of time. He succeeded in breaking the

record by staying awake for 201 h but became psychotic

towards the end of his ordeal. Following this event, those close

to him felt that his personality had permanently changed. He

lost his job, had difficulties settling and hiswife divorcedhim.6

Since then others have broken the world record for staying

awake but all of them had serious cognitive and behavioural

changes during their attempts. The long-term neurological

and psychological consequences were not studied. The

experiment of Peter Tripp illustrates the critical importance of

sleep for survival. Indeed, complete lack of sleep in animal

experiments leads to death within 3 weeks.7,8

In typically developing children, with exceptions, the sleep

difficulties tend tobe partial, short termand respond favourably

to appropriate management.9 In contrast, in children with

neurodevelopmental disabilities (NDD) the prevalence rates of

sleep difficulties may be as high as 75e80% and the sleep

disturbances tend to last for years or even for a lifetime. While

they can be helped by therapies or environmental changes they

may respond less readily than typical children.10e12 Sleep

disturbances are associatedwithmanyneurological conditions,

alone or in combinations, such as intellectual disability,13

epilepsy,14 cerebral palsy,15 visual impairment,16 autism,17

attention deficit hyperactivity disorder,18 fetal alcohol spec-

trumdisorders19 andbrainmaldevelopment.20 Not infrequently

such children only sleep for 3e4 h a night for years or for their

entire lives. The number of coexisting neurological disorders

and their severity proportionately predispose to disturbed

sleep.21Untreated sleepdeprivationmay lead todeteriorationof

the already impaired brain functions as evidenced by increased

difficulties in learning, memory, verbal creativity, attention,

abstract reasoning and many other perceptual, cognitive and
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motor functions.22e24 Sleep problems are more common in

remedial classes for childrenwith various forms of NDD than in

primary schools.23,25 In children with obstructive sleep apnea

the degree of sleep disturbance and the severity of intellectual

and behavioural changes are strongly linked. For example,

among first grade students with the lowest marks, there was

a 6e9-fold increase in the expected prevalence of sleep apnea.26

Thus, the possibility exists that a vicious cycle may be created

which feeds back to itself as sleep disorders in children with

NDD lead to increasingly impaired cognition and further dete-

rioration of sleep.

The three most common sleep disturbances in children

with NDD are difficulties falling asleep, frequent awakenings

during the night and early morning arousals alone or in

combinations. Although diagnostic sleep studies in the NDD

population are scarce, these sleep disturbances are generally

considered to be circadian rhythm sleep disorders and they

tend to be associated with abnormally timed, or reduced

pineal melatonin production and secretion.27 When sleep

disorders are appropriately treated, even after years of delay,

caregiver reports show that there is significant improvement

in intellectual function, behaviour and health.28 However,

a strong possibility still exists that the delay in treatment

adversely affects the ultimate intellectual potentials of these

children. Chronic sleep deprivation may occur at any age, but

the adverse consequences are much more likely to occur in

younger children, whose immature brains are rapidly devel-

oping in contrast to adults with mature central nervous

systems.
2. Critical developmental periods

Our sensory systems respond to environmental information

by transducing it to electrical activity in the brain. The vast

number of neuronal groups, ‘modules’ or ‘assemblies’, also

communicates by means of electrical oscillations. Because of

environmental exposure during development, competition

occurs between neuronal assemblies which results in the

creation of neural pathways and anatomical regions respon-

sible for later cognition andmature behaviour. The timing and

duration of environmental exposure, motivation, attention to

tasks and age are some of the important influencing factors.

Neurodevelopment occurs in cascades as each step is built on

a preceding stage. The durations of the huge number of critical

periods are still unclear and they vary according to specific

motor and cognitive abilities. During these critical times the

synaptic activity exhibits the highest level of plasticity and

connectivity which are the cellular substrate of memory

formation and learning. Children’s neurological circuits are

particularly receptive to acquiring information. They respond

quickly to genetic and environmental information but are also

more susceptible to damage.7,29 The developmental steps are

accompanied by electrical, functional, structural, neuro-

transmitter, neuromodulator, biochemical, hormonal and

other physiological changes.29 The best example to illustrate

the existence of high susceptibility to damage during critical

developmental periods is fetal alcohol spectrum disorders,

because even small amounts of alcohol during pregnancymay

have devastating teratogenic effects on the central nervous
system of the fetus in contrast to alcohol exposure in adults

who have mature nervous systems.30
3. Electrical activity of the brain

The purpose of this section is to describe the electrical

changes in sleep and relate these to brain functions, sleep

disturbances and development. The global electrical activity

of the brain is the summation of oscillatory frequencies

betweenmyriads of neuronal modules. In both mammals and

humans, these frequencies and patterns are very different in

wakefulness, drowsiness and in certain sleep stages.31 Based

on these and clinical differences, sleep patterns in the elec-

troencephalogram (EEG) are divided into two major compo-

nents: rapid eye movement (REM) and non-rapid eye

movement (NREM) states and they are further divided into sub

stages. Furthermore, NREM and REM sleep cyclically alternate

during the night. The brain is much more active in REM than

in NREM states. In REM sleep the cortical blood flow and

oxygen delivery are high, especially in the brainstem and

limbic regions and EEGs show intense neuronal firing in most

areas of the brain. In all mammals the duration of REM sleep is

much higher during early development than later in life and

parallels the rate of cognitive development which indicates

the need for healthy sleep.32,33

A healthy exposure to the environment is important

because neuronal development is stimulus-dependent.34

Contact with the environment is transduced into electrical

activity which represents the critically needed exogenous

stimulus. Neurons also receive endogenous stimulation

provided by the intense electrical communication between

neuronal assemblies especially during REM sleep.35e38 Roff-

warg and co-workers were the first to suggest that the primary

purpose of REM was the promotion of brain development.39

Exogenous and endogenous stimulation influences neuro-

genesis, synaptic activity, connectivity and assists in learning

and memory formation. In animals, persistent REM sleep

deprivation leads to increased energy expenditure, weight

loss in spite of higher food intake, decreased body tempera-

ture, debilitating appearance and death.8 Chronic REM sleep

deprivation leads to increased programmed cell death

(apoptosis), smaller brain size and it also limits cerebral

maturation resulting from environmental enrichment.40e42

The development of thalamocortical and intracortical

patterns of innervations between neuronal groups is also

reflected in the maturation of NREM sleep and corresponds to

the height of synaptic remodelling in early life.43 In early

NREM sleep spindle formation has been considered to be

a marker for neuronal plasticity and consolidation of new

procedural learning. Sleep spindle formation, a pattern of

electrical oscillations, is often abnormal in children with NDD

and with structural brain abnormalities while the increased

number of spindles have been correlated with higher perfor-

mance IQ.43 However, it is now apparent that the main role of

spindles is the induction and maintenance of NREM sleep.1

Spindle activity prepares the brain for sleep globally and

regionallywhile taking into consideration the level of previous

sensory input as spindle activity is more active over areas of

the cortex that have received stimulation prior to sleep.44
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During deeper NREM sleep the spindles gradually disappear

and in its deepest stages, the electrical pattern of the EEG is

characterised by diffuse slowing, similar to encephalopathy

due to pathological conditions which have resulted in cortical

deactivation.

Recent research advances in cellular studies show that

sleep is physiologically required by individual groups on

neurons which is a very important observation.45 This is even

evident when the electrical oscillations of neurons are ana-

lysed in slide preparations of the brain as the recorded slow

oscillatory activities are similar to the brain waves during

NREM sleep.46 However, central mechanisms are critically

important for modulating and synchronizing sleep states in

all regions of the brain. The radically different electrical

patterns in NREM and REM sleep stages suggest different

functions. NREM sleep is likely to play an important metabolic

role in correcting the energy and nutritional imbalances

following prolonged wakefulness while REM sleep is more

important for providing a supportive role for endogenous

stimulation, neurogenesis, neurological and emotional

development, memory formation and learning. Clearly, there

is increasing evidence from studying the electrical activity of

the brain that sleep disturbances can influence neuronal

development and function.
4. Homeostatic mechanisms in sleep

During early sleep research, Borbely introduced theories

explaining the influence of circadian and homeostatic mech-

anisms on sleep.47 He suggested that the circadian rhythm

oscillators in the suprachiasmatic nuclei of the hypothalamus

control the sleepewake cycles and the homeostatic process

regulates sleep need, which increases during the day and

decreases during NREM sleep. It was hypothesized that the

accumulation of one or more unknown substances in the

brain during the waking hours were responsible for this

homeostatic process. Research has since shown that prosta-

glandin D2, adenosine, nitric oxide, tumour-releasing factor,

interleukin-1 and growth hormone releasing hormone and

other substances are these homeostatic sleep-inducing

factors.45,48,49 For example, prostaglandin D2, a local

hormone, and adenosine, a purine nucleoside energy regu-

lator, accumulate in the brain during wakefulness, especially

in the forebrain structures, and they promote sleep. During

NREM sleep adenosine moves into the cells and serves as

a fuel supply in the mitochondria. When prostaglandin D2

was continuously infused into the third ventricle of rats, it

inducedNREM and REM sleep in a dose-dependentmanner, as

judged by EEG studies and behavioural observations.50 When

adenosine was perfused into rats in another study, it

produced impairment of vigilance resembling the effects of

sleep deprivation.51 With longer sleep deprivation, the accu-

mulation of sleep regulatory substances increases and with it,

the need for sleep.45,52 During neuronal activities, the brain

uses other energy sources such as glycogen, which is

primarily stored in astrocytes.53,54 Astrocytes have a role in

the regulation of the pre-and post-synaptic terminals of

excitatory and inhibitory synapses55 and play an important

role in the energy regulation of sleep homeostasis by releasing
transmitters at receptor sites. They also have a role in cogni-

tive decline during sleep loss.56 Key protein levels in central

synapses are high after waking and low after sleep indicating

their strong homeostatic role in sleep.57

Sleep is not imposed on the brain by a single regulatory

circuit which acts in a top-down manner. Depending on

previous use, when regional neuronal groups require their

own metabolic restoration, they are able to release sleep-

promoting substances that may induce local NREM sleep.45

When the homeostatic needs of local brain regions are

unmet, their synaptic efficacy and connectivity are affected,

which homeostatic imbalance then adversely influences the

related cognitive functions, behaviours and learning. Sleep

states normally require close interactions between local

neuronal circuits and central mechanisms in order to avoid

conflicting functions between various brain regions. As an

example, after severe sleep deprivation microsleeps and lap-

ses in attention commonly occur due to impaired interactions

between central and local mechanisms.58 In conclusion, it is

again clear that temporary or persistent sleep disturbances

can adversely affect brain functions both globally and locally

at the cellular level.
5. Imaging studies

Neurons dynamically create oscillating electrical currents and

induce corresponding magnetic fields which process requires

large amount of energy. Depending on the types of functions

performed during testing different regions of the brain are

activated. Functional magnetic resonance imaging (fMRI) and

positron emission tomography techniques detect these

changes because of the underlying metabolic and hemody-

namic responses. The generated electrical activity and the

correspondingmagnetic fields can also be studied by EEGs and

magnetoencephalography (MEG) respectively. When these

techniques are combined the visualization of functional

activities in the brain is even more enhanced.

MRI studies in children showmarked growth of the brain in

the first two years of life, mainly due to grey matter develop-

ment.59 Structural and fMRI studies offer new insights into the

mechanisms of sleep and the anatomical structures

involved.60,61 They are valuable tools in the understanding,

diagnosis and treatment of specific sleep disorders.62 They

also shed light on how sleep deprivation can change neuro-

anatomical functions58,63 and how the brain compensates for

sleep loss.5 Imaging studies have revealed decreased func-

tional connectivity between the amygdala and medial

prefrontal region following short-term sleep loss, but

increased connectivity between the amygdala and autonomic

activating centres in the brainstem. These findings help to

explain emotional changes following sleep deprivation.64

Imaging studies have shown reduced cerebral metabolism

and also greymatter loss in cortical and subcortical structures

associated with persistent obstructive sleep apnea.64,65 Chil-

dren with obstructive sleep apnea have more frequent EEG

abnormalities compared to those without.66 One may argue

that the associated hypoxic episodes caused the brain damage

in these children. However, in another important study adults

with chronic primary insomnia and without comorbidities
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were assessed by neuroimaging. Altena and colleges studied

the brain volumes of 24 adults with chronic primary insomnia

and 13 matched control subjects. The patients with sleep

disturbances had significantly smaller greymatter volumes of

the orbitofrontal and parietal cortex and a few other areas

than the controls.67 The cerebral cortex is not affected evenly

by the process of sleep. In the early stages of NREM sleep the

thalamus and the frontal and parietal lobes show reduced

activity. In deeper NREM sleep stages the activity is further

reduced in these regions and also in the basal ganglia and

hippocampal structures. In contrast, the activity in REM sleep

increases in the pons, limbic system and occipital regions but

decreases in the parietal and prefrontal areas. Thus, fMRI

confirms the existing knowledge of sleep physiology derived

from other fields of sleep medicine. It shows that there is not

a single superstructure for inducing sleep but a complex,

widespread neurological network which operates between

central and local neuronal structures.60e62,68

A useful way to study the neuronal mechanisms involved

in sleep is to observe imaging changes inwakefulness, in sleep

and following sleep deprivation. A number of fMRI studies

have revealed the neuroanatomical correlates of impaired

performance following sleep loss. Working memory is

perhaps the most investigated cognitive function.69 The

others are verbal learning,70 decision making, emotional

responses71 and attention.64,72 Research into lapses of atten-

tion in individuals with sleep loss reveals interacting mecha-

nisms in the brain that at the same time promotewakefulness

and involuntary sleep.72 Emotional events enhance memory

formation by the influence of the amygdala on hippocampal

structures. In sleep-deprived individuals the recollections of

emotionally negative events elicit larger responses in the

amygdala and occipital areas.71 It is clear that there are indi-

vidual differences in vulnerability to sleep loss. In contrast to

partial sleep loss, we are not aware of human fMRI studies

following severe total or chronic partial sleep deprivation.

These studies are summarised in review articles.63,73

MEG studies also display changes in areas of the brain

during wakefulness, in different sleep states or following

sleep deprivation and are able to show an accurate spatio-

temporal localization of specific cognitive functions.74 MEG is

based on detecting magnetic oscillations created by the elec-

trical activity of the brain. The magnetic oscillatory activity in

the range of 25e50 Hz (gamma-band frequencies) has been

shown to be correlated with higher brain functions and thus

the dysrhythmic sensory processing present in various

neurological and psychiatric disorders can be revealed.75e81

The thalamocortical neuronal network has a major role in

wakefulness and sleep.1,74,82,83 During wakefulness and REM

the specific gamma thalamocortical resonance is active indi-

cating that cognitive experiences can be generated in both

states. In various brain disorders the oscillatory communica-

tion between the thalamus and cortex has been reported to be

disturbed and this thalamocortical dysrhythmia can also be

a contributing factor to impaired sleep states.75 Specific

neurological changes in various sleep stages can be detected

by MEG techniques.84,85 While the wake state and REM sleep

are similar in respect to the presence of gamma oscillations,

there is an absence of any external sensory input during REM

in contrast to wakefulness.86 During deeper stages of NREM
sleep, the amplitude of slow wave oscillations is higher than

in wakefulness and REM sleep, but again, external environ-

mental stimulation does not reset or change gamma oscilla-

tions. This means, as is already well known, that the external

environment is for the most part excluded during REM and

deep NREM sleep. Therefore, dreaming during REM is char-

acterised by increased attentiveness to the intrinsic state but

external stimuli do not influence the intrinsic activity. In

conclusion, MEG brain imaging technology has a potential

application in the study of all sleep disorders and sleep

deprivation. Furthermore, MEG and other imaging studies

have significantly increased our understanding the neuro-

logical processes involved in sleep and also changes in brain

functions following short-term and chronic sleep loss.
6. Cellular stress during sleep deprivation

The most convincing evidence for permanent neuronal

damage resulting from sleep loss comes from cellular studies

in which animal experiments are indispensable. There is

increasing evidence that even brief periods of total sleep

deprivation may permanently imprint on neuronal plasticity.

Forexample,duringcriticaldevelopmentalperiods theadverse

effects of sleep loss on the visual system have been clearly

shown.87 Occlusion of one eye causes rapid remodelling of the

visual cortex and its pathways. Sleep enhances neuronal

plasticity while sleep loss reduces it, therefore experience-

dependent (exogenous) stimulation can be modified.88

The effects of sleep deprivation on the neurophysiologic

functions of neurons can be clarified by gene expression. Up-

regulation of genes is different in wakefulness, sleep and

during sleep deprivation. Microarray analysis of the mouse

brain has shown that over 2000 genes are turned on or off

during sleep and wakefulness and some of these genes are

essential for restorative neuronal metabolisms. When certain

genes are activated by sleep deprivation or abnormal

sleepewake cycles, adverse changes may occur in neuro-

development and behaviour, especially in young children.89

Since some of these genes are coded for proteins which are

involved in different neuronal functions, the metabolic

aspects of waking, sleep and sleep deprivation can be reliably

studied by gene expression.90e92

During the last decade major progress has been made in

the understanding of complex molecular changes following

sleep deprivation which cause cellular stress.8,90,91 Cellular

stress is defined as the response of cells to adverse environ-

mental conditions that disturb their homeostasis. During

wakefulness, the brain’s energy supplies progressively

diminish while in NREM sleep this metabolic energy imbal-

ance is corrected by rebuilding the diminished cellular

components.93e95 When the metabolic needs of the neurons

are unmet, various degrees of cellular stress develop

depending on the severity and duration of sleep of loss.

Cellular stress down-regulates many so-called stress genes

and up-regulates many others and the activation of these

genes can lead to the production of certain proteins which are

able to protect and repair cells. Interestingly this process is

similar from bacteria to humans.
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Under non-stressed conditions the non-productive folding

of proteins in cells is prevented. During excessive stress this

process may fail, the misfolded proteins begin to accumulate

in aggregates and the adaptive cellular functions progres-

sively deteriorate. Excessive cellular stress can lead to path-

ological changes in the mitochondria, macromolecular

damage to proteins, DNA, RNA and lipids.90,96 and to alter-

ations of brain microRNA levels.97 In response to significant

cellular stress, the so-called unfolded protein response which

is a quality control system is initiated, that degrades mis-

folded polypeptides, suppresses the formation of protein

aggregates, and ensures the effectiveness of transcription and

translation of genes in addition to a number of other complex

mechanisms. This process occurs in the endoplasmic retic-

ulum, which is a membrane network in the cytoplasm.98,99

When the excessive stress is prolonged, and the unfolded

protein response is unable to compensate, widespread

neuronal death and apoptosis may occur. The wear and tear

resulting from stress, the “allostatic load”, is cumulative and

further influences neurological functions, behaviour and

health.100e102 In addition to sleep loss, neuronal stress may

have other simultaneous sources with an amplifying effect.

For example, it is estimated that 5e20% of military personnel

who have served in combat develop post-traumatic stress

disorder. Sleep disturbances appear to be a predisposing

factor but there are other simultaneous sources of stress. The

continuing sleep difficulties are a consistent feature of this

disorder.103 Post-traumatic stress disorder also occurs in

children with NDD but is rarely recognized.104

As indicated earlier, the metabolic cellular functions are

controlled by a very large number of genes that are up and

down regulated by the day and night changes.98,105 Severe and

long-term sleep deprivation is known to up-regulate genes in

the cerebral cortex coding for immunoglobulins, energy

regulating pathways, macromolecule biosynthesis and

transport, stress response and inflammation.93,94,98 Thus,

sleep deprivation and resulting neuronal stress may lead to

a large number of biochemical changes through various

mechanisms.91 Even short-term sleep deprivation rapidly and

reversibly alters bidirectional synaptic plasticity106 and it may

result in transcriptional alterations in protein synthesis.107

Changes also occur in the neuroendocrine108,109 and neuro-

transmitter systems.102 Interestingly, the pattern of neurobi-

ological changes is similar to that seen in depression.110 This

is relevant in that chronic sleep deprivation may be

a precursor of depression. As an example, adolescents have

high rates of serious sleep disturbances associated with

depression and suicidal attempts.111 Severe restless legs

syndrome predisposes to sleep disturbances and depres-

sion.112 Post-partum depressed women are also commonly

sleep-deprived.113 However, the relationship of sleep loss to

depression in these examples needs further clarification.
7. The effects of sleep deprivation on
the hippocampus

The hippocampal structures play a major cognitive role and

have received considerable attention with regard to sleep

deprivation. They participate in learning and memory
formation through reciprocal connections to various regions

of the brain and also in emotional processes involving the

amygdala and prefrontal cortex. The hippocampal formation

is in the medial temporal lobe and includes the dentate gyrus,

the hippocampus and a number of other areas that can be

clearly identified at birth. During post-natal maturation of

these structures, critical developmental periods exist.114 In

primates the majority of neurons are already formed pre-

natally except in the granular cell layer of the dentate gyrus

where more than 30% of neurons are generated post-natally,

most in early life, but some even in adulthood.115 Damage to

the hippocampal structures causes profound loss of declara-

tive memory function and cognitive deficits. Hippocampal

infarction,116 hippocampal sclerosis,117,118 pre-natal alcohol

exposure119 and various types of early injuries to the hippo-

campus120 all result in cognitive defects. During the early

post-natal developments of birds, nutritional deficits have

resulted in smaller hippocampal structures and fewer

neurons. These birds exhibited persistent cognitive deficits

despite nutritional rehabilitation.121 Deprived rearing condi-

tions in neonatal mice led to similar findings.122

Long-term sleep deprivation in animal studies has also

suppressed the survival, maturation, differentiation and

proliferation of neurons in the hippocampal structures.123

Therefore, periodic severe disruption of sleep may have

a permanent and cumulative effect in this anatomical

region114,124 and REM deprivation is more harmful in this

process than that of NREM sleep.125 The adverse effect of REM

sleep loss in memory function has been described in

numerous studies. McDermott and co-workers have shown

that only 72 h of REM sleep deprivation in rats impaired their

performance on hippocampus-dependent spatial learning

and produced molecular and cellular alterations. A reduction

in membrane excitability and synaptic plasticity diminished

the performance of these rodents in learning and tasks.126 In

animals and in humans, complex task training leads to an

increase in the consecutive total REM sleep time.127 In

humans, recall performance for verbal memory is greater

after sleep than after wakefulness and positron emission

tomography shows that in REM sleep, the brain areas aremore

reactive when they are exposed to certain learning tasks prior

to sleep.128 In conclusion, research indicates a detrimental

role of short-term or chronic sleep loss on consolidating

memory129 and there are suggestions that such changes can

be permanent.
8. Melatonin

The daily variations of light are transduced into electrical

impulses by specialized retinal ganglion cells which then

communicate this information to the suprachiasmatic nuclei

in the hypothalamus.130 In turn, the suprachiasmatic nuclei

signal the pineal gland to down-regulate the melatonin

production.131 In the absence of light the pineal gland is

relieved of the inhibitory influence of the suprachiasmatic

nuclei and melatonin production occurs with its rapid release

into the blood and cerebrospinal fluid. The circulating mela-

tonin is mainly but not entirely derived from the pineal gland.

Normally melatonin production begins in the evening. It is
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lipid and water soluble, readily crosses all morphological

barriers and can enter neuronal subcompartments where it

has numerous metabolic functions. Tissues throughout the

body have melatonin membrane receptors which permit

localised and differentiated responses to central melatonin

release.132 Through complex but ill-defined neurological

mechanisms melatonin promotes sleep onset and mainte-

nance.1 Sleep regulation is only one of its many functions.

There is strong evidence that melatonin assists in the

synchronisation of intracellular functions and in the

synchronisation of circadian and circannual physiology of

cells, organs, hormones, neurochemicals and other

functions.133e138 Melatonin and its by-products are protective

against oxidative/nitrosative damage due to their direct free

radical scavenging actions.139,140 They ameliorate the free

radical-mediated damage that is caused by neural toxins,

ultraviolet light, heat stress, herbicides, metals, prescription

drugs, irradiation and others.141 Dysregulation of sleep can

result in reduced melatonin production and secretion leading

to increased cellular oxidative and nitrosative stress, distur-

bance of intracellular and extracellular metabolisms and to

cognitive, behavioural and health difficulties.27,142,143 Mela-

tonin also influences neurogenesis and it is important in pre-

natal and post-natal brain and eye development.144e147 For

example, in animal studies melatonin-deficient fetuses later

exhibit reduced cerebellar size,148,149 delayed develop-

ment150,151 and abnormal neurogenesis of the hippocampal

structures.152e156 Therefore, the existing evidence suggests

that chronic circadian sleep disturbance or sleep loss in

various forms may lead to vast changes in health and in

neuronal mechanisms.141,143
9. Conclusions

During the last few years, research activities have markedly

increased in electrophysiology, anatomical studies, structural

and functional brain imaging, cellular, molecular, and genetic,

biochemical and other areas of sleepmedicine. It is important

for pediatric neurologists and physicians in other clinical

fields to be familiar with some of these advances. NREM sleep

is most important in restoring homeostatic balance following

wakefulness, whereas REM sleep provides a supportive role in

neurogenesis, synaptic activity, emotional and neuronal

development, learning and memory formation. Sleep depri-

vation adversely affects cognitive functioning, behaviours and

health.

The effects of persistent partial sleep difficulties on human

brain development have not been adequately studied; yet

chronic sleep disturbances are common, especially in children

with NDD. Children with chronic sleep difficulties, more so

when young, are deprived of quality environmental and

endogenous brain stimulation needed for optimal neuronal

development. Animal experiments unequivocally show that

sleep loss even for three or four days can adversely and

permanently affect neurophysiological functions and neuro-

genesis. Sleep deprivation, depending on the severity, leads to

genetic, cellular, metabolic, electrical, neurotransmitter and

other changes. Prolonged sleep loss causes cellular stress and

when the defence mechanisms are no longer able to cope,
permanent neuronal damage may occur. The effects of

cellular stress may be cumulative throughout life. Melatonin,

which has powerful neuroprotective properties, has a central

role in sleep deprivation since during sleep disturbances

melatonin production is often reduced and/or disturbed. The

potential adverse effects of chronic sleep disorders on the

brain development of children are generally unrecognized.

Furthermore, it is often incorrectly thought that the sleep

disturbances of children with NDD are an inevitable part of

their conditions or they will eventually outgrow these diffi-

culties, and therefore treatment is not necessary or may be

ineffective. This review summarises the increasing evidence

from various fields of neuroscience that chronic disturbances

of sleep adversely affect brain development, especially when

severe and occur during critical developmental periods.

Pediatric neurologists, the scientific community and the

public must be aware of these recent scientific developments.

Further studies are urgently required.
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Artykuł otwarty w ramach bezpłatnego limitu prenumeraty cyfrowej

, niegdysiejszy opozycjonista, po przełomie w roku 1989

stworzył prężnie działającą firmę EPA (energetyka wiatrowa). Człowiek, który

wyprowadził z zapaści szczecińską Pogoń.

Jak Pogoń podniosła się z upadku

Jarosław Mroczek jako  mieszkał blisko stadionu, jako nastolatek grał w

Pogoni. Zdarzało się, że zamiast na niedzielnej mszy, przesiadywał godzinę na

trybunach. Wtedy zapewne nie przypuszczał, że kilkadziesiąt lat później wróci

tam jako prezes. I zapisze się w klubowej kronice złotymi zgłoskami za awans do

ekstraklasy.

Dlaczego to takie ważne? Pogoń to marka rozpoznawalna w całej Polsce. Gdy w

2007 r. po odejściu Antoniego Ptaka zespół się rozsypał, wydawało się, że na

powrót do piłkarskiej elity będziemy czekać wiele lat. Nie było bogatego

sponsora, nie było drużyny.

Odbudowę klubu od B klasy zaczęli kibice, później, w IV lidze, za stery chwycili

dwaj młodzi przedsiębiorcy - Artur Kałużny i Grzegorz Smolny. Pokazali, że w

Szczecinie są ludzie, którzy chcą i potrafią budować zespół od podstaw. Stabilny

kurs Pogoni wyznaczył jednak dopiero Jarosław Mroczek, prezes firmy EPA.

Gdy po raz pierwszy zasiadł za stołem z granatowo-bordowymi proporczykami,

na tle klubowego herbu, napisaliśmy, że "Pogoń jest już troszkę Epy". To był

rzeczywiście szczęśliwy moment (październik 2009 r.). EPA, duża szczecińska

firma, działająca m.in. na rynku energetyki wiatrowej, kupiła 5 procent akcji 

 SA. Pierwszoligowa już wtedy drużyna złapała wiatr w żagle.

Niewiele zabrakło, a wiosną 2010 wywalczyłaby awans. Zamiast tego był finał

Pucharu Polski. Na ekstraklasę trzeba było poczekać jeszcze dwa lata. W tym

czasie EPA stała się już nie symbolicznym, a największym udziałowcem

sportowej spółki.

Jarosław Mroczek - biografia

Absolwent Politechniki Szczecińskiej. W 1978 roku, zaraz po , zaczął

pracę w Stoczni Szczecińskiej im. Adolfa Warskiego. Trafił do zespołu

fachowców, którzy uruchamiali urządzenia radionawigacyjne na statkach: radary,

radiostacje, żyrokompasy. W sierpniu 1980 został wybrany do Międzyzakładowej

Komisji Strajkowej. Obok Mariana Jurczyka, Stanisława Wądołowskiego i innych.

Uczestnicy obrad MKS wspominają go jako "młodziutkiego inżyniera, w

tweedowej marynarce, pod krawatem".We wrześniu został

współprzewodniczącym tzw. Komisji Mieszanej ds. nadzoru nad realizacją

porozumień sierpniowych (stronę rządową reprezentował wicepremier Kazimierz

Barcikowski). Karnawał Solidarności szybko się jednak skończył. A Mroczek

działalności opozycyjnej nie skonsumował w polityce.

- Politykę mam za sobą - stwierdził w 2012 r. rozmowie z dziennikarzem

"Wyborczej". - Choć w tej polityce wiele lat funkcjonowałem. Jako prezes

Polskiego Stowarzyszenia Energetyki Wiatrowej byłem zapraszany, w roli

Jarosław Mroczek

dziecko

Pogoń

Szczecin

studiach
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Zobacz więcej na temat: Jarosław Mroczek

Jarosław Mroczek w biznesie

W 1988 roku założył, wraz z grupą kolegów, spółkę z o.o. EPA (skrót od

"elektronika, pomiary, automatyka"). To była jedna z pierwszych spółek w

Szczecinie. Razem z nim ze stoczni odeszła grupa inżynierów. Po to, by robić to

samo co dotychczas, czyli montować sprzęt nawigacyjny, elektronikę itd. Tylko

szybciej, wydajniej, nowocześniej.

Zleceń było mnóstwo. Najwięcej z . Ponad 100 statków tego armatora EPA

przystosowywała do nowego standardu łączności. Wykonała też system

łączności dla polskiego ratownictwa okrętowego.

EPA to dziś już kilka spółek. W tym EPA Wind. Od kilkunastu lat największe

projekty EPA dotyczą właśnie energetyki wiatrowej.

Pierwszy "wiatrak" EPA postawiła (przygotowała i zrealizowała projekt) w

Nowogardzie. Później porwała się na wielkie przedsięwzięcie pod hasłem

"Zagórze". 15 wiatraków nad Zalewem Szczecińskim. 30 MW - największy

wówczas tego typu projekt w Polsce.

W grudniu 2012 roku Jarosław Mroczek został Szczupakiem w plebiscycie

"Gazety Wyborczej" w Szczecinie.
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Dr. Jeff Aramini responds to criticisms of statistical technique by Ollson and 

Barnard in Noise and Health: 

It is obvious from the letters to the editor of Barnard and Olson that they both lack expertise in public 

health quantitative epidemiology. To illustrate my point, both make reference to the fact that 

“visually” the dose response relationships demonstrate a weak relationship, and the large scatter of 

the raw values further demonstrates that we as authors overstated the dose-response relationships.   

First, as discussed in the paper the dose-relationships were SIGNIFICANT as determined by P-Values. 

Contrary to the insulting statements by Olson and Barnard, we are well aware of what a P-value 

means as it relates to regression analysis. Statistical significance does not however say anything about 

biological relevance of the findings.  This is why Table 3 was provided. Table 3 shows the differences in 

PSQI, ESS, and MCS among the study participates when stratified into various distance groups.  As 

demonstrated in Table 3, the differences among the close and far groups are medically significant.  

It is true that the slope of the dose-responses do flatten-out as the distance from a wind turbine 

increases.  As pointed out in the paper, the effect diminished with log-distance.  As can be seen in the 

dose-response curves, the slopes are pronounced up to about 1500m.  The effects after 1500m are 

rather muted.  Somehow Barnard and Olson missed this point. 

Both Barnard and Olson make reference to the pronounced “scatter” of the raw values in the dose-

response curves, and this fact somehow supports their argument that we as authors overstated the 

dose-response relationships. I find these statements particularly troubling as any first year 

epidemiology student would know, raw values for biological outcomes such as PSQI, ESS, MCS are 

typically extremely variable.  It is for this very reason why we perform statistical analysis such as 

regression analysis, rather than simply “eye ball” the values on a graph.  Raw values are NOT adjusted 

for other variables in the model, and for other factors that may be contributing to the sleep and 

mental health outcomes (for example, genetics, financial stresses, underlying illnesses, etc). PSQI, ESS, 

MCS are obviously influenced by many factors beyond IWTs. Given the multi-factorial nature of sleep 

and mental health physiology, it is in fact quite remarkable that an IWT effect was found at all given 

the sample size.   

We had debated not to include the raw values in the figures, as they are not typically included when 

attempting to demonstrate characteristics of regression lines. Given the typical spread of raw values, 

and their resulting impact of widening the Y-scale on the graph, it becomes much more difficult to 

appreciate the true dose-response relationship.  We decided to include the raw values in the figures in 

the spirit of complete transparency.  We had not anticipated such basic errors in interpretation as 

those made by Olson and Barnard.  

Jeff Aramini  (DVM, MSc, PhD)      April 12, 2015April 12, 2015April 12, 2015April 12, 2015    

Public Health Epidemiologist 

Cell: 519-766-3800 
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Synonyms
Auditory event-related potentials; ERP

Definition
The firing of neurons results in small but measur-
able electrical potentials. The specific neural activity
arising from acoustic stimulation, a pattern of voltage
fluctuations lasting about one half second, is an
auditory evoked potential (AEP). With enough repeti-
tions of an acoustic stimulus, signal averaging permits
AEPs to emerge from the background spontaneous
neural firing (and other non-neural interferences such
as muscle activity and external electromagnetic gen-
erators), and they may be visualized in a time-voltage
waveform. Depending upon the type and placement of
the recording electrodes, the amount of amplification,
the selected filters, and the post-stimulus timeframe, it
is possible to detect neural activity arising from
structures spanning the auditory nerve to the cortex.

Characteristics
In general, as the time after stimulation (▶latency) of a
response increases, the neural generator becomes more
central. In far field recordings from humans, the three
typically used response classifications, based
on response latency, are: early (the first 10 ms), middle
(10–80 ms) and late (80 ms to 500+ ms). In terms of
generators, these classes correspond roughly to brain-
stem, thalamus/cortex and cortex, respectively [1].

Early Latency
Waves arising in the first ten ms after stimulation
include both receptor potentials from the cochlea
and neurogenic responses arising from the auditory
nerve and low midbrain structures. With a near-field
recording technique known as ▶electrocochleography
(▶ECochG), two receptor potentials, originating in the
cochlea’s hair cells, can be recorded from the vicinity of
the ear drum: the cochlear microphonic and the sum-
mating potential. They are AC and DC potentials,
respectively, have an effective latency of zero, and last
the duration of the stimulus. A millisecond and a half
later, the dual-peaked neurogenic compound action
potential of the distal auditory (eighth cranial) nerve
can also be seen with ECochG. In contrast, using
far-field electrodes, neurogenic responses known as the
▶auditory brainstem response (ABR), can be recorded
from the scalp (Fig. 1) [2].
These waves depend upon synchronous firing in the

first relays of the afferent auditory pathway. For a given
stimulus type (often an abrupt broadband click) and
intensity level, the expected latency of ABR peaks falls
within a very tight range (less than half a millisecond).
Deviations from this range are useful in clinical
diagnoses.
In particular, the ABR is a valuable objective

measure of hearing. With decreasing stimulus intensity,
wave latencies increase systematically until the hearing
threshold is reached, below which the response is
absent. Thus, an accurate measure of hearing threshold
is possible in individuals who are unable to be tested
behaviorally. Although there is a developmental time
course (adult-like responses are attained by age two),



Auditory Evoked Potentials. Figure 1 Early-latency auditory evoked potentials. The auditory brainstem response.
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it is possible to test hearing in newborns with age-
appropriate norms. Importantly, the ABR is unaffected
by sleep or sedation, so obtaining hearing thresholds
in babies or other uncooperative individuals is possible.

A secondmajor clinical use of ABR is in the detection
of lesions, tumors, demyelinization, or conditions that
cause increased intracerebral pressure (e.g., hydrocepha-
lus, hematoma). ABR morphology, peak and interpeak
latencies can have distinctive patterns that alert skilled
clinicians to neural damage (e.g., eighth nerve tumors).
Another major use of ABR is intraoperative monitoring.
During neurosurgery, monitoring of ABR enables an
immediate indication of whether any of the structures
involved in the auditory pathway have been put at risk.
Finally, the brainstem response provides a measure
of neural synchrony necessary for normal perception of
sound [3].

Brainstem Responses to Complex and/or Long Stimuli
Typical recordings employ short duration, relatively
simple stimuli. However, complex sounds, some quite
long in duration, are increasingly being used. Brainstem
response to speech sounds can be used as a biological
marker of deficient auditory processing associated with
language and learning disorders [4]. A brainstem
response whose nature depends on a long-duration
stimulus is the▶frequency-following response (▶FFR).
The FFR, also known as auditory steady-state response,
is an index of phase locking to a periodic stimulus.
Examples of FFR-inducing stimuli are pure ormodulated
tones, tone complexes, modulated noise and speech [5].
Recorded from the scalp in humans, the FFR is a phase-
locked response that, depending on electrode placement
and stimulation and recording techniques, originates
from as early in the auditory pathway as the auditory
nerve or as late as the rostral brainstem. It is a measure of
both spectral and periodicity encoding, and because it is
readily detectible in individuals, it has utility as a clinical
measure of those processes as well as of hearing level.
Brainstem responses are influenced by lifelong and
short-term auditory experiences [6].

Middle Latency
The waves following the ABR, up to roughly 80 ms,
are collectively known as the middle-latency response
(MLR) (Fig. 2) [7].

Although responses in this time frame are less
mappable to specific neural generators than the earlier
ABRwaves, the thalamus (P0,Na) andcortex (Pa,Nb,P1)
are involved. (Note: Unlike ABR waves, the names of
middle- and late-latency responses typically begin with
P or N indicating positive or negative polarity.) As ABR
requires a high degree of neural synchrony, individuals
with certain neurological disorders may exhibit absent
ABRs despite normal hearing. Thus, MLR can be
useful in assessing hearing sensitivity. For this same
reason, a lack of sufficient synchrony in response to low
frequency signals often makesMLR superior to ABR in
assessing low-frequency hearing. Two major caveats in
MLR as a hearing measure is that it does not reach its
mature morphology until adolescence, and in children,
there is a strong influence of sleep state.

Late Latency
Late-latency (>80 ms) AEPs, historically the first
discovered, are cortical in origin and are much larger
and lower in frequency than early and middle-latency
potentials. Highly dependent upon stimulus type,
recording location, recording technique, patient age
and state, the late-latency responses may differ
dramatically in morphology and timing and may
overlap one another. Thus, categorization of responses



Auditory Evoked Potentials. Figure 2 Middle-latency auditory evoked potentials.

Auditory Evoked Potentials. Figure 3 Late-latency auditory evoked potentials. Exogenous responses.
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into two broad types, exogenous and endogenous, is
useful in describing these late potentials. Exogenous
responses, which also describe early and middle-
latency potentials, are more-or-less obligatory re-
sponses to a sound. Endogenous responses typically
require a stimulus manipulation or the performance of a
task by the patient.

Exogenous Responses
The archetypal late-latency exogenous responses are
illustrated in Fig. 3.

Beginning with P1 (which is sometimes classified
as middle-latency) at about 80 ms through to N2 at
about 250 ms, all are cortical in origin and maximal
in amplitude at the central top of the scalp. The
maturational time course of the various components
varies. Late cortical responses do not reach maturity
until post-adolescence. They have value in assessing
cortical auditory processing. In addition to the classic
pattern of responses to stimulus onset, changes within
an ongoing stimulus also evoke a response called
the acoustic change complex (ACC) [9]. Tones or
tone complexes changing in frequency, complexity or
intensity and speech syllables are typical stimuli. The
response can be evoked by an acoustic change that is
very near threshold.
Bridging the exogenous and endogenous categories

is the ▶mismatch negativity (▶MMN). MMN is an
acoustic change detector. It is evoked by a sequence
of identical sounds that is interrupted occasionally by a
different sound. This stimulus presentation technique
is termed “oddball paradigm.” The response to that
infrequent stimulus differs from that to the main sti-
mulus, and appears as a slow negative deflection in
the 150–300 ms time frame. The types of stimulus
manipulations that evoke MMN include intensity,
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frequency and complexity, and the contrasting stimuli can
be at (or even below) perceptual threshold.
Endogenous Responses
Endogenous (literally “born within”) potentials are
those that, while induced by external stimuli, originate
not as an obligatory consequence of the inducing sound,
but rather due to some level of cognitive processing.
Examples of endogenous AEPs are the P300 and N400.
Sequentially occurring later in time, the P300 and
N400 represent successively higher levels of sound
processing. Evoked using the oddball paradigm, the
classic P300, unlike MMN, only occurs when the
listener is consciously attending to the stimulus
aberration. P300, which is also evoked by other sensory
modalities, is considered an index of cognition because
stimulus evaluation and classification must take place
[10]. The response is further divided into P3a and P3b
components. P3a either appears to a distracter stimulus
which is presented along with the targets and non-
targets within the oddball presentation, or, if stimulus
differences are large enough, with no task at all. This
component has more frontal lobe contribution than the
classically elicited parietal-centered P3b. A higher level
of cognition is required for the N400 response [11]. It
requires a speech stimulus, and occurs in response to
semantic incongruity and thus is an indication of
language processing.

Considerations
A number of considerations and caveats are involved
in the recording of reliable auditory evoked potentials.
No response is monolithic, either in its etiology or
in interpretation. A thorough description of stimulus
factors alone could fill a volume: the length, intensity,
complexity and repetition rate of the stimulus all affect
the responses. Some responses differ dramatically
depending upon whether the stimulus is delivered to
one or both ears or whether there is accompanying
visual stimulation; others are relatively unaltered by
these factors. Characteristics of the recording device,
particularly filters, also have an effect on response
recording. Successively later responses have increasing
low-frequency content and high-pass filters must cor-
respondingly be opened. However, with increasingly
more energy being passed on the low end, recordings
are more prone to contamination by non-stimulus
related activity: artifacts. Artifacts fall under two cate-
gories, those internal to and external to the testee.
Internal artifacts include eye blinks, movements,
muscle contractions including the involuntary sound-
evoked postauricular muscle (PAM) reflex, and brain
activity that is unrelated to the sound stimulus. External
artifacts are those arising from electrical sources such
as AC power line and the electrical signal traveling
through the earphone or loudspeaker cables (stimulus
artifact). The degree to which artifacts adversely affect
response recordings depends upon how alike in fre-
quency the artifact and the response are. For example,
eye blinks are very low in frequency, and thus are more
damaging to low-frequency late-latency responses.
Most artifacts are random in time of occurrence. Two
exceptions are stimulus artifact and PAM. Stimulus
artifact lasts as long as the stimulus. Therefore, it is
not a concern if the stimulus is a 100 µs click and
the response of interest is the middle-latency Pa.
However, the stimulus artifact from a 5 ms tone burst
may obliterate an early-latency brainstem response.
PAM reflex occurs in response to the stimulus in the
15 ms timeframe and thus most affects middle latency
responses.

Much information can be gleaned from AEPs for
both clinical and theoretical purposes. As the power
and speed of computers increases, multiple-channel
recordings and advanced signal processing techniques
are better able to inform us about the underlying
neural processes that are signified by these minute
perturbations in the electroencephalographic activity
resulting from auditory stimulation. Together with
advances in neural imaging, the exquisite timing
resolution of AEPs can help us approach a better
understanding of the biological bases of auditory func-
tion responsible for human communication such as
speech and music.
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Definition
Interactions between hearing and various motor func-
tions, such as protective reflexes and vocal behavior.

Characteristics
Auditory signals guide a multitude of behavioral res-
ponses from simple reflex motor patterns for orientation
to complex vocal communication behaviors in virtually
all vertebrates and insects. Hence, auditory stimulation
can elicit anything from simple motor patterns, such as
head/neck turns or ear movements, to complicated,
highly coordinated interactions of several motor pat-
terns, such as calling, breathing, and postural changes
that occur, for example, during birdsong. In turn, certain
motor patterns, especially those associated with vocal
behavior, can also affect how the brain processes
auditory signals.

Auditory Orientation Reflexes
Orienting movements of the head, neck and/or eyes in
response to auditory signals are generally thought to be
controlled by auditory input to the superior colliculus in
mammals, or its homologue structure in birds, the optic
tectum. Most of our knowledge about what controls
head movements in response to external signals is based
upon studies of visually guided orienting responses,
where the topographic representation of the stimulus
that ultimately guides the motor response is naturally
determined by the retinotopic organization of the visual
system. Auditory input to the superior colliculus/optic
tectum is topographically organized only in barn owls.
In mammals, the representation of auditory space appears
to be less developed, and is often even more com-
plicated by movements of the external ears, or pinnae.
Very little is therefore known about the neuronal basis
of acoustically elicited orienting responses. It appears
that output from the superior colliculus/optic tectum to
small areas in the midbrain tegmentum mediate the
sensory-motor transformation of stimulus location into
a direction-specific pre-motor command. This in turn
gives rise to a directed behavioral response through
activation of the various pools of motor neurons in the
brainstem and spinal cord that control head/neck turns,
turns of the body axis, and/or eye movements.

Pinna Movements in Mammals
The mammalian pinna plays an important role in sound
localization, especially for sources in the midsagittal
plane, which generate minimal interaural disparities. In
species with mobile external ears, the pinnae can be
oriented independently of the head’s position, thus
aiding in sound localization by allowing the animal to
obtain multiple samples of an acoustic object. In such
mammals, auditory targets elicit stereotyped pinna
movements that typically consist of two parts: a short-
latency component that is time-locked to the onset of
the sound and a second long-latency component that is
highly correlated with eye movements and is probably
part of the animal’s general orientation behavior. The
second, slower response most likely involves the supe-
rior colliculus, and might be mediated by pathways link-
ing the superior colliculus with the facial nucleus, either
via the reticular formation (tectoreticular–facial path-
way) or via the paralemniscal area (tectoparalemniscal–
facial pathway). In particular, the paralemniscal area,
situated in the lateral midbrain tegmentum, supplies
an elaborate network of monosynaptic excitatory and
inhibitory inputs to the medial portion of the facial
nucleus, where the motoneurons that innervate the
muscles of the pinna are located. It is not clear, however,
if the superior colliculus is also involved in mediating
the initial, faster response. This component of auditory-
evoked pinna movements might be driven directly via
the paralemniscal area, which receives multiple, binaural
inputs from the ascending auditory pathway, notably
from the dorsal nucleus of the lateral lemniscus.

Acoustic Startle Response
The startle response is a fast reflexive response to
intense, unexpected acoustic, tactile or vestibular
stimuli and protects the animal from injury by blows
or predatory attacks. The acoustic startle response
(ASR) of mammals, including humans, consists of a
quick eyelid-closure and a contraction of facial, neck
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Full Text

Sir,

With great interest we read the paper "effects of industrial wind turbine noise on sleep and health" [1] published in the

September-October edition of Noise and Health. The stated purpose of the Nissenbaum et al., work was to undertake

an epidemiology study to investigate the relationship between reported adverse health effects and wind turbines among

residents of two rural communities: Mars Hill and Vinalhaven, Maine, USA. Participants living 375-1400 m and 3.3-6.6

km were given questionnaires to obtain data about sleep quality (using the Pittsburgh Sleep Quality Index [PSQI]),

day-time sleepiness (using the Epworth Sleepiness Score (ESS)) and general physical and mental-health (using the

(SF36 v2 health survey). Overall the authors reported that when compared to people living further away than 1.4 km

from wind turbines, those people living within 1.4 km of wind turbines had worse sleep, were sleepier during the day and

had worse mental-health scores.

While this publication is recent, earlier works by Nissenbaum et al., about this investigation have been publically available

on the internet since 2009. They also appear in a publically available conference proceeding from 2011. [2] We note that

the publication in Noise and Health in large part remains consistent with earlier works.

We have previously detailed concerns related to study design, methodology, sample size, and administration of

questionnaires to participants during previous legal proceedings (McKinnon v. Martin; [3] Erickson v. MOE [4] ). These

concerns are not repeated fully herein. Notwithstanding these previous criticisms, the purpose of this letter is to ask the

question: Are the findings of "Effects of industrial wind turbine noise on sleep and health" supported?

 Post hoc Introduction of Sound Levels
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For the first time in publishing this work, the authors included sound levels with distance from the turbines. The authors

indicate that "Simultaneous collection of sound levels during the data collection at the participants' residences was not

possible, but measured industrial wind turbine (IWT) sound levels at various distances, at both sites, were obtained from

publically available sources." [1]

For Mars Hill the sound levels were reportedly extracted from the "Sound Level Study, Compilation of Ambient and

Quarterly Operations Sound Testing, and the Maine Department of Environmental Protection Order No. L -2

1635-26-A-N." However, Nissenbaum et al., [1] do not provide the figures from which the data were obtained and simply

state in the notes of [Table 1] that: "Values read or derived from report figures; accuracy ± 50 m and ± 1 Db." For

Vinalhaven no reference other than "R and R, personal communication, 2011," [1] which was not listed as a reference in

the published article, was provided for the sound measurements that were apparently collected as 2-min measurements

over a single day in February 2011.

Given that the relationship between noise from wind turbines and health concerns is the fundamental premise of the

study by Nissenbaum et al., it is surprising that the authors gave such little consideration to collection of actual sound

data measurements at the study participant homes. The use of post-hoc sound data, visually obtained from figures in

reports, is not scientifically defensible and should not have been used to draw conclusions about the findings of the

questionnaires with distance from turbine locations.

Given the nature of these data we believe that any results or conclusions related to sound levels at these facilities are

not supported and the finding that "… it is apparent that this value will be less than an average hourly LA eq of 40 dBA,

which is the typical night time value permitted under the current guidance in most jurisdictions" [1] is simply not

defensible.

We also believe that the title of the paper "Effects of industrial wind turbine noise on sleep and health" is not supported

given the nature of the data presented. No evidence with respect to sound level (noise) and its effect on sleep and

health has been statistically presented in this paper and the authors could have more appropriately focused the title with

respect to the distance, which is the variable that they actually investigated.

 Statistical Finding of Sleep Outcomes

The study team administered two questionnaires related to sleep: The PSQI and the ESS.

The PSQI is a self-rated questionnaire meant to assess sleep quality and disturbances over a 1 month period. A global

PSQI score > 5 can be used to distinguish "good sleepers" from "poor sleepers." This is acknowledged within the

Nissenbaum et al., (2012) paper in the Questionnaire Development section. Although, there was a statistically significant

difference between the mean PSQI scores in the near (7.8) and far group (6.0), it is important to remember that both of

these average scores are greater than 5, which would qualify both groups as "poor sleepers." When one examines the

reported "% of PSQI score >5" no statistical difference between the near and far groups was found (P = 0.0745).

Moreover, the authors attempt to illustrate the relationship between PSQI and distance to the nearest wind turbine in

[Figure 1] (and ESS scores in [Figure 2] and SF36 mental component summary (MCS) scores in [Figure 3]). [1] In all

cases, the regression lines had P values < 0.05. Nissenbaum et al., appear to mistake these significant P values in the

regression lines as being related to the relationship of the scores with distance. As with all regressions, the P values in

these tests refer to the significance of the slope of the lines being greater than 0, rather than a relationship between

variables on the x and y axis. In fact, in these types of regressions, as important, if not more important, is the r2 value

(co-efficient of determination/goodness of fit). This value provides one with the ability to ascertain how well a regression

line fits the scatter of data that it attempts to predict. The closer r2 is to 1.0, the better the fit of the data and the ability

of a regression line to predict a future outcome.

The authors did not provide the r2 values for any of the three figures nor did they present the slope equations for these

lines. If one examines the figures it is revealed that there is considerable scatter of the values, especially, in the
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375-1400 m near group. For example, the scatter of the resulting PSQI scores in the near group is between 1 and 18

and in the far group the range is 1-16. Through our visual examination of these figures we do not believe that one can

predict the PSQI values from the slope of this line at any given distance. For example, between 600 m and 900 m one

could just as easily have a score of 19 as they would 1. Based on our experience it is unlikely that the r2 for any of the

three figures would provide reasonable fit to make these regression lines of any use in future predictions or even in

predicting scores with distance in this study.

The ESS is also a widely used self-administered questionnaire that can provide information about a person's general

level of day-time sleepiness or average daily sleep propensity. According to the University of Maryland Medical Centre,

Sleep Disorders Centre, an ESS score of 10 or more is considered sleepy and a score of 18 or more is considered very

sleepy ( http://www.umm.edu/sleep/epworth_sleep.htm ).

Similar to the PSQI test, when completing the ESS test those living near turbines had significantly different scores than

those in the far group (7.8 vs. 5.7); however, given that the threshold of sleepiness is a value of 10, on average neither

group should be considered sleepy. Moreover, the "% with ESS score > 10" was not statistically different between the

two groups (P = 0.1313). While some individuals from both groups reported scores greater than 10 it needs to be

high-lighted that 10-20% of the general population report having ESS scores greater than 10 (

http://epworthsleepinessscale.com/about-epworth-sleepiness/ ), similar to those found in the near and far groups in this

study.

In their paper Nissenbaum et al., state that noise emitted by IWTs can affect sleep. However, their results do not

support this statement. In fact, the authors state that "The data on measured and estimated noise levels were not

adequate to construct a dose-response curve…" and no statistical analyses were conducted to assess this supposed

relationship. Therefore, we do not believe that Nissenbaum et al., [1] show any statistical difference in overall "poor"

sleep quality or sleepiness between the groups. Thus, any conclusions on distance from wind turbines and effect on

sleep outcomes is not supported by the authors' statistical findings.

 Physical and Mental-Health Outcomes

The SF36 test has been widely used within the quality of life scientific investigation field. The SF36 is a multi-purpose,

short-form health survey made up of 36 questions that yields an 8-scale profile of functional health and well-being scores

as well as psychometrically-based physical and mental-health summary measures and a preference-based health utility

index ( http://www.sf-36.org/tools/sf36.shtml ).

Nissenbaum et al., [1] did show significantly decreased SF36 MCS scores between the near (42.0) and far (52.9)

groups (P = 0.0021). However, the conclusion that the reduced MCS score in some residents living near wind turbines is

related to noise emissions is hypothetical and not support by the data. In the paper, neither sleep nor physical effects

were related to noise levels, and no attempt was made to relate MCS score to sleep. Moreover, there was no

significant difference (P = 0.06) between the number of respondents that required psychotropic medications since the

start of turbine operations for the two groups. Simply put Nissenbaum et al., show that some people in the vicinity of

turbines reported lesser MCS scores than those living further away, but no underlying reason for this was conclusively

established.

Nissenbaum et al., [1] pointed out that visual cue and attitude towards wind turbines "are known to affect the

psychological response to environmental noise." While this may be true, visual cue and attitude by themselves have been

shown to be stronger drivers of psychological responses than a wind-turbine specific variable like sound itself. [5]

Therefore, a conclusion that can be drawn from this study is that the self-reported MCS scores of people living near

wind turbines can be likely attributable to physical manifestations from an annoyed state, rather than a wind-turbine

specific factor like noise. Indeed, the weight of evidence in the wind turbine and human health literature points to a

causal relationship between self-reported health effects and annoyance, which is to say annoyance brought on by the

change in the local environment (i.e., a decrease in amenity) that wind turbines represent. [6]

It is important to note that the authors acknowledge that "There was no statistically significant difference in [physical

component score] PCS (P = 0.9881)." [1] This means that respondents reported no difference in their physical
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component summary score or physical well-being between the two groups. The findings of the PCS score appear to

support the premise that there is nothing physically emitted from the turbines that affected health in this small population

sample size. It also appears that negative MCS scores in the near group were not affecting the physical health of

individuals.

 Are the Authors Conclusions Supported?

Based on their findings the author's concluded that:

"…the noise emissions of IWTs disturbed the sleep and caused day-time sleepiness and impaired mental-health in

residents living within 1.4 km of the two IWT installations studied." [1]

Overall, in our opinion the authors extend their conclusions and discussion beyond the statistical findings of their study.

We believe that they have not demonstrated a statistical link between wind turbines - distance - sleep quality -

sleepiness and health. In fact, their own statistical findings suggest that although, scores may be statistically different

between near and far groups for sleep quality and sleepiness, they are no different than those reported in the general

population. The claims of causation by the authors (i.e., wind turbine noise) for negative MCS scores are not supported

by their data. This work is exploratory in nature and should not be used to set definitive setback guidelines for

wind-turbine installations.

References

1 Nissenbaum MA, Aramini JJ, Hanning CD. Effects of industrial wind turbine noise on sleep and health. Noise

Health 2012;14:237-43.

2 Nissenbaum MA, Aramini JJ, Hanning CD. Adverse health effects of industrial wind turbines: A preliminary report.

10 th International Congress on Noise as a Public Health Problem (ICBEN) 2011, London UK: Conference

Proceedings; 2011. p. 650-5.

3 McKinnon v. Martin, 2010 SKQB 374, Queen′s Bench of Saskatchewan, 2010.

4 Erickson V. Ministry of the Environment (MOE), 2011. 10-121/10-122, Ontario Environmental Review Tribunal

2011.

5 Pedersen E, Waye KP. Perception and annoyance due to wind turbine noise - A dose-response relationship. J

Acoust Soc Am 2004;116:3460-70.

6 Knopper LD, Ollson CA. Health effects and wind turbines: A review of the literature. Environ Health 2011;10:78.

Available from: http://www.ehjournal.net/content/10/1/78.

 

 

Friday, April 10, 2015

 Site Map | Home | Contact Us | Feedback | Copyright and Disclaimer

Letter to Editor: Are the findings of "Effects of industrial wind turbine noi... http://www.noiseandhealth.org/printarticle.asp?issn=1463-1741;year=20...

4 of 4 10/04/2015 8:49 PM



1 of 14 

 
 
 
 

Literature Reviews on Wind Turbines and Health Effects 
 and the 

 Case for Audit 
 

October 2012 
 

Brett Horner BA CMA 
 

 
Notice to Reader 
 

The contents of this paper should not be used to infer any bias for or against wind energy. This 
paper is not to be associated with and/or used to characterize any individual and/or 
organization.  
 
Brett Horner has received no financial support for the research, authorship, and/or publication 
of this paper. 
 
Reasonable precautions have been taken to verify the information contained in this paper.  
 
Any errors and omissions are unintended. 
 

References used  
 

This paper provides references to support statements contained within. 
 
References provided include: 
 

 Peer reviewed references; 
 Non peer reviewed references including grey literature; 
 References prepared for the Canadian Wind Energy Association and/or the American 

Wind Energy Association; 
 References authored by consultants for members of the wind energy industry; 
 References authored by current members and/or previous members of the wind energy 

industry; 
 References authored by Dr. Christopher Ollson and/or his Stantec study team and/or Dr. 

Loren Knopper and/or Stantec Consulting Ltd.; 
 Other references 

 
The majority of the references cited in this paper were available prior to the release of Knopper 
and Ollson (2011).  
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Literature Reviews on Wind Turbines and Health Effects and the Case for Audit 

 
“Literature reviews can be useful tools for summarizing existing literature related to a particular 
topic. In order to be considered reliable a literature review must be complete, accurate, and 
objective.” 1 
 
“Authors have an inherent responsibility to ensure that they accurately reflect the contents of 
references cited. Literature reviews which inappropriately cite or misquote references should be 
viewed with caution.” 2 
 
Some literature reviews provide a balanced assessment and attempt to draw reasonable 
scientific conclusions based on the totality of evidence. Other literature reviews lack 
completeness, accuracy, and objectivity and contribute little to inform the public about the 
potential health risks associated with living in the environs of wind turbines. Literature reviews 
which contain errors of omission and/or errors of commission cannot be relied on to make 
informed decisions and should be amended or regarded with caution. 3 
 
Readers may sometimes assume statements contained in literature reviews accurately reflect the 
content of the primary reference being cited. Objective examination of evidence (audit), is 
recommended to evaluate the appropriateness of a literature review’s citations. 

 
Audit Illustration 

 
The following example is provided to illustrate the importance of auditing literature reviews.   
 
The peer reviewed literature review Health Effects and Wind Turbines: A Review of the 
Literature, (Knopper and Ollson, 2011), contains the following statement: 
 

“A number of governmental health agencies agree that while noise from wind turbines is 
not loud enough to cause hearing impairment and are not causally related to adverse 
effects, wind turbines can be a source of annoyance for some people [1,30-34].” 4   

 
Knopper and Ollson (2011) cite six references to support this statement.  
 
Readers might assume that the six references are appropriately cited.  
 
Objective examination of evidence (audit) is recommended to evaluate if the references cited 
support the Knopper and Ollson (2011) statement. 
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The Audit Test 

 
To verify if the cited references support the above Knopper and Ollson (2011) statement one 
needs to evaluate the individual references and assess if they meet the following four audit 
criteria:  
 

1. Is the cited reference an official production of a governmental health agency? 
2. Does the cited reference agree that noise from wind turbines is not loud enough to cause 

hearing impairment? 
3. Does the cited reference agree noise from wind turbines is not causally related to 

adverse effects? 
4. Does the cited reference agree wind turbines can be a source of annoyance? 

 
Knopper and Ollson (2011) Reference 1 

 
The first of the six references cited in Knopper and Ollson (2011) is Fourth Ministerial 
Conference on Environment and Health. Energy, Sustainable Development and Health.  
 
Knopper and Ollson (2011) attribute the authors of WHO (2004) to be the World Health 
Organization (WHO). This attribution suggests that WHO (2004) is an official production 
authored and/or endorsed by the WHO.  
 
The WHO (2004) version cited 5  in Knopper and Ollson (2011) is an “UNEDITED DRAFT” 6 
which states “The document still needs further in depth development and expert review.” 7  and 
describes a “… plan to hold a meeting to review this document and to develop further 
recommendations.” 8  
 
WHO (2004) also contains a disclaimer “The views expressed in this document are the views of 
the authors”.9  WHO (2004) lists numerous authors from different organizations. 
 
The draft reference cited, WHO (2004), does not appear to be an official production of the 
WHO. 10,11 
 
Does WHO (2004) fulfill any of the next three criteria? The answer appears to be no.  
 
WHO (2004) evaluates some health impacts of various sources of energy. WHO (2004) focuses 
on effects such as air pollution, bronchitis, and occupational accidents. 
 
WHO (2004) does not provide conclusions regarding hearing impairment, causal relationship to 
reported adverse effects, or annoyance caused by wind turbine noise.  
 
WHO (2004) acknowledges the methodology used in the report did not evaluate wind turbine 
noise effects stating: “Within the ExternE comparison, health effects from wind energy are 
negligible, however issues such as sleep disturbance, school absenteeism, eventually resulting 
from noise in vicinity, could not be evaluated.” 12 
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WHO (2004) comments on wind turbine noise stating: 
 

“Wind energy can, however, have some potential burdens on amenity through visual 
intrusion or/and noise.” 13 
 
“Most wind farms are considered to have very low impacts, and these are caused mostly 
at the local scale – noise pollution may be a problem if turbines are situated close to 
centres of population.” 14 
 

Knopper and Ollson (2011) omit citing any of these WHO (2004) statements related to wind 
turbine noise. 
 
To summarize WHO (2004) does not appear to be an official production of the WHO.  
 
That being said the cited reference, WHO (2004), is a draft document15 which the authors note 
still needs further in depth development and expert review. 
 
Furthermore, WHO (2004) does not appear to evaluate the health impacts of wind turbine noise.  
 
WHO (2004) acknowledges noise pollution may be a problem if turbines are situated close to 
centres of population. 
 
WHO (2004) does not state noise from wind turbines is not causally related to adverse effects. 

 
Knopper and Ollson (2011) Reference 30 

 
The second reference cited 16 is Coping strategies for low frequency noise. J Low Freq Noise V 
A 2008, 27:35-52. (Leventhall et al., 2008) 17. How many of the four audit criteria do Leventhall 
et al., (2008) meet? The short answer appears to be none.  
 
Leventhall et al., (2008) does not appear to be an official production of a governmental health 
agency nor does it appear to consider wind turbines or the health impacts of wind turbines. 
Wind turbines do not appear to be mentioned in Leventhall et al., (2008). 

 
Knopper and Ollson (2011) Reference 31 

 
The next four references cited in Knopper and Ollson (2011) are literature reviews produced by 
various governmental health agencies. These literature reviews have varying degrees of 
completeness, accuracy, and objectivity (See discussion Horner et al., 201118).  
 
Knopper and Ollson (2011) cite Chatham-Kent Public Health Unit: The Health Impact of Wind 
Turbines: A Review of the Current White, Grey and Published Literature 2008. 
 
Chatham-Kent Public Health Unit (2008) is a public health agency literature review that states 
the “… health impact of the noise created by wind turbines has been studied and debated for 
decades with no definitive evidence supporting harm to the human ear.” 19 This appears to 
suggest noise from wind turbines is not loud enough to cause hearing impairment. Chatham-
Kent Public Health Unit (2008) comments that noise and sound can be annoying but does not 
appear to specifically state that wind turbines can be a source of annoyance. 
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Chatham-Kent Public Health Unit (2008) states in the conclusion:  
 

“This paper concludes and concurs with the original quote from Chatham-Kent’s Acting 
Medical Officer of Health, Dr. David Colby, 
 
“In summary, as long as the Ministry of Environment Guidelines for location criteria of 
wind farms are followed, it is my opinion that there will be negligible adverse health 
impacts on Chatham-Kent citizens. Although opposition to wind farms on aesthetic 
grounds is a legitimate point of view, opposition to wind farms on the basis of potential 
adverse health consequences is not justified by the evidence.” 20 
 

Chatham-Kent Public Health Unit (2008) does not state noise from wind turbines is not causally 
related to adverse effects. 
 
Although Chatham-Kent’s Acting Medical Officer is not the author of Chatham-Kent Public 
Health Unit (2008), he has stated that he endorsed it and takes full responsibility for the 
contents.21 
 
Chatham-Kent’s Acting Medical Officer has authored22, 23 or participated in 24 references which 
identify noise induced annoyance and/or stress as the plausible cause of reported wind turbine 
adverse health effects. One such reference is The American Wind Energy Association and The 
Canadian Wind Energy Association convened literature review, Colby et al. (2009). 25  
 
In 2009, The American Wind Energy Association and The Canadian Wind Energy Association 
“…established a scientific advisory panel …” 26 and funded a literature review, Colby et al. 
(2009). Colby et al. (2009) discusses wind turbine symptoms documented by Dr. Nina Pierpont. 
These symptoms include sleep disturbance, headache, tinnitus, ear pressure, dizziness, vertigo, 
nausea, visual blurring, tachycardia, irritability, problems with concentration and memory, and 
panic episodes associated with sensations of internal pulsation or quivering when awake or 
asleep. 27 Colby et al. (2009) determined the symptoms documented by Dr. Nina Pierpont 
“…are not new and have been published previously in the context of “annoyance” to 
environmental sounds …”28 and are “… an example of the well-known stress effects of 
exposure to noise …”29 “… a subset of annoyance reactions …”. 30 
 
In previous documents 31,32 Dr. Christopher Ollson and/or his Stantec study team cited and 
relied on Colby et al. (2009). 
 
Knopper and Ollson (2011) omit any mention of The American Wind Energy Association and 
The Canadian Wind Energy Association convened literature review, Colby et al. (2009). 
 

Knopper and Ollson (2011) Reference 32 
 
The next reference cited is Minnesota Department of Health Environmental Health Division: 
Public Health Impacts of Wind Turbines 2009. Minnesota Department of Health (2009) does 
not appear to specifically comment on wind turbine noise and hearing impairment but does 
comment on  wind turbine noise annoyance stating: “… lower noise levels (dB(A)) from wind 
turbines engenders annoyance similar to much higher levels of noise exposure from aircraft, 
road traffic and railroads.”33 
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Minnesota Department of Health (2009) does not state noise from wind turbines is not causally 
related to adverse effects. 
 
The conclusion of Minnesota Department of Health (2009) states: 
 

“The most common complaint in various studies of wind turbine effects on people is 
annoyance or an impact on quality of life. Sleeplessness and headache are the most 
common health complaints and are highly correlated (but not perfectly correlated) with 
annoyance complaints. Complaints are more likely when turbines are visible or when 
shadow flicker occurs. Most available evidence suggests that reported health effects are 
related to audible low frequency noise. Complaints appear to rise with increasing 
outside noise levels above 35 dB(A). It has been hypothesized that direct activation of 
the vestibular and autonomic nervous system may be responsible for less common 
complaints, but evidence is scant.” 34 

 
Knopper and Ollson (2011) omit disclosing these Minnesota Department of Health (2009) 
statements related to wind turbine noise. 

 
 
Knopper and Ollson (2011) Reference 33 

 
The fifth reference cited is Chief Medical Officer of Health (CMOH) Ontario: The Potential 
Health Impact of Wind Turbines 2010.  
 
CMOH (2010) acknowledges wind turbine noise is not loud enough to cause hearing 
impairment and wind turbine noise may be annoying stating:  
 

“The sound level from wind turbines at common residential setbacks is not sufficient to 
cause hearing impairment or other direct adverse health effects. However, some people 
might find it annoying. It has been suggested that annoyance may be a reaction to the 
characteristic “swishing” or fluctuating nature of wind turbine sound rather than to the 
intensity of sound.”35 
 
“Wind turbine noise was perceived as more annoying than transportation or industrial 
noise at comparable levels, possibly due to its swishing quality, changes throughout a 24 
hour period, and lack of night-time abatement.” 36 
 

CMOH (2010) focuses on direct causal links. In 2011 lead author of CMOH (2010) 
acknowledged under oath the literature review looked only at direct links to human health. 37 
 
At a public information session on wind turbines Dr. Christopher Ollson acknowledged CMOH 
(2010) “… didn’t look at indirect effects …” 38 
 
CMOH (2010) states: 
 

“While some people living near wind turbines report symptoms such as dizziness, 
headaches, and sleep disturbance, the scientific evidence available to date does not 
demonstrate a direct causal link between wind turbine noise and adverse health 
effects.”39 
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CMOH (2010) does not state noise from wind turbines is not causally related to adverse effects. 
 
CMOH (2010) was released to the public on May 20, 2010. Another document was prepared by 
the office of the Chief Medical Officer of Health and transmitted to Ontario medical officers of 
health by the chair of the Council of Ontario Medical Officers of Health on May 19, 2010 40. 
This May 19, 2010 Chief Medical Officer of Health document states: 
 

“Although some people living near wind turbines report symptoms such as dizziness, 
headaches, and sleep disturbance, available scientific evidence does not demonstrate a 
direct causal link to wind turbine noise. It is possible that these symptoms are a result of 
annoyance with the noise.”41 
 

CMOH (2010) acknowledges the Ontario “… Ministry of the Environment has recently hired 
independent consultants to … review low frequency sound impacts from wind turbines, and to 
develop recommendations regarding low frequency sound.” 42 Canadian Wind Energy 
Association member, Howe Gastmeier Chapnik Limited, was the consultant hired to prepare the 
report.  
 
The Howe Gastmeier Chapnik Limited literature review is entitled Low Frequency Noise and 
Infrasound Associated with Wind Turbine Generator Systems: A Literature Review. 
 
The drafts43,44and final45 versions of Low Frequency Noise and Infrasound Associated with 
Wind Turbine Generator Systems: A Literature Review state: 
 

“The audible sound from wind turbines, at the levels experienced at typical receptor 
distances in Ontario, is nonetheless expected to result in a non-trivial percentage of 
persons being highly annoyed. As with sounds from many sources, research has shown 
that annoyance associated with sound from wind turbines can be expected to contribute 
to stress related health impacts in some persons.”  

... 
 

“Stress symptoms associated with noise annoyance, and in particular low frequency 
annoyance include sleep interference, headaches, poor concentration, mood swings” 
… 
 
“Since it is evident that complaints related to low frequency noise from wind turbines 
often arise from the characteristics of the sound impact indoors, and since the indoor 
low frequency sound levels and frequency spectra can differ markedly from those 
outdoors, it is recommended that the MOE consider adopting or developing a protocol to 
provide guidance for addressing such complaints.” 
 

In December 2010 the Ontario Ministry of Environment submitted Low Frequency Noise and 
Infrasound Associated with Wind Turbine Generator Systems: A Literature Review – Final 
Draft, prepared for the Ministry of Environment, December 10, 2010 46 as disclosure evidence  
at an Ontario Environmental Review Tribunal. 
 
On January 17, 2011 Dr. Christopher Ollson stated he was provided a copy of  Low Frequency 
Noise and Infrasound Associated with Wind Turbine Generator Systems: A Literature Review – 
Final Draft, prepared for the Ministry of Environment, December 10, 2010; 47 and that he 
reviewed it during the preparation of his witness statement for the Ontario Environmental 
Review Tribunal. 48 
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In December 2011 the Ontario Ministry of Environment released the final report by Howe 
Gastmeier Chapnik Limited stating “… three experts in the field of noise, vibration and 
acoustics reviewed and validated the report”. 49 The report released in December 2011 appears 
to contain the same content as Low Frequency Noise and Infrasound Associated with Wind 
Turbine Generator Systems: A Literature Review – Final Draft, prepared for the Ministry of 
Environment, December 10, 2010; 50 
 
Knopper and Ollson (2011) omit any mention of Low Frequency Noise and Infrasound 
Associated with Wind Turbine Generator Systems: A Literature Review – Final Draft, prepared 
for the Ministry of Environment, December 10, 2010. 51 
 
As noted above Knopper and Ollson (2011) cite and rely on Fourth Ministerial Conference on 
Environment and Health. Energy, Sustainable Development and Health,(WHO, 2004) which is 
an “UNEDITED DRAFT” 52  
 

 
Knopper and Ollson (2011) Reference 34 
 

The sixth and final reference cited is “Australian Government, National Health and Medical 
Research Council: Wind Turbines and Health: A Rapid Review of the Evidence 2010.” Rapid 
Review (2010) appears to acknowledge wind turbine noise is not loud enough to cause hearing 
impairment and wind turbine noise may be annoying.  Rapid Review (2010) appears to focus on 
direct effects and states in the conclusion: 
 

“There are no direct pathological effects from wind farms and that any potential impact 
on humans can be minimised by following existing planning guidelines.” 53 
 

Rapid Review (2010) does not specify what the potential impacts on humans are nor does it 
provide specifics of the planning guidelines which will minimize the impacts. 
 
Rapid Review (2010) does not conclude that noise from wind turbines is not causally related to 
adverse effects. 
 
A 2011Australian Senate committee inquiry refers to Rapid Review (2010) and reports:  
 

“Many … witnesses who asserted that there are not any adverse health effects from 
wind farms relied on a survey of the literature published by the National Health and 
Medical Research Council (NHMRC)” 54 

 
The Australian Senate committee inquiry further reports:  
 

“Professor Anderson, the Chief Executive Officer of NHMRC, informed the 
Committee that: 
 

I do want to make a point to anybody who is relying on this. 
 
We regard this as a work in progress. We certainly do not believe that this 
question has been settled. That is why we are keeping it under constant review. 
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That is why we said in our review that we believe authorities must take a 
precautionary approach to this. That is what we do say in medicine anyhow, but 
this is very important here because of the very early stage of the scientific 
literature. In any area we make statements on, we are robust, we are used to 
being criticised from all sorts of directions and we cannot be responsible for the 
use that others make of the literature ...” 55 

 
In 2012 when asked if the NHMRC is prepared to say that there are no health problems from 
the wind turbines the Chief Executive Officer of NHMRC, Professor Anderson, stated “…we 
have never been prepared to say that because it is very hard to rule things out …”. 56 
 
The NHMRC is currently working on producing an updated literature review and public 
statement with an expected release date in 2013.57 

 
Audit Conclusion: Knopper and Ollson (2011) Statement 

 
The above discussion suggests while some of the six references cited met some of the audit 
criteria, none met all four. (See Appendix Table 1). 
 
One reference does not appear to meet any of the four audit criteria.  
 
The audit comments presented suggest none of the six references cited support the complete 
Knopper and Ollson (2011) sentence:  
 

“A number of governmental health agencies agree that while noise from wind turbines is 
not loud enough to cause hearing impairment and are not causally related to adverse 
effects, wind turbines can be a source of annoyance for some people [1,30-34].”  

 
For example, none of the six references appear to have concluded that wind turbines “… are not 
causally related to adverse effects… ” 

 
The above discussion illustrates the importance of auditing the completeness, accuracy and 
objectivity of literature reviews. 
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Appendix Table 1: Summary of Knopper and Ollson (2011) Audit Result 

 

Reference Cited 
in 

Knopper and 
Ollson (2011) 

 
 

1. 
Is the cited 
reference an 
official 
production of a 
governmental 
health agency? 

2.  
Does the cited 
reference agree 
that noise from 
wind turbines is 
not loud enough 
to cause hearing 
impairment? 

3. 
Does the cited 
reference agree 
noise from wind 
turbines is not 
causally related 
to adverse 
effects? 

4. 
Does the cited 
reference agree 
wind turbines 
can be a source 
of annoyance? 
 

1. World Health 
Organization 
(WHO): Fourth 
Ministerial 
Conference on 
Environment and 
Health. Energy, 
Sustainable 
Development and 
Health; 2004. 

Uncertain 
Reference is an 
unedited draft. 
 
Reference does 
not appear to be 
an official WHO 
document. 
See discussion 
section Knopper 
and Ollson (2011) 
Reference 1 

No  
 
Reference does 
not appear to 
comment on 
hearing 
impairment. 

No 
 
Reference does 
not appear to 
evaluate noise 
health impacts. 
 
 
 

No  
 
Reference does 
not appear to 
comment on wind 
turbine 
annoyance. 

30. Leventhall G, 
Benton S, 
Robertson D: 
Coping strategies 
for low frequency 
noise. J Low Freq 
Noise V A 2008, 
27:35-52. 
 

No 
 
Reference does 
not appear to be 
an official 
production of a 
governmental 
health agency. 

No  
 
Reference does 
not appear to 
mention wind 
turbines. 

No  
 
Reference does 
not appear to 
mention wind 
turbines. 

No  
 
Reference does 
not appear to 
mention wind 
turbines. 

31. Chatham-Kent 
Public Health 
Unit: The Health 
Impact of Wind 
Turbines: A 
Review of the 
Current White, 
Grey and 
Published 
Literature 2008. 
 

Yes Yes - (Indirectly) No 
 
“…as long as the 
Ministry of 
Environment 
Guidelines for 
location criteria of 
wind farms are 
followed, it is my 
opinion that there 
will be negligible 
adverse health 
impacts…” 
 
See discussion 
section Knopper 
and Ollson (2011) 
Reference 31 

Yes - (Indirectly) 
 
Does not 
specifically state 
wind turbines can 
be a source of 
annoyance for 
some people 
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Reference 

 
Reference Cited 

in 
Knopper and 
Ollson (2011) 

 

1. 
Is the cited 
reference an 
official 
production of a 
governmental 
health agency? 

2.  
Does the cited 
reference agree 
that noise from 
wind turbines is 
not loud enough 
to cause hearing 
impairment? 

3. 
Does the cited 
reference agree 
noise from wind 
turbines is not 
causally related 
to adverse 
effects? 

4. 
Does the cited 
reference agree 
wind turbines 
can be a source 
of annoyance? 
 

 
 
32. Minnesota 
Department of 
Health 
Environmental 
Health Division: 
Public Health 
Impacts of Wind 
Turbines 2009. 

 
Yes 

 
No 
 
Reference did not 
appear to 
specifically 
comment on 
hearing 
impairment. 

 
No 
 
Reference states 
“Most available 
evidence suggests 
that reported 
health effects are 
related to audible 
low frequency 
noise.” 

 
Yes 
 
“… lower noise 
levels (dB(A)) 
from wind 
turbines engenders 
annoyance similar 
to much higher 
levels of noise 
exposure from 
aircraft, road 
traffic and 
railroads.” 

33. Chief Medical 
Officer of Health 
(CMOH) Ontario: 
The Potential 
Health Impact of 
Wind Turbines 
2010. 
 

Yes Yes No 
 
Focused on direct 
causal links. 
 
A separate CMOH 
Q&A document 
states: 
“It is possible that 
these symptoms 
are a result of 
annoyance with 
the noise.” 
 
See discussion 
section Knopper 
and Ollson (2011) 
Reference 33 

Yes 
 
“Wind turbine 
noise was 
perceived as more 
annoying 
than transportation 
or industrial noise 
at comparable 
levels, possibly 
due to its swishing 
quality, changes 
throughout a 24 
hour period, and 
lack of night-time 
abatement.” 

34. Australian 
Government, 
National Health 
and Medical 
Research Council: 
Wind Turbines 
and Health: A 
Rapid Review of 
the Evidence 2010. 

Yes Yes No 
Focused on direct 
pathological 
effects.  
 
See discussion 
section Knopper 
and Ollson (2011) 
Reference 34 

Yes 
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 Introduction

Low frequency noise, considered as the frequency range from about 10Hz to 200Hz, causes extreme distress to a

number of people who are sensitive to its effects. The sensitivity may be a result of heightened sensory response, within

the whole or part of the auditory range, or may be acquired. Onset of low frequency noise annoyance tends to occur in

middle age. The noise levels are often low, in the region of a subject's hearing threshold, where there are large

differences between individuals. The problem arises both in homes and in offices, or similar, premises. Whilst noise

sources causing annoyance in the home may be unknown, in offices they are often fans or pumps in the building

services. Similar plant, in those apartment blocks which have central services, may be the source of the noise in these

premises, but a core of low frequency noise problems remain, of unknown origin, which continue to cause considerable
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annoyance. Low frequency noise problems also occur in industry, but generally at levels well above threshold, presenting

a different noise problem to those in homes and offices.

Attempts to assess low frequency noise by conventional wide-band noise methods often fail, so illustrating the

inadequacy of these methods for low frequencies. In particular, the regulatory dominance of A-weighted levels, leads to

dismissal of valid problems of low frequency noise, so compounding the difficulties of some complainants

The World Health Organization recognizes the special place of low frequency noise as an environmental problem. Its

publication on Community Noise (Berglund et al., 2000) makes a number of references to low frequency noise, some of

which are as follows

"It should be noted that low frequency noise, for example, from ventilation systems can disturb rest and sleep even at

low sound levels"

"For noise with a large proportion of low frequency sounds a still lower guideline (than 30dBA) is recommended"

"When prominent low frequency components are present, noise measures based on A-weighting are inappropriate"

"Since A-weighting underestimates the sound pressure level of noise with low frequency components, a better

assessment of health effects would be to use C-weighting"

"It should be noted that a large proportion of low frequency components in a noise may increase considerably the

adverse effects on health"

"The evidence on low frequency noise is sufficiently strong to warrant immediate concern"

 Annoyance-The meaning of annoyance

Annoyance has roots in a complex of responses, which are moderated by personal and social characteristics of the

complainant. (Belojevic and Jokovljevic, 2001; Benton and Leventhall, 1982; Fields, 1993; Grime, 2000; Guski, 1999;

Guski et al., 1999; Kalveram, 2000; Kalveram et al., 1999; Stallen, 1999).

For example, Guski (1999) proposes that noise annoyance is partly due to acoustic factors and partly due to personal

and social moderating variables as follows:

Personal Moderators: Sensitivity to noise. Anxiety about the source. Personal evaluation of the source. Coping capacity

with respect to noise.

Social Moderators: Evaluation of the source.

Suspicion of those who control the source. History of noise exposure. Expectations

Noise annoyance in the home is considered as leading to a long-term negative evaluation of living conditions, dependent

on past disturbances and current attitudes and expectations. Annoyance brings feelings of disturbance, aggravation,

dissatisfaction, concern, bother, displeasure, harassment, irritation, nuisance, vexation, exasperation, discomfort,

uneasiness, distress, hate etc, some of which combine to produce the adverse reaction.

[Figure 1], modified from Guski (1999) in order to emphasise the central nature of the personal factors, summarises the

interactions. The interpretation of [Figure 1] is as follows. The noise load causes activity interference (e.g. to

communication, recreation, sleep), together with vegetative reactions (e.g. blood pressure changes, defensive

reactions). Interference with activity develops into annoyance and disturbance. Prolonged vegetative reactions may lead

to effects on health. The personal factors interact with the outer boxes of [Figure 1], moderating the complainant's

complex of responses. The social factors moderate how the complainant interacts with external authorities in attempting

to deal with the annoyance. Social factors may also interact with health effects, as some social classes may more
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readily seek medical assistance. The personal and social moderating factors are so variable that Grime (2000)

questions the feasibility of developing a national noise policy.

 Annoyance and the 'meaning' of noise

Kalveram (2000) points out that much psychoacoustical noise research has limitations, because it is based upon the

correlation between annoyance ratings and physical measurements of sound energy, often equivalent level, leading to

noise dose. But equivalent level, A-weighted or linear, is only a part of the total process. Noise level and noise dose

approaches neglect the "meaning" of a noise and are contrary to the interactive model in [Figure 1]. The noise level /

noise dose assessment reduces [Figure 1],[Figure 2], in which the personal factors are constrained to those of the

average person, so that only a limited number of subjects are protected by criteria which are developed from the

assessment.

Kalveram proposes an "ecological" approach, which emphasises the psychological functions of sounds. Annoyance

originates from acoustical signals which are not compatible with, or which disturb, these psychological functions. In

particular, disturbance of current activities is a primary effect of noise exposure, producing a potential loss of fitness in

the subject with respect to those behaviour patterns which permit coping with changes in the environment. Presence of a

harmful sensory variable in the environment leads to actions which interrupt current behaviour, in an attempt by the

subject to reduce the sensory input. This tests the coping capacity of the individual.

Those who have experienced long-term exposure to low frequency noise may recognise this within themselves.

However, a few persons are known to have modified their responses to low frequency noise, thereby removing it from

the category of a challenge and threat.

Most field work on noise annoyance has been where there is a known source, for example air or road transport. The

particular circumstances of some low frequency noise problems, where the noise source is not known, adds an

additional element to annoyance. Those affected suffer extreme frustration and may find it necessary to assume a

source, thus enabling themselves to cope through provision of a focus for anger and resentment. Assumed sources have

included neighbours, gas pipelines, radio transmissions and defence establishments.

 Annoyance Measurements

Annoyance measurements are generally of the type described by Kalveram (2000), an attempt to relate annoyance

ratings directly to measured noise levels. As described above, these measurements are limited in their results, since

they deal with only part of the annoyance complex.

 Laboratory determinations

There have been a large number of laboratory determinations of annoyance of low frequency sounds, mainly

measurements using either 'normal' or 'sensitive' subjects. Stimuli have included tones, bands of noise or specially

developed spectra. There is, of course, a wide range of possible stimuli, which experimenters have chosen according to

their experience of what is required (Adam, 1999; Andresen and Moller, 1984; Broner and Leventhall, 1978; Broner and

Leventhall, 1984; Broner and Leventhall, 1985; Goldstein, 1994; Goldstein and Kjellberg, 1985; Inukai et al., 2000;

Kjellberg and Goldstein, 1985; Kjellberg et al., 1984; Moller, 1987; Nakamura and Inukai, 1998; Persson and Bjorkman,

1988; Persson-Waye, 1985; Poulsen, 2002; Poulsen and Mortensen, 2002). Some of the laboratory studies have used

recordings of real noises as stimuli, whilst others have worked with recordings of the actual noises as experienced by

subjects in their own work places or homes. (Holmberg et al., 1993; Landstrom et al., 1994; Manley et al., 2002;

Mirowska, 1998; Mortensen and Poulsen, 2001; Poulsen and Mortensen, 2002; Tesarz et al., 1997; Vasudevan and

Gordon, 1977; Vasudevan and Leventhall, 1982).
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Most determinations have been aimed at relating the A-weighted level, or some other derivative of the spectrum of the

low frequency noise, to its annoyance. Whilst they are adequate studies, and have shown some general factors in low

frequency noise annoyance, they are limited in that their results apply only to the particular noises investigated, often

with a small number of subjects. It is unlikely that continued studies of this kind will result in step changes in our

understanding of low frequency noise annoyance. However, Poulsen and Mortensen (2002) are an advance on previous

work, as they compare subjective assessments with criteria, which have been developed in some European countries,

specifically for assessment of low frequency noise.

 Experimental methods

The responses required from subjects vary with experimental method. In laboratory investigations, subjects may be

asked to '"imagine" themselves relaxing in their homes in the evening and to rate annoyance by, for example, choice on a

semantic scale ranging from 'Not Annoying' to 'Extremely Annoying'. Other methods include marking the level of

annoyance on an unnumbered linear scale at a point between 'Not at all annoying' and 'Very annoying', or assigning a

number to a reference noise and appropriate numbers to other noises in order to estimate their magnitudes. These

psychological techniques are well established, but need care in their performance, as they are sensitive to experimental

factors.

 Equal annoyance contours

The main results of this work are as follows. Moller (1987) investigated contours of equal annoyance for pure tones in

the frequency range 4Hz to 31.5Hz. The annoyance contours are influenced by the narrowing of the range of equal

loudness contours at low frequencies. Moller's results are shown in [Figure 3]. The vertical scale is the annoyance rating

in terms of the distance marked for the tone along a 150mm linear scale. The lowest frequencies must be at a higher

level than other frequencies in order to become audible but, once they are audible, their annoyance increases rapidly.

For example, the scale rating range at 4Hz is about 10dB between extremes of annoyance. 8Hz and 16Hz have a 20dB

range, whilst 31.5Hz has nearly 40dB range. The 1000Hz comparison, which is for an octave band of noise, has a range

of nearly 60dB. These findings are important, as they confirm that the hearing contours are reflected in annoyance,

although loudness and annoyance are not necessarily the same. [Figure 3] gives averages for 18 subjects with normal

hearing.

 Individual annoyance functions

Broner and Leventhall (1978) measured individual annoyance functions for 20 subjects using ten low frequency noise

stimuli. The psychophysical function was assumed to be a simple power function

ψ=kεβ

Where ψ represents the estimation of psychological magnitude, ε is the stimulus intensity and β a subject-specific

exponent. It was shown that there was a wide range of individual exponents, β, from a low of 0.045 to a high of 0.4 and

three groupings of individual differences were identified. Previous work at higher frequencies had also shown individual

loudness functions (Barbenza et al., 1970) and had posed the question of whether one set of regulations should be

applied to all people (Bryan and Tempest, 1973).

 Annoyance and the dBA

Low frequency noise and annoyance :<b>HG Leventhall</b>, Noise Health http://www.noiseandhealth.org/printarticle.asp?issn=1463-1741;year=20...

4 of 13 10/04/2015 9:47 PM



A comparison of a band of noise peaking at 250Hz with a band peaking at 100Hz, whilst both were adjusted to the same

A-weighted level, showed that the annoyance from the low frequency noise was greater than that from the higher

frequency noise at the same A-weighted level (Persson et al., 1985) . This work was subsequently extended (Persson

and Bjorkman, 1988; Persson et al., 1990) using a wider range of noises, for example, peaking at 80Hz, 250Hz. 500Hz

and 1000Hz, leading to the following conclusions:

* There is a large variability between subjects.

*The dBA underestimates annoyance for frequencies below about 200Hz.

For broadband low frequency noise, the underestimate was found to be 3dB for levels around 65dB(Linear) and 6dB for

levels around 70dB(Linear). Similar results had been obtained in earlier work (Kjellberg et al., 1984). Two broadband

noises were investigated, in which one was dominated by energy in the 15-50Hz range. Twenty subjects compared the

two noises within the dynamic range 49-86dBA. At equal A-weighted levels, the noise dominated by the low frequency

component was perceived as 47dB louder and 5-8dB more annoying.

The energy input to the subjects was, of course, greater for the low frequency noises due to the attenuating effect of

A-weighting, and it might be expected that there would be a greater effect, perhaps suggesting that loudness, assumed

related to the A -weighting, differs from annoyance at low frequencies.

 Unpleasantness

The "unpleasantness" of low frequency noise has also been estimated (Inukai et al., 2000; Nakamura and Inukai, 1998).

Nakamura and Inukai used a stimulus sound of a pure tone in 20 conditions from 3Hz to 40Hz and sound pressure levels

from 70dB to125dB, with evaluation by 17 subjects. There were four main subjective factors in response to low

frequency noise: auditory perception, pressure on the eardrum, perception through vibration of the chest and more

general feeling of vibration. Analysis of the responses showed that auditory perception was the controlling factor. That

is, although high levels of low frequency noise may produce other sensations, the ear is the most sensitive receptor.

Inukai et al (2000) determined "equal unpleasantness" contours for 39 subjects over a tone frequency range of 10Hz to

500 Hz. A verbal scale was used ranging through: Not at all unpleasant (1) - somewhat unpleasant (2) - unpleasant(3) -

quite unpleasant(4) - very unpleasant(5). Subjects in a test chamber were asked to assume different home and work

situations and adjust the level of a tone to match a level on the scale, as requested by the experimenter. For example if

instructed to match to level 4 (quite unpleasant), subjects would adjust the tone until they judged that this level was

reached. Results are shown in [Figure 4]. The numbers 1,2,3,4,5 refer to the unpleasantness level. All levels of

unpleasantness are approximately linear with a negative slope of 5 - 6dB per octave. The acceptable limits for different

locations are all above the hearing threshold in this laboratory setting. For example, the self-adjusted acceptable limit in

an assumed bedroom is more than 10dB above threshold, but this might not be replicated for long term exposure at

night in a real bedroom.

 Spectrum balance

The work by Inukai et al (2000) was for single tones. Spectrum balance has also been considered a factor in noise

annoyance of a wideband spectrum. Correlation of a number of complaints with the corresponding spectra (Bryan,

1976) led to the conclusion that, for spectra which averaged as shown in [Figure 5], a fall off above 32Hz of

5.7dB/octave was acceptable, whilst a fall off from 63Hz at 7.9 dB/octave was unacceptable. Work on acceptable

spectra of air conditioning noise in offices led to similar conclusions (Blazier, 1981). Blazier found that, on average,

acceptable office environments had a fall off of 5dB/octave. An excess of low frequency noise led to rumble, an excess

of mid frequency noise led to roar, whilst an excess of high frequency noise led to hiss. Later work (Blazier, 1997)

developed a "Quality Assessment Index" for an HVAC noise through the balance of low, mid and high frequencies.
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 (dBC - dBA) weighting.

The difference between C- and A-weightings has also been considered as a predictor of annoyance (Broner, 1979;

Broner and Leventhall, 1983; Kjellberg et al., 1997), as this difference is an indication of the amount of low frequency

energy in the noise. If the difference is greater than 20dB, there is the potential for a low frequency noise problem.

Kjellberg et al used existing noise in work places (offices, laboratories, industry etc) with 508 subjects. Three sub-

groups were obtained with a maximum difference in low and high frequency exposure. The conclusions on correlations of

(dBC - dBA) difference and annoyance were that the difference is of limited value, but, when the difference exceeds

15dB, an addition of 6dB to the A-weighted level is a simple rating procedure. However, the difference breaks down

when the levels are low, since the low frequencies may then be below threshold. The (dBC - dBA) difference cannot be

used as an annoyance predictor, but is a simple indicator of whether further investigations may be necessary.

 Home and work environments

Other studies, have assessed low frequency noise in real or assumed work environments or in the home (Bryan, 1976;

Cocchi et al., 1992; Holmberg et al., 1997; Holmberg et al., 1993; Holmberg et al., 1996; Landstrom et al., 1993;

Landstrom et al., 1994; Lundin and Ahman, 1998; Mirowska, 1998; Vasudevan and Gordon, 1977; Vasudevan and

Leventhall, 1982).

Homlberg et al (1996 and 1997) assessed noise in real environments. The 1996 paper compared responses of about

240 subjects with the noise measures which might be available on a sound level meter i.e. dBLIN, dBA, dBB, dBC and

dBD and the difference (dBC-dBA). Additionally, Zwicker loudness (ISO532, 1975) and Low Frequency Noise Rating

(LFNR) (Broner and Leventhall, 1983) were calculated. There was poor correlation between the sound level meter

weightings and annoyance. Similarly, the loudness in sones and the difference (dBC - dBA) did not correlate well.

The LFNR did separate out annoying and not annoying noises, but no more effectively than the (dBC - dBA).

 Level variations

Holmberg et al (1997) investigated noise in workplaces, using the (dBC - dBA) difference as an indicator. Low frequency

noise exposure was found in a group of 35 out of a total of 337 persons. Measurements of temporal variation of the

levels of low frequency noise at the workplaces, averaged over 0.5, 1.0 or 2.0 seconds, was correlated with subjective

annoyance. Significant correlation was found between the irregularity of the noise levels and annoyance.

This work represents an advance, in that it shows the importance of fluctuations in noise level. A limitation of much work

on assessment of low frequency noise has been that long term averaged measurements were used and, consequently,

information on fluctuations was lost, although complaints of low frequency noise often refer to its throbbing or pulsing

nature. Broner and Leventhall(1983) had noted the importance of fluctuations and suggested a fluctuation penalty of 3dB

in the Low Frequency Noise Rating Assessment. The importance of fluctuations has also been assessed in laboratory

experiments (Bradley, 1994). Subjects listened first to steady wideband noises which peaked at 31.5Hz and adjusted

the overall level of these to be equally annoying to a reference spectrum which fell at 5dB/octave. It was found that the

more prominent the low frequency noise, the greater the reduction in level required for equality of annoyance with the

reference spectrum. The test spectra were now amplitude modulated, in the low frequency region only, at modulation

frequencies of 0.25, 0.5, 1.0, 2.0 and 4.0Hz and depths of 10dB and 17dB. Subjects again adjusted the level of the

noises to produce equal annoyance with the unmodulated reference noise. The reductions varied with modulation

frequency and modulation depth. An example is that, for the highest modulation depth at 2.0Hz modulation frequency, the

level was reduced by 12.9dB averaged over the subjects. This work confirms the importance of fluctuations as a

contributor to annoyance, and the consequent limitation of those assessment methods which do not include fluctuations.
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 Field investigations

Vasudevan and Gordon (1977) carried out field measurements and laboratory studies of persons who complained of low

frequency noise in their homes. A number of common factors were shown:

• The problems arose in quiet rural or suburban environments

• The noise was often close to inaudibility and heard by a minority of people

• The noise was typically audible indoors and not outdoors

* The noise was more audible at night than day

* The noise had a throb or rumble characteristic

• The main complaints came from the 55-70 years age group

* The complainants had normal hearing.

* Medical examination excluded tinnitus.

These are now recognised as classic descriptors of low frequency noise problems.

Further work in the laboratory showed that gradually falling spectra, as measured in the field and simulated in the

laboratory, possessed a rumble characteristic. [Figure 6] compares a measured noise on the left with a simulated noise

on the right. Both fell at 7 - 8 dB/octave and had similar rumble characteristics. It is also known that a rapidly falling

spectrum, such as one which follows the curve of the NR or NC ratings has an unpleasant quality. This was one reason

for the development of the PNC rating as an improvement of the NC rating (Beranek et al., 1971). Further work

(Vasudevan and Leventhall, 1982), confirmed that levels close to threshold caused annoyance, which increased if the

noise also fluctuated. This work included spectra with tonal peaks and emphasised that the nature (quality) of the noise

was important. Fluctuating noises are more annoying than predicted by their average sound levels.

Recent work on annoyance to people in their homes has been by Mirowska (1998) and Lundin and Ahman (1998). Both

these papers considered annoyance due to plant or appliances, installed in, or adjacent to, living accommodation.

Mirowska found problems from machinery, including transformers in electricity substations, ventilation fans, refrigeration

units and central heating pumps. Lundin and Ahman investigated a husband and wife who experienced typical symptoms

of aversion to low frequency noise. Refrigerators and freezers were suspected as the source of the offending noise

which, in some parts of the building, was high at 50Hz. The time varying pattern of the noise, due to equipment cycling,

was considered to add to its annoyance. However, there was no totally convincing link between effects on health and the

noise.

 Development of enhanced susceptibility.

It is known that different regions of the brain are responsible for different functions. The brain also possesses

"plasticity", in the sense that parts within the same region may change their function. For example, extensive training in a

frequency discrimination task in small mammals leads to improved discrimination ability and an expansion of the cortical

area responsive to the frequencies which were used during training. (Schnupp and Kacelnick, 2002).

In humans, there is considerable plasticity in the brain during its early development, requiring appropriate stimuli for

proper growth. Plastic adaptation is slower in the adult brain. Two examples of plastic adaptation are: London taxi

drivers are required to memorise many routes through London. Magnetic resonance imaging showed that the part of the

brain associated with spatial navigation, the posterior hippocampus, enlarged at the expense of neighbouring regions.
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(Maguire et al., 2000). There has been a similar finding for skilled musicians (Pantev et al., 1998). Cortical

reorganisation was greater the younger the age at which music training began.

The significance of these findings for low frequency noise annoyance is:

There is clear evidence that the brain is able to adapt to stimuli.

If complainants spend a great deal of time listening to, and listening for, their particular noise, it is possible that they may

develop enhanced susceptibility to this noise.

Enhanced susceptibility is therefore a potential factor in long-term low frequency noise annoyance.

 Low frequency noise annoyance and stress

Stresses may be grouped into three broad types: cataclysmic stress, personal stress and background stress.

Cataclysmic stress includes widespread and devastating physical events. Personal stress includes bereavements and

other personal tragedies. Cataclysmic and personal stresses are evident occurrences, which are met with sympathy and

support, whilst their impacts normally reduce with time. Background stresses are persistent events, which may become

routine elements of our life. Constant low frequency noise has been classified as a background stressor (Benton, 1997;

Benton and Leventhall, 1994). Whilst it is acceptable, under the effects of cataclysmic and personal stress, to withdraw

from coping with normal daily demands, this is not permitted for low level background stresses. Inadequate reserves of

coping ability then leads to the development of stress symptoms. In this way, chronic psychophysiological damage may

result from long-term exposure to low-level low frequency noise.

Changes in behaviour also follow from longterm exposure to low frequency noise. Those exposed may adopt protective

strategies, such as sleeping in their garage if the noise is less disturbing there. Or they may sleep elsewhere, returning

to their own homes only during the day. Others tense into the noise and, over time, may undergo character changes,

particularly in relation to social orientation, consistent with their failure to recruit support and agreement from the

regulatory authority that they do have a genuine noise problem. Their families, and the investigating officer, may also

become part of their problem. The claim that their "lives have been ruined" by the noise is not an exaggeration, although

their reaction to the noise might have been modifiable at an earlier stage.

 The HUM

 Occurrence

Hum is the name given to a low frequency noise which is causing persistent complaints, but often cannot be traced to a

single, or any, source. If a source is located, the problem moves into the category of engineering noise control and is no

longer "the Hum", although there may be a long period between first complaint and final solution. The Hum is

widespread, affecting scattered individuals, but periodically a Hum focus arises where there are multiple complaints

within a town or area. There has been the Bristol Hum (England), Largs Hum (Scotland), Copenhagen Hum (Denmark),

Vancouver Hum (Canada), Taos Hum (New Mexico USA), Kokomo Hum (Indiana USA) etc. A feature of these Hums is

that they have been publicised in local and national press, so gathering a momentum which otherwise might not have

occurred, possibly increasing the number of adverse reactions. Although the named Hums, such as Kokomo, have

gained much attention, they should not be allowed to detract from the individuals who suffer on their own.

 Hum character
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The sound of the Hum differs between individuals. Even in the areas of multiple complaints, the description is not

completely consistent, although this may be because people use different words to describe the same property of a

noise. Publicity tends to pull the descriptions together. The general descriptors of the sound of the Hum include: a steady

hum, a throb, a low speed diesel engine, rumble and pulsing. A higher pitch, such as a hiss, is sometimes attributed. The

effects of the Hum may include pressure or pain in the ear or head, body vibration or pain, loss of concentration, nausea

and sleep disturbance. These general descriptions and effects occur internationally, with close similarity.

Unsympathetic handling of the complaint leads to a build-up of stress, which exacerbates the problems. Hum sufferers

tend to be middle aged and elderly, with a majority of women. They may have a low tolerance level and be prone to

negative reactions. The knowledge that complaints are being taken seriously by the authorities helps to reduce personal

tensions, by easing the additional stresses consequent upon not being believed. This is particularly so when, as is often

the case, only one person in a family is sensitive to the noise. Whilst some Hum sufferers may have tinnitus, they will, of

course, also be troubled by intruding noise at a different frequency from their tinnitus. Tinnitus should not be used as a

reason to reject a complaint of low frequency noise annoyance.

 Psychological aspects of the Hum

Psychosocial factors affect the physiological impact of noise (Hatfield et al., 2001). Adverse physiological consequences

may be mediated by psychological factors related to the noise exposure. It is plausible that excessive noise exposure

promotes negative psychological reactions, leading to adverse physiological effects, as was shown by Hatfield et

al.(2001). Therefore, psychological factors must be addressed to help ameliorate the annoyance of low frequency noise.

Some Hum sufferers have achieved this for themselves, saying that they have "learnt to live with the Hum" so that it no

longer worries them. Others are "cured" by prescription of relaxant drugs. For a few, the Hum goes away after a time.

Some escape the Hum by moving house. One long term sufferer, and leading campaigner for official help with low

frequency noise problems, decided that it was time to leave the low frequency forest of chaotic emotions and now has

no problem, remaining detached from low frequency noise and of the opinion that to become involved with other

sufferers heightens ones awareness of the noise. Some sufferers accept that the noises are not at a high level, but that

their reactions are equivalent to those which might be expected from a high level of noise - "As soon as I hear the noise,

something builds up inside me". This is a similar response to that of hyperacusis sufferers, although more specialised in

its triggers. A form of hyperacusis may be indicated.

Combined acoustical and psychological studies (Kitamura and Yamada, 2002) have explored involvement of the limbic

system of the brain in annoyance responses 1 . The limbic system commands survival and emotional behaviours, which

we cannot always control, although we may learn to do so.

The Hum remains a puzzling aspect of low frequency noise. No widespread Hum has been unequivocally traced to

specific sources, although suspicion has pointed at industrial complexes, especially fans.

In the absence of known sources, Hum sufferers often search their neighbourhoods for a source, walking or driving

around at night. It is important for them to find a target for their frustrations. Some general ones include their neighbours,

the main gas pipelines, radio transmissions (particularly pulsed signals for navigation), defence establishments etc.

 Auditory sensitivity

Special difficulties arise when, despite persistent annoyance, there is no "measurable" noise or, as might occur in urban

areas, the noise levels at low frequencies are in the 40 - 50dB range, well below the average threshold (ISO:226,

1987). Van den Berg supports tinnitus as an explanation in these circumstances (van den Berg, 2001). With respect to

audibility, the average ISO:226 threshold levels must be interpreted carefully. Van den Berg's choice of a limit criterion is

the low frequency binaural hearing threshold level for 10% of the 50 - 59 year old population, which is 10-12 dB below

their average hearing level (van den Berg and Passchier-Vermeer, 1999a). This may be too restrictive a cut off, since
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10% of the age group has more sensitive hearing. For example, the population of the EU15 countries is 379,000,000.

There are differences between north and southern European countries, but approximately 10% of the population is in the

50 - 59 year age group. Thus, about 3,800,000 of the 50 - 59 year age group of the European population (10% of 10%

of the total) will be more sensitive than the suggested cut-off for assessment of low frequency noise for this age group.

A smaller number will have greater sensitivity. Yamada found one subject to be 15dB more sensitive than the average

(Yamada, 1980), whilst recent work (Kitamura and Yamada, 2002), gives two standard deviations from the average

threshold as about 12dB. However, the average threshold of the complainants in this work is somewhat higher than the

ISO 226 threshold, as might be expected for older people. A range of two standard deviations covers 95% of people.

Of the remaining 5%, half are more sensitive than two standard deviations from the average and half are less sensitive.

In the EU-15 countries, 2.5% of the population is about 10,000,000 persons of whom around 1,000,000 are in the 50-59

year old age group, who might have very sensitive low frequency hearing and be prone to annoyance from sounds which

are not heard by most people and which are difficult to measure. The unfortunate association of one of these people

with a low level, low frequency noise leads to considerable distress for the person concerned. A "rule of thumb" may be

to take 15 - 20dB below the ISO 226 threshold as the cut off for perception, but this may be a generous level,

depending on the complainants' individual threshold at low frequencies.

The preceding deductions on numbers of persons are clearly approximate, but are sufficient to give an "engineering"

indication of the extent of the problem.

 Criteria for low frequency noise control.

A number of criteria have been developed for assessment of low frequency noise. (Broner and Leventhall, 1983; Challis

and Challis, 1978; Inukai et al., 1990; Vercammen, 1989; Vercammen, 1992).

In recent years, some European countries have adopted national criteria for low frequency noise, including Sweden

((SocialstyrelsenSweden, 1996)), Denmark (Jakobsen, 2001) Netherlands ((N S G, 1999) Germany (DIN:45680, 1997)

, Poland (Mirowska, 2002). Some of these methods assume a threshold curve for limitation of annoyance, based

approximately on the ISO226 threshold, or a curve parallel to this threshold, but extended to frequencies below 20Hz.

The criteria have been compared under laboratory conditions for some specific noises (Poulsen, 2002; Poulsen and

Mortensen, 2002). Noises used were eight recorded samples of different types as shown in [Table 1].

The noises were judged by 18 otologically normal young listeners and by four older people (41-57 years) who had made

complaints of annoyance by low frequency noise. Judgements were made under assumed listening circumstances of

day, evening and night. The complaint group rated the noises to be more annoying than the other group did. Overall, the

Danish method gave highest correlation between objective and subjective assessments, but only when a 5dB penalty for

impulsive sounds was included.

 Conclusions

Regulatory authorities must accept that annoyance by low frequency noise presents a real problem which is not

addressed by the commonly used assessment methods. In particular, the A-weighted level is very inadequate, as are

the NR and NC criterion curves. Assessment methods specific to low frequency noise are emerging, but a limitation of

existing methods is that they do not give full assessment of fluctuations. It is possible that application of noise quality

concepts, in particular fluctuation and roughness (Zwicker and Fastl, 1999), may be a way forward.
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Insufficient sleep and circadian rhythm disruption are associated
with negative health outcomes, including obesity, cardiovascular
disease, and cognitive impairment, but the mechanisms involved
remain largely unexplored. Twenty-six participants were exposed
to1wkof insufficient sleep (sleep-restriction condition 5.70 h, SEM=
0.03 sleep per 24 h) and 1 wk of sufficient sleep (control condition
8.50 h sleep, SEM = 0.11). Immediately following each condition, 10
whole-blood RNA samples were collected from each participant,
while controlling for the effects of light, activity, and food, during
a period of total sleep deprivation. Transcriptome analysis revealed
that 711 genes were up- or down-regulated by insufficient sleep.
Insufficient sleep also reduced the number of geneswith a circadian
expression profile from 1,855 to 1,481, reduced the circadian ampli-
tude of these genes, and led to an increase in the number of genes
that responded to subsequent total sleep deprivation from 122 to
856. Genes affected by insufficient sleep were associated with cir-
cadian rhythms (PER1, PER2, PER3, CRY2, CLOCK, NR1D1, NR1D2,
RORA, DEC1, CSNK1E), sleep homeostasis (IL6, STAT3, KCNV2,
CAMK2D), oxidative stress (PRDX2, PRDX5), and metabolism
(SLC2A3, SLC2A5, GHRL, ABCA1). Biological processes affected in-
cluded chromatin modification, gene-expression regulation, macro-
molecular metabolism, and inflammatory, immune and stress
responses. Thus, insufficient sleep affects the human blood tran-
scriptome, disrupts its circadian regulation, and intensifies the
effects of acute total sleep deprivation. The identified biological
processes may be involved with the negative effects of sleep loss
on health, and highlight the interrelatedness of sleep homeostasis,
circadian rhythmicity, and metabolism.

bloodomics | chronobiology | leukocyte | genomics

Insufficient sleep, defined as inadequate or mistimed sleep, is
increasingly recognized as contributing to a wide range of

health problems (1). Multiple epidemiological studies have
shown that self-reported short sleep duration (defined in most
studies as ≤6 h) is associated with negative health outcomes,
such as all-cause mortality (2), obesity (3), diabetes (4), cardio-
vascular disease (5), and impaired vigilance and cognition (6).
Laboratory studies, in which the sleep of healthy volunteers was
restricted, typically to 4 h for 2–6 d, have identified physiological
and endocrine variables that may mediate some of these effects
(7), but in general the mechanisms by which insufficient sleep
leads to negative health outcomes remain unidentified.
Microarray studies designed to investigate the processes un-

derlying sleep regulation in rodents have established that, in brain
tissue, sleep deprivation is associated with prominent changes in
gene expression, although the number of genes affected varied
widely between studies (8) and the mouse strains used (9). Genes
up-regulated during sustained wakefulness (i.e., acute total sleep
loss) belonged to functional categories, such as synaptic plasticity,
heat-shock proteins, and other molecular chaperones, whereas
reductions in transcript levels have been reported for genes in-
volved in macromolecular biosynthesis and energy production
(10). In the presence of a sleep-wake cycle, ∼8% of the brain

transcriptome has been reported to be expressed in a circadian
manner (i.e., with an ∼24-h periodicity), whereas during acute
sleep loss, the number of rhythmically expressed transcripts is
reduced to ∼1.5%, implying a prominent acute effect of the sleep-
wake cycle on transcription (9). Although the sleep-wake cycle is
generated by the brain, the effects of acute sleep deprivation are
not limited to the brain. In fact, the liver transcriptome is affected
to a larger extent by sleep loss than the brain transcriptome (9).
Acute sleep loss is a powerful tool to activate sleep regulatory

mechanisms, but it is not necessarily the most relevant manipu-
lation to model the kind of sleep loss experienced in society, in
which people often get some, but insufficient sleep across every
24-h period. Recently, 2 wk of timed sleep restriction in mice was
shown to disrupt diurnal rhythmicity in the liver transcriptome to
a much larger extent than in the suprachiasmatic nucleus of the
hypothalamus, the site of the master circadian oscillator (11).
Biological processes affected included carbohydrate, lipid, and
amino acid metabolism, providing clues as to how sleep re-
striction may lead to some of the reported health problems as-
sociated with insufficient sleep in humans. Thus, animal studies
have established that both chronic insufficient/mistimed sleep and
acute sleep loss lead to changes in the transcriptome, including its
circadian modulation, and that these changes are tissue-specific.
Effects of chronic insufficient sleep on the global transcriptome

have, to our knowledge, not been reported in humans. One ob-
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vious difficulty with human studies is that the tissues of interest,
such as brain or liver, are not accessible for repeated sampling.
Several transcriptome profiling studies of different conditions and
diseases have, however, indicated that the transcriptome of leu-
kocytes and whole blood may constitute an “accessible window to
the multiorgan transcriptome” (12, 13). The blood transcriptome
is altered in several neuronal and metabolic disorders and does
not merely represent changes in the primary function of leuko-
cytes in the immune system. The use of “bloodomics” thus makes
possible the noninvasive and repeated sampling from participants
undergoing carefully designed study protocols. This approach will
enable the identification of gene-expression differences repre-
sentative of the whole organism and not only those differences
that are specific to immune function, which is in itself well known
to be affected by sleep deprivation and circadian rhythmicity (14).
Many physiological and molecular processes are modulated by

circadian rhythms. Furthermore, genes involved in the genera-
tion of circadian rhythms have been identified and shown to
relate intimately to metabolism and other processes associated
with health and disease (15, 16). Accurate assessment of circa-
dian rhythmicity requires that confounding factors, such as the
sleep-wake cycle, the light-dark cycle, activity, and food intake,
which may directly affect the transcriptome, are carefully
controlled. Therefore, to assess the effects of insufficient sleep
on the whole-blood transcriptome, we conducted frequent RNA
sampling over more than one complete circadian cycle, using an
established constant routine protocol to control for these con-
founding factors (17).

Results
Effects of Protocol on Sleep, Waking Performance, and Circadian
Phase of the Melatonin Rhythm. In this balanced, cross-over de-
sign (Fig. 1), participants obtained on average 5.70 h (SEM=0.03)
of polysomnographically assessed sleep per 24 h during the seven
nights of the sleep-restriction condition, and 8.50 h (SEM = 0.11)
during the seven nights of the control condition. Sleep obtained in
the sleep-restriction condition was not sufficient to maintain
alertness and performance. On the last day of sleep restriction,
participants were significantly more sleepy, as scored on the Kar-
olinska Sleepiness Scale [4.3 (SEM= 0.2) vs. 3.0 (SEM= 0.2); P<
0.0001], and had more lapses of attention [4.9 (SEM= 0.4) vs. 4.0
(SEM = 0.4); P = 0.0036] in the Psychomotor Vigilance Task.
The melatonin rhythm, which is a reliable marker of circadian

rhythms driven by the hypothalamic circadian pacemaker, was
affected by sleep restriction such that the midpoint occurred
significantly later after sleep restriction than after the control

condition (sleep restriction: 0501 hours, SEM = 19 min; control:
0415 hours, SEM = 19 min; P < 0.0001), and the duration of
melatonin secretion was nonsignificantly reduced (sleep re-
striction: 9 h 35 min, SEM = 11 min; control: 9 h 53 min, SEM =
12 min; P = 0.099).

Effects of Sleep Restriction on the Blood Transcriptome. Main effect of
sleep condition. For ANOVA, in each participant and for each
condition, the transcriptome was analyzed in 10 blood samples
collected at three hourly intervals during a period of sustained
wakefulness (total sleep deprivation for one day, one night, and
the following day) after seven nights of either the sleep re-
striction or the control condition (Fig. 1). Because sleep re-
striction affected the melatonin rhythm, and differentially so
between subjects, we aligned the transcriptome profiles with the
respective individual melatonin profiles.
Mixed-model ANOVA for repeated measures revealed a main

effect of sleep condition (sleep restriction vs. control) on the
levels of transcripts encoded by 711 genes (∼3.1% of the genes
determined as present in the arrays) (Fig. 2A and Dataset S1). Of
these genes, 444 were down-regulated and 267 were up-regulated
following sleep restriction. The two genes that were most sig-
nificantly affected by sleep condition were MFNG and DCAF5
(Fig. 2B), which were down-regulated in response to insufficient
sleep but had not previously been directly implicated in sleep
regulation or circadian rhythms. Genes related to circadian
rhythms and sleep, which were down-regulated after sleep re-
striction, included RORA (Fig. 2B), IL6, PER2, PER3, TIMELESS,
and CAMK2D; PRDX5 (Fig. 2B), PRDX2, DEC1, CSNK1E, RHO,
and OPN1LW were up-regulated.
Gene-enrichment and functional annotation analyses identified

several distinct processes that were significantly associated with
the up- and down-regulated genes. For genes down-regulated
following sleep restriction compared with control, the associated
processes included chromatin modification and organization,
gene expression, nucleic acid metabolism, nucleic acid binding,
RNA binding, and cellular macromolecule metabolism; those
associated with up-regulated genes included cellular response to
oxidative stress, cellular response to reactive oxygen species, and
response to stress (Fig. 2C).

In addition to the main effect of sleep condition, ANOVA also
revealed that the effect of circadian time-bin (i.e., the melatonin
phase-aligned sampling times) was significant for 22,401 probes
that target 17,056 genes (75%), and 252 probes that target 232
genes (1%) showed a significant interaction between sleep con-
dition and circadian time-bin [P < 0.05; Benjamini and Hochberg-
corrected for multiplicity (18)]. This finding suggests that the
expression or processing of many transcripts changed over the
sampling period, and that this time course was affected by prior
sleep condition (sleep restriction vs. control).
Time-course analysis of gene expression. Because ANOVA does not
characterize the nature of the change of gene expression with
time, we subjected all transcripts to a time-course analysis that
identified those transcripts that exhibited a circadian pattern of
expression and/or whose expression increased or decreased with
time-awake (data summarized in Fig. 3 and Dataset S2).
Circadian rhythms in gene expression. Prevalent circadian genes were
defined as those targeted by probes that showed a significant cir-
cadian oscillation in transcript levels in the number of participants
that resulted in a false-discovery rate (FDR) of <5% in each con-
dition. Assessment of individual expression profiles for a prevalent
oscillatory component with a ∼24-h period in the control condition
identified 1,855 (8.8%) circadian genes, which included PER1,
PER2, PER3 (Fig. S1A), NPAS2, CSNK1E, RORA, NR1D1 (REV-
ERB-α) (Fig. S1B), NR1D2 (REV-ERB-β), and other genes asso-
ciated with circadian rhythms, sleep, and metabolism (Figs. 3A and
4A). After sleep restriction, the total number of circadian genes was
reduced to 1,481 (6.9%) (Fig. 3A and Dataset S2). Comparing the
genes in the two conditions showed that 793 genes were circadian in
both conditions, and 688 genes were only circadian following sleep
restriction. Gene-enrichment analysis showed that the genes that
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Fig. 1. Study protocol. The study protocol consisted of two 12-d laboratory
sessions in a cross-over design. After two baseline/habituation nights, par-
ticipants were scheduled to seven consecutive sleep opportunities of 6 h in
the sleep-restriction condition and seven consecutive sleep opportunities of
10 h in the control condition. Following the final sleep restriction or control
sleep opportunity, participants were subjected to a period of extended
wakefulness (39–41 h of total sleep deprivation), which included hourly
melatonin assessments, a well-established marker of circadian phase, and
three hourly RNA samplings, under constant-routine conditions. Follow-
ing a 12-h recovery sleep opportunity participants were discharged from
the study.
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were circadian after sufficient sleep but were no longer circadian
following sleep restriction were significantly associated with bi-
ological processes that included inositol triphosphate kinase ac-
tivity (P = 0.033), phospholipid transporter activity (P = 0.033),
transferase activity (P=0.033), nucleotide binding (P=0.033), and
catalytic activity (P=0.044). In contrast, the 688 genes that became
circadian after sleep restriction were associated with processes such
as alanyl-tRNA aminoacylation (P = 0.029), alanine-tRNA ligase
activity (P = 0.0076), and translational elongation (P = 0.037).
Biological processes and molecular functions associated with the
793 genes that were classified as circadian in both conditions in-
cluded those related toT-cell activation (P=2.9× 10−5), lymphocyte
activation (P= 2.6 × 10−6), leukocyte activation (P= 7.5 × 10−7),
inflammatory response (P = 3.6 × 10−6), immune response (P =
1.3 × 10−6), response to external stimuli (P=2.0 × 10−6), cytokine
receptor activity (P = 0.016), cytokine binding (P = 0.037), and
hydrolase activity (P = 0.011).
Circadian phase, amplitude, and waveform of gene expression. We an-
alyzed the phase, amplitude and waveform of circadian transcripts
in the two conditions. We first used a circular self-organizing map
(SOM) to identify distinctive temporal patterns within the set of
prevalent circadian profiles in the control condition (Fig. 4A).
This analysis identified median circadian expression profiles that
separated into five clusters (C1–C5 in Fig. 4A), with peak times
ranging from late in the biological day/early night (cluster 1), the
biological night (clusters 2 and 3), and the early and middle of the
biological day (clusters 4 and 5). Well-known circadian/sleep
genes in cluster 1 included NFKB2, CSNK1E, and RORA. Genes
whose transcripts peaked during the biological night (clusters 2

and 3) included known sleep- and circadian-related genes, such as
PER1, PER2, PER3, NR1D1, NR1D2, and NPAS2. Genes with
maximum transcript levels during the biological day (clusters 4
and 5) included kinases (MAPKAPK2, MAP3K3, CMAKK2), in-
terleukin-related transcripts (IL1B, IL1R2, IL1RN, IL1RAP,
IL8RBF, IL13RA1), tumor necrosis factor receptors (TNFA1P6,
TNFSF4, TNFRSF1DC, TNFRSF1A, TNFRSF9), and lipid me-
tabolism transcripts (ABCA1, ABCD1, ABCG1), in addition to
genes of known circadian or sleep interest, such as ARNTL
(BMAL1), GHRL, STAT3, and PROK2.
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Fig. 2. Effects of chronic sleep restriction on the
transcriptome. (A) Frequency distribution of expres-
sion fold-changes after sleep restriction relative to
control. Histogram of changes in all transcripts (filled
area; n = 31,685 probes that target 22,862 genes) and
in transcripts identified as having a statistically sig-
nificant (multiplicity corrected P value < 0.05) main
effect of Sleep Condition (open area; n = 744 tran-
script that target 711 genes), plotted separately.
(B) Example expression plots for genes with a signifi-
cant main effect of Sleep Condition. MNFG
(A_24_P224926) (P< 1× 10−6),DCAF5 (A_24_P940396)
(P < 1 × 10−6), RORA (CPID_186) (P < 1 × 10−6), and
PRDX5 (A_24_P155378) (P< 1 × 10−6). Log2 expression
values are least-squaresmeans± SE (ProcedureMixed,
SAS). Greyed area plots represent the melatonin
profile averaged for the two conditions. Note that
individual data were aligned relative to the individual
melatonin rhythm and sorted into discrete circadian
phase bins. Because of the shift in circadian phase
after sleep restriction and to individual variation, the
10melatonin samples covered 11 circadian phase bins
after sleep restriction. (C) The top 10 enriched Gene
Ontology Biological Processes and Molecular Func-
tions within the statistically significant differentially
expressed gene list as identified byWebGestalt when
using the human genome as a background (66). Per-
centages are based on the number of unique gene
symbols annotated as belonging to a specific bi-
ological process/molecular function compared with
the number of unique gene symbols within the entire
gene list. Color bars indicate the enrichment of
a process/function, where red is the most enriched
(top process/function) and yellow the least enriched
(number 10 of the top 10). P values are the Benjamini
andHochberg (18) -corrected P values as calculated by
WebGestalt (62).
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Fig. 3. Intersection of genes identified as circadian and time-awake–dependent
in control and sleep-restriction (SR) conditions. (A) Venn diagram of preva-
lent circadian genes. (B) Venn diagram of genes identified as having
a prevalent time-awake upward trend. (C) Venn diagram of genes identified
as having a prevalent time-awake downward trend.
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For each circadian transcript, we next assessed the melatonin-
aligned peak times of the circadian component of each time course
and plotted the distribution of these phases (Fig. 4B). The distri-
bution was bimodal with peaks during the night (in-phase with
melatonin; 1,072 circadian genes, 5.1% of all genes, 57.8% of
circadian genes) and the day (out-of-phase with melatonin; 591
genes, 2.8% of all genes, 31.9% of circadian genes). Gene On-
tology analysis of the circadian genes in the control condition
showed that the genes whose transcripts had a circadianmaximum
during the biological night were significantly associated with pro-
cesses and functions related to gene expression, RNA metabolic
processes, cellular metabolic processes, and nucleic acid binding
(Fig. 4C). In contrast, the circadian genes whose transcripts
peaked during the biological day were associated with responses
to hormones and stress, inflammatory, immune and defense
responses, interleukin and cytokine activity, and protein di-
merization (Fig. 4C). Gene Ontology analysis on genes from the
individual clusters described above showed that genes associated
with RNA processing and gene expression were present in cluster
2 with an average expression peak at 0130 hours; those genes
associated with responses to stress, hormone, external stimuli,
immune and inflammatory responses, cytokine activity, and NF-
κB signaling were present in clusters 4 and 5, with average peak
expression times of 1600 and 1906 hours, respectively.

In the sleep-restriction condition, the distribution of phases was
also bimodal (Fig. 4B) (see Fig. S2B for the corresponding clusters
and heatmap). In this condition, there were 905 genes (4.2% of all
genes, 61.1% of circadian genes) in-phase and 281 genes (1.3% of
all genes, 19.0% of circadian genes) in antiphase with melatonin.
Therefore, the reduction in the number of genes whose transcripts
were classified as having a circadian expression profile after sleep
restriction is mainly a result of the elimination from the list of
genes whose transcripts peaked during the biological day, which
have more than halved. Gene enrichment and functional anno-
tation analyses were applied to the circadian gene clusters fol-
lowing sleep restriction. The distribution of biological processes
within the clusters was broadly similar to the control condition
(see above), but the average expression peak time of cluster 2
(processes associated with regulation of gene expression) had
moved later to 0250 hours, and the average peaks for clusters 4
and 5 (immune, inflammatory, stress responses, and so forth) had
moved earlier in the day to 1430 and 1710 hours, respectively.
Thus, a further effect of sleep restriction was to narrow the win-
dow of circadian gene expression and to increase the temporal
separation of clusters 4 and 5, which can also be seen in the dis-
tribution of biological day genes in Fig. 4B.
Because the analyses of the melatonin rhythm suggested that

sleep restriction could alter the waveform of circadian variables,
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Fig. 4. Effect of sleep restriction on the phase of
circadian genes. (A) Genes with a prevalent circa-
dian variation during the constant routine/total
sleep deprivation after the control condition (2,103
probes that target 1,855 genes, FDR <5%). Heatmap
rows correspond to the median of the melatonin-
aligned probe values across all participants in the
control condition. Rows are clustered based on
a circular self-organizing map. Cluster means are
plotted above as time-series and the number of
genes per cluster (C1–C5) is indicated in parenthesis
(genes belonging to multiple clusters are counted in
each cluster independently). Color codes to the left
of the heatmap correspond to the colors of the
clusters. Sampling times and melatonin profile
shown correspond to the average values across all
participants in the control condition. Genes related
to circadian rhythmicity and sleep (according to
Gene Ontology) are indicated in the heatmap (colors
indicate cluster location). (B) Phase histogram of
melatonin-aligned peak times of prevalent circadian
genes following control (black contour; 2,103 probes
circadian in an average of 11.56 participants, n =
24,311) and sleep restriction (red contour; 1,644
probes circadian in an average of 10.50 participants,
n = 17,276). The distribution of the phases is signif-
icantly different between conditions (on 1-h binned
data, χ2 = 1305.785, df = 23, P < 2.2 × 10−16). Histo-
gram bins are 1-h-wide and bin heights are normal-
ized to the maximum bin height per variable. The
relative clock times and melatonin profile shown
correspond to the average values across all partic-
ipants and sleep conditions. (C) The top 10 enriched
Gene Ontology Biological Processes and Molecular
Functions within the circadian gene list of the control
condition as identified by WebGestalt when using
the human genome as a background (62). Percen-
tages are based on the number of unique gene
symbols annotated as belonging to a specific bi-
ological process/molecular function compared with
the number of unique gene symbols within the
entire gene list. Color bars indicate the enrichment
of a process/function, where red is the most
enriched (top process/function) and yellow the least
enriched (number 10 of the top 10). P values are the
Benjamini and Hochberg (18) -corrected P values as
calculated by WebGestalt (62).
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we analyzed the circadian profiles of transcripts in several ways.
We used a circular SOM to generate a clustered heatmap for
transcripts that were circadian in the control and/or the sleep-
restriction condition (Fig. 5A), and for transcripts that were
circadian in both conditions (Fig. S3A). We also plotted the
time course of several transcripts separately for the two con-
ditions (Fig. 5B). It can be seen from the heatmap that after
sleep restriction, the nocturnal time window of peak expression
has narrowed for the genes whose transcripts peaked during the
night, whereas the nocturnal time window of minimal expression
has narrowed for the genes that peaked during the day. This
finding was quantified by comparing the width at mid-amplitude
for the crest of the night-active genes (P < 2.2 × 10−16) and the
width at mid-amplitude for the trough of the day-active genes,
(P < 1.4 × 10−5) (Fig. 5C). This effect remained significant when
the width at mid-amplitude change induced by sleep restriction
was compared for those time-series that were identified as cir-
cadian in both conditions (Fig. S3B).
Individual transcript expression profiles suggested a reduction

in amplitude following sleep restriction (Fig. 5B). Analysis of the
amplitude of all individual time-series that were classified as
circadian in the control and/or sleep-restriction conditions revealed
that sleep restriction led to a significant reduction of the circadian
amplitude (P < 2.2 × 10−16) compared with the control condition
(Fig. 5D). This effect remained significant when the amplitude was
compared for those time-series that were identified as circadian in
both conditions (Fig. S3C).
Response of gene expression to time awake (acute total sleep deprivation).
To identify transcripts that responded to total sleep deprivation
we calculated a cumulative trend for each individual time-series
and identified probes with statistically significant upward or
downward trends during the constant routine after both the
control and sleep-restriction conditions. The prevalent time-
awake–dependent genes are defined as those targeted by probes
whose transcript levels showed a significant trend in response to
total acute sleep deprivation in a number of participants that
resulted in a FDR of <5%.
The analysis identified 122 time-awake–dependent genes dur-

ing the total sleep deprivation following the control condition
(Fig. 3B and Dataset S2). Following the sleep-restriction condi-
tion, there was a sevenfold increase in the number of prevalent
time-awake–dependent genes (856 genes; 3.8%) compared with
the control condition (122 genes; 0.5%) (P < 2.2 × 10−16). In
both conditions, the number of genes with a downward trend ex-
ceeded the number of genes with an upward trend (in the control,
46 genes up and 76 genes down, and in sleep restriction, 368 up and
488 down) (Fig. 3 B and C, and Dataset S2) (see SI Methods for
an explanation of how gene numbers were derived).
Gene-enrichment and functional annotation analyses were car-

ried out on the genes whose transcripts responded to time-awake
with an increased or decreased expression (i.e., upward and
downward trends were analyzed separately) in the control condi-
tion. For upwardly regulated transcripts, these included processes
associated with phagocytosis (P = 4.5 × 10−2), and for the down-
ward transcripts significant associations were with protein trimeri-
zation (P=1.4× 10−2), regulation of striatedmuscle differentiation
(P = 2.0 × 10−4), histone H3 acetylation (P = 1.5 × 10−2), nucleic
acid metabolism (P=2.3× 10−2), andH3 histone acetyltransferase
complex (P = 5.0 × 10−4). Processes and functions associated with
genes whose expression increased after sleep restriction included
IL-6 signaling (P= 0.044), phagocytosis (P= 0.044), inflammatory
response (P = 0.044), response to wounding (P = 0.044), and re-
sponse to external stimuli (P = 0.044). Processes and functions
associated with genes whose expression decreased during total
sleep deprivation after sleep restriction included RNA processing
(P = 0.0023), chromosome organization (P = 8.3 × 10−5), protein
transport (P = 0.0021), gene expression (P = 0.0017), nucleic acid
metabolism (P = 2.0 × 10−4), cellular macromolecule metabolism
(P = 6.0 × 10−5), protein binding (P = 0.0051), and nucleic acid
binding (P = 0.0069). We also conducted an enrichment analysis
for those 361 genes and 444 genes that did not respond to time-

awake in the control condition but became responsive after sleep
restriction (Fig. 3 B and C). Processes and functions associated
with these genes are very similar to those identified above (Fig. S4)
and this is not unexpected, given that only 9 and 44 genes had
an upward or downward expression trend, respectively, in both
conditions.
We next applied a circular SOM to describe the time course of

the transcripts that had a significant upward or downward trend
following the control (Fig. 6A) or sleep-restriction conditions in
more detail (Fig. S2D). The five clusters differ with respect to the
overall trend (upward: clusters 1 and 2; downward: clusters 3, 4,
and 5) and the extent of the rhythmic component (e.g., cluster 1
vs. 2). Genes with an upward expression trend following the
control condition included PROKR2, NTSR1, PTEN, and ABCA1;
those with a downward expression trend included LSG1 and
NCOR1 (Fig. S5A). Genes with an upward trend following
sleep restriction included IL6, IL1RN, OPN4, STAT3, PER2,
UCP3, ABCA1, KCNV2, CEACAM3, CEACAM4, CEACAM20,
SLC2A3, SLC2A5, KSR1, and IMPDH1. Genes with a down-
ward trend following sleep restriction included RORA, CRY2,
CREM, CAMK2D, ENOX2, ZNF696, LAX1, POP1, PPM1K,
NCOR1 (Fig. S5A), SETD2 (Fig. S5B), MLL (Fig. S5C), and
MYST4 (Fig. S5D). (See Fig. S2D for heatmap and clusters).
To examine the change in the time course of gene expression

after sleep restriction in more detail, we performed an analysis
on genes whose transcripts became responsive to acute total
sleep deprivation (i.e., those that had an upward or downward
profile only after sleep restriction). The time course of the
transcripts associated with these genes following sleep restriction
was compared with their time course in the control condition
(Fig. 6B). The heatmap shows clusters of downward transcripts
that after sleep restriction had higher expression at the beginning
of the sleep-deprivation period and lower expression at the end
of the sleep-deprivation period, compared with their equivalent
profiles in the control condition. The opposite was true for
transcripts with upward expression profiles. This result is con-
firmed when averaged median profiles for the upward and
downward clusters were compared for the two conditions (Fig.
6C). Statistical evaluation of this phenomenon by comparing
trend angles for the upward and downward probes between the
conditions revealed significant reductions in the cumulative
trend angle for downward genes (P < 2.2 × 10−16), and significant
increases for upward genes (P < 2.2 × 10−16) (Fig. 6D). A similar
conclusion was reached when this analysis was applied to the
transcripts which had a significant upward or downward trend in
the control and sleep restriction condition (Fig. S6).

Discussion
This study has demonstrated that insufficient sleep to an extent
frequently or chronically experienced by many individuals in in-
dustrialized societies altered the temporal organization of the
human blood transcriptome, including its circadian regulation
and the response to acute total sleep loss. The biological pro-
cesses encoded by the genes most affected by sleep restriction
included chromatin organization and modification, gene expression,
inflammatory and stress responses, as well as cellular macromole-
cule metabolism, and oxidative stress responses (see Fig. S7 for
a summary of all results).

Relevance of the Protocol. The sleep-restriction protocol led to
a reduction of polysomnographically assessed total sleep time
(5.7 h hours per 24 h), which is insufficient for this age group, as
evident from the increase in sleepiness and lapses of attention,
compared with the well-rested control condition (19). Insufficient
sleep of this magnitude and duration may also lead to changes in
many metabolic and endocrine variables (20) and may be relevant
to many people living in industrialized societies worldwide. For
example, according to the Centers for Disease Control and Pre-
vention, 30% of civilian adults in the United States (∼40.6 million
workers) report an average sleep duration of 6 h or less (21). The
current protocol was designed to assess effects of sleep restriction
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on the temporal organization of the blood transcriptome, in-
dependent of the direct masking effects of longer light exposure
and more intense sleep, which are present during the imposition
of restricted sleep. To quantify effects of insufficient sleep on
the endogenous temporal organization of the transcriptome, we
assessed this during a period of sustained wakefulness and aligned
the transcriptome time series with the rhythm of plasma mela-
tonin. The melatonin rhythm provides an internal circadian-phase
reference point that is generally relevant because of the circadian
variation in a considerable proportion of the transcriptome, and
particularly relevant because sleep restriction has been reported
to shift circadian rhythms (22), as was also observed in this study.
Because the constant routine conditions involve a period of

sustained wakefulness, the protocol also allowed the assessment
of the effects of acute total sleep loss on the transcriptome, which
has been the focus of many rodent studies on the homeostatic
regulation of sleep (8). Importantly, our analyses of the tran-
scriptome revealed that the effects of sleep history, circadian
phase, and acute total sleep loss interact. For example, following
sufficient sleep, the expression of only 122 genes changed in re-
sponse to time awake, whereas after insufficient sleep, 856 genes
changed expression. In other words, one major effect of sleep
restriction is that it affects the impact of sustained wakefulness on
the transcriptome. Similarly, the data show that circadian phase
and amplitude are affected by sleep history. The fold-change
differences in gene expression that we report are relatively small.
Nevertheless, the within-subject, cross-over design of our protocol
and the consequent large number of arrays (>500 providing >2
million probe time series) and the robust and stringent data
quality control and statistical analyses (Methods) has allowed the
detection of highly significant differential gene expression.

Blood Transcriptome. We found changes in the whole-blood tran-
scriptome, some specifically related to leukocyte functions (e.g.,
an up-regulation of immune and inflammatory responses), and
others related to more general processes (e.g., down-regulation of
processes associated with chromatin modification, RNA processing,
and gene expression), or in genes thought to be specific to par-
ticular tissues (e.g., opsins). The changes in expression of genes
not typically implicated in leukocyte function are unlikely to be
statistical artifacts because we used robust statistical procedures,
correcting for multiplicity by generally accepted methods. These
changes are also unlikely to be related to low expression levels
because the quality-control procedures implemented safeguard
against this potential artifact (Methods). Leukocytes, which are
the only nucleated components of blood, are the main source of
RNA in our samples. Other sources may include erythrocytes
and platelets, and RNA from other tissues that have been shed
into circulating blood may also be present. A previous study has
shown that ∼80% of the blood transcriptome was shared with
nine other tissues, including brain, heart, kidney, prostate, and
lung, leading the authors to propose that peripheral blood can
act as a “sentinel” for diagnosis or prognosis of conditions in
a range of tissues (12). It is known that peripheral blood cells
express genes normally associated with other tissue types, such as
neurotransmitter receptors and transporters, notably GABA
(23), but also opsins such as RHO, OPN1LW, and OPN4 (Gene
Expression Omnibus database). Indeed, circulating levels of
RHO mRNA have been proposed as an assessment tool for di-
abetic retinopathy (24). In our study, GABA transporters, as well
as RHO, OPN1LW, and OPN4 were also differentially expressed.
The presence of these neurotransmitter-related or opsin-related
transcripts in blood may not necessarily have functional con-
sequences within blood. However, their presence in the blood
transcriptome may inform on the effects of external manipula-
tion (including sleep deprivation) on the expression of genes in
central and peripheral organs (13), as well as the processes and
molecular functions associated with these genes.

Circadian Modulation of the Blood Transcriptome After Sufficient
Sleep. Our observation that after sufficient sleep under constant
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circadian rhythmicity and sleep (according to Gene Ontology) are indicated in
the heatmap (gene colors indicate cluster location). (B) Examples of geneswith
a significant difference in circadian amplitude:GHRL (A_23_P40956) (pair-wise
comparison across participants: P = 0.0040), IDS (A_24_P285032) (P = 0.0042),
AVIL (A_23_P390157) (P = 0.0109), and CEACAM3 (A_23_P358244) (P = 0.0004).
Log2 expression values are least-squares means ± SE (Procedure Mixed, SAS).
(C) Comparison of width at mid-amplitude for the night hours (trough) in
the melatonin-aligned median profiles of day-active probes [n = 1,356 paired
values, estimatedmean of the difference −0.199 h (95%CI -0.288,−0.109), P <
1.416 × 10−5; density of the paired differences and 95% CI are shown in or-
ange] and comparison of width at mid-amplitude for the night hours (crest) in
the night-active probes [n = 1,469 paired values, estimated mean of the dif-
ference −0.572 h (95% CI −0.656, −0.489), P < 2.2 × 10−16; density of the paired
differences and 95% CI are shown in blue]. (D) Density plot of circadian ampli-
tudes per participant for the prevalent circadian genes in control and sleep re-
striction [control n = 29,568 (black solid line) corresponding to 2,859 probes
circadian in an average of 10.34 participants; sleep restriction n= 24,354 (red solid
line) corresponding to 2,859 probes circadian in an average of 8.51 participants].
The estimatedmean for the circadian amplitude is 0.313 in control (black broken
line) and 0.273 in sleep restriction (red broken line), 95% CI of the difference
(−0.042, −0.037), P < 2.2 × 10−16.
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routine conditions, ∼9% of genes expressed in peripheral blood
had a circadian expression profile is a unique demonstration that,
even in the absence of a 24-h sleep-wake, light-dark, and fasting-
feeding schedule, circadian rhythmicity is a major characteristic of
the temporal landscape of the blood transcriptome in humans.
This finding also agrees well with previous data for the prevalence
of circadian genes in other tissues (for review, see ref. 25). Cir-
cadian genes included the core clock genes (PER1, PER2,

NR1D1, NR1D2, and ARNTL), as well as genes involved in me-
tabolism (e.g., SLC2A3, SLC2A14, PYGL, ABCA1) and the reg-
ulation of gene expression (e.g., TCEA3, ELP2, ELAV1, SNRPF,
HNRNPU). Functional annotation analyses of the rhythmic genes
associated with different temporal profiles revealed a marked
temporal segmentation of biological processes and functions.
Genes whose transcripts peaked during the biological night

(∼58%) included most of the canonical clock genes, and those
whose transcripts peaked during the biological day (∼32%) in-
cluded the antiphase clock gene ARNTL and PROK2. All three
PER genes were rhythmic, confirming previous clock-gene ex-
pression data fromhuman blood cells and hair follicles (26, 27), and
were confined to a small cluster with a peak close to the melatonin
offset. Thus, the peripheral blood circadian clock, assessed in the
absence of a sleep-wake cycle, appears to operate in concordance
with what is known for other tissues. Biological processes and
molecular functions associated with biological night genes were
predominantly related to nucleic acid binding, gene expression,
RNAmetabolic processes, RNA binding, ribosome biogenesis, and
cellular macromolecular metabolism, which peaked at around
0130 hours. Biological processes, such as immune, defense, stress and
inflammatory responses, cytokine receptor activity, IL-1 receptor
activity, and NF-κB signaling were more prominent during the
biological day, which generally agrees with previous animal
studies if we take into account that most animal studies concerned
nocturnal rodents (for review, see ref. 8). This biphasic organi-
zation of gene expression and associated processes also agrees
well with recent data on the temporal, circadian organization, and
epigenetic regulation of gene expression (28, 29). One particular
characteristic of our protocol is that it demonstrates that this
temporal order in the transcriptome persists in the absence of
sleep. The large number of transcripts reported here as showing
circadian modulation may make it possible to construct circadian
phase markers from the blood transcriptome, similar to that
suggested for the blood metabolome (30).

Effects of Insufficient Sleep on the Circadian Modulation of the Blood
Transcriptome. Comparison of the circadian organization of the
blood transcriptome after 1 wk of insufficient or sufficient sleep
revealed both stability and change. Stable aspects of the circa-
dian organization included the rhythmic oscillation of 793 genes,
which included some of the core clock genes and genes related to
specific leukocyte functions. In general, the phase of these
oscillations was not changed dramatically, although some subtle
changes were observed. More importantly, changes induced by
sleep restriction included the marked reduction in the number of
transcripts and associated genes that were classified as having
a circadian expression profile. In particular, genes whose tran-
scripts peaked during the biological day during the control
condition were no longer circadian after sleep restriction. This
implies that even in the absence of a sleep-wake cycle, sleep
restriction leads to a change in the control of functions and
processes such as immune function, response to inflam-
mation and stress. Of particular interest is that sleep restriction
also led to a set of genes that became classified as circadian.
These genes were associated with functions and processes, such
as alanyl-tRNA aminoacylation, alanine-tRNA ligase activity,
and translational elongation. Previously, a study in mice reported
that mistimed sleep (6 h of sleep deprivation during the light
phase) induced rhythmic expression of a large set of genes (11).
Whereas in that study the rhythmicity could be related to an
acute response to activity in the sleep-deprivation condition, this
is unlikely to be the case in the present study because the tran-
scriptome was assessed under constant routine conditions. In the
present study, the effects of sleep restriction were, however, not
limited to changes in the number of genes classified as circadian
or noncircadian. Within the set of genes classified as circadian,
sleep restriction also led to a reduction of circadian amplitude
and a reduction in the width of the period of expression.
Whereas the former finding may be interpreted as a weakening
of circadian organization, the effects on the waveform of ex-
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Fig. 6. Time-awake–dependent variations in the transcriptome. (A) Genes
with a prevalent time-awake–dependent variation during the constant rou-
tine/total sleep deprivation following the control condition (124 probes that
target 122 genes, FDR <5%). Medians of the melatonin-aligned probe values
across all participants in the control condition are clustered based on a circular
SOM. Cluster means are plotted as time-series and the number of genes per
cluster is indicated in parenthesis (genes belonging to multiple clusters are
counted in each cluster independently). Sampling times andmelatonin profile
shown correspond to the average values across all participants in the control
condition. (B–D) Data are based on genes with a prevalent time-awake vari-
ation during the constant routine/total sleep deprivation after sleep restriction
and not significantly prevalent after control (363 probes that target 361 genes
with cumulative upward trend, and 470 probes that target 444 genes with
cumulative downward trend; see Fig. 3 B and C). (B) Heatmap rows correspond
to themedian of themelatonin-aligned probe values across all participants per
sleep condition. Rows are clustered based on a circular SOM of the sleep-re-
striction profiles. Color codes to the left of the heat map identify the clusters.
Relative clock time and melatonin profile are the average values across all
participants per condition. Genes related to circadian rhythmicity and sleep
(according to Gene Ontology) are indicated in the heatmap (gene colors in-
dicate cluster location). (C) Smoothing spline (64) of the average of melatonin-
aligned median profiles (shown in B) of probes with an increasing trend and of
probes with a decreasing trend. (D) Density plot of cumulative trend angle
differences between sleep restriction and control. A total of 1,838 paired trend
angles (363 probes significant in an average of 5.06 participants) were used for
the comparison of upward trends, and a total of 2,454 paired trend angles (470
probes significant in an average of 5.22 participants) were used for the com-
parison of downward trends. For upward trend (orange), the estimatedmeanof
the differences is 20.1085° [95% CI (19.3552, 20.8618), indicated by orange
broken lines; t test P < 2.2 × 10−16]. For downward trend (blue), the estimated
mean of the differences is−21.1062° [95%CI (−21.7344,−20.4781), indicated by
blue broken lines; t test P < 2.2 × 10−16].
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pression could be interpreted as a response to the altered du-
ration of the night and associated dark period during sleep re-
striction. Changes in photoperiod are well known to alter
circadian organization and some of the effects of sleep re-
striction in humans have been interpreted within this framework
(31). The observed reduction in amplitude and changes in
waveform are unlikely to reflect interindividual differences in
changes of circadian phase after sleep restriction because the
time-series were aligned with the melatonin rhythm.

Effects of Insufficient Sleep on the Changes in the Blood Transcriptome
in Response to Acute Total Sleep Deprivation. The observation that
in the control condition only very few genes were affected by
acute total sleep loss was unexpected in view of the animal data
for acute total sleep loss (8–10, 32, 33). However, it should be
noted that there are no comparable blood transcriptome data
from animals, nor are there brain or liver data from humans.
Thus, it is possible that this difference is related to the different
tissues sampled. It is also possible that the effects of sleep dep-
rivation on gene expression are larger in other tissues, or that
a longer period of sleep deprivation is required to see the same
magnitude of effect in humans. In addition, more genes were up-
regulated than down-regulated during acute sleep loss, although
less so after sleep restriction compared with the control condi-
tion. This result is also different to the findings of previous an-
imal studies and may also be related to differences in the tissues
or the sleep deprivation protocols used, or because of limitations
in the comparison of diurnal humans with nocturnal animals.
After sufficient sleep, acute total sleep deprivation led to

changes in gene expression that were significantly associated
with up-regulated processes related to phagocytosis, and down-
regulated processes related to protein trimerization, histone H3
acetylation, and striated muscle development. The large (sev-
enfold) increase in the number of genes responding to total
sleep deprivation after sleep restriction was related to biological
processes associated with “upward trend” genes, such as IL-6
signaling, inflammatory and defense responses, and responses to
external stimuli and wounding; “downward trend” genes were
associated with chromosome organization, RNA processing,
gene expression, nucleic acid metabolism, macromolecule me-
tabolism, and RNA, nucleotide, and protein binding. The down-
regulation with time-awake following sleep restriction of many
genes associated with the regulation of gene transcription and
translation [e.g., HIST1H4J, HIST1H4F, HIST2H2AC, NCOR1
(Fig. S5A), SETD2 (Fig. S5B) (cf. ref. 34), MLL (Fig. S5C) (cf.
refs. 35 and 36), SMARCE1, and MYST4 (Fig. S5D)] is of par-
ticular interest in view of the temporal organization that has
been described for these processes (28, 29), but also underlines
the significant impact of sleep restriction.
Up-regulation with time-awake after sleep restriction of genes

associated with processes such as stress, immune, and in-
flammatory responses, agrees with what has been observed pre-
viously for sleep-deprivation studies designed to assess the
correlates of sleep homeostasis. Animal studies have demon-
strated the existence of reliable brain-specific markers of sleep
homeostasis, such as Homer1a (9, 37–40), but also extremely
robust cytokine markers with known functional roles, such as IL-
1 and TNF, which show increased levels in response to sleep loss
(41, 42). As expected, expression of HOMER1 in blood did not
show a significant effect of sleep restriction and remained un-
changed with time awake in both conditions of our study of the
blood transcriptome. However, during sleep deprivation after
sleep restriction we did observe increased expression of IL6 and
IL1RN together with up-regulation of PER2 and the inflammatory
response genes NFKB1D and STAT3.

Our observation that IL6, STAT3, and PER2 were up-regulated
in response to total sleep deprivation after sleep restriction is in
accordance with total sleep deprivation studies that have impli-
cated these genes in sleep homeostasis (33, 43). The fact that
these genes were not detected as being up-regulated in the
control condition underlines how 1 wk of restricted sleep has

exacerbated the effects of acute total sleep deprivation, which is
a well-documented phenomenon for cognitive performance meas-
ures (44). We also observed up-regulation of three members of the
CEACAM gene family, which code for Ig-related glycoproteins.
Two members of this family were significantly up-regulated after
60 h of prolonged wakefulness in a recent human study (22).

Interaction of Circadian Regulation, the Response to Acute Total
Sleep Loss, and the Effects of 1 wk of Insufficient Sleep. The tran-
scriptome, assessed in blood, liver, or brain, is highly dynamic. Our
data demonstrate that the history of sleep and wakefulness affects
these dynamics in such a manner that the deduced circadian
components and responses to acute sleep loss are altered. This
finding implies that when only a single sample is measured, the
effects of sleep restriction may depend on where in the circadian
cycle these effects are assessed, which is why we assessed the effects
of sleep restriction by both analyzing the time course of the tran-
scriptome in the two conditions, and also by assessing the overall
main effects through ANOVA. Because all of these analyses make
use of the same data, the various results should be interrelated. For
example, the processes identified as down-regulated by ANOVA
are remarkably similar to the processes associated with the genes
whose transcripts exhibited a downward trend during acute total
sleep deprivation following sleep restriction. Among the most
prominent of these processes were chromosome organization, gene
expression, nucleic acid metabolism, and cellular macromolecule
metabolism. Therefore, the conclusion that these processes are
affected by insufficient sleep is justified. The interpretation of the
reduction in the number of circadian day active genes may be more
complex. The biological processes and functions associated with
the day genes that were no longer circadian after sleep restriction
included many leukocyte-specific processes, such as immune and
inflammatory responses. These were the same processes that were
associated with genes whose expression showed an upward trend
during time-awake following sleep restriction. Our interpretation
of this observation is that circadian rhythmicity was lost because of
an increased response to time-awake, although the mechanisms
underlying this enhanced response remain unclear. Overall, the
data show robust effects of sleep restriction on the human blood
transcriptome that are comparable to animal studies. The overlap
between the transcripts affected by 1 wk of sleep restriction in our
bloodomics study and the transcripts identified as differentially
expressed in the mouse liver after 2 wk of sleep restriction (11) was
344 transcripts (46%).Of particular interest, therewas overlap with
probes targeting circadian genes (PER2, PER3, CRY2, RORA,
RHO) and genes involved in the response to oxidative stress
(PRDX2 and PRDX5). The latter two are of specific interest be-
cause they form part of the oxidative stress response, and perox-
iredoxins have also been reported to be a universal marker of
transcription/translation-free circadian rhythmicity (21). This de-
monstrates that the effects of sleep restriction translate across
species and tissues/organs.
These data are important for understanding the mechanisms of

how sleep deprivation can lead to circadian disruption and mis-
alignment, and consequent negative effects on health and well-be-
ing in general, andwith respect to immune function andmetabolism
in particular. Interactions between sleep restriction and circadian
disruption have previously been reported to adversely affect met-
abolic processes (45).

Sleep Restriction and Health.Our data suggest several pathways by
which sleep restriction and circadian rhythmicity may be linked
to negative health outcomes associated with insufficient sleep.
The baseline circadian data underscore the pronounced rhyth-
mic variation in classic circadian genes, (e.g., PER1, PER2,
PER3, ARNTL, CSNK1E), and genes implicated in metabolism
(e.g., RORA, NR1D1, NR1D2, GHRL) and sleep homeostasis
(e.g., PER2) (for review, see refs. 16 and 46), but also in immune
function (e.g., IL6, IL1RN, STAT3, TNFSF4) (47). Circadian
organization of the transcriptome and physiology are often im-
plicated in health and disease (30). Our data show that this
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circadian organization is altered and this could be one general
pathway by which sleep restriction leads to health problems. In
addition, our data show that specific processes are down-regu-
lated or up-regulated by sleep restriction. These processes may
affect the temporal organization of gene expression through
chromatin modification and remodeling (28), or may simply af-
fect the overall level of specific processes (e.g., immune function)
and thereby affect health. In addition, the intensified response to
acute sleep deprivation following sleep restriction may imply that
insufficient sleep increases the response to challenges and
stressors, and in this way negatively affects health. Finally, sleep
restriction led to changes in the expression of a number of genes
that may be linked to specific health outcomes. For example, the
observed changes in NR1D1 and NR1D2 are of interest in view of
recent animal data, which have shown that Nr1d1 and Nr1d2
liver-specific double-knockout mice showed disruption to over
90% of the liver circadian transcriptome and increased circu-
lating levels of glucose and triglycerides (48).
The data emphasize the temporal organization of the human

blood transcriptome and identify processes primarily active
during the biological day or the biological night. Overall, the
results show that sleep debt effects can be readily studied in the
blood transcriptome, and imply several mechanisms for its effect
on health. The data presented in this study will form an impor-
tant resource for research on sleep and chronobiology and their
interface with health outcomes of insufficient sleep.

Methods
Ethics and Participants. The protocol received a favorable opinion from the
University of Surrey Ethics Committee and was approved by the Institutional
Review Board of the Air Force Research Laboratory. The study was conducted
in accordance with the principles of the Declaration of Helsinki. All partic-
ipants provided written informed consent after receiving a detailed expla-
nation of the aims and procedures of the study and before any procedures
described in the study. Individuals were recruited as reported in ref. 49.
Data from 26 participants (14 males; mean ± SD of age = 27.5 ± 4.3 y) are
presented in this report. The subjects were in general good health as
assessed by medical history, physical examination, and standard bio-
chemistry and hematology; they did not suffer from sleep disorders as
assessed by self-report questionnaires [Pittsburgh Sleep Quality Index ≤5
(50)] and a clinical polysomnographic recording. The participating indi-
viduals were predominantly white (19 of 26) and homozygous for the PER3
VNTR (rs57875989), with 12 participants carrying the shorter allele. Their
habitual sleep duration was 8.2 ± 1.7 h (SD).

Study Protocol. Participants were resident in the clinical research center of the
University of Surrey for 12 d on two occasions in a balanced, cross-over design.
The interval between the two legs of the study was at least 10 d. Following
two baseline nights, participants were scheduled for a sleep-restriction
condition (6-h sleep opportunity per night for seven consecutive nights) or
a control condition (10-h sleep opportunity for seven consecutive nights),
which allowed sufficient sleep for this age group to maintain alertness and
performance. Both conditions were followed immediately by a 39- to 41-h
constant routine (17), followed by 12-h recovery sleep episode. The midpoint
of the 10- and 6-h sleep opportunities coincided with the midpoint of the
participant’s habitual sleep-wake schedule. Sleep was recorded poly-
somnographically during all sleep episodes. Waking performance was
assessed five times per wake episode during the sleep-restriction and
control segments and every 2 h during the constant routine, using a bat-
tery of tests. Assessments of sleepiness were based on the well-validated
and sensitive Karolinska Sleepiness Scale (51), which is a 9-point Likert scale
(1 = very alert to 9 = very sleepy, great effort to keep awake). We also
report lapses of attention (reaction time > 500 ms) on the psychomotor
vigilance task, which are also among the most sensitive indicators of effects
of sleep loss (52, 53). Please see SI Methods for a description of the constant
routine protocol.

Melatonin Assay and Assessment of Circadian Phase. The onset of melatonin
secretion is considered a reliable marker of circadian phase (54) and was
determined for each participant in each condition. Each RNA sample was
assigned a circadian phase (SI Methods).

RNA Extraction from Whole Blood, Labeling, and Microarray Hybridization. See
SI Methods.

Microarray Statistical Analysis. For details of the quality control and pre-
processing of the microarray data, see the SI Methods.
ANOVA. For the primary analyses aimed at identifying effects of sleep re-
striction, we used a mixed-model ANOVA approach as implemented in
Procedure Mixed in SAS v9.1. To adjust for multiplicity, we used the Benjamini
and Hochberg approach (18). For more details of the ANOVA, see SI Methods.
Time-series analyses. To characterize changes over time, we subjected the time-
series to analyses aimed at identifying rising or falling trends with time awake
or rhythmic components with a 24-h period. We defined a time-series Xpsc =
{X1,X2,X3,.. X nt} as the set of nt time-ordered expressions levels detected by
probe p, in participant s, in sleep condition c. A total of 42,119 probes, 26
participants and two sleep conditions, generating over 2 million different
time-series, were analyzed. We characterized the time-series based on their
time-awake-dependent and circadian properties (Fig. S8).

Identification of time-awake–dependent transcripts. A derivative-based anal-
ysis was used to calculate a time-awake cumulative trend for each time-series.
Briefly, the cumulative upward and downward trends (CuT and CdT, re-
spectively) were calculated as the sum ofweightedmedian-normalized slopes
of resampled and smoothed z-scored series. Time-series with a cumulative
trend angle [arctan(CuT/CdT)] P value of less than 0.05 and a coefficient of
variation in the top 90th percentile were classified as being time-awake–de-
pendent. P valueswere based on random resampling of original data, which is
a common approach in this area (55). Genes targeted by probes identified as
time-awake–dependent in a minimum number of participants (ns) were de-
fined as having a prevalent time-awake–dependent expression in the asso-
ciated sleep condition.We determined ns such that the FDRwas 5%or less, by
comparing the observed distribution (number of participants in which
a probe is identified as time-awake–dependent) to the distribution obtained
when time-awake–dependent probes were randomly assigned to partic-
ipants, but keeping the total number of time-awake–dependent probes per
participant constant.

Identification of circadian transcripts. We defined genes whose expression
levels have a circadian rhythmicity as those that showed one full oscillation
every ∼24 h. To identify the set of genes with circadian profiles, we followed
a time-domain analysis similar to ref. 56, which fitted a sinusoidal function
to the data and set a threshold to the R2 value of the fit. Comparable to
other pattern-matching time-series methods (57–61), this approach allows
the characterization of each time-series based on their phase, amplitude,
and period. Although frequency-based approaches have proved to be ef-
fective [e.g., GeneTS (62) or ARSER (63)], these are better suited for a larger
number of sampling time points or higher sampling frequencies. See SI
Methods for further details.

Comparison of Width at Midcircadian Amplitude. The sine function used for the
identification of circadian profiles of gene expression (described above) was
fitted to the smoothing spline (64) of the melatonin-aligned median profiles.
The resulting sine wave was zero-centered and de-trended based on the
linear component of the fit. The width at the midcircadian amplitude of the
circadian wave during the biological night was then calculated.

Clustering Analysis. Unsupervised clustering analysis was performed on the
prevalent circadian and prevalent time-awake–dependent genes to identify
main profile patterns and the biological processes with which they are as-
sociated. The median of the melatonin-aligned probe values across all par-
ticipants was entered in the clustering analysis. The coexpression coefficient-
based circular SOM (65) was used to partition the data into distinct groups
according to their temporal properties.

Gene-Enrichment and Functional Annotation Analyses. See SI Methods for
details of the methods used to perform these analyses.
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PART A: GENERAL 

A1 Purpose 

The purpose of this document is to provide guidance for ministry staff to perform 
assessments in the event of a complaint concerning noise due to the operation of a wind 
turbine generator or a wind farm.  The intent is to provide ministry staff the essential 
technical tools to address noise complaints.  These technical tools may be used in an 
integrated approach for noise complaint assessment and resolution.  It is important that 
the assessment and resolution be consistent and clear to the complainant, to the wind 
farm operator, and to the ministry. 

The focus of this guideline is to outline an assessment procedure for noise complaints 
by determining compliance with the applicable sound level limits. 

A2 Scope 

The scope of the document aims to encompass the pertinent aspects of noise 
complaints resulting from the operation of wind turbines.  This involves a range of 
issues including turbine locations and distances, compliance with conditions of MOE 
approvals, screening of complaints and detailed measurements of the wind turbine 
noise. 

The procedures included in this document address primarily large modern 
commercial/industrial wind turbines with rated electrical power in the MW range, i.e. 
Class 4 turbines, and the focus is mainly on receptors in rural areas.  However, some of 
the information may also be used to address smaller wind turbines, Class 2 and 3 wind 
turbines, and installations in urban areas. 

Complaints about wind turbine noise in the infrasound or ultrasound ranges (i.e. 
outside the normal audio range), transformer substation noise, and other issues such as 
shadow flicker or health effects are beyond the scope of this document. 

A2.1 Qualitative Screening Process 

The initial screening is a qualitative assessment to focus on compliance issues related 
to conditions and parameters used in the approval process. 

Based on the results from the qualitative screening, a decision can be made whether to 
perform quantitative screening or carry out detailed acoustic measurements at the site 
of the complainant.  In some cases, based on any screening result in this protocol, the 
wind farm operator may decide to voluntarily undertake actions to reduce the noise 
impact. 

Ms Ashbee
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A2.2 Quantitative Screening Process 

The quantitative screening involves short-term attended acoustic measurements and/or 
acoustic recording at the complaint receptor to determine if detailed acoustic 
measurement is needed to assess compliance with noise limits. 

A2.3 Detailed Acoustic Measurements 

The detailed acoustic measurement procedure is intended to determine the sound levels 
produced by the operation of wind turbines at all applicable wind speeds to assess 
compliance with the MOE sound level limits. 

A3 Background 

Unlike most industrial or commercial noise sources, the sound immissions from wind 
turbines occur during wind conditions that typically induce significant levels of 
background noise due to the wind itself. 

The background sound levels during conditions when the wind turbines are in 
operation near its rated generating capacity are comparable to the sound levels emitted 
by the wind turbines themselves.  Consequently, determination of compliance is 
challenging and it is necessary to have an accurate account of the contribution from 
each source.  An additional challenge is that conventional acoustic instrumentation, 
normally used for the measurement of industrial noise sources, is prone to produce 
erroneous signals due to the interaction of wind blowing over the microphone 
(including a windscreen), particularly at winds speeds at 4 m/s and higher.  
Consequently, in order to accurately measure the sound levels due to wind turbines 
alone, a specialized technique is necessary. 

The ministry’s sound level limits are based on the lowest background sound level at 
receptor location outdoors subject to a lowest limit at nighttime (in rural areas) of 40 
dBA.  The limits represent an hourly “average” value based on the total acoustic 
energy from the source during the one hour period. 

It is important to note that although wind turbine sound levels may be audible it does 
not necessarily mean that it is out of compliance. 

A4 References 

The current version of each referenced publication is listed below. All the referenced 
publications may be replaced with updated or amended versions from time to time. 
Consult the MOE website for the latest versions of the reference documents and other 
applicable guidelines issued by the MOE. 

[1] CAN/CSA-C61400-11-07, “Wind Turbine Generator Systems – Part 11: 
Acoustic Noise Measurement techniques”. 

Richard
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[2] ISO 1996-2, "Acoustics - Description, assessment and measurement of 
environmental noise - Part 2: Determination of environmental noise levels" 

[3] ISO 9613-2, Acoustics – Attenuation of Sound During Propagation Outdoors, 
Part 2: General Method of Calculation. 

[4] Model Municipal Noise Control By-Law - Final Report. August 1978. Ontario 
Ministry of the Environment.  

[5] Noise Guidelines for Wind Farms – Interpretation for Applying MOE NPC 
Publications to Wind Power Generating Facilities - October 2008. PIBS 4709e. 

[6] Publication NPC-101 - Technical Definitions (part of Reference [4]). 

[7] Publication NPC-102 - Instrumentation (part of Reference [4]). 

[8] Publication NPC-103 - Procedures (part of Reference [4]). 

[9] Publication NPC-104 - Sound Level Adjustments (part of Reference [4]). 

A5 Definitions 

The following definitions apply to this guideline: 

“Ambient sound level” 
means background sound level. 
 
“Approval” 
means a Certificate of Approval issued under section 9 of the Environmental Protection 
Act, a Renewable Energy Approval issued under section 47.3 of the Environmental 
Protection Act, an Environmental Compliance Approval which would be issued under 
Part II.1 of the Environmental Protection Act, or an approval or decision made under 
the Environmental Assessment Act. 
 
“A-weighting” 
means the frequency weighting characteristic as specified in the International 
Electrotechnical Commission (IEC) Standard 61672, and intended to approximate the 
relative sensitivity of the normal human ear to different frequencies (pitches) of sound .  
It is denoted as “A”. 
 
“A-weighted sound pressure level” 
means the Sound Pressure Level modified by application of an A-weighting network.  
It is measured in decibels, A-weighted, and denoted “dBA”. 
 
“Background sound level” 
means the sound level that is present in the environment, produced by noise sources 
other than the source under impact assessment.  The background sound level is 
typically caused by sounds from nature for receptors removed from urban areas, or by 
road traffic for receptors in urban/suburban areas.  Highly intrusive short duration noise 
caused by a source such as an aircraft fly-over or a train pass-by (including light rail 
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transit, subways and streetcars) is normally excluded from the determination of the 
background sound level. 
 
“Binning” 
means the processing of measured sound level data by arranging the accumulated data 
in “bins” representing integer wind speeds, ± 0.5 m/s.  Each “bin” is centered on the 
integer speed and spans 1 m/s. 
 
“Class 1 Area” 
means an area with an acoustical environment typical of a major population centre, 
where the background sound level is dominated by the activities of people, usually 
road traffic, often referred to as “urban hum”. 
 
“Class 2 Area” 
means an area with an acoustical environment that has qualities representative of both 
Class 1 and Class 3 Areas: 
 
(a) sound levels characteristic of Class 1 during daytime (07:00 to 19:00 or to 

23:00 hours); 
(b) low evening and night background sound level defined by natural environment 

and infrequent human activity starting as early as 19:00 hours (19:00 or 23:00 
to 07:00 hours). 

 
“Class 3 Area” 
means a rural area with an acoustical environment that is dominated by natural sounds 
having little or no road traffic, such as the following: 
 
(a) a small community with less than 1000 population; 
(b) agricultural area; 
(c) a rural recreational area such as a cottage or a resort area; or 
(d) a wilderness area. 
 
“dBA” 
means the A-weighted sound pressure level. 
 
“Decibel” 
means a dimensionless measure of Sound Level or Sound Pressure Level, denoted as 
dB. 
 
“Exclusion limit” 
means the lowest value of the sound level limit at a specific point of reception for the 
stationary source, i.e., the sound level limit when the background sound level is below 
this exclusion limit. 
 
“Equivalent sound level, Leq (T)” 
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means the A-weighted sound pressure level of a steady sound carrying the same total 
energy in the time period T as the observed fluctuating sound. The time period T is 
given in hours. Leq without a specific time period means one hour Leq (1). 
 
“Ministry” 
means the Ontario Ministry of the Environment. 
 
“MOE” 
means the Ontario Ministry of the Environment. 
 
“Noise” 
means unwanted sound. 
 
“Point of reception” 
has the same meaning as in the Noise Guidelines for Wind Farms and is subject to the 
same qualifications described in that document. 
 
“Practitioner” 
has the same meaning as the qualified acoustical practitioner. 
 
“Qualified acoustical practitioner” 
means a person trained and currently active in the field of environmental acoustics and 
noise/vibration control who is familiar with Ministry noise guidelines and procedures 
and has a combination of formal university education, training and experience 
necessary to perform the wind turbine noise measurements.  The qualified acoustical 
professional should preferably be a Professional Engineer. 
 
“Receptor” 
means a Point of Reception or a Participating Receptor. 
 
“Setback” 
means the horizontal distance (plan-view) in metres separating the wind turbine 
coordinates and the coordinates of a noise receptor. 
 
“Sound level” 
means the A-weighted Sound Pressure Level. 
 
“Sound level limit” 
means the limiting value described in terms of the one hour Equivalent Sound Level, 
Leq. 
 
“Sound pressure” 
means the instantaneous difference between the actual pressure and the average or 
barometric pressure at a given location. The unit of measurement is the micro Pascal 
(µPa). 
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“Sound power level” 
means the rating that, 
(a) is given to a wind turbine by the manufacturer of the wind turbine, calculated in 

accordance with standard CAN/CSA-C61400-11-07, “Wind Turbine Generator 
Systems – Part 11: Acoustic Noise Measurement Techniques”, dated October 
2007, rounded to the nearest whole number, and 

(b) applies in respect of the wind turbine when the wind turbine is operating at 95 
per cent of its name plate capacity; 

 
“Sound pressure level” 
means twenty times the logarithm to the base 10 of the ratio of the effective pressure 
(µPa) of a sound to the reference pressure of 20 µPa. 
 
“Tonality” 
means a pronounced audible tonal quality of the sound such as a whine, screech, buzz 
or hum. 
 
“Urban hum” 
means aggregate sound of many unidentifiable noise sources due to the activities of 
people and primarily composed of road traffic related sound sources.  
 
Other technical terms are defined in References [5] and [6]. 
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PART B: COMPLAINT ASSESSMENT – QUALITATIVE 
SCREENING 

B1 Purpose 

The qualitative screening is the initial step in the assessment of a wind turbine noise 
complaint.  It does not require detailed calculations or sophisticated measurements and 
uses conservative assumptions regarding the noise impact of wind turbines. 

The qualitative screening assists in evaluating the complaint with respect to specific 
parameters used in the approval.  Following this initial screening, and if required, 
further qualitative screening may be performed. 

B2 Qualitative Screening 

The following steps are recommended to be performed in sequence but can also be 
performed in parallel. 

B2.1 Step 1 - Initial Screening 

Determine the current setback from the receptor to the closest wind turbine. A receptor 
located within 1,500 m of a Class 4 wind turbine may be considered to be potentially in 
a noise area ranging from about 30 dBA and up depending on the distance and number 
of turbines (within about 3 km of the receptor).  Outside this 1,500 m distance any 
detectable sound levels from land based wind turbines will not exceed the ministry’s 
sound level limits. 

Therefore, further noise assessment would not be practical or necessary and this fact 
should be communicated to the complainant. 

Alternatively, if the closest wind turbine is within the 1,500 m zone then proceed with 
Step 2. 

B2.2 Step 2 – Site Visit and Interview 

If the closest wind turbine is within the 1,500 m zone, then obtain a full description of 
the nature of complaint including specific details about the noise from the complainant. 
The purpose is to identify from the complainant specific details about the problem that 
would assist in determining further action. A set of open questions are in the sample 
form in Appendix A. 

Take note from site observations of any other noise sources within the complainant’s 
property and in the immediate vicinity (i.e. dryers, coolers, fans, generators, etc). Also 
take note of any unusual features such as trees, shrubbery, water features, hills, 
ancillary buildings, etc. The purpose is to identify noise sources and features that will 
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have an impact on the background noise and possibly on acoustic measurements if 
needed. 

Determine on-site the actual setback distance to the closest wind turbine and proceed to 
Step 3. 

B2.3 Step 3 - Check for Setback Reductions 

Verify the locations of all wind turbines up to 1,500 metres surrounding the property of 
the complaint site in order to determine if there has been a significant change in the 
layout of the wind farm as compared to the layout that was submitted in the application 
for approval. 

Note: Any significant discrepancies with respect to the ministry’s approval (CofA 
or REA) will require the owner/operator to apply for an amendment to the 
ministry’s approval. 

If it is found that the discrepancy in some wind turbine locations (within the 1,500 m 
radius) resulted in setbacks from the complaint receptor reduced by more than 4 % 
from the approved layout then the change will be considered as significant. 

Note: Technically, a reduction in setback due to the closest wind turbine of 4% 
can result in an increase in sound level at the receptor of 0.35 dB.  Although such 
increase is not perceptible, it may result in excess over the sound level limit at that 
location. 

In this case, the noise assessment needs to be verified using the as-built layout affecting 
the complainant’s location and using the prediction model according to the Noise 
Guidelines for Wind Farms (2008), Reference [5].  Specifically the parameters to be 
used must reflect the worst-case noise impact by assuming the maximum acoustic 
immissions from the turbines and lowest sound level limit (i.e. high wind shear 
conditions). 

If the modelling calculations determine a level greater than the sound level limit, the 
owner/operator of the wind facility should be required to implement appropriate noise 
abatement measures to achieve compliance with the limits.  However, further noise 
assessment may not be required if the owner of the wind turbine is prepared to 
voluntarily reduce the sound levels.  

If there are no reductions of setback greater than 4% then proceed to Step 4. 

B2.4 Step 4 - Check Predicted Noise Impact 

Check the calculated sound level in the Summary Noise Impact Assessment Table 
corresponding to the receptor in the approved noise assessment report for the wind 
farm.  If the results indicate compliance with a margin of at least 5 dB below the limit 
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(i.e. 35 dBA or lower), further noise assessment at the site would be at the discretion of 
ministry staff. 

Note: Since the prediction model uses conservative parameters to estimate the 
noise impact at receptors, it is very unlikely that the sound level limits would be 
exceeded. Also, in this low range acoustic measurements of wind turbine noise 
are difficult to make.  This fact may be reported to the complainant as part of the 
complaint resolution. 

However, if the predicted level is less than 5 dB from the limit (i.e. above 35 dBA) 
then further assessment at the complaint location would be warranted. – proceed to 
Section C, Complaint Assessment - Quantitative Screening or, alternatively, Section D, 
Complaint Assessment –Detailed Acoustic Measurements. 
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PART C: COMPLAINT ASSESSMENT – QUANTITATIVE 
SCREENING 

C1 Purpose 

The quantitative screening process has been designed to provide additional information 
to that obtained in the initial qualitative screening process.  The quantitative screening 
involves noise measurements and use of instrumentation. 

The purpose of the quantitative screening process is to determine the need for further 
action in evaluating the complaint resulting from wind turbine noise.  Detailed long-
term acoustic measurements at the site of the complaint may be appropriate as a result 
of the quantitative screening. 

C2 Attended Screening Measurements 

The measurement of sound levels at points of reception located at significant distances 
from the turbines require special instrumentation, specific testing conditions, and 
careful analysis of the data. 

The objective is to determine the wind turbine equivalent sound level at a point of 
reception.  It is recommended that the attended screening measurements be carried out 
at times when the background sound level is very low.  To the extent possible, the 
measurements should be performed at times when wind turbines operate near 
maximum output capacity while wind speeds at ground elevation (height of 4.5 m or 
less) are low, optimally not exceeding 3 m/s with a 4 m/s maximum. 

C2.1 Sound Level Measuring Instrumentation 

The sound level measuring instrumentation consists of the following: 

• Integrating sound level meter 

• Acoustic calibrator 

• Wind screen, tripod, etc 

The sound level measuring instrumentation needs to meet the following requirements: 

• Sound level meter specifications according to the IEC standard 61672-1 Sound 
Level Meters, Part 1: Specifications. 

• Class 1 or Class 2 microphone systems – see the note below for explanation. 

• The instrumentation having a constant frequency response over at the 20 Hz to 
20000 Hz frequency range. 
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Note: Should Class 2 rather than Class 1 microphone systems be used, it is 
recommended that the noise floor of the microphone be below 25 dB. 

C2.2 Acoustic Calibrator 

The complete sound measurement system, including any recording, data logging or 
computing systems, shall be calibrated immediately before and after the measurement 
session at one or more frequencies using an acoustic calibrator on the microphone. 

The acoustic calibrator shall have an accuracy equal to or better than ±0.3 dB and 
fulfill the requirements of Class 1 according to IEC 60942 in the temperature range 
where it is used. 

C2.3 Measurement Procedure 

C2.3.1 Receptor location 

Measurements for the purposes of complaint assessment should be performed at a point 
of reception. 

C2.3.2 Time of measurements 

The noise measurements associated with the complaint assessment should be mindful 
of the complaint character.  In addition, the measurements should consider predictable 
worst case parameters such as high wind shear and wind direction toward the receptor.  
It is recommended that the measurements be performed during lowest background 
noise conditions.  This period of time is normally in the late evening or night time. 

C2.3.3 Microphone height 

The measurement position at a given receptor is outside the identified receptor 
dwelling and at a height of 1.5 metres for single storey dwellings or 4.5 metres for two-
storey dwellings.  Preferably, the measurement height should be consistent with the 
receptor height modelled for approval purposes. 

C2.3.4 Microphone position 

Appropriate judgement is expected to be used when positioning the microphone.  Some 
general guidance is given below: 

• The microphone position shall be sufficiently away from any large reflecting 
surfaces (5 metres recommended).  This requirement does not apply if using a 
small vertical reflecting board attached to the building façade. 

• The microphone should be located at a point near the receptor dwelling that is not 
shielded from the wind turbine noise. 
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• Wherever possible, the microphone should not be located near deciduous trees or 
foliage that may affect the noise. 

C2.3.5 Wind speed measurement location 

The wind speed measurement position should be in the vicinity of the noise 
measurement position, at a height of 10 metres above ground.  The measurement 
position should represent an open area where the wind is not shielded by nearby 
buildings or objects. 

The wind speed measurement should also be performed at the microphone height to 
comply with the maximum wind speed requirement specified below. 

Wind speed measurements should be carried out at the same time as the noise 
measurements. 

C2.3.6 Acoustic measurements 

The objective of the measurements is to determine the overall equivalent sound level 
Leq when the turbines are operational under the following conditions: 

• The optimum range of wind speeds at the microphone location is up to 3 m/s. 

• The maximum wind speed at the microphone location does not exceed 4 m/s. 

• The background sound level does not affect the measurement of the overall 
equivalent sound level Leq. 

C2.3.7 Extraneous noise sources 

Measurement needs to be inhibited when the sound level is affected by noise from 
extraneous sources such as vehicle noise, dogs barking and wind gusts, i.e. other than 
wind turbines. 

C2.3.8 Duration of measurement 

Noise measurements need to be performed over a minimum period of one hour.  The 
actual accumulated time period of the measured Leq needs to be at least 20 minutes.  
This should represent the worst case equivalent sound level Leq during the one hour 
period, following the inhibition of the measurements due to extraneous sources. 

C2.3.9 Tonality (tonal assessment) 

Should a tone be clearly audible, a 5 dB tonal adjustment (addition) should be to the 
measured Leq in accordance with Publication NPC-104, Sound Level Adjustments. 

Should a quantitative determination of tonality be required, a 1/3 octave band 
frequency analysis of the turbine noise needs to be performed.  Tonality adjustment 

Richard
Highlight

Richard
Underline

Richard
Underline



Ministry of the Environment   13

should be made in accordance with the procedure described in the international 
standard ISO 1996-2. 

C2.3.10 Background sound level 

This procedure is based on the measurement of the overall equivalent sound level Leq 
and does not in principle require a separate measurement of the background sound 
level.  Nevertheless, knowledge of the background sound level would be useful.  If 
possible and if conditions allow, the background sound level should be determined.  
Note that the background sound level does not include the contribution from the wind 
turbine noise. 

Where appropriate, the background sound level should be measured using the same 
instrumentation and for the same duration as the overall sound level described in this 
section.  The background sound level is subtracted from the overall level to determine 
the equivalent sound level of the wind turbines. 

C2.4 Documentation 

The following information should be reported: 

1. Conditions during the measurement, including but is not limited to: 

• time and dates of the measurement 

• temperature and humidity 

• weather conditions 

• range of wind speeds encountered 

• wind direction 

• confirmation that the wind turbines were operating 

2. Statement about of whether tonality was observed. 

3. Results of measurements in terms of the equivalent sound level Leq. 

4. Diagram/drawing showing the location of instrumentation, location of buildings 
and other local features, and location of turbines. 
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C2.5 Compliance with Limits 

The Leq results of the attended measurements obtained during this screening process 
should be compared with the applicable limits contained in Reference [5] and given in 
the table below: 

 

Standardized Wind Speed 
at 10 m Height, m/s 

Sound Level Limit 
dBA 

<5 40.0 

6 40.0 

7 43.0 

8 45.0 

9 49.0 

10 51.0 
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C3 Acoustic Recording by Resident/Complainant 

C3.1 Scope 

The method of measurement described in this section provides information on 
instrumentation requirement, measurement procedure, data analysis and documentation 
related to the measurement and recording of the wind turbine noise performed by the 
resident. 

The measurement and analysis procedure applies to sound in the audible frequency 
range (20 Hz to 20 kHz) and can include the measurement of the A-weighted 
equivalent sound level, Leq, at a receptor.  The application of this procedure is 
recommended for receptors located at a distance up to 1,000 metres from the nearest 
turbine. 

C3.2 Overview 

This acoustic screening measurement is initiated by a resident via a remotely operated 
tamper proof recording device.  The approach may be utilized when it is not possible 
for ministry staff to make attended observations or measurements at a resident’s home 
during periods when a resident deems wind turbine noise disturbing. 

The procedure involves installing a special sound recording system/device at a 
resident’s home to collect between three to nine, 10 minute sound recordings, of the 
offending noise at the exact time of the occurrence. 

The recording equipment must have the capability of being activated by a resident at 
any time from inside the resident’s home.  It must automatically perform a recording of 
set duration (10 minutes), and stores the audio recording along with the date and time 
of the recording, for off site analysis. 

The off site analysis will also require operational information of the wind farm.  In 
addition, it will require details of atmospheric conditions at the resident’s home and at 
the hub height at the closest or relevant wind turbines.  If the analysis indicates that 
wind turbine noise is audible and that the majority of the 10 minute Leq exceed the 
applicable limits additional assessment would be warranted.  This additional work may 
consist of: 

• More acoustic recordings at the resident’s location. 

• Attended screening measurements in accordance with section C2. 

• Detailed acoustic measurements in accordance with section D. 
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C3.3 Instrumentation 

C3.3.1 Acoustic Instrumentation 

The instrumentation is intended for short term attended noise measurements.  The 
recording device can be composed of either a digital recorder or a sound level meter 
capable of recording sound files and Leq simultaneously. The minimum requirements of 
both devices and the peripheral equipment are noted below: 

Device 1: Digital Recorder 

1. Class 1 or Class 2 microphone systems – see the Note 2 below for explanation. 

2. Ability to be triggered from indoors by a resident 

3. The instrumentation having a constant frequency response over at the 20 Hz to 
20000 Hz frequency range. 

4. The filters meeting the requirements of IEC 61260 for Class 1 filters. 

5. Ability to record a 10 minute digital audio waveform file (wav file) at a 
sampling rate of at least  44 kHz; 

Note 1: A .wav file is a Microsoft and IBM audio file format standard for 
storing an audio bit stream on a personal computer. 

6. In addition to the requirements above, appropriate software is also required to: 

• determine the 10 minute Leq from the 10 minute sample, 

• analyse the files in 1/3 rd octaves, or 

• obtain a Fast Fourier Transforms (FFTs) from the measurements. 

Note 2: Given the long term and outdoor nature of the measurements, along 
with special wind screen requirements (outlined below), and with the 
understanding that Class 1 microphone systems are designed for 
indoor lab settings, some Class 2 microphone systems may be used.  
It is noted that the Class 2 microphone may not strictly meet the 
requirements outlined, but appropriateness of Class 2 microphones 
was demonstrated during the field-testing.  If Class 2 microphone 
systems are used, caution is advised to ensure that: 

• Noise floor of the microphones is below 30 dB 

• Frequency range is suitable between at least 20 Hz to 8000 Hz, 
where microphone response is effectively flat. 
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Device 2: Sound level meter 

The sound level meter needs to meet the following requirements: 

1. Type 1 sound level meter according to the IEC standard 61672-1 Sound Level 
Meters, Part 1: Specifications. 

2. Class 1 or Class 2 microphone systems – see the note 2 above for explanation. 

3. The instrumentation having a constant frequency response over at the 20 Hz to 
20000 Hz frequency range. 

4. The filters meeting the requirements of IEC 61260 for Class 1 filters. 

5. The instrumentation being capable of measuring audio recordings continuously 
during the measurement campaign, at sampling rate of at least 44 kHz. 

C3.3.2 Narrowband spectra determination (Both Devices) 

This equipment shall fulfill the relevant requirements for IEC 61672 over the 
frequency range of 20 Hz to 20000 Hz. 

C3.3.3 Acoustic calibrator 

The complete sound measurement system, including any recording, data logging or 
computing systems, shall be calibrated immediately before and after the measurement 
session at one or more frequencies using an acoustic calibrator on the microphone. 

The acoustic calibrator shall have an accuracy equal to or better than ±0.3dB and fulfill 
the requirements of Class 1 according to IEC 60942 in the temperature range where it 
is used. 

C3.3.4 Wind screens 

For the measurement of wind turbine sound immission, a primary wind screen shall be 
used which consists of open cell foam with a diameter of approximately 90mm centred 
on the diaphragm of the microphone. A larger diameter secondary wind screen 
(approximately 450 mm) is recommended to be used to reduce the noise from wind 
blowing over the microphone. 

The specifications of the secondary wind screen are indicated in IEC 61400-11 as 
follows: 

“...could, consist of a wire frame of approximate spherical shape, at least 450 mm in 
diameter, covered with a 13 mm to 25 mm layer of open cell foam with a porosity of 4 
to 8 pores per 10mm. This secondary spherical windscreen shall be placed 
symmetrically over the smaller primary windscreen.” 
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C3.3.5 Anemometer  

The anemometer and its signal processing equipment shall have a maximum deviation 
from the calibration value of ±0.2 m/s in the wind speed range from 4 m/s to 12 m/s.  
The anemometer itself shall have accuracy equal to or better than ±0.5 m/s at 10m/s 
and an output resolution of ±0.2 m/s or less.  Wind direction should be measured 
within 5 degrees. The data should be averaged over at least a 5 minute period. 

C3.3.6 Calibration 

All the relevant equipment must have calibration traceable to an accredited acoustic 
laboratory. The maximum time from the last calibration shall be as stated for each item 
of equipment. The calibration schedule shall adhere to the requirements set out in 
NPC-202. 

C3.3.7 Tamper Proof Case 

The device shall be secured within a tamper proof case within the resident’s dwelling.  
With the exception of the device’s external triggering component, the resident should 
not have access to the controls of the recording device. It is noted that the 10 m long 
microphone extension cable, microphone and external power supply may all protrude 
out of the tamper proof case.  

C3.3.8 External Trigger 

The external triggering device should be capable of starting a 10-minute digital 
recording when activated. 

C3.4 Measurement Procedure 

C3.4.1 Time of Measurements 

 Measurements are to taken at the discretion of the resident. 

C3.4.2 Microphone height 

The measurement position at a given receptor is outside the identified receptor 
dwelling and at a height of 1.5 metres for single storey dwellings or 4.5 metres for two-
storey dwellings.  Preferably, the measurement height should be consistent with the 
receptor height modelled for approval purposes. 

C3.4.3 Microphone position 

Appropriate judgement is expected to be used when positioning the microphone.  Some 
general guidance is given below: 
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• The microphone position shall be sufficiently away from any large reflecting 
surfaces (5 metres recommended). The microphone should be located at a point 
near the receptor dwelling that is not shielded from the wind turbine noise. 

• Wherever possible the microphone should not be located near trees or foliage 
which may dominate the noise environment.  This guideline may not always be 
satisfied depending on the receptor location, but every effort to select an 
appropriate location should be made. 

C3.4.4 Anemometer Location 

The wind measurement position should be in the vicinity (within 5 m) of the noise 
measurement position, at the same height as the microphone. The wind measurement 
position should represent an open area where the wind is not shielded by nearby 
buildings or objects. 

C3.4.5 Anemometer Measurements 

Wind speed and direction measurements are carried out simultaneously and 
synchronously with the noise measurements. For each five minute interval, the average 
wind speed, and wind direction should be recorded. 

C3.4.6 Acoustic measurements 

Sound recordings are initiated with the device’s external triggering component at the 
discretion of the resident. The audio sample is recommended to be recorded with a 
sampling rate of 44 kHz (not compressed).  

C3.4.7 Supplementary Measurements 

For the time frame of assessment, (days when recordings were activated by a resident), 
the wind farm operator must provide a detailed summary of the wind plant’s operation.  
This information will include as a minimum: 

1. identification of the closest wind turbine,  

2. output production of relevant turbines ( predicted sound immissions greater 
than 30 dBA at the resident’s home),  

3. relevant rotor RPMs, 

4.  the total number of turbines  operating 

5.  wind speed and direction data at hub-height of the closest wind turbine. 

6. The analysis of these recordings will consist of aural listening for identification 
of wind turbine noise relative to other background sources. Results are to 
identify segments of audible wind turbine sounds useful for possible data 
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analysis of sound level (A-weighted Leq and L90 of segments), frequency 
analysis (for tonality) or temporal variations (amplitude modulation). 

 (For reference if Part D of this Protocol is used.) 

C3.4.8 Number of Measurement Intervals 

No less than three and no more than nine 10-minute recordings are required to be 
recorded by the resident. 

C3.4.9 Tonality (tonal assessment) 

Should a tone be clearly audible, a 5 dB tonal adjustment (addition) should be to the 
measured Leq in accordance with Publication NPC-104, Sound Level Adjustments. 

Should a quantitative determination of tonality be required, a 1/3 octave band 
frequency analysis of the turbine noise needs to be performed.  Tonality adjustment 
should be made in accordance with the procedure described in the international 
standard ISO 1996-2. 

C3.5 Documentation 

The following information should be reported: 

1. Conditions during the measurement, including but not limited to: 

• time and dates of the measurement 

• temperature and humidity range  

• general weather conditions 

• range of wind speeds 

• range of wind directions 

2. Confirmation that the wind turbines were operating 

3. Statement about of whether tonality was observed during acoustic recordings. 

4. Results of measurements in terms of the equivalent sound level Leq. 

5. If applicable (turbines are audible in recordings) comparison of the 
measured/calculated 10 minute Leq values to the applicable Sound Level Limit, 
and a statement of whether the recordings are in compliance with those limits. 

6. Diagram/drawing showing the location of instrumentation, location of buildings 
and other local features, and location of turbines. 
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C3.6 Compliance 

A:  If the wind turbine(s) are not audible in any of the recordings then additional analysis is 
not required.  The recordings have indicated that wind turbine noise is in compliance 
with the limits noted in 2008 Noise Guidelines. 

B:  If the wind turbine(s) are audible in a recording (does not include extraneous noise 
sources) then the following additional analysis is required for the subject recording. 

1. determine the value of the 10 minute Leq via software or obtain it directly 
from the recording device; (The transmission loss of the secondary wind 
screen in octave band if applicable, should also be accounted for in the 
calculation of the 10 minute Leq.) 

2. determine if the wind turbine noise is tonal.  

3. obtain the average wind speed at the microphone height (1.5 or 4.5 metres) 
over the 10 minute recording session. 

Results of the10 minute Leq (including tonal penalty if applicable) are to be compared 
against the applicable sound level limits contained in the 2008 Noise Guidelines and 
shown in the following Table. 

 

Standardized Wind Speed 
at 10 m Height, m/s 

Sound Level Limit 
dBA 

<5 40.0 

6 40.0 

7 43.0 

8 45.0 

9 49.0 

10 51.0 
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PART D: COMPLAINT ASSESSMENT – DETAILED ACOUSTIC 
MEASUREMENTS 

D1 General 

Detailed acoustic measurements are normally carried out subsequent to a screening that 
suggests that the turbine(s) may be out of compliance with ministry sound level limits. 

D1.1 Purpose 

This section establishes a detailed measurement procedure for long term acoustic 
measurements of wind turbine noise.  The objective of the detailed measurements is to 
determine the sound level produced by the operation of wind turbines at all applicable 
wind speeds for comparison with the MOE sound level limits. 

This measurement procedure also applies to acoustic audit measurements that may be 
required as a condition of an MOE approval or any other instrument under ministry 
legislation.  The ministry may also require, at its own discretion, that specific 
measurements or assessment additional to those described herein be carried out. 

The measurements and analysis in this section should only be carried out by a qualified 
acoustical practitioner or someone under the supervision of a qualified acoustical 
practitioner. 

D1.2 Scope 

The method of measurement described in this section provides information on 
instrumentation requirement, measurement procedure, data analysis and 
documentation. 

The method applies to a single turbine, or a group of turbines.  It has been developed 
primarily for large modern commercial/industrial wind turbines with rated electrical 
power in the MW range; however, it may also be applicable to smaller turbines.  It 
should be noted that typical sound power levels of large modern commercial/industrial 
wind turbines are in the range of 100 – 107 dBA. 

The measurement and analysis procedure applies to sound in the audible frequency 
range (20 Hz to 20 kHz) and is based on the measurement of the A-weighted 
equivalent sound level, Leq, at a receptor.  The application of this procedure is 
recommended for receptors located at a distance up to approximately 1,000 metres 
from the nearest turbine.  This distance recommendation is only approximate; for 
example, it may be further limited by the local ambient sound levels.  In general, 
however, it is expected that beyond 1,000 metres from the turbine, it would not be 
possible to differentiate between the ambient noise and noise produced by turbine 
operations. 
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D1.3 Overview 

The principle of the procedure is to measure the overall equivalent sound level at a 
point of reception at times when the turbines are operational and when they are not 
operational (parked).  In both cases, the measurements are made by logging the 
equivalent sound level Leq in one-minute intervals along with 1/3rd Octave band 
spectra within the 20 Hz to 20,000 Hz frequency range.  Additionally, audio recordings 
of each interval are recorded for the purposes of post measurement listening and source 
verification.  It is recommended that a minimum of 120 one-minute intervals when the 
turbines are operational be measured for each integer wind speed. 

The ambient noise measurements are carried out with turbines in the vicinity of the 
point of reception parked.  The parked turbines are those that, if operating, would 
contribute or would likely to contribute to the ambient equivalent sound level.  In 
general, every effort should be made to park all the turbines that would cause the 
cumulative predicted contribution at the receptor to rise above 30 dBA.  It is 
recommended that a minimum of 60 one-minute intervals be measured for each integer 
wind speed when the turbines are not operational. 

Following the determination of the overall Leq and the ambient Leq at all applicable 
wind speeds and conditions, the ambient Leq is logarithmically subtracted from the 
overall Leq to determine the Leq produced by the wind turbines. 

Wind speed and direction measurements are carried out simultaneously and 
synchronously with the noise measurements for each one-minute interval. 

D2 Instrumentation 

D2.1 Acoustic Instrumentation 

The instrumentation is intended for long term, outdoor, unattended noise 
measurements. 

D2.1.1 Sound level measurement 

The sound level measuring instrumentation needs to meet the following requirements: 

• Type 1 sound level meter according to the IEC standard 61672-1 Sound Level 
Meters, Part 1: Specifications. 

• Class 1 or Class 2 microphone systems – see the note below for explanation. 

• The instrumentation having a constant frequency response over at the 20 Hz to 
20000 Hz frequency range. 

• The filters meeting the requirements of IEC 61260 for Class 1 filters. 
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• The instrumentation being capable of measuring audio recordings continuously 
during the measurement campaign, at sampling rate of at least 8000Hz. 

Note: Given the long term and outdoor nature of the measurements, along with special 
wind screen requirements (outlined below), and with the understanding that Class 1 
microphone systems are designed for indoor lab settings, some Class 2 microphone 
systems may be used.  It is noted that the Class 2 microphone may not strictly meet the 
requirements outlined, but appropriateness of Class 2 microphones was demonstrated 
during the field-testing.  If Class 2 microphone systems are used, practitioners are 
urged to use caution to ensure that: 

• Noise floor of the microphones is below 25dB 

• Frequency range is suitable between at least 20Hz to 8000Hz, where microphone 
response is effectively flat. 

It is expected that should the sound levels outside the range of such microphones be a 
concern, that more sensitive microphones be employed in those circumstances. 

D2.1.2 Narrowband spectra determination 

This equipment shall fulfill the relevant requirements for IEC 61672 over the 
frequency range of 20 Hz to 20000 Hz. 

D2.1.3 Acoustic calibrator 

The complete sound measurement system, including any recording, data logging or 
computing systems, shall be calibrated immediately before and after the measurement 
session at one or more frequencies using an acoustic calibrator on the microphone. 

The acoustic calibrator shall have an accuracy equal to or better than ±0.3dB and fulfill 
the requirements of Class 1 according to IEC 60942 in the temperature range where it 
is used. 

D2.1.4 Wind screens 

For the measurement of wind turbine sound immission, a primary wind screen shall be 
used which consists of open cell foam with a diameter of approximately 90mm centred 
on the diaphragm of the microphone. A larger diameter secondary wind screen 
(approximately 450 mm) is recommended to be used to reduce the noise from wind 
blowing over the microphone. 

The specification of the secondary wind screen are indicated in IEC 61400-11 as 
follows: 

“...could, for example, consist of a wire frame of approximate spherical shape, at least 
450 mm in diameter, covered with a 13 mm to 25 mm layer of open cell foam with a 



Ministry of the Environment   25

porosity of 4 to 8 pores per 10mm. This secondary spherical windscreen shall be 
placed symmetrically over the smaller primary windscreen.” 

D2.1.5 Additional measures 

Although the use of the secondary windscreen is preferred, in an effort to increase the 
signal to noise ratio between the turbine noise and the ambient environment, 
practitioners may use additional techniques such as more detailed analysis techniques 
making use of correlation, or vertical reflecting boards.  The use of these boards shall 
adhere to the recommendations of the IEA Recommended practices for wind turbine 
noise immission testing.  If any of these additional measures are to be used, this should 
be disclosed and discussed with the ministry staff prior to conducting the 
measurements. 

D2.2 Non-acoustic Instrumentation 

Non-acoustic instrumentation comprises of anemometers. 

The anemometer and its signal processing equipment shall have a maximum deviation 
from the calibration value of ±0.2 m/s in the wind speed range from 4 m/s to 12 m/s.  
The anemometer itself shall have accuracy equal to or better than ±0.2 m/s at 10m/s 
and an output resolution of ±0.1 m/s or less.  Wind direction should be measured 
within 5 degrees. 

D2.3 Calibration 

All the relevant equipment must have calibration traceable to an accredited acoustic 
laboratory.  The maximum time from the last calibration shall be as stated for each item 
of equipment. 

D3 Measurement Procedure 

D3.1 Receptor Location 

Measurements for the purposes of complaint assessment should be performed at a point 
of reception.  Note that acoustic audit measurements should be performed at varying 
locations, including points of reception.  The number of measurement locations for an 
acoustic audit are expected to vary from site to site.  Some general recommendations to 
establish a minimum number of locations are given in the Acoustic Audit section. 

D3.2 Time of Measurements 

The MOE sound level limits, contained in Reference [5], and associated modelling 
parameters were developed in the context of predictable worst case scenario.  
Consequently, the complaint assessment should be mindful of the predictable worst 
case parameters such as high wind shear and wind direction toward the receptor.  
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Naturally, the complaint assessment needs to consider issues such as timeliness of the 
assessment and input of the complainant. 

D3.3 Noise Measurement Location 

D3.3.1 Microphone height 

The measurement position at a given receptor is outside the identified receptor 
dwelling and at a height of 1.5 metres for single storey dwellings or 4.5 metres for two-
storey dwellings.  Preferably, the measurement height should be consistent with the 
receptor height modelled for approval purposes. 

D3.3.2 Microphone position 

As each site may have its own constraints as to where the microphone may be placed, 
practitioners are expected to use appropriate judgement when locating the microphone. 
Some general guidance is outlined as follows: 

• The microphone position shall be sufficiently away from any large reflecting 
surfaces (5 metres recommended). This requirement does not apply if using a small 
vertical reflecting board attached to the building façade. 

• The microphone should be located at a point near the receptor dwelling that is not 
shielded from the wind turbine noise. 

• Wherever possible the microphone should not be located near deciduous trees or 
foliage that may affect the noise.  Although, depending on the receptor location, the 
above guidance may not always be satisfied, every effort should be made to comply 
with the above guidance. 

D3.4 Wind measurement location 

The wind measurement position should be in the vicinity of the noise measurement 
position, at a height of 10 metres above ground.  The wind measurement position 
should represent an open area where the wind is not shielded by nearby buildings or 
objects. 

D3.5 Acoustic Measurements 

The objective of the measurements is to determine the overall equivalent sound level 
Leq when the turbines are operational and the background equivalent sound level Leq 
when the turbines are parked.  Following the determination of the overall Leq and the 
background Leq at all applicable wind speeds and conditions, the ambient Leq is 
subtracted from the overall Leq to determine the Leq produced by the wind turbines. 

Wind speed and direction measurements are carried out simultaneously and 
synchronously with the noise measurements for each one-minute interval. 
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D3.5.1 Acoustic measurements with turbines operational 

Measurements are conducted with the turbines operational by logging the equivalent 
sound level in one-minute intervals, one-minute Leq, along with 1/3rd Octave band 
spectra within the 20Hz to 20,000Hz frequency range.  Additionally, audio recordings 
of each interval are required to be recorded for the purposes of post measurement 
listening and source verification. The audio sample is recommended to be recorded 
with a sampling rate of 8000Hz or higher (not compressed) and which can then be used 
in the determination of tonality. It should be noted that this limits the range of tonality 
analysis to below 3kHz.  If analysis of tones at higher frequencies is desired, a higher 
sampling rate will be required. 

D3.5.2 Acoustic measurements with turbines parked 

Ambient noise measurements shall be carried out at a point of reception with all 
turbines in the vicinity of the receptor point parked.  The prediction model will be used 
to determine the number of turbines that require parking in order for the predicted noise 
contribution of the wind farm to fall to 30 dBA or less. 

D3.6 Non-acoustic Measurements 

Wind speed and direction measurements are carried out simultaneously and 
synchronously with the noise measurements. For each one minute interval, the average 
wind speed along with the minimum and maximum wind speeds are recorded, along 
with the wind direction. 

D3.7 Supplementary Measurements 

The following measurements, while not mandatory, are of benefit to the analysis: 

1. Wind speed at turbine hub height 

2. Wind speed at noise measurement height (i.e. 1.5 m, 4.5 m, etc) 

3. Turbine Power output 

4. Temperature and humidity 

5. Statistical noise indices during each interval (Ln) 

It is understood that measuring and documenting the wind shear coefficient, m, may be 
of value.  The wind shear coefficient should also be calculated and reported using the 
measured hub height and measured 10 m high location using the equation below.  It is 
not recommended to use the equation below for determining the wind speed at other 
heights, or obtaining the wind shear using extrapolated points. 
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Equation 1 

where: 

m is the wind shear coefficient 

vhub is the wind speed at turbine hub height 

v10 is the wind speed at a height of 10 metres 

hhub is the turbine hub height 

h10 is the height of 10 metres. 

The turbine power output is important to track as it will indicate whether the turbine is 
generating power. However, it should be noted that in order to correlate this to the 
sound levels, it may be difficult to look at the total plant output versus specific turbine 
output. As a guide, it is recommended that only the closest turbine power output be 
referenced. 

D3.8 Number of Measurement Intervals 

D3.8.1 Overall equivalent sound level – turbines operational 

No less than 120 one-minute intervals are required to be measured for each integer 
wind speed (within ±0.5 m/s) for the data set to be considered large enough to conduct 
the analysis.  This total number applies to intervals which have not been omitted in the 
data reduction phase (see earlier section).  In an audit scenario, this amount of data is 
required between 4 – 7 m/s integer wind speeds inclusively. 

D3.8.2 Overall equivalent sound level – turbines parked 

Ambient noise measurements should be performed with the turbines parked and 
conducted within the same general measurement period.  Measurements of ambient 
noise obtained during other periods are not recommended and should only be used with 
great caution to ensure that they represent the “current” ambient noise.  No less than 60 
one-minute intervals are required to be measured for each integer wind speed (within 
±0.5 m/s) for the ambient noise level to be determined. 

Preconstruction ambient monitoring may be carried out in an audit scenario provided 
that the location is specified as part of the MOE Approval, and the same exact location 
is used post construction.  The season of measurement should be sufficiently close to 
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that of the turbine operational case in order that the same ambient vegetation and 
atmospheric patterns apply to both measurement sessions.  For this scenario, it is 
recommended that the practitioner/wind farm owner provide an audit testing plan as 
part of the approvals process, which identifies the locations the audits are to be taken. 

D3.8.3 Tonality (tonal assessment) 

If there is a concern regarding the tonal nature of the turbine noise, the requirements in 
this section will apply.  Such analysis may be triggered if there is observed tonal 
characteristic sound from the turbine, or if the turbine manufacturer’s noise test report 
shows tonal audibility (ΔLa,k) to be a positive value greater than 3, see References [1] 
and [2]. 

In the event that tonality measurements are to be carried out or analysed, for each 
integer wind speed, at least five one-minute intervals are required for wind turbine 
noise and background noise (turbines parked). These intervals shall be as close as 
possible to the integer wind speed. 

D4 Acoustic audit procedure 

The acoustic audit measurement procedure is the same as the complaint measurement 
procedure subject to the following additions or changes: 

D4.1 Locations 

As a general guideline, for new wind plants constructed as per the 2008 Noise 
guidelines, the total number of receptors which may require noise immission 
measurements should be the higher of: 

1. Number of turbines divided by 10; or 

2. Number of receptor locations with noise levels predicted above 37 dBA divided 
by 5; or 

3. A maximum of 5 measurement locations 

The locations chosen should represent worst case, non-participating receptor locations. 
In case of non-integer ratios, the result should be rounded to the closest integer. 

D4.2 Time of Measurements 

The MOE Sound Level Limits were developed along with modelling parameters to 
account for the predictable worst case scenario.  As such, the requirement in the 
modelling stage is to account for the Average Summer night time wind velocity profile. 
As specific sites may exhibit worst case wind shear coefficients outside of summer 
months, it is recommended that the Acoustic Audit measurements be carried out during 
the month with the highest average night time wind shear coefficient, and an average 
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hub height wind speed greater than 4 m/s.  This will ensure that the worst case wind 
velocity profile can be expected during times where, typically, the turbines will be 
operational and generating power.  This time-frame can be determined from historical 
wind measurements for the site –usually carried out in wind studies prior to the 
construction of the wind farm. 

Due to weather constraints and instrument reliability, conducting measurements 
between December and February is not recommended in Canada and actual equipment 
constraints should be verified prior to conducting any measurements. 

D5 Data Processing and Analysis 

D5.1 General 

The accumulated sound level data must be processed before it can used to determine 
compliance.  This processing involves data reduction and filtering to allow for 
comparison with the sound level limits. 

D5.2 Data Reduction and Filtering 

In order for the data to be considered for the analysis the following requirements must 
be met for each interval.  Intervals that do not satisfy these requirements need to be 
omitted or removed from the data set: 

1. Interval must be measured between 22:00 and 05:00. i.e. night time only. 

2. Rainfall must not have happened within at least one hour of the measurement 
interval 

3. The maximum or minimum wind speed measured during the interval should not 
differ from the average by more than 2 m/s. 

The above requirements apply to both turbine operational and parked cases. Additional 
filters can be considered such as wind direction, and removing individual events. 
However, it is acknowledged that this may not be feasible in all cases. Additional 
filters may also be helpful in cases where signal-to-noise is low. 

The above requirements apply to both turbine operational and parked cases.  Additional 
filters can be considered such as wind direction, and removal of individual events may 
be helpful where signal-to-noise is low.  This additional filtering should be discussed 
with the ministry staff to ensure that the data would be accepted by the ministry. 

D5.3 Effects of Insects and Fauna 

The analysis shall identify the influence of any insects, fauna, or other extraneous but 
constant sources of noise and verify them through sound recordings.  Noise from 
insects can be removed from the 1/3rd Octave spectra of each measurement.  It has to 
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be shown, however, that the contribution of the wind turbine noise in those frequencies 
is minimal. 

D5.4 Determination of Turbine Sound Level 

The measured sound levels when the turbines are operating represent the overall sound 
levels, including the ambient noise.  In order to determine the sound level produced by 
the wind turbines, the ambient sound level needs to be subtracted from the overall 
level. 

Following the filtering and data reduction described above, the resulting equivalent 
levels (Leq) for all the remaining intervals should be plotted separately for both cases: 
turbines operating; and turbines parked.  The Leq levels should be plotted against the 
measured 10 m wind speed for those intervals. 

The noise contribution of the wind turbines can be determined by logarithmically 
subtracting the ambient levels from the turbine operational levels.  As stated 
previously, the ambient sound levels must be measured during the same measurement 
campaign. 

For wind speeds where less than 120 intervals were measured, the results can still be 
reported, but do not constitute a data set large enough to make a compliance 
assessment. 

D5.5 Data Analysis 

It is recommended that the “binning method” be used for the analysis of the 
accumulated one-minute sound level data. 

The accumulated sound levels, one-minute interval levels, need to be binned by integer 
wind speed.  Binning means arranging the sound level data within a “bin” representing 
an integer wind speed, ± 0.5 m/s.  Once binned, the mean and standard deviation of the 
Leq is computed for each wind speed.  This is carried out for both the “turbines 
operating” and the “turbines parked” cases.  Subsequently, for each integer wind speed, 
the turbine noise contribution is computed by logarithmically subtracting the mean Leq 
of the “turbines parked” case from that of the “turbines operating” case. 

Should it be required, the standard deviation of the resultant turbine sound level can be 
determined by using appropriate statistical methods.  This added information may 
provide insight into the variation of the turbine contribution and aid in understanding 
the turbine immission levels at the measurement point. 

D5.6 Tonal Assessment 

The tonal audibility shall be determined for all valid data records as per ISO-1996-2.  If 
a tone is identified at any of the wind speeds, the average tonal audibility correction 
shall be added to the final noise contribution of the wind turbine at those wind speeds. 
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D6 Assessment of Compliance 

Results of measurements and analysis are to be compared against the applicable sound 
level limits contained in Reference [5] and shown in the following Table 3. 

Table 3 Sound Level Limits for Wind Turbines 

Wind Speed (m/s) at 10 m height (agl) 4 5 6 7 8 9 10 

Wind Turbine Sound Level Limits Class 3 Area, 
dBA 40.0 40.0 40.0 43.0 45.0 49.0 51.0 

Wind Turbine Sound Level Limits Class 1 & 2 
Areas, dBA 45.0 45.0 45.0 45.0 45.0 49.0 51.0 

Results shall be rounded to the nearest integer for comparison with the limit for each 
wind speed category. 

In order to be deemed in compliance the numerical values of the results must not 
exceed the limit at each wind speed category. 

D7 Documentation 

The following information should be reported: 

1. Conditions during the measurement. This includes, but is not limited to: 

a The dates of the measurement campaign 

b The temperature range 

c The general weather conditions 

d The range of wind speeds encountered 

e The wind rose showing the wind directions encountered 

f A statement, signed by the operator of the wind farm, confirming that 
the wind turbines in question were operating as normal for the duration 
of the campaign (except during parked ambient noise measurements) 

2. The result of the analysis outlined in section 3.4 should be presented both 
graphically and tabulated. They should include: 

a The total sound curve/levels 

b The ambient sound curve/levels 
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c The turbine sound curve/levels 

d Calculated standard deviation on all 3 sets, at each integer wind speed 
(if applicable) 

The results must cover a wind speed range of at least 4 – 7 m/s as outlined in earlier 
sections. 

3. Acknowledgement of whether tonality was observed from the audio signals.  If 
tonality is observed, the tonal adjustments that were applied in the analysis 
should be reported. 

4 Comparison of the total contribution of the turbines (including tonality) to the 
applicable Sound Level Limit, and a statement of whether the wind farm is in 
compliance with those limits. 
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PART E: APPENDICES 

E1 Appendix A: Noise Complaint Form 

Resident’s name and address 

 

Describe the problem: 

 

 

When did the noise become a problem? 

Where in your property is the noise a problem? (Look for i.e. inside or outside the 
house). 

When is the noise a problem? (Look for i.e. night-time, weekdays, season, etc) 

For how long does the noise problem occur?  (This will help deciding the approach for 
attended measurements) 

Describe the ambient conditions when noise is a problem (ie wind strength, wind 
general direction, approximate temperature, precipitation, other) 

What are the ambient conditions when the noise is not a problem? (What else is 
audible?) 

Compared to other noise sources in your area, why is this noise a problem? (Look for 
i.e. louder, distinct pitch, other characteristics). 

Other comments. 



Annals of Agricultural and Environmental Medicine 2012, Vol 19, No 4, 692-696

www.aaem.pl ORIGINAL ARTICLE

In�uence of distances between places of 
residence and wind farms on the quality of life 
in nearby areas
Bożena Mroczek1, Donata Kurpas2,3, Beata Karakiewicz1

1 Public Health Department, Pomeranian Medical University, Szczecin, Poland 
2 Family Medicine Department, Medical University, Wroclaw, Poland 
3 Public Higher Medical Professional School, Opole, Poland
 

Mroczek B, Kurpas D, Karakiewicz B. Influence of distances between places of residence and wind farms on the quality of life in nearby 
areas. Ann Agric Environ Med. 2012; 19(4): 692-696.

Abstract
Background: The quality of life has three main characteristics: it always refers to the living conditions of an individual; it is 
measured both with subjective and objective indicators; and it is a multidimensional concept.
Aim of the study: To assess how the quality of life is a�ected by the close proximity of wind farms.
Material and methods. The study group consisted of 1,277 Polish adults (703 women and 574 men), living in places located 
near wind farms. The mean age was 45.5 ± 16.10. Some 33.2% of participants lived more than 1,500 m from wind farms; 
17% – below 700 m. The research tool consisted of the Norwegian version of the SF-36 General Health Questionnaire, the 
Visual Analogue Scale (VAS) for health assessment, and original questions.
Results: Regardless of the distance between a place of residence and a wind farm, the highest quality of life was noted 
within the physical functioning subscale (mean 76±27.97), and the lowest within the general health (mean 55.3±24.06). 
Within all scales, the quality of life was assessed highest by residents of areas located closest to wind farms, and the lowest 
by those living more than 1,500 m from wind farms.
Conclusions: Close proximity of wind farms does not result in the worsening of the quality of life. Similar research should 
be conducted before any intended investment, and at least 6 months after construction of a wind farm.

Key words
quality of life, SF-36 scale, wind farm, VAS

INTRODUCTION

Provided that the present rate of electricity consumption 
remains unchanged, the world coal reserves should be enough 
for 200 years, natural gas for 60 years and petroleum for 40 
years, as predicted by the World Energy Council [1]. �is 
situation is caused by the growth of the world population 
and, consequently, higher electricity consumption. 
Implementation of new technologies capable of generating 
electricity guarantees that more energy will be acquired from 
renewable resources, such as the wind. As a member country 
of EU, Poland declared that by the year 2020, 20% of energy 
will be produced from renewable sources. �e production of 
electricity from wind involves new technologies and changes 
to the living environment. �e fear of new technologies o�en 
results in local protest. According to Lazarus, stress is caused 
by external stimulants, and various types of threat are its 
essence. He de�nes stress as a certain type of reaction between 
individuals and their environment, the reaction which they 
consider as overstraining or exceeding their coping abilities, 
and threatening their interests [2]. Whether the relationship 
between an individual and his/her environment takes on the 
nature of stress, depends on a cognitive assessment. If people 
spread myths and stereotypes about the negative e�ects of 

wind turbines on their health and functioning in everyday 
life, then they will perceive new investments as a risk. �is 
may create a chain of factors contributing to a subjective 
feeling that the quality of life (QoL) is getting worse [3].

Quality of life depends on many factors, such as �nancial 
situation, satisfaction with work, family life, and changes in 
the local environment. It was assumed in this study that this 
aspect of human life is particularly important [4, 5]. Quality 
of life is a broad term. According to Fahey et al. it has three 
main characteristics: it always refers to the living conditions 
of an individual; it is measured both with subjective and 
objective indicators, and it is a multidimensional concept 
[5, 6, 7, 8, 9]. Methods of health assessment in residents 
living near new investments include quality-of-life research. 
In accordance with the recommendations of the Health 
Impact Assessment (HIA), plans for such research should 
be incorporated into investment projects for the wind power 
industry. Identi�cation and description of the type and extent 
of possible e�ects (both positive and negative) on health, is a 
typical stage of assessment by the HIA [10, 11, 12].

Aim of the study. To recognize the e�ects of wind farms 
on the quality of life in nearby areas. A determinant taken 
into consideration was the distance between a house and a 
wind farm, and the accepted limits were: below 700 m, from 
700-1,000 m, from 1,000-1500 m, more than 1,500 m distant. 
To date, Polish law has not clearly de�ned the lower distance 
limit between wind farms and dwelling houses; nevertheless, 
it is good practice to keep a distance of at least 700 m.
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METHODS

Subjects. �e study was performed in the year 2010 on a 
group of 1,277 adults from areas situated near wind farms. 
�e study group members were randomly chosen using a 
two-stage sampling technique. �e participants for the study 
came from the places with the biggest number of wind farms 
in the area of northern Poland (34), the Mazurian, Greater 
Poland and Lower Silesian Provinces (12), Podlaskie Province 
(11) and Sub-Carpathian Province (9) [13]. �e research 
protocol was approved by the Bioethics Commission of the 
Pomeranian Medical University in Szczecin [KB-0012/83/10]. 
All participants gave their conscious consent for the study.

Measurement of health-related quality of life. �e 
research tool consisted of the Norwegian version of the SF-
36 General Health Questionnaire, the Visual Analogue Scale 
(VAS) for health assessment, and original questions about 
approximate distance between a house and a wind farm, age, 
gender, education, and professional activity. Permission was 
obtained obtained from Quality Metric Inc., for using the 
authorized SF-36 Polish Version.

�e SF-36 (Short Form-36) Questionnaire consists of 36 
questions divided into 8 subscales: physical functioning 
(PF), role functioning-physical (RP), bodily pain (BP), 
general health (GH), vitality (V), social functioning (SF), 
role-functioning emotional (RE), mental health (MH), and 
one additional question concerning health change [14, 15, 
16]. �e score on the Likert scale for each of these areas 
varies from 0-100, with 0 denoting the worst and 100 the best 
possible state of health. Conducting research using the SF-
36 is not time-consuming, and its repeatability, usefulness, 
and the ability to reveal changes in the quality of life was 
demonstrated [17].

Statistical analysis. Statistical analysis was performed 
using Statistica 5.0. �e accepted signi�cance level was p<0.05. 
Mainly mean scores and standard deviation were presented. 
�e Kruskal Wallis test was used to analyse the relationship 
between two variables. �e reliability of the quality of life 
assessment according to particular scales was measured 
with Cronbach’s alpha coe�cient. �e hypothesis about 
the in�uence of the distance between a place of residence 
and a wind farm on the quality of life was veri�ed using 
the analysis of variance (ANOVA). Each quality of life area 
was analysed separately. �e statistically signi�cant results 
in the analysis of variance were analysed post hoc with the 
Tukey test for unequal group sizes in order to check how 
the quality of life assessment di�ered between the groups of 
respondents, depending on the distance between a place of 
residence and a wind farm.

RESULTS

Participants’ pro�les. �e mean age of the 1,277 
respondents (703 women and 574 men) was 45.54±16.1 
years (18-94 years). Education: higher – 139 (10.9%), 
secondary – 397 (31%), vocational – 400 (31.3%) and primary 
– 332 (26%). Professional status: employed – 551 (43.2%), 
old age pensioners – 268 (21%), unemployed – 239 (19%), 
those working on a farm only – 108 (8.5%), students – 107 
(8.4%).

424 (33.2%) respondents lived at a distance of more than 
1,500 m from wind farms, 221 (17.3%) from 1,000-1,500 m, 
279 (21.9%) from 700-1,000 m, and 220 (17.2%) below 700 m. 
About 85 (6.7%) respondents knew nothing about the plans 
for building a wind farm in their neighbourhood.

Quality of life of people living near wind farms. �e 
respondents assessed their health through answering 
questions included in SF-36 and VAS. �ey were asked to 
mark the point corresponding with their well-being on the 
level from 0-100, where 0 denoted the worst possible state 
of health, and 100 – excellent health. Next, it was checked 
whether there was a correlation between such health 
assessments, SF-36 general health (GH) score and answers 
to the following questions in SF-36:
•	 Q 1 in SF-36: Generally, do you think that your health is: 

excellent, very good, good, average, bad.
•	 Q 2 in SF-36: How would you assess your health now 

compared to your health three months ago: much better 
than three months ago, slightly better than three months 
ago, rather the same, slightly worse than three months ago, 
much worse than three months ago. �is question had not 
been previously analysed because it is not included in any 
scale, and thus it is suggested that it should be analysed 
separately.

Health assessments according to VAS correlated 
signi�cantly with SF-36 general health (GH) scores and 
answers to questions 1 and 2 from this questionnaire (all 
p < 0.05).

�e correlation between health assessment according to 
VAS, the GH subscale and the �rst question (Q 1) in SF-36, 
suggests that the higher scores in VAS corresponded with 
the higher scores in the GH subscale and answers to the �rst 
question (Q 1) in SF-36.

People living near wind farms rated their quality of life 
highest within the physical functioning (PF) subscale (Tab. 1).

�e physical functioning scores of particular respondents 
di�ered from the average value by about ±27.97. �e average 
general health (GH) score was the lowest of all analysed 
subscales (Fig. 1).

�e reliability analysis of the quality of life assessment 
within particular subscales is illustrated in Table 2.

�e obtained results suggest a high internal consistency of 
the 5 scales: PF, RP, BP and RE (a from 0.82-0.94, depending 
on the scale), and slightly lower consistency of the other 
scales, but in no case was a is lower than 0.70. Cronbach’s 

Table 1. The quality of the respondents’ lives in the SF-36 eight subscales 

N Mean CI-95% CI+95% Range min.-max. SD

PF 1277 76.05 74.51 77.58 0-100 27.97

RP 1276 59.83 57.67 61.98 0-100 39.29

BP 1277 63.66 61.89 65.43 0-100 32.22

GH 1277 55.28 53.96 56.61 0-100 24.06

V 1277 58.23 56.90 59.55 0-100 24.14

SF 1277 58.74 56.75 60.74 0-100 36.30

RE 1276 62.73 60.51 64.94 0-100 40.36

MH 1276 60.13 58.87 61.40 0-100 23.05

PF – physical functioning; RP – role-physical; BP – bodily pain; GH – general health; V – vitality; 
SF – social functioning; RE – role-functioning emotional; MH – mental health.
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alpha coe�cient was not calculated for the SF questionnaire, 
which resulted from the fact that this is a one-question scale.

Correlation between QoL assessment and the distance 
from a place of residence to a wind farm. �e quality of 
life scores were rated within each subscale depending on the 
distance between a house and a wind farm. �e subscales 
with the lowest scores (1-4) obtained by at least 20% of the 
respondents were taken into consideration (Tab. 3). �e scores 
lower or equal to 4 were most common within the general 
health (GH), both among women and men, irrespective of 
distances between their houses and wind turbines, and least 
common within the role functioning-emotional (RE).

Each quality of life area was evaluated separately using 
the analysis of variance (ANOVA). Analysis of the ANOVA 
for QoL assessment, with reference to the distance between 
a house and a wind farm, proved statistically signi�cant 
di�erences in the QoL scores within the RP, MH and V 
subscales (p<0.05) (Tab. 4).

Using the Tukey test for unequal group sizes, a post-hoc 
analysis was then performed to check which groups of 
respondents di�ered in the QoL scores within the RP, MH 
and V subscales, depending on distances from wind farms. 
�e results of the Tukey test did not con�rm signi�cant 
di�erences in the QoL scores within the role functioning-
physical (RP) subscale, depending on the distance from 
a wind farm (all p>0.05) for α = 0.05. On the other hand, 
with p=0.065, people living more than 1,500 m from 
a wind farm assessed their QoL within the RP subscale 
signi�cantly lower than those living the closest to a wind 
farm (up to 700 m). Analysis of the MH subscale gave similar 
results for the respondents living less than 700 m, and those 
living from 700-1000 m from a wind farm. �ere were no 
di�erences when p=0.05, but some di�erences were noted 
for p=0.062.

�e Tukey test proved that people living more than 1,500 m 
from a wind farm assessed their vitality (V) signi�cantly 
lower than those living in the closest distance from a wind 
farm (p<0.05). Within the mental health (MH) subscale, 

Figure 1. The quality of life in the neighbourhood of wind farms.
PF – physical functioning, RP – role-physical, BP – bodily pain, GH – general health, 
V – vitality, SF – social functioning, RE – role-functioning emotional, MH – mental 
health

Table 2. The reliability analysis of the SF-36 internal consistency

Subscale Cronbach’s alpha coe�cient    

X SD Cronbach’s alpha 
coe�cient

Standardized 
alpha 

N 

PF 768.411 278.446 0.949 0.950 1218

RP 240.880 156.690 0.870 0.870 1261

BP 127.347  64.461 0.936 0.939 1276

GH 276.239 120.377 0.766 0.770 1259

V 232.775  96.473 0.718 0.719 1247

SF  - -  -  -  - 

RE 188.569 120.771 0.861 0.861 1265

MH 300.689 115.536 0.774 0.768 1249

PF – physical functioning, RP – role-physical, BP – bodily pain, GH – general health, V – vitality, 
SF – social functioning, RE – role-functioning emotional, MH – mental health

Table 3. The ranks of the quality of life self-assessment scores within 
particular subscales with reference to the distance between a place of 
living and a wind farm

Sub-
scale

Number of people 
No %

Distance 1 Distance 2 Distance 3 Distance 4 Distance 5

PF 57 (25.91) 60 (21.51) 44 (19.91) 61 (14.39) 11 (12.94)

RP 75 (34.09) 122 (43.73) 88 (39.82) 182 (42.92) 44 (51.76)

BP 90 (40.91) 108 (38.71) 80 (36.20) 183 (43.16) 33 (38.82)

GH 162 (73.64) 207 (74.19) 157 (71.04) 274 (64.62) 60 (70.59)

V 138 (62.73) 168 (60.22) 138 (62.44) 256 (60.38) 49 (57.65)

 SF 59 (26.82) 77 (27.60) 85 (38.46) 234 (55.19) 29 (34.12)

RE 70 (31.82) 107 (38.35) 82 (37.10) 149 (35.14) 47 (55.29)

MH 129 (58.64) 152 (54.48) 130 (58.82) 253 (59.67) 48 (56.47)

The distance between a house and a wind farm or the intended place of construction: *Distance 1: 
below 700 m, *Distance 2: 700-1000 m, *Distance 3: 1000-1500 m, *Distance 4: more than 1500 m, 
*Distance 5: knows nothing about the plans of wind farm construction

Table 4. The analysis of variance (ANOVA) for the quality of life scores 
within PF (physical functioning), MH (mental health) and V (vitality) 
subscales depending on distances between houses and wind farms

SS Df MS F p

RP (role-physical)

Absolute term 3366989 1 3366989 2216.793 0.0001

Distance 20889 4 5222 3.438 0.0083

Error 1857560 1223 1519

MH (mental health)

Absolute term 3488069 1 3488069 6801.397 0.0001

Distance 30079 4 7520 14.663 0.0001

Error 627211 1223 513

V (vitality)

Absolute term 3253875 1 3253875 5684.188 0.0001

Distance 12094 4 3023 5.282 0.0003

Error 700670 1224 572

SS – sums of squares for the analysed e�ects and errors; df – degrees of intragroup freedom 
(concerning error) and intergroup freedom (concerning e�ect); MS – mean square e�ect and 
error; F – F-test for comparing variances; p – F-statistics probability value
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the respondents living in the closest distance from a wind 
farm assessed their QoL signi�cantly higher, compared to 
those living from 1,000-1,500 m or more from a wind farm 
(in both cases p<0.05).

It was found that the distance between a place of residence 
and a wind farm had an e�ect on the QoL score within the 
social functioning (SF) and the role functioning-emotional 
(RE) (p<0.05). Results of the multiple comparison test showed 
that people living within the distance of 1,000-1,500 m or 
more from a wind farm assessed their QoL signi�cantly 
lower in SF than those living closer, and those who did not 
know about the plans for the construction of a wind farm (all 
p<0.05). Statistically signi�cant di�erences in the QoL scores 
within other subscales (p>0.05) were not found between other 
groups of respondents with reference to the distance between 
a place of residence and a wind farm.

In�uence of socio-demographic and health factors on 
quality of life. Regression analysis was also performed to 
estimate the parameters of a model describing the QoL 
perception, with reference to socio-demographic and health 
variables within particular subscales. �e highest per cent of 
the respondents who learned, worked, or had farms, obtained 
the lowest scores within the GH, V and MH subscales. 
Statistically signi�cant variables had only limited in�uence 
on how the respondents perceived their QoL. �erefore, it 
may be assumed that there are other factors having more 
profound e�ects on the analysed phenomenon.

DISCUSSION

�is study presents pioneering research. So far, there have 
been few reports on the QoL and health self-assessment 
of people living near wind turbines [18]. Quality of life 
can be measured in many ways. Generally, objective and 
subjective indicators can be singled out; objective indicators 
include the living conditions of communities (e.g. degree of 
environmental pollution, new investments) and the living 
conditions of particular people (material, health, social 
factors), assessed according to commonly-accepted criteria: 
good-bad, desirable-undesirable, positive-negative.

In a subjective approach, which served as a basis for the 
presented research project, QoL is evaluated by means of 
subjective measures and individual criteria. It includes QoL 
assessments within SF-36 eight subscales. In the presented 
research, an attempt was made to analyse a possibly broad 
spectrum of factors contributing to the subjective QoL [17]. 
�e aim was not only to show them with reference to socio-
demographic di�erences, but rather to go deeply into their 
relationship with a place of residence near a wind farm 
as an objective indicator of living conditions. An answer 
was needed to the question whether the place of residence 
situated near a wind farm has an in�uence on how people 
perceive QoL. �e obtained results show that people living 
in the closest neighbourhood of wind farms assessed their 
QoL higher than those living in more distant areas. A 
high quality of life and satisfaction with life are important 
criteria for psychosocial health [17, 19]. �is may indicate the 
in�uence of other contributors, which were not taken into 
consideration during the analysis, namely, economic factors. 
While repeating this research, respondents should be asked 
about the possibility of employment in the wind energetics 

industry and the opportunity of proceeds from renting their 
land for wind farm construction.

CONCLUSIONS

�e obtained data meet the criterion of reliability and 
make a good basis for further analysis and formulation of 
the conclusions about the in�uence of wind farms on human 
health. In the study group of 1,277 respondents, there were 
signi�cant di�erences in average subjective scores within 
particular QoL subscales, which probably corresponded 
with the distribution of the importance degree ascribed to 
particular subscales by the respondents. It was observed 
that, regardless of the distance between a place of residence 
and a wind farm, the quality of life received the highest 
scores within the physical functioning (PF), and the lowest 
within the general health (GH). �erefore, it can be stated 
that a place of residence near wind turbines does not lower 
the quality of life.

Quality of life was best assessed within all subscales by the 
respondents living the closest to wind farms, while the worst 
by those living farther than 1,500 m from a wind farm, and 
those who did not know about the plans of for the construction 
of a wind farm in their neighbourhood. QoL was best assessed 
within the mental health subscale by the respondents living 
in the closest to a wind farm, and the lowest by those living 
farther than 1,500 m. Similar results were obtained within 
the general health (HP), social functioning (SF), and role-
functioning emotional (RE) subscales. Residents of places 
located at a considerably distance from wind farms should 
be analysed with particular care in order to �nd out what 
factors, di�erent from those taken into consideration in the 
study, a�ect the quality of their lives.
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Poor sleep quality is associated with
increased cortical atrophy in
community-dwelling adults

ABSTRACT

Objective: To examine the relationship between sleep quality and cortical and hippocampal volume
and atrophy within a community-based sample, explore the influence of age on results, and assess
the possible confounding effects of physical activity levels, bodymass index (BMI), and blood pressure.

Methods: In 147 community-dwelling adults (92 female; age 53.9 6 15.5 years), sleep quality
was measured using the Pittsburgh Sleep Quality Index and correlated with cross-sectional
measures of volume and longitudinal measures of atrophy derived from MRI scans separated
by an average of 3.5 years. Exploratory post hoc analysis compared correlations between differ-
ent age groups and included physical activity, BMI, and blood pressure as additional covariates.

Results: Poor sleep quality was associated with reduced volume within the right superior frontal
cortex in cross-sectional analyses, and an increased rate of atrophy within widespread frontal,
temporal, and parietal regions in longitudinal analyses. Results were largely driven by correlations
within adults over the age of 60, and could not be explained by variation in physical activity, BMI,
or blood pressure. Sleep quality was not associated with hippocampal volume or atrophy.

Conclusions: We found that longitudinal measures of cortical atrophy were widely correlated with
sleep quality. Poor sleep quality may be a cause or a consequence of brain atrophy, and future
studies examining the effect of interventions that improve sleep quality on rates of atrophy
may hold key insights into the direction of this relationship. Neurology® 2014;83:967–973

GLOSSARY
BMI 5 body mass index; GLM 5 general linear model; ICV 5 intracranial volume; MET 5 metabolic equivalents; mPFC 5
medial prefrontal cortex; OFC5 orbitofrontal cortex; NREM5 non-REM; PSQI5 Pittsburgh Sleep Quality Inventory; SWA 5
slow wave activity.

Poor sleep quality, characterized by difficulties in initiating or maintaining sleep or nonrestor-
ative sleep, has been linked to cognitive deficits1,2 and increased risk of Alzheimer disease and
cognitive decline3 within community-based samples. MRI is an ideal tool to address whether
variations in brain structure underlie these relationships, and MRI studies have linked primary
insomnia with reduced volume of the orbitofrontal cortex (OFC),4,5 hippocampus,6,7 and pre-
cuneus,4 and increased volume of the rostral anterior cingulate.5 Although few studies have
explored the relationship between sleep and brain structure in healthy individuals, cross-
sectional correlations have been reported between the volume of the OFC and early-morning
awakening8 and daytime sleepiness.9 Furthermore, reduction in non-REM (NREM) slow wave
activity (SWA) in older adults has been associated with age-related decreases in gray matter
density within the medial prefrontal cortex (mPFC).10 To our knowledge, no studies have
assessed the relationship between sleep quality and longitudinal change in brain structure.

We investigated the relationship between sleep quality and cross-sectional measurements of
cortical and hippocampal volume as well as longitudinal measures of atrophy in community-
dwelling adults. We expected that poor sleep quality would be associated with reduced volume
and increased atrophy within the OFC and mPFC. Furthermore, we hypothesized that corre-
lations may extend to wider areas of the frontal, temporal, and parietal cortices, reflecting the
multifactorial cognitive deficits that coexist with poor sleep. In post hoc analyses, we compared
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correlations between different age groups,
explored possible confounding effects, and as-
sessed sleep duration, efficiency, and latency.

METHODS Participants. The sample was drawn from the

ongoing project Cognition and Plasticity through the Lifespan

at the Research Group for Lifespan Changes in Brain and Cogni-

tion, Department of Psychology, University of Oslo, Norway.11,12

Baseline MRI was administered between 2006 and 2009, follow-

up MRI between 2011 and 2012, and sleep quality assessment

between 2012 and 2013.

For the first wave of data collection, participants were re-

cruited through newspaper advertisements. Recruitment for the

follow-up assessments was by written invitation to the original

participants. At timepoint 1 (T1) and timepoint 2 (T2), partici-

pants were screened with health interviews to ascertain eligibility,

outlined in appendix e-1 on the Neurology® Web site at

Neurology.org.

A total of 147 participants (92 female, 55 male) were

included in this study. Attrition of participants is provided in fig-

ure e-1 and full participant characteristics in table 1.

Standard protocol approvals, registrations, and patient
consents. All procedures were approved by the Regional Ethical

Committee of Southern Norway (REK-Sør), and written consent

was obtained from all participants prior to commencement.

MRI acquisition and processing. Full details of the MRI

acquisition and processing are provided in appendix e-1. Briefly,

imaging data were collected at T1 and T2 using a 12-channel

head coil on a 1.5T Siemens Avanto scanner (Siemens Medical

Solutions, Erlangen, Germany) at Rikshospitalet, Oslo

University Hospital. The same scanner and sequences were

used at both timepoints, though with minor software updates.

Images were first automatically processed cross-sectionally

(independently) for each time point with FreeSurfer (version

5.1.0),13–15 then subsequently run through the longitudinal

processing stream.16

Sleep quality assessment. Sleep quality was assessed using the
Pittsburgh Sleep Quality Inventory (PSQI17) in Norwegian

after T2. PSQI is a self-rated questionnaire that assesses 7

domains of sleep quality (duration, subjective sleep quality,

latency, habitual sleep efficiency, sleep disturbances, use of

sleeping medication, and daytime dysfunction) over a 1-

month time interval. The minimum score is 0 and maximum

score 21. Using answers to individual questions within the

PSQI, we also derived measures of sleep latency (minutes

taken to fall asleep at night), sleep duration (hours spent

asleep at night), and sleep efficiency (the percentage of time

in bed at night spent asleep).

Physical activity, body mass index, and blood pressure
assessment. Physical activity, body mass index (BMI), and

blood pressure were assessed at T2. Physical activity level was

measured using the International Physical Activity Question-

naire18 self-administered short version in Norwegian.

Participants detail the duration (in minutes) and frequency

(days) of walking and moderate intensity and vigorous intensity

activities over the past 7 days. The volume of activity is computed

by weighting each type of activity by its energy requirements,

defined in metabolic equivalents (MET) (multiples of the

resting metabolic rate), to yield a score in MET-min.

Participants’ height and weight were measured, and BMI was

calculated as weight (kg)/height 3 height (m). Blood pressure

was measured with an A&D (Sydney, Australia) UA-7671 30

digital upper arm blood pressure monitor while participants were

seated, before and after the neuropsychological testing, and the

average of the 2 measurements was used for the analyses.

Statistical analyses. For cross-sectional cortical analysis, a

general linear model (GLM) was run using FreeSurfer with

volume at each vertex across the brain surface at T2 as the

dependent variable and PSQI score as the independent variable.

Sex, age at T2, intracranial volume (ICV), interval between T2

and acquisition of PSQI data, and the interactions between sex

and each continuous variable were included as covariates.

For longitudinal cortical analyses, symmetrized proportion

change in volume was computed at each vertex by subtracting

T2 volume from T1 volume, and dividing by the mean T1 and

T2 volume at that vertex. A GLM was run using FreeSurfer with

change in volume at each vertex as the dependent variable and

PSQI score as the independent variable. Sex, age at T2, interval

between T1 and T2, interval between T2 and acquisition of PSQI

data, and the interactions between sex and each continuous var-

iable were included as covariates.

Both cross-sectional and longitudinal cortical results were

tested against an empirical null distribution of maximum cluster

size across 10,000 iterations using ZMonte Carlo simulations19,20

synthesized with a cluster-forming threshold of p , 0.05

(2-sided), yielding clusters corrected for multiple comparisons

across the surface.

For cross-sectional hippocampal analysis, partial correla-

tions were run using IBM (Armonk, NY) SPPS Statistics v21

between hippocampal volume and PSQI, with sex, age at T2,

ICV, and interval between T2 and acquisition of PSQI data

as covariates. For longitudinal hippocampal analyses, partial

correlations were run between proportion change in volume

and PSQI, with sex, age at T2, interval between T1 and T2,

and interval between T2 and acquisition of PSQI data as

covariates.

Post hoc analyses. Mean cortical volume (cross-sectional anal-

yses) or proportion change in cortical volume (longitudinal

Table 1 Participant characteristics

Mean SD Range

Correlation
with PSQI

r p

PSQI 5.0 3.2 1–16 NA NA

Sleep duration, h 6.9 0.9 4.5–9.0 20.61 ,0.001

Sleep efficiency, % 87.7 9.9 54.6–100.0 20.73 ,0.001

Sleep latency, min 20.3 21.4 0–95 0.68 ,0.001

Age at timepoint 1, y 53.9 15.5 20.4–84.2 0.12 0.116

Interval timepoint 1 to timepoint 2, y 3.5 0.5 2.7–4.7 20.06 0.462

Interval timepoint 2 to PSQI, y 1.3 0.3 0.6–1.8 20.11 0.168

Physical activity, MET-min 2,586.8 2,018.7 0–12,186 20.10 0.273

BMI, kg/m2 25.2 4.0 17.5–36.0 20.10 0.213

Systolic blood pressure, mm Hg 82.3 11.7 40.5–120.0 20.16 0.054

Diastolic blood pressure, mm Hg 136.7 18.6 108.5–188.5 20.03 0.746

Abbreviations: BMI 5 body mass index; MET 5 metabolic equivalents; NA 5 not applicable;
PSQI 5 Pittsburgh Sleep Quality Inventory.
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analyses) was extracted within significant clusters in order to per-

form post hoc analyses using SPSS.

First, we tested the influence of outliers by excluding partici-

pants with mean cortical measures more than 3 SDs from the mean.

Second, to assess whether relationships differed between

younger and older participants, we divided our sample according

to age at T2 (,60 years,$60 years, a threshold often referred to

in the sleep literature21). We performed partial correlations with

PSQI within these groups, with sex, age at T2, ICV, and interval

between T2 and acquisition of PSQI data as covariates in cross-

sectional analyses, and sex, age at T2, interval between T1 and

T2, and interval between T2 and acquisition of PSQI data as

covariates in longitudinal analyses. We then used a Fisher r-to-z
transformation to determine if the correlation coefficient was sig-

nificantly different between groups.

Third, we explored the possible confounding effects of phys-

ical activity, BMI, and blood pressure by including these factors as

additional covariates. Due to missing data, this analysis was per-

formed in subsamples of 120 (physical activity), 144 (BMI), and

146 (blood pressure) participants.

Finally, we performed correlations with sleep duration, sleep

efficiency, and sleep latency to determine which aspects of sleep

were most strongly related with our results.

RESULTS Correlations between variables. An inde-
pendent samples t test showed that PSQI was not
significantly different in female and male partici-
pants (male: 4.4 6 2.9, female: 5.3 6 3.3, t 5
21.67, p 5 0.097). PSQI was not associated with
interval between assessments, physical activity, BMI,
or blood pressure (table 1). Older age was associated

with reduced sleep efficiency (r 5 20.23, p 5

0.005), but not total PSQI score (r 5 0.12, p 5

0.166), sleep duration (r 5 20.08, p 5 0.343), or
sleep latency (r 5 0.02, p 5 0.844).

Cross-sectional analyses. Poor sleep quality was associated
with smaller volume in a single cluster located within the
right superior frontal cortex (cluster size 1,931 mm2,
cluster-wise p 5 0.0095; figure 1). Hippocampal
volume was not associated with sleep quality (left: r 5
0.050, p 5 0.554; right: r 5 0.024, p 5 0.780).

Mean cortical volume was extracted within the sig-
nificant cluster in order to perform post hoc analyses
(table 2). The cluster remained significant in analyses
that excluded outliers. Significant correlations were
observed in both the under 60s and the over 60s,
and the correlation coefficient was not significantly
different between groups (p 5 0.542). Results were
unchanged when physical activity, BMI, and blood
pressure were included as additional covariates. Small-
er volume within this cluster was significantly associ-
ated with shorter sleep duration, lower sleep
efficiency, and increased sleep latency.

Longitudinal analyses. Vertex-wise analyses showed
that poor sleep quality was associated with a greater
rate of decline in volume (atrophy) within 3 clusters
in the left hemisphere and 2 clusters in the right hem-
isphere (figure 2).

Figure 1 Correlations between sleep quality and cross-sectional estimates of cortical volume

(A) Spatial maps display regions where poor sleep quality was significantly associated with reduced cortical volume (p ,

0.05, after correction for multiple comparisons across the surface). Age, sex, interval between MRI and Pittsburgh Sleep
Quality Inventory (PSQI) acquisition, and intracranial volume were included as covariates. (B) Scatterplot of the correlation
between sleep quality and cortical volume within the significant cluster (expressed as a z score).
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Within the left hemisphere, the largest cluster en-
compassed lateral frontal, temporal, and parietal re-
gions (cluster size 16,539 mm2, cluster-wise p 5

0.0001, figure 2). A second cluster spanned the medial
superior frontal cortex and caudal and rostral cingulate
(2,793 mm2, p 5 0.0024) and a third cluster was
located within the left precuneus and isthmus cingulate
(retrosplenial cortex) (1,868 mm2, p 5 0.0384).

Within the right hemisphere, the largest cluster
included much of the lateral and medial frontal cortex,
extending to the rostral anterior cingulate (11,562
mm2, p 5 0.0001), with a second cluster located
within the temporal cortex (2,933 mm2, p5 0.0028).

Change in hippocampal volume was not associ-
ated with sleep quality (left: r 5 20.105, p 5

0.211; right: r 5 0.102, p 5 0.224).
Mean proportion change in cortical volume was

extracted from within significant clusters in order to
perform post hoc analyses. The third cluster within
the left hemisphere and second cluster within the
right hemisphere did not remain significant following
outlier removal and no further post hoc tests were
performed on these clusters.

First, we divided our sample according to age at T2.
A significant relationship between mean proportion
change in cortical volume and PSQI was observed
within the over 60s in all clusters, but no significant re-
lationships were observed within the under 60s (table 2,
figure 3). Within the left hemisphere, the correlation
coefficient was significantly different between groups in
the first cluster (p 5 0.021) and approached signifi-
cance in the second cluster (p 5 0.055). Within the
right hemisphere, the correlation coefficient was not
significantly different between groups (p 5 0.285).

All of the clusters remained significant in analyses
that included physical activity, BMI, and blood pres-
sure as additional covariates (table 2).

Mean proportion change in cortical volume was sig-
nificantly associated with sleep efficiency in all 3 clus-
ters and with sleep latency in 1 cluster. No significant
associations were observed with sleep duration (table 2).

DISCUSSION Poor sleep quality was associated with
reduced volume within the superior frontal cortex and
a greater rate of atrophy across the frontal, temporal,
and parietal cortices. Results were driven by correlations
within older adults, could not be explained by variation
in physical activity levels, BMI, or blood pressure, and
were most closely linked to reduced sleep efficiency.

The MRI sleep literature to date has most fre-
quently reported associations between sleep quality
and the OFC and wider mPFC, with smaller volume
linked with a diagnosis of primary insomnia,4,5 greater
severity of insomnia symptoms,4 daytime sleepiness,9

early-morning awakening,8 and reduced “sleep credit”
(i.e., the difference between habitual sleep and sub-
jectively reported minimum hours of sleep needed)22

and NREM SWA.10 Although our cross-sectional
analyses did not find relationships between sleep qual-
ity and mPFC volume, longitudinal analyses detected
significant correlations between sleep quality and
atrophy within the OFC and mPFC.

Poor sleep quality was also associated with increased
atrophy within widespread frontal, parietal, and tempo-
ral regions. A parallel can be drawn between the anat-
omy of our findings and regions in which structural
characteristics have been linked to aspects of cognitive
performance, for example, cortical correlates of execu-
tive control12 and visuospatial reasoning abilities23

across the lifespan. The extent to which variation in
brain structure can explain cognitive deficits associated
with poor sleep quality is a key area for future studies.

Variation in cortical measures is associated with differ-
ent underlying neural mechanisms across the lifespan.11,24

Table 2 Post hoc analyses

PSQI (n 5 147)
PSQI (<60 y,
n 5 75)

PSQI (‡60 y,
n 5 72) PSQIa (n 5 116)

Duration
(n 5 147)

Efficiency
(n 5 147)

Latency
(n 5 147)

r p r p r p r p r p r p r p

Cross-sectional analysis

Right: cluster 1 20.29b 0.001b 20.26b 0.027b 20.36b 0.003b 20.33b ,0.001b 0.20b 0.018b 0.23b 0.007b 20.17b 0.042b

Longitudinal analysis

Left: cluster 1 0.27b 0.001b 0.04 0.739 0.41b 0.001b 0.27b 0.001b 20.04 0.614 20.18b 0.033b 0.24b 0.005b

Left: cluster 2 0.23b 0.005b 0.04 0.749 0.35b 0.004b 0.22b 0.011b 20.04 0.644 20.19b 0.023b 0.13 0.121

Right: cluster 1 0.27b 0.001b 0.17 0.170 0.33b 0.005b 0.27b 0.002b 20.02 0.804 20.18b 0.033b 0.14 0.094

Abbreviation: PSQI 5 Pittsburgh Sleep Quality Inventory.
Correlation values (r) and p values are presented for clusters that remained significant following outlier removal. Age, sex, interval between MRI and PSQI
acquisition, and intracranial volume were included as covariates in cross-sectional analyses. Age, sex, interval between timepoint 1 and timepoint 2, and
interval between timepoint 2 and PSQI acquisition were included as covariates in longitudinal analyses.
a Physical activity, body mass index, and blood pressure were included as additional covariates.
bSignificant (p , 0.05) results.
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As post hoc analyses comparing the PSQI–atrophy rela-
tionships in different age groups indicated that results
were driven by correlations within older adults, it follows
that processes that accumulate in later life may mediate
the observed relationship between sleep quality and atro-
phy. For example, these processes could include shrink-
age of large neurons, loss of myelinated axonal fibers,
deafferentation, and reduction in synaptic density.25

We did not detect any significant relationships
between sleep quality and hippocampal volume or
atrophy. While animal studies have indicated that
prolonged restriction or disruption of sleep may lead
to reduced cell proliferation, cell survival, and neuro-
genesis within the hippocampus,26 results of studies
of primary insomnia have been mixed.6,7,27,28 Higher
PSQI scores have been associated with reduced CA1
volume within primary insomnia,6 and it is possible
that analysis of the volume and atrophy of hippocam-
pal subfields may provide more sensitive measures in
relation to sleep quality in nonclinical populations.

A key issue, which our study was not designed to
explore directly, is the degree to which poor sleep qual-
ity is a cause or a consequence of brain atrophy. Sleep
has been proposed to be “the brain’s housekeeper,”
serving to restore and repair the brain, and has recently
been shown to be associated with both enhanced
removal of potentially neurotoxic waste products29

and an increased expression of genes related to myelin
synthesis and maintenance.30 It follows that poor sleep
may have a direct impact upon brain structure.

Alternatively, atrophy has also been postulated to
be a cause of poor sleep quality. For example, age-
related reductions in the gray matter density of the
mPFC have been found to be associated with reduced
NREM SWA in older adults, with data supporting a
model in which atrophy mediates sleep disruption.10

Interestingly, although questionnaire-based measures
of sleep quality do not necessarily reflect polysomno-
graphic measures, our longitudinal results overlap not
only with the mPFC, but also with other elements of
the default mode network that are implicated in the
functional anatomy of SWA.31

It is also possible that the relationship between
sleep quality and brain atrophy could be mediated
by a third factor that influences both variables. Phys-
ical activity levels, BMI, and blood pressure have all
been associated with both sleep quality32,33 and
reduced gray matter volume and atrohpy.34–36 How-
ever, within our sample, sleep quality was not signif-
icantly associated with physical activity levels, BMI,
or blood pressure, perhaps because of the smaller sam-
ple size of this study compared with epidemiologic
studies, and including these measures as additional
covariates did not alter our results. Similarly, includ-
ing Full-Scale IQ and Mini-Mental State Examina-
tion as covariates did not affect our results (table e-1).

Sleep problems are also frequently reported in psy-
chiatric and neurodegenerative disease, and a complex
relationship between their neuropathology and sleep
disruption is posited.37 Participants included in anal-
yses had passed a thorough screening procedure
including health interview, cognitive assessments,
and radiologic evaluation, thus ensuring current psy-
chiatric or neurologic diagnoses did not confound
results. However, subclinical or preclinical conditions
may still have influenced our findings and, notably,
our study lacked a consideration of the possible role of
depressive symptoms or anxiety.

Ultimately, further insights into the nature of the
relationship between poor sleep and brain atrophy are
dependent upon future studies directly assessing
whether interventions targeted at improving sleep
quality affect atrophy rates. If sleep interventions were
found to help slow or reverse atrophy, this would
emphasize the importance of public health messages
promoting good sleep hygiene.

Figure 2 Spatial maps of correlations between
sleep quality and longitudinal
estimates of change in cortical volume

Spatial maps display regions where poor sleep quality was
significantly associated with increased rate of cortical atro-
phy (p , 0.05, after correction for multiple comparisons
across the surface). Age, sex, interval between T1 and T2,
and interval between T2 and Pittsburgh Sleep Quality
Inventory acquisition were included as covariates.
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Sleep quality was assessed using the PSQI an aver-
age of 1.3 years following the second neuroimaging
assessment. Although sleep quality measures have
been shown to be relatively stable over time within
community-based samples,38 the interval between
follow-up MRI scan and sleep quality assessment
may have added noise to our analyses. Within our
sample, 35% of participants met PSQI criteria for
“poor sleep” and the average PSQI among these par-
ticipants was 8.5. Such characteristics are comparable
to other community-based samples,1 but lower than
clinical samples. Also, although PSQI displays good
internal consistency and close correlation with sleep
diaries, it is not necessarily reflective of objective
measures of sleep quality,39 and our study would have
been improved by additional collection of actigraphy
or home polysomnography.

PSQI reflects a range of sleep quality variables. In
post hoc analyses that assessed sleep efficiency, latency,
and duration, correlations with brain structural meas-
ures were strongest and most consistent for sleep effi-
ciency, which quantifies time asleep relative to total
time in bed. Such findings are in agreement with a
study of the cognitive correlates of sleep quality in older
community-based adults1 and in line with cognitive
behavioral therapy for insomnia, which aims to
improve sleep efficiency and reduce symptoms of
insomnia partly by controlling time in bed.

Finally, poor sleep quality can be symptomatic of a
number of diverse etiologies, which may have distinct
neurobiological correlates. A limitation of our study
was that it did not include an investigation of the
underlying cause of high PSQI scores.

In the first longitudinal MRI study of sleep quality
in community-dwelling adults, we found that cortical
atrophy was correlated with sleep quality, and that the
relationship increased with age. The effect of inter-
ventions that improve sleep quality on rates of atro-
phy is a key area for future research and may have
important implications for public health messages.
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Abstract 

Fragmented sleep (SF) is a highly prevalent condition and a hallmark of sleep apnea, a condition 

that has been associated with increased cancer incidence and mortality. In this study, we 

examined the hypothesis that SF promotes tumor growth and progression through pro-

inflammatory TLR4 signaling. In the design, we compared mice that were exposed to SF one 

week before engraftment of syngeneic TC1 or LL3 tumor cells and tumor analysis three weeks 

later. We also compared host contributions through the use of mice genetically deficient in TLR4 

or its effector molecules MYD88 or TRIF. We found that SF enhanced tumor size and weight 

compared to control mice. Increased invasiveness was apparent in SF tumors, which penetrated 

the tumor capsule into surrounding tissues including adjacent muscle. Tumor-associated 

macrophages (TAM) were more numerous in SF tumors where they were distributed in a  

relatively closer proximity to the tumor capsule, compared to control mice.  Although tumors 

were generally smaller in both MYD88-/- and TRIF-/- hosts, the more aggressive features 

produced by SF persisted. In contrast, these more aggressive features produced by SF were 

abolished completely in TLR4-/- mice. Our findings offer mechanistic insights into how sleep 

perturbations can accelerate tumor growth and invasiveness through TAM recruitment and TLR4 

signaling pathways.   
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Introduction 

In recent years, the possibility that sleep duration and overall sleep characteristics may 

affect overall cancer outcomes has been advanced (1). Indeed, in several epidemiologic studies 

spanning the last decade the presence of altered sleep duration, both shortened and prolonged 

sleep, has been associated with higher incidence or adverse prognosis for several solid tumors. 

(2-17) However, although the role of the circadian clock system in tumorigenesis has been 

extensively explored (18, 19), no animal models have thus far examined whether the association 

between disrupted sleep and tumorigenesis is indeed recapitulated, and if so, what potential 

mechanisms may underlie such associations.  

In this context, some efforts to explore causal associations between a highly prevalent 

sleep disorder, namely obstructive sleep apnea (OSA), and cancer have also taken place (20, 21), 

and have operated under the assumption that the intermittent hypoxemia that characterizes OSA 

patients during their sleep period is likely to mimic the biologic events that drive tumor 

growth(1, 22-27).The major findings from these initial studies indicate that the periodic 

oscillations in overall oxygenation during sleep in OSA patients impose overall adaptive changes 

in the tumor metabolic cellular substrate that enhances their proliferative and invasiveness 

properties (28). However, these studies failed to explore another hallmark characteristic of OSA, 

namely sleep fragmentation (SF), i.e., the presence of recurrent arousals aimed at restoring 

airflow that lead to sleep discontinuity.  

Using a similar logical paradigm, we hypothesized that chronic SF, a very frequent 

occurrence in many human disorders, including OSA, would be associated with altered solid 

tumor proliferation and invasiveness in a murine model (29, 30). Furthermore, we posited that 
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sustained SF would promote changes in the phenotypic distribution of tumor associated 

macrophages (TAM). Indeed, TAM have been identified as critically important constituents of 

cancer micro-environment, and are major contributors to cancer progression by releasing a vast 

array of growth factors, cytokines, inflammatory mediators, and proteolytic enzymes that 

underlie key components of tumor growth and invasion (31, 32). 
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 Materials and Methods 

Animals: Male C57/B6, TLR4-/-, MYD88-/- and TRIF-/-  mice weighing ~25 g, were purchased 

from Jackson Laboratories (Bar Harbor, Maine), housed in a 12 hr light/dark cycle (light on 7:00 

am to 7:00 pm) at a constant temperature (24 ± 1°C) and allowed access to food and water ad 

libitum. The experimental protocols were approved by the Institutional Animal Use and Care 

Committee and are in close agreement with the National Institutes of Health Guide in the Care 

and Use of Animals. All efforts were made to minimize animal suffering and to reduce the 

number of animals used. 

Sleep Fragmentation: The custom-designed sleep fragmentation approach used to induce SF in 

rodents has been previously reported in detail (29, 33), and relies on automated intermittent 

tactile stimulation of freely behaving mice in a standard laboratory mouse cage, using a near-

silent motorized mechanical sweeper. This method obviates the need for human contact and 

intervention, and does not involve introduction of foreign objects or touching of the animals 

during sleep. To induce sleep fragmentation, we chose a 2-min interval between each sweep, 

implemented during the light period (7:00 a.m. to 7:00 p.m.). Of note, 4-5 mice were housed in 

each cage to prevent isolation stress.  

Tumor Cell Lines And Culture Medium: We used TC-1 cells (ATCC CRL- 2785) and 3LLC 

(ATCC CRL-1642) in all experiments. Both cell lines are derived from primary lung epithelial 

cells of C57/B6 mice and were cultured at 37°C, 95% air, 5% CO2 incubator in full tumor 

medium as recommended by the American Type Culture Collection (ATCC, Rockville, MD, 

USA). TC-1 cells were cultured in RPMI 1640 medium with 2 mM L-glutamine adjusted to 

contain 1.5 g/L sodium bicarbonate, 10 mM HEPES, and 1.0 mM sodium pyruvate 
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supplemented with 2 mM non-essential amino acids, penicillin and streptomycin and 10% fetal 

bovine serum, all supplied by Gibco, Life Technologies  (Grand Island, NY, USA), and selected. 

with G418 (Gibco, Life Technologies, Grand Island, NY, USA) and Hygromycin B 

(Calbiochem, EMD Millipore Corporation, Billerica, MA, USA). 3LL cells were cultured in 

Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum 

(FBS), L-glutamine, penicillin and streptomycin, all supplied from (Gibco, Life Technologies, 

Grand Island, NY, USA). Study mice were inoculated with TC-1 or 3LL cells [1x105 cells in 0·2 

ml phosphate-buffered saline (PBS)] by subcutaneous injection into the right lower flank or right 

thigh for selected experiments.  

Tumor Model: All mice strains, both in SC and SF were housed at the same environmental 

conditions in the same cages. After 7 days of exposures, both SF and SC mice were inoculated 

with TC-1 or 3LLC cells and tumor growth was monitored 2–3 times per week using a precision 

caliper. Average tumor size was calculated by measuring two perpendicular diameters. Under 

these conditions, all the mice develop palpable tumors within 9–12 days. Animals bearing 

tumors were euthanized at day 28 after injection; tumors were enucleated, scaled, and subjected 

to different experiments.  

Matrix Metalloproteinase (MMP) In Vivo Live Imaging: Twelve C57/B6 male mice (6 SF 

and 6 SC) were injected subcutaneously with 1x105 live TC1 cells into the lateral aspect of the 

right thigh using the same protocol previously described, 28 days after tumor cell inoculation, 

mice were intravenously injected with 2 nmoles of the matrix metalloproteinase (MMP) probe 

MMPSense™ 750 FAST (PerkinElmer, Product number: NEV10168), this MMP activatable 

agent is optically silent upon injection and produces fluorescent signal after cleavage by disease 

related MMP’s. Activation can occur by a broad range of MMP’s including MMP 2, 3, 7, 9, 12, 
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and 13. Two days before the MMPSense injection, all the fur lining the tumor area was removed 

by hair removal cream, after which mice were imaged 6, 12 and 24 hours post injection using the 

Xenogen IVIS Spectrum (Perkin Elmer) at the University of Chicago Optical Imaging Core 

Facility. The tumor near infrared fluorescence (average radiant efficiency) of images was 

quantified using Living Image Software (Perkin Elmer).  

Local Tumor Invasiveness: To assess differences in local tumor invasiveness between the SF 

and SC groups, 7 days after SF/SC initiation, C57/B6 mice were injected subcutaneously with 

TC1 cells into the lateral aspect of the right thigh using 1x105 cells in 0·2 ml PBS. 28 days after 

tumor cell inoculation, both SF and SC mice were euthanized and subjected to wide resection of 

the tumor tissue with its adjacent muscular and bone tissue of the thigh. The whole specimen was 

fixed in 4% PFA after it was cut into equivalent size pieces. Those specimens were embedded in 

paraffin and followed by cutting of 3-5 µm sections and were stained with H&E.   

Analysis of tumor infiltrating cells:  Tumors were mechanically disrupted in small pieces and 

maintained overnight in TC1 complete growth medium but without geneticin (G418). After 12 h, 

cells were harvested and filtered through a 100 µM nylon mesh cell strainer (352350, BD Falcon, 

Bedford, MA, USA). Prior to cell identification, viable cells were selected by using the aqua-

fluorescent reactive dye (L34957, Invitrogen, Eugene, OR, USA). TAM were defined as CD45+, 

CD11b+, F4/80+ cells. 

Isolation of TAM: Tumors were mechanically disrupted and incubated in collagenase IV 

solution 1mg/mL for 1h at 37ºC. Cells were filtered through a 100 µM nylon mesh cell strainer 

and CD11b+ cells were isolated by magnetic labeling following manufacturer´s procedure 

(EasySep™ Mouse CD11b Positive Selection Kit, StemCell, 18770, Vancouver, BC, Canada).  
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Immunofluorescence Analysis:  Tumors were excised, frozen in OCT and stored in -80 ºC. 10 

µm cryo-sections were done and stained for F4/80. Sections were washed several times in PBS, 

and blocked with a PBS/0.4% Triton X-100/0.5% TSA (Tyramide Signal Amplification, Perkin 

Elmer Life Sciences, Boston, MA) blocking reagent/10% normal horse serum for 1 hour. 

Sections were then serially incubated with a rabbit anti-mouse F4/80 antibody (1:500; cat# 

122604, Biolegend San Diego, CA) at 4°C for 24 h, and then washed in PBS six times for 5 min 

each wash. Sections were incubated at room temperature for 1 hour in biotinylated antibody 

(1:400, Vector Labs, Burlingame, CA) in a PBS/0.4% TSA blocking reagent/10% horse serum 

solution, and then with streptavidin-horseradish peroxidase diluted 1:100 in PBS/0.5% TSA 

blocking reagent. Subsequently, the sections were incubated with TSA fluorescein reagents 

diluted 1:50 in amplification diluent (Perkin Elmer Life Sciences) for 2 min. Sections were then 

washed and mounted onto glass slides. Sections were visualized using a fluorescent microscope 

by an investigator who was blinded to the sample source. 

Endocan Staining : Paraffin sections of SC and SF tumor tissue were stained 

immunohistochemically for endocan using Anti-mouse Endocan ( cat# LIA-0905; Lunginnov, 

Lille , France) as recommended by the manufacturer.  

Total RNA Isolation and Gene Expression:  Sorted TAM were instantly frozen in liquid 

nitrogen after counting the amount of sorted cells. Total RNA was isolated using automated 

RNA extraction (Promega, Madison, WI) and DNase treated according to manufacturer's 

protocol. The RNA quantity and integrity were determined using a Nanodrop Spectrophotometer 

and Agilent 2100 Bioanalyzer Nano 6000 Lab Chip assay (Agilent Technologies, Santa Clara, 

CA). Quantitative real-time PCR (QRT-PCR) was performed using the ABI 7500 instrument 

(Applied Biosystems, Foster City, CA). Complementary DNA was synthesized using a High-

on April 5, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on January 21, 2014; DOI: 10.1158/0008-5472.CAN-13-3014 

http://cancerres.aacrjournals.org/


9 
 

Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA). Five hundred nanograms 

(500 ng) of total RNA from both SF and SC samples were used to generate cDNA templates for 

RT-PCR .TaqMan® Master Mix Reagent Kit (Applied Biosystems, Foster City, CA) was used to 

amplify and quantify the transcripts in 20 μl reactions. Duplicate PCR reactions were performed 

in 96-well in parallel with the β-actin rRNA as a house keeping gene. The steps involved in the 

reaction program included: the initial step of 2 minutes at 50oC; denaturation at 95oC for 10 min, 

followed by 45 thermal cycles of denaturation (15 seconds at 95oC) and elongation (1 min at 

60oC). Expression values were obtained from the cycle number (Ct value) using the Biosystems 

analysis software. These Ct values were averaged and the difference between the β-actin Ct 

(Avg) and the gene of interest Ct (Avg) was calculated (Ct-diff). The relative gene expression 

was analyzed using the 2-ΔΔCT method. Quantitative results were expressed as the mean 

±standard deviation (SD). The following Taqman primer and probes were purchased from 

Applied Biosystems (Foster City, CA): IL12β assay# Mm00434174_m1, iNOS assay# 

Mm00440502_m1, INF-γ assay# Mm01168134_m1, Arginase1 assay# Mm00475988_m1, 

Resistin like Alpha (Fizz1) assay# Mm00445109_m1, Mrc1 assay# Mm00485148_m1, IL10 

assay# Mm00439614_m1, TGF-β assay# Mm01178820_m, TRL2 assay#Mm00442346_m1, 

TLR4 assay# Mm00445273_m1, TLR6 assay# Mm02529782_s1. 

Statistical analysis: All data are reported as mean ± SE. Comparisons for tumor growth and all 

other time course experiments among SF and SC conditions were performed using one-way 

ANOVA followed by unpaired Student’s T-test with Bonferroni correction. Comparison of all 

other quantitative data between SF and SC conditions was performed using unpaired Student’s 

T-tests. For all comparisons, a p value <0.05 was considered as statistically significant. 
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Results 

SF induces accelerated tumor size growth:  C57/B6 mice exposed to SF starting 1-week prior 

to flank injection with TC-1 cells showed accelerated tumor size growth with significant 

differences emerging at day 23 following injection and thereafter when compared to mice under 

control sleep conditions (SC) (Figure 1A ; n=53/group; SF vs. SC: p< 0.007). Tumor weight was 

significantly higher at day 28 in SF-exposed mice (SF-57/B6: 1.955± 0.680 g vs. SC-C57/B6: 

1.046±0.479 g; p<0.001). Similarly, mice (n=15/group) exposed to SF and injected with 3LLC 

cells showed significantly accelerated tumor growth (p<0.001) and tumor weight (p<0.027) 

compared to SC conditions (SF-57/B6: 1.22 ± 0.281 g vs. SC-C57/B6: 0.543 ±0.163 g; p<0.027- 

Figure 1B). 

SF induces increased tumor invasiveness: When TC-1 cells were injected s.c in the thigh area, 

increased invasiveness was apparent in SF-C57/B6 tumors compared to SC-C57/B6 tumors, with 

obvious penetration of surrounding tumor capsule and extension/infiltration into adjacent muscle  

(Figure 2A ; n=12/group; Chi-Square: p<0.001). To further explore the increase invasiveness of 

tumors in SF-exposed mice, we performed live MMP imaging, which showed significantly 

increased MMP activity in SF-C57/B6 tumors vs. CS-C57/B6 (n=6, p<0.01- Figure 2B). 

Tumor associated macrophage (TAM) counts and distribution: When compared to CS-

C57/B6 tumors, significant increases in TAM counts occurred in SF-C57/B6 tumors whether 

expressed as TAM/gram tumor tissue (Figure 3A; p<0.01) or as TAM/ whole tumor (Figure 3B; 

p< 0.01).  TAM in SF-C57/B6 tumors were preferentially distributed in close proximity to the 

tumor capsule, as compared to increased tumor core location in tumors from SC-C57/B6 mice 
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(Figure 3D & E). When endocan staining was used to identify new vessel formation in the tumor 

capsule, SF-C57/B6 tumors had higher expression of endocan when compared with SC condition 

(Figure 3F).  

SF induces TAM polarity shift toward M2 and higher TLR4 expression: To further 

understand whether changes in macrophage polarity occurred during SF, we performed FACS of 

tumors for TAM (i.e., CD45+ CD11b+ F4/80+) and further assessed the proportion of those 

expressing CD 86high, a M1 marker or CD 206high, a M2 marker. A shift toward increased M2 

marker expression in TAM of SF-C57/B6 tumors emerged, particularly in peripheral areas of the 

tumor (p<0.04; Figure 4A). TAM shift in polarity in SF tumors was also apparent based on 

increased transcriptional expression of M2 markers when compared to SC conditions, as 

evidenced by higher expression of Fizz1, Arg1 and Mrc1 (p<0.01; Figure 4B). TAM from SF-

exposed mice also expressed higher levels of TLR4 compared to SC-exposed mice (P<0.02; 

Figure 4C), but no changes in TLR2 or TLR6 were apparent (data not shown). Based on such 

findings, we examined TLR4 signaling as a potential pathway mediating SF-induced differences 

in tumorigenesis as described heretofore.  

TLR4 signaling mediates SF-induced tumor progression:  When compared to CS-C57/B6 

mice, significant reductions in tumor size and weight occurred in SC-TLR4-/- mice (p<0.001; 

Figure 4D and 4E). More interestingly, the accelerated growth and increases in size induced by 

SF were completely abrogated in SF-TLR4-/- mice (Figure 4D and 4E; p<0.05 vs. SC-TLR4-/- 

mice). These effects were accompanied by significant reductions in TAM count in SF-TLR4-/- 

mice (p< 0.01; Figure 4F).These results prompted further exploration as to whether TLR4 major 

downstream signaling pathways, namely MYD88 or TRIF were particularly and specifically 

recruited in SF. As shown in Figure 4G, tumors enucleated from SF-MYD88-/- and SF-TRIF-/- 
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mice showed reductions in tumor weight compared to SF-C57/B6 (p< 0.03, p<0.01 respectively), 

but were still significantly larger than in SF-TLR4-/- mice. In addition, small, albeit statistically 

significant differences between SF and SC for MYD88 and TRIF null mice remained.  
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Discussion 

This study shows that chronically fragmented sleep, a highly prevalent condition 

associated with a multiplicity of human disorders, leads to accelerated tumor growth and 

invasiveness in mice and that such adverse effects are mediated, at least in part, by changes in 

TAM polarity and TLR4 signaling. Indeed, increases in M2 macrophage markers were apparent 

in tumors of SF-exposed mice, and were accompanied by increased in vivo and in vitro matrix 

metalloproteinase activity (34, 35).We further show that similar to previous reports, TLR4 

signaling not only underlies significant components of tumor progression (34, 35), but also 

appears to mediate the differences in  tumor proliferation between SF and SC conditions. Taken 

together, these findings provide initial, yet conclusive support for sleep-mediated modulation of 

tumorigenesis, and suggest that host-dependent immune mechanisms constitute a major pathway 

of such modulatory influences. 

The paramount observation of the present study is the increased tumor proliferation and 

marked changes in invasiveness induced by chronic SF exposures mimicking several sleep 

disorders. As such, these observations provide initial observations in a murine model on the 

effects of perturbed sleep on cancer biology. Furthermore, our study offers potential biological 

plausibility to some of the findings derived from cross-sectional cohorts that have identified 

epidemiological associations between perturbed sleep or reduced sleep duration to the incidence 

and overall outcomes of cancer (2-17). Thus, by establishing the biological plausibility of sleep 

as a modulator of the intrinsic properties of cancerous tumors, the rationale for further well-

controlled epidemiological and intervention studies is warranted.  Furthermore, current findings 

establish a unique murine model that should allow for delineation of the generalizability of SF-

induced TC1 and 3LLC tumor property modifications to other solid and non-solid clinically-
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relevant tumors, and further enable exploration of specific changes in the biological properties of 

specific cellular components within each of such tumors. In addition, this experimental paradigm 

will not only permit identification of factors involved in tumor proliferation and invasion, but 

may also facilitate the investigation of whether sleep perturbations alter metastatic potential and 

tumor resistance to therapeutic regimens.  

  The mechanisms mediating the increased tumor proliferative rates induced by 

implementation of SF are unclear and likely diverse. Importantly, SF-induced effects occurred in 

both TC-1 and 3LLC tumors, indicating that increased tumor cell proliferative rates resulting 

from perturbations in sleep may not be specific to a single cancerous cell type, and are 

potentially applicable to most solid tumors. Of note, the increased size of the tumors under SF 

conditions was also accompanied by more extensive and prominent areas of tumor core necrosis, 

further attesting to the changes in tumorigenesis elicited by the underlying SF. In parallel with 

the accelerated tumor expansion under SF conditions, increased tumor invasion to surrounding 

tissues was observed following both flank and thigh injections of TC-1 cells, with the latter thigh 

injections allowing for more accurate confirmation of the enhanced invasion process. Here again, 

multiple mechanisms have been described regarding the adaptive strategies that enable cell 

invasion across the physical outer boundaries of tumors. Therefore, an extensive and exhaustive 

survey of such mechanisms would be beyond the scope of current work. Notwithstanding, the 

unique clustering of TAM in the periphery of SF-exposed tumors prompted us to explore 

whether such changes were potentially accountable for the more aggressive tumors during SF 

conditions.  Indeed, the effects of alterations in TAM polarity and in innate immunity on tumor 

biological properties including growth trajectory and invasiveness to adjacent tissues have been 

extensively explored, and our current findings concur with such putative functions. (38-41) As 
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indicated, the number of TAM was markedly increased in SF-exposed mice, and the differences 

were heterotopically distributed, with tumors from SF-exposed mice displaying preferential M2-

type TAM localization in peripheral regions of the tumor. In contrast, SC-derived tumors had 

increased M1-type TAM, and these were located, in their greatest proportion within the core of 

the tumor. Therefore, we infer that the changes in macrophage polarity and location reflect some 

of the changes in tumor behavior. However, it remains unclear what mechanisms are 

operationally activated in the context of how SF elicits (i) a shift in TAM polarity within the 

tumor, or (ii) whether SF fosters increased migration of TAM from the circulation into the 

periphery. We should point out that the overall changes in TAM polarity were unexpected, 

particularly when considering the marked increases in M1 macrophage markers and in total 

numbers of macrophages that occur in visceral adipose tissues during SF (40). It is further 

possible that inflammatory changes in adipose tissues surrounding the tumors that resemble the 

changes in visceral white adipose tissue depots during SF may play a role in the shift of 

macrophages from the core to the periphery of the tumor, and further account for the M1/M2 

phenotype shifts found here. Indeed, recent interest on the contribution of the adipose tissues 

surrounding tumors to tumor biological processes such as promotion of proliferation and 

invasion has recently emerged (43-45).Thus, altered sleep in the host may trigger a complex 

time-dependent cascade of activation and inactivation of biologically-relevant pathways both 

systemically and regionally (46), including peri-tumoral fat and intra-tumoral cellular substrates 

that cumulatively orchestrate changes in tumor growth and local invasiveness.  

Similarly, the increased TLR4 expression in tumors excised from SF-exposed mice could either 

reflect selective migration of M2-TLR4+ TAM cells to these tumor regions from the systemic 

circulation, or changes in macrophage polarity, in macrophage TLR4 expression, or in migration 
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of M1 from the core to the tumor periphery during SF.  Accordingly, genetic ablation of TLR4 in 

mice resulted in major curtailment of not only tumor growth, but also of the differences between 

SF and SC. However, the SF-SC differences in tumor size persisted in either MYD88-/- and 

TRIF-/- mice, suggesting that either both TLR4 signaling pathways are required for SF-induced 

effect on tumor growth, or that the differences between SF and SC are not distinguishable once 

tumor growth is so markedly reduced by TLR4 genetic ablation. As with all other observations 

reported herein, transfer of the findings from an in vivo murine model to an in vitro model is 

obviously impossible, thereby hampering our ability to study mechanisms of SF effects in greater 

detail. We should also point out that the mechanisms underlying SF-induced activation of TLR4 

signaling in macrophages, and the changes in TAM polarity are completely unknown, and this 

specific area will have to be explored in the future.  

In summary, the present study conclusively demonstrates that perturbed sleep leads to major 

changes in tumorigenesis, characterized by increased tumor cell proliferation and invasion. 

Alterations in TAM phenotypes, particularly in the tumor periphery, and in TLR4 expression in 

TAM further suggest that SF-induced effects on tumor growth and invasion may be mediated by 

host-related responses, particularly those involving innate immunity, and that improved 

understanding of such pathways may permit improved therapeutic interventions. Considering the 

high prevalence of sleep disorders and cancer in middle age or older populations, there are far 

reaching implications to current findings regarding potential adverse outcomes in patients in 

whom the 2 conditions co-exist.   
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Figure Legends:  

Figure 1: SF induces accelerated tumor size growth both in TC1 and 3LLC tumors. A. 

C57/B6 mice exposed to SF starting 1-week prior to flank injection with TC-1 cells showed 

accelerated tumor size growth and weight with significant differences when compared to mice 

under SC conditions. (i). shows the trajectory of tumor growth measured under SC conditions 

(n=53), compared to tumors from SF exposed mice; (ii). SF,  n= 55.; (iii). When comparing the 

average tumor growth for both conditions, statistically significant differences emerged at day 23 

following injection and sustained thereafter (p< 0.007). (iv) Macroscopic differences between the 

SF and SC tumors in samples of enucleated tumors. (v). Tumor weight was also significantly 

higher at day 28 in SF-exposed mice (SF-57/B6: 1.955± 0.680 g vs. SC-C57/B6: 1.046±0.479 g; 

p<0.001; n= 109 in each group). Of note, those experiments were performed in batches of 20 

mice each, using the same tumor cell injection and follow-up protocols.   

B. Mice (n=15/group) exposed to SF and injected with 3LLC cells showed significantly 

accelerated tumor growth compared to SC conditions, (i) with differences emerging after 19 days 

from cells injection (p<0.001), and (ii) significant tumor weight differences at enucleation (SF-

57/B6: 1.22 ± 0.281 g vs. SC-C57/B6: 0.543 ±0.163 g; p<0.027). *p< 0.05  

Figure 2: SF induces increased tumor invasiveness: A) Representative H&E sections of the 

TC1 tumors and the adjacent muscular tissue (cells were injected s.c. in the thigh area), increased 

invasiveness was apparent in SF-C57/B6 tumors compared to SC-C57/B6 conditions, with 

obvious penetration of surrounding tumor capsule and extension/infiltration into adjacent 

muscle. B) (i). Representative live MMP imaging (n=6/group) showing statistically significant 

increases in MMP activity in SF-C57/B6 tumors vs. CS-C57/B6. (ii). Significant differences in 
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MMP activity continued to be apparent after 12 and 24h, with higher activity in SF vs. SC 

tumors. *p< 0.05 

Figure 3: Tumor associated macrophage (TAM) counts and distribution: A) Significant 

increases in TAM counts in tumor tissue occurred in SF when compared with SC conditions (~3-

fold increase). B) Almost 5-fold increase in TAM counts emerged when comparing the number 

of TAM/whole tumor in SF vs. SC. C) Representative FACS count of TAMS; CD45+, CD11b+, 

F4/80+ cells . D) Immunofluorescence imaging of whole tumor sections from both SF and SC 

conditions with images A and C representing both sides of the tumor capsule and B representing 

the tumor core; those images showing that TAM are preferentially distributed and in close 

proximity to the tumor capsule in SF conditions, while in SC conditions, increased tumor core 

location of TAM was found (n=6; Blue- Hoechst-Nuclei; Red-CD45+; Green- F4/80+). E) 

Representative tumor section stained with Hematoxilyn and F4/80+ illustrating a preferential 

distribution of TAM with more TAM in the tumor capsule in SF-exposed mice when compared 

to SC conditions (n=10; Brown-F4/80+ cells). F) Representative endocan stained sections 

showing higher immunoreactivity in the tumor capsule in SF conditions when compared to SC; 

this was apparent in low magnification (i, ii), as well as at higher magnification (iii; iv)( n=6; 

Brown- Endocan). *p< 0.05 

Figure 4: TAM polarity and TLR4 signaling: A) TAM (CD45+ CD11b+ F4/80+) flow 

cytometric assessment for the proportion of CD 86high, a M1 marker or CD 206high, a M2 marker, 

showing a shift toward increased M2 marker expression in TAM of SF-C57/B6 tumors (n=6). B) 

RT-PCR gene expression analysis of TAM, showed a shift in polarity in SF tumors with higher 

expression of M2 markers (Fizz1, Arg1 and Mrc1) when compared to SC conditions (n=6). C) 

TAM from SF-exposed mice expressed higher levels of TLR4 compared to SC-exposed mice 
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(n=6). D&E) SC-TLR4-/- mice injected with TC1 tumor cells had a significantly reduced tumor 

weight and size when compared to SC-C57/B6 mice (n= 20/ group). Moreover, the accelerated 

growth and increased size induced by SF exposures were completely abrogated in SF-TLR4-/- 

mice (n=20). F) FACS assessment of TAM (CD45+ CD11b+ F4/80+) counts in tumors from 

TLR4-/- compared with C57/B6 conditions shows complete abrogation of the effect of SF, with 

significant reductions in TAM count in SF-TLR4-/- mice ( n=20). G) Tumors weight at 

enucleation after 28 days of TC1 tumor cells injection in C57/B6 wild type, TLR4-/-, MYD88-/- 

and TRIF-/- mice, shows that tumors in SF-MYD88-/- and SF-TRIF-/- mice had reduced tumor 

weight compared to SF-C57/B6, but still significantly larger than in SF-TLR4-/- mice 

(n=12/group). In addition, small, albeit statistically significant differences between SF and SC 

for MYD88 and TRIF null mice remained. *p< 0.05 when comparing SC vs. SF conditions; 

**p<0.05 when comparing different strains.  
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Abstract 

Wind turbines generate low frequency sounds that affect the ear. The ear is superficially similar 

to a microphone, converting mechanical sound waves into electrical signals, but does this by 

complex physiologic processes. Serious misconceptions about low frequency sound and the ear 

have resulted from a failure to consider in detail how the ear works. Although the cells that 

provide hearing are relatively insensitive to infrasound, other sensory cells in the ear are much 

more sensitive, which can be demonstrated by electrical recordings. Responses to infrasound 

reach the brain through pathways that do not involve conscious hearing, but instead may 

produce sensations of fullness, pressure, tinnitus or have no sensation. Activation of 

subconscious pathways by infrasound could disturb sleep. Based on our current knowledge of 

how the ear works, it is quite possible that low frequency sounds at the levels generated by wind 

turbines could affect those living nearby.
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Wind turbines generate Infrasound

The sounds generated by wind turbines vary widely, depending on many factors such as the 

design, size, rotor speed, generator loading, and with different environmental conditions such as 

wind speed and turbulence (e.g. Jakobsen, 2005).  Under some conditions, such as with a low 

wind speed and low generator loading, the sounds generated appear to be benign and are 

difficult to detect above other environmental sounds (Sonus, 2010).  But in many situations, the 

sound can contain a substantial low frequency infrasound component. One study (Van den Berg 

2006) reported wind turbine sounds measured in front of a home 750m from the nearest turbine 

of the Rhede wind farm consisting of Enercon E-66 1.8 MW turbines, 98 m hub height and 35 m 

blade length. A second study (Jung and Cheung 2008) reported sounds measured 148-296 m 

from  a 1.5 MW turbine, 62 m hub height, 36 m  blade length. In both of these studies, which are 

among the few publications that report full-spectrum sound measurements of wind turbines, the 

sound spectrum was dominated by frequencies below 10 Hz, with levels of over 90 dB SPL near 

1 Hz. The infrasound component of wind turbine noise is demonstrated in recordings of the 

sound in a home with GE 1.5 MW wind turbines 1500’ downwind as shown in Figure 1. This 20 

sec recording was made with a microphone capable of recording low frequency components. 

The sound level over the recording period, from which this excerpt was taken, varied from 28 

dBA to 43 dBA. The audible and inaudible (infrasound) components of the sound are 

demonstrated by filtering the waveform above 20 Hz (left) or below 20 Hz (right). In the audible, 

high pass filtered waveform, the periodic “swoosh” of the blade is apparent to a varying degree 

with time. It is apparent from the low pass filtered waveform that the largest peaks in the original 

recording represent inaudible infrasound. Even though the amplitude of the infrasound 

waveform is substantially larger than that of the audible component, this waveform is inaudible 

when played by a computer’s sound system. This is because conventional speakers are not 

capable of generating such low frequencies and even if they could, those frequencies are 

typically inaudible to all but the most sensitive unless played at very high levels. It was also 
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notable in the recordings that the periods of high infrasound level do not coincide with those 

times when the audible component is high. This shows that it is impossible to judge the level of 

infrasound present based on the audible component of the sound. Just because the audible 

component is loud does not mean that high levels of infrasound are present. These 

measurements show that wind turbine sounds recorded inside a home can contain a prominent 

infrasound component.

Wind turbine infrasound is typically inaudible.

Auditory perception by the brain (i.e. hearing) is very insensitive to low frequency sounds, 

including those generated by wind turbines. Figure 2 shows examples of wind turbine sound 

spectra compared to the sensitivity of human hearing perception. In this example, the turbine 

sound components above approximately 30Hz are above threshold and therefore audible. The 

sounds below 30 Hz, even though they are of higher level, are below the threshold of audibility 

and therefore may not be heard. Based on this comparison, for years it has been assumed that 

the infrasound from wind turbines is not significant to humans. Leventhall (2006) concluded that 

“infrasound from wind turbines is below the audible threshold and of no consequence”. 

Leventhall (2007) further stated that “if you cannot hear a sound you cannot perceive it in other 

ways and it does not affect you”.  Renewable UK (2011), the website of the British Wind Energy 

Association quotes Dr Leventhall, as stating “I can state quite categorically that there is no 

significant infrasound from current designs of wind turbines”. Thus, the fact that hearing is 

insensitive to infrasound is used to exclude the possibility that the infrasound can have any 

influence on humans. This has been known for many years in the form of the statement “What 

you can’t hear can’t affect you”. The problem with this concept is that the sensitivity of “hearing” 

is assumed to equate with sensitivity of “the ear”. So, if you cannot hear a sound then it is 

assumed that the sound is insufficient to stimulate the ear. Our present knowledge of the 

physiology of the ear suggests that this logic is incorrect..
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The ear is sensitive to wind turbine infrasound

The sensory cells responsible for hearing are contained in a structure in the cochlea (the 

auditory portion of the inner ear) called the organ of Corti. This organ runs the entire length of 

the cochlear spiral and contains two types of sensory cells which have completely different 

properties. There is one row of sensory inner hair cells (IHC) and three rows of outer hair cells 

(OHC) as shown schematically in the inset to Figure 3. For both IHC and OHC, sound induced 

deflections of the cell’s sensory hairs elicit electrical responses.  Each IHC is innervated by 

multiple nerve fibers that transmit information to the brain and it is widely accepted that hearing 

occurs through the IHC. The rapidly declining sensitivity of hearing at lower frequencies (Fig 2) 

is accounted for by three processes that selectively reduce low frequency sensitivity (Cheatham 

and Dallos, 2001), specifically the properties of middle ear mechanics, from pressure shunting 

through the cochlear helicotrema and from “fluid coupling” of the inner hair cell stereocilia to the 

stimulus (reviewed in detail by Salt and Hullar, 2010).  The combined effect of these processes, 

quantified by Cheatham and Dallos (2001) are shown as the “IHC sensitivity” curve in Figure 3. 

The last component attenuating low frequencies, the so-called “fluid coupling” of input arises 

because the sensory hairs of the IHC do not contact the overlying gelatinous tectorial 

membrane, but are located in the fluid space below the membrane. As a result, measurements 

from the IHC show that they do not respond to sound induced displacements of the structure, 

but instead their amplitude and phase characteristics are consistent with them responding to the 

velocity of the stimulus. As stimulus frequency is lowered, the longer cycles result in lower 

stimulus velocity, so the effective stimulus falls by 6 dB/octave. This accounts for the known 

insensitivity of the IHC to low frequency stimuli. For low frequencies, the calculated sensitivity of 

IHC (Fig 3) compares well to measures of hearing sensitivity (Fig 2), supporting the view that 

hearing is mediated by the IHC. 
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The situation is different, however, for the more numerous OHC of the sensory organ of Corti of 

the ear. Anatomic studies show that the sensory hairs of the OHC are attached to the overlying 

tectorial membrane and electrical measurements from these cells show their responses depend 

on the displacement, rather than the velocity of the organ of Corti. As a result, their responses 

do not decline to the same degree as IHC as frequency is lowered. Their calculated sensitivity is 

shown as the “OHC sensitivity” curve in Figure 3. It is important to note that the difference 

between IHC and OHC responses has nothing to do with frequency-dependent effects of the 

middle ear or of the helicotrema (the other two of the three components mentioned above). For 

example, any attenuation of low frequency stimuli provided by the helicotrema will equally affect 

both the IHC and the OHC. So the difference in sensitivity shown in Figure 3 arises purely from 

the difference in how the sensory hairs of the IHC and OHC are coupled to the overlying 

tectorial membrane. The important consequence of this physiological difference between the 

IHC and the OHC is that the OHC are stimulated at much lower levels than the IHC. In Figure 3, 

the portion of the wind turbine sound spectrum within the shaded region represents frequencies 

and levels that are too low to be heard, but which are sufficient to stimulate the OHC of the ear.  

This is not confined to infrasonic frequencies (below 20 Hz), but in this example includes sounds 

over the range from 5 Hz to 50 Hz. It is apparent that the concept that “sounds you can’t hear 

cannot affect you” cannot be correct because it does not recognize these well-documented 

physiologic properties of the sensory cells of the inner ear. 

Stimulation of OHC at inaudible, low levels can have potentially numerous consequences.  In 

animals, cochlear microphonics demonstrating the responses of the OHC can be recorded to 

infrasonic frequencies (5 Hz) at levels as low as 40 dB SPL (Salt and Lichtenhan, 2011). The 

OHCs are innervated by type II nerve fibers which constitute 5-10 % of the auditory nerve fibers 

which connect the hair cells to the brainstem. The other 90-95 % comes from the IHCs. Both 

type I (from IHC) and type II (from OHC) nerve fibers terminate in the cochlear nucleus of the 
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brainstem, but the anatomical connections of the two systems increasingly appear to be quite 

different. Type I fibers terminate on the main output neurons of the cochlear nucleus. For 

example in the dorsal part of the cochlear nucleus, type I fibers connect with fusiform cells, 

which directly process information received from the ear and then deliver it to higher levels of 

the auditory pathway. In contrast, type II fibers terminate in the granule cell regions of the 

cochlear nucleus (Brown et al., 1988), Some granule cells receive direct input from type II fibers 

(Berglund and Brown, 1994). This is potentially significant because the granule cells provide a 

major source of input to nearby cells, whose function is inhibitory to the fusiform cells that are 

processing heard sounds. If type II fibers excite granule cells, their ultimate effect would be to 

diminish responses of fusiform cells to sound (Kaltenbach and Godfrey 2008). Evidence is 

mounting that loss of or even just over-stimulation of OHCs may lead to major disturbances in 

the balance of excitatory and inhibitory influences in the dorsal cochlear nucleus. One product of 

this disturbance is the emergence of hyperactivity, which is widely believed to contribute to the 

perception of phantom sounds or tinnitus (Kaltenbach et al., 2002; Kaltenbach and Godfrey 

2008). The granule cell system also connects to numerous auditory and non-auditory centers of 

the brain (Shore, 2005). Some of these centers are directly involved in audition, but others serve 

functions as diverse as attentional control, arousal, startle, the sense of balance, and the 

monitoring of head and ear position (Godfrey et al., 1997). Functions that have been attributed 

to the dorsal cochlear nucleus thus include sound localization, cancellation of self generated 

noise, orienting the head and ears to sound sources, and attentional gating (Oertel and Young, 

2004; Kaltenbach, 2006). Thus any input from OHCs to the circuitry of the dorsal cochlear 

nucleus could influence these functions at several levels. 

A-weighted wind turbine sound measurements

Measurements of sound levels generated by wind turbines presented by the wind industry are 

almost exclusively A-weighted and expressed as dBA. When measured in this manner, the 
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sound levels near turbines are typically in the range of 30-50 dBA, making wind turbine sounds 

“about the same level as noise from a flowing stream about 50-100 meters away or the noise of 

leaves rustling in a gentle breeze. This is similar to the sound level inside a typical living room 

with a gas fire switched on, or the reading room of a library or in an unoccupied, quiet, air-

conditioned office.” (Renewable UK, 2011). On the basis of such measurements, we would 

expect wind turbines to be very quiet machines that would be unlikely to disturb anyone to a 

significant degree. In contrast, the human perception of wind turbine noise is considerably 

different. Pedersen and Persson-Waye (2004) reported that for many other types of noise (road 

traffic, aircraft, railway) the level required to cause annoyance in 30% of people was over 70 

dBA, while wind turbine noise caused annoyance of 30% of people at a far lower level, at 

around 40 dBA. This major discrepancy is probably a consequence of A-weighting the wind 

turbine sound measurements, thereby excluding the low frequency components that contribute 

to annoyance. A-weighting corrects sound measurements according to human hearing 

sensitivity (based on the 40 phon sensitivity curve). The result is that low frequency sound 

components are dramatically de-emphasized in the measurement, based on the rationale that 

these components are less easily heard by humans. An example showing the effect of A-

weighting the turbine sound spectrum data of Van den Berg (2006) is shown in Figure 4.  The 

low frequency components of the original spectrum, which resulted in a peak level of 93 dB SPL 

at 1 Hz, are removed by A-weighting, leaving a spectrum with a peak level of 42 dBA near 1 

kHz.  A-weighting is perfectly acceptable if hearing the sound is the important factor. A problem 

arises though when A-weighted measurements or spectra are used to assess whether the wind 

turbine sound affects the ear. We have shown above that some components of the inner ear, 

specifically the OHC, are far more sensitive to low frequency sounds than is hearing. Therefore, 

A-weighted sounds do not give a valid representation of whether wind turbine noise affects the 

ear or other aspects of human physiology mediated by the OHC and unrelated to hearing. From 

Figure 3, we know that sound frequencies down to 3-4 Hz may be stimulating the OHC, yet the 
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A-weighted spectrum in Figure 4 cuts off all components below approximately 14 Hz. For this 

reason, the determination of whether wind turbine sounds affect people simply cannot be made 

based on A-weighted sound measurements. A-weighted measurements are inappropriate for 

this purpose and give a misleading representation of whether the sound affects the ear. 

Alternatives to A-weighting are the use of full-spectrum (unweighted), C-weighted or G-weighted 

measurements. G-weighted measurements use a weighting curve based on the human 

audibility curve below 20 Hz, and a steep cutoff above 20 Hz so that the normal audible range of 

frequencies is de-emphasized.  Although the shape of this function is arbitrary when hearing is 

not the primary issue, it does give a measure of the infrasound content of the sound that is 

independent of higher frequency, audible components, as shown in Figure 4. By applying the 

function to the normal human hearing sensitivity curve, it can be shown that sounds of 

approximately 95 dBG will be heard by humans, which agrees with observations by Van den 

Berg (2006). Similarly, by G-weighting the OHC sensitivity function in Figure 3, it can be 

estimated that sound levels of 60 dB G will stimulate the OHC of the human ear. In a survey of 

infrasound levels produced by wind turbines measured in dBG (Jacobsen 2005), upwind 

turbines typically generated infrasound of 60 – 70 dB G, although levels above and below this 

range were observed in this and other studies. From Jacobsen’s  G-weighted measurements, 

we conclude that the level of infrasound produced by wind turbines is of too low a level to be 

heard but in most cases is sufficient to cause stimulation of the OHC of the human ear. C-

weighting also provides more representation of low frequency sound components but still 

arbitrarily de-emphasizes infrasound components.

Is the infrasound from wind turbines harmful to humans living nearby?

Our present understanding of inner ear physiology and of the nature of wind turbine sounds 

demonstrates that low level infrasound produced by wind turbines can be transduced by the 
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OHC of the ear and this information transmitted to the cochlear nucleus of the brain via type II 

afferent fibers. We therefore conclude that statements such as “there is no significant infrasound 

from current designs of wind turbines” are undoubtedly false. The fact that infrasound-

dependent information, at levels that are not consciously heard, is present at the level of the 

brainstem provides a scientific basis for the possibility that such sounds can have influence on 

people.  The possibility that low frequency components of the sound could contribute both to 

high annoyance levels and to other problems that people report as a result of exposure to wind 

turbine noise cannot therefore be dismissed out of hand.

Nevertheless, the issue of whether wind turbine sounds can cause harm is more complex. In 

contrast to other sounds, such as loud sounds, which are harmful and damage the internal 

structure of the inner ear, there is no evidence that low level infrasound causes this type of 

direct damage to the ear. So infrasound from wind turbines is unlikely to be harmful in the same 

way as high level audible sounds. 

The critical issue is that if infrasound is detected, then can it have other detrimental effects on a 

person to a degree that constitutes harm? A major complicating factor in considering this issue 

is the typical exposure duration. Individuals living near wind turbines may be exposed to the 

turbine’s sounds for prolonged periods, 24 hours a day, 7 days a week for weeks, possibly 

extending to years, although the sound level will vary over time with varying wind conditions. 

While there have been many studies of infrasound on humans, these have typically involved 

higher levels for limited periods (typically of up to 24 hours).  In a search of the literature, no 

studies were found which come close to replicating the long-term exposures to low level 

infrasound experienced by those living near wind turbines.  So, to date, there are no published 

studies showing that such prolonged exposures do not harm humans. On the other hand, there 

are now numerous reports (e.g. Pierpont 2009; Punch et al, 2010)  discussed extensively in this 

journal  that are highly suggestive that individuals living near wind turbines are made ill, with a 
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plethora of symptoms which commonly include chronic sleep disturbance.  The fact that such 

reports are being dismissed on the grounds that the level of infrasound produced by wind 

turbines is at too low a level to be heard appears to totally ignore the known physiology of the 

ear. Pathways from the OHC to the brain exist by which infrasound that cannot be consciously 

perceived could influence other subconscious functions. So in contrast, from our perspective, 

there is ample evidence to support the view that infrasound could affect people, and which 

justifies the need for more detailed scientific studies of the problem. Thus it is possible that 

people’s health and well-being could suffer when turbines are placed too close to their homes 

and this becomes more probable if sleep is disturbed by the infrasound. Understanding these 

phenomena may be important to deal with other sources of low frequency noise and may 

establish why some individuals are more sensitive than others. A better understanding may also 

allow effective procedures to be implemented to mitigate the problem.

We can conclude that based on well-documented knowledge of the physiology of the ear and its 

connections to the brain, it is scientifically possible that infrasound from wind turbines could 

affect people living nearby.
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Figure 1

Upper panel: Full-spectrum recording (shown as signal voltage) of sound from a wind turbine 

recorded for 20 sec in a home with the wind turbine 1500’ downwind (digital recording kindly 

provided by Richard James). Lower Left Panel: Result of high pass filtering the waveform at 20 

Hz, showing the sound that is heard, including the sounds of blade passes. Lower Right Panel: 

Result of low pass filtering the waveform at 20 Hz, showing the infrasound component of the 

sound.  
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Figure 2

Wide band spectra of wind turbine sounds (Van den Berg, 2006; Jung and Cheung, 2008) 

compared with the sensitivity of human hearing (ISO226: 2003 above 20 Hz; Møller and 

Pederson, 2004 below 20 Hz). The levels of sounds above 30 Hz are above the audibility curve 

and would be heard. Below 30 Hz, levels are below the audibility curve so these components 

would not be heard. 
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Figure 3

The thin line shows the estimated sensitivity of inner hair cells (IHC) as a function of frequency, 

which is comparable with the human audibility curve shown in Figure 2 and which is consistent 

with hearing being mediated by the IHC (based on Cheatham and Dallos, 2001). The thick line 

shows the estimated sensitivity of the outer hair cells (OHC), which are substantially more 

sensitive than the IHC at low frequencies. Sound components of the overlaid wind turbine 

spectra within the shaded region (approximately 5 Hz to 50 Hz) are too low to stimulate the IHC 

and cannot therefore be perceived, but are of sufficient level to stimulate the OHC. The inset 

shows a cross-section of the sensory organ of the cochlea (the organ of Corti) showing the 

locations of the IHC and OHC and the proportion of their afferent fibers (Type I and Type II 

respectively) that make up the auditory nerve. 
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Figure 4:

Low frequency components of wind turbine sound spectrum (below 1 kHz) before and after A-

weighting. The original spectrum was taken from Van den Berg (2006). The shaded area 

represents the degree of alteration of the spectrum by A-weighting. A weighting (i.e. adjusting 

the spectrum according to the sensitivity of human hearing) has the effect of ignoring the fact 

that low frequency sounds can stimulate the OHC at levels that are not heard. Representing this 

sound as 42 dBA, based on the peak of the spectrum, ignores the possibility that low frequency 

components down to frequencies as low as 5 Hz (From Figure 3) are stimulating the OHC. Also 

shown are the spectra after G-weighting (dotted) and C-weighting (dashed) for comparison.
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SLEEP AND LEARNING

Sleep promotes branch-specific
formation of dendritic spines
after learning
Guang Yang,1,2 Cora Sau Wan Lai,1 Joseph Cichon,1 Lei Ma,1,3

Wei Li,3 Wen-Biao Gan1*

How sleep helps learning and memory remains unknown. We report in mouse
motor cortex that sleep after motor learning promotes the formation of
postsynaptic dendritic spines on a subset of branches of individual layer
V pyramidal neurons. New spines are formed on different sets of dendritic
branches in response to different learning tasks and are protected from
being eliminated when multiple tasks are learned. Neurons activated during
learning of a motor task are reactivated during subsequent non–rapid eye
movement sleep, and disrupting this neuronal reactivation prevents
branch-specific spine formation. These findings indicate that sleep has
a key role in promoting learning-dependent synapse formation
and maintenance on selected dendritic branches, which contribute
to memory storage.

S
leep has an important role in learning and
memory consolidation (1–5). During sleep,
neurons involved in wakeful experiences
are reactivated in multiple brain regions
(6–12), and neuronal networks exhibit var-

ious patterns of rhythmic activity (13, 14). Given
the crucial function of neuronal activity in syn-
aptic plasticity, sleep likely modulates synaptic
connections that are important for long-term
memory formation (15–18). Nevertheless, the
role of sleep in experience-dependent changes
of synaptic connections remains controversial
(19–22). Overall synaptic strength and numer-
ous synaptic proteins are up-regulated during
wakefulness and down-regulated during slow-
wave sleep (23, 24). A net loss of synapses is

found during sleep in the developing mouse
cortex (25, 26) and in the invertebrate nervous
system (27, 28). These observations support
the hypothesis that sleep is important for the
downscaling of synaptic connectivity that has
been potentiated duringwakefulness (29). How-
ever, ocular dominance plasticity and cortical-
evoked local field potential increase rather
than decrease after a slow-wave sleep episode
(30, 31). The expression of several proteins re-
quired for synaptic plasticity increases during
the early hours of sleep (32, 33). Furthermore, the
number of synapses increases during early de-
velopment when animals sleep themost (34, 35).
Together, these studies support the opposing
view that sleep promotes, rather than down-
regulates, synaptic plasticity related to learning
and memory.
We examined how sleep affects the remodeling

of postsynaptic dendritic spines induced bymotor
learning in the mouse primary motor cortex.
Rotarod motor learning increases dendritic spine
formation on apical tuft dendrites of layer V
pyramidal neurons in the motor cortex within

2 days (18, 36). To investigate whether sleep is
involved in this process, we first determined the
time course of spine remodeling in mice that
were trained to run forward on an accelerated
rotating rod. Yellow fluorescent protein (YFP)–
labeled dendrites in the hind limb region of the
motor cortexwere imaged inawakehead-restrained
mice before and in the hours after training with
transcranial two-photonmicroscopy (18, 37). The
formation rate of new spines in trained mice
was significantly higher within 6 hours after
training and continued to increase within the
first day when compared to that in untrained
controls (P < 0.05) (Fig. 1, A and B). In contrast,
rotarod training had no significant effect on the
elimination rate of existing spines within 6 to
48 hours (Fig. 1C).
We observed that, 24 hours after motor train-

ing, only a fraction (~30%) of apical tuft branches
(average branch length: 62.7 T 1.3 mm) in trained
mice showed a higher rate of spine formation
than the branches in untrained mice (Fig. 1D
and fig. S1). When spine formation on two sib-
ling branches sharing the same parent branch
was compared, the difference in spine forma-
tion, but not spine elimination, between sibling
branches was also significantly larger in trained
mice than in untrained controls (Fig. 1, D to F)
(P < 0.0001 for spine formation; P = 0.52 for
spine elimination) (fig. S2). To investigate this
branch-specific spine formation further, we
classified the sibling branch with higher spine
formation as a “high-formation branch” (HFB)
and the other as a “low-formation branch”
(LFB) (Fig. 1G). Twenty-four hours after train-
ing, the average rate of spine formation on HFBs
in trained mice (15.3 T 1.3%) was 2.4 to 3.5 times
that of HFBs (6.4 T 0.8%) or LFBs (4.4 T 0.9%)
in untrained control mice (P < 0.0001) (Fig.
1H). The difference in spine formation between
HFBs and LFBs was statistically larger for sib-
ling branches than for randomly paired branches
(P < 0.0001) (Fig. 1I). However, spine forma-
tion on LFBs in trained mice (5.2 T 0.5%) was
not significantly different from that on either
HFBs (P = 0.19) or LFBs (P = 0.49) in untrained
controls. There was also no significant differ-
ence in spine elimination between HFBs and
LFBs in both trained (P = 0.15) and untrained
animals (P > 0.9) (Fig. 1J).

1Skirball Institute, Department of Neuroscience and
Physiology, New York University School of Medicine, New
York, NY 10016, USA. 2Department of Anesthesiology, New
York University School of Medicine, New York, NY 10016,
USA. 3Drug Discovery Center, Key Laboratory of Chemical
Genomics, Peking University Shenzhen Graduate School,
Shenzhen, 518055, China.
*Corresponding author. E-mail: gan@saturn.med.nyu.edu
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Fig. 1. Motor learning induces
branch-specific spine forma-
tion. (A) Transcranial two-
photon imaging in the primary
motor cortex of awake, head-
restrainedmicebefore andafter
rotarod motor training. (B and
C) The percentage of dendritic
spinesformed(B)andeliminated
(C) over time after one
session of rotarod training
(20 trials). Motor training pro-
gressively increased new spine
formation over the course of
6 to 48 hours. No significant
difference in the rate of spine
elimination was observed within
48 hours after training.The num-
ber of animals is indicated on
each column. (D) An example of
two sibling apical tuft branches
with different degrees of spine
formation 24 hours after training.
Filled arrowheads indicate newly
formed dendritic spines and
open ones indicate eliminated
spines over a 24-hour interval.
Asterisks indicate dendritic
filopodia. (E) Motor training–
induced spine formation was
significantly different between
sibling branches (15 trainedmice
and 8 control mice). (F) No
significant difference in spine
elimination between sibling
branches. (G) Classification of
sibling dendritic branches to
HFBs and LFBs on the basis of the spine formation rate relative to each other.
(H) Motor training significantly increased the rate of spine formation on HFBs
24 hours after training. (I) The average of measured difference in spine for-
mation between HFBs and LFBswas statistically larger (P < 0.0001) for sibling
branches (red circle) than for randomly paired branches (box plot of results
from 100 simulations of random pairing).The simulation was performed to test
the null hypothesis that learning-induced spine changes are distributed randomly
across all branches. (J) There was no significant difference in spine elimina-
tion between HFBs and LFBs 24 hours after training. (K and L) Mice were
first trained to run forward on an accelerating rotarod and, 12 hours later, to

run either forward (F-F) or backward (F-B).Correlation of spine formation rate
on individual branches between 0–12 hours and 12–24 hours.The correlation
waspositivewhen animalswere subjected to the same forward training [(K) n=
6 mice] and negative when the animals were trained with a backward running
task [(L) n = 8mice]. (M) Experimental designs are shown in (K) and (L). Sibling
branches were classified as HFBs and LFBs on the basis of the degree of spine
formation induced by the initial forward training from 0 to 12 hours.There is a
significant increase in spine formationonLFBs thanonHFBsafter backward training,
not after forward running or no training, from 12 to 24 hours. Data are presented
as means T SEM. *P < 0.05. **P < 0.01. ****P < 0.0001, nonparametric test.
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Different motor learning tasks often activate
the same neurons in the motor cortex (38). We
wondered whether different learning tasks lead
to spine formation on the same or different
dendritic branches. To address this question,
we trained mice to run forward and, 12 hours
later, to run either forward or backward (Fig. 1,
K and L). When mice were subjected to the
second session of forward running 12 hours
after the initial forward-running session, new
spines formed during 0 to 12 hours and 12 to
24 hours tended to occur on the same set of
branches, although the effect was not statisti-
cally significant (Fig. 1K). In contrast, running
backwards induced spine formation on a set of
branches that showed little formation of new
spines in response to the previous forward run-
ning (Fig. 1L). Furthermore, when sibling branches
were classified as HFBs and LFBs based on the

degree of spine formation induced by the ini-
tial forward training, we found that backward
running, not forward running or no training,
induced spine formation mainly on the LFBs
but not on the HFBs during the second 12 hours
(Fig. 1M).
Our results thus far have revealed task- and

branch-specific spine formation over the course
of 24 hours after motor skill learning. To test a
potential role of sleep in this process, we exam-
ined spine formation in mice that were subjected
to rotarod training (one 40-trial session of forward
running, ~1 hour) and then sleep deprived (SD) for
7 hours by gentle handling (Fig. 2A). Electro-
encephalography (EEG) monitoring over 7 hours
showed that SD mice were awake 97.0 T 2.1% of
the time, whereas mice with undisturbed sleep
(non-SD) were awake only 26.4 T 2.9% of the
time (P < 0.05) (Fig. 2, B and C). There was a

significant reduction in learning-induced spine
formation over the entire 8 hours in SD mice
when compared to non-SD mice (Fig. 2D). Sleep
deprivation specifically reduced spine forma-
tion on HFBs (4.9 T 0.7% versus 9.3 T 0.7%; P <
0.0001), but not on LFBs (2.4 T 0.4% versus 1.8 T
0.4%; P = 0.16). To investigate whether the
effect of sleep deprivation on spine formation
might be stress-related, we administered the
stress hormone corticosterone (2.5 mg/kg) to
non-SD mice after motor training (fig. S3).
Corticosterone administration had no signifi-
cant effects on spine formation on either HFBs
or LFBs in the course of 8 hours (Fig. 2D), which
suggested that the elevation of stress hormones
associated with sleep deprivation is not impor-
tant for the reduction in spine formation after
learning.
To better understand the importance of sleep

in dendritic spine formation, we tested whether
the reduced spine formation after sleep depri-
vation could be compensated for by additional
training. Although spine formation on HFBs
was significantly higher with intensive training
(two 40-trial sessions) than with regular train-
ing (one 40-trial session) or no training in SD
mice (P < 0.05) (Fig. 2, A and D), it remained
significantly lower than in non-SD mice with
regular training (P < 0.05). There was no sig-
nificant difference in spine formation on LFBs
among all five groups [P = 0.35, one-way analysis
of variance (ANOVA)] (Fig. 2D). We also tested
whether the reduction in spine formation could
be compensated for by subsequent sleep by
allowing animals to sleep during the next
16 hours after the initial 7-hour sleep deprivation
(Fig. 2A). Over the subsequent 16 hours, the rate
of spine formation on either HFBs or LFBs was
found to be significantly lower in SD mice than
non-SD mice (P < 0.05) (Fig. 2E and fig. S4).
Thus, the reduction in spine formation after the
7-hour sleep deprivation could not be rescued by
either an additional training session or subse-
quent sleep.
A fraction of learning-induced new spines

persists over time, and the number of persisting
new spines correlates with long-term retention
of motor skills (18, 36). We followed the fate of
all new spines that were formed during 8 hours
with or without posttraining sleep (Fig. 3A). The
survival of new spines on HFBs was significantly
higher during the next day in mice with sleep
after learning than without (P < 0.05) (Fig. 3B).
In contrast, the survival of new spines on LFBs
was not significantly different between mice
with and without sleep (P = 0.97) (Fig. 3B). The
performance improvement in mice with post-
training sleep, when tested 1 or 5 days after the
initial training, was significantly larger when
compared to that of SD mice (P < 0.05) (Fig. 3C
and fig. S5). These results suggest that sleep
contributes significantly to the formation of
persistent new spines on HFBs, as well as motor
skill retention.
Previous studies have shown that the survival

of new spines is modulated by subsequent ex-
periences (18, 36). To better understand the
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persistence of new spines formed during post-
learning sleep, we examined how new spines
induced by forward running are affected by sub-
sequent motor learning experiences (Fig. 3D).
The survival rate of new spines on HFBs was
significantly higher when animals were trained
again with the forward-running task than when
animals were not trained or were subjected to
backward running (Fig. 3E). Notably, the sur-
vival rate of new spines on LFBs was signifi-
cantly lower in mice subjected to backward
running when compared with mice subjected to
either forward training or no training (P < 0.01)
(Fig. 3, D and E). This reduction in new den-
dritic spine survival on LFBs could be related
to the fact that backward training tended to
promote new spine formation on LFBs (Fig.
1M). Because the majority (78%) of total new
spines were formed on HFBs after forward
running, the persistence of the total new spines
induced by forward running was not signifi-
cantly affected after backward running (Fig. 3E).
The persistence of new spines formed during
postlearning sleep may underlie a well-known
feature of motor skill learning that, once a skill
is learned, it persists for long periods of time
with minimum interference by other learning
tasks.
How does sleep promote branch-specific spine

formation after learning? Sleep consists of two
basic states, rapid eye movement (REM) sleep and
non-REM (NREM) sleep. To explore the mecha-
nisms underlying sleep-dependent spine formation,
we first examinedwhether REM sleep is required
for spine formation after rotarod learning. Mice

were subjected to rotarod training (40 trials,
~1 hour) and deprived of REM sleep (REMD)
for 7 hours (Fig. 4A). REM sleep was monitored
continuously by EEG and electromyography
(EMG) recordings and disrupted by gentle touch-
ing upon detection. EEG and EMG monitoring
in the course of 7 hours showed that REM sleep
in REMD mice was significantly reduced when
compared to control mice (6.9 T 1.1 min versus
32.1 T 4.0 min; P < 0.01) (Figs. 2C and 4A). REM
deprivation during 7 hours did not disrupt
branch-specific spine formation inducedby learning
(Fig. 4B). Similar tomice with undisturbed sleep,
spine formation during 8 hours after training
was ~3.1 times as much on HFBs as on LFBs in
REMD mice.
Neurons associated with wakeful experi-

ence are reactivated in multiple brain regions
during subsequent NREM sleep, and this sleep
reactivation occurs after the prior wakeful ex-
perience (6–11). Because neuronal activity is
critical for regulating synaptic plasticity, neu-
ronal reactivation during NREM sleep could
be involved in promoting spine formation. We
therefore examined whether motor task–related
neurons are reactivated in the primary motor
cortex during NREM sleep by performing cal-
cium imaging of layer V pyramidal neurons
expressing the genetically encoded calcium
indicator GCaMP6 (39) (Fig. 4, C and D) (see
methods). In this experiment, head-restrained
mice were trained to run on a custom-built
treadmill under a two-photon microscope. We
found that, similar to rotarod motor learn-
ing, forward and backward running on the

treadmill induced branch-specific spine for-
mation in the course of 8 hours (fig. S6).
Many layer V pyramidal neurons showed in-
creased activity, as indicated by elevated levels
of Ca2+ in cell somata, during forward running
on the treadmill as compared to a state of quiet
wakefulness (Fig. 4E). Over the 5-min record-
ing period, ~41% (250 out of 617) of neurons
showed a large increase (>50%) in somatic
Ca2+ level (DFrunning/DFquiet > 1.5) and ~39%
(242 out of 617) of neurons showed no or moder-
ate increase (DFrunning/DFquiet = 1.0–1.5). When
the same neurons were followed over the next
8 hours, neurons with >50% increase in somatic
Ca2+ during running (DFrunning/DFquiet > 1.5,
defined as task-related neurons) also showed
higher levels of somatic Ca2+ during NREM
sleep when compared to that under the quiet
awake state (P < 0.0001) (Fig. 4F). To rule
out the possibility that certain neurons active
during postrunning sleep were not task-related,
we removed neurons highly active during pre-
running sleep from the analysis of sleep re-
activation during postrunning sleep (fig. S7).
We found that neurons highly activated during
forward running but not during prerunning sleep
(DFrunning/DFquiet > 1.5; DFprerun sleep/DFquiet < 1.5)
were reactivated during the postrunning sleep
episode (Fig. 4F). In contrast, neurons with no
or moderate increase (<50%) in somatic Ca2+

level during running did not show a significant
increase of Ca2+ activity during NREM sleep.
These observations are consistent with previous
electrophysiological studies of sleep replay in
several brain regions (6–11) and suggest that
neuronal reactivation of prior motor experience
also occurs in the motor cortex during extended
periods of time (>4 hours).
To test whether neuronal reactivation might

be involved in branch-specific spine formation,
we first blocked N-methyl-D-aspartate (NMDA)
receptors with MK801 and examined branch-
specific spine formation. MK801 (0.25 mg/kg)
injection after training significantly reduced the
activity of forward running–related neurons
duringNREM sleepwithin 8 hours after training
(P < 0.001) (Fig. 4F). MK801 administration also
blocked branch-specific spine formation after
training (P < 0.0001) (Fig. 4H).
MK801 not only reduces neuronal activity

during sleep but also alters the animals’ loco-
motion behavior in the first few hours after drug
administration (40). Therefore, the effect ofMK801
on spine formation may not be specifically re-
lated to altered neuronal activity during sleep. To
manipulate the extent of neuronal reactivation
more specifically, we took advantage of the
findings that sleep reactivation is related to prior
wakeful experience. We trained mice to run
forward and allowed them to sleep for 4 hours.
Subsequently, mice either received no further
training (F-N) or were trained to run forward
(F-F) or backward (F-B) (Fig. 4G). During the
second 4-hour sleep period, the reactivation of
neurons specific to forward running in the F-B
group was significantly reduced when com-
pared to neurons specific to backward-running
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or neurons activated during both forward and
backward running in the same F-B group (P <
0.01) (Fig. 4G). The reactivation of neurons
specific to forward running in the F-B group
was also significantly less than neurons ac-
tivated during forward running in the F-F and
F-N groups (P < 0.01) (Fig. 4G). Notably, when
spine formation on sibling branches was exam-
ined over the course of 8 hours, the rate of spine
formation on HFBs was significantly reduced
in the F-B group when compared to the F-F or
F-N group (P < 0.05) (Fig. 4H). The ratio of
spine formation rates between HFBs and LFBs
was 1.8 in the F-B group, substantially lower

than 3.5 and 5.6 in the F-F and F-N groups,
respectively. Because all three experimental
groups experienced a similar amount of sleep
but differed in the extent of neuronal reacti-
vation associated with forward training, these
results provide further evidence for the role of
sleep reactivation in branch-specific spine
formation.
Sleep is widely believed to be important for

memory consolidation, but the underlying pro-
cesses remain elusive. There are conflicting
views as to whether non-REM sleep contributes
to memory consolidation by either promoting or
down-regulating synaptic plasticity (19–22, 29).

By directly imaging postsynaptic dendritic
spines over time in the mouse cortex, our results
indicate that sleep after learning promotes new
spine formation on different sets of apical tuft
branches of individual layer V pyramidal neurons.
Furthermore, this sleep-dependent, branch-specific
spine formation facilitates new spine survival
when animals learn different tasks. These find-
ings suggest that sleep promotes learning-induced
synapse formation to aid long-term memory
storage.
Different motor learning tasks cause spine

formation on different sets of dendritic branches.
Furthermore, additional training without sleep
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could promote branch-specific formation (Fig.
2D). Thus, it appears that which set of den-
dritic branches forms new spines is deter-
mined by specific features (input or activity
patterns) of a learning task, rather than by
sleep. Our data suggest that reactivation of
task-specific neurons during NREM sleep is
involved in forming new synapses after learn-
ing, although definitive proof that reactiva-
tion causes synaptic formation would require
simultaneous imaging of both reactivation
and synapses in the same neurons over time.
Neuronal reactivation during sleep may pro-
mote branch-specific spine formation in a
manner similar to awake learning experiences
(Fig. 2D), and its effectiveness in promoting
spine formation may vary at different times
of the day (fig. S8). Sleep reactivation could
also allow the expression of specific genes
critical for the growth of new synaptic con-
nections (32, 33). Future studies are needed to
address these questions in order to better under-
stand how sleep contributes to memory storage
in the brain.
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SCHIZOPHRENIA

Specific disruption of thalamic
inputs to the auditory cortex in
schizophrenia models
Sungkun Chun, Joby J. Westmoreland, Ildar T. Bayazitov, Donnie Eddins, Amar K. Pani,
Richard J. Smeyne, Jing Yu, Jay A. Blundon, Stanislav S. Zakharenko*

Auditory hallucinations in schizophrenia are alleviated by antipsychotic agents that inhibit
D2 dopamine receptors (Drd2s). The defective neural circuits and mechanisms of their
sensitivity to antipsychotics are unknown. We identified a specific disruption of synaptic
transmission at thalamocortical glutamatergic projections in the auditory cortex in murine
models of schizophrenia-associated 22q11 deletion syndrome (22q11DS). This deficit is
caused by an aberrant elevation of Drd2 in the thalamus, which renders 22q11DS
thalamocortical projections sensitive to antipsychotics and causes a deficient acoustic
startle response similar to that observed in schizophrenic patients. Haploinsufficiency
of the microRNA-processing gene Dgcr8 is responsible for the Drd2 elevation and
hypersensitivity of auditory thalamocortical projections to antipsychotics. This suggests
that Dgcr8-microRNA-Drd2–dependent thalamocortical disruption is a pathogenic event
underlying schizophrenia-associated psychosis.

S
chizophrenia (SCZ) is one of the most de-
bilitating forms of mental illness (1). Posi-
tive symptoms of SCZ, including auditory
hallucinations, are among the most enig-
matic. Antipsychotic agents acting via D2

dopamine receptors (Drd2s) alleviate auditory
hallucinations in most patients (2, 3) but do not
treat other symptoms (such as cognitive deficits,
dampened emotions, and social withdrawal) (4).
Sensory cortex malfunction has been implicated
in hallucinations (5, 6), but which neural circuits
become faulty and how they develop selective
sensitivity to antipsychotics are unknown.
We tested synaptic transmission at excitatory pro-

jections in the auditory cortex (ACx) of Df(16)1/+
mice (7, 8), a mouse model of schizophrenia-
associated 22q11 deletion syndrome (22q11DS)
(9) (Fig. 1A). Because positive symptoms emerge
during adolescence or early adulthood, we used
mature (4- to 5-month-old) mice. We measured
evoked AMPA receptor (AMPAR)–mediated ex-
citatory postsynaptic currents (EPSCs) from layer

(L) 3/4 pyramidal neurons, the main thalamo-
recipient neurons in the ACx (10), in response to
stimulation of thalamocortical (TC) or cortico-
cortical [CC (L3/4-L3/4 or L1-L3/4)] projections in
slices containing the auditory thalamus [the ventral
medial geniculate nucleus (MGv)], ACx, and hippo-
campus (Fig. 1, B to E). We also measured synaptic
transmission at corticothalamic (CT) projections
by recording CT EPSCs in MGv thalamic neurons
(Fig. 1F) and at hippocampal CA3-CA1 projections
by recording field excitatory postsynaptic potentials
(fEPSPs) (Fig. 1G). Only TC projections were defi-
cient in Df(16)1/+ mice as compared to wild-type
(WT) littermates [30 (WT)/30 (Df(16)1/+) neurons]
(Fig. 1C and fig. S1), and this deficit occurred in
both female and male mice (fig. S2). Synaptic trans-
mission at CC [19 out of 19 (19/19) and 17/16 neu-
rons for L3/4-L3/4 and L1-L3/4, respectively], CT
(14/16 neurons), or hippocampal (24/29 slices)
projections was normal (Fig. 1, D to G, and fig. S1).
Several findings supported the idea that TC de-

ficiency in Df(16)1/+ mice is presynaptic. Two-
photon calcium imaging in dendritic spines of
L3/4 neurons loaded with the calcium indicator
Fluo-5F and cytoplasmic dye Alexa 594 (Fig. 1H)
identified functional TC inputs (Fig. 1I). The
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Environmental and Workplace Health

Wind Turbine Noise and Health Study: Summary of Results

Background and Rationale

The Government of Canada is committed to protecting the health and well-being of Canadians. 
Jurisdiction for the regulation of noise is shared across many levels of government in Canada. 
Health Canada's mandate with respect to wind power includes providing science-based advice, 
upon request, to federal departments, provinces, territories and other stakeholders on the 
potential impacts of wind turbine noise (WTN) on community health and well-being. Provinces and 
territories, through the legislation they have enacted, make decisions in relation to areas including 
installation, placement, sound levels and mitigation measures for wind turbines.

Globally, wind energy is relied upon as an alternative source of renewable energy. In Canada wind 
energy capacity has grown from approximately 137 Megawatts (MW) in 2000 to just over 8.5 
Gigawatts (GW) in 2014 (CANWEA, 2014). At the same time, there has been concern from some 
Canadians living within the vicinity of wind turbine installations that their health and well-being are 
negatively affected from exposure to WTN.

The scientific evidence base in relation to WTN exposure and health is limited, which includes 
uncertainty as to whether or not low frequency noise (LFN) and infrasound from wind turbines 
contributes to the observed community response and potential health impacts. Studies that are 
available differ in many important areas including methodological design, the evaluated health 
effects, and strength of the conclusions offered.

In July 2012, Health Canada announced its intention to undertake a large scale epidemiology study 
in collaboration with Statistics Canada (Statistics Canada Official Title: Community Noise and 
Health Study). The study was launched to support a broader evidence base on which to provide 
federal advice and in acknowledgement of the community health concerns expressed in relation to 
wind turbines.

Research Objectives and Methodology

The objectives of the study were to:

• Investigate the prevalence of health effects or health indicators among a sample of 
Canadians exposed to WTN using both self-reported and objectively measured health 
outcomes;

• Apply statistical modeling in order to derive exposure response relationships between WTN 
levels and self-reported and objectively measured health outcomes; and,

• Investigate the contribution of LFN and infrasound from wind turbines as a potential 
contributing factor towards adverse community reaction.

The study was undertaken in two Canadian provinces, Ontario (ON) and Prince Edward Island 
(PEI), where there were a sufficient number of homes within the vicinity of wind turbine 
installations. The study consisted of three primary components:  an in-person questionnaire, 
administered by Statistics Canada to randomly selected participants living at varying distances 
from wind turbine installations; collection of objectively measured outcomes that assess hair 
cortisol, blood pressure and sleep quality; and, more than 4000 hours of WTN measurements 
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conducted by Health Canada to support the calculation of WTN levels at residences captured in the 
study scope. To support the assessment and reporting of data, and permit comparisons to other 
studies, residences were grouped into different categories of calculated outdoor A-weighted WTN 
levels as follows: less than 25 dB; 25-<30dB; 30-<35dB; 35-<40dB; and greater than or equal to 

40 dB1.

Detailed information on Health Canada's Wind Turbine Noise and Health Study methodology, 
including the 60-day public consultation and peer review process is available on the Health Canada
website. The detailed methodology for the study is also available in the peer reviewed literature 
(Michaud et al., Noise News International, 21(4): 14-23, 2013).

Preliminary Research Findings2

Health Canada has completed its preliminary analysis of the data obtained. Research findings are 
presented below in accordance with the study component in which they were obtained i.e. in-
person, self-report questionnaire findings, objectively measured responses, and noise 
measurements and calculations. As with other studies of this nature, a number of limitations and 
considerations apply to the study findings including:

• results may not be generalized to areas beyond the sample as the wind turbine locations in 
this study were not randomly selected from all possible sites operating in Canada;

• results do not permit any conclusions about causality; and,

• results should be considered in the context of all published peer-reviewed literature on the 
subject.

A. Study Population and Participation

The study locations were drawn from areas in ON and PEI where there were a sufficient number of 
homes within the vicinity of wind turbine installations. Twelve (12) and six wind turbine 
developments were sampled in ON and PEI, representing 315 and 84 wind turbines respectively. 
All potential homes within approximately 600 m of a wind turbine were selected, as well as a 
random selection of homes between 600 m and 10 km. From these, one person between the ages 
of 18 and 79 years from each household was randomly selected to participate.

The final sample size consisted of 2004 potential households. Of the 2004 locations sampled, 1570 

were found to be valid dwellings
3
 of which a total of 1238 households with similar demographics

4

participated, resulting in an overall participation rate of 78.9%. Participation rate was similar 
regardless of one's proximity to wind turbines and equally high in both provinces. The high 

response rates in this study help to reduce, but not eliminate, non-response bias5.

B. Self-Reported Questionnaire Results

Results are presented in relation to WTN levels. For findings related to WTN annoyance, results are 
also provided in relation to distance to allow for comparisons with other studies. WTN is a more 
sensitive measure of exposure level and allows for consideration of topography, wind turbine 
characteristics and the number of wind turbines at any given distance. To illustrate, two similar 
homes may exist in similar environments located at the same distance from the nearest turbine 
operating in areas with 1 small and 75 large wind turbines respectively. These homes would be 
treated the same if the analysis was conducted using only distance to the nearest wind turbine, 
however they would be completely different in terms of their WTN exposure levels.

The following were not found to be associated with WTN exposure:

• self-reported sleep (e.g., general disturbance, use of sleep medication, diagnosed sleep 
disorders);
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• self-reported illnesses (e.g., dizziness, tinnitus, prevalence of frequent migraines and 
headaches) and chronic health conditions (e.g., heart disease, high blood pressure and 
diabetes); and

• self-reported perceived stress and quality of life.

While some individuals reported some of the health conditions above, the prevalence was not 
found to change in relation to WTN levels.

1. Self-reported Sleep

Long-term sleep disturbance can have adverse impacts on health and disturbed sleep is one of the 
more commonly reported complaints documented in the community noise literature. Self-reported 
sleep disturbance has been shown in some, but not all, studies to be related to exposure to wind 
turbines.

The Pittsburgh Sleep Quality Index (PSQI) is a frequently used questionnaire for providing a 
validated measure of reported sleep pathology where scores can range from 0-21 and a global 
score of greater than 5 is considered to reflect poor sleep quality. The PSQI was administered as 
part of the overall questionnaire, which was supplemented with questions about the use of sleep 
medication, prevalence of sleep disorders diagnosed by a healthcare professional and how sleep 
disturbed people were in general over the last year.

Results of self-reported measures of sleep, that relate to aspects including, but not limited to 
general disturbance, use of sleep medication, diagnosed sleep disorders and scores on the PSQI, 
did not support an association between sleep quality and WTN levels.

2. Self-reported Illnesses and Chronic Diseases

Self-reports of having been diagnosed with a number of health conditions were not found to be 
associated with exposure to WTN levels. These conditions included, but were not limited to chronic 
pain, high blood pressure, diabetes, heart disease, dizziness, migraines, ringing, buzzing or 
whistling sounds in the ear (i.e., tinnitus).

3. Self-reported Stress

Exposure to stressors and how people cope with these stressors has long been considered by 
health professionals to represent a potential risk factor to health, particularly to cardiovascular 
health and mental well-being. The Perceived Stress Scale is a validated questionnaire that provides 
an assessment of the degree to which situations in one's life are appraised as stressful.

Self-reported stress, as measured by scores on the Perceived Stress Scale, was not found to be 
related to exposure to WTN levels.

4. Quality of Life

Impact on quality of life was assessed through the abbreviated version of the World Health 
Organization's Quality of Life scale; a validated questionnaire that has been used extensively in 
social studies to assess quality of life across the following four domains: Physical; Environmental; 
Social and Psychological.

Exposure to WTN was not found to be associated with any significant changes in reported quality 
of life for any of the four domains, nor with overall quality of life and satisfaction with health.

The following was found to be statistically associated with increasing levels of WTN:

• annoyance towards several wind turbine features (i.e. noise, shadow flicker, blinking 
lights, vibrations, and visual impacts).
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5 Annoyance

5.1 Community Annoyance as a Measure of Well-being

The questionnaire, administered by Statistics Canada, included themes that were intended to 
capture both the participants' perceptions of wind turbines and reported prevalence of effects 
related to health and well-being. In this regard, one of the most widely studied responses to 
environmental noise is community annoyance. There has been more than 50 years of social and 
socio-acoustical research related to the impact that noise has on community annoyance. Studies 
have consistently shown that an increase in noise level was associated with an increase in the 
percentage of the community indicating that they are "highly annoyed" on social surveys. The 
literature shows that in comparison to the scientific literature on noise annoyance to transportation 
noise sources such as rail or road traffic, community annoyance with WTN begins at a lower sound 
level and increases more rapidly with increasing WTN.

Annoyance is defined as a long-term response (approximately 12 months) of being "very or 
extremely annoyed" as determined by means of surveys. Reference to the last year or so is 
intended to distinguish a long term response from one's annoyance on any given day. The 
relationship between noise and community annoyance is stronger than any other self-reported 
measure, including complaints and reported sleep disturbance.

5.2 Community Annoyance Findings

Statistically significant exposure-response relationships were found between increasing WTN levels 
and the prevalence of reporting high annoyance.  These associations were found with annoyance 
due to noise, vibrations, blinking lights, shadow and visual impacts from wind turbines. In all 
cases, annoyance increased with increasing exposure to WTN levels.

The following additional findings in relation to WTN annoyance were obtained:

• At the highest WTN levels (≥ 40 dBA in both provinces), the following percentages of 
respondents were highly annoyed by wind turbine noise: ON-16.5%; PEI-6.3%. While 
overall a similar pattern of response was observed, the prevalence of WTN annoyance was 
3.29 times higher in ON versus PEI (95% confidence interval, 1.47 - 8.68).

• A statistically significant increase in annoyance was found when WTN levels exceeded 35 
dBA.

• Reported WTN annoyance was statistically higher in the summer, outdoors and during 
evening and night time.

• Community annoyance was observed to drop at distances between 1-2km in ON, compared 
to PEI where almost all of the participants who were highly annoyed by WTN lived within 
550m of a wind turbine. Investigating the reasons for provincial differences is outside the 
scope of the current study.

• WTN annoyance significantly dropped in areas where calculated nighttime background noise 
exceeded WTN by 10dB or more.

• Annoyance was significantly lower among the 110 participants who received personal 
benefit, which could include rent, payments or other indirect benefits of having wind turbines 
in the area e.g., community improvements. However, there were other factors that were 
found to be more strongly associated with annoyance, such as the visual appearance, 
concern for physical safety due to the presence of wind turbines and reporting to be 
sensitive to noise in general.

5.3 Annoyance and Health 
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• WTN annoyance was found to be statistically related to several self-reported health effects 
including, but not limited to, blood pressure, migraines, tinnitus, dizziness, scores on the 
PSQI, and perceived stress.

• WTN annoyance was found to be statistically related to measured hair cortisol, systolic and 
diastolic blood pressure.

• The above associations for self-reported and measured health endpoints were not dependent 
on the particular levels of noise, or particular distances from the turbines, and were also 
observed in many cases for road traffic noise annoyance.

• Although Health Canada has no way of knowing whether these conditions may have either 
pre-dated, and/or are possibly exacerbated by, exposure to wind turbines, the findings 
support a potential link between long term high annoyance and health.

• Findings suggest that health and well-being effects may be partially related to activities that 
influence community annoyance, over and above exposure to wind turbines.

C. Objectively Measured Results

Objectively measured health outcomes were found to be consistent and statistically related to 
corresponding self-reported results. WTN was not observed to be related to hair cortisol 
concentrations, blood pressure, resting heart rate or measured sleep (e.g., sleep latency, 

awakenings, sleep efficiency) following the application of multiple regression models6.

1. Measures Associated with Stress 

Hair cortisol, blood pressure and resting heart rate measures were applied in addition to the 
Perceived Stress Scale to provide a more complete assessment of the possibility that exposure to 
WTN may be associated with physiological changes that are known to be related to stress.

Cortisol is a well-establish biomarker of stress, which is traditionally measured from blood and/or 
saliva. However, measures from blood and saliva reflect short term fluctuations in cortisol and are 
influenced by many variables including time of day, food consumption, body position, brief stress, 
etc., that are very difficult to control for in an epidemiology study. To a large extent, such 
concerns are eliminated through measurement of cortisol in hair samples as cortisol incorporates 
into hair as it grows. With a predictable average growth rate of 1 cm per month, measurement of 
cortisol in hair makes it possible to retrospectively examine months of stressor exposure. 
Therefore cortisol is particularly useful in evaluating the potential impact that long term exposure 
to WTN has on one of the primary biomarkers linked to stress.

The results from multiple linear regression analysis reveal consistency between hair cortisol 
concentrations and scores on the Perceived Stress Scale (i.e., higher scores on this scale were 
associated with higher concentrations of hair cortisol) with neither measure found to be 
significantly affected by exposure to WTN. Similarly, while self-reported high blood pressure 
(hypertension) was associated with higher measured blood pressure, no statistically significant 
association was observed between measured blood pressure, or resting heart rate, and WTN 
exposure.

2. Sleep Quality

Sleep was measured using the Actiwatch2
TM

, which is a compact wrist-worn activity monitor that 
resembles a watch. This device has advanced sensing capabilities to accurately and objectively 
measure activity and sleep information over a period of several days. This device is considered to 
be a reliable and valid method of assessing sleep in non-clinical situations. The following measured 
sleep impacts were considered: sleep latency (how long it took to fall asleep); wake time after 
sleep onset (the total duration of awakenings); total sleep time; the rate of awakening bouts 
(calculates how many awakenings occur as a function of time spent in bed); and sleep efficiency 
(total sleep time divided by time in bed).
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Sleep efficiency is especially important because it provides a good indication of overall sleep 
quality. Sleep efficiency was found to very high at 85% and statistically influenced by gender, body 
mass index (BMI), education and caffeine consumption.

The rates of awakening bouts, total sleep time or sleep latency were further found in some cases 
to be related to: age, marital status, closing bedroom windows, BMI, physical pain, having a 
stand-alone air conditioner in the bedroom, self-reports of restless leg syndrome and being highly 
annoyed by the blinking lights on wind turbines.

While it can be seen that many variables had a significant impact on measured sleep, calculated 
outdoor WTN levels near the participants' home was not found to be associated with sleep 
efficiency, the rate of awakenings, duration of awakenings, total sleep time, or how long it took to 
fall asleep.

D. Wind Turbine Noise Measures Results

Note - To support a greater understanding of the concepts included in this section, Health Canada 
has developed a short Primer on Noise.

Scientists that study the community response to noise typically measure different sounds levels 
with a unit called the A-weighted decibel (dBA). The A-weighting reflects how people respond to 
the loudness of common sounds; that is, it places less importance on the frequencies to which the 
ear is less sensitive. For most community noise sources this is an acceptable practice. However, 
when a source contains a significant amount of low frequencies, an A-weighted filter may not fully 
reflect the intrusiveness or the effect that the sound may have (e.g. annoyance). In these cases, 
the use of a C-weighted filter (dBC) may be more appropriate because it is similar to the 
A-weighting except that it includes more of the contribution from the lower frequencies than the 
A-weighted filter.

1. A- Weighted

More than 4000 hours of WTN measurements conducted by Health Canada supported the 
calculations of A-weighted WTN levels at all 1238 homes captured in the study sample.

• Calculated outdoor A-weighted WTN levels for the homes participating in the study reached 
46 dBA for wind speeds of 8m/s. This approach is the most appropriate to quantify the 
potential adverse effects of WTN. The calculated WTN levels are likely to be representative of 
yearly averages with an uncertainty of about +/- 5dB and therefore can be compared to 
World Health Organization (WHO) guidelines. The WHO identifies an annual outdoor night 
time average of 40 dBA as the level below which no health effects associated with sleep 
disturbance are expected to occur even among the most vulnerable people (WHO (2009) 
Night Noise Guidelines for Europe).

2. Low Frequency Noise

Wind turbines emit LFN, which can enter the home with little or no reduction in energy potentially 
resulting in rattles in light weight structures and annoyance. Although the limits of LFN are not 
fixed, it generally includes frequencies from between 20Hz and 200Hz. C-weighted sound levels 
can be a better indicator of LFN in comparison to A-weighted levels, and were calculated in order 
to assess the potential LFN impacts.

• Calculated outdoor dBC levels for homes ranged from 24 dBC and reached 63 dBC.

• Three (3)% of the homes were found to exceed 60 dBC7.
• No additional benefit was observed in assessing LFN because C- and A-weighted levels were 

so highly correlated (r=0.94) that they essentially provided the same information. It was 
therefore not surprising that the relationship between annoyance and WTN levels was 
predicted with equal strength using dBC or dBA and that there was no association found 
between dBC levels and any of the self-reported illnesses or chronic health conditions 
assessed (e.g., migraines, tinnitus, high blood pressure, etc.)
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Categories are mutually exclusive. Only six out of 1238 dwellings in the study were above 45dBA; an 
inadequate sample size to create an additional category.

1

A more detailed presentation of the results will be submitted for publication in scientific journals. Results 
should only be considered final following peer-review and publication in the scientific literature.

2

434 were not valid dwellings; upon visiting the address Statistics Canada noted that the location was either 
demolished for unknown reasons, under construction, vacant for unknown reasons, an unoccupied seasonal 
dwelling, residents were outside the eligible age range, or not a home at all.

3

Some minor differences were found with respect to age, employment, type of home and home ownership.4

Non-response bias may be a problem depending upon the extent to which non participation is associated with 
the exposure of interest (in this case wind turbine exposure). This study did not include a non-response 

5

• Sound pressure levels were found to be below the recommended thresholds for reducing 
perceptible rattle and the annoyance that rattle may cause.

As LFN is generally considered to be an indoor noise problem, it was of interest to better 
understand how much outdoor LFN makes its way into the home.

• At a selection of representative homes, Health Canada measurements showed an average of 
14dB of outdoor WTN is blocked from entering a home at low frequencies (16 Hz - 100 Hz) 
with closed windows compared to an average reduction of 10dB with windows partially open.

3. Infrasound

Long-term measurements over a period of 1 year were also conducted in relation to infrasound 
levels.

• Infrasound from wind turbines could sometimes be measured at distances up to 10km from 
the wind turbines, but was in many cases below background infrasound levels.

• The levels were found to decrease with increasing distance from the wind turbine at a rate of 
3dB per doubling of distance beyond 1km, downwind from a wind turbine.

• The levels of infrasound measured near the base of the turbine were around the threshold of 
audibility that has been reported for about 1% of people that have the most sensitive 
hearing.

Due to the large volume of acoustical data, including that related to infrasound, analysis will 
continue over subsequent months with additional results being released at the earliest opportunity 
throughout 2015.

Data Availability and Application

Detailed descriptions of the above results will be submitted for peer review with open access in 
scientific journals and should only be considered final following publication. All publications by 
Health Canada related to the study will be identified on the Health Canada website.

Raw data originating from the study is available to Canadians, other jurisdictions and interested 
parties through a number of sources: Statistics Canada Federal Research Data Centres, the Health 
Canada website (noise data), open access to publications in scientific journals and conference 
presentations. Plain language abstracts outlining the research and identifying the scientific journals 
where papers can be found will further be published to the Departmental website.

Health Canada's Wind Turbine Noise and Health Study included both self-reported and physically 
measured health effects as together they provide a more complete overall assessment of the 
potential impact that exposure to wind turbines may have on health and well-being.

Study results will support decision makers by strengthening the peer-reviewed scientific evidence 
base that supports decisions, advice and policies regarding wind turbine development proposals, 
installations and operations. The data obtained will also contribute to the global knowledge of the 
relationship between WTN and health.
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survey, however refusing to participate was not related to the distance between the resident and the nearest 
wind turbine.

This type of analysis identifies the personal and situational variables that best explain the variation observed 
in the objective measures after adjusting for all variables that are known to have an influence on the effects 
being assessed.

6

For sources that operate at night in rural environments, a dBC limit somewhere between 60 dBC and 65 dBC 
has been recommended to minimize community complaints/annoyance associated with LFN, See discussion in 
Broner (2011). A simple outdoor criterion for assessment of low frequency noise emission. Acoustics Australia 
Vol 39, Issue 1, pp 7-14.

7

Date Modified: 2014-10-30 
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ORIGINAL ARTICLE

Wind Turbines and Health
A Critical Review of the Scientific Literature

Robert J. McCunney, MD, MPH, Kenneth A. Mundt, PhD, W. David Colby, MD, Robert Dobie, MD,
Kenneth Kaliski, BE, PE, and Mark Blais, PsyD

Objective: This review examines the literature related to health effects of
wind turbines. Methods: We reviewed literature related to sound measure-
ments near turbines, epidemiological and experimental studies, and factors
associated with annoyance. Results: (1) Infrasound sound near wind tur-
bines does not exceed audibility thresholds. (2) Epidemiological studies have
shown associations between living near wind turbines and annoyance. (3)
Infrasound and low-frequency sound do not present unique health risks. (4)
Annoyance seems more strongly related to individual characteristics than
noise from turbines. Discussion: Further areas of inquiry include enhanced
noise characterization, analysis of predicted noise values contrasted with
measured levels postinstallation, longitudinal assessments of health pre- and
postinstallation, experimental studies in which subjects are “blinded” to the
presence or absence of infrasound, and enhanced measurement techniques to
evaluate annoyance.

T he development of renewable energy, including wind, solar, and
biomass, has been accompanied by attention to potential envi-

ronmental health risks. Some people who live in proximity of wind
turbines have raised health-related concerns about noise from their
operations. The issue of wind turbines and human health has also
now been explored and considered in a number of policy, regulatory,
and legal proceedings.

This review is intended to assess the peer-reviewed literature
regarding evaluations of potential health effects among people living
in the vicinity of wind turbines. It will include analysis and com-
mentary of the scientific evidence regarding potential links to health
effects, such as stress, annoyance, and sleep disturbance, among oth-
ers, that have been raised in association with living in proximity
to wind turbines. Efforts will also be directed to specific compo-
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nents of noise associated with wind turbines such as infrasound and
low-frequency sound and their potential health effects.

We will attempt to address the following questions regarding
wind turbines and health:

1. Is there sufficient scientific evidence to conclude that wind tur-
bines adversely affect human health? If so, what are the circum-
stances associated with such effects and how might they be pre-
vented?

2. Is there sufficient scientific evidence to conclude that psycho-
logical stress, annoyance, and sleep disturbance can occur as a
result of living in proximity to wind turbines? Do these effects
lead to adverse health effects? If so, what are the circumstances
associated with such effects and how might they be prevented?

3. Is there evidence to suggest that specific aspects of wind turbine
sound such as infrasound and low-frequency sound have unique
potential health effects not associated with other sources of envi-
ronmental noise?

The coauthors represent professional experience and training
in occupational and environmental medicine, acoustics, epidemiol-
ogy, otolaryngology, psychology, and public health.

Earlier reviews of wind turbines and potential health implica-
tions have been published in the peer-reviewed literature1–6 by state
and provincial governments (Massachusetts, 2012, and Australia,
2014, among others) and trade associations.7

This review is divided into the following five sections:

1. Noise: The type associated with wind turbine operations, how it is
measured, and noise measurements associated with wind turbines.

2. Epidemiological studies of populations living in the vicinity of
wind turbines.

3. Potential otolaryngology implications of exposure to wind turbine
sound.

4. Potential psychological issues associated with responses to wind
turbine operations and a discussion of the health implications of
continuous annoyance.

5. Governmental and nongovernmental reports that have addressed
wind turbine operations.

METHODS
To identify published research related to wind turbines and

health, the following activities were undertaken:

1. We attempted to identify and assess peer-reviewed literature re-
lated to wind turbines and health by conducting a review of
PubMed, the National Library of Medicines’ database that in-
dexes more than 5500 peer-reviewed health and scientific journals
with more than 21 million citations. Search terms were wind tur-
bines, wind turbines and health effects, infrasound, infrasound and
health effects, low-frequency sound, wind turbine syndrome, wind
turbines and annoyance, and wind turbines and sleep disturbances.

2. We conducted a Google search for nongovernmental organiza-
tion and government agency reports related to wind turbines and
environmental noise exposure (see Supplemental Digital Content
Appendix 1, available at: http://links.lww.com/JOM/A179).
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3. After identifying articles obtained via these searches, they were
categorized into five main areas that are noted below (section D)
and referred to the respective authors of each section for their
review and analysis. Each author then conducted their own addi-
tional review, including a survey of pertinent references cited in
the identified articles. Articles were selected for review and com-
mentary if they addressed exposure and a health effect—whether
epidemiological or experimental—or were primary exposure as-
sessments.

4. Identified studies were categorized into the following areas:

I. Sound, its components, and field measurements conducted in
the vicinity of wind turbines;

II. Epidemiology;
III. Effects of sound components such as infrasound and

low-frequency sound on health;
IV. Psychological factors associated with responses to wind

turbines;
V. Governmental and nongovernmental reports.

5. The authors are aware of reports and commentaries that are not in
the scientific or medical peer-reviewed literature that have raised
concern about potential health implications for people who live
near wind turbines. These reports describe relatively common
symptoms with numerous causes, including headache, tinnitus,
and sleep disturbance. Because of the difficulties in comprehen-
sively identifying non–peer-reviewed reports such as these, and
the inherent uncertainty in the quality of non–peer-reviewed re-
ports, they were not included in our analysis, aside from some
books and government reports that are readily identified. A simi-
lar approach of excluding non–peer-reviewed literature in scien-
tific reviews is used by the World Health Organization (WHO)’s
International Agency for Research on Cancer (IARC) in its delib-
erations regarding identification of human carcinogens.8 Interna-
tional Agency for Research on Cancer, however, critically eval-
uates exposure assessments not published in the peer-reviewed
literature, if conducted with appropriate quality and in accor-
dance with international standards and guidelines. International
Agency for Research on Cancer uses this policy for exposure
assessments because many of these efforts, although containing
valuable data in evaluating health risks associated with an expo-
sure to a hazard, are not routinely published. The USA National
Toxicology Program also limits its critical analysis of potential
carcinogens to the peer-reviewed literature. In our view, because
of the critical effect of scientific studies on public policy, it is im-
perative that peer-reviewed literature be used as the basis. Thus,
in this review, only peer review studies are considered, aside from
exposure-related assessments.

RESULTS
Characteristics of Wind Turbine Sound

In this portion of the review, we evaluate studies in which
sound near wind turbines has been measured, discuss the use of mod-
eled sound levels in dose–response studies, and review literature on
measurements of low-frequency sound and infrasound from operat-
ing wind turbines. We evaluate sound levels measured in areas, where
symptoms have been reported in the context of proximity to wind tur-
bines. We address methodologies used to measure wind turbine noise
and low-frequency sound. We also address characteristics of wind
turbine sound, sound levels measured near existing wind turbines,
and the response of humans to different levels and characteristics
of wind turbine sound. Special attention is given to challenges and
methods of measuring wind turbine noise, as well as low-frequency
sound (20 to 200 Hz) and Infrasound (less than 20 Hz).

Wind turbines sound is made up from both moving com-
ponents and interactions with nonmoving components of the wind
turbine (Fig. 1). For example, mechanical components in the nacelle
can generate noise and vibration, which can be radiated from the
structure, including the tower. The blade has several components
that create aerodynamic noise, such as the blade leading edge, which
contacts the wind first in its rotation, the trailing edge, and the blade
tip. Blade/tower interactions, especially where the blades are down-
wind of the tower, can create infrasound and low-frequency sound.
This tower orientation is no longer used in large wind turbines.9

Sound Level and Frequency
Sound is primarily characterized by its pitch or frequency as

measured in Hertz (Hz) and its level as measured in decibels (dB).
The frequency of a sound is the number of times in a second that
the medium through which the sound energy is traveling (ie, air, in
the case of wind turbine sound) goes through a compression cycle.
Normal human hearing is generally in the range of 20 to 20,000 Hz.
As an example, an 88-key piano ranges from about 27.5 to 4186 Hz
with middle C at 261.6 Hz. As in music, ranges of frequencies can
be described in “octaves,” where the center of each octave band has
a frequency of twice that of the previous octave band (this is also
written as a “1/1 octave band”). Smaller subdivisions can be used
such as 1/3 and 1/12 octaves. The level of sound pressure for each
frequency band is reported in decibel units.

To represent the overall sound level in a single value, the levels
from each frequency band are logarithmically added. Because human
hearing is relatively insensitive to very low- and high-frequency
sounds, frequency-specific adjustments or weightings are added to
the unweighted sound levels before summing to the overall level.
The most common of these is the A-weighting, which simulates the
human response to various frequencies at relatively low levels (40
phon or about 50 dB). Examples of A-weighted sound levels are
shown in Fig. 2.

Other weightings are cited in the literature, such as the
C-weighting, which is relatively flat at the audible spectrum; G-
weighting, which simulates human perception and annoyance of
sound that lie wholly or partly in the range from 1 to 20 Hz; and
Z-weighting, which does not apply any weighting. The weighting of
the sound is indicated after the dB label. For example, an A-weighted
sound level of 45 dB would be written as 45 dBA or 45 dB(A). If no
label is shown, the weighting is either implied or unweighted.

FIGURE 1 . Schematic of a modern day wind turbine.
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FIGURE 2. Sample A-weighted sound pressure levels.

Beyond the overall level, wind turbine noise may be amplitude
modulated or have tonal components. Amplitude modulation is a
regular cycling in the level of pure tone or broadband sound. A
typical three-bladed wind turbine operating at 15 RPM would have
a modulation period or cycle length of about 1.3 seconds. Tones
are frequencies or narrow frequency bands that are much louder
than the adjacent frequencies in sound spectra. Prominent tones
can be identified through several standards, including ANSI S12.9
Part 4 and IEC 61400-11. Relative high-, mid-, and low-frequency
content can also define how the sound is perceived, as well as many
qualitative factors unique to the listener. Consequently, more than
just the overall levels can be quantified, and studies have measured
the existence of amplitude modulation, prominent tones, and spectral
content in addition to the overall levels.

Wind Turbine Sound Power and Pressure Levels
The sound power level is the intrinsic sound energy radiated

by a source. It is not dependent on the particular environment of the
sound source and the location of the receiver relative to the source.
The sound pressure level (SPL), which is measured by a sound-level
meter at a location, is a function of the sound power emitted by
neighboring sources and is highly dependent on the environment
and the location of the receiver relative to the sound source(s).

Wind turbine sound is typically broadband in character with
most of the sound energy at lower frequencies (less than 1000 Hz).
Although wind turbines produce sound at frequencies less than the
25 Hz 1/3 octave band, sound power data are rarely published below
that frequency. Most larger, utility-scale wind turbines have sound
power levels between 104 and 107 dBA. Measured sound levels be-
cause of wind turbines depend on several factors, including weather
conditions, the number of turbines, turbine layout, local topogra-
phy, the particular turbine used, distance between the turbines and
the receiver, and local flora. Meteorological conditions alone can
cause 7 to 14 dB variations in sound levels.10 Examples of the SPLs
because of a single wind turbine with three different sound pow-
ers, and at various distances, are shown in Fig. 3 as calculated with
ISO 9613-2.11 Measurement results of A-weighted, C-weighted, and
G-weighted sound levels have confirmed that wind turbine sound
attenuates logarithmically with respect to distance.12

With respect to noise standards, Hessler and Hessler13 found
an arithmetic average of 45 dBA daytime and 40 dBA nighttime
for governments outside the United States, and a nighttime average
of 47.7 dBA for US state noise regulation and siting standards.
The metrics for those levels can vary. Common metrics are the day-
evening-night level (Lden), day-night level (Ldn), equivalent average
level (Leq), level exceeded 90% of the time (L90), and median (L50).
The application of how these are measured and the time period
over which they are measured varies, meaning that, from a practical

FIGURE 3. Sound levels at varying setbacks and turbine
sound power levels—RSG Modeling, Using ISO 9613-2.

standpoint, sound-level limits are even more varied than the explicit
numerical level. The Leq is one of the more commonly used metric.
It is the logarithmic average of the squared relative pressure over a
period of time. This results in a higher weighting of louder sounds.

Owing to large number of variables that contribute to SPLs
because of wind turbines at receivers, measured levels can vary
dramatically. At a wind farm in Texas, O’Neal et al14 measured
sound levels with the nearest turbine at 305 m (1000 feet) and with
four turbines within 610 m (2000 feet) at 50 to 51 dBA and 63 dBC
(10-minute Leq), with the turbines producing sufficient power to
emit the maximum sound power. During the same test, sound levels
were 27 dBA and 47 dBC (10-minute Leq) inside a home that was
located 290 m (950 feet) from the nearest turbine and within 610 m
(2000 feet) of four turbines15 (see Fig. 4).

Bullmore et al16 measured wind turbine sound at distances
from 100 to 754 m (330 to 2470 feet), where they found sound levels
ranging from 40 to 55 dBA over various wind conditions. At typical
receiver distances (greater than 300 m or 1000 feet), sound was
attenuated to below the threshold of hearing at frequencies above the
1.25 kHz 1/3 octave band. In studies mentioned here, measurements
were made with the microphone between 1 and 1.6 m (3 and 5 feet)
above ground.

Wind Turbine Emission Characteristics

Low-Frequency Sound and Infrasound
Low-frequency sound is typically defined as sound from 20

to 200 Hz, and infrasound is sound less than 20 Hz. Low-frequency
sound and infrasound measurement results at distances close to wind
turbines (< 500 meters) typically show infrasound because of wind
farms, but not above audibility thresholds (such as ISO 226 or as
published by the authors12,15,17–21,149). One study found sound levels
360 m and 200 m from a wind farm to be 61 dBG and 63 dBG, respec-
tively. The threshold of audibility for G-weighted sound levels is 85
dBG. The same paper found infrasound levels of 69 dBG 250 m
from a coastal cliff face and 76 dBG in downtown Adelaide,
Australia.18 One study found that, even at distances less than 450
feet (136 m), infrasound levels were 80 dBG or less. At more typical
receiver distances (greater than 300 m or 1000 feet), infrasound lev-
els were 72 dBG or less. This corresponded to A-weighted sound
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FIGURE 4. Sound power of the Siemens SWT 2.3-93 (TX) wind turbine.15

levels of 56 and 49 dBA, respectively, higher than most existing
regulatory noise limits.12

Farther away from wind farms (1.5 km) infrasound is no higher
than what would be caused by localized wind conditions, reinforc-
ing the necessity for adequate wind-caused pseudosound reduction
measures for wind turbine sound-level measurements.22

Low-frequency sound near wind farms is typically audible,
with levels crossing the threshold of audibility between 25 and
125 Hz depending on the distance between the turbines and mea-
surement location.12,15,19,20,23 Figure 5 shows the frequency spectrum
of a wind farm measured at about 3500 feet compared with a truck at
50 feet, a field of insects and birds, wind moving through vegetation,
and the threshold of audibility according to ISO 387-7.

Amplitude Modulation
Wind turbine sound emissions vary with blade velocity and

are characterized in part by amplitude modulation, a broadband os-
cillation in sound level, with a cycle time generally corresponding to
the blade passage frequency. The modulation is typically located in
the 1/1 octave bands from 125 Hz to 2 kHz. Fluctuation magnitudes
are typically not uniform throughout the frequency range. These
fluctuations are typically small (2 to 4 dB) but under more unusual
circumstances can be as great as 10 dB for A-weighted levels and as
much as 15 dB in individual 1/3 octave bands.19,24 Stigwood et al24

found that, in groups of several turbines, the individual modulations
can often synchronize causing periodic increases in the modulation
magnitude for periods of 6 to 20 seconds with occasional periods
where the individual turbine modulations average each other out,
minimizing the modulation magnitude. This was not always the case
though, with periods of turbine synchronization occasionally lasting
for hours under consistent high wind shear, wind strength, and wind
direction.

Amplitude modulation is caused by many factors, including
blade passage in front of the tower (shadowing), sound emission
directivity of the moving blade tips, yaw error of the turbine blades
(where the turbine blades are not perpendicular to the wind), inflow
turbulence, and high levels of wind shear.19,24,25 Amplitude modu-
lation level is not correlated with wind speed. Most occurrences of
“enhanced” amplitude modulation (a higher magnitude of modula-
tion) are caused by anomalous meteorological conditions.19 Ampli-
tude modulation varies by site. Some sites rarely exhibit amplitude
modulation, whereas at others amplitude modulation has been mea-
sured up to 30% of the time.10 It has been suggested by some that

amplitude modulation may be the cause of “infrasound” complaints
because of confusing of amplitude modulation, the modulation of a
broadband sound, with actual infrasound.19

Tonality
Tones are specific frequencies or narrow bands of frequencies

that are significantly louder than adjacent frequencies. Tonal sound
is not typically generated by wind turbines but can be found in some
cases.20,26 In most cases, the tonal sound occurs at lower frequen-
cies (less than 200 Hz) and is due to mechanical noise originating
from the nacelle, but has also been found to be due to structural
vibrations originating from the tower, and anomalous aerodynamic
characteristics of the blades27 (see Fig. 5).

Sound Levels at Residences where Symptoms
Have Been Reported

One recent research focus has been the sound levels at (and
in) the residences of people who have complained about sound lev-
els emitted by turbines as some have suggested that wind turbine
noise may be a different type of environmental noise.28 Few studies
have actually measured sound levels inside or outside the homes of
people. Several hypotheses have been proposed about the charac-
teristics of wind turbine noise complaints, including infrasound,28

low-frequency tones,20 amplitude modulation,19,29 and overall noise
levels.

Overall Noise Levels
Because of the large variability of noise sensitivity among

people, sound levels associated with self-reported annoyance can
vary considerably. (Noise sensitivity and annoyance are discussed
in more detail later in this review.) People exposed to measured
external sound levels from 38 to 53 dBA (10-minute or 1-hour Leq).
Department of Trade and Industry,19 Walker et al,28 Gabriel et al,29

and van den Berg et al30,149 have reported annoyance. Sound levels
have also been measured inside complainant residences at between
22 and 37 dBA (10-minute Leq).19

Low Frequency and Infrasonic Levels
Concerns have been raised in some settings that low-frequency

sound and infrasound may be special features of wind turbine noise
that lead to adverse health effects.31 As a result, noise measure-
ments in areas of operating wind turbines have focused specifically
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FIGURE 5. Comparison of frequency
spectrum of a truck passby at 50 feet,
wind turbines at 3500 feet, insects,
birds, wind, and the threshold of au-
dibility according to ISO 387-7.

on sound levels in the low-frequency range and occasionally the
infrasonic range.

Infrasonic sound levels at residences are typically well below
published audibility thresholds, even thresholds for those particularly
sensitive to infrasound. Nevertheless, low-frequency sound typically
exceeds audibility thresholds in a range starting between 25 and 125
Hz.19,20,23 In some cases, harmonics of the blade passage frequency
(about 1 Hz, ie infrasound) have been measured at homes of people
who have raised concerns about health implications of living near
wind turbine with sound levels reaching 76 dB; however, these are
well below published audibility thresholds.28

Amplitude Modulation
Amplitude modulation has been suggested as a major cause

of complaints surrounding wind turbines, although little data have
been collected to confirm this hypothesis. A recent study of resi-
dents surrounding a wind farm that had received several complaints
showed predicted sound levels at receiver distances to be 33 dBA or
less. Residents were instructed to describe the turbine sound, when
they found it annoying. Amplitude modulation was present in 68 of
95 complaints. Sound recorders distributed to the residents exhibited
a high incidence of amplitude modulation.29

Limited studies have addressed the percentage of complaints
surrounding utility-scale wind farms, with only one comparing the
occurrence of complaints with sound levels at the homes. The com-
plaint rate among residents within 2000 feet (610 m) of the perime-
ter of five mid-western United States wind farms was approximately
4%. All except one of the complaints were made at residences, where
wind farm sound levels exceeded 40 dBA.13 The authors used the
LA90 metric to assess wind farm sound emissions. LA90 is the A-
weighted sound level that is exceeded 90% of the time. This metric
is used to eliminate wind-caused spikes and other short-term sound
events that are not caused by the wind farm.

In Northern New England, 5% of households within 1000
m of turbines complained to regulatory agencies about wind turbine
noise.32 All complaints were included, even those that were related to
temporary issues that were resolved. Up to 48% of the complainants
were at wind farms, where at least one noise violation was found or a
variance from the noise standard. A third of the all complaints were
due to a single wind farm.

Sound Measurement Methodology
Collection of accurate, comparable, and useful noise data de-

pends on careful and consistent methodology. The general method-

ology for environmental sound level monitoring is found in ANSI
12.9 Part 2. This standard covers basic requirements that include
the type of measurement equipment necessary, calibration proce-
dures, windscreen specifications, microphone placement guidance,
and suitable meteorological conditions. Nevertheless, there are no
recommendations for mitigating the effects of high winds (greater
than 5 m/s) or measuring in the infrasonic frequency range (less
than 20 Hz).33 Another applicable standard is IEC 61400-11, which
provides a method for determining the sound power of individual
wind turbines. The standard gives specifications for measurement
positions, the type of data needed, data analysis methods, report
content requirements, determination of tonality, determination of di-
rectivity, and the definitions and descriptors of different acoustical
parameters.34 The standard specifies a microphone mounting method
to minimize wind-caused pseudosound, but some have found the
setup to be insufficient under gusty wind conditions, and no recom-
mendations are given for infrasound measurement.35 Because the
microphone is ground mounted, it is not suitable for long-term mea-
surements.

Low-Frequency Sound and Infrasound Measurement
There are no standards currently in place for the measure-

ment of wind turbine noise that includes the infrasonic range
(ie, frequencies less than 20 Hz), although one is under develop-
ment (ANSI/ASA S12.9 Part 7). Consequently, all current attempts
to measure low-frequency sound and infrasound have either used an
existing methodology, an adapted existing methodology, or proposed
a new methodology.

The main problem with measuring low-frequency sound and
infrasound in environmental conditions is wind-caused pseudosound
due to air pressure fluctuation, because air flows over the microphone.
With conventional sound-level monitoring, this effect is minimized
with a wind screen and/or elimination of data measured during windy
periods (less than 5 m/s [11 mph] at a 2-m [6.5 feet] height).36 In the
case of wind turbines, where maximum sound levels may be coinci-
dent with ground wind speeds greater than 5 m/s (11 mph), this is not
the best solution. With infrasound in particular, wind-caused pseu-
dosound can influence measurements, even at wind speeds down to
1 m/s.12 In fact, many sound-level meters do not measure infrasonic
frequencies.

A common method of dealing with infrasound is using an
additional wind screen to further insulate the microphone from air
flow.18,35 In some cases, this is simply a larger windscreen that fur-
ther insulates the microphone from air flow.35 One author used a
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windscreen with a subterranean pit to shelter the microphone, and an-
other used wind resistant cloth.35 A compromise to an underground
microphone mounting is mounting the microphone close (20-cm
height) to the ground, minimizing wind influence, or using a standard
ground mounted microphone with mounting plate, as found in IEC
61400-11.35 Low-frequency sound and infrasound differences be-
tween measurements made with dedicated specialized windscreens
and/or measurement setup and standard wind screens/measurements
setups can be quite large.12,37 Nevertheless, increased measurement
accuracy can come at the cost of reduced accuracy at higher frequen-
cies using some methods.38

To further filter out wind-caused pseudosound, some authors
have advocated a combination of microphone arrays and signal pro-
cessing techniques. The purpose of the signal processing techniques
is to detect elements of similarity in the sound field measured at the
different microphones in the array.

Levels of infrasound from other environmental sources can
be as high as infrasound from wind turbines. A study of infrasound
measured at wind turbines and at other locations away from wind
turbines in South Australia found that the infrasound level at houses
near the wind turbines is no greater than that found in other urban
and rural environments. The contribution of wind turbines to the
infrasound levels is insignificant in comparison with the background
level of infrasound in the environment.22

Conclusions
Wind turbine noise measurement can be challenging because

of the necessity of measuring sound levels during high winds, and
down to low frequencies. No widely accepted measurement method-
ologies address all of these issues, meaning that methods used in
published measurements can differ substantially, affecting the com-
parability of results.

Measurements of low-frequency sound, infrasound, tonal
sound emission, and amplitude-modulated sound show that infra-
sound is emitted by wind turbines, but the levels at customary dis-
tances to homes are typically well below audibility thresholds, even
at residences where complaints have been raised. Low-frequency
sound, often audible in wind turbine sound, typically crosses the au-
dibility threshold between 25 and 125 Hz depending on the location
and meteorological conditions.12,15,19,20,23 Amplitude modulation, or
the rapid (once per second) and repetitive increase and decrease of
broadband sound level, has been measured at wind farms. Amplitude
modulation is typically 2 to 4 dB but can vary more than 6 dB in
some cases (A-weighted sound levels).19,24

A Canadian report investigated the total number of noise-
related complaints because of operating wind farms in Alberta,
Canada, over its entire history of wind power. Wind power capacity
exceeds 1100 MW; some of the turbines have been in operation for
20 years. Five noise-oriented complaints at utility-scale wind farms
were reported over this period, none of which were repeated after the
complaints were addressed. Complaints were more common during
construction of the wind farms; other power generation methods
(gas, oil, etc) received more complaints than wind power. Farmers
and ranchers did not raise complaints because of effects on crops
and cattle.41 An Australian study found a complaint rate of less than
1% for residents living within 5 km of turbines greater than 1 MW.
Complaints were concentrated among a few wind farms; many wind
farms never received complaints.15

Reviewing complaints in the vicinity of wind farms can be
effective in determining the level and extent of annoyance because
of wind turbine noise, but there are limitations to this approach.
A complaint may be because of higher levels of annoyance (rather
annoyed or very annoyed), and the amount of annoyance required for
an individual to complain may be dependent on the personality of the
person and the corresponding attitude toward the visual effect of the
turbines, their respective attitudes toward wind energy, and whether

they derive economic benefit from the turbines. (All of these factors
are discussed in more detail later in this report.)

Few studies have addressed sound levels at the residents of
people who have described symptoms they consider because of wind
turbines. Limited available data show a wide range of levels (38 to
53 dBA [10-minute or 1-hour Leq] outside the residence and from
23 to 37 dBA [10-minute Leq] inside the residence).19,26,28,28 The
rate of complaints surrounding wind farms is relatively low; 3%
for residents within 1 mile of wind farms and 4% to 5% within
1 km.13,32,41

Epidemiological Studies of Wind Turbines
Key to understanding potential effects of wind turbine noise

on human health is to consider relevant evidence from well-
conducted epidemiological studies, which has the advantage of re-
flecting risks of real-world exposures. Nevertheless, environmental
epidemiology is an observational (vs experimental) science that de-
pends on design and implementation characteristics that are subject
to numerous inherent and methodological limitations. Nevertheless,
evidence from epidemiological studies of reasonable quality may
provide the best available indication of whether certain exposures—
such as industrial wind turbine noise—may be harming human
health. Critical review and synthesis of the epidemiological evi-
dence, combined with consideration of evidence from other lines
of inquiry (ie, animal studies and exposure assessments), provide a
scientific basis for identifying causal relationships, managing risks,
and protecting public health.

Methods
Studies of greatest value for validly identifying risk fac-

tors for disease include well-designed and conducted cohort studies
and case–control studies—provided that specific diseases could be
identified—followed by cross-sectional studies (or surveys). Case
reports and case series do not constitute epidemiological studies and
were not considered because they lack an appropriate comparison
group, which can obscure a relationship or even suggest one where
none exists.39,40,42 Such studies may be useful in generating hypothe-
ses that might be tested using epidemiological methods but are not
considered capable of demonstrating causality, a position also taken
by international agencies such as the WHO.8

Epidemiological studies selected for this review were identi-
fied through searches of PubMed and Google Scholar using the fol-
lowing key words individually and in various combinations: “wind,”
“wind turbine,” “wind farm,” “windmill,” “noise,” “sleep,” “cardio-
vascular,” “health,” “symptom,” “condition,” “disease,” “cohort,”
“case–control,” “cross-sectional,” and “epidemiology.” In addition,
general Web searches were performed, and references cited in all
identified publications were reviewed. Approximately 65 documents
were identified and obtained, and screened to determine whether (1)
the paper described a primary epidemiological study (including ex-
perimental or laboratory-based study) published in a peer-reviewed
health, medical or relevant scientific journal; (2) the study focused
on or at least included wind turbine noise as a risk factor; (3) the
study measured at least one outcome of potential relevance to health;
and (4) the study attempted to relate the wind turbine noise with the
outcome.

Results
Of the approximately 80 articles initially identified in the

search, only 20 met the screening criteria (14 observational
and six controlled human exposure studies), and these were re-
viewed in detail to determine the relative quality and valid-
ity of reported findings. Other documents included several re-
views and commentaries4,5,7,43–51; case reports, case studies, and
surveys23,52–54; and documents published in media other than peer-
reviewed journals. One study published as part of a conference
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proceedings did not meet the peer-reviewed journal eligibility crite-
rion but was included because it seemed to be the first epidemiolog-
ical study on this topic and an impetus for subsequent studies.55

The 14 observational epidemiological studies were critically
reviewed to assess their relative strengths and weaknesses on the
basis of the study design and the general ability to avoid selection bias
(eg, the selective volunteering of individuals with health complaints),
information bias (eg, under- or overreporting of health complaints,
possibly because of reliance on self-reporting), and confounding
bias (the mixing of possible effects of other strong risk factors for
the same disease because of correlation with the exposure).

Figure 6 depicts the 14 observational epidemiological studies
published in peer-reviewed health or medical journals, all of which
were determined to be cross-sectional studies or surveys. As can be
seen from the figure, the 14 publications were based on analyses of
data from only eight different study populations, that is, six publi-
cations were based on analyses of a previously published study (eg,
Pedersen et al56 and Bakker et al57 were based on the data from Ped-
ersen et al58) or on combined data from previously published studies
(eg, Pedersen and Larsman59 and Pedersen and Waye60 were based
on the combined data from Pedersen and Waye61,62; and Pedersen63

and Janssen et al64 were based on the combined data from Pedersen
et al,58 Pedersen and Waye,61 and Pedersen and Waye62). Therefore,
in the short summaries of individual studies below, publications
based on the same study population(s) are grouped.

Summary of Observational Epidemiological Studies
Possibly the first epidemiological study evaluating wind tur-

bine sound and noise annoyance was published in the proceedings
of the 1993 European Community Wind Energy Conference.55 In-
vestigators surveyed 574 individuals (159 from the Netherlands, 216
from Germany, and 199 from Denmark). Up to 70% of the people

FIGURE 6. The 14 observational epidemiological studies
published in peer-reviewed health or medical journals, all
of which were determined to be cross-sectional studies or
surveys.

resided near wind turbines for at least 5 years. No response rates were
reported, so the potential for selection or participation bias cannot
be evaluated. Wind turbine sound levels were calculated in 5 dBA
intervals for each respondent, on the basis of site measurements and
residential distance from turbines. The authors claimed that noise-
related annoyance was weakly correlated with objective sound levels
but more strongly correlated with indicators of respondents’ attitudes
and personality.55

In a cross-sectional study of 351 participants residing in prox-
imity to wind turbines (power range 150 to 650 kW), Pederson (a
coauthor of the Wolsink55 study) and Persson and Waye61 described
a statistically significant association between modeled wind turbine
audible noise estimates and self-reported annoyance. In this section,
“statistically significant” means that the likelihood that the results
were because of chance is less than 5%. No respondents among
the 12 exposed to wind turbine noise less than 30 dBA reported
annoyance with the sound; however, the percentage reporting
annoyance increased with noise exceeding 30 dBA. No differences
in health or well-being outcomes (eg, tinnitus, cardiovascular
disease, headaches, and irritability) were observed. With noise
exposures greater than 35 dBA, 16% of respondents reported sleep
disturbance, whereas no sleep disturbance was reported among those
exposed to less than 35 dBA. Although the authors observed that
the risk of annoyance from wind turbine noise exposure increased
statistically significantly with each increase of 2.5 dBA, they also
reported a statistically significant risk of reporting noise annoyance
among those self-reporting a negative attitude toward the visual
effect of the wind turbines on the landscape scenery (measured on
a five-point scale ranging from “very positive” to “very negative”
opinion). These results suggest that attitude toward visual effect is
an important contributor to annoyance associated with wind turbine
noise. In addition to its reliance on self-reported outcomes, this
study is limited by selection or participation bias, suggested by the
difference in response rate between the highest-exposed individuals
(78%) versus lowest-exposed individuals (60%).

Pederson62 examined the association between modeled wind
turbine sound pressures and self-reported annoyance, health, and
well-being among 754 respondents in seven areas in Sweden with
wind turbines and varying landscapes. A total of 1309 surveys were
distributed, resulting in a response rate of 57.6%. Annoyance was sig-
nificantly associated with SPLs from wind turbines as well as having
a negative attitude toward wind turbines, living in a rural area, wind
turbine visibility, and living in an area with rocky or hilly terrain.
Those annoyed by wind turbine noise reported a higher prevalence
of lowered sleep quality and negative emotions than those not an-
noyed by noise. Because of the cross-sectional design, it cannot be
determined whether wind turbine noise caused these complaints or if
those who experienced disrupted sleep and negative emotions were
more likely to notice and report annoyance from noise. Measured
SPLs were not associated with any health effects studied. In the
same year, Petersen et al reported on what they called a “grounded
theory study” in which 15 informants were interviewed in depth
regarding the reasons they were annoyed with wind turbines and as-
sociated noise. Responses indicated that these individuals perceived
the turbines to be an intrusion and associated with feelings of lack
of control and influence.65 Although not an epidemiological study,
this exercise was intended to elucidate the reasons underlying the
reported annoyance with wind turbines.

Further analyses of the combined data from Pedersen and
Waye61,62 (described above) were published in two additional
papers.59,60 The pooled data included 1095 participants exposed
to wind turbine noise of at least 30 dBA. As seen in the two orig-
inal studies, a significant association between noise annoyance and
SPL was observed. A total of 84 participants (7.7%) reported being
fairly or very annoyed by wind turbine noise. Respondents reporting
wind turbines as having a negative effect on the scenery were also
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statistically significantly more likely to report annoyance to wind
turbine noise, regardless of SPLs.59 Self-reported stress was higher
among those who were fairly or very annoyed compared with those
not annoyed; however, these associations could not be attributed
specifically to wind turbine noise. No differences in self-reported
health effects such as hearing impairment, diabetes, or cardiovascu-
lar diseases were reported between the 84 (7.7%) respondents who
were fairly or very annoyed by wind turbine noise compared with all
other respondents.60 The authors did not report the power of the study.

Pederson et al56–58 evaluated the data from 725 residents in
the Netherlands living within 2.5 km of a site containing at least
two wind turbines of 500 kW or greater. Using geographic informa-
tion systems methods, 3727 addresses were identified in the study
target area, for which names and telephone numbers were found
for 2056; after excluding businesses, 1948 were determined to be
residences and contacted. Completed surveys were received from
725 for a response rate of 37%. Although the response rate was
lower than in previous cross-sectional studies, nonresponse analy-
ses indicated that similar proportions responded across all landscape
types and sound pressure categories.57 Calculated sound levels, other
sources of community noise, noise sensitivity, general attitude, and
visual attitude toward wind turbines were evaluated. The authors
reported an exposure–response relationship between calculated A-
weighted SPLs and self-reported annoyance. Wind turbine noise was
reported to be more annoying than transportation noise or industrial
noise at comparable levels. Annoyance, however, was also correlated
with a negative attitude toward the visual effect of wind turbines
on the landscape. In addition, a statistically significantly decreased
level of annoyance from wind turbine noise was observed among
those who benefited economically from wind turbines, despite equal
perception of noise and exposure to generally higher (greater than
40 dBA) sound levels.58 Annoyance was strongly correlated with
self-reporting a negative attitude toward the visual effect of wind
turbines on the landscape scenery (measured on a five-point scale
ranging from “very positive” to “very negative” opinion). The low
response rate and reliance on self-reporting of noise annoyance limit
the interpretation of these findings.

Results of further analyses of noise annoyance were reported
in a separate report,56 which indicated that road traffic noise had no
effect on annoyance to wind turbine noise and vice versa. Visibility
of, and attitude toward, wind turbines and road traffic were signifi-
cantly related to annoyance from their respective noise source; stress
was significantly associated with both types of noise.56,157

Additional analyses of the same data were performed using
a structural equation approach that indicated that, as with annoy-
ance, sleep disturbance increased with increasing SPL because of
wind turbines; however, this increase was statistically significant
only at pressures of 45 dBA and higher. Results of analyses of the
combined data from the two Swedish61,62 and the Dutch58 cross-
sectional studies have been published in two additional papers. Us-
ing the combined data from these three predecessor studies, Pedersen
et al56,58 identified 1755 (ie, 95.9%) of the 1830 total participants
for which complete data were available to explore the relationships
between calculated A-weighted SPLs and a range of indicators of
health and well-being. Specifically, they considered sleep interrup-
tion; headache; undue tiredness; feeling tense, stressed, or irritable;
diabetes; high blood pressure; cardiovascular disease; and tinnitus.63

As in the precursor studies, noise annoyance indoors and outdoors
was correlated with A-weighted SPLs. Sleep interruption seemed
at higher sound levels and was also related to annoyance. No other
health or well-being variables were consistently related to SPLs.
Stress was not directly associated with SPLs but was associated with
noise-related annoyance.

Another report based on these data (in these analyses, 1820
of the 1830 total participants) modeled the relationship between
wind turbine noise exposure and annoyance indoors and outdoors.64

The authors excluded respondents who benefited economically from
wind turbines, then compared their modeled results with other
modeled relationships for industrial and transportation noise; they
claimed that annoyance from wind turbine noise at or higher than 45
dBA is associated with more annoyance than other noise sources.

Shepherd et al,66 who had conducted an earlier evaluation
of noise sensitivity and Health Related Quality of Life (HRQL),158

compared survey results from 39 residents located within 2 km of
a wind turbine in the South Makara Valley in New Zealand with
139 geographically and socioeconomically matched individuals who
resided at least 8 km from any wind farm. The response rates for
both the proximal and more distant study groups were poor, that
is, 34% and 32%, respectively, although efforts were made to blind
respondents to the study hypotheses. No indicator of exposure to
wind turbine noise was considered beyond the selection of individu-
als based on the proximity of their residences from the nearest wind
turbine. Health-related quality-of-life (HRQOL) scales were used to
describe and compare the general well-being and well-being in the
physical, psychological, and social domains of each group. The au-
thors reported statistically significant differences between the groups
in some HRQOL domain scores, with residents living within 2 km of
a turbine installation reporting lower mean physical HRQOL domain
score (including lower component scores for sleep quality and self-
reported energy levels) and lower mean environmental quality-of-life
(QOL) scores (including lower component scores for considering
one’s environment to be less healthy and being less satisfied with the
conditions of their living space). No differences were reported for
social or psychological HRQOL domain scores. The group residing
closer to a wind turbine also reported lower amenity but not related
to traffic or neighborhood noise annoyance. Lack of actual wind tur-
bine and other noise source measurements, combined with the poor
response rate (both noted by the authors as limitations), limits the
inferential value of these results because they may pertain to wind
turbine emissions.66

Possibly the largest cross-sectional epidemiological study of
wind turbine noise on QOL was conducted in an area of northern
Poland with the most wind turbines.67 Surveys were completed by a
total of 1277 adults (703 women and 574 men), aged 18 to 94 years,
representing a 10% two-stage random sample of the selected com-
munities. Although the response rate was not reported, participants
were sequentially enrolled until a 10% sample was achieved, and the
proportion of individuals invited to participate but unable or refus-
ing to participate was estimated at 30% (B. Mroczek, dr hab n. zdr.,
e-mail communication, January 2, 2014). Proximity of residence was
the exposure variable, with 220 (17.2%) respondents within 700 m;
279 (21.9%) between 700 and 1000 m; 221 (17.3%) between 1000
and 1500 m; and 424 (33.2%) residing more than 1500 m from the
nearest wind turbine. Indicators of QOL and health were measured
using the Short Form–36 Questionnaire (SF-36). The SF-36 con-
sists of 36 questions specifically addressing physical functioning,
role-functioning physical, bodily pain, general health, vitality, so-
cial functioning, role-functioning emotional, and mental health. An
additional question concerning health change was included, as well
as the Visual Analogue Scale for health assessment. It is unclear
whether age, sex, education, and occupation were controlled for in
the statistical analyses. The authors report that, within all subscales,
those living closest to wind farms reported the best QOL, and those
living farther than 1500 m scored the worst. They concluded that liv-
ing in close proximity of wind farms does not result in the worsening
of, and might improve, the QOL in this region.67

A small survey of residents of two communities in Maine
with multiple industrial wind turbines compared sleep and general
health outcomes among 38 participants residing 375 to 1400 m
from the nearest turbine with another group of 41 individuals re-
siding 3.3 to 6.6 km from the nearest wind turbine.68 Participants
completed questionnaires and in-person interviews on a range of
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health and attitudinal topics. Prevalence of self-reported health and
other complaints was compared by distance from the wind turbines,
statistically controlling for age, sex, site, and household cluster in
some analyses. Participants living within 1.4 km of a wind turbines
reported worse sleep, were sleepier during the day, and had worse
SF-36 Mental Component Scores compared with those living farther
than 3.3 km away. Statistically significant correlations were reported
between Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale,
SF-36 Mental Component Score, and log-distance to the nearest wind
turbine. The authors attributed the observed differences to the wind
turbines68; methodological problems such as selection and reporting
biases were overlooked. This study has a number of methodological
limitations, most notably that all of the “near” turbine groups were
plaintiffs in a lawsuit against the wind turbine operators and had
already been interviewed by the lead investigator prior to the study.
None of the “far” group had been interviewed; they were “cold
called” by an assistant. This differential treatment of the two groups
introduces a bias in the integrity of the methods and corresponding
results. Details of the far group, as well as participation rates, were
not noted.68

In another study, the role of negative personality traits (de-
fined by the authors using separate scales for assessing neuroticism,
negative affectivity, and frustration intolerance) on possible associa-
tions between actual and perceived wind turbine noise and medically
unexplained nonspecific symptoms was investigated via a mailed
survey.69 Of the 1270 identified households within 500 m of eight
0.6 kW micro-turbine farms and within 1 km of four 5 kW small wind
turbine farms in two cities in the United Kingdom, only 138 ques-
tionnaires were returned, for a response rate of 10%. No association
was noted between calculated and actual noise levels and nonspecific
symptoms. A correlation between perceived noise and nonspecific
symptoms was seen among respondents with negative personality
traits. Despite the participant group’s reported representativeness of
the target population, the low survey response rate precludes firm
conclusions on the basis of these data.69

In a study of residents living near a “wind park” in Western
New York State, surveys were administered to 62 individuals living
in 52 homes.70 The wind park included 84 turbines. No association
was noted between self-reported annoyance and short duration sound
measurements. A correlation was noted between the measure of a
person’s concern regarding health risks and reported measures of the
prevalence of sleep disturbance and stress. While a cross-sectional
study is based on self-reported annoyance and health indicators, and
therefore limited in its interpretation, one of its strengths is that it
is one of the few studies that performed actual sound measurements
(indoors and outdoors).

A small but detailed study on response to the wind turbine
noise was carried out in Poland.71 The study population consisted
of 156 people, age 15–82 years, living in the vicinity of 3 wind
farms located in the central and northwestern parts of Poland. No
exclusion criteria were applied, and each individual agreeing to par-
ticipate was sent a questionnaire patterned after the one used in
the Pederson 2004 and Pederson 2007 studies and including ques-
tions on living conditions, self-reported annoyance due to noise from
wind turbines, and self-assessment of physical health and well-being
(such as headaches, dizziness, fatigue, insomnia, and tinnitus). The
response rate was 71%. Distance from the nearest wind turbine and
modeled A-weighted SPLs were considered as exposure indicators.
One third (33.3%) of the respondents found wind turbine noise an-
noying outdoors, and one fifth (20.5%) found the noise annoying
while indoors. Wind turbine noise was reported as being more an-
noying than other environmental noises, and self-reported annoyance
increased with increasing A-weighted SPLs. Factors such as attitude
toward wind turbines and “landscape littering” (visual impact) in-
fluenced the perceived annoyance from the wind turbine noise. This
study, as with most others, is limited by the cross-sectional design

and reliance on self-reported health and well-being indicators; how-
ever, analyses focused on predictors of self-reported annoyance, and
found that wind turbine noise, attitude toward wind turbines, and
attitude toward “landscape littering” explain most of the reported
annoyance.

Other Possibly Relevant Studies
A publication based on the self-reporting of 109 individuals

who “perceived adverse health effects occurring with the onset of
an industrial wind turbine facility” indicated that 102 reported either
“altered health or altered quality of life.” The authors appropriately
noted that this was a survey of self-selected participants who chose
to respond to a questionnaire specifically designed to attract those
who had health complaints they attributed to wind turbines, with no
comparison group. Nevertheless, the authors inappropriately draw
the conclusion that “Results of this study suggest an underlying
relationship between wind turbines and adverse health effects and
support the need for additional studies.”48(p.336) Such a report cannot
provide valid evidence of any relationship for which there is no
comparison and is of little if any inferential value.

Researchers at the School of Public Health, University of Syd-
ney, in Australia conducted a study to explore psychogenic explana-
tions for the increase around 2009 of wind farm noise and/or health
complaints and the disproportionate corresponding geographic dis-
tribution of those complaints.52 They obtained records of complaints
about noise or health from residents living near all 51 wind farms
(1634 turbines) operating between 1993 and 2012 from wind farm
companies and corroborated with documents such as government
public enquiries, news media records, and court affidavits. Of the
51 wind farms, 33 (64.7%) had no record of noise or health com-
plaints, including all wind farms in Western Australia and Tas-
mania. The researchers identified 129 individuals who had filed
complaints, 94 (73%) of whom lived near six wind farms tar-
geted by anti-wind advocacy groups. They observed that 90% of
complaints were registered after anti-wind farm groups included
health concerns as part of their advocacy in 2009. The authors con-
cluded that their findings were consistent with their psychogenic
hypotheses.

Discussion
No cohort or case–control studies were located in this up-

dated review of the peer-reviewed literature. The lack of pub-
lished case–control studies is less surprising and less critical be-
cause there has been no discrete disease or constellation of diseases
identified that likely or might be explained by wind turbine noise.
Anecdotal reports of symptoms associated with wind turbines in-
clude a broad array of nonspecific symptoms, such as headache,
stress, and sleep disturbance, that afflict large proportions of the
general population and have many recognized risk factors. Retro-
spectively associating such symptoms with wind turbines or even
measured wind turbine noise—as would be necessary in case–
control studies—does not prevent recall bias from influencing the
results.

Although cross-sectional studies and surveys have the advan-
tage of being relatively simple and inexpensive to conduct, they
are susceptible to a number of influential biases. Most importantly,
however, is the fact that, because of the simultaneous ascertain-
ment of both exposure (eg, wind turbine noise) and health outcomes
or complaints, the temporal sequence of exposure–outcome rela-
tionship cannot be demonstrated. If the exposure cannot be estab-
lished to precede the incidence of the outcome—and not the reverse,
that is, the health complaint leads to increased perception of or an-
noyance with the exposure, as with insomnia headaches or feeling
tense/stressed/irritable—the association cannot be evaluated for a
possible causal nature.
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Conclusions
A critical review and synthesis of the evidence available from

the eight study populations studied to date (and reported in 14 publi-
cations) provides some insights into the hypothesis that wind turbine
noise harms human health in those living in proximity to wind tur-
bines. These include the following:

� No clear or consistent association is seen between noise from
wind turbines and any reported disease or other indicator of harm
to human health.

� In most surveyed populations, some individuals (generally a small
proportion) report some degree of annoyance with wind turbines;
however, further evaluation has demonstrated:
• Certain characteristics of wind turbine sound such as its in-

termittence or rhythmicity may enhance reported perceptibility
and annoyance;

• The context in which wind turbine noise is emitted also influ-
ences perceptibility and annoyance, including urban versus rural
setting, topography, and landscape features, as well as visibility
of the wind turbines;

• Factors such as attitude toward visual effect of wind turbines
on the scenery, attitude toward wind turbines in general, per-
sonality characteristics, whether individuals benefit financially
from the presence of wind turbines, and duration of time wind
turbines have been in operation all have been correlated with
self-reported annoyance; and

• Annoyance does not correlate well or at all with objective sound
measurements or calculated sound pressures.

� Complaints such as sleep disturbance have been associated with
A-weighted wind turbine sound pressures of higher than 40 to
45 dB but not any other measure of health or well-being. Stress
was associated with annoyance but not with calculated sound
pressures.63

� Studies of QOL including physical and mental health scales and
residential proximity to wind turbines report conflicting findings–
one study (with only 38 participants living within 2.0 km of
the nearest wind turbine) reported lower HRQOL among those
living closer to wind turbines than respondents living farther
away,66 whereas the largest of all studies (with 853 living within
1500 m of the nearest wind turbine)67 found that those living closer
to wind turbines reported higher QOL and health than those living
farther away.67

Because these statistical correlations arise from cross-
sectional studies and surveys in which the temporal sequence of
the exposure and outcome cannot be evaluated, and where the effect
of various forms of bias (especially selection/volunteer bias and re-
call bias) may be considerable, the extent to which they reflect causal
relationships cannot be determined. For example, the claims such as
“We conclude that the noise emissions of wind turbines disturbed the
sleep and caused daytime sleepiness and impaired mental health in
residents living within 1.4 km of the two wind turbines installations
studied” cannot be substantiated on the basis of the actual study
design used and some of the likely biases present.70

Notwithstanding the limitations inherent to cross-sectional
studies and surveys—which alone may provide adequate explanation
for some of the reported correlations—several possible explanations
have been suggested for the wind turbines–associated annoyance
reported in many of these studies, including attitudinal and even
personality characteristics of the survey participants.69 Pedersen and
colleague,59 who have been involved in the majority of publica-
tions on this topic, noted “The enhanced negative response [toward
wind turbines] could be linked to aesthetical response, rather than to
multi-modal effects of simultaneous auditory and visual stimulation,
and a risk of hindrance to psycho-physiological restoration could
not be excluded.”(p.389) They also found that wind turbines might

be more likely to elicit annoyance because some perceive them to
be “intrusive” visually and with respect to their noise.65 Alterna-
tive explanations on the basis of evaluation of all health complaints
filed between 1993 and 2012 with wind turbine operators across
Australia include the influence of anti-wind power activism and the
surrounding publicity on the likelihood of health complaints, calling
the complaints “communicated diseases.”52

As noted earlier, the 14 papers meeting the selection criteria
for critical review and synthesis were based on only eight indepen-
dent study groups—three publications were based on the same study
group from the Netherlands58 and four additional publications were
based on the combined data from the two Swedish surveys61,62 or
from the combined data from all three. The findings across studies
based on analyses of the same data are not independent observa-
tions, and therefore the body of available evidence may seem to
be larger and more consistent than it should. This observation does
not necessarily mean that the relationships observed (or the lack of
associations between calculated wind turbines sound pressures and
disease or other indicators of health) are invalid, but that consistency
across reports based on the same data should not be overinterpreted
as independent confirmation of findings. Perhaps more important is
that all eight were cross-sectional studies or surveys, and therefore
inherently limited in their ability to demonstrate the presence or
absence of true health effects.

Recent controlled exposure laboratory evaluations lend sup-
port to the notion that reports of annoyance and other complaints
may reflect, at least in part, preconceptions about the ability of wind
turbine noise to harm health52,71,72 or even the color of the turbine73

more than the actual noise emission.
Sixty years ago, Sir Austin Bradford Hill delivered a lecture

entitled “Observations and Experiment” to the Royal College of
Occupational Medicine. In his lecture, Hill stated that “The observer
may well have to be more patient than the experimenter—awaiting
the occurrence of the natural succession of events he desires to study;
he may well have to be more imaginative—sensing the correlations
that lie below the surface of his observations; and he may well have
to be more logical and less dogmatic—avoiding as the evil eye the
fallacy of ‘post hoc ergo propter hoc,’ the mistaking of correlation
for causation.”74(p.1000)

Although it is typical and appropriate to point out the obvious
need for additional research, it may be worth emphasizing that more
research of a similar nature—that is, using cross-sectional or survey
approaches—is unlikely to be informative, most notably for public
policy decisions. Large, well-conducted prospective cohort studies
that document baseline health status and can objectively measure
the incidence of new disease or health conditions over time with the
introduction would be the most informative. On the contrary,
the phenomena that constitute wind turbine exposures—primarily
noise and visual effect—are not dissimilar to many other environ-
mental (eg, noise of waves along shorelines) and anthropogenic (eg,
noise from indoor Heating Ventilation and Air Conditioning or road
traffic) stimuli, for which research and practical experience indicate
no direct harm to human health.

Sound Components and Health: Infrasound,
Low-Frequency Sound, and Potential Health
Effects

Introduction
This section addresses potential health implications of infra-

sound and low-frequency sound because claims have been made that
the frequency of wind turbine sound has special characteristics that
may present unique health risks in comparison with other sources of
environmental sound.

Wind turbines produce two kinds of sound. Gears and gener-
ators can make mechanical noise, but this is less prominent than the
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TABLE 1. Human Thresholds for Different Frequencies

Frequency (Hz) Threshold (dB SPL)

100 27

25 69

10 97

SPL, sound pressure level.

aerodynamic noise of the blades, whose tips may have velocities in
excess of 200 mph. Three-bladed turbines often rotate about once
every 3 seconds; their “blade-pass” frequency is thus about 1 Hz
(Hz: cycle per second). For this reason, the aerodynamic noise often
rises and falls about once per second, and some have described the
sounds as “whooshing” or “pulsing.”

Several studies44,75,76 have shown that at distances of 300 m
or more, wind turbine sounds are below human detection thresholds
for frequencies less than 50 Hz. The most audible frequencies (those
whose acoustic energies exceed human thresholds the most) are in
500 to 2000 Hz range. At this distance from a single wind turbine,
overall levels are typically 35 to 45 dBA.77,78 These levels can be
audible in a typical residence with ambient noise of 30 dBA and
windows open (a room with an ambient level of 30 dBA would be
considered by most people to be quiet or very quiet). In outdoor
environments, sound levels drop about 6 dB for every doubling of
the distance from the source, so one would predict levels of 23 to
33 dBA, that is, below typical ambient noise levels in homes, at a
distance of 1200 m. For a wind farm of 12 large turbines, Møller and
Pedersen79 predicted a level of 35 dBA at a distance of 453 m.

As noted earlier in this report, sound intensity is usually mea-
sured in decibels (dB), with 0 dB SPL corresponding to the softest
sounds young humans can hear. Nevertheless, humans hear well only
within the frequency range that includes the frequencies most im-
portant for speech understanding—about 500 to 5000 Hz. At lower
frequencies, hearing thresholds are much higher.75 Although fre-
quencies lower than 20 Hz are conventionally referred to as “infra-
sound,” sounds in this range can in fact be heard, but only when they
are extremely intense (a sound of 97 dB SPL has 10 million times as
much energy as a sound of 27 dB; see Table 1).

Complex sounds like those produced by wind turbines contain
energy at multiple frequencies. The most complete descriptions of
such sounds include dB levels for each of several frequency bands
(eg, 22 to 45 Hz, 45 to 90 Hz, 90 to 180 Hz, . . . , 11,200 to 22,400 Hz).
It is simpler, and appropriate in most circumstances, to specify over-
all sound intensity using meters that give full weight to the frequen-
cies people hear well, and less weight to frequencies less than 500
Hz and higher than 5000 Hz. The resulting metric is “A-weighted”
decibels or dBA. Levels in dBA correlate well with audibility; in
a very quiet place, healthy young people can usually detect sounds
less than 20 dBA.

Low-Frequency Sound and Infrasound
Low-frequency noise (LFN) is generally considered frequen-

cies from 20 to 250 Hz, as described earlier in more detail in subsec-
tion “Low Frequency and Infrasonic Levels.” The potential health
implications of low-frequency sound from wind turbines have been
investigated in a study of four large turbines and 44 smaller turbines
in the Netherlands.17 In close proximity to the turbines, infrasound
levels were below audibility. The authors suggested that LFN could
be an important aspect of wind turbine noise; however, they did
not link measured or modeled noise levels with any health outcome
measure, such as annoyance.

A literature review of infrasound and low-frequency sound
concluded that low-frequency sound from wind turbines at resi-
dences did not exceed levels from other common noise sources, such
as traffic.44 The authors concluded that a “statistically significant as-
sociation between noise levels and self-reported sleep disturbance
was found in two of the three [epidemiology] studies.”(p.1). It has
been suggested that LFN from wind turbines causes other and more
serious health problems, but empirical support for these claims is
lacking.44

Sounds with frequencies lower than 20 Hz (ie, infrasound)
may be audible at very high levels. At even higher levels, subjects
may experience symptoms from very low-frequency sounds—ear
pressure (at levels as low as 127 dB SPL), ear pain (at levels higher
than 145 dB), chest and abdominal movement, a choking sensa-
tion, coughing, and nausea (at levels higher than 150 dB).80,81 The
National Aeronautics and Space Administration considered that in-
frasound exposures lower than 140 dB SPL would be safe for astro-
nauts; American Conference of Governmental Industrial Hygienists
recommends a threshold limit value of 145 dB SPL for third-octave
band levels between 1 and 80 Hz.81 As noted earlier, infrasound from
wind turbines has been measured at residential distances and noted
to be many orders of magnitude below these levels.

Whenever wind turbine sounds are audible, some people may
find the sounds annoying, as discussed elsewhere in this review. Some
authors, however, have hypothesized that even inaudible sounds,
especially at very low frequencies, could affect people by activating
several types of receptors, including the following:

1. Outer hair cells of the cochlea82;
2. Hair cells of the normal vestibular system,83 especially the otolith

organs84;
3. Hair cells of the vestibular system after its fluid dynamics have

been disrupted by infrasound82;
4. Visceral graviceptors acting as vibration sensors.83

To evaluate these hypotheses, it is useful to review selected
aspects of the anatomy and physiology of the inner ear (focusing
on the differences between the cochlea and the vestibular organs),
vibrotactile sensitivity to airborne sound, and the types of evidence
that, while absent at present, could in theory support one or more of
these hypotheses.

How the Inner Ear Works
The inner ear contains the cochlea (the organ of hearing) and

five vestibular organs (three semicircular canals and two otolith or-
gans, transmitting information about head position and movement).
The cochlea and the vestibular organs have one important feature in
common—they both use hair cells to convert sound or head move-
ment into nerve impulses that can then be transmitted to the brain.
Hair cells are mechanoreceptors that can elicit nerve impulses only
when their stereocilia (or sensory hairs) are bent.

The anatomy of the cochlea ensures that its hair cells respond
well to airborne sound and poorly to head movement, whereas the
anatomy of the vestibular organs optimizes hair cell response to head
movement and minimizes response to airborne sound. Specifically,
the cochlear hair cells are not attached to the bony otic capsule, and
the round window permits the cochlear fluids to move more freely
when air-conducted sound causes the stapes to move back and forth
in the oval window. Conversely, the vestibular hair cells are attached
to the bony otic capsule, and the fluids surrounding them are not
positioned between the two windows and thus cannot move as freely
in response to air-conducted sound. At the most basic level, this
makes it unlikely that inaudible sound from wind turbines can affect
the vestibular system.
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Responding to Airborne Sound
Airborne sound moves the eardrum and ossicles back and

forth; the ossicular movement at the oval window then displaces inner
ear fluid, causing a movement of membranes in the cochlea, with
bending of the hair cell stereocilia. Nevertheless, this displacement of
the cochlear hair cells depends on the fact that there are two windows
separating the inner ear from the middle ear, with the cochlear hair
cells positioned between them—whenever the oval window (the bony
footplate of the stapes, constrained by a thin annular ligament) is
pushed inward, the round window (a collagenous membrane lined
by mucous membrane) moves outward, and vice versa. When the
round window is experimentally sealed,85 the cochlea’s sensitivity to
sound is reduced by 35 dB.

The vestibular hair cells are not positioned between the two
cochlear windows, and therefore airborne sound-induced inner ear
fluid movement does not efficiently reach them. Instead, the vestibu-
lar hair cells are attached to the bone of the skull so that they can
respond faithfully to head movement (the cochlear hair cells are not
directly attached to the skull). As one might expect, vestibular hair
cells can respond to head vibration (bone-conducted sound), such
as when a tuning fork is held to the mastoid. Very intense airborne
sound can also make the head vibrate; people with severe conductive
hearing loss can hear airborne sound in this way, but only when the
sounds are made 50 to 60 dB more intense than those audible to
normal people.

The cochlea contains two types of hair cells. It is often said
that we hear with our inner hair cells (IHCs) because all the “type
I” afferent neurons that carry sound-evoked impulses to the brain
connect to the IHCs. The outer hair cells (OHCs) are important as
“preamplifiers” that make it possible to hear very soft sounds; they
are exquisitely tuned to specific frequencies, and when they move
they create fluid currents that then displace the stereocilia of the
IHCs.

Although more numerous than the IHCs, the OHCs receive
only very scanty afferent innervation, from “type II” neurons, the
function of which is unknown. Salt and Hullar82 have pointed out
that OHCs generate measurable electrical responses called cochlear
microphonics to very low frequencies (eg, 5 Hz) at levels that are
presumably inaudible to the animals and have hypothesized that the
type II afferent fibers from the OHCs might carry this information
to the brain. Nevertheless, it seems that no one has ever recorded
action potentials from type II cochlear neurons, nor have physio-
logical responses other than cochlear microphonics been recorded in
response to inaudible sounds.86,87 In other words, as Salt and Hullar82

acknowledge, “The fact that some inner ear components (such as the
OHC) may respond to [airborne] infrasound at the frequencies and
levels generated by wind turbines does not necessarily mean that
they will be perceived or disturb function in any way.”(p.19)

Responses of the Vestibular Organs
As previously noted, vestibular hair cells are efficiently cou-

pled to the skull. The three semicircular canals in each ear are de-
signed to respond to head rotations (roll, pitch, yaw, or any combi-
nation). When the head rotates, as in shaking the head to say “no,”
the fluid in the canals lags behind the skull and bends the hair cells.
The otolith organs (utricle and saccule) contain calcium carbonate
crystals (otoconia) that are denser than the inner ear fluid, and this al-
lows even static head position to be detected; when the head is tilted,
gravitational pull on the otoconia bends the hair cells. The otolith
organs also respond to linear acceleration of the head, as when a car
accelerates.

Many people complaining about wind turbines have reported
dizziness, which can be a symptom of vestibular disorders; this
has led to suggestions that wind turbine sound, especially inaudible
infrasound, can stimulate the vestibular organs.83,84 Pierpont83 intro-
duced a term “Wind Turbine Syndrome” based on a case series of 10

families who reported symptoms that they attributed to living near
wind turbines. The author invited people to participate if they thought
they had symptoms from living in the vicinity of wind turbines;
this approach introduces substantial selection bias that can distort
the results and their corresponding significance. Telephone inter-
views were conducted; no medical examination, diagnostic studies
or review, and documentation of medical records were conducted
as part of the case series. Noise measurements were not provided.
Nonetheless, the author described a collection of nonspecific symp-
toms that were described as “Wind Turbine Syndrome.” The case
series, at the time of preparation of this review, has not been pub-
lished in the peer-reviewed scientific literature. Although not med-
ically recognized, advocates of this “disorder” suggest that wind
turbines produce symptoms, such as headaches, memory loss, fa-
tigue, dizziness, tachycardia, irritability, poor concentration, and
anxiety.88

To support her hypotheses, Pierpont cited a report by Todd
et al89 that demonstrated human vestibular responses to bone-
conducted sound at levels below those that can be heard. But as
previously noted, this effect is not surprising because the vestibu-
lar system is designed to respond to head movement (including
head vibration induced by direct contact with a vibrating source).
The relevant issue is how the vestibular system responds to air-
borne sound, and here the evidence is clear. Vestibular responses
to airborne sound require levels well above audible thresholds.90,91

Indeed, clinical tests of vestibular function using airborne sound
use levels in excess of 120 dB, which raise concerns of acoustic
trauma.92

Salt and Hullar82 acknowledge that a normal vestibular system
is unlikely to respond to inaudible airborne sound—“Although the
hair cells in other sensory structures such as the saccule may be
tuned to infrasonic frequencies, auditory stimulus coupling to these
structures is inefficient so that they are unlikely to be influenced by
airborne infrasound.”(p.12) They go on to hypothesize that infrasound
may cause endolymphatic hydrops, a condition in which one of the
inner ear fluid compartments is swollen and may disturb normal hair
cell function. But here, too, they acknowledge the lack of evidence—
“ . . . it has never been tested whether stimuli in the infrasound range
cause endolymphatic hydrops.”(p.19) In previous research, Salt93 was
able to create temporary hydrops in animals using airborne sound, but
only at levels (115 dB at 200 Hz) that are many orders of magnitude
higher than levels that could exist at residential distances from wind
turbines.

Human Vibrotactile Sensitivity to Airborne Sound
Very loud sound can cause head and body vibration. As pre-

viously noted, a person with absent middle ear function but an intact
cochlea may hear sounds at 50 to 60 dB SPL. Completely deaf peo-
ple can detect airborne sounds using the vibrotactile sense, but only
at levels far above hearing threshold, for example, 128 dB SPL at
16 Hz.94 Vibrotactile sensation depends on receptors in the skin and
joints.

Pierpont83 hypothesized that “visceral graviceptors,”95,96

which contain somatosensory receptors, could detect airborne in-
frasound transmitted from the lungs to the diaphragm and then to
the abdominal viscera. These receptors would seem to be well suited
to detect body tilt or perhaps whole-body vibration, but there is no
evidence that airborne sound could stimulate sensory receptors in the
abdomen. Airborne sound is almost entirely reflected away from the
body; when Takahashi et al97 used airborne sound to produce chest
or abdominal vibration that exceeded ambient body levels, levels
had to exceed 100 dB at 20 to 50 Hz.

Further Studies of Note
The influence of preconception on mood and physical symp-

toms after exposure to LFN was examined by showing 54 university
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students one of two series of short videos that either promoted or dis-
pelled the notion that sounds from wind turbines had health effects,
then exposing subjects to 10 minutes of quiet period followed by
infrasound (40 dB at 5 Hz) generated by computer software, and as-
sessing mood and a series of physical symptoms.71 In a double-blind
protocol, participants first exposed to either a “high-expectancy”
presentation included first-person accounts of symptoms attributed
to wind turbines or a “low-expectancy” presentation showed ex-
perts stating scientific positions indicating that infrasound does not
cause symptoms. Participants were then exposed to 10 minutes of
infrasound and 10 minutes of sham infrasound. Physical symptoms
were reported before and during each 10-minute exposure. The study
showed that healthy volunteers, when given information designed to
invoke either high or low expectations that exposure to infrasound
causes symptom complaints, reported symptoms that were consis-
tent with the level of expectation. These data demonstrate that the
participants’ expectations of the wind turbine sounds determined
their patterns of self-reported symptoms, regardless of whether the
exposure was to a true or sham wind turbine sound. The concept
known as a “nocebo” response, essentially the opposite of a placebo
response, will be discussed in more detail later in this report. A no-
cebo response refers to how a preconceived negative reaction can
occur in anticipation of an event.98

A further study assessed whether positive or negative health
information about infrasound generated by wind turbines affected
participants’ symptoms and health perceptions in response to wind
farm sound.72 Both physical symptoms and mood were evaluated
after exposure to LFN among 60 university students first shown high-
expectancy or low-expectancy short videos intended to promote or
dispel the notion that wind turbines sounds impacted health. One
set of videos presented information indicating that exposure to wind
turbine sound, particularly infrasound, poses a health risk, whereas
the other set presented information that compared wind turbine sound
to subaudible sound created by natural phenomena such as ocean
waves and the wind, emphasizing their positive effects on health.
Students were continuously exposed during two 7-minute listening
sessions to both infrasound (50.4 dB, 9 Hz) and audible wind farm
sound (43 dB), which had been recorded 1 km from a wind farm, and
assessed for mood and a series of physical symptoms. Both high-
expectancy and low-expectancy groups were made aware that they
were listening to the sound of a wind farm and were being exposed to
sound containing both audible and subaudible components and that
the sound was at the same level during both sessions. Participants
exposed to wind farm sound experienced a placebo response elicited
by positive preexposure expectations, with those participants who
were given expectations that infrasound produced health benefits
reporting positive health effects. They concluded that reports of
symptoms or negative effects could be nullified if expectations could
be framed positively.

University students exposed to recorded sounds from loca-
tions 100 m from a series of Swedish wind turbines for 10 minutes
were assessed for parameters of annoyance.99 Sound was played at a
level of 40 dBAeq (the “eq” refers to the average level over the 10-
minute exposure). After the initial exposure, students were exposed
to an additional 3 minutes of noise while filling out questionnaires.
Authors reported that ratings of annoyance, relative annoyance, and
awareness of noise were different among the different wind turbine
recordings played at equivalent noise levels. Various psychoacous-
tic parameters (sharpness, loudness, roughness, fluctuation strength,
and modulation) were assessed and then grouped into profiles. At-
tributes such as “lapping,” “swishing,” and “whistling’’ were more
easily noticed and potentially annoying, whereas “low frequency”
and “grinding” were associated with less intrusive and potentially
less annoying sounds.

Adults exposed to sounds recorded from a 1.5 MV Korean
wind turbine were assessed for the degree of noise annoyance.100

Over a 40-minute period, subjects were exposed to a series of 25
random 30-second bursts of wind turbine noise, separated by at least
10 seconds of quiet between bursts. Following a 3-minute quiet pe-
riod, this pattern was repeated. Participants reported their annoyance
on a scale of 1 to 11. Authors found that the amplitude modula-
tion of wind turbine noise had a statistically significant effect on the
subjects’ perception of noise annoyance.

The effect of psychological parameters on the perception of
noise from wind turbines was also assessed in Italian adults from
both urban and rural areas. Recorded sounds from different distances
(150 m, 250 m, and 500 m) away from wind turbines were played
while pictures of wind turbines were shown and subjects described
their reaction to the pictures.73 Pictures differed in color, the number
of wind turbines, and distance from wind turbines. Pictures had a
weak effect on individual reactions to the number of wind turbines;
the color of the wind turbines influenced both visual and auditory
individual reactions, although in different ways.

Epilepsy and Wind Turbines
Rapidly changing visual stimuli, such as flashing lights or os-

cillating pattern changes, can trigger seizures in susceptible persons,
including some who never develop spontaneous seizures; stimuli that
change at rates of 12 to 30 Hz are most likely to trigger seizures.101

Rotating blades (of a ceiling fan, helicopter, or wind turbine) that
interrupt light can produce a flicker, leading to a concern that wind
turbines might cause seizures. Nevertheless, large wind turbines
(2 MW or more) typically rotate at rates less than 1 Hz; with three
blades, the frequency of light interruption would be less than 3 Hz,
a rate that would pose negligible risk to developing a photoepileptic
seizure.102

Smedley et al103 applied a complex simulation model of
seizure risk to wind turbines, assuming worst-case conditions—a
cloudless day, an observer looking directly toward the sun with wind
turbine blades directly between the observer and the sun, but with
eyes closed (which scatters the light more broadly on the retina); they
concluded that there would be a risk of seizures at distances up to
nine times the turbine height, but only when blade frequency exceeds
3 Hz, which would be rare for large wind turbines. Smaller turbines,
typically providing power for a single structure, often rotate at higher
frequencies and might pose more risk of provoking seizures. At the
time of preparation of this report, there has been no published report
of a photoepileptic seizure being triggered by looking at a rotating
wind turbine.

Sleep and Wind Turbines
Sleep disturbance is relatively common in the general popula-

tion and has numerous causes, including illness, depression, stress,
and the use of medications, among others. Noise is well known to
be potentially disruptive to sleep. The key issue with respect to wind
turbines is whether the noise is sufficiently loud to disrupt sleep.
Numerous environmental studies of noise from aviation, rail, and
highways have addressed sleep implications, many of which are sum-
marized in the WHO’s position paper on Nighttime Noise Guidelines
(Fig. 7).104 This consensus document is based on an expert analysis of
environmental noise from sources other than wind turbines, includ-
ing transportation, aviation, and railway noise. The WHO published
the figure (Fig. 7) to indicate that significant sleep disturbance from
environmental noise begins to occur at noise levels greater than 45
dBA. This figure is based on an analysis of pooled data from 24 dif-
ferent environmental noise studies, although no wind turbine–related
noise studies were included in the analysis. Nonetheless, the studies
provide substantial data on environmental noise exposure that can be
contrasted with noise levels associated with wind turbine operations
to enable one to draw reasonable inferences.

In contrast to the WHO position, an author in an editorial
claimed that routine wind turbine operations that result in noise
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levels less than 45 dBA can have substantial effects on sleep, with
corresponding adverse health effects.105 Another author, however,
challenged the basis of the assertion by pointing out that Hanning
had ignored 17 reviews on the topic with alternative perspectives and
different results.106

Sleep disturbance is a potential extra-auditory effect of noise,
and research has shown a link between wind turbine noise and sleep
disruption.4,57,63,66,107 As with of the other variables reviewed, quan-
tifying sleep quality is typically done with coarse measures. In fact,
this reviewer identified no studies that used a multi-item validated
sleep measure. Research studies typically rely on a single item (some-
times answered yes/no) to measure sleep quality. Such coarse mea-
surement of sleep quality is unfortunate because impaired sleep is a
plausible pathway by which wind turbine noise exposure may impact
both psychological well-being and physical health.

Disturbed sleep can be associated with adverse health
effects.108 Awakening thresholds, however, depend on both physi-
cal and psychological factors. Signification is a psychological factor
that refers to the meaning or attitude attached to a sound. Sound
with high signification will awaken a sleeper at lower intensity than
sound lacking signification.108 As reviewed above, individuals often
attach attitudes to wind turbine sound; as such, wind turbine sleep
disruption may be impacted by psychological factors related to the
sound source.

Shepherd et al66 found a significant difference in perceived
sleep quality between their wind farm and comparison groups, with
the wind farm group reporting worse sleep quality. In the wind farm
group, noise sensitivity was strongly correlated with sleep quality.
In both the wind farm and comparison groups, sleep quality showed
similar strong positive relationships with physical HRQL and psy-
chological HRQL. Pedersen63 found that sound-level exposure was
associated with sleep interruption in two of three studies reviewed;
however, the effect sizes associated with sound exposure were
minimal.

Bakker et al57 found that noise exposure was related to sleep
disturbance in quiet areas (d = 0.40) but not for individuals in noisy
areas (d = 0.02). Nevertheless, when extreme sound exposure groups
were composed,57 data showed that individuals living in high sound
areas (greater than 45 dBA) had significantly greater sleep disruption
than subjects in low sound areas (less than 30 dBA). Annoyance rat-

FIGURE 7. Worst-case prediction of noise-induced
behavioral awakenings. Adapted from WHO104 (Chapter 3);
Miedema et al.163

ings were more strongly associated with sleep disruption.57 Further-
more, when57 structural equation models (SEMs) were applied, the
direct association between sound level and sleep disruption was lost
and annoyance seemed to mediate the effect of wind turbine sound
on sleep disturbance. Across the reviewed studies it seems that sleep
disruption was associated with sound-level exposure; however, the
associations were weak and annoyance ratings were more strongly
and consistently associated with self-reported sleep disruption.

Conclusions
Infrasound and low-frequency sound can be generated by the

operation of wind turbines; however, neither low-frequency sound
nor infrasound in the context of wind turbines or in experimental
studies has been associated with adverse health effects.

Annoyance, Wind Turbines, and Potential Health
Implications

The potential effect of noise on health may occur through both
physiological (sleep disturbance) and psychological pathways. Psy-
chological factors related to noise annoyance reported in association
with wind turbine noise will be reviewed and analyzed. A critique of
the methodological adequacy of the existing wind turbine research
as it relates to psychological outcomes will be addressed.

As noted earlier, “annoyance” has been used as an outcome
measure in environmental noise studies for many decades. Annoy-
ance is assessed via a questionnaire. Because annoyance has been
associated under certain circumstances with living in the vicinity of
wind turbines, this section examines the significance of annoyance,
risk factors for reporting annoyance in the context of wind turbines,
and potential health implications.

For many years, it has been recognized that exposure to high
noise levels can adversely affect health109,110 and that environmen-
tal noise can adversely affect psychological and physical health.111

Key to evaluating the health effects of noise exposure—like any
hazard—is a thorough consideration of noise intensity and duration.
When outcomes are broadened to include more subjective qualities
like annoyance and QOL, additional psychological factors must be
studied.

Noise-related annoyance is a subjective psychological condi-
tion that may result in anger, disappointment, dissatisfaction, with-
drawal, helplessness, depression, anxiety, distraction, agitation, or
exhaustion.112 Annoyance is primarily identified using standardized
self-report questionnaires. Well-established psychiatric conditions
like major depressive disorder are also subjective states that are most
often identified by self-report questionnaires. Despite its subjective
nature, noise annoyance was included as a negative health outcome
by the WHO in their recent review of disease burden related to noise
exposure.112 The inclusion of annoyance with conditions like cardio-
vascular disease reinforces its status as a legitimate primary health
outcome for environmental noise research.

This section reviews the literature on the effect of wind tur-
bines, including noise-related annoyance and its corresponding ef-
fect on health, QOL, and psychological well-being. “Quality of life”
is a multidimensional concept that captures subjective aspects of
an individual’s experience of functioning, well-being, and satisfac-
tion across the physical, mental, and social domains of life. The
WHO defines QOL as “an individual’s perception of their position
in life in the context of the culture and value systems in which
they live and in relation to their goals, expectations, standards and
concerns. It is a broad ranging concept affected in complex ways
by the person’s physical health, psychological status, personal be-
liefs, social relationships and their relationship to salient features
of their environment”.113(p1404) Numerous well-validated QOL mea-
sures are available, with the SF-12 and SF-36114 and the WHO
Quality of Life—Short Form (WHOQLO-BREF115) being among
the most commonly used. Quality of life measures have been widely
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adopted as primary outcomes for clinical trials and cost-effectiveness
research.

Meta-analysis is a quantitative method for summarizing the
relative strength of an effect or relationship as observed across
multiple independent studies.116 The increased application of meta-
analysis has had a considerable effect on how literature reviews are
approached. Currently, more than 20 behavioral science journals re-
quire that authors report measures of effect size along with tests
of significance.117 The use of effect size indicators enhances the
comparability of findings across studies by changing the reported
outcome statistics to a common metric. In behavioral health, the
most frequently used effect size indicators are the Cohen d118 and r
the zero-order (univariate) correlation coefficient.117 An additional
advantage of reporting outcomes as effect size units is that bench-
marks exist for judging the magnitude of these (significant) differ-
ences. Studies reviewed below report an array of statistical analyses
(the t test, analysis of variances, odds ratios, and point-biserial and
biserial correlations), some of which are not suitable for conversion
into the Cohen d; thus, following the recommendations of McGrath
and Meyer,117 r will be used as the common effect size measure
for evaluating studies. As reference points, r between 0.10 and 0.23
represents small effects, r between 0.24 and 0.36 represents medium
effects, and r of 0.37 and greater represent large effects.117 Although
these values offer useful guidelines for comparing findings, it is im-
portant to realize that, in health-related research, very small effects
with r < 0.10 can be of great importance.119

Noise Sensitivity
Noise sensitivity is a stable and normally distributed psycho-

logical trait,120 but predicting who will be annoyed by sound is not
a straightforward process.121 Noise sensitivity has been raised as a
major risk factor for reporting annoyance in the context of environ-
mental noise.156 Noise sensitivity is a psychological trait that affects
how a person reacts to sound. Despite lacking a standard definition,
people can usually reliably rate themselves as low (noise tolerant),
average, or high on noise sensitivity questionnaires; those who rate
themselves as high are by definition noise sensitive.

Noise-sensitive individuals react to environmental
sound more easily, evaluate it more negatively, and ex-
perience stronger emotional reactions than noise tolerant
people.122–124,146,153–156,159–161 Noise sensitivity is not re-
lated to objectively measured auditory thresholds,125 intensity
discrimination, auditory reaction time, or power-function
exponents for loudness.120 Noise sensitivity reflects a psycho-
physiological process with neurocognitive and psychological
features. Noise-sensitive individuals have noise “annoyance thresh-
olds” approximately 10 dB lower than noise tolerant individuals.123

Noise sensitivity has been described as increasing a person’s risk
for experiencing annoyance when exposed to sound at low and
moderate levels.4,157

Noise-Related Annoyance
Noise sensitivity and noise-related annoyance are moderately

correlated (r = 0.32120) but not isomorphic. The WHO112 defines
noise annoyance as a subjective experience that may include anger,
disappointment, dissatisfaction, withdrawal, helplessness, depres-
sion, anxiety, distraction, agitation, or exhaustion. A survey of an
international group of noise researchers indicated that noise-related
annoyance is multifaceted and includes both behavioral and emo-
tional features.126 This finding is consistent with Job’s122 definition
of noise annoyance as a state associated with a range of reactions,
including frustration, anger, dysphoria, exhaustion, withdrawal, and
helplessness.

Annoyance and Wind Turbine Sounds
As noted elsewhere in this review, Pedersen and

colleagues58,61,62,65 conducted the world’s largest epidemiological
studies of people living in the vicinity of wind turbines. These
studies have been discussed in detail in the epidemiological studies
section of this review. Other authors have also addressed annoyance
in the context of living near wind turbines.57,61,125,127,128 Pedersen63

later compared findings from the three cross-sectional epidemiolog-
ical studies to identify common outcomes. Across all three studies,
SPLs were associated with annoyance outside (r between 0.05 and
0.09) and inside of the people’s homes (r between 0.04 and 0.05).
These effect sizes were all less than the small effect boundary of
0.10, meaning that sound levels played a minor role in annoyance.
The percentages of people reporting annoyance with wind turbine
noise ranged from 7% to 14% for indoor exposure and 18% to 33%
for outside exposure.58,61 These rates are similar to those reported
for exposure to other forms of environmental noise.129

The dynamic nature of wind turbine sound may make it more
annoying than other sources of community noise according to Ped-
ersen et al.58 They compared self-reported annoyance from other
environmental noise exposure studies (aircraft, railways, road traf-
fic, industry, and shunting yards) with annoyance from wind turbine
sound. Proportionally, more subjects were annoyed with wind tur-
bine sound at levels lower than 50 dB than with all other sources of
noise exposure, except for shunting yards. Pedersen and Waye107,128

reported that the sound characteristics of swishing (r = 0.70) and
whistling (r = 0.62) were highly correlated with annoyance to wind
turbine sound. Others have reported similar findings. One author has
suggested that wind turbine sound may have acoustic qualities that
may make it more annoying at certain noise levels.80 Other theories
for symptoms described in association with living near wind turbines
have also been proposed.139

Annoyance associated with wind turbine sounds tends to show
a linear association. Sound levels, however, explain only between
9% (r = 0.31) and 13% (r = 0.36) of the variance in annoyance
ratings.57,61 Therefore, SPLs seem to play a significant, albeit limited,
role in the experience of annoyance associated with wind turbines, a
conclusion similar to that reached by Knopper and Ollson.4

Nonacoustical Factors Associated With Annoyance
Although noise levels and noise sensitivity affect the risk of

a person reporting annoyance, nonacoustic factors also play a role,
including the visual effect of the turbines, whether a person derives
economic benefit from the turbines and the type of terrain where one
lives.4 Pedersen and Waye61 assessed the effect of visual/perceptual
factors on wind turbine–related annoyance; all of the variables de-
scribed above were significantly related to self-reported annoyance
after controlling for SPLs. Nevertheless, when these variables were
evaluated simultaneously, only attitude to the visual effect of the tur-
bines remained significantly related to annoyance (r = 0.41, which
can be interpreted as a large effect) beyond sound exposure. Peder-
sen and Waye128 also found visual effect to be a significant factor
in addition to sound exposure for self-reported annoyance to wind
turbine sounds. Pedersen et al58 explored the effect of visual atti-
tude on wind turbine sound-related annoyance. Logistic regression
showed that sound levels, noise sensitivity, attitudes toward wind tur-
bines, and visual effect were all significant independent predictors
of annoyance. Nevertheless, visual attitudes showed an effect size
of r = 0.27 (medium effect), whereas noise sensitivity had an r of
0.09. Other authors have also found the visual effect of wind turbines
to be related to annoyance ratings.130 Results from multiple studies
support the conclusion that visual effect contributes to wind turbine
annoyance,4 with this review finding visual effect to have an effect
size in the medium to large range. Nevertheless, given that noise sen-
sitivity and visual attitude are consistently correlated (r = 0.19 and
r = 0.26, respectively),58,61 it is possible that visual effect enhances
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annoyance through multisensory (visual and auditory) activation of
the noise-sensitivity trait.

Economic Benefit, Wind Turbines, and Annoyance
Some studies have indicated that people who derive economic

benefit from wind turbines are less likely to report annoyance. Ped-
ersen et al58 found that people who benefited economically (n =
103) from wind turbines reported significantly less annoyance de-
spite being exposed to relatively high levels of wind turbine noise.
The annoyance mitigating effect of economic benefit was replicated
in Bakker et al.57 The mitigation effect of economic benefit seems
to be within the small effect size range (r = 0.15).57 In addition,
because receiving economic benefit represents a personal choice to
have wind turbines on their property in exchange for compensation,
the involvement of subject selection factors (ie, noise tolerance) re-
quires additional study.

Annoyance, Quality of Life, Well-being,
and Psychological Distress

The largest cross-sectional epidemiological study of wind tur-
bine noise on QOL was conducted in northern Poland.67 Surveys
were completed by 1277 adults (703 women and 574 men), aged
18 to 94 years, representing a 10% two-stage random sample of
the selected communities. Although the response rate was not re-
ported, participants were sequentially enrolled until a 10% sample
was achieved, and the proportion of individuals invited to partic-
ipate but unable or refusing to participate was estimated at 30%
(B. Mroczek, personal communication). Proximity of residence was
the exposure variable, with 220 (17.2%) respondents within 700 m,
279 (21.9%) between 700 and 1000 m, 221 (17.3%) between 1000
and 1500 m, and 424 (33.2%) residing more than 1500 m from the
nearest wind turbine. Several indicators of QOL, measured using
the SF-36, were analyzed by proximity to wind turbines. The SF-
36 consists of 36 questions divided into the following subscales:
physical functioning, role-functioning physical, bodily pain, general
health, vitality, social functioning, role-functioning emotional, and
mental health. An additional question concerning health change was
included, as well as the Visual Analogue Scale for health assess-
ment. It is unclear whether age, sex, education, and occupation were
controlled. The authors report that within all subscales, those living
closest to wind farms reported the best QOL, and those living farther
than 1500 m scored the worst. They concluded that living in close
proximity to wind farms does not result in worsening of the QOL.67

The authors recommend that subsequent research evaluate the rea-
sons for the higher QOL and health indicators associated with living
in closer proximity to wind farms. They speculated that these might
include economic factors such as opportunities for employment with
or renting land to the wind farm companies.

Individuals living closer to wind farms reported higher levels
of mental health (r = 0.11), physical role functioning (r = 0.07), and
vitality (r = 0.10) than did those living farther away.67 Nevertheless,
the implications of the study67 are unclear, as the authors did not
estimate sound-level exposure or obtain noise annoyance ratings
from their subjects. Overall, with the exception of the study by
Mroczek et al,67 noise annoyance demonstrated a consistent small to
medium effect on QOL and psychological well-being.

A study a year earlier of 39 individuals in New Zealand came
to different conclusions than the Polish study.131 Survey results from
39 residents located within 2 km of a wind turbine in the South
Makara Valley in New Zealand were compared with 139 geograph-
ically and socioeconomically matched individuals who resided at
least 8 km from any wind farm. The response rates for both the prox-
imal and more distant study groups were poor, that is, 34% and 32%,
respectively, although efforts were made to blind respondents to the
study hypotheses. No other indicator of exposure to wind turbines
was included beyond the selection of individuals from within 2 km or

beyond 8 km of a wind turbine, so actual or calculated wind turbine
noise exposures were not available. Subjective HRQOL scales were
used to describe and compare the self-reported physical, psycholog-
ical, and social well-being for each group. Health-related quality of
life measures are believed to provide an alternative approach to direct
health assessment in that decrements in well-being are assumed to
be sensitive to and reflect possible underlying health effects. The au-
thors reported statistically significant differences between the groups
in some HRQOL domain scores, with residents living within 2 km of
a turbine installation reporting lower mean physical HRQOL domain
score (including lower component scores for sleep quality and self-
reported energy levels) and lower mean environmental QOL scores
(including lower component scores for considering one’s environ-
ment to be less healthy and being less satisfied with the conditions of
their living space). The wind farm group scored significantly lower
on physical HRQL (r = 0.21), environmental QOL (r = 0.19), and
overall HRQL (r = 0.10) relative to the comparison group. Although
the psychological QOL ratings were not significantly different
(P = 0.06), the wind farm group also scored lower on this measure
(r = 0.16). In the wind farm group, noise sensitivity was strongly
correlated with noise annoyance (r = 0.44), psychological HRQL
(r = 0.40), and social HRQOL (r = 0.35). These correlations ap-
proach or exceed the large effect size boundary (r > 0.37 suggested
by Cohen).

There were no differences seen for social or psychological
HRQOL domain scores. The turbine group also reported lower
amenity scores, which are based on responses to two general
questions—“I am satisfied with my neighborhood/living environ-
ment,” and “My neighborhood/living environment makes it difficult
for me to relax at home.” No differences were reported between
groups for traffic or neighborhood noise annoyance. Lack of actual
wind turbine and other noise source measurements, combined with
the low response rate (both noted by the authors as limitations), lim-
its the inferential value of this study because it might pertain to wind
turbine emissions.

Across three studies, Pedersen63 found that outdoor annoyance
with turbine sound was associated with tension and stress (r = 0.05
to 0.06) and irritability (r = 0.05 to 0.08), qualities associated with
psychological distress. Bakker et al57 also found that psychological
distress was significantly related to wind turbine sound (r = 0.16),
reported outside annoyance (r = 0.18) and inside annoyance (r =
0.24). Taylor et al69 found that subjects living in areas with a low
probability of hearing turbine noise reported significantly higher
levels of positive affect than those living in moderate or high noise
areas (r = 0.24), suggesting greater well-being for the low noise
group.

Personality Factors and Wind Turbine Sound
Personality psychologists use five bipolar dimensions (neu-

roticism, extraversion-introversion, openness, agreeableness, and
conscientiousness) to organize personality traits.132 Two of these
dimensions, neuroticism and extraversion-introversion, have been
studied in relation to noise sensitivity and annoyance. Neuroticism
is characterized by negative emotional reactions, sensitivity to harm-
ful cues in the environment, and a tendency to evaluate situations
as threatening.133 Introversion (the opposite pole of extraversion)
is characterized by social avoidance, timidity, and inhibition.133

A strong negative correlation has been shown between noise sen-
sitivity (self-ratings) and self-rated extraversion,125 suggesting that
introverts are more noise sensitive. Introverts experience a greater
disruption in vigilance when exposed to low-intensity noise than
do extroverts.134 Extroverts and introverts differ in terms of stimula-
tion thresholds with introverts being more easily overstimulated than
extroverts.135 Despite these studies, the potential link between broad
personality domains and noise annoyance remains unclear.
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Taylor et al69 explored the role of neuroticism, attitude to-
ward wind turbines, negative oriented personality (NOP) traits (nega-
tive affectivity, frustration intolerance), and self-reported nonspecific
somatic symptoms (NSS) in reaction to wind turbine noise. Despite
one of the few peer-reviewed studies of personality and noise sensi-
tivity, it only achieved a 10% response rate, which raises questions
as to the representativeness of the findings. Nonetheless, the study
sample reported a moderately positive attitude toward wind turbines
in general and seemed representative of the local community. In the
study by Taylor et al,69 zero-order correlations showed that estimated
sound levels were significantly related to perceived turbine noise
(r = 0.33) and reduced positive affect (r = −0.32) but not to non-
specific symptoms (r = 0.002), whereas neuroticism and NOP traits
were significantly related to NSS (r of 0.44 and 0.34, respectively).
Multivariate analysis suggested that high NOP traits moderated the
relationship between perceived noise and the report of NSS; that
is, subjects with higher NOP traits reported significantly more NSS
than did subjects low in NOP across the range of perceived loudness
of noise.

Nocebo Response
The nocebo response refers to new or worsening symptoms

produced by negative expectations.98,136 When negatively worded
pretreatment information (“could lead to a slight increase in pain”)
was given to a group of chronic back pain patients, they reported
significantly more pain (r = 0.38) and had worse physical per-
formance (r = 0.36).98 These effect sizes are within the mod-
erate to large ranges and reflect a meaningful adverse effect for
the negative information contributing to the nocebo response. The
effect of providing negative information regarding wind turbines
prior to exposure to infrasound has been experimentally explored.
Crichton et al137 exposed college students to sham and true infra-
sound under high-expectancy (ie, adverse health effects from wind
turbines) and low-expectancy (ie, no adverse health effects) condi-
tions. The high-expectancy group received unfavorable information
from TV and Internet accounts of symptoms associated with wind
farm noise, whereas the low-expectancy group heard experts stat-
ing that wind farms would not cause symptoms. Symptoms were
assessed pre- and postexposure to actual and sham infrasound. The
high-expectancy group reported significantly more symptoms (r =
0.37) and greater symptom intensity (r = 0.37) following both sham
and true infrasound exposure (r = 0.65 and 0.48, respectively). The
effect sizes were similar to those found in medical research on the no-
cebo response. These findings demonstrate that exposing individuals
to negative information can increase symptom reporting immedi-
ately following exposure. The inclusion of information from TV and
the Internet suggests that similar reactions may occur in real-world
settings.

A study by Deignan et al138 analyzed newspaper coverage of
wind turbines in Canada and found that media coverage might con-
tribute to nocebo responses. Newspaper coverage contained fright
factor words like “dread,” “poorly understood by science,” “in-
equitable,” and “inescapable exposure”; the use of “dread” and
“poorly understood by science” had increased from 2007 to 2011.
These results document the use of fright factor words in the popular
coverage of wind turbine debates; exposure to information contain-
ing these words may contribute to nocebo reactions in some people.

Wind turbines, similar to multiple technologies, such as power
lines, cell phone towers, and WiFi signals, among others, have been
associated with clusters of unexplained symptoms. Research sug-
gests that people are increasingly worried about the effect of modern
life (in particular emerging technologies) on their health (modern
health worries [MHW]).140) Modern Health Worries are moderately
correlated with negative affect (r = 0.23) and, like the nocebo re-
sponse, are considered psychogenic in origin. The expansion of wind
turbine energy has been accompanied by substantial positive and neg-

ative publicity that may contribute to MHW and nocebo responses
among some people exposed to this information. Health concerns
have also been raised about the potential of electromagnetic fields
associated with wind turbine operations; however, a recent study
indicated that magnetic fields in the vicinity of wind turbines were
lower than those produced by common household items.140

Chapman et al52 explored the pattern of formal complaints
(health and noise) made in relation to 51 wind farms in Australia
from 1993 to 2012. The authors suggest that their study is a test of the
psychogenic (nocebo or MHW) hypothesis. The findings showed that
very few complaints were formally lodged; only 129 individuals in
Australia formally or publically complained during the time period
studied, and the majority of wind farms had no complaint made
against them. The authors found that complaints increased around
2009 when “wind turbine syndrome” was introduced. On the basis
of these findings, the authors conclude that nocebo effects likely play
an important role in wind farm health complaints. But the authors
do report that the vast majority of complaints (16 out of 18) were
filed by individuals living near large wind farms (r = 0.32). So while
few individuals complain, those who do almost exclusively live near
large wind farms. Nevertheless, it is important to note that filing a
formal or public complaint is a complex sociopolitical action, not
a health-related outcome. Furthermore, analysis of data provided in
Table 2 of the Chapman54 study shows that the strongest predictor
of a formal complaint was the presence of an opposition group in
the area of the wind farm. A review of Table 2 shows that opposition
groups were present in 15 of the 18 sites that filled complaints,
whereas there was only one opposition group in the 33 areas that
did not file a complaint (r = 0.82). Therefore, the relevance of this
study for understanding health effects of wind turbines is limited.
Chapman has also addressed the multitude of reasons why some
Australian home owners may have left their homes and attributed the
decision to wind turbines.54 Gross140 provides a community justice
model designed to counter the potential for nocebo or psychogenic
response to wind farm development. This method was pilot tested
in one community and showed the potential to increase the sense of
fairness for diverse community members. No empirical data were
gathered during the pilot study so the effect of method cannot be
formally evaluated.

Conclusions
Annoyance is a recognized health outcome measure that has

been used in studies of environmental noise for many decades. Noise
levels have been shown to account for only a modest portion of self-
reported annoyance in the context of wind turbines (r = 0.35).4 Noise
sensitivity, a stable psychological trait, contributes equally to expo-
sure in explaining annoyance levels (r = 0.37). Annoyance associated
with wind turbine noise shows a consistent small to medium adverse
effect on self-rated QOL and psychological well-being. Given the
coarseness of measures used in many studies, the magnitude of these
findings are likely attenuated and underestimate the effect of an-
noyance on QOL. Visual effect increases annoyance beyond sound
exposure and noise sensitivity, but at present there is insufficient re-
search to conclude that visual effect operates separately from noise
sensitivity because the two variables are correlated. Wind turbine de-
velopment is subject to the same global psychogenic health worries
and nocebo reactions as other modern technologies.139

Economic benefit mitigates the effect of wind turbine sound;
however, research is needed to clarify the potential confounding
role of (self) selection in this finding. The most powerful multivari-
ate model reviewed accounted for approximately 50% (r = 0.69)
of the variance in reported annoyance, leaving 50% unexplained.
Clearly other relevant factors likely remain unidentified. Neverthe-
less, it is not unusual for there to be a significant percentage of unex-
plained variance in biomedical or social science research. For exam-
ple, a meta-analysis of postoperative pain (a subjective experience),
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covering 48 studies and 23,037 subjects, found that only 54% (r =
0.73) of the variance in pain ratings could be explained by the vari-
ables included in the studies.144 Wind turbine development is subject
to the same global psychogenic health worries and nocebo reactions
as other modern technologies. Therefore, communities, government
agency, and companies would be well advised to adopt an open,
transparent, and engaging process when debating the potential ef-
fect of wind turbine sites. The vast majority of findings reviewed in
this section were correlational and, therefore, do not imply causality,
and that other as of yet unidentified (unmeasured) factors may be
associated with or responsible for these findings.

DISCUSSION
Despite the limitations of available research related to wind

turbines and health, inferences can be drawn from this information, if
used in concert with available scientific evidence from other environ-
mental noise studies, many of which have been reviewed and assessed
for public policy in the WHO’s Nighttime Noise Guidelines.104 A
substantial database on environmental noise studies related to trans-
portation, aviation, and rail has been published.147 Many of these
studies have been used to develop worldwide regulatory noise guide-
lines, such as those of the WHO,104 which have proposed nighttime
noise levels primarily focused on preventing sleep disturbance.

Because sound and its components are the potential health
hazards associated with living near wind turbines, an assessment of
other environmental noise studies can offer a valuable perspective in
assessing health risks for people living near wind turbines. For ex-
ample, one would not expect adverse health effects to occur at lower
noise levels if the same effects do not occur at higher noise levels. In
the studies of other environmental noise sources, noise levels have
been considerably higher than those associated with wind turbines.
Noise differences as broad as 15 dBA (eg, 55 dBA in highways vs 40
dBA from wind turbines) have been regularly reported.147 In settings
where anthropogenic changes are perceived, indirect effects such as
annoyance have been reported, and these must also be considered in
the evaluation of health effects.

We now attempt to address three fundamental questions posed
at the beginning of this review related to potential health implications
of wind turbines.

Is there available scientific evidence to conclude that wind
turbines adversely affect human health? If so, what are the
circumstances associated with such effects and how might
they be prevented?

The epidemiological and experimental literature provides no
convincing or consistent evidence that wind turbine noise is associ-
ated with any well-defined disease outcome. What is suggested by
this literature, however, is that varying proportions of people resid-
ing near wind turbine facilities report annoyance with the turbines
or turbine noise. It has been suggested by some authors of these
studies that this annoyance may contribute to sleep disruption and/or
stress and, therefore, lead to other health consequences. This self-
reported annoyance, however, has not been reported consistently and,
when observed, arises from cross-sectional surveys that inherently
cannot discern whether the wind turbine noise emissions play any
direct causal role. Beyond these methodological limitations, such
results have been associated with other mediating factors (includ-
ing personality and attitudinal characteristics), reverse causation (ie,
disturbed sleep or the presence of a headache increases the per-
ception of and association with wind turbine noise), and personal
incentives (whether economic benefit is available for living near the
turbines).

There are no available cohort or longitudinal studies that can
more definitively address the question about causal links between
wind turbine operations and adverse health effects. Nevertheless,
results from cross-sectional and experimental studies, as well as

studies of other environmental noise sources, can provide valuable
information in assessing risk. On the basis of the published cross-
sectional epidemiological studies, “annoyance” is the main outcome
measure that has been raised in the context of living in the vicinity
of wind turbines. Whether annoyance is an adverse health effect,
however, is disputable. “Annoyance” is not listed in the International
Classification of Diseases (10th edition), although it has been sug-
gested by some that annoyance may lead to stress and to other health
consequences, such as sleep disturbance. This proposed mechanism,
however, has not been demonstrated in studies using methods capable
of elucidating such pathways.

The authors of this review are aware of the Internet sites and
non–peer-reviewed reports, in which some people have described
symptoms that they attribute to living near wind turbines. The quality
of this information, however, is severely limited such that reasonable
assessments cannot be made about direct causal links between the
wind turbines and symptoms reported. For example, inviting only
people who feel they have symptoms because of wind turbines to
participate in surveys and asking people to remember events in the
past in the context of a current concern (ie, postturbine installa-
tion) introduce selection and recall biases, respectively. Such ma-
jor biases compromise the reliability of the information as used in
any rigorous causality assessment. Nonetheless, consistent associa-
tions have been reported between annoyance, sleep disturbance, and
altered QOL among some people living near wind turbines. It is
not possible to properly evaluate causal links of these claims in the
absence of a thorough medical assessment, proper noise studies, and
a valid study approach. The symptoms reported tend to be nonspe-
cific and associated with various other illnesses. Personality factors,
including self-assessed noise sensitivity, attitudes toward wind en-
ergy, and nocebo-like reactions, may play a role in the reporting
of these symptoms. In the absence of thorough medical evaluations
that include a characterization of the noise exposure and a diagnos-
tic medical evaluation, confirmation that the symptoms are due to
living near wind turbines cannot be made with any reliability. In
fact, the use of a proposed case definition that seemed in a journal
not indexed by PubMed can lead to misleading and incorrect assess-
ments of people’s health, if performed in the absence of a thorough
diagnostic evaluation.143 We recommend that people who suspect
that they have symptoms from living near wind turbines undergo a
thorough medical evaluation to identify all potential causes of and
contributors to the symptoms. Attributing symptoms to living near
wind turbines in the absence of a comprehensive medical evaluation
is not medically appropriate. It is in the person’s best interest to be
properly evaluated to ensure that recognized and treatable illnesses
are recognized.

Available scientific evidence does not provide support for any
bona fide–specific illness arising out of living in the vicinity of
wind turbines. Nonetheless, it seems that an array of factors con-
tribute to some proportion of those living in proximity to wind
turbines, reporting some degree of annoyance. The effect of pro-
longed annoyance—regardless of its source or causes—may have
other health consequences, such as increasing stress; however, this
cannot be demonstrated with the existing scientific literature on an-
noyance associated with wind turbine noise or visibility.

Is there available scientific evidence to conclude that psycho-
logical stress, annoyance, and sleep disturbance can occur
as a result of living in proximity to wind turbines? Do these
effects lead to adverse health effects? If so, what are the cir-
cumstances associated with such effects and how might they
be prevented?

Available research is not suitable for assessing causality be-
cause the major epidemiological studies conducted to date have
been cross-sectional, data from which do not allow the evaluation of
the temporal relationship between any observed correlated factors.
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Cross-sectional studies, despite their inherent limitations in assess-
ing causal links, however, have consistently shown that some people
living near wind turbines are more likely to report annoyance than
those living farther away. These same studies have also shown that a
person’s likelihood of reporting annoyance is strongly related to their
attitudes toward wind turbines, the visual aspect of the turbines, and
whether they obtain economic benefit from the turbines. Our review
suggests that these other risk factors play a more significant role than
noise from wind turbines in people reporting annoyance.

The effect of annoyance on a person’s health is likely to vary
considerably, based on various factors. To minimize these reactions,
solutions may include informative discussions with area residents
before developing plans for a wind farm along with open communi-
cations of plans and a trusted approach to responding to questions
and resolving noise-related complaints.

Is there evidence to suggest that specific aspects of wind
turbine sound such as infrasound and low-frequency sound
have unique potential health effects not associated with other
sources of environmental noise?

Both infrasound and low-frequency sound have been raised as
possibly unique health hazards associated with wind turbine opera-
tions. There is no scientific evidence, however, including results from
field measurements of wind turbine–related noise and experimental
studies in which people have been purposely exposed to infrasound,
to support this hypothesis. Measurements of low-frequency sound,
infrasound, tonal sound emission, and amplitude-modulated sound
show that infrasound is emitted by wind turbines, but that the levels
at customary distances to homes are well below audibility thresh-
olds, even at residences where people have reported symptoms that
they attribute to wind turbines. These levels of infrasound—as close
as 300 m from the turbines—are not audible. Moreover, experimen-
tal studies of people exposed to much higher levels of infrasound
than levels measured near wind turbines have not indicated adverse
health effects. Because infrasound is associated more with vibra-
tory effects than high-frequency sound, it has been suggested that
the vibration from infrasound may be contributing to certain physi-
cal sensations described by some people living near wind turbines.
These sensations are difficult to reconcile in light of field studies that
indicated that infrasound at distances more than 300 m for a wind
turbine meet international standards for preventing rattling and other
potential vibratory effects.14

Areas for Further Inquiry
In light of the limitations of available studies for drawing

definitive conclusions and the need to address health-related con-
cerns associated with wind turbines raised by some nearby resi-
dents, each author discussed potential areas of further inquiry to ad-
dress current data gaps. These recommendations primarily address
exposure characterization, health endpoints, and the type of epidemi-
ological study most likely to lead to informative results regarding
potential health effects associated with living near wind turbines.

Noise From Wind Turbines
As with any potential occupational or environmental hazard,

further efforts at exposure characterization, that is, noise and its
components such as infrasound and low-frequency sound, would be
valuable. Ideally, uniform equipment and standardized methods of
measurement can be used to enable comparison with results from
published studies and evaluate adherence to public policy guidelines.

Efforts directed at evaluating models used to predict noise lev-
els from wind turbines—in contrast to actual measured noise levels—
would be valuable and may be helpful in informing and reassuring
residents involved in public discussions related to the development
of wind energy projects. Efforts at fine tuning noise models for ac-
curacy to real-world situations can be reassuring to public health

officials charged with evaluating potential health effects of noise.
The development and the use of reliable and portable noise mea-
suring devices to address components of noise near residences and
evaluating symptoms and compliance with noise guidelines would
be valuable.

Epidemiology
Prospective cohort studies would be most informative for

identifying potential health effects of exposure to wind turbine noise
before and after wind turbines are installed and operating. Ideally,
substantially large populations would be evaluated for baseline health
status, and subsequently part of the population would become ex-
posed to wind turbines and part would remain unexposed, as in an
area where large wind turbine farms are proposed or planned. The
value of such studies is in the avoidance of several forms of bias
such as recall bias, where study participants might, relying on recall,
under- or overreport risk factors or diseases that occurred sometime
in the past. As has been noted by several authors, the level of at-
tention given the topic of wind turbines and possible health effects
in the news and the Internet makes it difficult to study any popu-
lation truly “blinded” to the hypotheses being evaluated. The main
advantage of prospective cohort studies with a pre- and post–wind
turbine component is the direct ability to compare changes in dis-
ease and health status among individuals subsequently exposed to
wind turbine noise with those among similar groups of people not
exposed. These conditions are not readily approximated by any other
study approach. A similar but more complex approach could include
populations about to become exposed to other anthropogenic stim-
uli, such as highways, railroads, commercial centers, or other power
generation sources.

We note that additional cross-sectional studies may not be
capable of contributing meaningfully and in fact might reinforce
biases already seen in many cross-sectional studies and surveys.

Sound and Its Components
Several types of efforts can be undertaken to test hypothe-

ses proposed about inaudible sound being a risk for causing ad-
verse health effects. It would be simple, at least conceptually, to
expose blinded subjects to inaudible sounds, especially in the in-
frasound range, to determine whether they could detect the sounds
or whether they developed any unpleasant symptoms. Ideally, these
studies would use infrasound levels that are close to hearing thresh-
olds and comparable with real-world wind turbine levels at residen-
tial distances. Crichton et al137,149 have begun such studies, finding
that subjects could not detect any difference between infrasound and
sham “exposures.” The infrasound stimulus used, however, was only
40 dB at 5 Hz, more than 60 dB lower than hearing threshold and
lower than levels measured at some residences near wind turbines.

The possibility of adverse effects from inaudible sound could
also be tested in humans or animals in long-term studies. To date,
there seem to be no reports of adverse effects in people exposed to
wind turbine noise that they could never hear (such reports would
require careful controls), nor are any relevant animal studies known
to the authors of this review.

Controlled human exposure studies have been used to gain
insight into the effects of exposure to LFN from wind turbines.
Human volunteers are exposed for a short amount of time under
defined conditions, sometimes following various forms of precon-
ditioning, and different response metrics evaluated. Most of these
studies addressed wind turbine noise annoyance but no direct health
indicator; however, one study addressed visual reaction to the color
of wind turbines in pictures,73 and another evaluated physical symp-
toms in response to wind turbine noise.137,149

Efforts to document a potential effect of infrasound on health
have been unsuccessful, including searches for responses to sound
from cochlear type II afferent neurons or responses to inaudible
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airborne sound from the vestibular system. But in other cases, the
relevant experiments (can inaudible sound cause endolymphatic hy-
drops?) seem not to have been conducted to date. This seemingly
improbable hypothesis, however, could be tested in guinea pigs,
which reliably develops endolymphatic hydrops in response to other
experimental interventions.

Psychological Factors
This review has demonstrated that a complex combination

of noise and personal factors contributes to some people reporting
annoyance in the context of living near wind turbines. Further efforts
at characterizing and understanding these issues can be directed to
improvements in measurement of sound perception, data analysis,
and conceptualization.

We suggest improvements in the quality and standardization
of measurement for important constructs like noise sensitivity and
noise annoyance across studies. We also suggest eliminating the use
of single-item “measures” for primary outcomes.

Data analysis should ideally include effect size measures in
all studies to supplement the significance testing (some significant
differences are small when sample sizes are large). This will help
improve the comparability of findings across studies.

Integrate noise sensitivity, noise annoyance, and QOL into a
broader more comprehensive theory of personality or psychologi-
cal functioning, such as the widely accepted five-factor model of
personality.

SUMMARY
1. Measurements of low-frequency sound, infrasound, tonal sound

emission, and amplitude-modulated sound show that infrasound
is emitted by wind turbines. The levels of infrasound at cus-
tomary distances to homes are typically well below audibility
thresholds.

2. No cohort or case–control studies were located in this updated
review of the peer-reviewed literature. Nevertheless, among the
cross-sectional studies of better quality, no clear or consistent
association is seen between wind turbine noise and any reported
disease or other indicator of harm to human health.

3. Components of wind turbine sound, including infrasound and low-
frequency sound, have not been shown to present unique health
risks to people living near wind turbines.

4. Annoyance associated with living near wind turbines is a com-
plex phenomenon related to personal factors. Noise from turbines
plays a minor role in comparison with other factors in leading
people to report annoyance in the context of wind turbines.
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