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Executive Summary 

*'3&-'!H+:'!B'',!H+(,'//.,6!)H'!&3;'(!39!)H'!;.,@!93(!53('!)H+,!KTXXX!7'+(/#!M,.).+--7!=/'@!
;.@'-7!93(!9+(5!.((.6+).3,!+,@!5.--;3(R/T!)3@+ 7c/!53@'(,!;.,@!)=(B.,'/!&(3@=?'!'-'?)(.?.)7!
.,!53('!)H+,!SX!?3=,)(.'/#!F/!39!)H'!',@!39!1XXWT!)H'('!;'('!+&&(3%.5+)'-7!"1XTWXX!
5'6+;+))/!39!;.,@!','(67!?+&+?.)7!.,/)+ --'@!+(3=,@!)H'!;3(-@![Y-3B+-!A.,@!$,'(67!
V3=,?.-T!1XXP\#!!

A.,@!','(67!',]37/!?3,/.@'(+B-'!&=B-.?!/=&&3() T!B=)!.)!+-/3!H+/!.)/!@')(+?)3(/T!;H3!H+:'!
&=B-.?.`'@!)H'.(!?3,?'(,/!)H+)!)H'!/3=,@/!'5. ))'@!9(35!;.,@!)=(B.,'/!?+=/'!+@:'(/'!H'+-)H!
?3,/'N=',?'/#!!

M,!('/&3,/'!)3!)H3/'!?3,?'(,/T!)H'!F5'( .?+,!+,@!V+,+@.+,!A.,@!$,'(67!F//3?.+).3,/!
[FA$F!+,@!V+,A$F\!'/)+B-./H'@!+!/?.',).9.?! +@:./3(7!&+,'-!.,!'+(-7!1XXP!)3!?3,@=?)!+!
(':.';!39!?=((',)!-.)'(+)=('!+:+.-+B-'!3,!)H'! .//='!39!&'(?'.:'@!H'+-)H!'99'?)/!39!;.,@!
)=(B.,'/#!!4H./!5=-).@./?.&-.,+(7!&+,'-!./!?3 5&(./'@!39!5'@.?+-!@3?)3(/T!+=@.3-36./)/T!+,@!
+?3=/).?+-!&(39'//.3,+-/!9(35 !)H'!_,.)'@!G)+)'/T!V+,+@+T!>',5+(RT!+,@!)H'!_,.)'@!
a.,6@35#!4H'!3B]'?).:'!39!)H'!&+,'-!;+/!)3!&( 3:.@'!+,!+=)H3(.)+).:'!('9'(',?'!@3?=5',)!93(!
-'6./-+)3(/T!('6=-+)3(/T!+,@!+,73,'!;H3!;+,)/!)3 !5+R'!/',/'!39!)H'!?3,9-.?).,6!.,93(5+).3,!
+B3=)!;.,@!)=(B.,'!/3=,@#!

4H'!&+,'-!=,@'()33R!'%)',/.:'!(':.';T!+,+-7/./ T!+,@!@./?=//.3,!39!)H'!-+(6'!B3@7!39!&''(0
(':.';'@!-.)'(+)=('!3,!/3=,@!+,@!H'+-)H!'99'?)/! .,!6','(+-T!+,@!3,!/3=,@!&(3@=?'@!B7!;.,@!
)=(B.,'/#!$+?H!&+,'-!5'5B'(!?3,)(.B=)'@!+!=, .N='!'%&'()./'!.,!+=@.3-367T!+?3=/).?/T!
3)3-+(7,63-367T!3??=&+).3,+-b!',:.(3,5',)+-!5'@. ?.,'T!3(!&=B-.?!H'+-)H#!A.)H!+!@.:'(/.)7!39!
&'(/&'?).:'/!('&('/',)'@T!)H'!&+,'-!+//'//'@!)H '!&-+=/.B-'!B.3-36.?+-!'99'?)/!39!'%&3/=('!)3!
;.,@!)=(B.,'!/3=,@#!!

83--3;.,6!(':.';T!+,+-7/./T!+,@!@./?=//.3,!39!?=((',)!R,3;-'@6'T!)H'!&+,'-!('+?H'@!
?3,/',/=/!3,!)H'!93--3;.,6!?3,?-=/.3,/U!

!  4H'('!./!,3!':.@',?'!)H+)!)H'!+=@.B-'!3(!/= B0+=@.B-'!/3=,@/!'5.))'@!B7!;.,@!)=(B.,'/!
H+:'!+,7!@.('?)!+@:'(/'!&H7/.3-36.?+-!'99'?)/#!

!  4H'!6(3=,@0B3(,'!:.B(+).3,/!9(35!;.,@!)=(B., '/!+('!)33!;'+R!)3!B'!@')'?)'@!B7T!3(!)3!
+99'?)T!H=5+,/#!

!  4H'!/3=,@/!'5.))'@!B7!;.,@!)=(B.,'/!+('!,3 )!=,.N='#!4H'('!./!,3!('+/3,!)3!B'-.':'T!
B+/'@!3,!)H'!-':'-/!+,@!9('N=',?.'/!39!)H'!/3 =,@/!+,@!)H'!&+,'-c/!'%&'(.',?'!;.)H!/3=,@!
'%&3/=('/!.,!3??=&+).3,+-!/')).,6/T!)H+)!)H'! /3=,@/!9(35!;.,@!)=(B.,'/!?3=-@!&-+=/.B-7!
H+:'!@.('?)!+@:'(/'!H'+-)H!?3,/'N=',?'/#!
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 1-1 

+2?&LNT%K%

Introduction 

4H'!5.//.3,!39!)H'!F5'(.?+,!A.,@ !$,'(67!F//3?.+).3,![FA$F\!./!)3!&(353)'!)H'!6(3;)H!39!
;.,@!&3;'(!)H(3=6H!+@:3?+?7T!?355=,.?+).3,T!+,@ !'@=?+).3,#!G.5.-+(-7T!)H'!5.//.3,!39!)H'!
V+,+@.+,!A.,@!$,'(67!F//3?.+).3,![V+,A$F \!./!)3!&(353)'!)H'!('/&3,/.B-'!+,@!
/=/)+.,+B-'!6(3;)H!39!;.,@!&3;'(!.,!V+,+@+#! Z3)H!3(6+,.`+).3,/!;./H!)3!)+R'!+!&(3+?).:'!
(3-'!.,!',/=(.,6!)H+)!;.,@!','(67!&(3]'?)/!+( '!633@!,'.6HB3(/!)3!)H'!?355=,.).'/!)H+)!H+:'!
'5B(+?'@!;.,@!','(67#!!

436')H'(!FA$F!+,@!V+,A$F!&(3&3/'@!)3!+! ,=5B'(!39!.,@'&',@',)!6(3=&/!)H+)!)H'7!
'%+5.,'!)H'!/?.',).9.?!:+-.@.)7!39!('?',)!('&3()/! 3,!)H'!+@:'(/'!H'+-)H!'99'?)/!39!;.,@!)=(B.,'!
&(3%.5.)7#!G=?H!('&3()/!H+:'!(+./'@!&=B-.?!?3,?'(,!+B3=)!;.,@!)=(B .,'!'%&3/=('#!M,!)H'!
+B/',?'!39!@'?-+('@!?355.)5',)!)3!/=?H!+,! '993()!9(35!.,@'&',@',)!6(3=&/T!)H'!;.,@!
.,@=/)(7!@'?.@'@!)3!B'!&(3+?).:'!+,@!+@@('//!)H'!.//='!.)/'-9#!M,!1XXPT!FA$F!+,@!V+,A$F!
?355.//.3,'@!)H./!('&3()#!4H'7!+/R'@!)H'!+=)H3( /!)3!'%+5.,'!&=B-./H'@!/?.',).9.?!-.)'(+)=('!
3,!&3//.B-'!+@:'(/'!H'+-)H!'99'?)/!('/=-) .,6!9(35!'%&3/=('!)3!;.,@!)=(B.,'/#!!

4H'!3B]'?).:'!39!)H./!('&3()!./!)3!+@@('//!H' +-)H!?3,?'(,/!+//3?.+)'@!;.)H!/3=,@/!9(35!
.,@=/)(.+-0/?+-'!;.,@!)=(B.,'/#!M,':.)+B-7T!+!(' &3()!9=,@'@!B7!+,!.,@=/)(7!+//3?.+).3,!;.--!B'!
/=B]'?)!)3!?H+(6'/!39!B.+/!+,@!?3,9-.?)/!39!.,)'('/)#!FA$F!+,@!V+,A$F!H+:'!5.,.5.`'@!
B.+/!+,@!?3,9-.?)/!39!.,)'('/)!)3!)H'!6('+)'/)!&3//.B-'!'%)',)!)H(3=6H!/'-'?).3,!39!+!
@./).,6=./H'@!&+,'-!39!.,@'&',@',)!'%&'()/!.,! +?3=/).?/T!+=@.3-367T!5'@.?.,'T!+,@!&=B-.?!
H'+-)H#!4H./!('&3()!./!)H'!('/=-)!39!)H'.(!'993()/#!!

1.1 Expert Panelists 
4H'!'%&'()/!-./)'@!B'-3;!;'('!+/R'@!)3!.,:'/).6+)'!+,@!+,+-7`'!'%./).,6!-.)'(+)=('!+,@!
&=B-./H!)H'.(!9.,@.,6/!.,!)H./!('&3()d!)H'.(! ?=((',)!&3/.).3,/!+,@b3(!N=+-.9.?+).3,/!93(!
.,?-=/.3,!+('!+-/3!&(3:.@'@#!

!  A#!>+:.@!V3-B7T!J#>#U!VH+)H+50a',)!J'@.?+-!D99.?'(!39!E'+-)H![F?).,6\d!F//3?.+)'!
*(39'//3(T!G?H=-.?H!G?H33-!39!J'@.?.,'!e!>',)./)(7T!_,.:'(/.)7!39!A'/)'(,!D,)+(.3!

!  23B'()!>3B.'T!J#># U%V-.,.?+-!*(39'//3(T!_,.:'(/.)7!39 !4'%+/T!G+,!F,)3,.3d!V-.,.?+-!
*(39'//3(T!_,.:'(/.)7!39!V+-.93(,.+T!>+:./!

!  Y'399!<':',)H+--T!*H#> =U!V3,/=-)+,)!.,!Q3./'!O.B(+).3,!+,@!F?3=/).?/T!_a!

!  >+:.@!J#!<.&/?35BT!*H#>=U!*('/.@',)T!V3(('?)!G'(:.?'T!M,?#!!

!  23B'()!f#!J?V=,,'7T!J#># U!2'/'+(?H!G?.',)./)T!J+//+?H=/ '))/!M,/).)=)'!39!4'?H,3-367!
>'&+()5',)!39!Z.3-36.?+-!$,6.,''(.,6d!G)+ 99!*H7/.?.+,T!J+//+?H=/'))/!Y','(+-!E3/&.)+-!
*=-53,+(7!>.:./.3,d!E+(:+(@!J'@.?+-!G?H33-!

!  J.?H+'-!4#!G'.-3T!*H#>=U%*(39'//3(!39!F=@.3-367T!A'/)'(,!A+/H.,6)3,!_,.:'(/.)7!



WIND TURBINE SOUND AND HEALTH EFFECTS 
AN EXPERT PANEL REVIEW 

1-2  

!  Z3!Gg,@'(6++(@T!J#G?#![*H7/.?/VU!G',.3(!V3,/=-)+,)T!>+,. /H!$-'?)(3,.?/!<.6H)!+,@!
F?3=/).?/![>$<4F\!

J+(R!Z+/)+/?HT!+,!+?3=/).?+-!',6.,''(!;.)H!)H '!?3,/=-).,6!9.(5!39!VE1J!EM<<T!+?)'@!+/!
)'?H,.?+-!+@:./3(!)3!)H'!&+,'-#!

1.2 Report Terminology 
V'()+.,!)'(5/!+('!=/'@!9('N=',)-7!)H(3=6H3=)!)H ./!('&3()#!4+B-'!"0"!@'9.,'/!)H'/'!)'(5/#!F,!
=,@'(/)+,@.,6!39!)H'!@./).,?).3,!B');'',!h/3=,@i!+,@!h,3./'i!5+7!B'!&+().?=-+(-7!=/'9=-!)3!
)H'!('+@'(#!

TABLE 1-1 
Definitions of Acoustical Terms 

Term Definitions 

Sound Describes wave-like variations in air pressure that occur at frequencies that 
can stimulate receptors in the inner ear and, if sufficiently powerful, be 
appreciated at a conscious level. 

Noise Implies the presence of sound but also implies a response to sound: noise is 
often defined as unwanted sound. 

Ambient noise level The composite of noise from all sources near and far. The normal or existing 
level of environmental noise at a given location. 

Decibel (dB) A unit describing the amplitude of sound, equal to 20 times the logarithm to 
the base 10 of the ratio of the measured pressure to the reference pressure, 
which is 20 micropascals (µPa). 

A-weighted sound 
pressure level (dBA) 

The sound pressure level in decibels as measured on a sound level meter 
using the A-weighted filter network. The A-weighted filter de-emphasizes the 
very low and very high frequency components of the sound in a manner 
similar to the frequency response of the human ear and correlates well with 
subjective reactions to noise. 

Hertz (Hz) A unit of measurement of frequency; the number of cycles per second of a 
periodic waveform.  

Infrasound According to the International Electrotechnical CommissionÕs (IECÕs) IEC 
1994, infrasound is: Acoustic oscillations whose frequency is below the low-
frequency limit of audible sound (about 16 Hz).  
However this definition is incomplete as infrasound at high enough levels is 
audible at frequencies below 16 Hz. 

(IEC (1994): 60050-801:1994 International Electrotechnical Vocabulary - 
Chapter 801: Acoustics and electroacoustics). 

Low-frequency sound Sound in the frequency range that overlaps the higher infrasound 
frequencies and the lower audible frequencies, and is typically considered as 
10 Hz to 200 Hz, but is not closely defined.!

Source: HPA, 2009. 

!
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Methodology 

4H(''!/)'&/!93(5!)H'!B+/./!93(!)H./!('&3()U!93(5 +).3,!39!+,!'%&'()!&+,'-T!(':.';!39!-.)'(+)=('!
@.('?)-7!('-+)'@!)3!;.,@!)=(B.,'/T!+,@!(':. ';!39!&3)',).+-!',:.(3,5',)+-!'%&3/=('/#!

2.1 Formation of Expert Panel 
4H'!F5'(.?+,!+,@!V+,+@.+,!;.,@!','(67!+//3 ?.+).3,/T!FA$F!+,@!V+,A$FT!+//'5B-'@!+!
@./).,6=./H'@!&+,'-!39!.,@'&',@',)!'%&'()/!)3 !+@@('//!?3,?'(,/!)H+)!)H'!/3=,@/!'5.))'@!
9(35!;.,@!)=(B.,'/!?+=/'!+@:'(/'!H'+-)H!?3,/'N=',?'/#!!

4H'!3B]'?).:'!39!)H'!&+,'-!;+/!)3!&(3:.@'!+,!+= )H3(.)+).:'!('9'(',?'!@3?=5',)!93(!)H'!=/'!39!
-'6./-+)3(/T!('6=-+)3(/T!+,@!&'3&-'!/.5&-7! ;+,).,6!)3!5+R'!/',/'!39!)H'!?3,9-.?).,6!
.,93(5+).3,!+B3=)!;.,@!)=(B.,'!/3=,@#!

4H'!&+,'-!('&('/',)'@!'%&'()./'!.,!+=@.3-367T !+?3=/).?/T!3)3-+(7,63-367T!3??=&+).3,+-b!
',:.(3,5',)+-!5'@.?.,'T!+,@!&=B-.?!H'+-)H#!F!/' (.'/!39!?3,9'(',?'!?+--/!;'('!H'-@!+53,6!
&+,'-!5'5B'(/!)3!@./?=//!-.)'(+)=('!+,@!R'7!H'+- )H!?3,?'(,/!)H+)!H+:'!B'',!(+./'@!+B3=)!
;.,@!)=(B.,'/#!4H'!?+--/!;'('!93--3;'@!B7!)H'!@':'-3&5',)!39!+!@(+9)!)H+)!;+/!(':.';'@!B7!
3)H'(!&+,'-!5'5B'(/#!4H(3=6H3=)!)H'!93--3;0=&! &'(.3@T!-.)'(+)=('!;+/!?(.).?+--7!+@@('//'@#!

2.2 Review of Literature Directly Related to Wind Turbines 
4H'!&+,'-!?3,@=?)'@!+!/'+(?H!39!*=B!J'@!=, @'(!)H'!H'+@.,6!hA.,@!4=(B.,'/!+,@!E'+-)H!
$99'?)/i!)3!('/'+(?H!+,@!+@@('//!&''(0(':.';'@! -.)'(+)=('#!M,!+@@.).3,T!)H'!&+,'-!?3,@=?)'@!+!
/'+(?H!3,!h:.B(3+?3=/).?!@./'+/'#i!4H'!('9'(' ,?'!/'?).3,!.@',).9.'/!)H'!&''(!+,@!,3,0&''(!
(':.';'@!/3=(?'/!)H+)!;'('!?3,/=-)'@!B7!)H'!&+,'-#!

2.3 Review of Potential Environmental Exposures 
4H'!&+,'-!?3,@=?)'@!+!(':.';!39!&3)',).+-!', :.(3,5',)+-!'%&3/=('/!+//3?.+)'@!;.)H!;.,@!
)=(B.,'!3&'(+).3,/T!;.)H!+!93?=/!3,!-3;!9( 'N=',?7!/3=,@T!.,9(+/3=,@T!+,@!:.B(+).3,#!

!
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Overview and Discussion  

4H./!/'?).3,!/=55+(.`'/!)H'!('/=-)/!39!)H'!(' :.';!+,@!+,+-7/./!?3,@=?)'@!B7!)H'!'%&'()!
&+,'-!+,@!('/&3,@/!)3!+!,=5B'(!39!R'7!N='/).3,/U!

!  E3;!@3!;.,@!)=(B.,'!3&'(+).3,/! +99'?)!H=5+,!+=@.)3(7!('/&3,/'j!

!  E3;!@3!;'!@')'(5.,'!)H'!-3=@,'//!+,@!9('N=',?7!39!/3=,@!+,@!.)/!'99'?)/!3,!)H'!
H=5+,!'+(j!!

!  E3;!@3!;.,@!)=(B.,'/!&(3@=?'!/3=,@j!

!  E3;!./!/3=,@!5'+/=('@!+,@!)'/)'@j!

!  AH+)!./!:.B(+).3,j!!

!  ! H+)!)7&'!39!'%&3/=('!)3!;.,@!)=(B.,'/!./!53 ('!-.R'-7!)3!B'!&'(?'.:'@!B7!H=5+,/![-3;!
9('N=',?7!/3=,@T!.,9(+/3=,@!3(!:.B(+).3,\j %!

!  V+,!/3=,@/!.,!)H'!-3;!9('N=',?7!(+,6'T!53/) !,3)+B-7!)H'!.,9(+/3,.?!(+,6'T!+@:'(/'-7!
+99'?)!H=5+,!H'+-)Hj!$:',!;H',!/=?H!-':'-/ !+('!B'-3;!)H'!+:'(+6'!&'(/3,c/!+B.-.)7!)3!
H'+(!)H'5j!!

!  E3;!@3'/!)H'!H=5+,!:'/).B=-+(!/7/)'5!('/&3,@!)3!/3=,@j!

!  AH+)!+('!)H'!&3)',).+-!+@:'(/'!'99'?)/!+,@! H'+-)H!.5&-.?+).3,/!39!/3=,@!'%&3/=('j!

!  AH+)!@3'/!/?.',).9.?!-.)'(+)=('!/+7!+B3= )!;.,@!)=(B.,'/T!-3;!9('N=',?7!/3=,@T!+,@!
.,9(+/3=,@j!

3.1 Wind Turbine Operation and Human Auditory Response to 
Sound 

3.1.1 Overview 
4H'!,3(5+-!3&'(+).3,!39!+!;.,@!)=(B.,'!&(3@ =?'/!/3=,@!+,@!:.B(+).3,T!+(3=/.,6!?3,?'(,!
+B3=)!&3)',).+-!H'+-)H!.5&-.?+).3,/#!4H./!/' ?).3,!+@@('//'/!)H'!9=,@+5',)+-!&(.,?.&-'/!
+//3?.+)'@!;.)H!/3=,@!+,@!:.B(+).3,T!/3=,@! 5'+/=('5',)T!+,@!&3)',).+-!+@:'(/'!H'+-)H!
.5&-.?+).3,/#!G3=,@!9(35!+!;.,@!)=(B.,'!+( ./'/!9(35!.)/!5'?H+,.?+-!3&'(+).3,!+,@!)H'!
)=(,.,6!39!)H'!B-+@'/#!!
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3.1.2 The Human Ear and Sound  
4H'!H=5+,!'+(!./!?+&+B-'!39!&'(?'.:.,6!+!;. @'!(+,6'!39!/3=,@/T!9(35!)H'!H.6H0&.)?H'@!
/3=,@/!39!+!B.(@!/3,6!)3!)H'!-3;0&.)?H'@!/3=,@!39!+!B+//!6=.)+(#!G3=,@/!+('!&'(?'.:'@!B+/'@!
3,!)H'.(!-3=@,'//![.#'#T!:3-=5'!3(!/3=,@!&('//= ('!-':'-\!3(!&.)?H![.#'#T!)3,+-!3(!9('N=',?7!
?3,)',)\#!4H'!/)+,@+(@!=,.)!39!5'+/=('!93(!/3 =,@!&('//=('!-':'-/!./!)H'!@'?.B'-![@Z\#!4H'!
/)+,@+(@!=,.)!=/'@!)3!@'/?(.B'!)H'!)3,+-!3(!9('N=',?7!?3,)',)!./!)H'!E'()`![E`\T!5'+/=('@!.,!
?7?-'/!&'(!/'?3,@\kF&&',@.%!F!&(3:.@'/!53('! .,93(5+).3,!3,!)H'!9=,@+5',)+-/!39!/3=,@#!
V=/)35+(.-7T!)H'!73=,6T!,3,0&+)H3-36.?+-!'+(!?+,!&'(?'.:'!/3=,@/!(+,6.,6!9(35!1X!E`!)3!
1XTXXX!E`#!F&&',@.%!Z!&(3:.@'/!53('!.,93(5+).3,!3,!)H'!H=5+,!'+(#!

8('N=',?.'/!B'-3;!1X!E`!+('!?3553,-7!?+--'@!h.,9(+/3=,@Ti!+-)H3=6H!)H'!B3=,@+(7!
B');'',!.,9(+/3=,@!+,@!-3;!9('N=',?7!/3=,@!./! ,3)!(.6.@#!M,9(+/3=,@T!+)!?'()+.,!9('N=',?.'/!
+,@!+)!H.6H!-':'-/T!?+,!B'!+=@.B-'!)3!/35' !&'3&-'#!<3;!9('N=',?7!/3=,@!./!?=/)35+(.-7!
('9'(('@!)3!+/!)H+)!B');'',!"X!E`!+,@!1XX!E`T!B=)! +,7!@'9.,.).3,!./!+(B.)(+(7!)3!/35'!@'6(''#!
<3;!9('N=',?7!/3=,@!./!)H'!/=B]'?)!39!?3,?'(,! )3!/35'!;.)H!('/&'?)!)3!&3)',).+-!H'+-)H!
.5&-.?+).3,/#!

TABLE 3-1 
TYPICAL SOUND PRESSURE LEVELS MEASURED IN THE ENVIRONMENT AND 
INDUSTRY 

Noise Source 
At a Given Distance 

A-Weighted Sound 
Level in Decibels Qualitative Description 

Carrier deck jet operation 140  

 130 Pain threshold 

Jet takeoff (200 feet) 120  

Auto horn (3 feet) 110 Maximum vocal effort 

Jet takeoff (1000 feet) 
Shout (0.5 feet) 

100  

N.Y. subway station 
Heavy truck (50 feet) 

90 Very annoying 
Hearing damage (8-hour,  

continuous exposure) 

Pneumatic drill (50 feet) 80 Annoying 

Freight train (50 feet) 
Freeway traffic (50 feet) 

70 to 80  

 70 Intrusive 
(Telephone use difficult) 

Air conditioning unit (20 feet) 60  

Light auto traffic (50 feet) 50 Quiet 

Living room 
Bedroom 

40  

Library 
Soft whisper (5 feet) 

30 Very quiet 

Broadcasting/Recording studio 20  

 10 Just audible 

Adapted from Table E, ÒAssessing and Mitigating Noise ImpactsÓ, NY DEC, February 2001. 
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4+B-'!C0"!/H3;/!/3=,@!&('//=('!-':'-/!+//3 ?.+)'@!;.)H!?3553,!+?).:.).'/#!47&.?+--7T!
',:.(3,5',)+-!+,@!3??=&+).3,+-!/3=,@!&('//=(' !-':'-/!+('!5'+/=('@!.,!@'?.B'-/!3,!+,!
F0;'.6H)'@!/?+-'![@ZF\#!4H'!F0;'.6H)'@!/?+-'!@'0'5&H+/.`'/!)H'!:'(7!-3;!+,@!:'(7!H.6H!
9('N=',?7!?35&3,',)/!39!)H'!/3=,@!.,!+!5+,,' (!/.5.-+(!)3!)H'!9('N=',?7!('/&3,/'!39!)H'!
H=5+,!'+(#!83(!?35&+(./3,T!)H'!/3=,@!9(35!+! ;.,@!)=(B.,'!+)!@./)+,?'/!B');'',!"TXXX!+,@!
1TXXX!9'')!./!6','(+--7!;.)H.,!IX!)3!KX!@ZF#!

G'?).3,!C#1!@./?=//'/!)H'!'99'?)/!39!'%&3/=('!)3 !;.,@!)=(B.,'!/3=,@#!G'?).3,!C#C!@'/?(.B'/!)H'!
&3)',).+-!+@:'(/'!'99'?)/!39!/3=,@!'%&3/=(' !+/!;'--!+/!)H'!H'+-)H!.5&-.?+).3,/#!!

3.1.3 Sound Produced by Wind Turbines 
A.,@!)=(B.,'!/3=,@!3(.6.,+)'/!9(35!'.)H'( !+!5'?H+,.?+-!3(!+'(3@7,+5.?!6','(+).3,!
5'?H+,./5#!J'?H+,.?+-!/3=,@!3(.6.,+)'/!9( 35!)H'!6'+(B3%!+,@!?3,)(3-!5'?H+,./5/#!
G)+,@+(@!,3./'!?3,)(3-!)'?H,.N='/!)7&.?+--7 !+('!=/'@!)3!('@=?'!5'?H+,.?+-!/3=,@#!
J'?H+,.?+-!,3./'!./!,3)!)7&.?+--7!)H'!@35.,+,)!/3 =(?'!39!,3./'!9(35!53@'(,!;.,@!)=(B.,'/!
['%?'&)!93(!+,!3??+/.3,+-!6'+(!)3,'\#!

4H'!+'(3@7,+5.?!,3./'!./!&('/',)!+)!+--!9('N=' ,?.'/T!9(35!)H'!.,9(+/3=,@!(+,6'!3:'(!-3;!
9('N=',?7!/3=,@!)3!)H'!,3(5+-!+=@.B-'!(+,6'! +,@!./!)H'!@35.,+,)!/3=(?'#!4H'!+'(3@7,+5.?!
,3./'!./!6','(+)'@!B7!/':'(+-!5'?H+,./5/!+/! ./!@'/?(.B'@!B'-3;#!4H'!+'(3@7,+5.?!,3./'!
)',@/!)3!B'!53@=-+)'@!.,!)H'!5.@!9('N=',?7!(+,6'T!+&&(3%.5+)'-7!KXX!)3!"TXXX!E`#!!

F'(3@7,+5.?!/3=,@!./!&(3@=?'@!B7!)H'!(3)+).3, !39!)H'!)=(B.,'!B-+@'/!)H(3=6H!)H'!+.(#!F!
)=(B.,'!B-+@'!/H+&'!./!)H+)!39!+,!+.(93.-#!F,!+.(93.-!./!/.5&-7!+!/)(=?)=('!;.)H!+!/H+&'!)H+)!
&(3@=?'/!+!-.9)!93(?'!;H',!+.(!&+//'/!3:'(!.) #!D(.6.,+--7!@':'-3&'@!93(!+.(?(+9)T!+.(93.-!
/H+&'/!H+:'!B'',!+@+&)'@!)3!&(3:.@'!)H'!)=(, .,6!93(?'!93(!;.,@!)=(B.,'/!B7!'5&-37.,6!+!
/H+&'!;H.?H!?+=/'/!)H'!+.(!)3!)(+:'-!53('!(+&. @-7!3:'(!)H'!)3&!39!)H'!+.(93.-!)H+,!B'-3;!.)#!
4H'!@'/.6,/!3&).5.`'!'99.?.',?7 !B7!5.,.5.`.,6!)=(B=-',?'T!;H .?H!&(3@=?'/!@(+6!+,@!,3./'#!
F,!+'(3@7,+5.?+--7!'99.?.',)!B-+@'!./!+!N=.')!3,'#!!

4H'!+'(3@7,+5.?!/3=,@!9(35!;.,@!)=(B.,'/!./!?+ =/'@!B7!)H'!.,)'(+?).3,!39!)H'!)=(B.,'!B-+@'!
;.)H!)H'!)=(B=-',?'!&(3@=?'@!B3)H!+@]+?',)!)3!.)![)=(B=-',)!B3=,@+(7!-+7'(\!+,@!.,!.)/!,'+(!
;+R'![/''!8.6=('!C0"\![Z(33R/!')!+-#T!"PWP\#!4=(B=-',?'!@'&',@/!3,!H3;!9+/)!)H'!B-+@'!./!
53:.,6!)H(3=6H!)H'!+.(#!F!"XX05')'(0@.+5')'(!B- +@'T!(3)+).,6!3,?'!':'(7!)H(''!/'?3,@/T!H+/!
+!).&!:'-3?.)7!39!]=/)!3:'(!"XX!5')'(/!&'(!/' ?3,@#!E3;':'(T!)H'!/&''@!('@=?'/!+)!&3/.).3,/!
?-3/'(!)3!)H'!?',)('!39!(3)+).3,![)H'!;.,@ !)=(B.,'!H=B\#!4H'!5+.,!@')'(5.,+,)/!39!)H'!
)=(B=-',?'!+('!)H'!/&''@!39!)H'!B-+@'!+,@!)H'! /H+&'!+,@!@.5',/.3,/!39!.)/!?(3//0/'?).3,#!
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FIGURE 3-1 
Sound Produced by Wind Turbine Flow 

 !

!

4H'!93--3;.,6!?3,?-=/.3,/!H+:'!B'',!@'(.:'@!9(35 !)H'!9-3;!?3,@.).3,/!/H3;,!.,!8.6=('!C0"!
[Z(33R/!')!+-#T!"PWP\U!!

!  F)!H.6H!:'-3?.).'/!93(!+!6.:',!B-+@'T!)=(B=-', )!B3=,@+(7!-+7'(/!@':'-3&!3:'(!5=?H!39!)H'!
+.(93.-#!G3=,@!./!&(3@=?'@!;H',!)H'!)=(B=-',)!B3=,@+(7!-+7'(!&+//'/!3:'(!)H'!)(+.-.,6!
'@6'#!!

!  F)!-3;'(!:'-3?.).'/T!5+.,-7!-+5.,+(!B3=,@+ (7!-+7'(/!@':'-3&T!-'+@.,6!)3!:3()'%!
/H'@@.,6!+)!)H'!)(+.-.,6!'@6'#!

D)H'(!9+?)3(/!.,!)H'!&(3@=?).3,!39!+'(3@7,+5.?!/3=,@!.,?-=@'!)H'!93--3;.,6U!

!  AH',!)H'!+,6-'!39!+))+?R!./!,3)!`'(3k.,!3)H' (!;3(@/T!)H'!B-+@'!./!).-)'@!.,)3!)H'!;.,@k
9-3;!/'&+(+).3,!?+,!3??=(!3,!)H'!/=?).3,!/.@' !,'+(!)3!)H'!)(+.-.,6!'@6'T!&(3@=?.,6!/3=,@#!

!  F)!H.6H!+,6-'/!39!+))+?RT!-+(6'0/?+-'!/'&+(+).3,!5+7!3??=(!.,!+!/)+--!?3,@.).3,T!-'+@.,6!)3!
(+@.+).3,!39!-3;!9('N=',?7!/3=,@#!

!  F!B-=,)!)(+.-.,6!'@6'!-'+@/!)3!:3() '%!/H'@@.,6!+,@!+@@.).3,+-!/3=,@#!

!  4H'!).&!:3()'%!?3,)+.,/!H.6H-7!)=(B=-',)!9-3;#!

$+?H!39!)H'!+B3:'!9+?)3(/!5+7!?3,)(.B=)'!)3! ;.,@!)=(B.,'!/3=,@!&(3@ =?).3,#!J'+/=('5',)/!
39!)H'!-3?+).3,!39!)H'!/3=,@!/3=(?'!.,!;.,@! )=(B.,'/!.,@.?+)'!)H+)!)H'!@35.,+,)!/3=,@!./!
&(3@=?'@!+-3,6!)H'!B-+@'k,'+('(!)3!)H'!).&!', @!)H+,!)3!)H'!H=B#!2'@=?).3,!39!)=(B=-',?'!
/3=,@!?+,!B'!9+?.-.)+)'@!)H(3=6H!+.(93.-!/H+&'!+,@!B7!633@!5+.,)',+,?'#!83(!'%+5&-'T!
/=(9+?'!.(('6=-+(.).'/!('/=-).,6!9(35!@+5+6'! 3(!)3!+??(').3,!39!+@@.).3,+-!5+)'(.+-T!5+7!
.,?('+/'!)H'!/3=,@#!!
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F'(3@7,+5.?!/3=,@!H+/!B'',!/H3;,!)3!B'!6','(+)'@!+)!H.6H'(!-':'-/!@=(.,6!)H'!@3;,;+(@!
53).3,!39!)H'!B-+@'![.#'#T!)H'!)H(''!3c?-3?R!&3/.).3,\#!4H./!('/=-)/!.,!+!(./'!.,!-':'-!39!
+&&(3%.5+)'-7!3,?'!&'(!/'?3,@!93(!+!)7&.?+-!)H(''0 B-+@'@!)=(B.,'#!4H./!&'(.3@.?!(./'!.,!-':'-!
./!+-/3!('9'(('@!)3!+/!+5&-.)=@'!53@=-+).3, T!+,@!+/!@'/?(.B'@!+B3:'!93(!+!)7&.?+-!;.,@!
)=(B.,'T!)H'!53@=-+).3,!9('N=',?7!./!"!E`![3,? '!&'(!/'?3,@\#!M,!3)H'(!;3(@/T!)H'!/3=,@!-':'-!
(./'/!+,@!9+--/!+B3=)!3,?'!&'(!/'?3,@#!4H'!3(.6., !39!)H./!+5&-.)=@'!53@=-+).3,!./!,3)!9=--7!
=,@'(/)33@#!M)!;+/!&(':.3=/-7!+//=5'@!)H+)! )H'!53@=-+).3,!;+/!?+=/'@!;H',!)H'!B-+@'!
;',)!&+/)!)H'!)3;'(![6.:',!)H'!)3;'(!@./)=(B' @!)H'!+.(9-3;\T!B=)!.)!./!,3;!)H3=6H)!)3!B'!
('-+)'@!)3!)H'!@.99'(',?'!.,!;.,@!/&''@!B');'',! )H'!)3&!+,@!B3))35!39!)H'!(3)+).3,!39!+!B-+@'!
+,@!@.('?).:.)7!39!)H'!+'(3@7,+5.?!,3./'![D'(-'5+,/!+,@!G?H'&'(/T!1XXP\#!

M,!3)H'(!;3(@/T!)H'!('/=-)!39!+'(3@7,+5.?!53 @=-+).3,!./!+!&'(?'.:+B-'!9-=?)=+).3,!.,!)H'!
/3=,@!-':'-!39!+&&(3%.5+)'-7!3,?'!&'(!/'?3,@ #!4H'!9('N=',?7!?3,)',)!39!)H./!9-=?)=+).,6!
/3=,@!./!)7&.?+--7!B');'',!KXX!E`!+,@!"TXXX!E`T!B=)!?+,!3??=(!+)!H.6H'(!+,@!-3;'(!
9('N=',?.'/#!4H+)!./T!)H'!/3=,@!&('//=('!-':' -/!B');'',!+&&(3%.5+)'-7!KXX!+,@!"TXXX!E`!;.--!
(./'!+,@!9+--!+&&(3%.5+)'-7!3,?'!&'(!/'?3,@#! M)!/H3=-@!B'!,3)'@T!H3;':'(T!)H+)!)H'!
5+6,.)=@'!39!)H'!+5&-.)=@'!53@=-+).3,!)H+)!./!3B/'(:'@!;H',!/)+,@.,6!B','+)H!+!)3;'(!
@3'/!,3)!+-;+7/!3??=(!+)!6('+)'(!/'&+(+).3,! @./)+,?'/#!F!/)=@7!.,!)H'!_,.)'@!a.,6@35![_a\!
+-/3!/H3;'@!)H+)!3,-7!93=(!3=)!39!+B3=)!"CX!;.,@!9+(5/!H+@!+!&(3B-'5!;.)H!+'(3@7,+5.?!
53@=-+).3,!+,@!)H(''!39!)H'/'!H+:'!B '',!/3-:'@![J33(H3=/'!')!+-#T!1XXS\#!

M,!+@@.).3,!)3!)H'!/3=,@!-':'-/!6','(+)'@!B7! )H'!)=(B.,'/T!',:.(3,5', )+-!9+?)3(/!+99'?)!)H'!
-':'-/!('?'.:'@!+)!53('!@./)+,)!-3?+).3,/#!83(! '%+5&-'T!;+(5!+.(!,'+(!)H'!6(3=,@!?+=/'/!)H'!
)=(B.,'!/3=,@!)3!?=(:'!=&;+(@/T!+;+7!9(35! )H'!6(3=,@T!;H.?H!('/=-)/!.,!('@=?'@!/3=,@!
-':'-/T!;H.-'!;+(5!+.(!.,!+!)'5&'(+)=('!.,:'(/ .3,!5+7!?+=/'!)H'!/3=,@!)3!?=(:'!@3;,!)3!)H'!
'+()H!('/=-).,6!.,!.,?('+/'@!/3=,@!-':'-/#!A.,@! 5+7!+-/3!?+=/'!)H'!/3=,@!-':'-!)3!B'!6('+)'(!
@3;,;.,@!39!)H'!)=(B.,'k)H+)!./T!.9!)H'!;. ,@!./!B-3;.,6!9(35!)H'!/3=(?'!)3;+(@/!+!
('?'.:'(k3(!-3;'(T!.9!)H'!;.,@!./!B-3;.,6!9( 35!)H'!('?'.:'(!)3!)H'!/3=(?'#!J3/)!53@'-.,6!
)'?H,.N='/T!;H',!&(3&'(-7!.5&-'5',)'@T!+??3 =,)!93(!53@'(+)'!.,:'(/.3,/!+,@!@3;,;.,@!
?3,@.).3,/#!F))',=+).3,![('@=?).3,\!39!/3=,@!? +,!+-/3!B'!.,9-=',?'@!B7!B+((.'(/T!6(3=,@!
/=(9+?'!?3,@.).3,/T!/H(=BB'(7!+,@!)(''/T!+53,6!3)H'(!)H.,6/#!

*('@.?).3,/!39!)H'!/3=,@!-':'-!+)!:+(7.,6!@./) +,?'/!9(35!)H'!)=(B.,'!+('!B+/'@!3,!)=(B.,'!
/3=,@!&3;'(!-':'-/#!4H'/'!)=(B.,'!/3=,@! &3;'(!-':'-/!+('!@')'(5.,'@!)H(3=6H!
/)+,@+(@.`'@!5'+/=('5',)!5')H3@/#!

3.1.4 Sound Measurement and Audiometric Testing 
F!/3=,@!-':'-!5')'(!./!+!/)+,@+(@!)33-!=/'@!., !)H'!5'+/=('5',)!39!/3=,@!&('//=('!-':'-/#!
F/!@'/?(.B'@!.,!G'?).3,!C#"#1T!)H'!/)+,@+(@!=,.)!39!/3=,@!&('//=('!-':'-![.#'#T!:3-=5'\!./!@Z!
+,@!)H'!/)+,@+(@!=,.)!=/'@!)3!@'/?(.B'!)H'!&.)?H!3(!9('N=',?7!./!E`![?7?-'/!&'(!/'?3,@\#!F!
/3=,@!-':'-!5')'(!5+7!=/'!)H'!F0;'.6H).,6!9.-)'( !)3!+@]=/)!?'()+.,!9('N=',?7!(+,6'/![)H3/'!
)H+)!H=5+,/!@')'?)!&33(-7\T!('/=-).,6!.,!+!(' +@.,6!.,!@ZF![@'?.B'-/T!F0;'.6H)'@\#!F&&',@.%!
V!&(3:.@'/!53('!.,93(5+).3,!3,!)H'!5'+/=( '5',)!39!/3=,@#!4H'!&.)?H!3(!9('N=',?.'/!
[/35').5'/!('9'(('@!)3! +/!/3=,@!-':'-!/&'?)(=5 V!?+,!B'!N=+,).9.'@!=/.,6!+!/3=,@!-':'-!5')'(!
)H+)!.,?-=@'/!+!9('N=',?7!+,+-7`'(#!D?)+:'!B+ ,@T!3,'0)H.(@!3?)+:'!B+,@T!+,@!,+((3;!B+,@!
[/=?H!+/!8+/)!83=(.'(!4(+,/93(5T !3(!884\!+('!)H(''!?3553,!)7&'/!39!9('N=',?7!+,+-7`'(/#!!
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V3,/.@'(T!93(!'%+5&-'T!+!(3=).,'!+=@.35')(.?!)'/) ![H'+(.,6!)'/)\!.,!;H.?H!+!&'(/3,!/.)/!.,!+!
B33)H!+,@!;'+(/!H'+@&H3,'/T!)H(3=6H!;H.?H!/3 =,@/!+('!)(+,/5.))'@!)3!':+-=+)'!H'+(.,6#!
D=)/.@'!)H'!B33)HT!+!)'?H,.?.+,!)=(,/!+!@.+-!;H .?H!7.'-@/!?'()+.,!9('N=',?.'/![93(!'%+5&-'T!
"1K!E`T!+!-3;0&.)?H'@!/3=,@T!3(!ITXXX!E`T!+!H.6H0&.)?H'@!/3=,@\!+,@!)H',!)H'!)'?H,.?.+,!
(+./'/!)H'!:3-=5'!39!'+?H!9('N=',?7!=,).-!)H'!&' (/3,!('?36,.`'/!)H'!/3=,@!39!'+?H!)3,'#!4H./!
./!+!/)+,@+(@!+&&(3+?H!=/'@!)3!5'+/=('!)H('/H3-@/!93(!5+,7!('+/3,/T!.,?-=@.,6!,3./'0
.,@=?'@!H'+(.,6!-3//![QME<\#!F/!)H'!)'?H,.?. +,!(+./'/!)H'!:3-=5'!39!)H'!@'/.6,+)'@!
9('N=',?7T!)H'!/3=,@!-':'-![.,!@Z\!./!,3)'@#!*'3&-'!;H3!,''@!53('!)H+,!1K!@Z!+)!53('!)H+,!
3,'!9('N=',?7!)3!H'+(!)H'!/3=,@![.'!-3=@,' //!39!)H'!)3,'\!+('!?3,/.@'('@!)3!H+:'!+,!
+B,3(5+-!)'/)#!!

4H'!'99'?)/!39!&(3-3,6'@T!H.6H0-':'-!/3=,@!'%&3/=('!3,!H'+(.,6!H+:'!B'',!@')'(5.,'@!
)H(3=6H!+=@.35')(.?!)'/)/!39!;3(R'(/!.,!?' ()+.,!3??=&+).3,/#!4H'!/)=@.'/!H+:'!B'',!
&=B-./H'@!.,!5+]3(!5'@.?+-!]3=(,+-/!+,@!/=B]'? )'@!)3!)H'!&''(!(':.';!&(3?'//![/''T!93(!
'%+5&-'T!J?V=,,'7!+,@!J'7'(T!1XXS\#!G)=@.'/!39! ;3(R'(/!H+:'!+-/3!/'(:'@!+/!)H'!/?.',).9.?!
B+/./!93(!('6=-+).3,/!3,!,3./'!.,!.,@=/)(7!)H+) !+('!3:'(/'',!B7!)H'!D??=&+).3,+-!G+9')7!+,@!
E'+-)H!F@5.,./)(+).3,![DGEF\#!A3(R'(/!.,!,3./ '0.,)',/.:'!.,@=/)(.'/!H+:'!B'',!':+-=+)'@!
93(!QME<!+,@!?'()+.,!.,@=/)(.'/!+('!R,3;,!)3!B' !+//3?.+)'@!;.)H!H.6H!,3./'!-':'-/T!/=?H!+/!
+:.+).3,T!?3,/)(=?).3,T!+,@!+('+/!39!5+,=9+ ?)=(.,6!/=?H!+/!?+,,.,6#!J=-).7'+(!;3(R'(!
/)=@.'/!/=66'/)!)H+)!&(3-3,6'@!'%&3/=('!)3!H.6H !,3./'!-':'-/!?+,!+@:'(/'-7!+99'?)!H'+(.,6#!
4H'!-':'-/!?3,/.@'('@!/=99.?.',)-7!H.6H!)3!?+ =/'!H'+(.,6!-3//!+('!?3,/.@'(+B-7!H.6H'(!)H+,!
3,'!?3=-@!'%&'(.',?'!.,!)H'!:.?.,.)7!39!;.,@! )=(B.,'/#!83(!'%+5&-'T!&(3-3,6'@T!=,&(3)'?)'@!
H.6H!'%&3/=('!)3!,3./'!+)!-':'-/!6('+)'(!)H+,!PX! @ZF!./!+!(./R!93(!H'+(.,6!-3//!.,!3??=&+).3,+-!
/')).,6/!/=?H!)H+)!DGEF!'/)+B-./H'@!)H./!-':' -!93(!H'+(.,6!&(3)'?).3,#!G3=,@!-':'-/!9(35!
;.,@!)=(B.,'/!@3!,3)!+&&(3+?H!)H'/'!-':'-/![ KX!@ZF!+)!+!@./)+,?'!39!"TKXX!9'')!;3=-@!B'!+!
?3,/'(:+).:'!'/).5+)'!93(!)3@+7c/!)=(B.,'/\#! F-)H3=6H!)H'!.//='!39!QME<!H+/!(+('-7!B'',!
(+./'@!.,!3&&3/.).3,!)3!;.,@!9+(5/T!.)!./!.5&3() +,)!)3!,3)'!)H+)!)H'!(./R!39!QME<!./!@.('?)-7!
@'&',@',)!3,!)H'!.,)',/.)7![/3=,@!-':'-\!+,@!@= (+).3,!39!,3./'!'%&3/=('!+,@!)H'('93('!.)!./!
('+/3,+B-'!)3!?3,?-=@'!)H+)!)H'('!./!,3!(./R !39!QME<!9(35!;.,@!)=(B.,'!/3=,@#!G=?H!+!
?3,?-=/.3,!./!B+/'@!3,!/)=@.'/!39!;3(R'(/!'% &3/'@!)3!,3./'!+,@!+53,6!;H35!(./R!39!QME<!
./!,3)!+&&+(',)!+)!-':'-/!-'//!)H+,!SK!@ZF#!

3.2 Sound Exposure from Wind Turbine Operation 
4H./!/'?).3,!+@@('//'/!)H'!N='/).3,/!39!["\!;H')H'(!/3=,@/!.,!)H'!-3;!9('N=',?7!(+,6'T!53/)!
,3)+B-7!)H'!.,9(+/3,.?!(+,6'T!+@:'(/'-7!+99'?) !H=5+,!H'+-)HT!+,@!;H')H'(!)H'7!@3!/3!':',!
;H',!/=?H!-':'-/!+('!B'-3;!)H'!+:'(+6'!&'(/ 3,c/!+B.-.)7!)3!H'+(!)H'5d![1\!;H+)!;'!+('!
('9'((.,6!)3!;H',!;'!)+-R!+B3=)!:.B(+).3,d !+,@![C\!H3;!)H'!H=5+,!:'/).B=-+(!/7/)'5!
('/&3,@/!)3!/3=,@!+,@!@./)=(B+,?'#!!

3.2.1 Infrasound and Low-Frequency Sound 
M,9(+/3=,@!+,@!-3;!9('N=',?7!/3=,@!+('!+@@('//'@!.,!/35'!@')+.-!)3!399'(!&'(/&'?).:'!3,!
&=B-.?.`'@!H7&3)H'/'/!)H+)!/3=,@!9(35!+!;.,@! )=(B.,'!5+7!@+5+6'!H'+-)H!':',!.9!)H'!,3./'!
-':'-/!+('!B'-3;!)H3/'!+//3?.+)'@!;.)H!,3./'0 .,@=?'@!H'+(.,6!-3//!.,!.,@=/)(7#!83(!'%+5&-'T!
.)!H+/!B'',!&(3&3/'@!)H+)!/3=,@/!)H+)!?3,)+. ,!-3;!9('N=',?7!,3./'T!53/)!,3)+B-7!;.)H.,!)H'!
.,9(+/3,.?!-':'-T!?+,!+@:'(/'-7!+99'?)!H'+-)H !':',!;H',!)H'!-':'-/!+('!B'-3;!)H'!+:'(+6'!
&'(/3,c/!+B.-.)7!)3!@')'?)!3(!H'+(!)H '5![F-:'/0*'('.(+!+,@!Z(+,?3T!1XXSB\#!



WIND TURBINE SOUND AND HEALTH EFFECTS 
AN EXPERT PANEL REVIEW 

 3-7 

V35&('H',/.:'!(':.';/!39!.,9(+/3=,@!+,@ !.)/!/3=(?'/!+,@!5'+/=('5',)!H+:'!B'',!
&=B-./H'@![Z'(6-=,@!+,@!<.,@:+--T!"PPKd!<':',)H+--!')!+-#T!1XXC\#!4+B-'!C01!/H3;/!)H'!/3=,@!
&('//=('!-':'-T!.,!@'?.B'-/T!39!)H'!?3(('/&3,@ .,6!9('N=',?7!39!.,9(+/3=,@!+,@!-3;!9('N=',?7!
/3=,@!,'?'//+(7!93(!)H'!/3=,@!)3!B'!H'+(@!B7! )H'!+:'(+6'!&'(/3,![<':',)H+--!')!+-#T!1XXC\#!

TABLE 3-2 
Hearing Thresholds in the Infrasonic and Low Frequency Range  

Frequency (Hz) 4 8 10 16 20 25 40 50 80 100 125 160 200 

Sound pressure level 
(dB) 

107 100 97 88 79 69 51 44 32 27 22 18 14 

NOTE: 
Average hearing thresholds (for young healthy people) in the infrasound (4 to 20 Hz) and low frequency region 
(10 to 200 Hz).  

Source: Leventhall et al., 2003 

F/!4+B-'!C01!.,@.?+)'/T!+)!-3;!9('N=',?.'/T! +!5=?H!H.6H'(!-':'-!/3=,@!./!,'?'//+(7!93(!+!
/3=,@!)3!B'!H'+(@!.,!?35&+(./3,!)3!H.6H'(! 9('N=',?.'/#!83(!'%+5&-'T!+)!"X!E`T!)H'!/3=,@!
5=/)!B'!+)!PS!@Z!)3!B'!+=@.B-'#!M9!)H./!-':'-!3??=(('@!+)!)H'!5.@!)3!H.6H!9('N=',?.'/T!;H.?H!
)H'!'+(!@')'?)/!'99'?).:'-7T!.)!;3=-@!B'!(3 =6H-7!'N=.:+-',)!)3!/)+,@.,6!;.)H3=)!H'+(.,6!
&(3)'?).3,!@.('?)-7!,'%)!)3!+!&3;'(!/+;#!>'?. B'-!93(!@'?.B'-T!)H'!-3;!9('N=',?.'/!+('!5=?H!
53('!@.99.?=-)!)3!@')'?)!)H+,!)H'!H.6H!9('N=',?.'/T!+/!/H3;,!.,!)H'!H'+(.,6!)H('/H3-@!-':'-/!
39!4+B-'!C01#!

4+B-'!C01!+-/3!/H3;/!)H+)!':',!/3=,@/!+/!-3;! +/!I!E`!?+,!B'!H'+(@!.9!)H'!-':'-/!+('!H.6H!
',3=6H!["XS!@Z\#!E3;':'(T!-':'-/!9(35!;.,@!)= (B.,'/!+)!I!E`!+('!53('!-.R'-7!)3!B'!+(3=,@!
SX!@Z!3(!-3;'(T!+,@!)H'('93('!.,+=@.B-'#!G)=@.'/!?3,@=?)'@!)3!+//'//!;.,@!)=(B.,'!,3./'!
H+:'!/H3;,!)H+)!;.,@!)=(B.,'!/3=,@!+)!)7&.?+-!@./)+,?'/!@3'/!,3)!'%?''@!)H'!H'+(.,6!
)H('/H3-@!+,@!;.--!,3)!B'!+=@.B-'!B'-3;!+B3= )!KX!E`![E+7'/!1XXLBd!a+5&'(5+,!+,@!f+5'/T!
1XXW\#!4H'!H'+(.,6!)H('/H3-@!-':'-!+)!KX!E`!./!II!@ZT!+/!/H3;,!.,!4+B-'!C01#!2'?',)!;3(R!3,!
':+-=+).,6!+!-+(6'!,=5B'(!39!,3./'!/3=(?'/!B' );'',!"X!E`!+,@!"LX!E`!/=66'/)/!)H+)!;.,@!
)=(B.,'!,3./'!H'+(@!.,@33(/!+)!)7&.?+-!/'&+(+). 3,!@./)+,?'/!./!53@'/)!3,!)H'!/?+-'!39!-3;!
9('N=',?7!/3=,@!/3=(?'/![*'@'(/',T!1XXW\#!4H'!-3 ;!-':'-/!39!.,9(+/3=,@!+,@!-3;!9('N=',?7!
/3=,@!9(35!;.,@!)=(B.,'!3&'(+).3,/!H+:'!B'', !?3,9.(5'@!B7!3)H'(/![f+R3B/',T!1XXId!:+,!
@',!Z'(6T!1XXI\#!

4H'!-3;!9('N=',?7!/3=,@!+//3?.+)'@!;.)H!;.,@ !)=(B.,'/!H+/!+))(+?)'@!+))',).3,!('?',)-7!
/.,?'!)H'!F0;'.6H).,6!/?+-'!)H+)!./!=/'@!93 (!3??=&+).3,+-!+,@!',:.(3,5',)+-!('6=-+)3(7!
?35&-.+,?'!@3'/!,3)!;3(R!;'--!;.)H!/3=, @/!)H+)!H+:'!&(35.,',)-7!-3;!9('N=',?7!
?35&3,',)/#!J3/)!',:.(3,5',)+-!-3;!9('N=',? 7!/3=,@!&(3B-'5/!+('!?+=/'@!B7!@./?(')'!
)3,'/![&.)?H!3(!)3,'/!)H+)!+('!/.6,.9.?+,)-7! H.6H'(!.,!-':'-![:3-=5'\!)H+,!)H'!,'.6HB3(.,6!
9('N=',?.'/\d!9(35T!93(!'%+5&-'T!+,!',6.,'!3( !?35&('//3(T!,3)!B7!?3,).,=3=/!B(3+@B+,@!
/3=,@#!4H'!H.6H!9('N=',?7!/3=,@/!+('!+//'//' @!B7!)H'!F0;'.6H)'@!5'+/=('5',)!+,@T!6.:',!
)H'.(!/H3()'(!;+:'-',6)H/T!+('!?3,)(3--'@!53 ('!('+@.-7#!<3;!9('N=',?7!/3=,@/!5+7!B'!
.((.)+).,6!)3!/35'!&'3&-'!+,@T!.,!9+?)T! /35'!-3;!9('N=',?7!/3=,@!?35&-+.,)/!&(3:'!
.5&3//.B-'!)3!('/3-:'![<':',)H+--!')!+-#T!1XXC\#! 4H./!3B/'(:+).3,!-'+@/!)3!+!&'(?'&).3,!)H+)!
)H'('!./!/35')H.,6!/&'?.+-T!/.,./)'(T!+,@! H+(59=-!+B3=)!-3;!9('N=',?7!/3=,@#!43!)H'!
?3,)(+(7T!53/)!'%)'(,+-!/3=,@!;H',!H'+(@!.,@3 3(/!./!B.+/'@!)3;+(@/!-3;!9('N=',?.'/!@='!)3!
)H'!'99.?.',)!B=.-@.,6!+))',=+).3 ,!39!H.6H'(!9('N=',?.'/#!D,'!5+7!('?36,.`'!)H./!;H',!,3./'!
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9(35!+!,'.6HB3(c/!/)'('3!./!H'+(@!;.)H.,!)H '.(!H35'k)H'!B+//!,3)'/!+('!53('!&(3,3=,?'@!
)H+,!)H'!H.6H'(!9('N=',?7!/3=,@/#!F,7!=,;+,)'@!/3=,@T!;H')H'(!H.6H!9('N=',?7!3(!-3;!
9('N=',?7T!?+,!B'!.((.)+).,6!+,@!/)('//9=-!)3!/35'!&'3&-'#!

>.99'(',?'/!.,!H3;!+!-3;!9('N=',?7!/3=,@!+,@! H.6H!9('N=',?7!/3=,@!+('!&'(?'.:'@!+('!;'--!
@3?=5',)'@#!8.6=('!C01!/H3;/!)H+)!-3;'(09('N=' ,?7!/3=,@/!)7&.?+--7!,''@!)3!B'!+)!+!H.6H!
/3=,@!&('//=('!-':'-![@Z\!)3!B'!H'+(@#!8.6=(' !C01!+-/3!@'53,/)(+)'/!)H+)!+/!)H'!9('N=',?7!
-3;'(/T!)H'!+=@.B-'!(+,6'!./!?35&('//'@!-'+@.,6!)3 !+!53('!(+&.@!(./'!.,!-3=@,'//!+/!)H'!-':'-!
?H+,6'/!.,!)H'!-3;'(!9('N=',?.'/#!F)!"TXXX!E`T!)H'!;H3-'!(+,6'!?3:'(/!+B3=)!"XX!@Z!?H+,6'!
.,!/3=,@!&('//=('!-':'-T!;H.-'!+)!1X!E`!)H'! /+5'!(+,6'!39!-3=@,'//!?3:'(/!+B3=)!KX!@Z![,3)'!
)H'!?3,)3=(/!@./&-+7'@!.,!8.6=('!C01!+('!.,!)' (5/!39!&H3,/T!+!5'+/=('!39!'N=+-!-3=@,'//d!93(!
+@@.).3,+-!'%&-+,+).3,!3,!&H3,/T!)H'!('+@'(!./!('9'(('@!)3!H))&Ubb;;;#/9=#?+b/3,.?0
/)=@.3bH+,@B33Rb*H3,#H)5-!l4(=+%T!"PPPm\#!F/!)H'!+,,37+,?'!39!+!6.:',!/3=,@!.,?('+/'/!
+/!-3=@,'//!.,?('+/'/T!)H'('!./!+-/3!+!53('!(+ &.@!6(3;)H!39!+,,37+,?'!+)!-3;!9('N=',?.'/#!
E3;':'(T!)H'('!./!,3!':.@',?'!93(!@.('?)!&H7/.3 -36.?+-!'99'?)/!9(35!'.)H'(!.,9(+/3=,@!3(!-3;!
9('N=',?7!/3=,@!+)!)H'!-':'-/!6','(+)'@!9(35!;. ,@!)=(B.,'/T!.,@33(/!3(!3=)/.@'#!$99'?)/!5+7!
('/=-)!9(35!)H'!/3=,@/!B'.,6!+=@.B-'T!B=)!)H'/ '!+('!/.5.-+(!)3!)H'!'99'?)/!9(35!3)H'(!+=@.B-'!
/3=,@/#!!

<3;!9('N=',?7!/3=,@!+,@!.,9(+/3=,@!+('!9=() H'(!+@@('//'@!.,!G'?).3,!C#CT!*3)',).+-!
F@:'(/'!$99'?)/!39!$%&3/=('!)3!G3=,@#!!
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FIGURE 3-2 
Hearing Contours for Equal Loudness Level (International Standards Organization, 2003) 

!

3.2.2 Vibration  
O.B(+).3,T!+//=5'@!)3!('/=-)! 9(35!.,+=@.B-'!-3;!9('N=',?7!/3 =,@/T!H+/!B'',!&3/)=-+)'@!)3!
H+:'!+!&3)',).+-!+@:'(/'!'99'?)!3,!H'+-)H#!4H./! /'?).3,!@'9.,'/!:.B(+).3,T!@'/?(.B'/!H3;!.)!./!
5'+/=('@T!+,@!?.)'/!/)=@.'/!)H+)!H+:'!+@@('//'@!)H'!(./R!39!:.B(+).3,!3,!H'+-)H#!

O.B(+).3,!('9'(/!)3!)H'!;+7!.,!;H.?H!','(67! )(+:'-/!)H(3=6H!/3-.@!5+)'(.+-T!;H')H'(!/)''-T!
?3,?(')'!.,!+!B(.@6'T!)H'!'+()HT!)H'!;+--!39!+!H3=/'!3(!)H'!H=5+,!B3@7#!O.B(+).3,!./!
@./).,6=./H'@!9(35!/3=,@T!;H.?H!./!','(67!9-3; .,6!)H(3=6H!6+/'/![-.R'!+.(\!3(!-.N=.@/![-.R'!
;+)'(\#!!

F/!H.6H'(!9('N=',?7!:.B(+).3,/! +))',=+)'!(+&.@-7T!.)!./!-3;!9( 'N=',?.'/!;H.?H!+('!39!&3)',).+-!
?3,?'(,!)3!H=5+,!H'+-)H#!AH',!:.B(+).3,!./!@' )'?)'@!)H(3=6H!)H'!9'')!3(!)H(3=6H!)H'!/'+)T!
)H'!93?=/!39!.,)'('/)!./!)H'!:.B(+).3,!39!)H '!/=(9+?'!;.)H!;H.?H!3,'!./!.,!?3,)+?)k93(!
'%+5&-'T!;H',!)(+:'--.,6!.,!+!:'H.?-'#!!

O.B(+).3,!./!39)',!5'+/=('@!B7!)H'!+??'-'(+).3, !39!)H'!/=(9+?'!.,!5')'(/!&'(!/'?3,@T!/N=+('@!
[5b/ 1\T!+-)H3=6H!3)H'(!('-+)'@!=,.)/!+('!=/'@#!O.B(+).3,!?+,!+-/3!B'!'%&('//'@!.,!@'?.B'-/T!
;H'('!)H'!('9'(',?'!'%?.)+).3,!-':' -!=/'@!.,!B=.-@.,6/!./!39)',!"X nK5b/ 1!+,@!)H'!:.B(+).3,!
-':'-!./!1X-36![Fb"X 0K\!@ZT!;H'('!F!./!)H'!+??'-'(+).3,!-':'-!.,!5b/ 1#!!

4H'!)H('/H3-@!39!&'(?'&).3,!39!:.B(+).3 ,!B7!H=5+,/!./!+&&(3%.5+)'-7!X#X"!5b/ 1#!M9!+!
9('N=',?7!39!'%?.)+).3,![:.B(+).3,\!?3(('/&3,@/! ;.)H!+!('/3,+,)!9('N=',?7!39!+!/7/)'5T!)H',!
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'%?.)+).3,!+)!)H'!('/3,+,)!9('N=',?7!./!6('+)'(! )H+,!+)!3)H'(!9('N=',?.'/#!E3;':'(T!'%?.)+).3,!
B7!/3=,@!./!,3)!)H'!/+5'!+/!'%?.)+).3,!B7!5'?H+,.?+-!'%?.)+).3,!+&&-.'@!+)T!/+7T!)H'!9'')#!!

8.6=('!C0C!/H3;/!+,!3B]'?)!'%?.)'@!B7!&3.,)! 5'?H+,.?+-!:.B(+).3,!+,@!B7!/3=,@#!4H'!3B]'?)!
?3,)+.,/!+!('/.-.',)-7!/=/&',@'@!/7/)'5#!83(! '%+5&-'T!.9!)H'!3B]'?)!;+/!)H'!B3@7T!)H'!
/=/&',@'@!/7/)'5!5.6H)!B'!)H'! :./?'(+![.,)'(,+-!3(6+,/!39!)H '!B3@7\#!4H'!-'9)!H+,@!39!)H'!
9.6=('!?+,!B'!.,)'(&(')'@!+/!)H'!B3@7!:.B(+)'@ !B7!.,&=)!)3!)H'!9'')#!4H'!:.B(+).3,!39!)H'!
:./?'(+!;.--!B'!5+%.5=5!+)!)H'!('/3,+,)!9('N=',?7 1!39!)H'!/=/&',@'@!/7/)'5T!;H.?HT!93(!
:./?'(+T!./!+B3=)!I!E`#!AH',!'%?.)+).3,!./!B7 !-3,6!;+:'-',6)H!-3;!9('N=',?7!/3=,@!;+:'/T!
+/!/H3;,!+)!)H'!(.6H)!39!)H'!9.6=('T!,3)!3,-7! ./!)H'!93(?'!+?).,6!3,!)H'!B3@7!5=?H!/5+--'(!
)H+,!93(!:.B(+).3,!.,&=)T!B=)T!+/!)H'!;+:'-',6)H !./!5=?H!6('+)'(!)H+,!)H'!@.5',/.3,/!39!)H'!
B3@7T!.)!./!+?).,6!+(3=,@!)H'!B3@7!.,!+!?35&('//.:'!5+,,'(!/3!)H+)!)H'('!./!,3!('/=-)+,)!
93(?'!3,!)H'!/=/&',@'@!/7/)'5!+,@!.)!@3'/!,3)!:.B(+)'!3(!('/3,+)'#!

FIGURE 3-3 
Comparison of Excitation of an Object by Vibration and by Sound  

!

!

_,93()=,+)'-7T!)H./!-+?R!39!'99'?)!H+/!,3)!B'',!+@@('//'@!B7!)H3/'!;H3!H+:'!/=66'/)'@!)H'!
5'?H+,.?+-!:.B(+).3,!('/&3,/'!39!)H'!B3@7!.,/)'+ @!39!)H'!+?3=/).?!('/&3,/'!+/!+!&3)',).+-!
H'+-)H!?3,/'N=',?'#!4H./!3:'(/.6H)!H+/!-'@!)3! .,+??=(+)'!?3,?-=/.3,/#!83(!'%+5&-'T!>(#!Q.,+!
*.'(&3,)!B+/'/!3,'!39!H'(!R'7!H7&3)H'/'/!93(!)H'!?+=/'!39!h;.,@!)=(B.,'!/7,@(35'i!3,!/=?H!
+,!'6('6.3=/!'((3(![*.'(&3,)T!1XXPT!&('0&=B- .?+).3,!@(+9)\#!F-)H3=6H!,3)!+!('?36,.`'@!
5'@.?+-!@.+6,3/./T!h;.,@!)=(B.,'!/7,@(35'i!H+ /!B'',!(+./'@!+/!+!?3,?'(,!93(!&(3&3/'@!
&(3]'?)/k('9'(!)3!G'?).3,!I#C!93(!53('!.,93(5+).3,#!

O.B(+).3,!39!)H'!B3@7!B7!/3=,@!+)!3,'!39!.)/!('/3,+,)!9('N=',?.'/!3??=(/!3,-7!+)!:'(7!H.6H!
/3=,@!-':'-/!+,@!./!,3)!+!9+?)3(!.,!)H'!&'(?'&). 3,!39!;.,@!)=(B.,'!,3./'#!F/!;.--!B'!@./?=//'@!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1  A common example of resonance is pushing a child on a swing in which energy is given to the swing to maximize its 

oscillation. 
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B'-3;T!)H'!/3=,@!-':'-/!+//3?.+)'@!;.)H!;.,@!)= (B.,'/!@3!,3)!+99'?)!)H'!:'/).B=-+(!3(!3)H'(!
B+-+,?'!/7/)'5/#!

3.2.3 Vestibular System  
4H'!:'/).B=-+(!/7/)'5!39!)H'!B3@7!&-+7/!+!5+]3 (!(3-'!.,!5+.,)+.,.,6!+!&'(/3,c/!/',/'!39!
B+-+,?'!+,@!)H'!/)+B.-.`+).3,!39!:./=+-!.5+6'/#! 4H'!:'/).B=-+(!/7/)'5!('/&3,@/!)3!&('//=('!
?H+,6'/![/3=,@!&('//=('T!.#'#T!@'?.B'-/\!+)!:+(.3= /!9('N=',?.'/#!F)!H.6H!-':'-/!39!'%&3/=('!)3!
-3;!9('N=',?7!/3=,@T!,+=/'+!+,@!?H+,6'/!.,! ('/&.(+).3,!+,@!B-33@!&('//=('!5+7!3??=(#!
G)=@.'/!H+:'!/H3;,T!H3;':'(T!)H+)!93(!)H'/'!'99'?)/!)3!3??=(T!?3,/.@'(+B-7!H.6H!,3./'!-':'-/!
[6('+)'(!)H+,!"IX!@ZT!/.5.-+(!.,!/3=,@!-':'-!39!+!]')!+.(?(+9)!H'+(@!WX!9'')!+;+7\!+('!,'?'//+(7!
[Z'(6-=,@!')!+-#T!"PPL\#!

E'+@!:.B(+).3,!('/=-).,6!9(35!-3;!9('N=',?7!/3 =,@!H+/!B'',!/=66'/)'@!+/!+!&3//.B-'!?+=/'!
39!+!:+(.')7!39!/75&)35/!)H+)!/35'!H7&3)H'/.`'!+/!B'.,6!+//3?.+)'@!;.)H!;.,@!)=(B.,'/#!M,!
3(@'(!)3!&(3&'(-7!+//'//!)H./!H7&3)H'/./T!)H./! /'?).3,!+@@('//'/!)H'!H=5+,!:'/).B=-+(!/7/)'5#!
4H'!h:'/).B=-+(!/7/)'5i!?35&(./'/!)H'!/',/'!3(6 +,/!.,!)H'!:'/).B=-+(!-+B7(.,)HT!.,!;H.?H!
)H'('!+('!9.:'!).,7!/',/3(7!3(6+,/U!)H(''!/'5.?. (?=-+(!?+,+-/!)H+)!@')'?)!H'+@!(3)+).3,!+,@!
);3!?H+-R0?(7/)+-0/)=@@'@!3(6+,/!?+--'@!3)3-.)H/![-.)'(+--7!h'+(0/)3,'/i\!)H+)!@')'?)!).-)!+,@!
-.,'+(!53).3,!39!)H'!H'+@#!F--!9.:'!3(6+,/!?3,) +.,!H+.(!?'--/T!-.R'!)H3/'!.,!)H'!?3?H-'+T!)H+)!
?3,:'()!53).3,!.,)3!,'(:'!.5&=-/'/!)(+:'-., 6!)3!)H'!B(+.,!.,!)H'!:'/).B=-+(!,'(:'#!!

4H'/'!3(6+,/!':3-:'@!5.--.3,/!39!7'+(/!B'93(' !)H'!5.@@-'!'+(#!8./HT!93(!'%+5&-'T!H+:'!,3!
5.@@-'!'+(!3(!?3?H-'+!B=)!H+:'!+!:'/).B=-+(!-+B7 (.,)H!,'+(-7!.@',).?+-!)3!3=(/![Z+-3H!+,@!
E3,(=B.+T!"PSP\#!4H'!:'/).B=-+(!3(6+,/!+('!/&'?.+-.`'@!93(!/).5=-+).3,!B7!H'+@!&3/.).3,!+,@!
53:'5',)T!,3)!B7!+.(B3(,'!/3=,@#!$+?H!:'/).B=-+( !3(6+,!./!9.(5-7!+))+?H'@!)3!)H'!/R=--T!)3!
',+B-'!)H'5!)3!('/&3,@!)3!)H'!/-.6H)'/)!H'+@!53:'5',)#!M,!?3,)(+/)T!)H'!H+.(!?'--/!.,!)H'!
?3?H-'+!+('!,3)!@.('?)-7!+))+?H'@!)3!)H'!/R=--d!)H'7!@3!,3)!,3(5+--7!('/&3,@!)3!H'+@!
53:'5',)T!B=)!)3!53:'5',)/!39!)H'!.,,'(!'+(!9-=.@/#!!

4H'!3)3-.)H!3(6+,/!H'-&!9./H!H'+(!-3;!9('N=',? 7!/3=,@/d!':',!.,!&(.5+)'/T!)H'/'!3(6+,/!;.--!
('/&3,@!)3!H'+@!:.B(+).3,![.#'#T!B3,'0?3,@=?)'@!/3=,@\!+)!9('N=',?.'/!=&!)3!KXX!E`!
[8'(,+,@'`!+,@!Y3-@B'(6T!"PSL\#!4H'/'!:.B(+)3(7!('/&3,/'/!39!)H'!:'/).B=-+(!/7/)'5!?+,!B'!
'-.?.)'@!B7!airborne!/3=,@/T!H3;':'(T!3,-7!;H',!)H'7!+('!+)!+!5=?H!H.6H'(!-':'-!)H+,!,3(5+-!
H'+(.,6!)H('/H3-@/ 2![+,@!5=?H!H.6H'(!)H+,!-':'-/!+//3?. +)'@!;.)H!;.,@!)=(B.,'!'%&3/=('\#!
4H=/T!)H'7!@3!,3)!H'-&!=/!H'+(!B=)!+&&'+(!)3!B'!:'/).6'/!39!3=(!':3-=).3,+(7!&+/)#!

4H'!:'/).B=-+(!,'(:'!/',@/!.,93(5+).3,!+B3=)!H' +@!&3/.).3,!+,@!53:'5',)!)3!?',)'(/!.,!)H'!
B(+.,!)H+)!+-/3!('?'.:'!.,&=)!9(35!)H'!'7'/!+,@! 9(35!/)(')?H!('?'&)3(/!.,!)H'!,'?RT!)(=,RT!+,@!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 Young et al. (1977) found that neurons coming from the vestibular labyrinth of monkeys responded to head vibration at 

frequencies of 200-400 Hz, and at levels as low as 70 to 80 dB below gravitational force. However, these neurons could not 
respond to airborne sound at the same frequencies until levels exceeded 76 dB sound pressure level (SPL), which is at least 
40 dB higher than the normal threshold of human hearing in this frequency range. Human eye movements respond to 100 Hz 
head vibration at levels 15 dB below audible levels (Todd et al., 2008a). This does not mean that the vestibular labyrinth is 
more sensitive than the cochlea to airborne sound, because the impedance-matching function of the middle ear allows the 
cochlea to respond to sounds that are 50-60 dB less intense than those necessary to cause detectable head vibration. 
Indeed, the same authors (Todd et al., 2008b) found that for airborne sound, responses from the cochlea could always be 
elicited by sounds that were below the threshold for vestibular responses. Similarly, Welgampola et al. (2003) found that 
thresholds for vestibular evoked myogenic potential response (VEMP) were higher than hearing thresholds and stated: Òthe 
difference between hearing thresholds and VEMP thresholds is much greater for air conducted sounds than for bone 
vibration.Ó In other words, the vestigial vestibular response to sound is relatively sensitive to bone conduction, which involves 
vibration of the whole head, and much less sensitive to air conduction. 
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-'6/![)H'/'!/)(')?H!('?'&)3(/!)'--!;H.?H!5=/?-' /!+('!?3,)(+?)'@!+,@!;H.?H!]3.,)/!+('!9-'%'@T!
+,@!&(3:.@'!)H'!h&(3&(.3?'&).:'i!/',/'!39!)H'! B3@7c/!&3/.).3,!+,@!3(.',)+).3,!.,!/&+?'\#!4H'!
B(+.,!.,)'6(+)'/!:'/).B=-+(T!:. /=+-T!+,@!&(3&(.3?'&).:'!.,&=)/ !.,)3!+!?35&('H',/.:'!+,+-7/./!
39!)H'!&3/.).3,!+,@!53:'5',)!39!)H'!H'+@!+,@!B3@7T!'//',).+-!93(!)H'!/',/'!39!B+-+,?'T!
+:3.@+,?'!39!9+--/T!+,@!R''&.,6!)H'!'7'/!93?=/'@! 3,!('-':+,)!)+(6')/T!':',!@=(.,6!53:'5',)#!!

*'(?'&).3,!39!)H'!B3@7c/!&3/.).3,!.,!/&+?'!5+7!+- /3!('-7!.,!&+()!3,!.,&=)!9(35!('?'&)3(/!.,!
+B@35.,+-!3(6+,/![;H.?H!?+,!/H.9)!B+?R!+,@!93()H!+/!)H'!B3@7!).-)/\!+,@!9(35!&('//=('!
('?'&)3(/!.,!-+(6'!B-33@!:'//'-/![B-33@!&33-/!.,! )H'!-'6/!;H',!/)+,@.,6T!)H',!/H.9)/!B+?R!)3!
)H'!)(=,R!;H',!-7.,6!@3;,\#!4H'/'!h/35+).?! 6(+:.?'&)3(/i![J.))'-/)+'@)T!"PPL\!?3=-@!B'!
+?).:+)'@!B7!;H3-'0B3@7!53:'5',)!+,@!&3//.B-7!B7!/)(=?)=('0B3(,'!:.B(+).3,T!3(!B7!)H'!
B-+/)!39!+!&3;'(9=-!,'+(!'%&-3/.3,T!B=)T!+/!@'/?(.B'@!.,!G'?).3,!I#C#1T!.)!./!=,-.R'-7!)H+)!.,)(+0
+B@35.,+-!+,@!.,)(+0)H3(+?.?!3(6+,/!+,@!B-33@!:'//'-/!?3=-@!@')'?)!+.(B3(,'!/3=,@!-.R'!)H+)!
?('+)'@!B7!;.,@!)=(B.,'/#!!

4(+=5+T!)3%.,/T!+6'0('-+)'@!@'6','(+).3,T!+,@!:+(.3=/!'+(!@./'+/'/!?+,!?+=/'!@./3(@'(/!39!
)H'!:'/).B=-+(!-+B7(.,)H#!F!-+B7(.,)H!,3)!9=,? ).3,.,6!&(3&'(-7!?+,!?+=/'!+!&'(/3,!)3!9''-!
=,/)'+@7!3(!':',!)3!9+--#!G.,?'!)H'!/'5.?.(?=- +(!?+,+-/!39!)H'!'+(!,3(5+--7!@')'?)!H'+@!
(3)+).3,![/=?H!+/!/H+R.,6!)H'!H'+@!)3!.,@.?+)'!h,3i\T!3,'!39!)H'!?3,/'N=',?'/!39!+!
@7/9=,?).3,+-!?+,+-!./!)H+)!+!&'(/3,!5+7!9''- !+!h/&.,,.,6i!/',/+).3,#!4H./!('+?).3,!./!
@'/?(.B'@!+/!:'().63T!9(35!)H'!<+).,!;3(@! )3!)=(,#!M,!,3(5+-!?3,:'(/+).3,T!;3(@/!-.R'!
:'().63!+,@!@.``.,'//!?+,!B'!=/'@!.,!+5B.6=3=/! ;+7/!+,@!)H=/!5+R'!?+ ('9=-!.,)'(&(')+).3,!
39!&3)',).+-!H'+-)H!?-+.5/!&(3B-'5+).?#!h>. ``7Ti!93(!'%+5&-'T!5+7!5'+,!)(='!:'().63!3(!
=,/)'+@.,'//T!B3)H!39!;H.?H!5+7!B'!/75&)35/!39!.,,'(!'+(!@./'+/'#!F!&'(/3,!;H3!@'/?(.B'/!
B'.,6!i@.``7i!5+7!+?)=+--7!B'!'%&'(.',?.,6!-.6 H)0H'+@'@,'//T!+!9+.,).,6!/',/+).3,T!B-=(('@!
:./.3,T!@./3(.',)+).3,T!3(!+-53/)!+,7!3)H'(!@. 99.?=-)0)30@'/?(.B'!/',/+).3,!.,!)H'!H'+@#!4H'!
;3(@!h@.``.,'//i!?+,!('&('/',)!@.99'(',)!/',/+).3 ,/!)3!'+?H!&'(/3,T!;.)H!+!:+(.')7!39!?+=/'/#!
4H./!?+,!5+R'!)H'!&(3&'(!.,)'(&(')+).3,!39!(' /'+(?H!/)=@.'/!.,!;H.?H!@.``.,'//!./!':+-=+)'@!+!
?H+--',6'!)3!.,)'(&(')#!

*(3&'(!@.+6,3/).?!)'/).,6!)3!': +-=+)'!@.``.,'//!?+,!('@=?'!'((3 (/!.,!5./?-+//.97.,6!@./'+/'#!
4H'!:'/).B=-+(!-+B7(.,)HT!93(!'%+5&-'T!?+,!B'! )'/)'@!93(!&3/)=(+-!/)+B.-.)7#!M,93(5+).3,!9(35!
)H'!/'5.?.(?=-+(!?+,+-/!./!9'@!)3!)H'!'7'!5=/?-' /!)3!+--3;!=/!)3!R''&!3=(!'7'/!93?=/'@!3,!+!
)+(6')d!;H',!)H'!H'+@!53:'/d!)H./!h:'/).B=-3 03?=-+(!('9-'%i!./!'+/.-7!)'/)'@!+,@!?+,!B'!
.5&+.('@!.,!:'/).B=-+(!@./3(@'(/![Z+-3H!+,@!E3,(=B.+T!"PSP\#!

3.3 Potential Adverse Effects of Exposure to Sound 
F@:'(/'!'99'?)/!39!/3=,@!+('!@.('?)-7!@'&',@ ',)!3,!)H'!/3=,@!-':'-d!H.6H'(!9('N=',?7!
/3=,@/!&('/',)!+!6('+)'(!(./R!39!+,!+@:'(/'!' 99'?)!)H+,!-3;'(!-':'-/![/''!4+B-'!C01\#!G&''?H!
.,)'(9'(',?'T!H'+(.,6!-3//T!+,@!)+/R!.,)'(9'(',?' !3??=(!+)!H.6H!/3=,@!-':'-/#!G39)'(!/3=,@/!
5+7!B'!+,,37.,6!3(!?+=/'!/-''&!@./)=(B+,? '!.,!/35'!&'3&-'#!F)!,3(5+-!/'&+(+).3,!
@./)+,?'/T!;.,@!)=(B.,'/!@3!,3)!&(3@=?'!/3=,@! +)!-':'-/!)H+)!?+=/'!/&''?H!.,)'(9'(',?'T!B=)!
/35'!&'3&-'!5+7!9.,@!)H'/'!/3=,@/!)3!B'!+,,37.,6#!!

3.3.1 Speech Interference 
M)!./!?3553,!R,3;-'@6'!)H+)!?3,:'(/+).3,!?+,!B' !@.99.?=-)!.,!+!,3./7!('/)+=(+,)d!)H'!-3=@'(!
)H'!B+?R6(3=,@!,3./'T!)H'!-3=@'(!;'!)+-R! +,@!)H'!H+(@'(!.)!./!)3!?355=,.?+)'#!F:'(+6'!
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-':'-/!39!?+/=+-!?3,:'(/+).3,!+)!"!5')'(![+(5 c/!-',6)H\!+('!)7&.?+--7!KX!)3!LX!@ZF#!*'3&-'!
(+./'!)H'.(!:3.?'/k/-.6H)-7!+,@!=,?3,/?.3=/-7! +)!9.(/)k;H',!+5B.',)!-':'-/!'%?''@!KX!)3!
KK!@ZFT!.,!3(@'(!)3!R''&!/&''?H!-':'-/!/-.6H)-7!+B3:'!B+?R6(3=,@!,3./'!-':'-/#!
V355=,.?+).3,!+)!+(5c/!-',6)H!('N=.('/!?3,/?. 3=/!'%)(+!'993()!;H',! -':'-/!'%?''@!+B3=)!
SK!@ZF#!FB3:'!+5B.',)!-':'-/!39!WX!)3!WK!@ZFT!&'3&-'!,''@!)3!/H3=)!3(!6')!?-3/'(!)3!
?3,:'(/'![*'+(/3,/!')!+-#T!"PSSd!A'B/)'(T!"PSW\#!<':'-/!B'-3;!IK!@ZF!?+,!B'!?3,/.@'('@!
.(('-':+,)!;.)H!('/&'?)!)3!/&''?H!.,)'(9'(',?'#!!

3.3.2 Noise-Induced Hearing Loss 
O'(7!B(.'9!+,@!.,)',/'!/3=,@/![+B3:'!"CX!@ZF T!/=?H!+/!.,!'%&-3/.3,/\!?+,!?+=/'!.,/)+,)!
?3?H-'+(!@+5+6'!+,@!&'(5+,',)!H'+(.,6!-3//T! B=)!53/)!3??=&+).3,+-!QME<!('/=-)/!9(35!
&(3-3,6'@!'%&3/=('!)3!H.6H!,3./'!-':'-/! B');'',!PX!+,@!"XK!@ZF![J?V=,,'7!+,@!J'7'(!
1XXS\#!2'6=-+)3(7![DGEFT!"PWC\!+,@!+@:./3(7![QMDGET!"PPW\!+=)H3(.).'/!.,!)H'!_#G#!?3,?=(!
)H+)!(./R!39!QME<!B'6.,/!+)!+B3=)!WK!@ZFT!93(!+,!W0H3=(!@+7T!3:'(!+!IX07'+(!?+(''(#!<':'-/!
B'-3;!SK!@ZF!@3!,3)!&3/'!+!(./R!39!QME<#!4H=/T!)H'!/3=,@!-':'-/!+//3?.+)'@!;.)H!;.,@!
)=(B.,'!3&'(+).3,/!;3=-@!,3)!?+=/'!QME< !B'?+=/'!)H'7!+('!,3)!H.6H!',3=6H#!

3.3.3 Task Interference 
G=)'(!["PP"\!(':.';'@!)H'!'99'?)/!39!,3./'!3,!&'(93(5+,?'!+,@!B'H+:.3(#!G.5&-'!)+/R/!5+7!
B'!=,+99'?)'@!':',!+)!-':'-/!;'--!+B3:'!"XX!@Z FT!;H.-'!53('!?35&-'%!)+/R/!?+,!B'!@./(=&)'@!
B7!.,)'(5.))',)!,3./'!+/!-3;!+/!SK!@ZF#!G& ''?H!/3=,@/!+('!=/=+--7!53('!@./(=&).:'!)H+,!
,3,/&''?H!/3=,@/#!<':'-/!B'-3;!SX!@ZF!@3!,3)!('/=-)!.,!)+/R!.,)'(9'(',?'#!

3.3.4 Annoyance 
F,,37+,?'!+/!+!&3//.B-'!h'99'?)i!39!;.,@!)=(B., '!3&'(+).3,/!./!@./?=//'@!.,!@')+.-!.,!-+)'(!
/'?).3,/!39!)H./!('&3()![G'?).3,/!C#I!+,@!I#"\#! M,!/=55+(7T!+,,37+,?'!./!+!/=B]'?).:'!('/&3,/'!
)H+)!:+(.'/!+53,6!&'3&-'!)3!5+,7!)7&'/!39!/3=,@/#!M)!./!.5&3()+,)!)3!,3)'!)H+)!+-)H3=6H!
+,,37+,?'!5+7!B'!+!9(=/)(+).,6!'%&'(.',?'!93(!&'3&-'T!.)!./!,3)!?3,/.@'('@!+,!+@:'(/'!H'+-)H!
'99'?)!3(!@./'+/'!39!+,7!R.,@#!V'()+.,!':'(7@+ 7!/3=,@/T!/=?H!+/!+!@(.&&.,6!9+=?')kB+('-7!
+=@.B-'k?+,!B'!+,,37.,6#!F,,37+ ,?'!?+,,3)!B'!&('@.?)'@!'+/.-7!;.)H!+!/3=,@!-':'-!5')'(#!
Q3./'!9(35!+.(&3()/T!(3+@!)(+99.?T!+,@!3)H'(!/3=(?'/![.,?-=@.,6!;.,@!)=(B.,'/\!5+7!+,,37!
/35'!&'3&-'T!+,@T!+/!@'/?(.B'@!.,!G'?).3,!I#"T!)H'!-3=@'(!)H'!,3./'T!)H'!53('!&'3&-'!5+7!
B'?35'!+,,37'@#!

3.3.5 Sleep Disturbance 
4H'!_#G#!$,:.(3,5',)+-!*(3)'?).3,!F6',?7![$*F\!@3?=5',)!).)-'@! Information on Levels of 
Environmental Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of 
Safety!["PSI\!('?355',@/!)H+)!.,@33(!@+70,.6H)0-':'-![>Q<\!,3)!'%?''@!IK!@ZF#!>Q<!./!+!
1I0H3=(!+:'(+6'!)H+)!6.:'/!"X!@Z!'%)(+!;'.6H) !)3!/3=,@/!3??=((.,6!B');'',!"X&#5#!+,@!
S!+#5#T!3,!)H'!+//=5&).3,!)H+)!@=(.,6!)H'/'! /-''&!H3=(/T!-':'-/!+B3:'!CK!@ZF!.,@33(/!5+7!
B'!@./(=&).:'#!!

3.3.6 Other Adverse Health Effects of Sound 
F)!'%)('5'-7!H.6H!/3=,@!-':'-/T!/=?H!+/!)H3/ '!+//3?.+)'@!;.)H!'%&- 3/.3,/T!)H'!('/=-).,6!
/3=,@!&('//=('!?+,!.,]=('!+,7!+.(0?3,)+.,.,6 !3(6+,U!,3)!3,-7!)H'!5.@@-'!'+(!['+(@(=5!
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&'(93(+).3,/!+('!?3553,\!B=)!+-/3!)H'!-=,6/!+,@! .,)'/).,'/![G+//'(!')!+-#T!1XXL\#!F)!)H'!3)H'(!
'%)('5'T!+,7!/3=,@!)H+)!./!?H(3,.?+--7!+,,37.,6 T!.,?-=@.,6!:'(7!/39)! /3=,@/T!5+7T!93(!/35'!
&'3&-'T!?('+)'!?H(3,.?!/)('//T!;H.?H!?+,!.,!)=(, !-'+@!)3!3)H'(!H'+-)H!&(3B-'5/#!D,!)H'!3)H'(!
H+,@T!5+,7!&'3&-'!B'?35'!+??=/)35'@!)3!('6= -+(!'%&3/=('!)3!,3./'!3(!3)H'(!&3)',).+-!
/)('//3(/T!+,@!+('!,3!-3,6'(!+,,37'@#!4H'!H7&3)H'/./!)H+)!?H(3,.?!,3./'!'%&3/=('!5.6H)!-'+@!
)3!?H(3,.?!H'+-)H!&(3B-'5/!/=?H!+/!H7&'()',/. 3,!+,@!H'+()!@./'+/'!H+/!B'',!)H'!/=B]'?)!39!
H=,@('@/!39!?3,)(+@.?)3(7!/)=@.'/!39!H.6H-7!:+(.+B-'!N=+-.)7T!;H.?H!;.--!,3)!B'!(':.';'@!.,!
)H./!@3?=5',)#!D)H'(!+=)H3(/!H+:'!(':.';'@!)H./ !-.)'(+)=('T!+,@!/35'!39!)H'.(!?3,?-=/.3,/!
+('!N=3)'@!B'-3;U!

hM)!+&&'+(/!,3)!-.R'-7!)H+)!,3./'!.,!.,@=/)(7!?+,!B'!+!@.('?)!?+=/'!39!6','(+-!H'+-)H!
&(3B-'5/oT!'%?'&)!)H+)!)H'!,3./'!?+,!?('+)'!?3,@.).3,/!39!&/7?H3-36.?+-!/)('//o;H.?H!
?+,!.,!)=(,!?+=/'!&H7/.3-36.?+-!/)('//!('+?).3,/oi![a(7)'(T!"PWX\!

h$&.@'5.3-36.?+-!':.@',?'!3,!,3./'!'%&3 /=('T!B-33@!&('//=('T!+,@!./?H'5.?!H'+()!
@./'+/'!./!/).--!-.5.)'@#i![Z+B./?HT!1XXI\T!+,@!h?3,)(+@.?)3(7c![Z+B./?HT!"PPW\T!B=)!h)H'('!./!
/35'!':.@',?'o39!+,!.,?('+/'@!(./R!.,!/=B] '?)/!;H3!-.:'!.,!,3./7!+('+/!;.)H!3=)@33(!
,3./'!-':'-/!39!6('+)'(!)H+,!LK!0!SX!@ZF#i![Z+B./?HT!1XXX\!

h4H'!&('/',)!/)+)'!39!)H'!+()!@3'/!,3)!&'(5.) !+,7!@'9.,.)'!?3,?-=/.3,!)3!B'!@(+;,!+B3=)!
)H'!(./R!39!H7&'()',/.3,#i![:+,! >.]RT!$))'5+T!+,@!p.'-H=./T!"PWS\!

hF)!)H./!&3.,)T!)H'!('-+).3,/H.&!B');'',! ,3./'!.,@=?'@!H'+(.,6!-3//!+,@!H7&'()',/.3,!
5=/)!B'!?3,/.@'('@!+/!&3//.B-'!B=)!-+?R .,6!/=99.?.',)!':.@',?'!)3!@(+;!?+=/+-!
+//3?.+).3,/#q![J?V=,,'7!+,@!J'7'(T!1XXS\!

3.3.7 Potential Health Effects of Vibration Exposure 
*'3&-'!5+7!'%&'(.',?'!:.B(+).3,!;H',!/35'!&+() !39!)H'!B3@7!./!.,!@.('?)!?3,)+?)!;.)H!+!
:.B(+).,6!3B]'?)#!D,'!'%+5&-'!;3=-@!B'!H3-@ .,6!+!?H+.,/+;!3(!&,'=5+).?!H+55'(!.,!)H'!
H+,@/#!F,3)H'(!;3=-@!B'!/.)).,6!.,!+!B=/T!)(=?RT!3(!3,!H'+:7!'N=.&5',)!/=?H!+/!+!B=--@3`'(#!
VH(3,.?!=/'!39!:.B(+).,6!)33-/!?+,!?+=/'! hH+,@0+(5!:.B(+).3,!/7,@(35'Ti!+!:+/?=-+(!
.,/=99.?.',?7!?3,@.).3,!?H+(+?)'(.`'@!B7!,= 5B,'//!+,@!).,6-.,6!39!)H'!9.,6'(/T!?3-@!
.,)3-'(+,?'T!h;H.)'09.,6'(i!+))+?R/T!+,@!':',)= +--7!':',!-3//!39!9.,6 '(/!@='!)3!.,+@'N=+)'!
B-33@!/=&&-7#!DGEF!@3'/!,3)!/')!-.5.)/!93(!:. B(+).3,!'%&3/=('T!B=)!)H'!F5'(.?+,!Q+).3,+-!
G)+,@+(@/!M,/).)=)'![FQGM\![1XXL\!('?355',@/!)H+)!W0H3=(!;3(R@+7!'%&3/=('/!)3!H+,@0+(5!
:.B(+).3,![K!)3!"IXX!E`T!/=55'@!3:'(!)H(''! 3()H363,+-!+%'/!39!53:'5',)\!,3)!'%?''@!
+??'-'(+).3,!:+-='/!39!1#K!5b/ 1#!

$%?'//.:'!;H3-'0B3@7!:.B(+).3,!./!?-'+(-7!-.,R' @!)3!-3;!B+?R!&+.,![A.-@'(T!A+//'(5+,T!+,@!
A+//'(5+,T!1XX1\!+,@!5+7!?3,)(.B=)'!)3!6+/)(3 .,)'/).,+-!+,@!=(.,+(7!@./3(@'(/T!+-)H3=6H!
)H'/'!+//3?.+).3,/!+('!,3)!;'--!'/)+B-./H'@#! FQGM!["PSP\!('?355',@/!W0H3=(!-.5.)/!93(!
;H3-'0B3@7!:.B(+).3,!39!X#C!5b/1T!93(!)H'!B3@7c/!53/)!/',/.).:'!9('N=',?7!(+,6'!39!I!)3!
W!E`#!4H./!./!+B3=)!CX!).5'/!53('!.,)',/'!)H+,!)H'!;'+R'/)!:.B(+).3,!)H+)!&'3&-'!?+,!@')'?)!
[X#X"!5b/1\#!!

F.(B3(,'!/3=,@!?+,!?+=/'!@')'?)+B-'!B3@7!:.B(+) .3,T!B=)!)H./!3??=(/!3,-7!+)!:'(7!H.6H!
-':'-/k=/=+--7!+B3:'!/3=,@!&('//=('!-':'-/! 39!"XX!@Z![=,;'.6H)'@\![G5.)HT!1XX1d!4+R+H+/H.!
')!+-#T!1XXKd!r+5+@+!')!+-#T!"PWC\#!4H'('!./!,3!/?.',).9.?!':.@',?'!)3!/=66'/)!)H+)!53@'(,!;.,@!
)=(B.,'/!?+=/'!&'(?'&).B-'!:.B(+).3,!.,!H35'/! 3(!)H+)!)H'('!./!+,!+//3?.+)'@!H'+-)H!(./R#!
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3.4 Peer-Reviewed Literature Focusing on Wind Turbines, 
Low-Frequency Sound, and Infrasound 

4H./!/'?).3,!+@@('//'/!)H'!/?.',).9.?!(':.'; !39!)H'!-.)'(+)=('!)H+)!H+/!':+-=+)'@!;.,@!
)=(B.,'/T!)H'!+,,37+,?'!'99'?)T!-3;!9('N=',?7!/3=,@T!+,@!.,9(+/3=,@#!

3.4.1 Evaluation of Annoyance and Dose-Response Relationship of Wind Turbine 
Sound 

43!@+)'T!)H(''!/)=@.'/!.,!$=(3&'!H+:'!/&'?.9.? +--7!':+-=+)'@!&3)',).+-!H'+-)H!'99'?)/!39!
&'3&-'!-.:.,6!.,!&(3%.5.)7!)3!;.,@!)=(B.,'/![*'@'(/',!+,@!*'(//3,!A+7'T!1XXId!*'@'(/',!
+,@!*'(//3,!A+7'T!1XXSd!*'@'(/',!')!+-#T!1XXP\#!4H'/'!/)=@.'/!H+:'!B'',!&(.5+(.-7!.,!
G;'@',!+,@!)H'!Q')H'(-+,@/#!V=/)35+(.-7T!+,!' -.6.B-'!6(3=&!39!&'3&-'!+('!/'-'?)'@!93(!
&3//.B-'!&+().?.&+).3,!.,!)H'!/)=@7!B+/'@!3,!)H'. (!-3?+).3,!;.)H!('/&'?)!)3!+!;.,@!)=(B.,'#!
V3,)(3-!6(3=&/!H+:'!,3)!B'',!.,?-=@'@!.,!+,7!39!)H'/'!('&3()/#!

M,!+,!+().?-'!&=B-./H'@!.,!F=6=/)!1XXPT!.,:'/).6+) 3(/!('&3()'@!)H'!('/=-)/!39!)H'.(!':+-=+).3,!
39!S1K!&'3&-'!.,!)H'!Q')H'(-+,@/T!;H3!-.:'@!.,!)H '!:.?.,.)7!39!;.,@!)=(B .,'/![*'@'(/',!')!+-#T!
1XXP\#!4H'!&3)',).+-!/)=@7!&3&=-+).3,!?3,/./)' @!39!+&&(3%.5+)'-7!SXTXXX!&'3&-'!-.:.,6!
;.)H.,!1#K!R.-35')'(/!39!+!;.,@!)=(B.,'!+)!/'-' ?)'@!/.)'/!.,!)H'!Q')H'(-+,@/#!4H'!3B]'?).:'!39!
)H'!/)=@7!;+/!)3!["\!+//'//!)H'!('-+).3,/H.&!B' );'',!;.,@!)=(B.,'!/3=,@!-':'-/!+)!@;'--.,6/!
+,@!)H'!&(3B+B.-.)7!39!,3./'!+,,37+,?'T!)+R.,6! .,)3!+??3=,)!&3//.B-'!53@'(+).,6!9+?)3(/T!+,@!
[1\!'%&-3('!)H'!&3//.B.-.)7!39!6','(+-.`.,6!+!@3 /'!('/&3,/'!('-+).3,/H.&!93(!;.,@!)=(B.,'!
,3./'!B7!?35&+(.,6!)H'!('/=-)/!39!)H'!/) =@7!;.)H!&(':.3=/!/)=@.'/!.,!G;'@',#!!

Q3./'!.5&+?)!;+/!N=+,).9.'@!B+/'@!3,!)H'!('-+ ).3,/H.&!B');'',!)H'!/3=,@!-':'-![@3/'\!+,@!
('/&3,/'!;.)H!)H'!-+))'(!5'+/=('@!+/!)H'!&(3& 3().3,!39!&'3&-'!+,,37'@!3(!H.6H-7!+,,37'@!
B7!/3=,@#!*(.3(!)3!)H./!/)=@7T!@3/'!('/&3,/' !?=(:'/!H+@!B'',!53@'-'@!93(!;.,@!)=(B.,'/#!
*(':.3=/!/)=@.'/!H+:'!,3)'@!@.99'(',)!@'6(''/! 39!('-+).3,/H.&/!B');'',!;.,@!)=(B.,'!/3=,@!
-':'-/!+,@!+,,37+,?'![A3-/.,R!')!+-#T!"PPCd!*'@'(/',!+,@!*'(//3,!A+7'T!1XXId!*'@'(/',!+,@!
*'(//3,!A+7'T!1XXS\#!

G=B]'?).:'!('/&3,/'/!;'('!3B)+.,'@!)H(3=6H!+! /=(:'7#!4H'!?+-?=-+).3,!39!)H'!/3=,@!-':'-/!
[@3/'\!.,!G;'@',!+,@!)H'!Q')H'(-+,@/!;'('! /.5.-+(#!F!@3/'!('/&3,/'!('-+).3,/H.&!;+/!
3B/'(:'@!B');'',!?+-?=-+)'@!F0;'.6H)'@!/3=, @!&('//=('!-':'-/!+,@!+,,37+,?'#!G3=,@/!
9(35!;.,@!)=(B.,'/!;'('!93=,@!)3!B'!53(' !+,,37.,6!)H+,!/':'(+-!3)H'(!',:.(3,5',)+-!
/3=(?'/!+)!?35&+(+B-'!/3=,@!-':'-/#!F!/)(3,6!?3(('-+).3,!;+/!+-/3!,3)'@!B');'',!,3./'!
+,,37+,?'!+,@!,'6+).:'!3&.,.3,!39!)H'!.5&+?)!39 !;.,@!)=(B.,'/!3,!)H'!-+,@/?+&'T!+!9.,@.,6!
.,!'+(-.'(!/)=@.'/!+/!;'--#!4H'!@35.,+,)!N=+ -.)7!39!)H'!/3=,@!;+/!+!/;./H.,6T!)H'!N=+-.)7!
&(':.3=/-7!93=,@!)3!B'!)H'!53/)!+,,37.,6!)7&'#!

4H'!+=)H3(/!?3,?-=@'@!)H+)!)H./!/)=@7!?3=-@!B'!=/'@!93(!?+-?=-+).,6!+!@3/'!('/&3,/'!?=(:'!
93(!;.,@!)=(B.,'!/3=,@!+,@!+,,37+,?'#!4H'!/) =@7!('/=-)/!/=66'/)!)H+)!;.,@!)=(B.,'!/3=,@!
./!'+/.-7!&'(?'.:'@!+,@T!?35&+('@!;.)H!/3=,@! 9(35!3)H'(!/3=(?'/T!./!+,,37.,6!)3!+!/5+--!
&'(?',)+6'!39!&'3&-'![K!&'(?',)!+)!CK!)3!IX!@ZF\#!!

M,!)H./!/)=@7T!)H'!&(3&3().3,!39!&'3&-'!;H3!('&3()'@!B'.,6!+,,37'@!B7!;.,@!)=(B.,'!,3./'!
;+/!/.5.-+(!)3!5'(6'@!@+)+!9(35!);3!&(': .3=/!G;'@./H!/)=@.'/![*'@'(/3,!+,@!*'(//3,!
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A+7'T!1XXId!*'@'(/',!+,@!*'(//3,!A+7'T!1XXS\#!FB3=)!K!&'(?',)!39!('/&3,@',)/!;'('!
+,,37'@!+)!,3./'!-':'-/!B');'',!CK!)3!IX!@ZF!+,@!"W!&'(?',)!+)!IX!)3!IK!@ZF#!

*'@'(/',!')!+-#!+-/3!('&3()'@!/.6,.9.?+,)!@3/'!('/&3,/'/!B');'',!;.,@!)=(B.,'!/3=,@!+,@!
/'-90('&3()'@!+,,37+,?'![*'@'(/',!+,@!*'(//3 ,!A+7'T!1XXI\#!E.6H!'%&3/'@!.,@.:.@=+-/!
('/&3,@'@!53('![SW!&'(?',)\!)H+,!-3;!'%&3/'@! .,@.:.@=+-/![LX!&'(?',)\ T!;H.?H!/=66'/)/!)H+)!
B.+/!?3=-@!H+:'!&-+7'@!+!(3-'!.,!)H'!9.,+-!('/=-)/#!

F,!+,+-7/./!39!);3!?(3//0/'?).3,+-!/3?.30+? 3=/).?!/)=@.'/k3,'!)H+)!+@@('//'@!9-+)!
-+,@/?+&'/!.,!5+.,-7!(=(+-!/')).,6/![*'@'( /',!+,@!*'(//3,!A+7'T!1XXI\!+,@!+,3)H'(!.,!
@.99'(',)!)'((+.,/![?35&-'%!3(!9-+)\!+,@!@.99'(',) !-':'-/!39!=(B+,.`+).3,![(=(+-!3(!/=B=(B+,\!
[*'@'(/',!+,@!*'(//3,!A+7'T!1XXS\k;+/!&' (93(5'@![*'@'(/',T!1XXW\#!F&&(3%.5+)'-7!
"X!&'(?',)!39!3:'(!"XXX!&'3&-'!/=(:'7'@!:.+!+! N='/).3,,+.('!('&3()'@!B'.,6!:'(7!+,,37'@!+)!
/3=,@!-':'-/!39!IX!@Z!+,@!6('+)'(#!F)).)=@'!)3;+ (@!)H'!:./=+-!.5&+?)!39!)H'!;.,@!)=(B.,'/!
H+@!)H'!/+5'!'99'?)!3,!+,,37+,?'#!2'/&3,/'!)3!;.,@!)=(B.,'!,3./'!;+/!/.6,.9.?+,)-7!('-+)'@!
)3!'%&3/=('!'%&('//'@!+/!F0;'.6H)'@!/3=,@! &('//=('!-':'-/!@Z#!F53,6!)H3/'!;H3!?3=-@!
H'+(!;.,@!)=(B.,'!/3=,@T!+,,37+,?'!;.)H!;.,@ !)=(B.,'!,3./'!;+/!H.6H-7!?3(('-+)'@!)3!)H'!
/3=,@!?H+(+?)'(./).?/U!/;./H.,6T!;H./)-.,6T!(' /3=,@.,6!+,@!&=-/+).,6b)H(3BB.,6![*'@'(/',T!
1XXW\#!

F!/.5.-+(!/)=@7!.,!G;'@',!':+-=+)'@!SKI!&'3&-' !-.:.,6!,'+(!3,'!39!/':',!/.)'/!;H'('!;.,@!
)=(B.,'!&3;'(!;+/!6('+)'(!)H+,!KXX!R.-3;+))![RA\![*'@'(/',!+,@!*'(//3,!A+7'T!1XXS\#!
F,,37+,?'!;+/!?3(('-+)'@!;.)H!/3=,@!-':'-!+,@! +-/3!;.)H!,'6+).:'!+)).)=@'!)3;+(@!)H'!
:./=+-!.5&+?)!39!)H'!;.,@!)=(B.,'/#!Q3)'!)H+)! ,3,'!39!)H'/'!/)=@.'/!.,?-=@'@!+!?3,)(3-!6(3=&#!
$+(-.'(!9.'-@!/)=@.'/!&'(93(5'@!+53,6!&'3&-'!-.:., 6!.,!)H'!:.?.,.)7!39!;.,@!)=(B.,'/!/H3;'@!
+!?3(('-+).3,!B');'',!/3=,@!&('//=('!-':'-!+,@!,3./'!+,,37+,?'d!H3;':'(T!+,,37+,?'!;+/!
+-/3!.,9-=',?'@!B7!:./=+-!9+?)3(/!+,@!+)).)=@'/!)3;+(@!)H'!.5&+?)!39!)H'!;.,@!)=(B.,'/!3,!
)H'!-+,@/?+&'#!Q3./'!+,,37+,?'!;+/!,3)'@!+)!-3;'(!/3=,@!&('//=('!-':'-/!)H+,!+,,37+,?'!
9(35!)(+99.?!,3./'#!F-)H3=6H!/35'!&'3&-'! 5+7!B'!+99'?)'@!B7!+,,37+,?'T!)H'('!./!,3!
/?.',).9.?!':.@',?'!)H+)!,3./'!+)!-':'-/!?('+)' @!B7!;.,@!)=(B.,'/!?3=-@!?+=/'!H'+-)H!&(3B-'5/!
[*'@'(/',!+,@!Es6/R3-+,T!1XXC\#!

3.4.2 Annoyance 
F!9''-.,6!@'/?(.B'@!+/!h+,,37+,?'i!?+,!B'!+//3?. +)'@!;.)H!+?3=/).?!9+?)3(/!/=?H!+/!;.,@!
)=(B.,'!,3./'#!4H'('!./!?3,/.@'(+B-'!:+(.+B.-.) 7T!H3;':'(T!.,!H3;!&'3&-'!B'?35'!h+,,37'@i!
B7!',:.(3,5',)+-!9+?)3(/!/=?H!+/!(3+@!?3,/ )(=?).3,!+,@!+:.+).3,!,3./'T!+53,6!3)H'(/!
[<':',)H+--T!1XXI\#!F,,37+,?'!./!?-'+(-7!+!/=B]'? ).:'!'99'?)!)H+)!;.--!:+(7!+53,6!&'3&-'!+,@!
?.(?=5/)+,?'/#!M,!'%)('5 '!?+/'/T!/-''&!@./)=(B+,?'!5+7!3??=(#!A.,@!/&''@!+)!)H'!H=B!H'.6H)!
39!+!;.,@!)=(B.,'!+)!,.6H)!5+7!B'!=&!)3!);.? '!+/!H.6H!+/!@=(.,6!)H'!@+7!+,@!5+7!-'+@!)3!
+,,37+,?'!9(35!)H'!+5&-.)=@'!53@=-+)'@!/3=,@! 39!)H'!;.,@!)=(B.,'![:+,!@',!Z'(6T!1XXC\#!
E3;':'(T!.,!+!/)=@7!39!"L!/.)'/!.,!C!$=(3&'+,!?3=,)(.'/T!3,-7!+!;'+R!?3(('-+).3,!;+/!,3)'@!
B');'',!/3=,@!&('//=('!-':'-!+,@!,3./'!+,,3 7+,?'!9(35!;.,@!)=(B.,'/![*'@'(/',!+,@!
Es6/R3-+,T!1XXC\#!!!

M,!+!@')+.-'@!?35&+(./3,!39!)H'!(3-'!39!,3./'! /',/.).:.)7!.,!('/&3,/'!)3!',:.(3,5',)+-!,3./'!
+(3=,@!.,)'(,+).3,+-!+.(&3()/!.,!G7@,'7T!<3,@ 3,T!+,@!F5/)'(@+5T!.)!;+/!/H3;,!)H+)!,3./'!
/',/.).:.)7!.,?('+/'/!3,'c/!&'(?'&).3,!39!+,,37+,?'!.,@'&',@',)-7!39!)H'!-':'-!39!,3./'!
'%&3/=('![:+,!a+5&!')!+-#T!1XXI\#!
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M,!+!G;'@./H!/)=@7T!WI!3=)!39!"TXPK!&'3&-'!-.:.,6!.,!)H'!:.?.,.)7!39!+!;.,@!)=(B.,'!.,!
"1!6'36(+&H.?+-!+('+/!('&3()'@!B'.,6!9+.(-7!3( !:'(7!+,,37'@!B7!;.,@!)=(B.,'/![*'@'(/',T!
1XXW\#!M)!./!.5&3()+,)!)3!,3)'!)H+)!,3!@.99'(',?'/!;'('!('&3()'@!+53,6!&'3&-'!;H3!;'('!
h+,,37'@i!.,!?3,)(+/)!)3!)H3/'!;H3!;'('!,3)!+,,37'@!;.)H!('/&'?)!)3!H'+(.,6!.5&+.(5',)T!
@.+B')'/T!3(!?+(@.3:+/?=-+(!@./'+/'#!F,!'+(-.' (!/)=@7!.,!G;'@',!/H3;'@!)H+)!)H'!&(3&3().3,!
39!&'3&-'!h+,,37'@i!B7!;.,@!)=(B.,'!/3=,@!./!H.6H'(!)H+,!93(!3)H'(!/3=(?'/!39!
',:.(3,5',)+-!,3./'!+)!)H'!/+5'!@'?.B'-!-':'-![*'@'(/',!+,@!*'(//3,!A+7'T!1XXI\#!

3.4.3 Low-Frequency Sound and Infrasound  
Q3!/?.',).9.?!/)=@.'/!H+:'!/&'?.9.?+--7!':+- =+)'@!H'+-)H!'99'?)/!9(35!'%&3/=('!)3!-3;!
9('N=',?7!/3=,@!9(35!;.,@!)=(B.,'/#!Q+)=(+ -!/3=(?'/!39!-3;!9('N=',?7!/3=,@!.,?-=@'!
;.,@T!(.:'(/T!+,@!;+)'(9+--/!.,!B3)H!+=@.B- '!+,@!,3,0+=@.B-'!9('N=',?.'/#!D)H'(!/3=(?'/!
.,?-=@'!(3+@!)(+99.?T!+.(?(+9)T!+,@!.,@=/)(.+-!5+?H.,'(7#!4H'!53/)!?3553,!/3=(?'!39!
.,9(+/3=,@!./!:'H.?=-+(![Q+).3,+-!43%.?3-367!*(36(+5T!1XX"\#!

M,9(+/3=,@!+)!+!9('N=',?7!39!1X!E`![)H'!=&&'(!-.5.)!39!.,9(+/3=,@\!./!,3)!@')'?)+B-'!+)!-':'-/!
-3;'(!)H+,!)H+,!SP!@Z![<':',)H+--!')!+-#T!1XXC\#!M,9(+/3=,@!+)!"IK!@Z!+)!1X!E`!+,@!+)!"LK!@Z!
+)!1!E`!?+,!/).5=-+)'!)H'!+=@.)3(7!/7/)'5!+,@!?+=/'!/':'('!&+.,![<':',)H+--T!1XXL\#4H'/'!
,3./'!-':'-/!+('!/=B/)+,).+--7!H.6H'(!)H+,!+,7! ,3./'!6','(+)'@!B7!;.,@!)=(B.,'/#!4H'!_#G#!
833@!+,@!>(=6!F@5.,./)(+).3,![8>F\!H+/!+&&( 3:'@!)H'!=/'!39!.,9(+/3=,@!93(!)H'(+&'=).?!
5+//+6'!+)!SX!@Z!.,!)H'!W!)3!"I!E`!(+,6'![Q+).3,+-!43%.?3-367!*(36(+5T!1XX"\#!M,!-.6H)!39!)H'!
8>F!+&&(3:+-!93(!)H./!)7&'!39!)H'(+&'=).?!=/'!39! .,9(+/3=,@T!.)!./!('+/3,+B-'!)3!?3,?-=@'!)H+)!
'%&3/=('!)3!.,9(+/3=,@!.,!)H'!SX!@Z!(+,6'!./! /+9'#!F??3(@.,6!)3!+!('&3()!39!)H'!Q+).3,+-!
2'/'+(?H!V3=,?.-![Q2V\T!-3;!9('N=',?7!/3=,@!./ !+!?3,?'(,!93(!3-@'(!;.,@!)=(B.,'/!B=)!,3)!
)H'!53@'(,!)7&'![Q+).3,+-!2'/'+(?H!V3=,?.-T!1XXS\#!

!





!
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+2?&LNT%P%

Results  

4H./!/'?).3,!@./?=//'/!)H'!('/=-)/!39!)H'!+,+7-/./ !&('/',)'@!.,!G'?).3,!C#!*3)',).+-!'99'?)/!9(35!
.,9(+/3=,@T!-3;!9('N=',?7!/3=,@T!+,@!)H'!9-=?)=+).,6!+'(3@7,+5.?!h/;./Hi!9(35!)=(B.,'!
B-+@'/!+('!'%+5.,'@#!*(3&3/'@!H7&3)H'/'/!B' );'',!;.,@!)=(B.,'!/3=,@!+,@!&H7/.3-36.?+-!
'99'?)/!.,!)H'!93(5!39!:.B(3+?3=/).?!@./'+/ 'T!h;.,@!)=(B.,'!/7,@(35'Ti!+,@!:./?'(+-!
:.B(+)3(7!:'/).B=-+(!@./) =(B+,?'!+('!@./?=//'@#!

4.1 Infrasound, Low-Frequency Sound, and Annoyance 
G3=,@!-':'-/!9(35!;.,@!)=(B.,'/!&3/'!,3!(. /R!39!H'+(.,6!-3//!3(!+,7!3)H'(!,3,+=@.)3(7!
'99'?)#!M,!9+?)T!+!('?',)!(':.';!?3,?-=@'@!) H+)!hD??=&+).3,+-!,3./'0.,@=?'@!H'+(.,6!@+5+6'!
@3'/!,3)!3??=(!B'-3;!-':'-/!39!WK!@ZF#i![M/.,6!+,@!a(=&&+T!1XXI\!4H'!-':'-/!39!/3=,@!
+//3?.+)'@!;.)H!;.,@!)=(B.,'!3&'(+).3,/!+( '!?3,/.@'(+B-7!-3;'(!)H+,!.,@=/)(7!-':'-/!
+//3?.+)'@!;.)H!,3./'!.,@=?'@!H'+(.,6!-3//#!

E3;':'(T!/35'!&'3&-'!+))(.B=)'!?'()+.,!H'+-)H !&(3B-'5/!)3!;.,@!)=(B.,'!'%&3/=('#!43!5+R'!
/',/'!39!)H'/'!+//'().3,/T!3,'!5=/)!?3,/.@'(!,3 )!3,-7!)H'!/3=,@!B=)!)H'!?35&-'%!9+?)3(/!)H+)!
5+7!-'+@!)3!)H'!&'(?'&).3,!39!h+,,37+,?'#i!J3/)!H'+-)H!?35&-+.,)/!('6+(@.,6!;.,@!
)=(B.,'/!H+:'!?',)'('@!3,!/3=,@!+/!)H'!?+=/'# !4H'('!+('!);3!)7&'/!39!/3=,@/!9(35!;.,@!
)=(B.,'/U!5'?H+,.?+-!/3=,@T!;H.?H!3(.6.,+)'/ !9(35!)H'!6'+(B3%!+,@!?3,)(3-!5'?H+,./5/T!
+,@!)H'!53('!@35.,+,)!+'(3@7,+5.?+-!/3=,@T!;H.?H!./!&('/',)!+)!+--!9('N=',?.'/!9(35!)H'!
.,9(+/3=,@!(+,6'!3:'(!-3;!9('N=',?7!/3 =,@!)3!)H'!,3(5+-!+=@.B-'!(+,6'#!!

M,9(+/3=,@!9(35!,+)=(+-!/3=(?'/![93(!'%+5&-'T !3?'+,!;+:'/!+,@!;.,@\!/=((3=,@/!=/!+,@!./!
B'-3;!)H'!+=@.B-'!)H('/H3-@#!4H'!.,9(+/3=,@!'5.))' @!9(35!;.,@!)=(B.,'/!./!+)!+!-':'-!39!KX!)3!
SX!@ZT!/35').5'/!H.6H'(T!B=)!;'--!B'-3;!)H'!+=@. B-'!)H('/H3-@#!4H'('!./!+!?3,/',/=/!+53,6!
+?3=/).?!'%&'()/!)H+)!)H'!.,9(+/3=,@!9(35!;.,@! )=(B.,'/!./!39!,3!?3,/'N=',?'!)3!H'+-)H#!D,'!
&+().?=-+(!&(3B-'5!;.)H!5+,7!39!)H'/'!+//'().3,/! +B3=)!.,9(+/3=,@!./!)H+)!./!)H+)!)H'!)'(5!./!
39)',!5./=/'@!;H',!)H'!?3,?'(,.,6!/3=,@!./!+? )=+--7!-3;!9('N=',?7!/3=,@T!,3)!.,9(+/3=,@#!

_,@'(!5+,7!?3,@.).3,/T!-3;!9('N=',?7!/3=,@! B'-3;!+B3=)!IX!E`!?+,,3)!B'!@./).,6=./H'@!
9(35!',:.(3,5',)+-!B+?R6(3=,@!/3=,@!9(35!)H '!;.,@!.)/'-9#!*'(?'&).B-'![5'+,.,6!+B3:'!
B3)H!)H'!B+?R6(3=,@!/3=,@!+,@!)H'!H'+(.,6!)H('/H3-@\T!-3;!9('N=',?7!/3=,@!?+,!B'!
&(3@=?'@!B7!;.,@!)=(B.,'/!=,@'(!?3,@.).3,/! 39!=,=/=+--7!)=(B=-',)!;.,@!?3,@.).3,/T!B=)!
)H'!+?)=+-!/3=,@!-':'-!@'&',@/!3,!)H'!@./)+,?'!39 !)H'!-./)','(!9(35!)H'!)=(B.,'T!+/!)H'!/3=,@!
+))',=+)'/![9+--/!399\!;.)H!@./)+,?'#!4H'!H. 6H'(!)H'!9('N=',?7T!)H'!6('+)'(!)H'!/3=,@!
+))',=+)'/!;.)H!@./)+,?'kF&&',@.%!>!&(3:.@'/ !53('!.,93(5+).3,!3,!)H'!&(3&+6+).3,!39!
/3=,@#!4H'!-3;!9('N=',?7!/3=,@!'5.))'@!B7! /&.,,.,6!;.,@!)=(B.,'/!?3=-@!&3//.B-7!B'!
+,,37.,6!)3!/35'!;H',!;.,@/!+('!=,=/=+--7!)=(B =-',)T!B=)!)H'('!./!,3!':.@',?'!)H+)!)H./!
-':'-!39!/3=,@!?3=-@!B'!H+(59=-!)3!H'+-)H#!M9!/3T!?.)7!@;'--.,6!;3=-@!B'!.5&3//.B-'!@='!)3!
)H'!/.5.-+(!-':'-/!39!+5B.',)!/3=,@!-':'-/ !,3(5+--7!&('/',)!.,!=(B+,!',:.(3,5',)/#!
Q':'()H'-'//T!+!/5+--!,=5B'(!39!&'3&-' !9.,@!?.)7!/3=,@!-':'-/!/)('//9=-#!
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M)!./!,3)!=/=+--7!)H'!-3;!9('N=',?7!,3,9-=?)=+).,6!/3=,@!?35&3,',)T!H3;':'(T!)H+)!
&(3:3R'/!?35&-+.,)/!+B3=)!;.,@!)=(B.,'!/3=, @#!4H'!9-=?)=+).,6!+'(3@7,+5.?!/3=,@![/;./H\!
.,!)H'!KXX!)3!"TXXX!E`!(+,6'!3??=(/!9(35!)H'!;.,@!)=(B.,'!B-+@'/!@./)=(B.,6!)H'!+.(T!
53@=-+)'@!+/!)H'!B-+@'/!(3)+)'!;H.?H!?H+,6'/ !)H'!/3=,@!@./&'(/.3,! ?H+(+?)'(./).?/!.,!+,!
+=@.B-'!5+,,'(#!4H./!9-=?)=+).,6!+'(3@7,+5.?!/3 =,@!./!)H'!?+=/'!39!53/)!/3=,@!?35&-+.,)/!
('6+(@.,6!;.,@!)=(B.,'/T!+/!.)!./!H+(@'(!)3!B' ?35'!+??=/)35'@!)3!9-=?)=+).,6!/3=,@!)H+,!)3!
/3=,@!)H+)!@3'/!,3)!9-=?)=+)'#!E3;':'(T!)H./ !9-=?)=+).3,!@3'/!,3)!+-;+7/!3??=(!+,@!+!_a!
/)=@7!/H3;'@!)H+)!.)!H+@!B'',!+!&(3B-'5!.,! 3,-7!93=(!3=)!39!"CX!_a!;.,@!9+(5/T!+,@!H+@!
B'',!('/3-:'@!.,!)H(''!39!)H3/'![J33(H3=/'!')!+-#T!1XXS\#!

4.1.1 Infrasound and Low-Frequency Sound 
M,9(+/3=,@!3??=(/!+)!9('N=',?.'/!-'//!)H+,!1X !E`#!F)!-3;!+,@!.,+=@.B-'!-':'-/T!.,9(+/3=,@!
H+/!B'',!/=66'/)'@!+/!+!?+=/'!39!h;.,@!)= (B.,'!/7,@(35'i!+,@!:.B(3+?3=/).?!@./'+/'!
[OF>\k('9'(!)3!G'?).3,!I#1#"!93(!53('!.,93(5+) .3,!3,!OF>#!83(!.,9(+/3=,@!)3!B'!H'+(@T!
H.6H!/3=,@!-':'-/!+('!,'?'//+(7![/''!G'?).3,!CT! 4+B-'!C01\#!4H'('!./!-.))-'!(./R!39!/H3()!)'(5!
+?=)'!'%&3/=('!)3!H.6H!-':'-/!39!.,9(+/3=,@ #!M,!'%&'(.5',)/!('-+)'@!)3!)H'!F&3--3!/&+?'!
&(36(+5T!/=B]'?)/!;'('!'%&3/'@!)3!B');'',! "1X!+,@!"IX!@Z!;.)H3=)!R,3;,!H+(59=-!'99'?)/#!
E.6H!-':'-!.,9(+/3=,@!./!-'//!H+(59=-!)H+,!)H'!/+5'!H.6H!-':'-/!39!/3=,@!.,!)H'!,3(5+-!
+=@.B-'!9('N=',?7!(+,6'#!

E.6H!-':'-/!39!-3;!9('N=',?7!/3=,@!?+,!'%?. )'!B3@7!:.B(+).3,/![<':',)H+--T!1XXC\#!$+(-7!
+))',).3,!)3!-3;!9('N=',?7!/3=,@!;+/!@.('?)'@!)3!)H'!_#G#!/&+?'!&(36(+5T!/)=@.'/!9(35!
;H.?H!/=66'/)'@!)H+)!1I0H3=(!'%&3/=('/!)3!"1X!)3!"CX!@Z!+('!)3-'(+B-'!B'-3;!1X!E`T!)H'!
=&&'(!-.5.)!39!.,9(+/3=,@#!J3@'(,!;.,@!)=(B .,'/!&(3@=?'!/3=,@!)H+)!./!+//'//'@!+/!
.,9(+/3=,@!+)!)7&.?+-!-':'-/!39!KX!)3!SX!@ZT!B'-3;!)H'!H'+(.,6!)H('/H3-@!+)!)H3/'!9('N=',?.'/!
[f+R3B/',T!1XXI\#!f+R3B/',!?3,?-=@'@!)H+)!.,9(+/3=,@!9(35!;.,@!)=(B.,'/!@3'/!,3)!&('/',)!+!
H'+-)H!?3,?'(,#!8-=?)=+).3,/!39!;.,@!)=(B., '!/3=,@T!53/)!,3)+B-7!)H'!/;./H0/;./H!/3=,@/T!
+('!.,!)H'!9('N=',?7!(+,6'!39!KXX!)3!"TXXX!E`T!;H.?H!./!,'.)H'(!-3;!9('N=',?7!/3=,@!,3(!
.,9(+/3=,@#!4H'!&('@35.,+,)!/3=,@!9(35!;.,@! )=(B.,'/T!H3;':'(T!./!39)',!5./?H+(+?)'(.`'@!
+/!.,9(+/3=,@!+,@!-3;!9('N=',?7!/3=,@#!<':' -/!39!.,9(+/3=,@!,'+(!53@'(,0/?+-'!;.,@!
9+(5/!+('!.,!6','(+-!,3)!&'(?'&).B-'!)3!&'3&-'#!M, !)H'!H=5+,!B3@7T!)H'!B'+)!39!)H'!H'+()!./!+)!
"!)3!1!E`#!E.6H'(09('N=',?7!H'+()!/3=,@/!5'+/=('@!'%)'(,+--7!)3!)H'!B3@7!+('!.,!)H'!-3;!
9('N=',?7!(+,6'![1S!)3!CK!@Z!+)!1X!)3!IX!E`\T!+-)H3=6H!)H'!/)(3,6'/)!9('N=',?7!./!)H+)!39!)H'!
H'+()B'+)![G+R+.T!8'.6',T!+,@!<=./+@+T!"PS"\#!<=,6!/3=,@/T!5'+/=('@!'%)'(,+--7!)3!)H'!B3@7!
+('!.,!)H'!(+,6'!39!K!)3!CK!@Z!+)!"KX!)3!LXX!E`![8.`!')!+-#T!1XXW\#!G?H=/)![1XXI\!H+/!6.:',!+!
?35&('H',/.:'!(':.';!39!)H'!'99'?)/!39!H.6H !-':'-!-3;!9('N=',?7!/3=,@T!=&!)3!"XX!E`#!

4.1.2 Annoyance 
F,,37+,?'!./!+!B(3+@!)3&.?!3,!;H.?H!:3-=5'/! H+:'!B'',!;(.))',#!F,,37+,?'!?+,!B'!?+=/'@!
B7!?3,/)+,)!+5&-.)=@'!+,@!+5&-.)=@'!53@=-+)'@!/3=,@/!?3,)+.,.,6!(=5B-'![Z(+@-'7T!"PPI\#!!

F/!)H'!-':'-!39!/3=,@!(./'/T!+,!.,?('+/.,6!,=5B'(!39!)H3/'!;H3!H'+(!.)!5+7!B'?35'!
@./)('//'@T!=,).-!':',)=+--7!,'+(-7!':'(7B3@7!./! +99'?)'@T!+-)H3=6H!)3!@.99'(',)!@'6(''/#!4H./!
./!+!?-'+(!+,@!'+/.-7!=,@'(/)33@!&(3?'//#!E3;':' (T!;H+)!./!,3)!/3!?-'+(-7!=,@'(/)33@!./!)H+)!
;H',!)H'!-':'-!39!)H'!/3=,@!('@=?'/T!/3!)H+)!:' (7!9';!&'3&-'!+('!)(3=B-'@!B7!.)T!)H'('!('5+.,!
+!/5+--!,=5B'(!;H3!5+7!B'!+@:'(/'-7!+99'?)'@#! 4H./!3??=(/!+)!+--!9('N=',?.'/T!+-)H3=6H!
)H'('!/''5/!)3!B'!53('!/=B]'?).:'!:+(.+B.-.)7! +)!)H'!-3;'(!9('N=',?.'/#!4H'!'99'?)!39!-3;!
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9('N=',?7!/3=,@!3,!+,,37+,?'!H+/!('?',)-7!B '',!(':.';'@![<':',)H+--T!1XXI\#!4H'!/)+,@+(@!
@':.+).3,!39!)H'!H'+(.,6!)H('/H3-@!./!+&&(3%.5+)'-7!L!@Z!+)!-3;!9('N=',?.'/![a=(+R+)+!+,@!
J.`=,+5.T!1XXW\T!/3!)H+)!+B3=)!1#K!&'(?',)!39!)H'!&3&=-+).3,!;.--!H+:'!"1!@Z!53('!/',/.).:'!
H'+(.,6!)H+,!)H'!+:'(+6'!&'(/3,#!E3;':'(T!H'+( .,6!/',/.).:.)7!+-3,'!@3'/!,3)!+&&'+(!)3!B'!
)H'!@'?.@.,6!9+?)3(!;.)H!('/&'?)!)3!+,,37+,? '#!83(!'%+5&-'T!)H'!/+5'!)7&'!39!/3=,@!5+7!
'-.?.)!@.99'(',)!('+?).3,/!+53,6!&'3&-'U!3,'!&'(/ 3,!5.6H)!/+7!hr'/T!M!?+,!H'+(!)H'!/3=,@T!B=)!
.)!@3'/!,3)!B3)H'(!5'Ti!;H.-'!+,3)H'(!5+7!/+7T !h4H'!/3=,@!./!.5&3//.B-'T!.)!./!(=.,.,6!57!
-.9'#i!4H'('!./!,3!':.@',?'!39!H+(59=-!'99'?) /!9(35!)H'!-3;!-':'-/!39!/3=,@!9(35!;.,@!
)=(B.,'/T!+/!'%&'(.',?'@!B7!&'3&-'!.,!)H'.(!H35'/#!G)=@.'/!H+:'!/H3;,!)H+)!&'3&-'/c!
+)).)=@'/!)3;+(@!;.,@!)=(B.,'/!5+7!+99'?)!)H'! -':'-!39!+,,37+,?'!)H+)!)H'7!('&3()![*'@'(/',!
')!+-#T!1XXP\#!

G35'!+=)H3(/!'5&H+/.`'!)H'!&/7?H3-36.?+-!'99' ?)/!39!/3=,@/![a+-:'(+5T!1XXXd!a+-:'(+5!')!
+-#T!"PPP\#!M,!+,!':+-=+).3,!39!1K!&'3&-'!'%&3/'@!)3!9.:'!@.99'(',)!;.,@!)=(B.,'!/3=,@/!+)!
IX!@ZT!(+).,6/!39!h+,,37+,?'i!;'('!@.99'(',)!+53,6!@.99'(',)!)7&'/!39!;.,@!)=(B.,'!,3./'!
[*'(//3,!A+7'!+,@!tH(/)(s5T!1XX1\#!

Q3,'!39!)H'!&/7?H30+?3=/).?!&+(+5')'(/! ?3=-@!'%&-+.,!)H'!@.99'(',?'!.,!+,,37+,?'!
('/&3,/'/#!F,3)H'(!/)=@7!39!53('!)H+,!1TXXX!&'3&-'!/=66'/)'@!)H+)!&'(/3,+-.)7!)(+.)/!&-+7!
+!(3-'!.,!)H'!&'(?'&).3,!39!+,,37+,?'!)3!',:.(3 ,5',)+-!.//='/!/=?H!+/!/3=,@![*'(//3,!')!+-#T!
1XXS\#!F,,37+,?'!3(.6.,+)'/!9(35! +?3=/).?+-!/.6,+-/!)H+)!+('!,3 )!?35&+).B-'!;.)HT!3(!)H+)!
@./)=(BT!&/7?H3-36.?+-!9=,?).3,/T!.,!&+().?=-+(T!@./)=(B+,?'!39!?=((',)!+? ).:.).'/#!a+-:'(+5!')!
+-#!["PPP\!/=66'/)!)H+)!)H'!5+.,!9=,?).3,!39! ,3./'!+,,37+,?'!./!+/!+!;+(,.,6!)H+)!9.),'//!5+7!
B'!+99'?)'@!B=)!)H+)!.)!?+=/'/!-.))-'!3(!,3!&H7/.3-36.?+-!'99'?)#!*(3)(+?)'@!+,,37+,?'T!H3;':'(T!
5+7!=,@'(5.,'!?3&.,6!+,@!&(36('//!)3!/)('//!('-+)' @!'99'?)/#!M)!+&&'+(/!)H+)!)H./!./!)H'!5+.,!
5'?H+,./5!93(!'99'?)/!3,!)H'!H'+-)H!39!+!/5+--! ,=5B'(!39!&'3&-'!9(35!&(3-3,6'@!'%&3/=('!
)3!-3;!-':'-/!39!,3./'#!

4H'!5+.,!H'+-)H!'99'?)!39!,3./'!/)('//!./!@./)=(B'@!/-''&T!;H.?H!5+7!-'+@!)3!3)H'(!
?3,/'N=',?'/#!A3(R!;.)H!-3;!9('N=',?.'/!H+/! /H3;,!)H+)!+,!+=@.B-'!-3;!9('N=',?7!/3=,@!
@3'/!,3)!,3(5+--7!B'?35'!3B]'?).3,+B-'!=,) .-!.)!./!"X!)3!"K!@Z!+B3:'!H'+(.,6!)H('/H3-@!
[M,=R+.!')!+-#T!1XXXd!r+5+@+T!"PWX\#!F,!'%?'&).3,!./!;H',!+!-./)','(!H+/!@':'-3&'@!H3/).-.)7!
)3!)H'!,3./'!/3=(?'T!/3!)H+)!+,,37+,?'!?355',?'/!+)!+!-3;'(!-':'-#!!

4H'('!./!,3!':.@',?'!)H+)!/3=,@!+)!)H'!-':'-/! 9(35!;.,@!)=(B.,'/!+/!H'+(@!.,!('/.@',?'/!;.--!
?+=/'!@.('?)!&H7/.3-36.?+-!'99'?)/#!F!/5+--!,= 5B'(!39!/',/.).:'!&'3&-'T!H3;':'(T!5+7!B'!
/)('//'@!B7!)H'!/3=,@!+,@!/=99'(!/-''&!@./)=(B+,?'/#!

4.1.3 Other Aspects of Annoyance 
G35'!&'3&-'!H+:'!?3,?-=@'@!)H+)!)H'7!H+:'! H'+-)H!&(3B-'5/!?+=/'@!@.('?)-7!B7!;.,@!
)=(B.,'/#!M,!3(@'(!)3!5+R'!/',/'!39!)H'/'!?35& -+.,)/T!;'!5=/)!?3,/.@'(!,3)!3,-7!)H'!/3=,@T!
B=)!)H'!?35&-'%!9+?)3(/!?=-5.,+).,6!.,!+,,37+,?'#!!

4H'('!./!+!-+(6'!B3@7!39!5'@.?+-!-.)'(+)=('!3,! /)('//!+,@!&/7?H3+?3=/).?/#!4H(''!9+?)3(/!)H+)!
5+7!B'!&'().,',)!)3!+!/H3()!@./?=//.3,!39! ;.,@!)=(B.,'!+,,37+,?'!'99'?)/!+('!)H'!,3?'B3!
'99'?)T!/',/3(7!.,)'6(+).3,!@7/9=,? ).3,!+,@!/35+)393(5!@./3(@'(/#!
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4.1.4 Nocebo Effect 

4H'!,3?'B3!'99'?)!./!+,!+@:'(/'!3=)?35'T!+!;3(/ ',.,6!39!5',)+-!3(!&H7/.?+-!H'+-)HT!B+/'@!3,!
9'+(!3(!B'-.'9!.,!+@:'(/'!'99'?)/#!4H./!./!)H'! 3&&3/.)'!39!)H'!;'--!R,3;,!&-+?'B3!'99'?)T!;H'('!
B'-.'9!.,!&3/.).:'!'99'?)/!39!+,!.,)'(:',).3,! 5+7!&(3@=?'!&3/.).:'!('/=-)/![G&.'6'-T!"PPS\#!
G':'(+-!9+?)3(/!+&&'+(!)3!B'!+//3?.+)'@!;. )H!)H'!,3?'B3!&H',35',3,U!'%&'?)+).3,/!39!
+@:'(/'!'99'?)/d!?3,@.).3,.,6!9(35!&(.3(!'%&' (.',?'/d!?'()+.,!&/7?H3-36.?+-!?H+(+?)'(./).?/!
/=?H!+/!+,%.')7T!@'&('//.3,!+,@!)H'!)',@',?7! )3!/35+).`'!['%&('//!&/7?H3-36.?+-!9+?)3(/!+/!
&H7/.?+-!/75&)35/d!/''!B'-3;\T!+,@!/.)=+).3,+- !+,@!?3,)'%)=+-!9+?)3(/#!F!-+(6'!(+,6'!39!
('+?).3,/!.,?-=@'!H7&'(:+63)3,.+T!5+,.9'/)'@!B7 !.@.3:',)(.?=-+(!H'+()!(H7)H5![+!/-3;!H'+()!
(+)'!39!1X!)3!KX!B'+)/!&'(!5.,=)'!('/=-).,6!9(35 !+,!.,)(.,/.?!&+?'5+R'(! ;.)H.,!)H'!:',)(.?-'/!
;H.?H!)+R'/!3:'(!;H',!,3(5+-! /.,3+)(.+-!,3@'!('6=-+).3,!./ !-3/)\T!@(3;/.,'//T!,+=/'+T!
9+).6='T!.,/35,.+T!H'+@+?H'T!;'+R,'//T!@.``.,' //T!6+/)(3.,)'/).,+-![YM\!?35&-+.,)/!+,@!
@.99.?=-)7!?3,?',)(+).,6![G+@3?R!+,@!G+@3?RT!1XXKT!&#1I1K\#!4H./!+((+7!39!/75&)35/!./!
/.5.-+(!)3!)H'!/30?+--'@!h;.,@!)=(B.,'!/7,@(35' i!?3.,'@!B7!*.'(&3,)![1XXPT!&('0&=B-.?+).3,!
@(+9)\#!r')!)H'/'!+('!+--!?3553,!/75&)35/!.,!)H'!6','(+-!&3&=-+).3,!+,@!,3!':.@',?'!H+/!
B'',!&('/',)'@!)H+)!/=?H!/75&)35/!+('!53('! ?3553,!.,!&'(/3,/!-.:.,6!,'+(!;.,@!)=(B.,'/#!
Q':'()H'-'//T!)H'!-+(6'!:3-=5'!39!5'@.+!?3:'(+ 6'!@':3)'@!)3!+--'6'@!+@:'(/'!H'+-)H!'99'?)/!
39!;.,@!)=(B.,'/!=,@'(/)+,@+B-7!?('+)'/!+,! +,).?.&+)3(7!9'+(!.,!/35'!)H+)!)H'7!;.--!
'%&'(.',?'!+@:'(/'!'99'?)/!9(35!;.,@!)=(B.,'/#! $:'(7!&'(/3,!./!/=66'/).B-'!)3!/35'!@'6(''#!
4H'!('/=-).,6!/)('//T!9'+(T!+,@!H7&'(:.6.-+,?'!5+ 7!'%+?'(B+)'!3(!':',! ?('+)'!&(3B-'5/!;H.?H!
;3=-@!,3)!3)H'(;./'!'%./)#!M,!)H./!;+7T!+,).0; .,@!9+(5!+?).:./)/!5+7!B'!?('+).,6!;.)H!)H'.(!
&=B-.?.)7!/35'!39!)H'!&(3B-'5/!)H+)!)H'7!@'/?(.B'#!

4.1.5 Somatoform Disorders 

4H'('!+('!/':',!/35+)393(5!@./3(@ '(/!.,!)H'!83=()H!$@.).3,!39! Diagnostic and Statistical 
Manual of Mental Disorders![>GJ0MO042\![F5'(.?+,!*/7? H.+)(.?!F//3?.+).3,T!1XXX\#!
G35+)393(5!@./3(@'(/!+('!&H7/.?+-!/75&)35/!;H .?H!('9-'?)!&/7?H3-36.?+-!/)+)'/!(+)H'(!)H+,!
+(./.,6!9(35!&H7/.?+-!?+=/'/#!D,'!?3553,!/35+ )393(5!@./3(@'(T!V3,:'(/.3,!>./3(@'(T!./!
)H'!=,?3,/?.3=/!'%&('//.3,!39!/)('//!+,@!+,% .')7!+/!3,'!3(!53('!&H7/.?+-!/75&)35/!
[$/?3B+(!+,@!V+,.,3T!"PWP\#!V3553,!?3,:'(/.3,!/75&)35/!+('! /',/+).3,/!39!).,6-.,6!3(!
@./?3593()T!9+).6='T!&33(-7!-3?+-.`'@!+B@35.,+-!&+.,T!H'+@+?H'/T!B+?R!3(!,'?R!&+.,T!
;'+R,'//T!-3//!39!B+-+,?'T!H'+(.,6!+,@!:./=+-!+B,3(5+-.).'/#!4H'!/75&)35/!+('!,3)!9'.6,'@!
+,@!5=/)!B'!&('/',)!93(!+)!-'+/)!/.%!53,)H/!+??3(@.,6!)3!>GJ0MO042!+,@!);3!7'+(/!
+??3(@.,6!)3!)H'!M,)'(,+).3,+-!G)+)./).?+-!V-+//.9.?+).3,!39!>./'+/'/!+,@!2'-+)'@!E'+-)H!
*(3B-'5/T!"X)H!2':./.3,![MV>0"X\![AEDT!"PPC\#!MV>0"X!/&'?.9.'/!)H'!/75&)35/!+/!B'-3,6.,6!
)3!93=(!6(3=&/U!["\!Y+/)(3.,)'/).,+-![+B@35. ,+-!&+.,T!,+=/'+T!B-3+).,6b6+/bT!B+@!)+/)'!.,!
53=)Hb'%?'//.:'!)3,6='!?3+).,6T!:35.). ,6b('6=(6.)+).3,T!9('N=',)b-33/'!B3;'-!
53:'5',)/\d![1\!V+(@.3:+/?=-+(![B('+)H- '//,'//!;.)H3=)!'%'().3,T!?H'/)!&+.,/\d!
[C\!Y',.)3=(.,+(7![9('N=',?7!3(! @7/=(.+T!=,&-'+/+,)!6',.)+-!/',/+).3,/T!:+6.,+-!@./?H+(6'\T!
+,@![I\!GR.,!+,@!*+.,![B-3)?H.,'//!3(!@./?3-3(+) .3,!39!)H'!/R.,T!&+.,!.,!)H'!-.5B/T!'%)('5.).'/!
3(!]3.,)/T!&+('/)H'/.+/\#!MV>0"X!/&'?.9.'/!)H+)!+)!-'+/)!/.%!/75&)35/!5=/)!B'!&('/',)!.,!);3!3(!
53('!6(3=&/#!

D,'!9'+)=('!39!/35+)393(5!@./3(@'(/!./! somatosensory amplificationT!+!&(3?'//!.,!;H.?H!+!
&'(/3,!-'+(,/!)3!9''-!B3@7!/',/+).3,/!53('!+? =)'-7!+,@!5+7!5./.,)'(&(')!)H'!/.6,.9.?+,?'!39!
)H3/'!/',/+).3,/!B7!'N=+).,6!)H '5!;.)H!.--,'//![Z+(/R7T!"PSP\#! Sensory integration dysfunction 
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@'/?(.B'/!+B,3(5+-!/',/.).:.)7!)3!+,7!3(!+--! /',/3(7!/).5=-.![/3=,@T!)3=?HT!-.6H)T!/5'--T!+,@!
)+/)'\#!4H'('!./!?3,)(3:'(/7!+53,6!('/'+(?H '(/!+,@!?-.,.?.+,/!+/!)3!;H')H'(!/',/3(7!
.,)'6(+).3,!&(3B-'5/!'%./)!+/!+,!.,@'&',@',)! ',).)7!3(!+/!?35&3,',)/!39!+!&'(:+/.:'!
@':'-3&5',)+-!@./3(@'(![G+@3?R!+,@!G+@3?RT!1XXKT!&#!C"CK\T!B=)!)H'.(!&('/',?'!?+,!-'+@!)3!
3:'('/).5+).3,!39!)H'!-.R'-.H33@!39!B' .,6!.--![G+@3?R!+,@!G+@3?RT!1XXKT!&#!"WXC\#!G',/3(7!
.,)'6(+).3,!@7/9=,?).3,!+/!/=?H!./!,3)!-./ )'@!.,!)H'!>GJ0MO042!3(!.,!)H'!MV>0"X#!!

>+70)30@+7!/)('//3(/!+,@!+@:'(/'!-.9'!':',)/! &(3:.@'!5=-).&-'!/).5=-.!)3!;H.?H!&'3&-'!
('/&3,@T!+,@!)H+)!('/&3,/'!./!39)',!/35+).?! @='!)3!?+)'?H3-+5.,'/!+,@!+?).:+).3,!39!)H'!
+=)3,35.?!,'(:3=/!/7/)'5#!4H./!/)('//!('/&3,/' !?+,!B'?35'!?3,@.).3,'@!+/!5'53(7#!4H'('!
./!/35'!':.@',?'!)H+)!&33(!?3&.,6!5'?H+,./5/![ +,6'(!.5&=-/.:.)7T!H3/).-.)7T!./3-+).3,T!-+?R!
39!?3,9.@.,6!.,!3)H'(/\!+('!-.,R'@!)3!&H7/.3-3 6.?+-!('+?).:.)7T!;H.?H!./!+//3?.+)'@!;.)H!
/35+).?!/',/+).3,!+,@!+5&-.9.?+).3,![G+@3?R!+,@!G+@3?RT!1XXKT!&#!"WXL\#!!

M,!/=55+(7T!)H'!/.5.-+(.).'/!39!?3553,!H=5+ ,!/)('//!('/&3,/'/!+,@!?3,:'(/.3,!/75&)35/!
)3!)H3/'!@'/?(.B'@!+/!h;.,@!)=(B.,'!/7,@(35' i!+('!/)(.R.,6#!F,!+,,37+,?'!9+?)3(!)3!;.,@!
)=(B.,'!/3=,@/!=,@3=B)'@-7!'%./)/T!)3!;H.?H!)H'( '!./!+!6('+)!@'+-!39!.,@.:.@=+-!:+(.+B.-.)7#!
G)('//!H+/!5=-).&-'!?+=/'/!+,@!./!+@@.).:'#!F//3?.+)'@!/)('//!9(35!+,,37+,?'T!'%+?'(B+)'@!
B7!)H'!(H')3(.?T!9'+(/T!+,@!,'6+).:'!&=B-.?.)7!6','(+)'@!B7!)H'!;.,@!)=(B.,'!?3,)(3:'(/7T!
5+7!?3,)(.B=)'!)3!)H'!('&3()'@!/75&)35/!@'/?(. B'@!B7!/35'!&'3&-'!-.:.,6!,'+(!(=(+-!;.,@!
)=(B.,'/#!

4.2 Infrasound, Low-frequency Sound and Disease  
G35'!('&3()/!H+:'!/=66'/)'@!+!-.,R!B');'',!-3 ;!9('N=',?7!/3=,@!9(35!;.,@!)=(B.,'/!+,@!
?'()+.,!+@:'(/'!H'+-)H!'99'?)/#! F!?+('9=-!(':.';!39!)H'/'!('&3()/T!H3;':'(T!-'+@/!+!?(.).?+-!
(':.';'(!)3!N='/).3,!)H'!:+-.@.)7!39!)H'!?-+.5/! 93(!+!,=5B'(!39!('+/3,/T!53/)!,3)+B-7!["\!)H'!
-':'-!39!/3=,@!'%&3/=('!+//3?.+)'@!;.)H!)H'!&=)+). :'!H'+-)H!'99'?)/T![1\!)H'!-+?R!39!@.+6,3/).?!
/&'?.9.?.)7!+//3?.+)'@!;.)H!)H'!H'+-)H!'99'?)/!(' &3()'@T!+,@![C\!)H'!-+?R!39!+!?3,)(3-!6(3=&!.,!
)H'!+,+-7/./#!

4.2.1 Vibroacoustic Disease  
O.B(3+?3=/).?!@./'+/'![OF>\!.,!)H'!?3,)'%)!39! '%&3/=('!39!+.(?(+9)!',6.,'!)'?H,.?.+,/!)3!
/3=,@!;+/!@'9.,'@!B7!*3()=6='/'!('/'+(?H'(/!+/!+!;H3-'0B3@7T!5=-).0/7/)'5!',).)7T!?+=/'@!
B7!?H(3,.?!'%&3/=('!)3!-+(6'!&('//=('!+5& -.)=@'!+,@!-3;!9('N=',?7![<*F<8\!/3=,@![F-:'/0
*'('.(+!+,@!V+/)'-3!Z(+,?3T!1XXS+d!F-:'/0*'(' .(+!+,@!V+/)'-3!Z(+,?3T!1XXSBd!F-:'/0*'('.(+!
+,@!V+/)'-3!Z(+,?3T!1XXS?d!F-:'/0*'('.(+!+,@!V+/)'-3!Z(+,?3T!1XXS@\#!OF>T!)H'!&(.5+(7!
9'+)=('!39!;H.?H!./!)H.?R',.,6!39!?+(@.3:+/? =-+(!/)(=?)=('/T!/=?H!+/!?+(@.+?!5=/?-'!+,@!
B-33@!:'//'-/T!;+/!9.(/)!,3)'@!+53,6!+.(&-+,'! )'?H,.?.+,/T!5.-.)+(7!&.-3)/T!+,@!@./?!]3?R'7/!
[J+/?HR'T!1XXId!V+/)'-3!Z(+,?3T!"PPP\#!A3(R'(/!H+@!B'',!'%&3/'@!)3!H.6H!-':'-/!93(!53('!
)H+,!"X!7'+(/#!4H'('!+('!,3!'&.@'5.3-36.?+-!/)=@ .'/!)H+)!H+:'!':+-=+)'@!(./R!39!OF>!9(35!
'%&3/=('!)3!.,9(+/3=,@#!4H'!-.R'-.H33@!39!/=?H!+!(./RT!H3;':'(T!./!('53)'!.,!-.6H)!39!)H'!
5=?H!-3;'(!:.B(+).3,!-':'-/!.,!)H'!B3@7!.)/'-9#! G)=@.'/!39!;3(R'(/!;.)H!/=B/)+,).+--7!H.6H'(!
'%&3/=('!-':'-/!H+:'!,3)!.,@.?+)'@!+!(./R!39! OF>#!OF>!H+/!B'',!@'/?(.B'@!+/!-'+@.,6!9(35!
.,.).+-!('/&.(+)3(7!.,9'?).3,/T! )H(3=6H!&'(.?+(@.+-!)H.?R',.,6!)3!/':'('!+,@!-.9'0)H('+)',.,6!
.--,'//!/=?H!+/!/)(3R'T!573?+(@.+-!.,9+(?).3, T!+,@!(./R!39!5+-.6,+,?7![F-:'/0*'('.(+!+,@!
V+/)'-3!Z(+,?3T!1XXS+\#!
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4.2.2 High-Frequency Exposure 
F--!39!)H'!'%&3/=('/!39!/=B]'?)/!93(!;H35!)H '!OF>!?3,?'&)!;+/!@':'-3&'@T!;'('!@35.,+)'@!
B7!H.6H'(!9('N=',?7!/3=,@/T!+!?(.).?+-!&3.,)!/.,?'!)H'!9('N=',?7!(+,6'!?-+.5'@!93(!OF>0
.,@=?.,6!/3=,@!./!5=?H!;.@'(!)H+,!)H'!9('N=' ,?7!(+,6'!39!'%&3/=('/!'%&'(.',?'@!B7!)H'!
+.(?(+9)!)'?H,.?.+,/!;H3!;'('!@.+6,3/'@!;. )H!OF>![V+/)'-3!Z(+,?3T!"PPP\#!D(.6.,+--7T!
&(3&3,',)/!39!)H'!OF>!?3,?'&)!H+@!&(3&3/'@! +!h6('+)'(!)H+,!PX!@Zi!?(.)'(.3,!93(!OF>#!
E3;':'(T!,3;!/35'!?-+.5!)H+)!OF>!;.--!('/=-)!9(35!'%&3/=('!)3!+-53/)!+,7!-':'-!39!
.,9(+/3=,@!+,@!-3;!9('N=',?7!/3=,@!+)!+,7!9('N=',?7!B'-3;!KXX!E`#!4H./!+//'().3,!./!+,!
'%)(+3(@.,+(7!'%)(+&3-+).3,!6.:',!)H+)!)H'!?3 ,?'&)!39!OF>!@':'-3&'@!9(35!3B/'(:+).3,/!
)H+)!+!)'?H,.?.+,T!;3(R.,6!+(3=,@!5.-.)+(7!+.(? (+9)!3,!)H'!6(3=,@T!;.)H!',6.,'/!3&'(+).,6T!
@./&-+7'@!@./3(.',)+).3,![V+/)'-3!Z(+,?3T!"PPP\#!G3=,@!-':'-/!,'+(!+.(?(+9)!;'('!:'(7!H.6H#!
M,!+,!':+-=+).3,!39!)7&.?+-!', 6.,'!/&'?)(+!39!?+((.'(!B+/'@!?3 5B+)!+.(?(+9)!3&'(+).,6!3,!)H'!
6(3=,@T!)H'!/&'?)(+!&'+R'@!+)!9('N=',?.'/! +B3:'!"XX!E`!;.)H!/3=,@!-':'-/!9(35!"1X!)3!
"CK!@Z!?-3/'!)3!)H'!+.(?(+9)![G5.)HT!1XX1\#!4H'!-':'-/!@(3&!?3,/.@'(+B-7T!H3;':'(T!.,)3!)H'!
-3;!9('N=',?7!('6.3,#!

4H'('!./!+,!',3(53=/!@'?.B'-!@.99'(',?'!B');'',! )H'!/3=,@!'%&3/=('!39!+.(?(+9)!)'?H,.?.+,/!
+,@!)H'!/3=,@!'%&3/=('!39!&'3&-'!;H3!-.:'! ,'+(!;.,@!)=(B.,'/#!F,.5+-!'%&'(.5',)/!
.,@.?+)'@!)H+)!'%&3/=('!-':'-/!,'?'//+(7! )3!?+=/'!OF>!;'('!"C!;''R/!39!?3,).,=3=/!
'%&3/=('!)3!+&&(3%.5+)'-7!"XX!@Z!39!-3;!9('N=',?7!/3=,@![J',@'/!')!+-#T!1XXS\#!4H'!
'%&3/=('!-':'-/!;'('!+)!-'+/)!KX!)3!LX!@Z! H.6H'(!)H+,!;.,@!)=(B.,'!-':'-/!.,!)H'!/+5'!
9('N=',?7!('6.3,![E+7'/T!1XXL+\#!!

4.2.3 Residential Exposure: A Case Series 
$%)(+&3-+).3,!39!('/=-)/!9(35!/3=,@!-':'-/!6( '+)'(!)H+,!PX!@Z!+,@!+)!&('@35.,+,)-7!H.6H'(!
9('N=',?.'/![6('+)'(!)H+,!"XX!E`\!)3!+!(./R!39 !OF>!9(35!.,+=@.B-'!;.,@!)=(B.,'!/3=,@!-':'-/!
39!IX!)3!KX!@Z!.,!)H'!.,9(+/3=,@!('6.3,T!./!+!,';!H7&3)H'/./#!D,'!.,:'/).6+)3(T!93(!'%+5&-'T!
H+/!?-+.5'@!)H+)!;.,@!)=(B.,'/!.,!('/.@',).+ -!+('+/!&(3@=?'!+?3=/).?+-!',:.(3,5',)/!)H+)!
?+,!-'+@!)3!)H'!@':'-3&5',)!39!OF>!.,!,'+( B7!H35'0@;'--'(/![F-:'/0*'('.(+!+,@!V+/)'-3!
Z(+,?3T!1XXS+\#!

4H./!?-+.5!./!B+/'@!3,!?35&+(./3,!39!3,-7!);3! .,9(+/3=,@!'%&3/=('/#!4H'!9.(/)!./!93(!+!9+5.-7!
;H.?H!H+/!'%&'(.',?'@!+!(+,6'!39!H'+-)H! &(3B-'5/!+,@!;H.?H!+-/3!?35&-+.,'@!39!
@./)=(B+,?'/!9(35!-3;!9('N=',?7!/3=,@#!4H'!/' ?3,@!./!93(!+!9+5.-7!;H.?H!-.:'@!,'+(!93=(!
;.,@!)=(B.,'/T!+B3=)!;H.?H!)H'7!H+:'!B'?35' !+,%.3=/![F-:'/0*'('.(+!+,@!V+/)'-3!Z(+,?3T!
1XXS+d!F-:'/0*'('.(+!+,@!V+/)'-3!Z(+,?3T!1XXSB\#!

4H'!9.(/)!9+5.-7![8+5.-7!8\T!;+/!'%&3/'@!)3!-3;! -':'-/!39!.,9(+/3=,@!?3,/./).,6!39!+B3=)!KX!
@Z!+)!W!E`!+,@!"X!E`!9(35!+!6(+.,!)'(5.,+-!+B 3=)!C!R.-35')'(/![R5\!+;+7!+,@!+@@.).3,+-!
/3=(?'/!39!-3;!9('N=',?7!/3=,@T!.,?-=@.,6!+!,'+('(!(+.-;+7!-.,'!+,@!(3+@#!4H'!/'?3,@!
9+5.-7![8+5.-7!2\!-.:'/!.,!+!(=(+-!+('+!+,@!;+/! @'/?(.B'@!+/!'%&3/'@!)3!.,9(+/3=,@!-':'-/!39!
+B3=)!KK!@Z!)3!LX!@Z!+)!W!E`!)3!"L!E`#!4H'/'!'%&3/=('/!+('!;'--!B'-3;!)H'!H'+(.,6!)H('/H3-@!
+,@!,3)!=,?3553,!.,!=(B+,!+('+/#!Q'.)H'(!)H'!9('N=',?7!,3(!:3-=5'!39!)H'!/3=,@!
'%&3/=('/!'%&'(.',?'@!B7!8+5.-.'/!8!3(!2!+('!=,=/ =+-#!$%&3/=('!)3!.,9(+/3=,@![u!1X!E`\!@.@!
,3)!'%?''@!KX!@Z#!
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4.2.3.1 Family FÑExposure to Low Levels of Infrasound 
8+5.-7!8!H+/!+!-3,6!H./)3(7!39!&33(!H'+-)H!+,@!+!"X07'+(03-@!B37!;+/!@.+6,3/'@!;.)H!OF>!
@='!)3!'%&3/=('!)3!.,9(+/3=,@ !9(35!)H'!6(+.,!)'(5.,+-![F-: '/0*'('.(+!+,@!V+/)'-3!Z(+,?3T!
1XXS+d!V+/)'-3!Z(+,?3!')!+-#T!1XXI\#!E3;':'(T!)H'!.,9(+/3=,@!-':'-/!+('!;'--!B'-3;!H'+(.,6!
)H('/H3-@!+,@!+('!)7&.?+-!39!=(B+,!.,9(+/3=,@T!;H.?H!3??=(/!;.@'-7!+,@!)3!;H.?H!5+,7!
&'3&-'!+('!'%&3/'@#!

F??3(@.,6!)3!)H'!+=)H3(/T!)H'!5+.,!'99'?)!39!OF>!;+/!@'53,/)(+)'@!B7!)H'!"X07'+(03-@!B37!
.,!)H'!9+5.-7T!+/!&'(.?+(@.+-!)H.?R',.,6#C!E3;':'(T!)H'!B37!H+/!+!H./)3(7!39!&33(!H'+-)H!39!
=,R,3;,!').3-367![V+/)'-3!Z(+,?3!')!+-#T! 1XXI\#!V+/)'-3!Z(+,?3!["PPP\!H+/!@'9.,'@!
&'(.?+(@.+-!)H.?R',.,6!+/!+,!.,@.?+)3(!39!OF>!+,@!+//=5'/!)H+)!)H'!&('/',?'!39!&'(.?+(@.+-!
)H.?R',.,6!.,!)H'!B37!9(35!8+5.-7!8!5=/)!B'! +,!'99'?)!39!OF>T!?+=/'@!B7!'%&3/=('!)3!)H'!
-3;0-':'-T!-3;!9('N=',?7!/3=,@!9(35!)H'!6(+. ,!)'(5.,+-#!4H./!+//=5&).3,!'%?-=@'/!3)H'(!
&3//.B-'!?+=/'/!39!&'(.?+(@.+-!)H.?R',.,6T!.,?-=@.,6!:.(+-!.,9'?).3,T!)=B'(?=-3/./T!.((+@.+).3,T!
H'53@.+-7/./T!,'3&-+/.+!;.)H!&'(.?+(@.+-!.,9.-)(+). 3,T!B+?)'(.+-T!9=,6+-T!3(!&+(+/.).?!.,9'?).3,/T!
.,9-+55+).3,!+9)'(!573?+(@.+-!.,9+(?).3,T!+/B' /)3/./T!+,@!+=)3.55=,'!@./'+/'/#!4H'!+=)H3(/!
@.@!,3)!'%?-=@'!)H'/'!3)H'(!&3//.B-'!?+=/'/!39!&'(.?+(@.+-!)H.?R',.,6#!

4.2.3.2 Family RÑProximity to Turbines and Anxiety  
8+5.-7!2T!-.:.,6!?-3/'!)3!)H'!;.,@!)=(B.,'/ T!H+/!-3;!9('N=',?7!/3=,@!'%&3/=('!/.5.-+(!)3!
)H+)!39!8+5.-7!8#!4H'!9+5.-7!@3'/!,3)!H+:'!/75&)35/!39!OF>T!B=)!.)!;+/!?-+.5'@!)H+)!
h8+5.-7!2#!;.--!+-/3!@':'-3&!OF>!/H3=-@!)H'7! ?H33/'!)3!('5+.,!.,!)H'.(!H35'#i![F-:'/0
*'('.(+!+,@!V+/)'-3!Z(+,?3T!1XXSB\#!M,!-.6H)!39!)H'!+B/',?'!39!-.)'(+)=('!39!?3H3()!+,@!?+/'!
?3,)(3-!/)=@.'/T!)H./!B3-@!/)+)'5',)!/''5/!)3 !B'!=,/=B/)+,).+)'@!B7!+:+.-+B-'!/?.',).9.?!
-.)'(+)=('#!

4.2.4 Critique 
M)!+&&'+(/!)H+)!8+5.-.'/!8!+,@!2!;'('!/'-90/ '-'?)'@!?35&-+.,+,)/#!V3,?-=/.3,/!@'(.:'@!B7!
F-:'/0*'('.(+!+,@!V+/)'-3!Z(+,?3![1XXSB\!H+:'!B'',!B+/'@!3,-7!3,!)H'!&33(!H'+-)H!+,@!)H'!
/3=,@!'%&3/=('!39!8+5.-7!8T!=/.,6!)H./!/.,6-' !'%&3/=('!+/!+!5'+/=('!39!&3)',).+-!H+(59=-!
'99'?)/!93(!3)H'(/#!4H'('!H+/!B'',!,3!+))'5&)!+)!+,!'&.@'5.3-36.?+-!/)=@7#!!

F-:'/0*'('.(+!+,@!V+/)'-3!Z(+,?3!?-+.5!)H+)!'% &3/=('!+)!H35'!./!53('!/.6,.9.?+,)!)H+,!
'%&3/=('!+)!;3(R!B'?+=/'!39!)H'!-3,6'(!&'(. 3@/!39!'%&3/=('![F-:'/ 0*'('.(+!+,@!V+/)'-3!
Z(+,?3T!1XXS'\#!Z'?+=/'!+,!+&&(3%.5+)'!KX!@Z!@.99'(',?'!3??=(/!B');'',!)H'!'%&3/=('!9(35!
;.,@!)=(B.,'/!+,@!)H'!'%&3/=('!)H+)!.,@=?'@!OF>![E+7'/T!1XXL+\T!.)!;.--!)+R'!"X K!7'+(/!
["XXTXXX!7'+(/\!93(!)H'!;.,@!)=(B.,'!@3/'!)3!'N=+-!)H+)!39!3,'!7'+(!39!)H'!H.6H'(!-':'-!/3=,@#!!

F53,6!&=B-./H'@!/?.',).9.?!-.)'(+)=('T!)H./!@'/? (.&).3,!39!)H'!);3!9+5.-.'/!./!R,3;,!+/!+!?+/'!
/'(.'/T!;H.?H!+('!39!:.()=+--7!,3! :+-='!.,!=,@'(/)+,@.,6!&3)',).+-! !"#$"%&"$$'!(")('*$ !
B');'',!'%&3/=('!)3!+!&3)',).+-!H+`+(@![.#'#T!-3;!9('N=',?7!/3=,@\!+,@!+!&3)',).+-!H'+-)H!
'99'?)![.#'#T!:.B(3+?3=/).?!@./'+/'\#!V+/'!('&3 ()/!H+:'!:+-='!B=)!&(.5+(.-7!.,!6','(+).,6!
H7&3)H'/'/!)3!)'/)!.,!3)H'(!/)=@.'/!/=?H!+/!-+(6 '!6(3=&/!39!&'3&-'!3(!.,!?+/'!?3,)(3-!/)=@.'/#!
4H'!-+))'(!)7&'!39!/)=@7!?+,!/7/)'5+).?+--7!':+- =+)'!&'3&-'!;.)H!&'(.?+(@.+-!)H.?R',.,6!;H3!
-.:'!,'+(!;.,@!)=(B.,'/!.,!?35&+(./3,!)3!&'3& -'!;.)H!&'(.?+(@.+-!)H.?R',.,6!;H3!@3!,3)!-.:'!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 Pericardial thickening is unusual thickening of the protective sac (pericardium) which surrounds the heart. For example, see    

http://www.emedicine.com/radio/topic191.htm. 



WIND TURBINE SOUND AND HEALTH EFFECTS 
AN EXPERT PANEL REVIEW 

4-8  

,'+(!;.,@!)=(B.,'/#!V+/'!('&3()/!,''@!)3!B'!?3 ,9.(5'@!.,!-+(6'(!/)=@.'/T!53/)!,3)+B-7!?3H3()!
/)=@.'/!+,@!?+/'0?3,)(3-!/)=@.'/T!B'93('!@'9.,.). :'!?+=/'!+,@!'99'?)!+//'().3,/!?+,!B'!@(+;,#!
4H'!('&3()/!39!)H'!);3!9+5.-.'/!@3!,3)!&(3:.@ '!&'(/=+/.:'!/?.',).9.?!':.@',?'!39!+!-.,R!
B');'',!;.,@!)=(B.,'!/3=,@!+,@!&'(.?+(@.+-!)H.?R',.,6#!!

A.,@!)=(B.,'/!&(3@=?'!-3;!-':'-/!39!.,9(+/3= ,@!+,@!-3;!9('N=',?7!/3=,@T!7')!)H'('!./!,3!
?('@.B-'!/?.',).9.?!':.@',?'!)H+)!)H'/'!-':'-/ !+('!H+(59=-#!M9!)H'!H=5+,!B3@7!./!+99'?)'@!B7!
-3;T!/=B0)H('/H3-@!/3=,@!-':'-/T!+!=,.N='!+,@ !,3)!7')!@./?3:'('@!('?'&)3(!5'?H+,./5!39!
'%)(+3(@.,+(7!/',/.).:.)7!)3!/3=,@!./!,' ?'//+(7k+!5'?H+,./5!;H.?H!?+,!@./).,6=./H!
B');'',!)H'!,3(5+-T!('-+).:'-7!H.6H0-': '-!h/3=,@i!.,H'(',)!.,!)H'!H=5+,!B3@7 I !+,@!
'%?.)+).3,!B7!'%)'(,+-T!-3;0-':'-!/3=,@#!$//' ,).+-!'&.@'5.3-36.?+-!/)=@.'/!39!)H'!&3)',).+-!
'99'?)/!39!'%&3/=('!+)!-3;!/3=,@!-':'-/!+)!-3;!9('N=',?.'/!H+:'!,3)!B'',!?3,@=?)'@#!_,).-!
)H'!9=``.,'//!./!?-+(.9.'@T!+,@!+!('?'&)3(!5' ?H+,./5!(':'+-'@T!,3!('-.+,?'!?+,!B'!&-+?'@!3,!
)H'!?+/'!('&3()/!)H+)!)H'!-3;!-':'-/!39!.,9(+/3=,@!+,@!-3;!9('N=',?7!/3=,@!+('!+!?+=/'!39!
:.B(3+?3=/).?!@./'+/'# K!!

4H'!+))(.B=).3,!39!@+,6'(3=/!&(3&'().'/!)3!-3;! -':'-/!39!.,9(+/3=,@!?3,).,='/!=,&(3:',T!+/!
.)!H+/!B'',!93(!)H'!&+/)!IX!7'+(/#!Q3!93 =,@+).3,!H+/!B'',!@'53,/)(+)'@!93(!)H'!,';!
H7&3)H'/./!)H+)!'%&3/=('!)3!/=B0)H('/H3-@T!-3;!-':'-/!39!.,9(+/3=,@!;.--!-'+@!)3!
:.B(3+?3=/).?!@./'+/'#!M,@''@T!H=5+,!':3-=).3 ,!H+/!3??=(('@!.,!)H'!&('/',?'!39!,+)=(+-!
.,9(+/3=,@#!

4.3 Wind Turbine Syndrome 
hA.,@!)=(B.,'!/7,@(35'i!+/!&(353)'@!B7!*.'(&3 ,)![1XXPT!&('0&=B-.?+).3,!@(+9)\!+&&'+(/!)3!
B'!B+/'@!3,!)H'!93--3;.,6!);3!H7&3)H'/'/U!

"#!<3;!-':'-/!39!+.(B3(,'!.,9(+/3=,@!9(35!;.,@ !)=(B.,'/T!+)!"!)3!1!E`T!@.('?)-7!+99'?)!)H'!
:'/).B=-+(!/7/)'5#!!

1#!<3;!-':'-/!39!+.(B3(,'!.,9(+/3=,@!9(35!;.,@ !)=(B.,'/!+)!I!)3!W!E`!',)'(!)H'!-=,6/!:.+!)H'!
53=)H!+,@!)H',!:.B(+)'!)H'!@.+&H(+65T!;H.?H!)(+, /5.)/!:.B(+).3,!)3!)H'! :./?'(+T!3(!.,)'(,+-!
3(6+,/!39!)H'!B3@7#!!

4H'!?35B.,'@!'99'?)!39!)H'/'!.,9(+/3=,@!9( 'N=',?.'/!/',@/!?3,9=/.,6!.,93(5+).3,!)3!)H'!
&3/.).3,!+,@!53).3,!@')'?)3(/!39!)H'!B3@7T!;H .?H!.,!)=(,!-'+@/!)3!+!(+,6'!39!@./)=(B.,6!
/75&)35/#!

4.3.1 Evaluation of Infrasound on the Vestibular System  
V3,/.@'(!)H'!9.(/)!H7&3)H'/./#!4H'!/=&&3()!93 (!)H./!H7&3)H'/./!./!+!('&3()!+&&+(',)-7!
5./=,@'(/)33@!)3!5'+,!)H+)!)H'!:'/).B=-+(!/7/) '5!./!53('!/',/.).:'!)H+,!)H'!?3?H-'+!)3!-3;!
-':'-/!39!B3)H!/3=,@!+,@!:.B(+).3,![43@@!')!+-#T!1XXW+\#!4H'!43@@!('&3()!./!?3,?'(,'@!;.)H!
:.B(+).3,!.,&=)!)3!)H'!5+/)3.@!+('+!39!)H'!/R =--T!+,@!)H'!?3(('/&3,@.,6!@')'?).3,!39!)H'/'!
:.B(+).3,/!B7!)H'!?3?H-'+!+,@!:'/).B=-+(!/7/)'5#!4H'!-3;'/)!9('N=',?7!=/'@!;+/!"XX!E`T!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 Body sounds are often used for diagnosis. For example see Gross, V., A. Dittmar, T. Penzel, F., SchŸttler, and P. von 

Wichert.. (2000): "The Relationship between Normal Lung Sounds, Age, and Gender. " American Journal of Respiratory and 
Critical Care Medicine. Volume 162, Number 3: 905 - 909. 

5 This statement should not be interpreted as a criticism of the work of the VAD Group with aircraft technicians at high noise 
levels.  
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?3,/.@'(+B-7!H.6H'(!)H+,!)H'!=&&'(!-.5.)!39! )H'!.,9(+/3=,@!9('N=',?7![1X!E`\#!4H'!('&3()!
@3'/!,3)!+@@('//!+.(0?3,@=?)'@!/3=,@!3(!.,9(+/3=,@T!;H.?H!+??3(@.,6!)3!*.'(&3,)!'%?.)'/!
)H'!:'/).B=-+(!/7/)'5!B7!+.(B3(,'!/3=,@!+,@! B7!/R=--!:.B(+).3,#!4H./!/3=(?'!@3'/!,3)!
/=&&3()!*.'(&3,)c/!H7&3)H'/./!+,@!@3'/!,3)!@'53,/)(+)'!)H'!&3.,)/!)H+)!/H'!./!)(7.,6!)3!
5+R'#!

4H'('!./!,3!?('@.B-'!/?.',).9.?!':.@',?'!)H+)! -3;!-':'-/!39!;.,@!)=(B.,'!/3=,@!+)!"!)3!1!E`!
;.--!@.('?)-7!+99'?)!)H'!:'/).B=-+(!/7/)'5#!M,!9+?) T!.)!./!-.R'-7!)H+)!)H'!/3=,@!;.--!B'!-3/)!.,!)H'!
,+)=(+-!.,9(+/3,.?!B+?R6(3=,@!/3=,@!39!)H'!B3@7#!4H'!/'?3,@!H7&3)H'/./!./!'N=+--7!
=,/=&&3()'@!;.)H!+&&(3&(.+)'!/?.',).9.?!.,:'/) .6+).3,/#!4H'!B3@7!./!+!,3./7!/7/)'5!+)!-3;!
9('N=',?.'/#!M,!+@@.).3,!)3!)H'!B'+).,6!H'+()!+)!+!9('N=',?7!39!"!)3!1!E`T!)H'!B3@7!'5.)/!
/3=,@/!9(35!B-33@!?.(?=-+).3,T!B3;'-/T!/)35+?HT!5=/?-'!?3,)(+?).3,T!+,@!3)H'(!.,)'(,+-!
/3=(?'/#!Z3@7!/3=,@/!?+,!B'!@')'?)'@!'%)'(,+--7!)3!)H'!B3@7!B7!)H'!/)')H3/?3&'#!

4.3.2 Evaluation of Infrasound on Internal organs  
M)!./!;'--!R,3;,!)H+)!3,'!/3=(?'!39!/3=,@!5+7!5+/R!)H'!'99'?)!39!+,3)H'(!/.5.-+(!/3=(?'#!M9!
+,!'%)'(,+-!/3=,@!./!@')'?)'@!;.)H.,!)H'!B3 @7!.,!)H'!&('/',?'!39!.,)'(,+--7!6','(+)'@!
/3=,@/T!)H'!'%)'(,+-!/3=,@!5=/)!&(3@=?'!+!6( '+)'(!'99'?)!.,!)H'!B3@7!)H+,!)H'!.,)'(,+-!
/3=,@/#!4H'!/R.,!./!:'(7!('9-'?). :'!+)!H.6H'(!9('N=',?.'/T!+-)H3= 6H!)H'!('9-'?).:.)7!('@=?'/!+)!
-3;'(!9('N=',?.'/![a+)`T!1XXX\#!M,:'/).6+).3,/!+)!:'(7!-3;!9('N=',?.'/!/H3;!+!('@=?).3,!39!
+B3=)!CX!@Z!9(35!'%)'(,+-!)3!.,)'(,+-!/3=,@!.,! )H'!B3@7!39!+!/H''&![*')'(/!')!+-#T!"PPC\#!4H'/'!
('/=-)/!/=66'/)!+,!+))',=+).3,![('@=?).3,\!39 !-3;!9('N=',?7!/3=,@!B7!)H'!B3@7!B'93('!)H'!
-3;!9('N=',?7!/3=,@!('+?H'/!)H'!.,)'(,+-!3(6+,/#!!

<3;0-':'-!/3=,@/!9(35!3=)/.@'!)H'!B3@7!@3!,3)! ?+=/'!+!H.6H!',3=6H!'%?.)+).3,!;.)H.,!)H'!
B3@7!)3!'%?''@!)H'!.,)'(,+-!B3@7!/3=,@/#!*.'( &3,)!('9'(/!)3!&+&'(/!9(35!4+R+H+/H.!+,@!
?3--'+6='/!3,!:.B(+).3,!'%?.)+).3,!39!)H'!H'+@!B7!H.6H!-':'-/!39!'%)'(,+-!/3=,@![3:'(!"XX!@Z\#!
E3;':'(T!)H'/'!&+&'(/!/)+)'!)H+)!('/&3,/'!39!)H'!H'+@!+)!9('N=',?.'/!B'-3;!1X!E`!;+/!,3)!
5'+/=(+B-'!@='!)3!)H'!5+/R.,6!'99'?)!39!.,)' (,+-!B3@7!:.B(+).3,![4+R+H+/H.!')!+-#T!1XXKd!
4+R+H+/H.!')!+-#T!"PPP\#!AH',!5'+/=(.,6!?H'/)!(' /3,+,)!:.B(+).3,!?+=/'@!B7!'%)'(,+-!/3=,@/T!
)H'!.,)'(,+-!:.B(+).3,!5+/R/!('/3,+,?'!93(!'% )'(,+-!/3=,@/!B'-3;!WX!@Z!'%?.)+).3,!-':'-!
[<':',)H+--T!1XXL\#!4H=/T!)H'!/'?3,@!H7&3)H'/./!+-/3!9+.-/#!

43!('?(=.)!/=B]'?)/!93(!H'(!/)=@7T!*.'(&3,)!/' ,)!3=)!+!6','(+-!?+--!93(!+,7B3@7!B'-.':.,6!)H'.(!
H'+-)H!H+@!B'',!+@:'(/'-7!+99'?)'@!B7!;.,@!)=(B.,'/#!GH'!+/R'@!('/&3,@',)/!)3!?3,)+?)!H'(!
93(!+!)'-'&H3,'!.,)'(:.';#!4H'!?+/'!/'(.'/!('/= -)/!93(!)',!9+5.-.'/![CS!/=B]'?)/\!+('!&('/',)'@!
.,!*.'(&3,)![1XXPT!&('0&=B-.?+).3,!@(+9)\#!G75&)35/!.,?-=@'@!/-''&!@./)=(B+,?'T!H'+@+?H'T!
).,,.)=/T!'+(!&('//=('T!:'().63T!,+=/'+T!:. /=+-!B-=((.,6T!)+?H7?+(@.+T!.((.)+B.-.)7T!
?3,?',)(+).3,T!5'53(7T!&+,.?!+))+?R/T!.,)'(,+-! &=-/+).3,T!+,@!N=.:'(.,6#!4H./!)7&'!39!/)=@7!
./!R,3;,!+/!+!?+/'!/'(.'/#!F!?+/'!/'(.'/!./! 39!-.5.)'@T!.9!+,7T!:+-='!.,!':+-=+).,6!?+=/+-!
?3,,'?).3,/!B');'',!+,!',:.(3,5',)+-!'%&3/=(' ![.,!)H./!?+/'T!/3=,@\!+,@!+!@'/.6,+)'@!
H'+-)H!'99'?)![/3!?+--'@!h;.,@!)=(B.,'!/7,@(35'i\#! 4H./!&+().?=-+(!?+/'!/'(.'/!./!/=B/)+,).+--7!
-.5.)'@!B7!/'-'?).3,!B.+/T!.,!;H.?H!&'3&-'!;H3!+- ('+@7!)H.,R!)H+)!)H'7!H+:'!B'',!+99'?)'@!B7!
;.,@!)=(B.,'/!h/'-9!/'-'?)h!)3!&+().?.&+)'!.,! )H'!?+/'!/'(.'/#!4H./!+&&(3+?H!.,)(3@=?'/!+!
/.6,.9.?+,)!B.+/!.,!)H'!('/=-)/T!'/&'?.+--7!.,! )H'!+B/',?'!39!+!?3,)(3-!6(3=&!;H3!@3!,3)!-.:'!.,!
&(3%.5.)7!39!+!;.,@!)=(B.,'#!4H'!('/=-)/!39!)H./ !?+/'!/'(.'/!+('!+)!B'/)!H7&3)H'/./06','(+).,6!
+?).:.).'/!)H+)!@3!,3)!&(3:.@'!/=&&3()!93(!+!?+=/+-!-.,R!B');'',!;.,@!)=(B.,'!/3=,@!+,@!/30
?+--'@!h;.,@!)=(B.,'!/7,@(35'#i!
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E3;':'(T!)H'/'!/3!?+--'@!h;.,@!)=(B.,'!/7,@(35'h!/75&)35/!+('!,3)!,';!+,@!H+:'!B'',!
&=B-./H'@!&(':.3=/-7!.,!)H'!?3,)'%)!39!h+,,37+,? 'i!)3!',:.(3,5',)+-!/3=,@/![Q+6+.!')!+-#T!
"PWPd!Jg--'(!+,@!<7@3-9T!1XX1d!J.(3;/R+!+,@!J(3`T!1XXX\#!4H'!93--3;.,6!/75&)35/!+('!
B+/'@!3,!)H'!'%&'(.',?'!39!,3./'!/=99'('(/!'%)' ,@.,6!3:'(!+!,=5B'(!39!7'+(/U!@./)(+?).3,T!
@.``.,'//T!'7'!/)(+.,T!9+).6='T!9''-.,6!:.B(+).3 ,T!H'+@+?H'T!.,/35,.+T!5=/?-'!/&+/5T!,+=/'+T!
,3/'!B-''@/T!&+-&.)+).3,/T!&('//=('!.,!)H'!'+(/!3(!H'+@T!/R.,!B=(,/T!/)('//T!+,@!)',/.3,!
[<':',)H+--T!1XX1\#!

4H'!/75&)35/!+('!?3553,!.,!?+/'/!39!'%)('5'!+,@!&'(/./)',)!+,,37+,?'T!-'+@.,6!)3!/)('//!
('/&3,/'/!.,!)H'!+99'?)'@!.,@.:.@=+-!+,@!5+7!+-/3 !('/=-)!9(35!/':'('!).,,.)=/T!;H',!)H'('!./!
,3!'%)'(,+-!/3=,@#!4H'!/75&)3 5/!+('!'%H.B.)'@!B7!+!/5+--!&(3&3().3,!39!/',/.).:'!&'(/3,/!
+,@!5+7!B'!+--':.+)'@!B7!+!?3=(/'!39!&/7?H3)H'(+&7T!+.5'@!+)!@'/',/.).`+).3,!9(35!)H'!
/3=,@![<':',)H+--!')!+-#T!1XXW\#!4H'!/.5.-+(.)7!B');'',!)H'!/75&)35/!39!,3./'!+,,37+,?'!
+,@!)H3/'!39!h;.,@!)=(B.,'!/7,@(35'i!.,@.?+)'/!)H+)!)H./!h@.+6,3/./h!./!,3)!+!
&+)H3&H7/.3-36.?+-!'99'?)T!B=)!./!+,!'%+5&-'!39!)H'!;'--0R,3;,!/)('//!'99'?)/!39!'%&3/=('!)3!
,3./'T!+/!@./&-+7'@!B7!+!/5+--!&(3&3().3,!39!)H'!&3&=-+).3,#!4H'/'!'99'?)/!+('!9+5.-.+(!)3!
',:.(3,5',)+-!,3./'!?3,)(3-!399.?'(/!+,@! 3)H'(!h3,!)H'!6(3=,@i!&(39'//.3,+-/#!!

hA.,@!)=(B.,'!/7,@(35'Ti!,3)!+!('?36,.`'@!5'@. ?+-!@.+6,3/./T!./!'//',).+--7!('9-'?).:'!39!
/75&)35/!+//3?.+)'@!;.)H!,3./'!+,,37+,?'!+,@! ./!+,!=,,'?'//+(7!+,@!?3,9=/.,6!+@@.).3,!
)3!)H'!:3?+B=-+(7!3,!,3./'#!4H./!/7,@(35'! ./!,3)!+!('?36,.`'@!@.+6,3/./!.,!)H'!5'@.?+-!
?355=,.)7#!4H'('!+('!,3!=,.N='!/75&)35/!3(! ?35B.,+).3,/!39!/75&)35/!)H+)!;3=-@!-'+@!
)3!+!/&'?.9.?!&+))'(,!39!)H./!H7&3)H'/.`'@!@./3(@'(#!4H'!?3--'?).:'!/75&)35/!.,!/35'!&'3&-'!
'%&3/'@!)3!;.,@!)=(B.,'/!+('!53('!-.R'-7!+//3 ?.+)'@!;.)H!+,,37+,?'!)3!-3;!/3=,@!-':'-/#!

4.4 Visceral Vibratory Vestibular Disturbance  

4.4.1 Hypothesis 
M,!+@@.).3,!)3!?+/'!('&3()/!39!/75&)35/!('&3 ()'@!B7!&'3&-'!;H3!-.:'!,'+(!;.,@!)=(B.,'/T!
*.'(&3,)!H+/!&(3&3/'@!+!H7&3)H'/./!)H+)!&=(& 3()/!)3!'%&-+.,!H3;!/35'!39!)H'/'!/75&)35/!
+(./'U!:./?'(+-!:.B(+)3(7!:' /).B=-+(!@./)=(B+,?'![OOO>\![* .'(&3,)T!1XXPT!&('0&=B-.?+).3,!
@(+9)\#!OOO>!H+/!B'',!@'/?(.B'@!+/!?3,/./).,6! 39!:.B(+).3,!+//3?.+)'@!;.)H!-3;!9('N=',?.'/!
)H+)!',)'(/!)H'!B3@7!+,@!?+=/'/!+!57(.+@!39!/75&)35/#!*.'(&3,)!?3,/.@'(/!OOO>!)3!B'!)H'!
53/)!@./).,?).:'!9'+)=('!39!+!,3,/&'?.9.?!/')!39 !/75&)35/!)H+)!/H'!@'/?(.B'/!+/!h;.,@!)=(B.,'!
/7,@(35'#i!F/!)H'!,+5'!OOO>!.5&-.'/T!;.,@!)=(B .,'!/3=,@!.,!)H'!I!)3!W!E`!/&'?)(+-!('6.3,!
./!H7&3)H'/.`'@!)3!?+=/'!:.B(+).3,/!.,!+B@35. ,+-!:./?'(+!['#6#T!.,)'/).,'/T!-.:'(T!+,@!R.@,'7/\!
)H+)!.,!)=(,!/',@!,'=(+-!/.6,+-/!)3!)H'!&+()! 39!)H'!B(+.,!)H+)!,3(5+--7!('?'.:'/!.,93(5+).3,!
9(35!)H'!:'/).B=-+(!-+B7(.,)H#!4H'/'!/.6,+-/! H7&3)H').?+--7!?3,9-.?)!;.)H!/.6,+-/!9(35!)H'!
:'/).B=-+(!-+B7(.,)H!+,@!3)H'(!/',/3(7!.,&=)/![: ./=+-T!&(3&(.3?'&).:'\T!-'+@.,6!)3!=,&-'+/+,)!
/75&)35/T!.,?-=@.,6!&+,.?#!_,&-'+/+,)!/75& )35/!['/&'?.+--7!,+=/'+\!?+,!?'()+.,-7!B'!
?+=/'@!B7!/',/3(7!?3,9-.?)d!)H./!./!H3;!/?.',) ./)/!'%&-+.,!53).3,!/.?R,'//#!E3;':'(T!)H./!
H7&3)H'/./!39!OOO>!./!.5&-+=/.B-'!B+/'@!3,! R,3;-'@6'!39!/',/3(7!/7/)'5/!+,@!)H'!','(67!
,''@'@!)3!/).5=-+)'!)H'5#!AH')H'(!.5&-+=/.B- '!3(!,3)T!)H'('!+('!).5'0)'/)'@!/?.',).9.?!
5')H3@/!+:+.-+B-'!)3!':+-=+)'!)H'!-'6.).5+?7!39 !+,7!H7&3)H'/./!+,@!+)!)H./!/)+6'T!OOO>!+/!
&(3&3/'@!B7!*.'(&3,)!./!+,!=,)'/)'@!H7&3)H'/ ./#!F!?+/'!/'(.'/!39!"X!9+5.-.'/!('?(=.)'@!)3!
&+().?.&+)'!.,!+!/)=@7!B+/'@!3,!?'()+.,!/75&)35/!;3=-@!,3)!B'!?3,/.@'('@!':.@',?'!39!
?+=/+-.)7!B7!('/'+(?H!3(!&3-.?7!.,/).)=).3,/!/=?H!+/!)H'!M,)'( ,+).3,+-!F6',?7!93(!2'/'+(?H!3,!
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V+,?'(![MF2V\!3(!$*F#!F/!,3)'@!'+(-.'(!.,!)H./! ('&3()T!+!?+/'!/'(.'/!39!/'-90/'-'?)'@!&+).',)/!
@3'/!,3)!?3,/).)=)'!':.@',?'!39!+!?+=/+-!?3,,'?).3,#!

4.4.2 Critique 
2'?'&)3(/!?+&+B-'!39!/',/.,6!:.B(+).3,!+('!-3?+ )'@!&('@35.,+,)-7!.,!)H'!/R.,!+,@!]3.,)/#!F!
?-.,.?+-!,'=(3-36.?+-!'%+5.,+).3,!,3(5+--7!.,?-=@ '/!+//'//5',)!39!:.B(+).3,!/',/.).:.)7#!M)!./!
H.6H-7!=,-.R'-7T!H3;':'(T!)H+)!+.(B3(,'!/3=, @!+)!?3593()+B-'!-':'-/!?3=-@!/).5=-+)'!)H'/'!
('?'&)3(/T!B'?+=/'!53/)!39!+.(B3(,'!/3=, @!','(67!./!('9-'?)'@!+;+7!9(35!)H'!B3@7#!
4+R+H+/H.!')!+-#![1XXK\!=/'@!+.(B3(,'!/3=,@!)3!&(3@=?'!?H'/)!3(!+B@35.,+-!:.B(+).3,!)H+)!
'%?''@'@!+5B.',)!B3@7!-':'-/#!4H./!:.B(+).3,! 5+7!3(!5+7!,3)!H+:'!B'',!@')'?)+B-'!B7!)H'!
/=B]'?)/#!4+R+H+/H.!93=,@!)H+)!-':'-/!39!"XX!@Z!/3=,@!&('//=('!-':'-!;'('!('N=.('@!+)!1X!)3!
KX!E`![':',!H.6H'(!-':'-/!;3=-@!H+:'!B'',!(' N=.('@!+)!-3;'(!+,@!H.6H'(!9('N=',?.'/\#!
G3=,@/!-.R'!)H./!;3=-@!B'!?3,/.@'('@!B7!53/)! &'3&-'!)3!B'!:'(7!-3=@T!+,@!+('!;'--!B'73,@!
)H'!-':'-/!&(3@=?'@!B7!;.,@!)=(B.,'/!+)!('/. @',).+-!@./)+,?'/#!V35&+(./3,!39!)H'!('/&3,/'/!
)3!-3;!9('N=',?7!+.(B3(,'!/3=,@!B7!,3(5+- !H'+(.,6!+,@!&(393=,@-7!@'+9!&'(/3,/!H+/!
/H3;,!)H+)!@'+9!/=B]'?)/!?+,!@')'?)!/3=,@!)(+,/5.))'@!)H(3=6H!)H'.(!B3@7!3,-7!;H',!.)!./!
;'--!+B3:'!)H'!,3(5+-!H'+(.,6!)H('/H3-@![r+5+@+! ')!+-#T!"PWC\#!83(!'%+5&-'T!+)!"L!E`T!)H'!
@'+9!&'(/3,/c!+:'(+6'!)H('/H3-@!;+/!"1W!@Z!/3=, @!&('//=('!-':'-T!IX!@Z!H.6H'(!)H+,!)H+)!39!
)H'!H'+(.,6!/=B]'?)/#!M)!H+/!+-/3!B'',!/H3;,!) H+)T!+)!H.6H'(!9('N=',?.'/T!)H'!B3@7!/=(9+?'!./!
:'(7!('9-'?).:'!39!/3=,@![a+)`T!1XXX\#!G.5.-+ (-7T!;3(R!3,!)(+,/5.//.3,!39!-3;!9('N=',?7!
/3=,@!.,)3!)H'!B3@.'/!39!/H''&!H+/!/H3;,! +!-3//!39!+B3=)!CX!@Z![*')'(/!')!+-#T!"PPC\!

4H'!:./?'(+-!('?'&)3(/!.,:3R'@!+/!+!5'?H+,. /5!93(!OOO>!H+:'!B'',!/H3;,!)3!('/&3,@!)3!
/)+).?!6(+:.)+).3,+-!&3/.).3,! ?H+,6'/T!B=)!,3)!)3!:.B(+).3,![)H+)!./!;H7!)H'7!+('!?+--'@!
6(+:.?'&)3(/\#!M9!)H'('!;'('!:.B(+).3,0/',/.) .:'!('?'&)3(/!.,!)H'!+B@35.,+-!:./?'(+T!)H'7!
;3=-@!B'!?3,/)+,)-7!B+((+6'@!B7!-3;!9('N=',? 7!B3@7!/3=,@/!/=?H!+/!&=-/+).-'!B-33@!9-3;!
+,@!B3;'-!/3=,@/T!;H.-'!'%)'(,+-!/3=,@/!;3=-@!B'!+))',=+)'@!B7!B3)H!)H'!.5&'@+,?'!
5./5+)?H!+,@!@.//.&+).3,!39!','(67!.,!)H'!3:'( -7.,6!).//='/#!8.,+--7T!;.,@!)=(B.,'!/3=,@!+)!
('+-./).?!@./)+,?'/!&3//'//'/!-.))-'T!.9! +,7T!+?3=/).?!','(67T!+)!I!)3!W!E`#!!

M)!H+/!B'',!H7&3)H'/.`'@!)H+)!)H'!:'/).B=-+(!-+B7(.,)H!5+7!B'!h+B,3(5+--7!/).5=-+)'@i!B7!
;.,@!)=(B.,'!/3=,@![*.'(&3,)T!1XXPT!&('0&=B-.?+) .3,!@(+9)\#!F/!,3)'@!.,!'+(-.'(!/'?).3,/!39!
)H./!('&3()T!53@'(+)'-7!-3=@!+.(B3(,'!/3=,@T!+)!9('N=',?.'/!=&!)3!+B3=)!KXX!E`T!?+,!.,@''@!
/).5=-+)'!,3)!3,-7!)H'!?3?H-'+![)H'!H'+(.,6!3(6+,\!B=)!+-/3!)H'!3)3-.)H!3(6+,/#!4H./!./!,3)!
+B,3(5+-T!+,@!)H'('!./!,3!':.@',?'!.,!)H'!5'@.?+ -!-.)'(+)=('!)H+)!.)!./!.,!+,7!;+7!=,&-'+/+,)!
3(!H+(59=-#!M,!3(@.,+(7!-.9'T!53/)!39!=/!+('!'%&3/'@!93(!H3=(/!':'(7!@+7!)3!/3=,@/!-3=@'(!
)H+,!)H3/'!'%&'(.',?'@!+)!('+-./).?!@./)+,?'/!9( 35!;.,@!)=(B.,'/T!;.)H!,3!+@:'(/'!'99'?)/#!
4H./!+//'().3,!)H+)!)H'!:'/).B=-+( !-+B7(.,)H!./!/).5=-+)'@!+)!-' :'-/!B'-3;!H'+(.,6!)H('/H3-@!./!
B+/'@!3,!+!5./=,@'(/)+,@.,6!39!('/'+(?H!)H+) !=/'@!B3,'0?3,@=?)'@!:.B(+).3,!(+)H'(!)H+,!
+.(B3(,'!/3=,@#!M,@''@T!)H3/'!;H3!;'+(!B3,'! ?3,@=?).3,!H'+(.,6!+.@/!'%&'(.',?'!?3,/)+,)!
/).5=-+).3,!39!)H'.(!:'/).B=-+(!/7/)'5/T!.,!+@@. ).3,!)3!)H'!?3?H-'+T!;.)H3=)!+@:'(/'!'99'?)/#!

4.5 Interpreting Studies and Reports 
M,!-.6H)!39!)H'!=,&(3:',!H7&3)H'/'/!)H+)!H+:' !B'',!.,)(3@=?'@!+/!('9-'?).:'!39!+@:'(/'!
H'+-)H!'99'?)/!+))(.B=)'@!)3!;.,@!)=(B.,'/T!.)!? +,!B'!.,/)(=?).:'!)3!(':.';!)H'!)7&'!39!('/'+(?H!
/)=@.'/!)H+)!?+,!B'!=/'@!)3!@')'(5.,'!@'9.,.). :'!-.,R/!B');'',!'%&3/=('!)3!+,!',:.(3,5',)+-!
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H+`+(@![.,!)H./!?+/'T!/3=,@!+,@!:.B(+).3,!'5.//. 3,/!9(35!;.,@!)=(B.,'/\!+,@!+@:'(/'!H'+-)H!
'99'?)/![)H'!/30?+--'@!h;.,@!)=(B.,'!/7,@(35'i\#!

E3;!@3!;'!R,3;T!93(!'%+5&-'T!)H+)!?.6+('))'/! ?+=/'!-=,6!?+,?'(!+,@!)H+)!'%?'//.:'!,3./'!
?+=/'/!H'+(.,6!-3//j!F-53/)!+-;+7/T!)H'!9.(/)! .,@.?+).3,!)H+)!+,!'%&3/=('!5.6H)!B'!H+(59=-!
?35'/!9(35!)H'!.,93(5+-!3B/'(:+).3,/!39!@3?) 3(/!;H3!,3).?'!+!&3//.B-'!?3(('-+).3,!B');'',!
+,!'%&3/=('!+,@!+!@./'+/'T!)H',!?355=,.?+)'!)H'. (!9.,@.,6/!)3!?3--'+6='/!.,!?+/'!('&3()/T!3(!
('&3()/!39!6(3=&/!39!?+/'/![ case series\#!4H'/'!.,.).+-!3B/'(:+).3,/ !+('!=/=+--7!=,?3,)(3--'@d!
)H+)!./T!)H'('!./!,3!?35&+(./3,!39!)H'!&'3&-' !;H3!H+:'!B3)H!'%&3/=('!+,@!@./'+/'!)3!?3,)(3-!
6(3=&/!39!&'3&-'!;H3!+('!'.)H'(!,3,0'%&3/'@!3( !@./'+/'09(''#!4H'('!./!=/=+--7!,3!;+7!)3!B'!
/=('!)H+)!)H'!+&&+(',)!+//3?.+).3,!./!/)+)./).?+--7!/.6,.9.?+,)![+/!3&&3/'@!)3!/.5&-'!
?3.,?.@',?'\T!3(!)H+)!)H'('!./!+!?+=/+-!('-+). 3,/H.&!B');'',!)H'!'%&3/=('!+,@!)H'!@./'+/'!.,!
N='/).3,T!;.)H3=)!?3,)(3-!/=B]'?)/#!83(!)H'/'!(' +/3,/T!?+/'!('&3()/!+,@!?+/'!/'(.'/!?+,,3)!
&(3:'!)H+)!+,!'%&3/=('!./!('+--7!H+(59=-T!B=)! ?+,!3,-7!H'-&!)3!@':'-3&!H7&3)H'/'/!)H+)!?+,!
)H',!B'!)'/)'@!.,!?3,)(3--'@!/)=@.'/![<':.,'!')!+-#T!"PPId!Y',3:'/'T!1XXId!J?<+=6H-.,T!1XXC\#!

D,?'!/=/&.?.3,!39!H+(5!H+/!B'',!(+./'@T!?3,) (3--'@!/)=@.'/![?+/'0?3,)(3-!3(!?3H3()\!+('!
'//',).+-!)3!@')'(5.,'!;H')H'(!3(!,3)!+!?+=/+-! +//3?.+).3,!./!-.R'-7T!+,@!3,-7!+9)'(!5=-).&-'!
.,@'&',@',)0?3,)(3--'@!/)=@.'/!/H3;!?3,/./)',) !('/=-)/!./!)H'!+//3?.+).3,!-.R'-7!)3!B'!
B(3+@-7!+??'&)'@![MF2VT!1XXL\#!

Case-control!/)=@.'/!?35&+('!&'3&-'!;.)H!)H'!@. /'+/'!)3!&'3&-'!;.)H3=)!)H'!@./'+/'!
[',/=(.,6!+/!9+(!+/!&3//.B-'!)H+)!)H'!);3!6(3= &/!+('!;'--05+)?H'@!;.)H!('/&'?)!)3!+--!3)H'(!
:+(.+B-'/!)H+)!5.6H)!+99'?)!)H'!?H+,?'!39!H+:.,6!)H'!@./'+/'T!/=?H!+/!+6'T!/'%T!+,@!3)H'(!
'%&3/=('/!R,3;,!)3!?+=/'!)H'!@./' +/'\#!M9!)H'!@./'+/'!6(3=&!./!93=,@!)3!B'!5=?H!53('!-.R'-7!
)3!H+:'!H+@!)H'!'%&3/=('!.,!N='/).3,T!+,@!.9!5=-).&-'!)7&'/!39!'((3(!+,@!B.+/!?+,!B'!
'%?-=@'@![Y',3:'/'T!1XXI\T!+!?+=/+-!-.,R!./!-.R'-7#!J=-).&-'!?+/'0?3,)(3-!/)=@.'/!;'('!
,'?'//+(7!B'93('!)H'!-.,R!B');'',!/53R.,6!+,@!-=,6!?+,?'(!?3=-@!B'!&(3:'@#!

Cohort /)=@.'/!?35&+('!&'3&-'!;.)H!)H'!'%&3/=('! )3!;'--05+)?H'@!?3,)(3-!/=B]'?)/!;H3!H+:'!
,3)!H+@!)H+)!'%&3/=('#!M9!)H'!'%&3/'@!6(3=&!&(3:'/!)3!B'!5=?H!53('!-.R'-7!)3!H+:'!)H'!
@./'+/'T!+//=5.,6!'((3(!+,@!B.+/!?+,!B'!'%?- =@'@T!+!?+=/+-!-.,R!./!-.R'-7#!F9)'(!5=-).&-'!
?3H3()!/)=@.'/T!.)!;+/!?-'+(!)H+)!'%?'//.:'!,3./'!'%&3/=('!?+=/'@!H'+(.,6!-3//![J?V=,,'7!
+,@!J'7'(T!1XXS\#!

M,!)H'!?+/'!39!;.,@!)=(B.,'!,3./'!+,@!.)/! H7&3)H').?+-!('-+).3,/H.&/!)3!h;.,@!)=(B.,'!
/7,@(35'i!+,@!:.B(3+?3=/).?!@./'+/'T!)H'! ;'+R'/)!)7&'!39!':.@',?'k?+/'!/'(.'/k./!
+:+.-+B-'T!9(35!3,-7!+!/.,6-'!.,:'/).6+)3(#!4H'/'!('&3()/!?+,!@3!,3!53('!)H+,!/=66'/)!
H7&3)H'/'/!93(!9=()H'(!('/'+(?H#!Q':'()H'-'//T! .9!+@@.).3,+-!+,@!.,@'&',@',)!.,:'/).6+)3(/!
B'6.,!)3!('&3()!+@:'(/'!H'+-)H!'99'?)/!.,!&'3&-' !'%&3/'@!)3!;.,@!)=(B.,'!,3./'T!.,!'%?'//!39!
)H3/'!93=,@!.,!=,'%&3/'@!6(3=&/T!+,@!.9!/35'!?3,/./)',)!/7,@(35'!3(!/')!39!/75&)35/!
'5'(6'/T!)H./!+@:.?'!?3=-@!?H+,6'#!4H=/T!+)!)H./!).5'T!h;.,@!)=(B.,'!/7,@(35'i!+,@!OOO>!
+('!=,&(3:',!H7&3)H'/'/!['//',).+--7!=,&(3:', !.@'+/\!)H+)!H+:'!,3)!B'',!?3,9.(5'@!B7!
+&&(3&(.+)'!('/'+(?H!/)=@.'/T!53/)!,3)+B-7!?3H3()!+,@!?+/'!?3,)(3-!/)=@.'/#!E3;':'(T!)H'!
;'+R,'//!39!)H'!B+/.?!H7&3)H'/'/!5+R'/!/=?H!/)=@.'/!=,-.R'-7!)3!&(3?''@#!
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4.6 Standards for Siting Wind Turbines 

4.6.1 Introduction 
AH.-'!)H'!=/'!39!-+(6'!.,@=/)(.+-0/?+-'!;.,@! )=(B.,'/!./!;'--!'/)+B-./H'@!.,!$=(3&'T!)H'!
@':'-3&5',)!39!?35&+(+B-'!;.,@!','(67!9+? .-.).'/!.,!Q3()H!F5'(.?+!./!+!53('!('?',)!
3??=((',?'#!4H'!6(3;)H!39!;.,@!+,@!3)H'(! (',';+B-'!','(67!/3=(?'/!./!'%&'?)'@!)3!
?3,).,='#!D&&3,',)/!39!;.,@!','(67!@':'-3&5',)!+(6='!)H+)!)H'!H'.6H)!+,@!/')B+?R!
('6=-+).3,/!'/)+B-./H'@!.,!/35'!]=(./@.?).3,/! +('!)33!-',.',)!+,@!)H+)!)H'!,3./'!-.5.)/!;H.?H!
+('!+&&-.'@!)3!3)H'(!/3=(?'/!39!,3./'!['.)H'(!., @=/)(.+-!3(!)(+,/&3()+).3,\!+('!,3)!/=99.?.',)!
93(!;.,@!)=(B.,'/!93(!+!:+(.')7!39!('+/3,/#!4H'( '93('T!)H'7!+('!?3,?'(,'@!)H+)!)H'!H'+-)H!+,@!
;'--0B'.,6!39!/35'!('/.@',)/!;H3!-.:'!.,!)H'!:.?. ,.)7![3(!?-3/'!&(3%.5.)7!)3\!39!)H'/'!9+?.-.).'/!
./!)H('+)','@#!V(.).?/!5+.,)+.,!)H+)!;.,@!)= (B.,'!,3./'!5+7!&('/',)!53('!)H+,!+,!+,,37+,?'!
)3!,'+(B7!('/.@',)/!'/&'?.+--7!+)!,.6H)!;H',! +5B.',)!-':'-/!5+7!B'!-3;#!V3,/'N=',)-7T!)H'('!
+('!)H3/'!;H3!+@:3?+)'!93(!+!(':./.3,!39!)H '!'%./).,6!('6=-+).3,/!93(!,3./'!+,@!/')B+?R!
&'()+.,.,6!)3!)H'!/.).,6!39!;.,@!.,/)+--+).3,/! (a+5&'(5+,!+,@!f+5'/T!1XXP )#!G35'!H+:'!
.,@.?+)'@!)H'.(!B'-.'9!)H+)!/')B+?R/!39!53('!)H+,!"!5.-'!5+7!B'!,'?'//+(7#!AH.-'!)H'!&(.5+(7!
&=(&3/'!39!)H./!/)=@7!;+/!)3!':+-=+)'!)H'!&3 )',).+-!93(!+@:'(/'!H'+-)H!'99'?)/!(+)H'(!)H+,!
@':'-3&!&=B-.?!&3-.?7T!)H'!&+,'-!@3'/!,3)!9.,@!)H+)!/')B+?R/!39!"!5.-'!+('!;+((+,)'@#!

4.6.2 Noise Regulations and Ordinances 
M,!"PSIT!$*F!&=B-./H'@!+!('&3()!)H+)!'%+5.,'@!)H'!-':'-/!39!',:.(3,5',)+-!,3./'!,'?'//+(7!
)3!&(3)'?)!&=B-.?!H'+-)H!+,@!;' -9+('![$*FT!"PSI\#!Z+/'@!3,!)H'!+,+-7/./!39!+:+.-+B-'!/?.',).9.?!
@+)+T!$*F!/&'?.9.'@!+!(+,6'!39!@+70,.6H)!/3=,@!-':'-/!,'?'//+(7!)3!&(3)'?)!)H'!&=B-.?!H'+-)H!
+,@!;'-9+('!9(35!)H'!'99'?)/!39!',:.(3,5',)+-!,3./'T!;.)H!+!('+/3,+B-'!5+(6.,!39!/+9')7#!
2+)H'(!)H+,!'/)+B-./H.,6!/)+,@+(@/!3(!('6=-+ ).3,/T!H3;':'(T!$*F!/.5&-7!.@',).9.'@!,3./'!
-':'-/!B'-3;!;H.?H!)H'!6','(+-!&=B-.?!;3=-@!,3)!B' !&-+?'@!+)!(./R!9(35!+,7!39!)H'!.@',).9.'@!
'99'?)/!39!,3./'#!$+?H!9'@'(+-!+6',?7!H+/!@':'-3&'@!.)/!3;,!,3./'!?(.)'(.+!93(!/3=(?'/!93(!
;H.?H!)H'7!H+:'!]=(./@.?).3,![.#'#T!)H'!8'@'(+-!F: .+).3,!F@5.,./)(+).3,!('6=-+)'/!+.(?(+9)!+,@!
+.(&3()!,3./'T!)H'!8'@'(+-!E.6H;+7!F@5.,./)(+).3,!('6=-+)'/!H.6H;+7!,3./'T!+,@!)H'!
8'@'(+-!$,'(67!2'6=-+)3(7!V355.//.3,!('6=-+)'/!., )'(/)+)'!&.&'-.,'/![Z+/)+/?HT!1XXK\#!G)+)'!
+,@!-3?+-!63:'(,5',)/!;'('!&(3:.@'@!6=.@+,?'! B7!$*F!3,!H3;!)3!@':'-3&!)H'.(!3;,!,3./'!
('6=-+).3,/T!B=)!)H'!'/)+B-./H5',)!39!+&&(3&(. +)'!-.5.)/!;+/!-'9)!)3!-3?+-!+=)H3(.).'/!)3!
@')'(5.,'!6.:',!'+?H!?355=,.)7c/!@.99'(.,6!:+ -='/!+,@!-+,@!=/'!&(.3(.).'/![$*FT!"PSK\#!

4.6.3 Wind Turbine Siting Guidelines 
$/)+B-./H.,6!+&&(3&(.+)'!,3./'!-.5.)/!+,@!/')B +?R!@./)+,?'/!93(!;.,@!)=(B.,'/!H+/!B'',!+!
?3,?'(,!39!5+,7!;H3!+('!.,)'('/)'@!.,!;.,@ !','(67#!4H'('!+('!/':'(+-!+&&(3+?H'/!)3!
('6=-+).,6!,3./'T!9(35!+,7!/3=(?'T!.,?-=@.,6!;. ,@!)=(B.,'/#!4H'7!?+,!6','(+--7!B'!?-+//.9.'@!
+/!+B/3-=)'!3(!('-+).:'!/)+,@+(@/!3(!+!?35B .,+).3,!39!+B/3-=)'!+,@!('-+).:'!/)+,@+(@/#!
FB/3-=)'!/)+,@+(@/!'/)+B-./H!+!9.%'@!-.5.)!.((' /&'?).:'!39!'%./).,6!,3./'!-':'-/#!83(!;.,@!
)=(B.,'/T!+!/.,6-'!+B/3-=)'!-.5.)!5+7!B'!'/)+ B-./H'@!('6+(@-'//!39!;.,@!/&''@![.#'#T!KX!@ZF\!
3(!@.99'(',)!-.5.)/!5+7!B'!'/)+B-./H'@!93(!:+(.3= /!;.,@!/&''@/![.#'#T!IX!@ZF!+)!K!5')'(/!&'(!
/'?3,@!l5b/m!+,@!IK!@ZF!+)!W!5b/\#!4H'!D,)+(.3!J.,./)(7!39!$,:.(3,5',)![1XXW\!;.,@!
)=(B.,'!,3./'!6=.@'-.,'/!./!+,!'%+5&-'!39!9.%'@! -.5.)/!93(!'+?H!.,)'6'(!;.,@!/&''@!B');'',!I!
+,@!"X!5')'(/!&'(!/'?3,@#!2'-+).:'!/)+,@+(@/!-. 5.)!)H'!.,?('+/'!3:'(!'%./).,6!-':'-/!+,@!5+7!



WIND TURBINE SOUND AND HEALTH EFFECTS 
AN EXPERT PANEL REVIEW 

4-14  

+-/3!'/)+B-./H!'.)H'(!+,!+B/3-= )'!9-33(!3(!?'.-.,6!B'73,@!;H.? H!)H'!('-+).:'!.,?('+/'!./!,3)!
?3,/.@'('@#!4H+)!./T!93(!'%+5&-'T!.9!+!('-+).:'!.,?('+/'!39!"X!@ZF!;.)H!+!?'.-.,6!39!KX!@ZF!./!
+--3;'@!+,@!)H'!'%./).,6!-':'-!./!IK!@ZFT!+!-':' -!39!KK!@ZF!;3=-@!,3)!B'!+--3;'@#!G.5.-+(-7T!
.9!+!9-33(!39!IX!@ZF!;+/!'/)+B-./H'@!+,@!)H'!'%./).,6!-':'-!./!1K!@ZFT!IX!@ZF!(+)H'(!)H+,!
CK!@ZF!;3=-@!B'!+--3;'@#!8.%'@!@./)+,?'!/')B+?R/!H+:'!+-/3!B'',!@./?= //'@#!V(.).?/!39!)H./!
+&&(3+?H!/=66'/)!)H+)!9.%'@!/')B+?R/!@3!,3)!)+R'!.,)3!+??3=,)!)H'!,=5B'(!3(!/.`'!39!)H'!
)=(B.,'/!,3(!@3!)H'7!?3,/.@'(!3)H'(!&3)',).+-!/3 =(?'/!39!,3./'!;.)H.,!)H'!&(3]'?)!+('+#!M)!./!
?-'+(!)H+)!-.R'!5+,7!3)H'(!/3=(?'/!39!,3./'T! +!=,.93(5!('6=-+)3(!+&&(3+?H!93(!;.,@!)=(B.,'!
,3./'!H+/!,3)!B'',!'/)+B-./H'@!'.)H'( !@35'/).?+--7!3(!.,)'(,+).3,+--7#!

F!@(+9)!('&3()!).)-'@!Environmental Noise and Health in the UKT!&=B-./H'@!93(!?355',)!.,!1XXP!
B7!)H'!E'+-)H!*(3)'?).3,!F6',?7![E*F\!3,!B' H+-9!39!+,!+@!H3?!'%&'()!6(3=&T!&(3:.@'/!
.,/.6H)9=-!?355',)/!3,!)H'!A3(-@!E'+-)H!D( 6+,.`+).3,c/!,3./'!6=.@'-.,'/![AEDT!"PPP\#!4H'!
E*F!@(+9)!('&3()!?+,!B'!:.';'@!+)!)H'!93--3;.,6!+@@('//U!!

http://www.hpa.org.uk/web/HPAwebFile/HPAweb_C/1246433634856 

4H'!E*F!('&3()!/)+)'/!)H'!93--3;.,6U!

It is important to bear in mind that the WHO guideline values, like other WHO guidelines, are 
offered to policymakers as a contribution to policy development. They are not intended as standards in 
a formal sense but as a possible basis for the development of standards. By way of overall summary, 
the 1998 NPL report noted!l+!Z(.)./H!('&3()!).)-'@! Health-Based Noise Assessment Methods—
A Review and Feasibility Study![*3()'(!')!+-#T!"PPW\!+/!N=3)'@!.,!E*F!1XXPmU!

The WHO guidelines represent a consensus view of international expert opinion on 
the lowest noise levels below which the occurrence rates of particular effects can be 
assumed to be negligible. Exceedances of the WHO guideline values do not 
necessarily imply significant noise impact and indeed, it may be that significant 
impacts do not occur until much higher degrees of noise exposure are reached. The 
guidelines form a starting point for policy development. However, it will clearly be 
important to consider the costs and benefits of reducing noise levels and, as in other 
areas, this should inform the setting of objectives. 
 [8(35U!E*FT!1XXPT!&#!SS\!

4H'!E*F!('&3()!9=()H'(!/)+)'/!)H'!93--3;.,6U!

Surveys have shown that about half of the UK population lives in areas where 
daytime sound levels exceed those recommended in the WHO Community Noise 
Guidelines. About two-thirds of the population live in areas where the night-time 
guidelines recommended by WHO are exceeded. (p. 81) 

That sleep can be affected by noise is common knowledge. Defining a dose-response 
curve that describes the relationship between exposure to noise and sleep disturbance 
has, however, proved surprisingly difficult. Laboratory studies and field studies have 
generated different results. In part this is due to habituation to noise which, in the 
field, is common in many people. (p. 82) 

Our examination of the evidence relating to the effects of environmental noise on 
health has demonstrated that this is a rapidly developing area. Any single report will, 
therefore, need to be revised within a few years. We conclude and recommend that an 
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independent expert committee to address these issues on a long-term basis be 
established. (p. 82) 

4H'!/)+)'5',)/!?.)'@!+B3:'!9(35!)H'! E*F!+,@!AED!@3?=5',)/!+@@('//!6','(+-!
',:.(3,5',)+-!,3./'!?3,?'(,/!(+)H'(!)H+,!?3,?'( ,/!93?=/'@!/3-'-7!3,!;.,@!)=(B.,'!,3./'#!!

!

!





!

 5-1 

+2?&LNT%Q%

Conclusions 

J+,7!?3=,)(.'/!H+:'!)=(,'@!)3!;.,@!','(67!+/!+!R'7!/)(+)'67!)3!6','(+)'!&3;'(!.,!+,!
',:.(3,5',)+--7!?-'+,!5+,,'(#!A.,@!','(67!',]3 7/!?3,/.@'(+B-'!&=B-.?!/=&&3()T!B=)!.)!H+/!
.)/!@')(+?)3(/T!;H3!H+:'!&=B-.?.`'@!)H'.(!?3 ,?'(,/!)H+)!)H'!/3=,@/!'5.))'@!9(35!;.,@!
)=(B.,'/!?+=/'!+@:'(/'!H'+-)H!?3,/'N=',?'/#!!

4H'!3B]'?).:'!39!)H'!&+,'-!;+/!)3!@':'-3&!+,!+= )H3(.)+).:'!('9'(',?'!@3?=5',)!93(!)H'!=/'!39!
-'6./-+)3(/T!('6=-+)3(/T!+,@!?.).`',/!/.5&-7 !;+,).,6!)3!5+R'!/',/'!39!)H'!?3,9-.?).,6!
.,93(5+).3,!+B3=)!;.,@!)=(B.,'!/3=,@#!43!)H./ !',@T!)H'!&+,'-!=,@'()33R!'%)',/.:'!(':.';T!
+,+-7/./T!+,@!@./?=//.3,!39!)H'!&''(0(':.';'@!-.)'(+)=('!3,!;. ,@!)=(B.,'!/3=,@!+,@!&3//.B-'!
H'+-)H!'99'?)/#!4H'!:+(.'@!&(39'//.3,+-!B+?R6(3=,@/!39!&+,'-!5'5B'(/![+=@.3-367T!+?3=/).?/T!
3)3-+(7,63-367T!3??=&+).3,+-!+,@!',:.(3,5',)+ -!5'@.?.,'T!+,@!&=B-.?!H'+-)H\!;'('!H.6H-7!
+@:+,)+6'3=/!.,!?('+).,6!+!@.:'(/.)7!39!.,93 (5'@!&'(/&'?).:'/#!*+().?.&+,)/!;'('!+B-'!)3!
'%+5.,'!.//='/!/=((3=,@.,6!H'+-)H!'99'?)/!+,@ !@./?=//!&-+=/.B-'!B.3-36.?+-!'99'?)/!;.)H!
?3,/.@'(+B-'!?35B.,'@!'%&'()./'#!!

83--3;.,6!(':.';T!+,+-7/./T!+,@!@./?=//.3,T! )H'!&+,'-!('+?H'@!+6(''5',)!3,!)H(''!R'7!
&3.,)/U!!

!  4H'('!./!,3)H.,6!=,.N='!+B3=)!)H'!/3=,@/!+,@ !:.B(+).3,/!'5.))'@!B7!;.,@!)=(B.,'/#!!

!  4H'!B3@7!39!+??=5=-+)'@!R,3;-'@6'!+B3=)!/3=,@!+,@!H'+-)H!./!/=B/)+,).+-#!!

!  4H'!B3@7!39!+??=5=-+)'@!R,3;-'@6'!&(3:.@'/!,3!':.@',?'!)H+)!)H'!+=@.B-'!3(!
/=B+=@.B-'!/3=,@/!'5.))'@!B7!;.,@!)=(B., '/!H+:'!+,7!@.('?)!+@:'(/'!&H7/.3-36.?+-!
'99'?)/#!!

4H'!&+,'-!+&&('?.+)'@!)H'!?35&-'%.).'/!.,:3-:'@ !.,!)H'!:+(.'@!H=5+,!('+?).3,/!)3!/3=,@T!
&+().?=-+(-7!/3=,@/!)H+)!53@=-+)'!.,!.,)',/.)7!3(!9('N=',?7#!J3/)!?35&-+.,)/!+B3=)!;.,@!
)=(B.,'!/3=,@!('-+)'!)3!)H'!+'(3@7,+5.?!/3=, @!?35&3,',)![)H'!/;./H!/3=,@\!&(3@=?'@!B7!
)H'!)=(B.,'!B-+@'/#!4H'!/3=,@!-':'-/!+('!/.5 .-+(!)3!)H'!+5B.',)!,3./'!-':'-/!.,!=(B+,!
',:.(3,5',)/#!F!/5+--!5.,3(.)7!39!)H3/'!'%&3/'@!('&3()!+,,37+,?'!+,@!/)('//!+//3?.+)'@!
;.)H!,3./'!&'(?'&).3,#!!

4H./!('&3()!/=55+(.`'/!+!,=5B'(!39!&H7/.? +-!+,@!&/7?H3-36.?+-!:+(.+B-'/!)H+)!5+7!
.,9-=',?'!+@:'(/'!('+?).3,/#!M,!&+().?=-+(T! )H'!&+,'-!?3,/.@'('@!h;.,@!)=(B.,'!/7,@(35'i!
+,@!:.B(3+?3=/).?!@./'+/'T!;H.?H!H+:'!B'',!?-+. 5'@!+/!?+=/'/!39!+@:'(/'!H'+-)H!'99'?)/#!4H'!
':.@',?'!.,@.?+)'/!)H+)!h;.,@!)=(B.,'!/7,@ (35'i!./!B+/'@!3,!5./.,)'(&(')+).3,!39!
&H7/.3-36.?!@+)+!+,@!)H+)!)H'!9'+)=('/!39!)H'!/30?+--'@!/7,@(35'!+('!5'('-7!+!/=B/')!39!
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J.(3;/R+T!J#T!+,@!$#!J(3`#!1XXX#!$99'?)!39!-3;!9('N=',?7!,3./'!+)!-3;!-':'-/!3,!H=5+,!
H'+-)H!.,!-.6H)!39!N='/).3,,+.('!.,:'/).6+).3,#! Proceedings of the Inter-Noise 2000 
Conference. KU!1WXP!0!1W"1#!

J.))'-/)+'@)T!E#!"PPL#!G35+).?!6(+:.?'&).3,#!Biological Psychology!I1U!KC0SI#!

Jg--'(T!E#T!+,@!J#!<7@3-9#!1XX1#!F!N='/).3,,+.('!/=(:'7!39!?35&-+.,)/!39!.,9(+/3=,@!+,@!
-3;!9('N=',?7!,3./'#! Journal of Low Frequency Noise and Vibration!1"U!KC0LK#!

J33(H3=/'T!F#T!J#!E+7'/T!G#!:3,!E=,'(B'.,T!Z# !*.&'(T!+,@!J#!F@+5/#!1XXS#!2'/'+(?H!.,)3!
F'(3@7,+5.?!J3@=-+).3,!39!A.,@!4=(B.,'!Q3./'#! Report: Department of Business 
Enterprise and Regulatory Reform. www.berr.gov.uk/files/file40570.pdf#!

Q+6+.T!Q#T!J#!J+)/=53)3T!r#!r+5/=5.T!4#!GH.(+./H.T!a#!Q./H.5=(+T!a#!J+)/=53)3T!a#!
J7+/H.)+T!+,@!G#!4+R'@+#!"PWP#!*(3?'//!+,@!'5'(6',?'!39!)H'!'99'?)/!39!.,9(+/3,.?!
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+,@!-3;!9('N=',?7!,3./'!3,!.,H+B.)+,)/#! Journal of Low Frequency Noise and 
Vibration!WU!WS0WP#!

Q+).3,+-!M,/).)=)'!93(!D??=&+).3,+-!G+9')7!+,@!E'+-)H![QMDGE\#!"PPW#!V(.)'(.+!93(!+!
2'?355',@'@!G)+,@+(@U!D??=&+).3,+-!Q3./'!$%&3/=('#!QMDGET!V.,?.,,+).!DE#!

Q+).3,+-!2'/'+(?H!V3=,?.-![Q2V\#!1XXS#!$,:. (3,5',)+-!M5&+?)/!39!A.,@0$,'(67!*(3]'?)/!
Q2VT!A+/H.,6)3,T!>V#!

Q+).3,+-!43%.?3-367!*(36(+5![Q4*\#!Q+).3,+-! M,/).)=)'!39!$,:.(3,5',)+-!E'+-)H!G?.',?'/!
[QM$GE\#!1XX"#!M,9(+/3=,@U!B(.'9!(':.';!39!)H'!)3%.?3-36.?+-!-.)'(+)=('#!*('&+('@!.,!
&+()!B7!M,)'6(+)'@!<+B3(+)3(7!/7/)'5/![QM$EG!?3,)(+?)!QX"0$C!0LKIX1![E+,'R'!a#$#!
+,@!Z#V#!V+(/3,T!+=)H3(/\#!

Q';!r3(R!>'&+()5',)!39!$,:.(3,5',)+-!V3,/ '(:+).3,#!1XX"#!F//'//.,6!+,@!J.).6+).,6!
Q3./'!M5&+?)/#!F:+.-+B-'!+)!
H))&Ubb;;;#@'?#,7#63:b@3?/b&'(5.)/v']v3&'(+).3,/v&@9b,3./'1XXX#&@9 #!

D??=&+).3,+-!G+9')7!+,@!E'+-)H!F@5.,./)(+).3,![DGEF\#!"PWC#!D??=&+).3,+-!Q3./'!
$%&3/=('U!E'+(.,6!V3,/'(:+).3,!F5',@5',)d !8.,+-!2=-'#!8'@'(+-!2'6./)'(!IW![IL\U!
PSCW0PSWI#!

D'(-'5+,/T!G#!+,@!Y#!G?H'&'(/#!1XXP#!*('@.?).3,!39!;.,@!)=(B.,'!,3./'!@.('?).:.)7!+,@!/;./H#!
Proceedings of the 3rd International Conference on Wind Turbine Noise. F+-B3(6T!
>',5+(R#!f=,'!"S0"PT!1XXP#!MQV$b$=(3&'#!

D,)+(.3!J.,./)(7!39!$,:.(3,5',)#!1XXW#!Q3./'!Y= .@'-.,'/!93(!A.,@!8+(5/#!M,)'(&(')+).3,!93(!
F&&-7.,6!JD$!Q*V!*=B-.?+).3,/!)3!A.,@!*3;'(!Y','(+).3,!8+?.-.).'/#!
H))&Ubb;;;#','#63:#3,#?+b&=B-.?+).3,/bISXP'#&@9 !

*'+(/3,/!a#G#T!2#<#!Z',,'))T!+,@!G#!8.@'--#!"PSS#!G&''?H!-':'-/!.,!:+(.3=/!,3./'!',:.(3,5',)/#!
2'&3()!Q3#!$*F0LXXb"0SS0X1K#!A+/H.,6)3,!>VT!$,:.(3,5',)+-!*(3)'?).3,!F6',?7T!
"PSS#!

*'@'(/',T!$#T!2#!Z+RR'(T!f#!Z3=5+T!+,@!8#!:+,!@',!Z'(6#!1XXP#!2'/&3,/'!)3!,3./'!9(35!
53@'(,!;.,@!9+(5/!.,!4H'!Q')H'(-+,@/#  Journal of the Acoustical Society of America!
F=6=/)!"1LU!LCI0LIC!

*'@'(/',T!+,@!E#!Es6/R3-+,#!1XXC#!Noise Annoyance from Wind Turbines#!2'&3()!KCXW#!
G;'@./H!$,:.(3,5',)+-!*(3)'?).3,!F6',?7#!

*'@'(/',T!$#!+,@!a!*'(//3,!A+7'#!1XXW#!A.,@! )=(B.,'/0-3;!-':'-!,3./'!/3=(?'/!.,)'(9'(.,6!
;.)H!('/)3(+).3,#! Environmental Research Letters!CU!"0K!

*'@'(/',T!$#!+,@!a#!*'(//3,!A+7'#!1XXS#!A.,@!)=(B.,'!,3./'T!+,,37+,?'!+,@!/'-90('&3()'@!
H'+-)H!+,@!;'--B'.,6!.,!@.99'(',)!-.:.,6!',:.(3,5',)/T! Occupational and 
Environmental Medicine!LIU!IWXnIWL#!

*'@'(/',T!$#!+,@!a#!*'(//3,!A+7'#!1XXI#!*'(? '&).3,!+,@!+,,37+,?'!@='!)3!;.,@!)=(B.,'!
,3./'U!F!@3/'n('/&3,/'!('-+).3,/H.&T! Journal of the Acoustical Society of 
America!""LU!CILXnCISX#!



WIND TURBINE SOUND AND HEALTH EFFECTS 
AN EXPERT PANEL REVIEW 

6-6  

*'@'(/',T!$#T!<#!2#0J#!E+--B'(6T!+,@!a#!*'(//3,!A+7'#!1XXS#!<.:.,6!.,!)H'!:.?.,.)7!39!;.,@!
)=(B.,'/kF!6(3=,@'@!)H'3(7!/)=@7#! Qualitative Research in Psychology!IU!IPnLC#!

*'@'(/',T!4#!E#!1XXW#!<3;!9('N=',?7!,3./'!9( 35!-+(6'!A.,@!4=(B.,'/!0!F!&(3?'@=('!93(!
':+-=+).3,!39!)H'!+=@.B.-.)7!93(!-3;!9('N=',?7!/3=,@!+,@!+!-.)'(+)=('!/)=@7#! DELTA 
Report EP- 06#!

*'(//3,!A+7'T!a#!1XXI#!$99'?)/!39!-3;!9('N=',?7!,3./'!3,!/-''&#! Noise and Health!L![1C\U!WS0P"#!

*'(//3,!A+7'T!a#!+,@!$#!tH(/)(s5!1XX1#!*/ 7?H30+?3=/).?!?H+(+?)'(/!39!('-':+,?'!93(!
+,,37+,?'!39!;.,@!)=(B.,'!,3./'#! J. Sound & Vibration!1KX!["\U!LK0SC#!

*'(//3,!2#!J#!F-B.,T!f#F(@sT!f#!Z]s(RT!+,@!a#!f+R3B//3,#!1XXS#!4(+.)!+,%.')7!+,@!53@'-'@!
'%&3/=('!@')'(5.,+,)/!39!/'-9!('&3()'@!+,,37+,?'!)3!/3=,@T!+.(!&3--=).3,!+,@!3)H'(!
',:.(3,5',)+-!9+?)3(/!.,!)H'!H35'#! International Archives of Occupational and 
Environmental Health!"WU!"SP0"P"!

*')'(/T!F#!f#!J#T!2#J#!FB(+5/T!a#f#!Y'(H+(@)T!+,@!G#a#!Y(.99.)H/#!"PPC#!4(+,/5.//.3,!39!
+.(B3(,'!/3=,@!9(35!KX!)3!1XTXXX!E`!.,)3!)H'!+B@35',!39!/H''&#!Journal of Low 
Frequency Noise and Vibration!"1U!"L01I#!

*.'(&3,)T!Q#!1XXPT!&('0&=B-.?+).3,!@(+9)#!Wind Turbine Syndrome: a report on a natural 
experiment.!H))&Ubb;;;#;.,@)=(B.,'/7,@(35'#?35b;&0
?3,)',)b=&-3+@/b1XXPbXCb5/0('+@7093(0&3/).,603,0;)/?350C0S0XP#&@9#!!

*3()'(T!Q#>#T!M#E#!8-.,@'--T!+,@!Z#8#!Z'((7#!"PPW#!E'+-)H0Z+/'@!Q3./'!F//'//5',)!J')H3@/k
F!2':.';!+,@!8'+/.B.-.)7!G)=@7#!Q*<!2'&3()!VJFJ!"L#!

G+@3?RT!Z#!f#T!+,@!O#F#!G+@3?RT!$@/#!1XXK#!Kaplan & Sadock’s Comprehensive Textbook of 
PsychiatryT!W)H!$@.).3,#!*H.-+@'-&H.+T!*FU!<.&&.,?3))!A.--.+5/!e!A.-R.,/#!

G+R+.T!F#!<#*#!8'.6',!+,@!F#F#!<=./+@+#!"PS"#!8('N=',?7!@./)(.B=).3,!39 !)H'!H'+()!/3=,@/!.,!
,3(5+-!5+,#! Cardiovascular Research!!K![C\U!CKW0CLC#!

G+//'(T!G#J#T!2#A#!G+)).,T!2#V#!E=,)T!+,@!f#!a(3H5'(#!1XXL#!Z-+/)!-=,6!.,]=(7#!Prehospital 
Emergency Care "XU!"LK0S1#!!

G?H=/)T!J#!1XXI#!$99'?)/!39!-3;!9('N=',?7!,3./'!=&!)3!"XX!E`#!Noise & Health L![1C\U!SC0WK#!

G5.)HT!G#>#!1XX1#!VH+(+?)'(.`.,6!)H'!'99'?)!39!+.(B3(,'!:.B(+).3,!3,!H=5+,!B3@7!:.B(+).3,!
('/&3,/'#! Aviation, Space and Environmental Medicine!SCU!CL!0!IK#!

G&.'6'-T!E#!"PPS#!"PPS#!Q3?'B3U!4H'!&3;'(!39!/=66'/).B.-.)7#!Preventive Medicine!1LU!L"L#!

G=)'(T!FE#!"PP"#!Q3./'!+,@!.)/!$99'?)/#!2'&3()!)3!)H'!F@5.,./)(+).:'!V3,9'(',?'!39!)H'!
_,.)'@!G)+)'/#!H))&Ubb;;;#,3,3./'#3(6b-.B(+(7b/=)'(b/=)'(#H)5 #!!

4+R+H+/H.T!r#T!a#!a+,+@+T!r#!r3,'R+;+T!+,@!Q#!E+(+@+#!1XXK#!F!/)=@7!3,!)H'!('-+).3,/H.&!
B');'',!/=B]'?).:'!=,&-'+/+ ,),'//!+,@!B3@7!/=(9+?'!:.B(+).3,/!.,@=?'@!B7!H.6H0!
-':'-!-3;09('N=',?7!&=('!)3,'/#! Industrial Health!ICU!KWX0KWS#!

4+R+H+/H.T!r#T!r#!r3,'R+;+T!a#!a+,+@+T!+,@!G#!J+'@+#!"PPP#!F!&.-3)!/)=@7!3,!H=5+,!B3@7!
:.B(+).3,!.,@=?'@!B7!-3;!9('N=',?7!,3./'#! Industrial Health!CSU!1W0CK#!
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43@@T!Q#T!G#J#!23/',6(',T!+,@!f#Y#!V3-'B+)?H#!1XXW+#!4=,.,6!+,@!/',/.).:.)7!39!)H'!H=5+,!
:'/).B=-+(!/7/)'5!)3!-3;!9('N=',?7!:.B(+).3,#! Neuroscience Letters!IIIU!CL0I"#!

43@@T!Q#*#T!G#J#!23/',6(',T!+,@!f#Y#!V3-'B+)?H#!1XXWB#!F!/3=(?'!+,+-7/./!39!/H3()0-+)',?7!
':3R'@!&3)',).+-/!&(3@=?'@!B7!+.(0!+,@!B3,'0?3,@=?)'@!/3=,@# Journal of Clinical 
Neurophysiology!""PU!"WW"0PI#!

4(=+%T!Z+((7T!'@#!"PPP#!E+,@B33R!93(!F?3=/).?!$?3-367T!G'?3,@!$@.).3,#!D(.6.,+--7!
&=B-./H'@!B7!)H'!A3(-@!G3=,@/?+&'!*(3]'?)T!G.53,!8(+/'(!_,.:'(/.)7T!+,@!F2V!
*=B-.?+).3,/T!"PSW!

_#G#!$,:.(3,5',)+-!*(3)'?).3,!F6',?7![$*F\#!"PSI#! Information on Levels of Environmental 
Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of Safety#!
$*FbDQFV!KKXbP0SI0XXIT!J+(?H!"PSI#!
H))&Ubb;;;#,3,3./'#3(6b- .B(+(7b-':'-/b-':'-/#H)5 #!

_#G#!$,:.(3,5',)+-!*(3)'?).3,!F6',?7![$ *F\#!"PSK#!J3@'-!Q3./'!V3,)(3-!D(@.,+,?'#!
!H))&Ubb;;;#,3,3./'#3(6b'&+b23--"Lb(3--"L@3?L#&@9 #!

:+,!@',!Z'(6T!Y#!*#!1XXIU!>3!A.,@!4=(B., '/!&(3@=?'!/.6,.9.?+,)!-3;!9('N=',?7!/3=,@!
-':'-/j! Proc 11th International Meeting on Low Frequency Noise and Vibration and its 
Control, Maastricht August 2004T!CLS0CSL#!

:+,!@',!Z'(6T!Y#!*#!1XXC#!$99'?)/!39!)H'!;.,@!&(39.-'!+)!,.6H)!3,!;.,@!)=(B.,'!,3./'#!  Journal 
of Sound and Vibration.!H))&Ubb;;;#,3;+&#?3#=Rb@3?/b;.,@,3./'#&@9 #!!

O+,!>.]R!8#f#E#T!f#E#!$))'5+T!+,@!2#<#!p.'-H=./#!"PWS#!Q3,0+=@.)3(7!'99'?)/!39!,3./'U!OMM#!
$:+-=+).3,T!?3,?-=/.3,/T!+,@!('?355',@+).3,/#! International Archives of Occupational 
and Environmental Health!KPU!"ISk"K1#!

:+,!a+5&!T!J#!E+.,'/T!!f#!E+)9.'-@T!2#8#!f3BT!G#F#!G)+,9.'-@!+,@!2#a#!G)'--+)3#!1XXI#!4H'!(3-'!
39!,3./'!/',/.).:.)7!.,!)H'!,3./'!('/& 3,/'!('-+).3,U!F!?35&+(./3,!39!)H(''!
.,)'(,+).3,+-!+.(&3()!/)=@.'/#! Journal of the Acoustical Society of America!""LU!CIS"0SP#!

A'B/)'(T!f#V#!"PSW#!G&''?H!.,)'(9'(',?'!+/&'?)/!39!,3./'#!M,! Noise and AudiologyT!'@#!<.&/?35B!
><T!Z+-).53('U!_,.:'(/.)7!*+(R!*('//#!

A.-@'(!>#Y#T!>#$#!A+//'(5+,T!+,@!f#!A+//'(5+, #!1XX1#!D??=&+).3,+-!:.B(+).3,!'%&3/=('#!M,!
*H7/.?+-!+,@!Z.3-36.?+-!E+`+(@/!39!)H'!A3(R&-+?'T!'@#!A+-@!*ET!G)+:'!YJ#!f3H,!
A.-'7!+,@!G3,/T!Q';!r3(R#!

A3-/.,RT!J#T!J#!G&(',6'(/T!F#!a'=&'(T!4#E#!*'@'(/',T!+,@!V#F#!A'/)(+#!"PPC#!F,,37+,?'!
9(35!;.,@!)=(B.,'!,3./'!3,!/.%) '',!/.)'/!.,!)H(''!?3=,)(.'/#! Proceedings of the European 
Community Wind Energy Conference#!<xB'?RT!4(+:'5x,@'#!1SCn1SL#!

A3(-@!E'+-)H!D(6+,.`+).3,![AED\#!"PPP#!Y=.@' -.,'/!93(!V355=,.)7!Q3./'!['@.)'@!B7!Z#!
Z'(6-=,@T!4#!<.,@:+--T!>#!G?H;'-+T!a04#!Y3H\#!4H'!A3(-@!E'+-)H!D(6+,.`+).3,T!
Y',':+T!G;.)`'(-+,@#!MGZQU!PPS"U!PPS"0WW0SSX0C!
H))&Ubb;HN-.B@3?#;H3#.,)bHNb"PPPb+LWLS1#&@9#!
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A3(-@!E'+-)H!D(6+,.`+).3,![AED\#!"PPC#!M,)'(,+).3 ,+-!G)+)./).?+-!V-+//.9.?+).3,!39!>./'+/'/!
+,@!2'-+)'@!E'+-)H!*(3B-'5/T!"X)H!2':./.3,![MV>0"X\T! Classification of Mental and 
Behavioural Disorders#!Y',':+#!!

r+5+@+T!G#T!"PWX#!E'+(.,6!39!-3;!9('N=',?7!/3=,@!+,@!.,9-=',?'!3,!)H'!B3@7#!V3,9'(',?'!
3,!<3;!8('N=',?7!Q3./'!+,@!E'+(.,6#!F+ -B3(6T!>',5+(R#!PK0"X1#![$@/#!E!Jg--'(!
+,@!*!2=B+R\#!

r+5+@+T!G#T!J#!MR=].T!G#!8=].R+)+T!4#!A+)+,+B'T!+,@!4#!a3/+R+#!"PWC#!Z3@7!/',/+).3,/!39!-3;!
9('N=',?7!,3./'!39!3(@.,+(7!&'(/3, /!+,@!&(393=,@-7!@'+9!&'(/3,/#!Journal of Low 
Frequency Noise and Vibration!1U!C10CL#!

r3=,6T!$#>#T!V#!8'(,+,@'`T!+,@!f#J#!Y3-@B'(6#!"PSS#!2'/&3,/'/!39!/N=.(('-!53,R'7!
:'/).B=-+(!,'=(3,/!)3!+=@.309('N =',?7!/3=,@!+,@!H'+@!:.B(+).3,#!Acta 
Otolaryngol!WIU!CK10LX#!

Additional References 
F-B'()/T!>#!1XXL#!*(.5'(!93(!F@@('//.,6!A.,@!4=(B.,'!Q3./'#!

H))&Ubb;;;#5+.,'#63:b@3?b59/b;.,@&3; '(b&=B/b&@9bF@@('//.,6A.,@4=(B.,'
Q3./'#&@9#!

F5'(.?+,!Q+).3,+-!G)+,@+(@/!M,/).)=)'#!"PPL#!American National Standard Specification for 
AudiometersT!FQGM!GC#L0"PPL#!Q';!r3(RU!F?3=/).?+-!G3?.')7!39!F5'(.?+#!

VH+)H+50a',)!*=B-.?!E'+-)H!_,.)#!1XXW#!4H'!E' +-)H!M5&+?)!39!A.,@!4=(B.,'/U!+!2':.';!39!
)H'!V=((',)!AH.)'T!Y('7!+,@!*=B-./H'@!<.)'(+)=('!1XXW#! H))&Ubb;;;#;.,@0
;3(R/#3(6b<+(6'4=(B.,'/bE'+-)Hw1X+,@w1XA.,@w1XB7w1XV0
aw1XE'+-)Hw1X_,.)#&@9#!!

V3&'/T!2#!+,@!a#!2.@'3=)#!A.,@!4=(B.,'/!+,@!E'+-)HU!F!2':.';!39!$:.@',?'#!D,)+(.3!
F6',?7!93(!E'+-)H!*(3)'?).3,!+,@!*(353).3,!1XXP#!
H))&Ubb;;;#3+H&&#?+b>3?=5',)/bA.,@w1X4=(B.,'/w1X0
w1XG'&)w1X"Xw1X1XXP#&@9#!!

>(+9)!Q';!p'+-+,@!/)+,@+(@!93(!;.,@!)=(B.,'!/3=,@#!
H))&Ubb/H3&#/)+,@+(@/#?3#,`b@(+9)/b>pLWXW0>pLWXW*=B-.??355',)@(+9)#&@9#!

E'--;.6T!2#!+,@!<+5&')'(T!2#!1XXP#!V(.).N='/!3,!a+5&'(5+,!+,@!f+5'/!&+&'(!3,!;.,@!
)=(B.,'!,3./'#!J+(?H#! H))&Ubb;;;#@'R+-B?3=,)7#3(6b*-+,,.,6b$%H.B.)vJ#&@9 #!

G)'--.,6T!a#!+,@!>#!*H7)#!1XXP#!G=55+(7!39!('?',)!('/'+(?H!3,!+@:'(/'!H'+-)H!'99'?)/!39!;.,@!
)=(B.,'/#! H))&Ubb;.,@?3,?'(,/3,)+(.3#9.-'/#;3(@&('//#?35b1XXPbXWb+@:'(/'0
H'+-)H0'99'?)/0390;.,@0)=(B.,'/"#&@9#!

83%!Z=/.,'//#!1XXP#!D,)+(.3!?.).`',!)+R'/!-'6+ -!+.5!+)!63:'(,5',)!39!D,)+(.3c/!9-+6/H.&!
Y('',!$,'(67!F?)#!
H))&Ubb;;;#93%B=/.,'//#?35b/)3(7b5+(R') /b.,@=/)(.'/b','(67b3,)+(.30?.).`',0
)+R'/0-'6+-0+.5063:'(,5',)03,)+(.3/09-+6/H.&06('',0','(670+?)b #!
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M,@=/)(.+-!A.,@!F?).3,!Y(3= &#!1XXP#!J+.,'!D/)'3&+)H.?!F//3?.+).3,!2'/3-=).3,U!A.,@!
$,'(67!+,@!*=B-.?!E'+-)H#! H))&Ubb;;;#;.,@+?).3,#3(6b@3?=5',)/b1CK"K #!

a+5&'(5+,T!Y#!+,@!2#!f+5'/#!1XXW#!AH7!,3./'! ?(.)'(.+!+('!,'?'//+(7!93(!&(3&'(!/.).,6!39!
;.,@!)=(B.,'/#! H))&Ubb;;;#;.,@)=(B.,'/7,@(35'#?35b;&0
?3,)',)b=&-3+@/b1XXWb""bR+5&'(5+,0+,@0]+5'/0P0&&#&@9#!!

a+5&'(5+,T!Y#T!+,@!2#!f+5'/#!1XXW#!4H'!H3;!)3!6=.@'!)3!/.).,6!;.,@!)=(B.,'/!)3!&(':',)!
H'+-)H!(./R/!9(35!/3=,@#!H))&Ubb;;;#/+:')H'B-=99/#? +b+(?H.:'/b9.-'/bR+5&'(5+,0
]+5'/0W01L0XW0('&3()#&@9#!!

a-=6T!E#!Q3./'!9(35!;.,@!)=(B.,'/k/) +,@+(@/!+,@!,3./'!('@=?).3,!&(3?'@=('/#!
H))&Ubb;;;#/'+0+?=/).?+#'/bG':.--+X1b',:6',X"C#&@9 #!!

a'.)HT!G#!$#T!>#!G#!J.?H+=@T!+,@!G#!E#!*#!Z-7#!1XXW#!F!&(3&3/+-!93(!':+-=+).,6!)H'!&3)',).+-!
H'+-)H!'99'?)/!39!;.,@!)=(B.,'!,3./'!93(! &(3]'?)/!=,@'(!)H'!V+,+@.+,!$,:.(3,5',)+-!
F//'//5',)!F?)#!f3=(,+-!39!<3;!8('N=',?7! Q3./'T!O.B(+).3,!+,@!F?).:'!V3,)(3-T!1S!
[I\U1KC01LK#!

2+5+R(./H,+,T!2#!1XXS#!F?3=/).?!V3,/=-).,6!2'&3 ()!*('&+('@!93(!)H'!D,)+(.3!J.,./)(7!39!)H'!
$,:.(3,5',)U!A.,@!4=(B.,'!8+?.-.).'/!Q3./'! M//='/#!F.3-3/!$,6.,''(.,6!V3(&3(+).3,#!
H))&/Ubb3/&+?'#/?H3-+(/&3()+-#.,93bB.)/)('+5b"WSCb"CXSCb"b1WC1WS#&@9#!!

2'6+,T!Z#!+,@!4#Y#!V+/'7#!1XXL#!A.,@!4=(B.,'!Q3./'!*(.5'( , Canadian Acoustics 
Journal CI![1\#!!

236'(/T!F#!+,@!f#!J+,;'--!#!A(.6H)T!G#!1XX1#!A.,@!)=(B.,'!+?3=/).?!,3./'#!
H))&Ubb;;;#?''('#3(6b('(-b&=B-.?+).3,/ b;H.)'&+&'(/bA.,@v4=(B.,'vF?3=/).?vQ
3./'v2':1XXL#&@9b!

G37/+.T!E#T!+,@!D#!G37/+.#!A.,@!9+(5!,3./'!+,@!('6=-+).3,/!.,!)H'!'+/)'(,!_,.)'@!G)+)'/#!
1XXS#!Proceedings of the Second International Meeting on Wind Turbine Noise.!<73,T!
8(+,?'U!G'&)'5B'(!1X01"T!1XXS#!MQV$b$=(3&'#!

G)+)'!39!2H3@'!M/-+,@T!>'&+()5',)!39!$,:.(3,5',)+-!J+,+6'5',)#!1XXP#! Terrestrial Wind 
Turbine Siting Report#!H))&Ubb;;;#@'5#(.#63:b?-'+,,(6b&@9b)'((;.,@#&@9 #!

A+(@T!A#>T!<#E#!237/)'(T!+,@!f#>#!237/)'(#!1XXC#!F,+)357!+,@!*H7/.3-367!39!)H'!$+(U!
Q3(5+-!+,@!>+5+6'@!E'+(.,6#!M,! The Noise ManualT!$@/#!Z'(6'(!$ET!237/)'(!<ET!
237/)'(!f>T!>(./?3--!>*T!<+7,'!J#!FMEF!*('//T!8+.(9+%!OF#!

A'-6+5&3-+T!J#G#T!G#J#!23/',6(',T!Y#J#!E+-5+67.T!+,@!f#Y#!V3-'B+)?H#!1XXC#!O'/).B=-+(!
+?).:+).3,!B7!B3,'!?3,@=?)'@!/3=,@#!Journal of Neurology, Neurosurgery and 
Psychiatry!SIU!SS"0SSW#!

A.-@'(T!>#Y#T!>#$#!A+//'(5+,T!+,@!f#!A+//'(5 +,#!1XX1#!D??=&+).3,+-!O.B(+).3,!$%&3/=('#!
M,!Physical and Biological Hazards of the WorkplaceT!$@#!A+-@!*ET!G)+:'!YJ#!f3H,!
A.-'7!+,@!G3,/T!Q';!r3(R#!

A3(-@!E'+-)H!D(6+,.`+).3,![AED\#!1XXP#!Q.6H )!Q3./'!Y=.@'-.,'/!93(!$=(3&'#!4H'!A3(-@!
E'+-)H!D(6+,.`+).3,T!Y',':+T!G;.)`'(-+,@#!
H))&Ubb;;;#'=(3#;H3#.,)b@3?=5',)b'P1WIK#&@9 #!!
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 A-1 

6992T>LW%6%

Fundamentals of Sound 

4H'!93--3;.,6!+&&',@.%!&(3:.@'/!+@@.).3,+-!B+?R6(3=,@!.,93(5+).3,!3,!/3=,@!+,@!H3;!.)!
./!@'9.,'@#!

D,'!+)53/&H'(.?!&('//=('!./!6.:',!B7!"XXTXXX!&+ /?+-/![*+\T!;H'('!3,'!&+/?+-!./!3,'!Q';)3,!
&'(!/N=+('!5')'(![Qb5 1\T!+,@!+!/3=,@!&('//=('!39!PI!@Z!('!1X! *+!./!6.:',!B7!"!*+![G''!-+)'(!
93(!@'?.B'-/\#!4H'!9('N=',?7!39!)H'!9-=?)=+).3,/!5+7!B'!B');'',!1X!).5'/!+!/'?3,@![1X!E`\T!
+,@!=&!)3!1XTXXX!).5'/!+!/'?3,@![1XTXXX!E`\!93(!)H'!h+=@.B-'i!,3./'#!8('N=',?.'/!B'-3;!
1X!E`!+('!?3553,-7!?+--'@!h.,9(+/3=,@Ti!+-)H3=6H !)H'('!./!+!:'(7!9=``7!B3=,@+(7!B');'',!
.,9(+/3=,@!+,@!-3;!9('N=',?7!,3./'#!M,9(+/3=,@ !+)!H.6H!-':'-/!./!+=@.B-'#!<3;!9('N=',?7!
,3./'!5.6H)!B'!9(35!+B3=)!"X!E`!)3!+B3=)!1XX!E`#!!

M,!+@@.).3,!)3!9('N=',?7T!)H'!N=+,).).'/!;H.?H!@'9.,'!+!/3=,@!;+:'!.,?-=@'U!

!  *('//=('T!*!

!  A+:'-',6)HT! " !

!  O'-3?.)7T!?!z!CIX5b/!+&&(3%T!@'&',@.,6!3,!)'5&'(+)=('!

4H'!:'-3?.)7!+,@!;+:'-',6)H!+('!('-+)'@!B7 U!:'-3?.)7!z!;+:'-',6)H!%!9('N=',?7T!!

2'-+).,6!9('N=',?7!+,@!;+:'-',6)H!B7!:'-3?.)7!6.:'/!!

8('N!E`! "L! C"#K! LC! "1K! 1KX! KXX! "XXX! 1XXX! IXXX!

A+:'-',6)H!
5!

1"! ""! K#I! 1#S! "#I! X#LW! X#CI! X#"S! X#XWK!

! ! ! ! ! ! ! ! ! !

<3;!9('N=',?.'/!H+:'!-3,6!;+:'-',6)H/#!M)! ./!=/'9=-!)3!@':'-3&!+,!+&&('?.+).3,!39!
9('N=',?.'/!+,@!('-+)'@!;+:'-',6)H/T!/.,?'!)H./!H'-&/!+,!=,@'(/)+,@.,6!39!,3./'!
&(3&+6+).3,!+,@!?3,)(3-#!

G3=,@!&('//=('!.,!+!;+:'!./!93(?'!&'(!=,.)! 39!+('+!39!)H'!;+:'!+,@!H+/!=,.)/!39!Qb5 1T!;H.?H!
./!+BB(':.+)'@!)3!*+#!4H'!/3=,@!&('//=('!9-=? )=+)'/!+B3:'!+,@!B'-3;!+)53/&H'(.?!&('//=('!
B7!+!:'(7!/5+--!+53=,)#!!

4H'!/3=,@!&3;'(!./!+!?H+(+?)'(./).?!39!)H'!/3=( ?'T!+,@!./!.)/!(+)'!39!&(3@=?).3,!39!','(67T!
'%&('//'@!.,!;+))/#!4H'!/3=,@!&3;'(!./!)H'!9= ,@+5',)+-!&(3&'()7!39!)H'!/3=(?'T!;H.-/)!)H'!
/3=,@!&('//=('!+)!+!5'+/=('5',)!-3?+).3,!@'&' ,@/!3,!)H'!)(+,/5.//.3,!&+)H!9(35!/3=(?'!)3!
('?'.:'(#!J3/)!/3=,@!/3=(?'/T!.,?-=@.,6!;.,@!)= (B.,'/T!+('!/&'?.9.'@!.,!)'(5/!39!)H'.(!/3=,@!
&3;'(#!4H'!/3=,@!&3;'(!39!+!;.,@!)=(B.,'!./!)7&.?+--7!.,!)H'!"XX0"XK!@ZF!(+,6'T!;H.?H!./!
/.5.-+(!)3!)H+)!39!+!-'+9!B-3;'(#!4H'!/3=,@! &3;'(!./!=/'@!)3!&('@.?)!&(3&+6+).3,!39!)H'!
/3=,@T!;H'('!)H'!/3=(?'!./!+//=5'@!)3!B'!+)!)H'!H=B#!
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A-2  

Sound Levels 
4H'!@'?.B'-!./!)H'!-36+(.)H5!39!)H'!(+).3!B'); '',!);3!:+-='/!39!+!N=+,).)7!/=?H!+/!&3;'(T!
&('//=('!3(!.,)',/.)7T!;.)H!+!5=-).&-7.,6!?3,/ )+,)!)3!6.:'!?3,:',.',)!,=5'(.?+-!9+?)3(/#!
<36+(.)H5/!+('!=/'9=-!93(!?35&('//.,6!+!;.@'!(+ ,6'!39!N=+,).).'/!.,)3!+!/5+--'(!(+,6'#!83(!
'%+5&-'U!

! ! -36"X"X!z!"!!
! ! -36"X"XX!z!1!
! ! -36"X"XXX!z!C!!

4H'!(+).3!39!"XXXU"X!./!?35&('//'@!.,)3!+!(+).3!39!CU"#!

4H./!+&&(3+?H!./!+@:+,)+6'3=/!93(!H+,@-.,6!/3=, @!-':'-/T!;H'('!)H'!(+).3!39!)H'!H.6H'/)!)3!
)H'!-3;'/)!/3=,@!;H.?H!;'!+('!-.R'-7!)3!',?3=,)'(!./!+/!H.6H!+/!"TXXXTXXX!)3!"#!F!=/'9=-!
@':'-3&5',)T!5+,7!7'+(/!+63T!;+/!)3!)+R'!)H'!(+).3/!;.)H!('/&'?)!)3!)H'!N=.')'/)!/3=,@!
;H.?H!;'!?+,!H'+(#!4H./!./!)H'!)H('/H3-@!39! H'+(.,6!+)!"TXXX!E`T!;H.?H!./!1X!5.?(3*+/?+-/!
[" *+\![1%"X0K*+\!39!&('//=('!93(!)H'!+:'(+6'!73=,6!H' +-)H7!&'(/3,#!G3=,@!&3;'(/!.,!@'?.B'-/!
+('!)+R',!;.)H!('/&'?)!)3!+!('9'(',?'!-':'-!39!"X 0"1!;+))/#!

AH',!)H'!;3(@!h-':'-i!./!+@@'@!)3!)H'!;3(@! 93(!+!&H7/.?+-!N=+,).)7T!@'?.B'-!-':'-/!+('!
.5&-.'@T!@',3)'@!B7!<{ T!;H'('! { !./!)H'!/75B3-!93(!)H'!N=+,).)7#!!

*('//=('!-':'-!!!! #
$

%
&
'

(
)

"
#"$%&'"

P
P

Lp !@Z! !

;H'('  *!./!)H'!5'+/=('@!&('//=('!+,@!* X!./!)H'!('9'(',?'!&('//=('!-':'-!39!1%"X 0K!*+!

F!-.))-'!?+-?=-+).3,!+--3;/!=/!)3!'%&('//!)H'!/3=, @!&('//=('!-':'-!+)!+!@./)+,?'!9(35!+!/3=(?'!
39!R,3;,!/3=,@!&3;'(!-':'-!+/!

! G3=,@!&('//=('!-':'-T!< * !z!<; !n1X-36l(m!n""!@Z! !

AH'('! ! !< &!./!)H'!/3=,@!&('//=('!-':'-!
! !! <; !./!)H'!/3=,@!&3;'(!-':'-!39!)H'!/3=(?'!
! !! (!./!)H'!@./)+,?'!9(35!)H'!/3=(?'!

4H./!./!)H'!B+/.?!'N=+).3,!93(!/&H'(.?+-!/3=,@!&( 3&+6+).3,#!M)!./!=/'@!.,!&('@.?).3,!39!;.,@!
)=(B.,'!/3=,@!B=)T!.,!+!('+-!?+-?=-+).3,T!H+/!5+,7!+@@.).3,/!)3!.)T!)3!)+R'!.,)3!+??3=,)!)H'!
+)53/&H'(.?T!6(3=,@!+,@!)3&36(+&H.?!?3,@.).3,/#!E3;':'(T!+/!+!/.5&-'!?+-?=-+).3,T!)H'!
/3=,@!-':'-!+)!+!@./)+,?'!39!KXX5!9(35!+! /3=(?'!39!/3=,@!&3;'(!"XX!@ZF!./!CK!@ZF#!

$N=.:+-',)!-':'-![<'N\U!4H./!./!+!/)'+@7!-':' -!3:'(!+!&'(.3@!39!).5'T!;H.?H!H+/!)H'!/+5'!
','(67!+/!)H+)!39!)H'!9-=?)=+).,6!-':'-!+?)=+ --7!3??=((.,6!@=(.,6!)H+)!).5'#!F0;'.6H)'@!
'N=.:+-',)!-':'-T!@'/.6,+)'@!<F'NT!./!=/'@! 93(!5+,7!-'6./-+).:'!&=(&3/'/T!.,?-=@.,6!93(!
+//'//5',)!39!;.,@!)=(B.,'!/3=,@#!!

*'(?',).-'/![<Q\<!4H'/'!+('!+!/)+)./).?+-!5'+/=('! 39!)H'!9-=?)=+).3,/!.,!3:'(+--!,3./'!-':'-T!
)H+)!./T!.,!)H'!',:'-3&'!39!)H'!,3./'T!;H.?H!./ !=/=+--7!/+5&-'@!+!,=5B'(!39!).5'/!&'(!/'?3,@T!
)7&.?+--7!)',!).5'/#!4H'!53/)!=/'@!&'(?',).-'/!+('!<PX!+,@!<"X#!4H'!<PX!./!)H'!-':'-!'%?''@'@!
93(!PX!&'(?',)!39!)H'!).5'!+,@!('&('/',)/!+!-3;!-' :'-!.,!)H'!,3./'#!M)!./!39)',!=/'@!)3!+//'//!
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!

 A-3 

B+?R6(3=,@!,3./'#!4H'!<"X!./!)H'!-':'-!'%?''@'@!93(!"X!&'(?',)!39!)H'!).5'!+,@!./!+!5'+/=('!
39!)H'!H.6H'(!-':'-/!.,!+!,3./'#!J3@'(,!?3 5&=).,6!/3=,@!-':'-!5')'(/!6.:'!+!(+,6'!39!
&'(?',).-'/#!Q3)'!)H+)!)H'!&'(?',).-'!./!+!/)+) ./).?+-!5'+/=('!3:'(!+!/& '?.9.'@!).5'!.,)'(:+-#!!

Frequency Analysis 
4H./!6.:'/!53('!@')+.-!39!)H'!9('N=',?7!?35&3, ',)/!39!+!,3./'#!8('N=',?7!+,+-7/./!,3(5+--7!
=/'/!3,'!39!)H(''!+&&(3+?H'/U!3?)+:'!B+,@ T!3,'0)H.(@!3?)+:'!B+,@!3(!,+((3;!B+,@#!

Q+((3;!B+,@!+,+-7/./!./!53/)!=/'9=-!93(!?35&-'%!)3,+-!,3./'/#!M)!?3=-@!B'!=/'@T!93(!'%+5&-'T!
)3!@')'(5.,'!+!9+,!)3,'!9('N=',?7T!)3!9.,@! )H'!9('N=',?.'/!39!:.B(+).3,!)(+,/5.//.3,!9(35!
5+?H.,'(7!3(!)3!@')'?)!/7/)'5!('/3,+,?'/#!F --!+,+-7/'/!('N=.('!+,!+:'(+6.,6!3:'(!).5'T!/3!
)H+)!)H'!@')+.-!39!9-=?)=+).3,/!.,!)H'!,3./'!./!,3(5+--7!-3/)#!

V(.)'(.+!93(!+//'//5',)!39!,3./'!+('!B+/'@!3, !@ZFT!3?)+:'!B+,@/T!3(!"bC03?)+:'!B+,@!
5'+/=('5',)/#!4H'/'!5'+/=('/!?-'+(-7!6.:'! .,?('+/.,6-7!@')+.-'@!.,93(5+).3,!+B3=)!)H'!
,3./'#!





!
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The Human Ear





!

 B-1 

6992T>LW%G%

The Human Ear 

E=5+,/!H+:'!'+(/!;.)H!)H(''!6','(+-!('6.3,/U!!

"# F,! outer ear,!.,?-=@.,6!+,!'+(![+=@.)3(7\!?+,+-!

1# F,!+.(0?3,)+.,.,6! middle ear!)H+)!.,?-=@'/!+,!'+(@(=5!+,@!/5+--!B3,'/!?+--'@!3//.?-'/!
[)H(''!.,!5+55+-/T!3,'!.,!3)H'(!+,.5+-/\!

C# F,! inner ear!)H+)!.,?-=@'/!3(6+,/!39!H'+(.,6![.,!5+55+-/T!)H./!./!)H'!3(6+,!39!V3().!.,!)H'!
?3?H-'+\!+,@!B+-+,?'![:'/).B=-+(!-+B7(.,)H\!

F.(B3(,'!/3=,@!&+//'/!)H3(3=6H!)H'!'+(!?+,+-T! 5+R.,6!)H'!'+(@(=5!+,@!3//.?-'/!:.B(+)'T!
+,@!)H./!:.B(+).3,!)H',!/')/!)H'!9-=.@/!39! )H'!?3?H-'+!.,)3!53).3,#!G&'?.+-.`'@!hH+.(!?'--/i!
?3,:'()!)H./!9-=.@!53:'5',)!.,)3!,'(:'!.5&=-/'/ !)H+)!)(+:'-!)3!)H'!B( +.,!+-3,6!)H'!+=@.)3(7!
,'(:'#!4H'!H+.(!?'--/T!,'(:'!?'--/T!+,@!3)H'(!?'--/ !.,!)H'!?3?H-'+!?+,!B'!@+5+6'@!B7!'%?'//.:'!
,3./'T!)(+=5+T!)3%.,/T!'+(!@./'+/'/T!+,@!+/!&+()!39!)H'!+6.,6!&(3?'//#!>+5+6'!)3!)H'!?3?H-'+!
?+=/'/!h/',/3(.,'=(+-!H'+(.,6!-3//Ti!)H'!53/) !?3553,!)7&'!39!H'+(.,6!-3//!.,!)H'!_,.)'@!
G)+)'/#!

M)!./!'//',).+-!)3!=,@'(/)+,@!)H'!(3-'!39!)H'! 5.@@-'!'+(T!+/!;'--!+/!)H'!@.99'(',?'!B');'',!+.(!
?3,@=?).3,!+,@!B3,'!?3,@=?).3,#!4H'!5.@@-'!'+(!&'(93(5/!)H'!'//',).+-!)+/R!39!?3,:'().,6!
+.(B3(,'!/3=,@!.,)3!.,,'(!'+(!9-=.@!53:'5',)T! +!&(3?'//!R,3;,!+/!.5&'@+,?'!5+)?H.,6![+.(!
./!+!-3;0.5&'@+,?'!5'@.=5T!5'+,.,6!)H+)!.)/!53 -'?=-'/!53:'!'+/.-7!.,!('/&3,/'!)3!/3=,@!
&('//=('T!;H.-'!;+)'(!./!+!H.6H0.5&'@+,?'!5' @.=5\#!A.)H3=)!.5&'@+,?'!5+)?H.,6T!3:'(!
PP#P!&'(?',)!39!+.(B3(,'!/3=,@!','(67!./!(' 9-'?)'@!+;+7!9(35!)H'!B3@7#!4H'!5.@@-'!'+(!
',+B-'/!+,.5+-/!-.:.,6!.,!+.(!)3!H'+(!:'(7!/39)! /3=,@/!)H+)!;3=-@!3)H'(;./'!B'!.,+=@.B-'T!B=)!
.)!./!=,,'?'//+(7!93(!+,.5+-/!)H+)!-.:'!.,!;+ )'(T!B'?+=/'!/3=,@!)(+:'-.,6!.,!;+)'(!&+//'/!
'+/.-7!.,)3!)H'!B3@7![;H.?H!./!53/)-7!;+)'(\#!AH ',!+!?H.-@!H+/!+,!'+(!.,9'?).3,T!3(!+,!+@=-)!
&-+?'/!'+(&-=6/!.,!H./!'+(/T!+!h?3,@=?).: '!H'+(.,6!-3//i!@(+5+).?+--7!('@=?'/!)H'!
)(+,/5.//.3,!39!+.(B3(,'!/3=,@!.,)3!)H'!.,,'(! '+(#!*'3&-'!;.)H!?3,@=?).:'!H'+(.,6!-3//!?+,!
/).--!H'+(!/3=,@/!&('/',)'@!@.('?)-7!)3!)H'!/R =--!B7!hB3,'!?3,@=?).3,#i!4H./!./!H3;!B3)H!
H=5+,/!+,@!9./H'/!H'+(!=,@'(;+)'(!3(!;H',!+! :.B(+).,6!)=,.,6!93(R!./!+&&-.'@!)3!)H'!H'+@T!
B=)!.)!('N=.('/!5=?H!53('!+?3=/).?! ','(67!)H+,!+.(!?3,@=?).3,!H'+(.,6#!

!

!





!
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 C-1 

6992T>LW%?%

Measuring Sound 

F!/3=,@!-':'-!5')'(!./!)H'!/)+,@+(@!;+7!39 !5'+/=(.,6!/3=,@#!$,:.(3,5',)+-!/3=,@!./!
,3(5+--7!+//'//'@!B7!)H'!F0;'.6H).,6#!F-)H3= 6H!H+,@0H'-@!.,/)(=5',)/!+&&'+(!)3!B'!'+/7!
)3!=/'T!-+?R!39!=,@'(/)+,@.,6!39!)H'.(!3&'(+).3,!+,@!-.5.)+).3,/T!+,@!)H'!5'+,.,6!39!)H'!
:+(.'@!5'+/=('5',)/!;H.?H!)H'7!?+,!6.:' T!5+7!('/=-)!.,!5./-'+@.,6!('+@.,6/#!!

4H'!;'.6H).,6!,');3(R!+,@!'-'?)(.?+-!9.-)'(/!+( '!+,!.5&3()+,)!&+()!39!)H'!/3=,@!-':'-!5')'(T!
+/!)H'7!6.:'!+,!.,@.?+).3,!39!)H'!9('N=',?7! ?35&3,',)/!39!)H'!/3=,@#!4H'!9.-)'(/!+('!+/!
93--3;/U!

!  F0;'.6H).,6U! ! 3,!+--!5')'(/!!

!  V0;'.6H).,6U!! ! 3,!53/)!5')'(/!

!  <.,'+(![p0;'.6H).,6\U!! 3,!5+,7!5')'(/!

!  D?)+:'!9.-)'(/U!! ! 3,!/35'!5')'(/!

!  4H.(@!3?)+:'!9.-)'(/U!! 3,!/35'!5')'(/!

!  Q+((3;!B+,@U!! ! 3,!+!9';!5')'(/!

G3=,@!-':'-!5')'(!;'.6H).,6!,');3(R/!+('!/H3;,! .,!8.6=('!V0"#!D(.6.,+--7T!)H'!F0;'.6H).,6!
;+/!.,)',@'@!93(!-3;!-':'-/!39!,3./'#!V0;'.6H) .,6!;+/!.,)',@'@!93(!H.6H'(!-':'-/!39!,3./'#!
4H'!;'.6H).,6!,');3(R/!;'('!B+/'@!3,!H=5+,!H'+(.,6!?3,)3=(/!+)!-3;!+,@!H.6H!-':'-/!+,@!
.)!;+/!H3&'@!)H+)!)H'.(!=/'!;3=-@!5.5.?!)H'!(' /&3,/'!39!)H'!'+(#!4H./!?3,?'&)T!;H.?H!@.@!
,3)!;3(R!3=)!.,!&(+?).?'T!H+/!,3;!B'',!+B+,@3,'@!+,@!F0!+,@!V0;'.6H).,6!+('!=/'@!+)!+--!
-':'-/#!<.,'+(!;'.6H).,6!./!=/'@!)3!@')'?)!-3 ;!9('N=',?.'/#!F!/&'?.+-./)!Y0;'.6H).,6!./!=/'@!
93(!.,9(+/3=,@!B'-3;!1X!E`#!!

8.6=('!V0"!/H3;/!)H+)!)H'!F0;'.6H).,6!@'&('//'/! )H'!-':'-/!39!)H'!-3;!9('N=',?.'/T!+/!)H'!'+(!
./!-'//!/',/.).:'!)3!)H'/'#!4H'('!./!6','(+-! ?3,/',/=/!)H+)!F0;'.6H).,6!./!+&&(3&(.+)'!93(!
'/).5+).3,!39!)H'!H+`+(@!39!QME<#!A.)H!('/&'?)!)3!3)H'(!'99'?)/T!/=?H!+/!+,,37+,?'T!F0
;'.6H).,6!./!+??'&)+B-'!.9!)H'('!./!-+(6'-7!5.@@- '!+,@!H.6H!9('N=',?7!,3./'!&('/',)T!B=)!.9!)H'!
,3./'!./!=,=/=+--7!H.6H!+)!-3;!9('N=',?.'/T!3( !?3,)+.,/!&(35.,',)!-3;!9('N=',?7!)3,'/T!)H'!
F0;'.6H).,6!5+7!,3)!6.:'!+!:+-.@!5'+/=('#!V35&+('@!;.)H!3)H'(!,3./'!/3=(?'/T!;.,@!
)=(B.,'!/&'?)(+T!+/!H'+(@!.,@33(/!+)!)7&.?+-!/'&+(+).3,!@./)+,?'/T!H+:'!-'//!-3;!9('N=',?7!
?3,)',)!)H+,!53/)!3)H'(!/3=(?'/![*'@'(/',T!1XXW\#!
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Propagation of Sound 

4H'!&(3&+6+).3,!39!,3./'!9(35!;.,@!)=(B.,'/ !./!@')'(5.,'@!B7!+!,=5B'(!39!9+?)3(/T!
.,?-=@.,6U!

!  Y'35')(.?+-!/&('+@.,6T!6.:',!B7!a!z!1X-36l(m!n""!@ZT!+)!+!@./)+,?'!(!

!  J3-'?=-+(!+B/3(&).3,#!4H./!./!?3,:'(/.3,!39 !+?3=/).?!','(67!)3!H'+)!+,@!./!9('N=',?7!
@'&',@',)!

!  4=(B=-',)!/?+))'(.,6!9(35!-3?+-!:+(.+).3,/!., !;.,@!:'-3?.)7!+,@!+.(!)'5&'(+)=('!+,@!./!
53@'(+)'-7!9('N=',?7!@'&',@',)!

!  Y(3=,@!'99'?)/k('9-'?).3,T!)3&36(+&H7!+,@! +B/3(&).3,!+('!9('N=',?7!@'&',@',)d!)H'.(!
'99'?)/!.,?('+/.,6!+/!)H'!9('N=',?7!.,?('+/'/!!

!  Q'+(!/=(9+?'!'99'?)/k)'5&'(+)=('!+,@!;.,@!6(+@.',)/#!

4H'!/3=,@!&('//=('!+)!+!&3.,)T!@./)+,)!9(35!/3=(?'T!./!6.:',!B7!!

<* !z!<A !0!ak>!0!F F!0!FY!!! [@Z\!! ! ! !

M,!;H.?HU!

<* !./!)H'!/3=,@!&('//=('!+)!)H'!('?'.:.,6!&3.,)!

<A! ./!)H'!/3=,@!&3;'(!39!)H'!)=(B.,'!.,!@'?.B'-/!('!"X 0"1!;+))/!

a!./!)H'!6'35')(.?+-!/&('+@.,6!)'(5T! ;H.?H!./!.,H'(',)!.,!+--!/3=(?'/!

>!./!+!@.('?).:.)7!.,@'%T!;H.?H!)+R'/!,3,0=,.93(5!/&('+@.,6!.,)3!+??3=,)!

F F !./!+,!+)53/&H'(.?!+B/3(&).3,!+,@!3)H'(!,'+(!/=(9+?'!'99'?)/!)'(5!

F Y!./!+!6(3=,@!+B/3(&).3,!+,@!3)H'(!/=(9+?'!'99'?)/!)'(5!

Q'+(!/=(9+?'!5')'3(3-36.?+-!'99'?)/!+('!?35&-' %T!+/!;.,@!+,@!)'5&'(+)=('!6(+@.',)/!+99'?)!
&(3&+6+).3,!)H(3=6H!)H'!+.(#! !

!
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Expert Panel Members 

J'5B'(/!39!)H'!'%&'()!&+,'-!+('!-./)'@!B'-3;# !Z.36(+&H.'/!39!'+?H!5'5B'(!+('!&(3:.@'@!
93--3;.,6!)H'!-./)#!

Expert Panel Members%

W. David Colby, M.D. 
VH+)H+50a',)!J'@.?+-!D99.?'(!39!E'+-)H![F?).,6\!
F//3?.+)'!*(39'//3(T!G?H=-.?H!G?H33-!39!J'@.?.,'!e!>',)./)(7T!_,.:'(/.)7!39!A'/)'(,!
D,)+(.3!

Robert Dobie, M.D. 

V-.,.?+-!*(39'//3(T!_,.:'(/. )7!39!4'%+/T!G+,!F,)3,.3!
V-.,.?+-!*(39'//3(T!_,.:'(/.)7!39!V+-.93(,.+T!>+:./!

Geoff Leventhall, Ph.D. 
V3,/=-)+,)!.,!Q3./'!O.B(+).3,!+,@!F?3=/).?/T!_a!

David M. Lipscomb, Ph.D. 
*('/.@',)T!V3(('?)!G'(:.?'T!M,?#!!

Robert J. McCunney, M.D. 
2'/'+(?H!G?.',)./)T!J+//+?H=/ '))/!M,/).)=)'!39!4'?H,3-367!>'&+()5',)!39!Z.3-36.?+-!
$,6.,''(.,6T!!
G)+99!*H7/.?.+,T!J+//+?H=/'))/!Y','(+-!E3/& .)+-!*=-53,+(7!>.:./.3,d!E+(:+(@!J'@.?+-!
G?H33-!

Michael T. Seilo, Ph.D. 
*(39'//3(!39!F=@.3-367T!A'/)'(,!A+/H.,6)3,!_,.:'(/.)7!

Bo S¿ndergaard, M.Sc. (Physics) 
G',.3(!V3,/=-)+,)T!>+,./H!$-'?)( 3,.?/!<.6H)!+,@!F?3=/).?/![>$<4F\!

Technical Advisor 
Mark Bastasch 
F?3=/).?+-!$,6.,''(T!VE1J!EM<<!

!

!

!
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Panel Member Biographies 

W. David Colby, M.D. 
A#!>+:.@!V3-B7!J#G?#T!J#>#T!82V*VT!./!+!9'--3;!39!)H'!237+-!V3--'6'!39!*H7/.?.+,/!+,@!
G=(6'3,/!39!V+,+@+!.,!J'@.?+-!J.?(3B.3-367#! >(!V3-B7!./!)H'!F?).,6!J'@.?+-!D99.?'(!39!
E'+-)H!.,!VH+)H+50a',)T!D,)+(.3!+, @!F//3?.+)'!*(39'//3(!39!J'@.?.,'T!
J.?(3B.3-367bM55=,3-367!+,@!*H7/.3-367b*H+(5+?3-367!+)!)H'!G?H=-.?H!G?H33-!39!
J'@.?.,'!+,@!>',)./)(7!+)!)H'!_,.:'(/.)7!39!A' /)'(,!D,)+(.3#!E'!('?'.:'@!H./!J#>#!9(35!)H'!
_,.:'(/.)7!39!43(3,)3!+,@!?35&-')'@!H./!('/.@' ,?7!+)!_,.:'(/.)7!E3/&.)+-T!<3,@3,T!D,)+(.3#!
AH.-'!/).--!+!('/.@',)!H'!;+/!6.:',!+!9+?=-)7! +&&3.,)5',)!+,@!-+)'(!;+/!+&&3.,)'@!VH.'9!39!
J.?(3B.3-367!+,@!V3,/=-)+,)!.,!M,9'?).3=/! >./'+/'/!+)!_,.:'(/.)7!E3/&.)+-#!>(!V3-B7!
-'?)=('/!'%)',/.:'-7!3,!+,).5.?(3B.+-!?H'53) H'(+&7T!('/./)+,?'!+,@!9=,6+-!.,9'?).3,/!.,!
+@@.).3,!)3!+!B=/7!?-.,.?+-!&(+?).?'!.,!4(+:'-!J'@.?.,'!+,@!./ !+!V3(3,'(!93(!)H'!&(3:.,?'!39!
D,)+(.3#!E'!H+/!('?'.:'@!,=5'(3=/!+;+(@/! 93(!H./!)'+?H.,6#!>(#!V3-B7!H+/!+!,=5B'(!39!
+().?-'/!.,!&''(0(':.';' @!]3=(,+-/!+,@!./!)H'!+=)H3(!39!)H'!)'%)B33R!Optimizing Antimicrobial 
Therapy: A Pharmacometric Approach. E'!./!+!*+/)!*('/.@',)!39!)H'!V+,+@.+,!F//3?.+).3,!39!
J'@.?+-!J.?(3B.3-36./)/#!D,!)H'!B+/./!39!H./!'% &'()./'!.,!*=B-.?!E'+-)HT!>(!V3-B7!;+/!+/R'@!
B7!H./!5=,.?.&+-.)7!)3!+//'//!)H'!H'+-)H!.5 &+?)/!39!;.,@!)=(B.,'/#!4H'!('&3()T!).)-'@! The 
Health Impact of Wind Turbines: A Review of the Current White,Grey, and Published Literature!./!
;.@'-7!?.)'@!.,)'(,+).3,+--7#!!

Robert Dobie, M.D. 
23B'()!>3B.'T!J#>#T!./!?-.,.?+-!&(39'//3(!39!3)3-+(7,63-367!+)!B3)H!)H'!_,.:'(/.)7!39!4'%+/!
E'+-)H!G?.',?'!V',)'(!+)!G+,!F,)3,.3!+,@!)H'!_, .:'(/.)7!39!V+-.93(,.+0>+:./#!E'!./!+-/3!+!
&+(),'(!.,!>3B.'!F//3?.+)'/T!+!?3,/=-).,6!&( +?).?'!/&'?.+-.`.,6!.,!H'+(.,6!+,@!B+-+,?'T!
H'+(.,6!?3,/'(:+).3,T!+,@!'+(!@./3(@'(/#!4H'!+= )H3(!39!3:'(!"SK!&=B-.?+).3,/T!H./!('/'+(?H!
.,)'('/)/!.,?-=@'!+6'0('-+)'@!+,@!,3./'0.,@=?'@!H'+(.,6!-3//T!+/!;'--!+/!).,,.)=/!+,@!3)H'(!
.,,'(!'+(!@./3(@'(/#!E'!./!&+/)!&('/.@',)!39! )H'!F//3?.+).3,!93(!2'/'+(?H!.,!D)3-+(7,63-367T!
&+/)!?H+.(!39!)H'!E'+(.,6!+,@!$N=.-.B(.=5!V355.))''!39!)H'!F5'(.?+,!F?+@'57!39!
D)3-+(7,63-3670E'+@!+,@!Q'?R!G=(6'(7T!+,@!H+/!/'(:'@!3,!)H'!B3+(@/!+,@!?3=,?.-/!39!
5+,7!3)H'(!&(39'//.3,+-!3(6+,.`+) .3,/!+,@!/?H3-+(-7!]3=(,+-/#!!

Geoff Leventhall, Ph.D. 
Y'399!./!+!_a0B+/'@!,3./'!+,@!:.B(+).3,!?3,/=-)+,)!;H3!;3(R/!.,)'(,+).3,+--7#!E./!
+?+@'5.?!+,@!&(39'//.3,+-!N=+-.9.?+).3,/!.,?-=@'!*H#>#!.,!F?3=/).?/T!8'--3;!39!)H'!_a!
M,/).)=)'!39!*H7/.?/T!E3,3(+(7!8'--3;!39!)H'! _a!.,/).)=)'!39!F?3=/).?/![39!;H.?H!H'!./!+!
93(5'(!*('/.@',)\T!>./).,6=./H'@!M,)'(,+).3 ,+-!J'5B'(!39!)H'!_GF!M,/).)=)'!39!Q3./'!
V3,)(3-!$,6.,''(.,6T!J'5B'(!39!)H '!F?3=/).?+-!G3?.')7!39!F5'(.?+#!

E'!;+/!93(5'(-7!+,!+?+@'5.?T!@=(.,6!;H.?H!). 5'!H'!/=&'(:./'@!CX!('/'+(?H!/)=@',)/!)3!
?35&-').3,!39!)H'.(!@3?)3(+-!/)=@.'/!.,!+?3= /).?/#!J=?H!39!H./!+?+@'5.?!+,@!?3,/=-)+,?7!
;3(R!H+/!B'',!3,!&(3B-'5/!39!.,9(+/3=,@! +,@!-3;!9('N=',?7!,3./'!+,@!?3,)(3-!39!-3;!
9('N=',?7!,3./'!B7!+?).:'!+))',=+).3,!

E'!H+/!B'',!+!5'5B'(!39!+!,=5B'(!39!Q+).3 ,+-!+,@!M,)'(,+).3,+-!?355.))''/!3,!,3./'!+,@!
+?3=/).?/!+,@!;+/!('?',)-7!+!5'5B'(!39!);3! ?355.))''/!&(3@=?.,6!('&3()/!3,!'99'?)/!39!
,3./'!3,!H'+-)HU!)H'!_a!E'+-)H!*(3)'?).3,! F6',?7!V355.))''!3,!)H'!E'+-)H!$99'?)/!39!
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_-)(+/3=,@!+,@!M,9(+/3=,@!+,@!)H'!_a!>'&+() 5',)!39!E'+-)H!V355.))''!3,!)H'!$99'?)/!39!
$,:.(3,5',)+-!Q3./'!3,!E'+-)H#!

David M. Lipscomb, Ph.D. 
>(#!>+:.@!J#!<.&/?35B!('?'.:'@!+!*H#!>#!., !E'+(.,6!G?.',?'!9(35!)H'!_,.:'(/.)7!39!
A+/H.,6)3,![G'+))-'\!.,!"PLL#!>(#!<.&/?35B!)+=6 H)!+)!)H'!_,.:'(/.)7!39!4',,'//''!93(!53('!
)H+,!);3!@'?+@'/!.,!)H'!>'&+()5',)!39!F=@.3-3 67!+,@!G&''?H!*+)H3-367#!AH.-'!H'!;+/!3,!
)H'!9+?=-)7T!>(#!<.&/?35B!@':'-3&'@!+,@!@.('?)'@!)H'!@'&+()5',)|/!Q3./'!2'/'+(?H!
<+B3(+)3(7#!>=(.,6!H./!)',=('!+)!4',,'//''!+,@!+9)'(!H'!53:'@!)3!)H'!*+?.9.?!Q3()H;'/)!.,!
"PWWT!>(#!<.&/?35B!H+/!/'(:'@!+/!+!?3,/=-)+,)!)3!5+,7!',).).'/!.,?-=@.,6!?355=,.).'/T!
63:'(,5',)+-!+6',?.'/T!.,@=/)(.'/T!+,@!-'6+-!3(6+,.`+).3,/#!

>(#!<.&/?35B!H+/!N=+-.9.'@!.,!?3=()/!39!-+;!+/!+,!'%&'()!.,!F=@.3-367!/.,?'!"PLL#!V=((',)-7T!
H'!.,:'/).6+)'/!.,?.@',)/!)3!@')'(5.,'!;H') H'(!+,!+?3=/).?+-!;+(,.,6!/.6,+-!&(3:.@'@!
;+(,.,6!)3!.,@.:.@=+-/!.,!H+(5/!;+7T!+,@T!.9!/3T!+)!H3;!5+,7!/'?3,@/!B'93('!+,!.,?.@',)#!
A.)H!H./!B+?R6(3=,@!.,!?-.,.?+-!+,@!('/'+(?H!+=@.3-367T!H'!=,@'()+R'/!)H'!':+-=+).3,!39!
H'+(.,6!.5&+.(5',)!?-+.5/!93(!.,@=/) (.+-!/')).,6/!+,@!&(3@=?)!-.+B.-.)7#!

>(#!<.&/?35B!;+/!+!B.3+?3=/).?+-!?3,/=-)+,)!)3 !)H'!_#!G#!$,:.(3,5',)+-!*(3)'?).3,!F6',?7!
D99.?'!39!Q3./'!FB+)'5',)!+,@!V3,)(3-![DQFV\!+)!)H'!).5'!)H'!+6',?7!;+/!('/&3,@.,6!)3!
V3,6('//.3,+-!5+,@+)'/!?3,)+.,'@!.,!)H'!Q3./'!V3,)(3-!F?)!39!"PS1#!E'!;+/!3,'!39!)H'!
3(.6.,+-!+=)H3(/!39!)H'!V(.)'(.+!>3?=5',)!&(3@ =?'@!B7!DQFVT!+,@!H'!/'(:'@!+/!+!(':.';'(!
93(!)H'!DQFV!@3?=5',)!).)-'@! Information on Levels of Environmental Noise Requisite to Protect 
Public Health and Welfare with an Adequate Margin of Safety#!>(#!<.&/?35Bc/!'%&'(.',?'!.,!
;(.).,6!+,@!(':.';.,6!B.3+?3=/).?+-!@3?=5',)+) .3,!H+/!B'',!&+().?=-+(-7!=/'9=-!.,!H./!
(':.';!39!5+)'(.+-/!93(!FA$F!('6+(@.,6!;.,@!9+(5!,3./'!?3,?'(,/#!

Robert J. McCunney, M.D. 
23B'()!f#!J?V=,,'7T!J#>#T!J#*#E#T!J#G#T!./!B3+(@!?'().9.'@!B7!)H'!F5'(.?+,!Z3+(@!39!
*(':',).:'!J'@.?.,'!+/!+!/&'?.+-./)!.,!3 ??=&+).3,+-!+,@!',:.(3,5',)+-!5'@.?.,'#!>(#!
J?V=,,'7!./!+!/)+99!&H7/.?.+,!+)!J+//+?H=/') )/!Y','(+-!E3/&.)+-c/!&=-53,+(7!@.:./.3,T!
;H'('!H'!':+-=+)'/!+,@!)('+)/!3??=&+).3,+-! +,@!',:.(3,5',)+-!.--,' //'/T!.,?-=@.,6!-=,6!
@./3(@'(/!(+,6.,6!9(35!+/B'/)3/./!)3!+/)H5+!)3 !53-@!('-+)'@!H'+-)H!?3,?'(,/T!+53,6!3)H'(/#!
E'!./!+-/3!+!?-.,.?+-!9+?=-)7!5'5B'(!39!E+(: +(@!J'@.?+-!G?H33-!+,@!+!('/'+(?H!/?.',)./)!+)!
)H'!J+//+?H=/'))/!M,/).)=)'!39!4'?H,3-367!>'&+() 5',)!39!Z.3-36.?+-!$,6.,''(.,6T!;H'('!H'!
&+().?.&+)'/!.,!'&.@'5.3-36.?+-!('/'+(?H!&' ()+.,.,6!)3!3??=&+).3,+-!+,@!',:.(3,5',)+-!
H'+-)H!H+`+(@/#!!

>(#!J?V=,,'7!('?'.:'@!H./!Z#G#!.,!?H'5.?+-!', 6.,''(.,6!9(35!>('%'-!_, .:'(/.)7T!H./!J#G#!.,!
',:.(3,5',)+-!H'+-)H!9(35!)H'!_,.:'(/.)7!39! J.,,'/3)+T!H./!J#>#!9(35!)H'!4H35+/!f'99'(/3,!
_,.:'(/.)7!J'@.?+-!G?H33-!+,@!H./!J#*#E#!9(35 !)H'!E+(:+(@!G?H33-!39!*=B-.?!E'+-)H#!E'!
?35&-')'@!)(+.,.,6!.,!.,)'(,+-!5'@.?.,'!+)! Q3()H;'/)'(,!_,.:'(/.)7!J'@.?+-!V',)'(!.,!
VH.?+63#!>(#!J?V=,,'7!./!&+/)!&('/.@',)!39 !)H'!F5'(.?+,!V3--'6'!39!D??=&+).3,+-!+,@!
$,:.(3,5',)+-!J'@.?.,'![FVD$J\!+,@!+,!+??3 5&-./H'@!+=)H3(#!E'!H+/!'@.)'@!,=5'(3=/!
3??=&+).3,+-!+,@!',:.(3,5',)+-!5'@.?.,'!)' %)B33R/!+,@!3:'(!WX!&=B-./H'@!+().?-'/!+,@!
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