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Executive Summary
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JB3(DH+,ISX123=,)(#IFN39D)HT, @139 IXXWTHH'('1;'(1+&8(3%.5+)"- 71" IX TWXX!
5'6+:4))/1391:.,@", (6712+&+2.)7\.. )+  --@!+(3=,@')H";3(-@![Y-3B+-A.,@'$,' (67!
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&=B-.2."@)H".(123,2'(,/YH+))H/3=,@/'5. ))'@!9(35!;.,@!)=(B.,/12+=/1+@:'(/'"H"+-)H!
23,/'N=",2'/#!!

M,!(/&3,/M)31)H3/'123,2'(/THH'IF5( 24 1+,@IV+,+@ .+, A, @'$, (67'F//32.4).3,/!
[FASFI+,@\V+ ASF\I)+B-/H'@!+1/2.).9.21  +@:./3(7'&+,-1. I'+(-TI1IXXP)3123,@="7)!+!
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Introduction

4H"5.//.3,139NH'F5'(.?+,IA., @ 1$,'(67!F//3?.+).3,[[FA$F\!./1)3!&(353) 1)H"16(3;)H!39!

1 @1&3;'(NH(3=6H!+@:3?+?7T!1?355=,.2+).3,TI+,@ !""@=7+).3,#!G.5.-+(-7THH"15.//.3,'39)H"!
V+,+@.+,!A.,@!$,'(67!F//3?.+).3,![V+,ASF \l./1)31&(353)H"('/&3,/.B-"+,@!
[=N)+.,+B-"16(3;)H!39!;., @!&3;'(".,IV+,+@+#!  Z3)H!3(6+,."+).3,/1;./H)3N+R'+1&(3+7?).:']
(31,1 /=(.,6)HH)L;., @, (671&(3]'?)/1+( "1633@!,".6HB3(/))31)H'1?2355=,.). /l)H+)IH+:"!
5B(+?'@!;.,@!",'(67#!

436')H'(IFASFI+ @!V+ ASFI&(3&3/@1)31+!  ,=5B'(139!.,@'&",@',)!6(3=&/)H+))H'7!
'%6+5., HH/2.',).9.2L+-.@.)71391(?" )I(&3()/! 3, )H+@:'(/'H'+-)HI'99'2)/139;. @1)=(B.,"
&(3%.5.) THIG=?HI('&3()/IH+:"I(+./'@!&=B-.?723,2'(,1+B3=),.,@N=(B .,T%&3/=(#M,)H'!
+B/,2'1391@"?-+('@!?355.)5',))3!/=?H!+,!  '993()!9(35!.,@'&",@',)!6(3=&/THH';.,@
L@=)(7'@'?.@ @')3!B"1&(3+?).."1+,@!+@@()H'L/I="1.)-9#IM 1 IXXPTIFA$F I+ @'V -+, A$F!
2355.//.3,'@)H.N(&3HAH TR @)H1+=)H3( /1)31'%6+5.1&=B-/H'@!/?.",).9.21-.) (+)=("
3,1&3//.B-1+@:'(/'"H'+-)HI'99'?)/1(/=-)  .,619(35!"%&3/=(1)3!;.,@!)=(B., /#!

AH13B]'?).: 1390 H.N(&3()LNH+@@(/IH' +-)HI?3,2'(/1+//32.+) @!;.)H!/3=,@/'9(35!
S@=N)(+-0/2+-1;., @1)=(B., /#IM, . )+B-7TTI+( &3()!9=,@ @'B7!+,.,@=/)(7'+//37.+).3,};.--1B'l
/=B]'2)1)312H+(6/139!B.+/1+,@!?3,9-.2)/13D,)' () HFASF!+,@!V+ ASFIH+:'15.,.5.' @!
B.+/1+,@!73,9-.2)/1391..)'())3NH16(+)'/)1&3//.B-1%)' ) )H(3=6H!/'-'?).3,1391+!
@.)).,6=/H@'&+, 1391, @'&, @' )'%&()1.,]  +?3=/).2TI+=@.3-36BT@.?., T!+ @!&=B-.?!
H'+-)H#AH /1(&3()L/NH(/=-)139)H".('993()/#!

1.1 Expert Panelists

AHT%& ()1-1) @'B-3:1;' (1+/R'@!)3L.,).6+) 1+,@!+,+-7"1%.1).,61-.) (+)=(1+,@!
&=B-/H)H".(19.,@.,6/!.,)H./N (&30 d)H".(! ?=((,)'&3/.).3,/'+,@b3(IN=+-.9.7+).3,193(!
,2-=1.3,14(14-/131&(3:. @' @#!

| A#I>+.@IV3-BTTIIHS#VH+)H+50a’,)lJ'@.7+-1D99.?'(139!E'+-)H![F?).,6\d!F//3?.+)'!
*(39//3(TIG?H=-.2HIG?H33-1391J'@.7.,1e¥" )./)(7TL_,."(/.)7'39IAY)'(,!D,)+(.3!

| 23B'()1>3B.'TII#># UGk.,.2+-1(39'//3(T!_,.'(1) 7139 14'%+TIG+,IF,)3,.3dIV-.,.7+-!
*(39'/3(TL_,.."(1.) 71391V +-.93(, +TI>+../!

I Y'3991< JH+--TIH#> =W3,/=-)+,)1.,1Q3./0.B(+).3,!+,@'F?3=/).2/T!_a!
| >+ @J#I<.&I?35BTHHES=(L. @', ) TIV3((?)IG'(. 2" TIM, 241!

I 23B()If#IPV=, TS  WRT+(PHIG?. )N TII+HI+2H=/ ))/IM,/).)=)'13914'?H,3-367!
>'&+()5',)1391Z.3-36.2+-1$,6.,"(,6dIG)+  99HT7/.2.+ TIJ+/[+2PH=/))IY" ' (+-IE3/&.)+-!
*=-53 +(71>.../.3,dIE+(:+(@!J' @.?+-1G?H33-!

| J.2H+-14#1G" -3TI*H#=B@0'//3(139!F=@.3-36 7TIA/)'(,|IA+/H.,6)3,!_,."(/.)7!



WIND TURBINE SOUND AND HEALTH EFFECTS
AN EXPERT PANEL REVIEW

| Z3IGQ,@'(6++(@TIIHG2#I[*HTNAG',.3(IV3,/=-)+,)TI>+,.  [HI$-'?)(3,.2/I<.6H)!+ @!
F23=/).2/[>$<4F\l

JH(RIZH)HPHT I 14+23=/).2+-1'6."(L)HDH  '123,/=-).,619.(5139IVELIEM<<TI+?) @!+/!
)2H,. 2+-14+@:./3(1)3)H'1&+, -#!

1.2 Report Terminology

V'O+., ) (BI+(1=I@!19(N=")-7TYH(B=6H3=))H  ./I(&3()#4+B-1"0"1@'9.,/H/'1)'(5/#IF,!
=@'()+ @.,6!39H1@./).,?).3,IB);" Ih/3=,@i!+,@!'N,3./'II5+7IB1&+(). ?=-+(-7!=/'9=-1)3!
JHIC+@'(#!

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 (pPa).

A-weighted sound The sound pressure level in decibels as measured on a sound level meter

pressure level (dBA) 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.

According to the International Electrotechnical CommissionOs (IECOs) 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).

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.!

Infrasound

Low-frequency sound

Source: HPA, 2009.
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Methodology

AH("1/)'&N193(BYHB+.193(YH./(&3OUI93(5  +).3,1391+,1'06&'()1&+,-T!(:.":1391-.) (+)=("
@.(?)-7/(-+)@)3";.,@)=(B., T+ @!(:. 1391&3)").+-I':.(3,5')+-'%&3/=("/#!

2.1 Formation of Expert Panel

AHIF5'(.2+,14,@IV+,+@.+,15.,@!", (6743 2.4).3,/TIFASFI+ @!V+ ASFTI+//'5B-'@!+!
@./).,.6=/H'@'&+,-139!.,@'&,@",)'%& (/)3 +@@(//'?3,?'(,/)H+)))H"/3=,@/''5.)) @'
9(35:.,@!)=(B.,"?+=/1+@: (/'H'+-)HI?3,/'N=", 2'/#!!

AH'13B]?). 13O H1&+, -1 +/)3I&(3:.@"+,1+=  YH3(.)+).:1(9'(,?1@37?=5',)193(1)H"I=/139!
-6./-4)3(/TI(6=-+)3(/T!+,@!&'3&"1/.5&7! ;+,).,6)3!5+R'l/ /139))H'?3,9-.?).,6!
,93(5+).3,1+B3=)!:.,@")=(B.,"/3=, @#!

AHN&+,-I(&(T) @V%&' ()., 1+=@.3-367T  1+23=/).2/T13)3-+(7,63-367T132?7=8&+).3,+-b!
1(3,5)+I5'@.2., T+, @!&=B-2IH+)HAF!  (/139123,9'(, 212+ (H-@!+53,6!

&+, -I5'5B(1)31@./2=//1-) (+)=(1+, @' R'7IH+-  YHI?3,2'(,/)H+)IH+:'1B" I(+./'@!+B3=)!

L @)=(B., #I4H12+--/1;(193--3; @!B7)H'I@"-3&5')139!1+1 @ (+9) )H+) L +/1(:.'; @!B7!
3)H'(1&+,-15'5B (/#14H(3=6H3=))H193--3:0=&!  &'(.3@T!-.)'(+)=(;+/12(.).2+--TI+@@(// @#!

2.2 Review of Literature Directly Related to Wind Turbines

AH'&+,-123,@=?) @!+!/'+(?H139*=BII'@!=, @'(")H'H'+@.,6'hA.,@!4=(B.,"/I+ @!E'+-)H!
$992)/IN3I(/+(?HI+@+@@(/I&"(O(=.'@!  -)(H)=(#M,+@@.).3, THH'&+,-173,@=?) @'+!
[+(?H!13,1h:.B(3+?23=/).21@./+/'#l4H1(9'(  ,?2'/'?).3,1.@",).9./)H'1&"(I+@!,3,0&"(!

(. @Y3=(?MHH)!(123,/=-) @'B7)H'1&+,-#

2.3 Review of Potential Environmental Exposures

AH'&+,-123,@=2) @!+!(.;1391&3)")).+-I',  1.(3,5')+-I'%&3/=(/1+//3?.+)'@!;)H!;.,@!
)=(B.,13&(+).3,/TL)HI+1932=/131-3:19(  'N=',27!/3=,@T!.,9(+/3=,@T!+,@":.B(+).3,#
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Overview and Discussion

4H.111'2).3,1/=55+(. I H(/=-)/139)H'I( L @, +-710123,@=?) @'B7!)HT%E&()!
&+,-1+ @!(/&3,@/")3!+!,=5B'(139!R'7IN="/).3,/U!

| E3@3L.,@!)=(B.,13&(+).3,/!  +99'?)IH=5+,1+=@.)3(7!(/&3,/!

I E31@31@")' (5., )H-3=@, //!+,@'9('N=",77!39!/3=, @'+ @!.)/1'99'?)/13,)H!
H=5+,1+(j!!

| E3;@3!:.,@")=(B.,''&(B@=?"/3=,@j!
I E3;L/I3=,@!5'+/=(@!+,@!))@]!
I AH+)L/1.B(+).3,j!!

I 1 HH))7&1391'%8&3/=()3!.,@)=(B.,/1./'53  (1-.R-7!)3IB1&(?";'@!B7IH=5+/1-3;!
9(N=",2713=,@T".,9(+/3=,@'3(::.B(+).3\] %

I V+3=,@0.,)H1-3;19(N="271(+,6'TI53/)  1,3)+B-7)H'.,9(+/3,.21(+,6 TI+@:'(/'-7!
+99'2)IH=5+,IH'+-)Hj!$:" L H' Y=2H1-"2"-/ 1+(1B'-3;)H'1+:(+6'1&'(/3,¢/1+B.-.) 71)3!
H'+()H'5!!

| E3;l@3/)H'IH=5+,1:/).B=-+(1/7/)’5!(/&3,@!)3!/3=,@j!
I AHH)H(DHI&S),).+-1+@:(/199'2)1+,@!  H'+-)H!.5&-.7+).3,/1391/3=, @"'%&3/=(}!

I AH#)I@3'1/2.,).9.21-.)'(+)=(/+71+B3= )., @!)=(B.,/T!-3;19(N=",271/3=,@T!+@!
L9(+/3=,@j!

3.1 Wind Turbine Operation and Human Auditory Response to
Sound

3.1.1 Overview

4H',3(5+-13&'(+).3,1391+!:. @)=(B.,''&(B@ =?"1/3=,@'+,@!:.B(+).3, T!+(3=/.,6!23,2'(,!
+B3=)1&3)"). +-IH'+-)HI.5&-.2+).3,/#4H./I" ?).3,+@@(//'1)H"9=,@+5")+-1&(.,?.&-'/!
+/32.4)'@!;.)H!/3=,@!+,@!:.B(+).3,T!/3=,@! 5'+/=('5' ) Tl+,@!&3)",).+-1+@:'(/'!H"+-)H!
5&-.2+).3,/#1G3=,@!9(35!+!;.,@")=(B.,"+( ./19(35!.)/15'2H+,.2+-13&'(+).3,!+ @")H'!
)=(,.,6!39)H'IB-+@'/#!!
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3.1.2 The Human Ear and Sound

AH'IH=5+"+(1./17+&+B-1391&'(?"...,.61+1;.  @'(+,6'139!/3=,@/T'9(35!)H"IH.6H0&.)?H'@!
/3=,@/!1391+1B.(@V/3,61)3))H'-3;0&.)?H'@!/3=, @!39!+!B+//16=.) +(#!G3=,@/+(1&'(?"." @'B+/'@!
3)H.(-3=@, /N[ ##T:3-=513(/3=,@!&(/I=  (1--\I3(1&.)?HI[##T1)3,+-13(19(N=",?7!

23) ) AHI)+ @+(@!=,.)!13915+/=(193(1/3  =,@!&(/I=(1-'"-N./)H'@'?.B-[@Z\#4H"
N+,@+(@'=,.)!=/@")3!@'/?(.B")H3,+-13(19('N=',27123,)" )L.YHIE'() [E\TI5'+/=(@!.,!
272-11&'(1/'?3,@\KF&&',@.%!F1&(3:.@'/153(!  .,93(5+).3,!3,))H'19=,@+5',)+-/139!/3=, @#!
V=/)35+(.-7T)H173=,6T!,3,08+)H3-36.2+-I'+(1 2+,1&'(?".:'1/3=, @/\(+,6.,6!9(35! 1X/E"1)3!
IXTXXXIE #IF&&,@.%!Z1&(3:.@'/'53('1.,93(5+).3,13, ) H'IH=5+,1'+(#!

8('N="2./1B"-3;11XIE " 1+(173553,-71?+--"@!h.,9(+/3=, @Til+-)H3=6H!)H'IB3=,@+(7!
BY;",l.,9(+/3=,@!+,@!-3;!9(N=',27!/3=,@!./! 3)1(.6.@#IM,9(+/3=,@T!+)!1?'()+.,]9(N=",2./!
+,@4)IH.6H!-:-/T12+,I1B1+=@.B-")3!/35' 1&'3&-#1<3;19(N=",27!/3=,@!./1?=/)35+(.-7!
(9'((@N31+/MH+)IBY);" I"XIE I+ @!1XXIE TIB=)!  +,71@'9.,.).3,L./1+(B.)(+(71)3!/35'1@'6("#!
<3;19(N=',77!/3=,@!./)H'=B]'?)139123,2'(,!  )3V/35';.)H!(/&'2)1)3!&3)",).+-IH'+-)H!
58&-.7+).3,/#!

TABLE 3-1
TYPICAL SOUND PRESSURE LEVELS MEASURED IN THE ENVIRONMENT AND
INDUSTRY
Noise Source A-Weighted Sound
At a Given Distance 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) 100
Shout (0.5 feet)
N.Y. subway station 90 Very annoying
Heavy truck (50 feet) Hearing damage (8-hour,
continuous exposure)
Pneumatic drill (50 feet) 80 Annoying
Freight train (50 feet) 70 to 80
Freeway traffic (50 feet)
70 Intrusive
(Telephone use difficult)
Air conditioning unit (20 feet) 60
Light auto traffic (50 feet) 50 Quiet
Living room 40
Bedroom
Library 30 Very quiet
Soft whisper (5 feet)
Broadcasting/Recording studio 20
10 Just audible

Adapted from Table E, OAssessing and Mitigatig Noise ImpactsO, NY DEC, February 2001.
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4+B-1CO"H3;/3=,@&(II=(1-"-N+3  2.4)@!;.)HI?3553,1+7?)...). [#1478.2+--TT!
$(3,5')+- 1+, @1372=8+).3,+-1/3=, @' &(/I=( 11415 +H=(@!.,1@'?.B'-/13, 1+
FO:'.6H) @!/2+-[@ZFWI4H'IFO; .6H) @!/2+-1@'0'5&H+/. " H':(71-3:1+,@!: (7'H.6H!
9(N=',271735&3,")/139)H/3=,@!.,1+15+,,' (11.5.-+()3NH19('N=",27!1(/&3,/139N)H'!
H=5+,1I'+(#183(1735&+(./3, TYH/3=,@!9(35!+! :..@")=(B.,"+)!@./)+,?'/!B):" I"'TXXX!+,@!
ITXXXIQLNG (+--71;.)H NIXNBIKXI @ ZF#!

G'2).3,IC#11@./2=//'")H'99'?)/1391'%&3/=(1)3 I;., @!)=(B.,"/3=,@#!G'?).3,IC#CI@"/?(.B/))H"
&3)',).+-1+@:'(/1'99'2)/139!/3=, @V %&3/=("  I+/1;--1+/)HIH"+-)H!.5&-.7+).3,/#!!

3.1.3 Sound Produced by Wind Turbines

A.@")=(B.3=,@'3(.6.,+)19(35" )H'(  +I52H+,.2+-13(1+(3@7,+5.7!6",'(+).3,!

5'2H+,./5#1J?2H+,.2+-1/3=,@!3(.6.,4)/19(  35)H'16'+(B3%!+,@!?3,)(3-15'?H+,./5/#!
G)+,@+(@",3./1?3,)(3-1)"?H,.N=/1)7&.2+--7 1+(1=/ @) 3I( @=""15'2H+,.?+-1/3=, @#!

J2H+,.2+-1 31101, 3))7&.24--THHI@35.,+,)/3  =(?'139!,3./19(35!53@'(,!;.,@!)=(B.,"!
[967'&)193(1+,1327+/.3,+-16'+(1)3, \#!

AHI+B@7,+5.21,3./LN&( ) H)+--19(N=" 2./TI9(35NH'1.,9(+/3=,@!(+,6'3:(!-3;!
9('N=',27Y/3=,@!)3)H",3(5+-1+=@.B-1(+,6" +@\./NHI@35.,+,)/3=(?#4H"1+(3@7,+5.7!
3.LNE ) (+) @B (+-15"2H+, /5/1+]! N@'1?(B'@'B-3:#4H"1+(3@7,+5.?!,3./'

),@/M3IB153@=-+)'@".,)H'5.@'9('N=",27!(+,6'T+&&(3%.5+)-7IKXX)3I"TXXXIE #!!

F(3@7,+5.2!/3=,@"./'&(3@=7"@'B7")H(3)+).3, 139 H')=(B., 1B-+@"/)H(3=6H!)H'l+.(#F!
)=(B.,1B-+@"1/H+&1./NH+)1391+,1+.(93.-#IF 4.(93.-./1/ 5&-71+1/)(=2)=("1:.)HI+//H+&'T)H+)!
&(B@=7"1+1-.9)193(?';H" 1+.(1&+//'3:'(.)  #D(.6.,+-71@"'-3&' @!93(1+.(?(+9) T1+.(93.-!
JH+&/IH+1B" +@+&)'@")31&(3:.@)H')=(, .,6!93(?'93(;.,@!)=(B.,/!B7!'5&-37.,6!+!
JH+&H.2HI2+=/H1+.()3N(+:-153(1(+&.  @-7'3()H)3&IZ9)H1+.(93.-)H+,I1B'-3;1.)#!
4H@'1.6,/13&).5."1'99.2."?27  IB715.,.5..,6)=(B=-,?TiH  .?HI&B@=?/1@(+6!+ @ 3./'#!
I+ (3@7,+5.2+--71'99.2." )IB-+@'L./1+IN=.)!3, #!!

AH1+(3@7,+5.2Y/3=,@!9(35!;.,@")=(B., .17+  =[@!BT)H".,)'(+?).3,!39))H')=(B.,'B-+@"
- JHDHD=(B=-"2'&(3@=?"@'B3)H!+@]+?",))31.)[)=(B=-")!B3=,@+(7!-+7'(\l+,@".,1.)/,+(!
+R'[/"18.6=("1CO"\[Z(33R/)1+-#TI"PWP\#l4=(B=-"2'1@'&",@/!3,H3;!19+/))H'B-+@"./!
53:.,6)H(3=6H)H"+.(#IFI"XX05)'(0@.+5)'(IB- +@'T!(3)+).,6!3,2"1" (7YH("1/'?3,@/T!H+/!
+1).&1:-32.)71391=/)13: (I"XXI5Y (& ?3,@HE3;(THH&"@!(@=2'/1+)1&3/.).3,/!
2-3/'()3NH1?')(139!(3)+).3,]DH;.,@  N=(B.,'H=B\#4H"5+.1@")'(5.,+,)/139)H"!
)=(B=-"2'1+()H/&"@!39)H'B-+@'1+, @H! /H+&'+@'@.5',/.3,/1391.)/12(3//0/'?).3 #!
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FIGURE 3-1
Sound Produced by Wind Turbine Flow

Turbulent
boundary layer Qailing edge Wake

Turbulent-boundary-layer—trailing-edge
noise

Laminar Vortex
\tioundary layer shedding
__ Airfo )‘;?_:
Instability

waves

Laminar-boundary-layer—vortex-shedding
noise I

4H"93--3:.,6!73,7-=/.3,/H+1B" 1@'(.:'@'9(35 NH'19-3;173,@.).3,/\/H3;,1.,18.6=(1CO"!
[Z(33R/M)+-#TI"PWP\U!!

I F)IH.6H!:-32.).7193(1+16.IB-+@'T!)=(B=-", )IB3=,@+(7!-+7'(/!@":-3&!3:'(15=?H!391)H'!
+.(93.-#1G3=,@!./1&(B3@=?"@";H',)H')=(B=:)!B3=, @+(7!-+7'(\&+/['/!3:'()H')(+.-.,6!
'@6'#!!

I F)I-37(17-37.)./TI5+.,-71-45. +(1B3=,@+  (71-+7'('@"-3&T!-+@.,6")3!:3()'%!
IH@@.,61+))H!)(+.-.,6" @6'#!

D)H'(19+?)3(/!.,)H'&(3@=7).3,139!+ (3@7,+5.?/3=,@!.,?-=@")H'193--3;.,6U!

I AH DH'1+,6-13914))+2RL/3)MBK,IBH  (L3(@/THHIB-+@'./1).-)'@!.,)3)H';., @k
9-3;1/'&+(+).3,12+,1322=(13,)H/=2).3,.@"  !,'+()3NH)(+.-.,.6' @6'TI&(B@="?.,6/3=, @#

I F)IH.6H!+,6-/13914))+2RTI-+(6'0/2+-'1/'&+(+).3,15+71322=(1.,1+1/)+--123,@.).3, T!-+@.,6!)3!
(+@.+).3,1391-3;19('N=",77!/3=, @#!

| FIB-=)!)(+.-.,6'@6'-+@/1)31:3() '%/H'@@.,6!+,@'+@@.).3,+!/3=,@#!
I 4H1).&1:3()%!?3,)+.,/1H.6H-71)=(B=-")19-3:#!

$+2HI39NH'1+B3:'19+2)3(/15+7123,)(.B=))3! ;.,@")=(B.,"/3=,@'&B@ =?).3,#J+/=(5')/!
391)H'-32+4).3,1390)H'/3=,@!/3=(?".,1;.,@! )=(B.,'.,@.2+))H+))H'@35.,+,)!/3=,@"./!
&(3@=2'@'+-3,6)HB-+@'k,'+('()3NH").&!", @) H+,1)3)H'H=B#2'@=?).3,!139!)=(B=-',?"!
[3=,@12+,1B'19+7.-.)+) @!)H(3=6H!+.(93.-/H}& @!B7!633@!5+.,)', +,?'#183(1'%+5&-'T!
I=(9+2'.((6=-+(.)./1(/=-).,619(35!@+5+61  3(!)31+22().3,1391+@@.).3,+-!5+)'(+-T!5+7!
L2(+HHY3=,@#!
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F(3@7,+5.21/3=,@'H+/'B",/H3;,)3IB'I6','(+) @'+)!H.6H'(I- -1 @=(.,6)H'@3;,:+(@!
53).3,139)H'IB-+@"I[##T)H')H("13c?-3?RI&3).3,I4H./1(/=-)/1. 1+1( /1., 1-:'-130]
+&&(3%.5+)-713,2'1&'(1/'?3,@!93(1+!) 7&.2+-)H("0 B-+@'@")=(B., #14H.N1&'(.3@.?!(./".,I-"-!
J+-31(9'((@!)31+/1+5&-)=@"153@=-+).3, T!+,@!+/!@'/?(.B'@!+B3:193(1+)7&.72+-!:., @
)=(B., THH53@=-+).3,19(N="27../ME1[3,7  1&'(/'?23,@W¥!M,13)H'(';3(@/T)H'/3=,@!-":'-!
(/'[1+,@19+--/1+B3=)13,2'1&'(1/'?3, @#!4H13(.6., 139)H./1+5&-)=@"153@=-+).3,!./!,3)!9=--7!
=,@'(/)33@¥IM):+1&(":.3=/-T1+//=5'@!)H+)! H'I53@=-+).3,l;+/1?2+=/'@":H',)H'B-+@"!

S )N&HNYHD3:(1[6.:,HHN3; (1@./)=(B' @)H'1+.(9-3:\TIB=)1.)L/1,3;)H3=6H))3!B"!
(-+)@)3NH1@.99'(,?'L..!;., @!/&"@'B");",! )H'3&!+ @!B3))35!39)H'I(3)+).3,1391+1B-+@'!
+@!@.(7)..) 7139 H+(3@7,+5.2!,3./[D'(-'5+,/1+,@!G?H'& (/T LXXP\#!

M,I3)H'(1;3(@/THH'(/=-)1391+'(3@7,+5.2!53 @=-+).3,./1+1&'(?".:+B-"19-=7)=+).3,1. H'
/3=,@!-"-1391+8&&(3%.5+)'-713,21&'(1'?23,@  #14H19(N="27123,)",)I39)H./19-=?)=+).,6!
13=,@!./1)7&.2+--T'B");" IKXXIE 1+,@!"TXXXIE TIB=)12+,1322=(1+)IH.6H'(I+,@!-3:'(!
O(N=", 2. HHAHH)LITYHY3=, @I&(/I=(1-'"  -I1B);"1+&&(3%.5+)"-TIKXX!+, @!"TXXXIE I;.--!
(1+,@!9+--1+8&(3%.5+)'-713,2'1&'(1/'23,@#! M)/H3=-@!B",3)@T!H3;"'(T!)H+))H"!
5+6,.)=@'139))H'1+5&-.)=@"153@=-+).3,)H+)L./I3B/ (' @":H", )+, @.,6!B','+)HI+1)3:'(!
@3/1,3)1+-+7/1322=(1)I6(+)'(I'&+(+).3,]  @./)+,?HFIN=@7!.,HH_,.)@'a.,6@35![_a\!
+-/31/H3;'@!)H+)!3,-7193=(13=)1391+B3=)ICX!;., @!9+(5/!H+@!+&(3B-'5!;.)HI+' (3@7,+5.7?!
53@=-+).3,1+,@H("139H/IH+:1B ", /3-"@![I33(H3=/"T")1+-#TIIXXS\#!

M,l+@@.).3,)3)H/3=,@!--/16','(+)@'B7! )HN=(B.,/T":.(3,5', )+-19+2)3(/1+99'?))H"!
(2 @14)I53(1@./)+,)1-37+).3,/#183(1 '%+5&-Th+(51+. (!, +()H'6(3=,@!?+=//)H!
)=(B.,/3=,@")317=(:1=&+(@/T'+:+719(35! YH16(3=,@T;H.?H!(/=)/1..|(@=?'@'/3=,@

S TUH LG (1L 14+ 5& ()=, (/ 3,15+712+=/)H'/3=,@")31?=("1@3;,))3)H"!
HOHI(/=-).,6L,1, 2(+'@Y3=,@!--#IA., @ 5+714-/312+=/T)H/3=,@!--)31B'6(+) (!
@3;,;.,@!139NH)=(B., K)H+)L/TLONHY;.  ,@!./1B-3;.,619(351)H'/3=(?')3;+(@/!+!

(2" (k3(1-3;(TLONH'L., @!./'B-3;.,619( 35N HI('?".:()3)H/3=(?'#1J3/)!53@'-.,6!
)?H,.N=/TLH 1&(3&'(-71.5&-'5', Y @T+??3  =)193(153@'(+)"L.,:'(.3,/!+,@'@3;,;.,@!
23,@.).3,/#1F)),=+).3,[(@=7).3)\1391/3=,@!? +,1+-/31B".,.9-=",2’@'B7!B+((.'(/T'6(3=,@'
I=(9+7"123,@.).3,/TH(=BB'(7!+,@!)("/T!+53,6!3)H())H.,6/4!

*('@.7).3,/139)H/3=,@!--149):+(7.,.61@.))  +,2/19(35))H)=(B., 1+(1B+/'@!3,))=(B.,"
13=,@!1&3; (- -H#4H)=(B.,"/3=,@! &3:(1--N+(1@")'(5., @!)H(3=6H!
N+,@+@.'@'5'+/=(5',)!5)H3@/#!

3.1.4 Sound Measurement and Audiometric Testing

FI/3=,@!-"-15) (L/II+1)+,@+(@")33-1=/'@!., ')H'5'+/=(5",)!139!/3=,@'&(//=(1-"'"-1#!
FI1@'/?(.B'@!.,!G'?).3,IC#" #1T)H/)+,@+(@'=)39!/3=,@!&(//=(!-":- [ ##T:3-=5\./1 @Z!
+,@)H)+,@+(@'=,.)'=/@!)3!@"/?(.B)H"1&)?H!I3(19(N=",27 . NE 1[272-1&'(!/'?3, @ \#!F!

13=,@!-"-15")'(15+71=/T)H'IFO0;".6H).,6!9.-)'( N31+@]=/)12'()+.,19(N=",27!(+,6/()H3/"!
YH+)H=5+ /1@")?)1&33(-7\T!(/=-).,61. 141 +@.,6!.,|@ZF[@"?.B"-/T!FO;".6H) @WIF&&', @.%!
VI&(3:.@'1153(".,93(5+).3,13, )H'I5"+/=( '5')1391/3=, @#4H"1&.)?HI3(19(N=",?."/!

[135).571(9'((@"3!  +/3=,@!-:-U&?)(=5 \?+,B'N=+).9.'@!=/.,6!+!/3=,@!--I15)(
JHH)L,2-=@'1+19(N=', 271+,+-7 (#D?)+:1B+ ,@T!3,0)H.(@!37)+ 1B+ @T'+ @', +((3;'B+,@!
[/=2H1+/18+/)183=(.'(14(+,/93(5T 13(1884\I+()H("1?3553,1)7&/13919(N=", 271+, +-7"'(/#!
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V3,..@'(T193(1'%+5&- TI+1(3=)., 1+=@.35)(.?1)/) [H'+(.,61)/\.,H. 2HI+I& (13, 11.)/1., 14!
B33)H!+,@";+(/'H'+@&H3, THH(3=6H!;H.?2HY3 =,@/1+("1)(+,/5.)) @!)3!":+-=+) IH'+(.,6#!
D=).@")H'IB33)HTI+!)'?H,.2.+,)=(,/+1@.+-1;H .?2H!7.-@/1?'()+.,|9(N=",2.'/)[93(1'%+5&-'T!
"IKIE TI+1-3:0&.)?H'@!/3=, @ T!3(ITXXXIE TI+IH.6H0&.)?H'@!/3=,@\1+,@")H',)H')'?H,.?.+ !
(+./1HE3-=51391+?HIO(N=",27!=,).-DHI&'  (/3,1("?36,. " [)H"/3=,@!39!'+?H!)3,'#14H./!
SN+, @+@+&&(3+?HI=/@")315+/=()H(/H3-@/193(!5+,7!(+/3,/T!.,?-=@.,6,3./'0
L@=?'@!H"+(.,6!-3/N[QME<WHF/INHY?H,.2. +!(+./)H':3-=5'139)H1@'/.6,+)' @!
9(N='",27T)H/3=,@!--I[,|@Z\I./!,3) @#1*3&-'1;H3!,"@!53()H+, I 1KI@Z!+)!53()H+,!
3,19(N=",27)3IH+()HY/3=,@![.1-3=@,  /139)H1)3,\1+(1?23,/.@'(@!)3!H+:"+!
+B,3(5+-1) )#!

4AH''99'?)/1391&(3-3,6'@T!H.6HO-":'-1/3=, @!'%&3/=("3,H'+(.,6!H+1B",|@")'(5.,' @'
JH(E=6H!+=@.35)(.?)))139L3(R'(1.,1?'  ()+.,1377=8&+).3,/#14H")=@."/\H+:"1B",!
&=B-/H'@!.,!15+]3(15'@.7+-1]3=(,+-/1+,@!/=B]'? )} @")3NHI&"(("=."1&(3?"/NN[/"T193(!
'0+58&-"TII?V=,, 7+ @17 (TIIXXSWIG)=@. /139! ;3(R'(/IH+1+-/31/'( @!+/)H'/?.").9.7!
B+/./193(1(6=-+).3,13,1,3./1.,L,@=/)(T)H+)  1+(13:(/"|BT)H'ID?7=8&+).3,+-1G+9)71+,@!
E'+)HIF@5.,.)(+).3,[DGEFWA3R'(/.,1,3./  '0.),[.'L @=/(./IH+IB" I +-=+) @!
93(IQME<!+,@!?'()+.,L.,@=/)(.'+('R,3;,)3IB'  1+//32.4)@";.)H!H.6H!,3./1-"'/TY=?HI+/!
+:.4).3,T123./)(=?).3, T+, @!+(+/13915+,=9+ ?)=(.,61/=2HI+/1?+,,.,6#11=-).7'+(1:3(R'(!
N=@.'/1/=66"))H+)1&(3-3,6'@!'"%&3/=(1)3IH.6H 1,3./1-"-/17+ 1+@:'(/'-71+99'?)IH'+(., 64!
AH1--123.1.@'(@Y/=99.2.")-TIH.6HI)312+  =/IH"+(.,6!-3//1+(123,/.@"(+B-7IH.6H'(1)H+,!
3,123=-@!"%& (., 7., )H'.2.,)7139:;.,@!  )=(B.,/#183("%+5&-T'&(3-3,6' @T!=,&(3)'?)'@!
H.6HI'%6&3/=(1)3!,3./14)1-"-16(+) (DH+,IPX!  @ZFL/1+(/RIO3(IH'+(.,6!-3//1.,1377=8&+).3,+-!
19).,6/=?H)H+)IDGEF!/)+B-/H@)H./N-""  -193(1H'+(.,6!&(3)'?).3,#1G3=,@!-":'-/19(35!

. @)=(B.,11@3!,3)+&&(B+?HNH/ - KXI@ZF4)+1@./)+,21391"TKXX19")!:3=-@!B'I+!
23,/'(:+).:17).54)'193()3@+7c/)=(B., \#!  F-)H3=6H!)H'L.//='1391QME<IH+/I(+(-7!B",!
(+/'@!.,'38&&3/.).3,)31:..@'9+(5/T!)1./L.5&3()  +,)1)3!,3)H+))H'I(/RIZQIQME<!/1@.("?)-7!
@'&,@')I13,)H".,)/)71/3=,@"-"\I+, @@=  (+).3,139!,3./1%&3/=(+,@)H'('93(.)L./!
(+/3,+B-1)3123,2-= @ )H+)HH'(1./L,31(/R  139IQME<!I9(35!;.,@!)=(B.,"/3=,@# G=?H!+!
23,2-=/.3,L./IB+/'@'3,!/)=@./139;3(R'(/'"%  &3/'@")3!,3./"l+,@!+53,6!;H35!(./RI39IQME<!
N, 3)+&&H(,)1H)I-" N H+, ISKI@ZF#!

3.2 Sound Exposure from Wind Turbine Operation

4H.N'?).3,1+@@(/I11)HIN="1).3,139!["\l; H")H'(!/3=,@/!.,!)H'I-3;19('N=",27!(+,6'T!53/)!
3)+B-7)H'.,9(+/3,.21(+,6'TH@:'(/-71+99'?) IH=5+,IH'+-)HT!+ @!;H")H'()H'7!@3!/3!":",!
HLY=2HI 14 (B3, H 1+ (+6'18(/ 3,¢/1+B.-. ) 7N3IH+()H'5d![1\;H+)! 1+('!
(9'((.,61)35;H" i N+-RI+B3=).B(+).3,d 1+ @![C\IH3;))HH=5+,1:"/).B=-+(1/7/)'5!
(1&3,@/1)3!/3=,@!+,@'@./)=(B+,?'#!!

3.2.1 Infrasound and Low-Frequency Sound
M,9(+/3=,@!+,@!-3;!9(N=",271/3=,@!+(+@@(//'@!.,//35'@")+.-)3!399'(1&'(/&'?).:13,!
&=B-.2."@'H7&3)H'')H+)1/3=,@!9(35!+!;.,@! )=(B.,'15+7!@+5+6"IH'+-)H!"" 1.9I)H'1,3./'
14 (1B-3;)H3 /32, 4) @!;.)H!, 3.0 L@=?'@!H'+(.,6!-3//1.,1.,@=/)(7#!83(I'%+5&-'T!
)IH+/1B",1&(3&3/'@!)H+)!/3=,@/1)H+)123,)+. ,I-3;19('N=",271,3./'TI53/)!,3)+B-7!;.)H.,)H'!
LO(H3,. 21 -TI2+ 14+ @: (/-71499'2) IH'+-)H - I LH! Y- -/14(1B'-3;1)H'I+:'(+6']
&'(/3,c/+B.-)7)31@")?)13(IH"+(1)H 'BI[F-:/0%'(.(+!+,@!Z(+,?3TI1IXXSB\#!
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V35&('H'/.:'1(.1391.,9(+/3=,@!+,@ L)13=(?"/1+,@!5'+/=('5")IH+:1B",!
&=B-./H'@![Z'(6-=,@+,@!<.,@:+--TI"PPKdI<" ) H+--I')l+-#TILXXC\#14+B-1CO1/H3;/)H'/3=, @!
&(II=(1-"-T1.)@'2.B-ITI39)H'123((/&3,@ .,6'9(N=',27!39!.,9(+/3=,@!+,@!-3;19(N=',?7!
13=,@!,"?/1+(7193()H/3=,@1)3IB'IH+(@!B7! )H'+(+6'1&'(/3,1[<":",)H+--1) 1 +-#TIIXXC\##!

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

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/14+B-1CO1!.,@.7+)/T!+)!1-3;19(N=",2./T! +I5=2HIH.6H'(I-"-!/3=,@"./!,'?'//+(7193(1+!
/3=,@!)3!B'H'+(@!.,1735&+(./3,))3IH.6H'(! 9(N=",2./#183(1'%+5&-"T!+)I"XIE THH'//3=,@!
5=/)IB'+)IPSI@Z!)3!B"+=@.B-#M9!)H./1-:302=((@!+)!)H'5.@!)3!H.6HI9('N=",?./T!;H.?H!
JHT+(1@')'?)/1'99'?).-7TL):3=-@!B'I(3  =6H-7I'N=.:+-"))3!/)+@.,6!;.)H3=)!H'+(.,6!
&(3)'?).3,1@.('?)-7!,'%))3+1&3; (I/+;#>2.  B-193(1@'?.B-THH'-3;19(N=",2./1+('15=7H!

39!4+B-'1C0O1#!

4+B-1COLI+-/3YH3HH) 3= @/14/1-3:1  +IIE 12+ 1B TH+(@!.9)H'I-"-/1+('1H.6H!
' 3=6HI['XSI@ZWIES;"(TI--19(35%.,@))=  (B.,/M)IIE 1+(153(!-.R-71)3IB"+(3=,@!
SXI@Z!13(1-3;(T!+,@)H'(93(!.,+=@.B-'#IG)=@?3,@=?) @")3'+//'l/!;.,@")=(B.,",3./"
H+:'H3;, YH4)!., @1)=(B.,/3=,@!+))) 7&.2+-1@./)+,?'1@3'/!,3)'%?" @) H'IH'+(.,6!

"+-=+).,61+1-+(6',=5B'(139!,3./'/3=(?'/1B' )" IXIE 1+, @V'LXIE /=66')/)H+)!;.,@!
)=(B.,1,3.1H+(@!.,@33(/'+))7& 2+-1/'&+(+). 3,1@./)+,2'.'53@")!3,))H/?+-139!-3;!
9(N=',27/3=,@!/3=(?[*@'(/" T'LXXW\#I4H'-3 ;1-"-/1391.,9(+/3=, @'+, @!-3;!9(N=',?7!
/3=,@!9(35!;.,@")=(B.,13&'(+).3,/IH+:"1B", 123,9.(5'@'B7!3)H'(/[f[+R3B/, TI1XXId!:+,!
@',1Z'(6TILXXI\!

AH'-3;19(N=",271/3=,@!+//32.4) @, )HL.,@  D=(B.,/IH+!+))(+?)'@!+))',).3,1(?")-7!
1., 2YHIFO; .6H).,61/2+-NHHLN=/@!93  (1377=&+).3,+-1+,@"",:.(3,5",)+-1('6=-+)3(7!
235&-.+,21@3'/1,3)1;3(R!;"--1;.)HI/3=, @/)H+)IH+1&(35.,")-7!-3;19(N=",27!
235&3,")#133N)"',:.(3,5',)+-1-3:19(N=",? 71/3=,@'&(3B-'5/1+(1?+=/@'B7!@./2()"
)3, /1[&.)?HI3()3, MH+)+(1/.6,.9.2+,)-71  H.6H'(L.,1-:-1[:3-=5\)H+,)H',.6HB3(.,6!
9('N=',2.'\d!9(35T193(I'%+5&-"T!+,1",6.13(  1235&(//3(T!,3)!B7123,).,=3=/!B(3+@B+,@!
/3=, @#4H"H.6HI9(N=",271/3=,@/!+(+/IlI' ~ @!B7)H'IFO; .6H)'@!5'+/=(5')!+,@T!6.:",!
JHLH3Q'(L+- B)HITI+(123,)(3—-'@!53  (I(+@.-7T#I<3;19(N=",27/3=,@/!5+7!B"l
(()¥).,6!)31/35'1&'3&-"1+,@T!.,19+?)T! /35'-3;19(N=",271/3=,@!?35&-+.,)/1&(3:"!
5&3//.B-1)31(/3-:"1[<"s" JH+--IYV+-#TIIXXCW!  4H./13B/'(:+).3,]-+@/1)3!+1&'(?'&).3,))H+)!
YH(LN35)H., 6Y&2.4+-TU. )(TH+,@!  H+(59=-1+B3=)1-3:19(N=",27!/3=,@#43")H
23,)(+(7TI53N)1'%)'(,+-1/3=,@ H IH+(@!.,@3 3(/L./'B.+/'@")3;+(@/1-3;19(N=",2./!@=")3!
JH'T'99.2.")IB=.-@.,6!+))",=+).3 ,I391H.6H'(19(N=",2./#!D,"15+71("236,. ")H./:H',1,3./"
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9(35!1+!,".6HB3(C/)'(‘3L./IH+(@!:)H.,)H  ".(IH35'K)H'IB+//1,3)/1+(153('1&(3,3=,7'@!
JH+DH'IH.6H'(19(N=",271/3=, @/#IF,7!=,;+)' @!/3=,@T:;H)H'('H.6H!9(N=',27!3(I-3;!
9(N=",27T12+,1B'L.((.)+).,61+,@/)(1/9=-1)31/35'1& 3&-'#!

>.99'(,?'/L,IH3;1+1-3;19(N="27!/3=,@!+,@!  H.6HI9(N='271/3=,@!+(1&(?".; @!+(;--!
@37=5')@#!8.6=(1CO1/H3;/H+)I-3;(09(N=" ,27!/3=,@/!)7&.2+--7,"@")3B'I+)1+IH.6H!
13=,@1&(1=(1--[@Z\)3IB'IH'+(@#18.6=(  ICO11+-/31@'53,/)(+)/)H+)1+/H19(N=",?7!
37(THH1+=@.B-1(+,6'1./1?235&(/'@!-+@.,60)3  1+I53(1(+& @!(/1.,1-3=@, //1+/)H-":"-!
2H+,6'1., HH-3; (19(N="2. HIF)I"TXXXIE THH';H3-'1(+,6'123:'(/1+B3=)I"XX| @Z!?H+,6']
B2, @&(N=(1--TEHASH)IIXIE YHT  [+51(+,6'1391-3=@, /123:'(/'+B3=)IKX!@Z![,3)"!
)H'123,)3=(/1@./&+7'@!.,18.6=(1COLI+(1.,})" (5/!39!&H3,/TI+15+/=(139'N=+-1-3=@, //d!93(!
+@@.).3,+-'%&+,+).3,13,1&H3,/THHI(+@'(./'(9'(('@!)3!H))&Ubb:;;#/9=#7+b/3,.20
=@.3bH+,@B33Rb*H3,#H)5-114(=+%T!"PPPmMj#EA,,37+,2'1391+16.1/3=,@!., 2(+/'/!
+1-3=@, 1., 2(+HTYH'(LA+-/314153(1(+ & @!6(3;)H!391+, 37+,2'14)1-3;19(N=", 2. /#!
E3;(THH'(L/L3!.@',2'193(!@.('?)1&H7/.3 -36.2+-1'09'2)/19(35!")H'(.,9(+/3=,@!3(!-3;!
9('N=',271/3=,@!+))H'-""-/16''(+) @'9(35!;. @)=(B.,'/T!.,@33(/'3(13=)/.@'#!$99'?)/15+ 7!
(/=-)19(35N)H'/3=,@/!B".,6!+=@.B-TIB=))H/ "+(1/.5.-+()3)H'1'99'?)/19(35!3)H'(1+=@.B-"
13=,@/#!

<3;19(N=',77!/3=,@!+,@!.,9(+/3=,@!+(19=() H'(+@@(//'@!.,!G'?).3,ICHCT!*3)").+-!
F@:'(/1$99'?)/139!$%&3/=("1)3!G3=,@#!!
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FIGURE 3-2
Hearing Contours for Equal Loudness Level (International Standards Organization, 2003)
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3.2.2 Vibration

0.B(+).3, TI+/[=5'@")3!(/=-)! 9(35!.,+=@.B-'1-3;19(N=',27!/3 =@/TIH+/!B",1&3/)=-+)@")3!
H+:'141&3)").+-1+@:(/'1'99'?)13,IH'+-)H#AH./l  ['?).3,!@'9.,/1:.B(+).3, TI@"/?(.B/IH3;1.)L./!
5+=(@T!+,@'2.))=@.H+)H+:1+@@ (/' @")H"|(/R139!:.B(+).3,13, IH"+-)H#!

0.B(+).3,1(9'(/))3)H";+71.,:H.2H!', (67! )(+:-IMH(B=6H!/3-.@!5+)'(+-TLH)H (1) -T!
23,2()'1.,1+1B(.@6' T)HT+(HT!)H': +--1391+1H3=/13(1)H'IH=5+,1B3@ 7#!0.B(+).3,../!
@./).,6=/H@'9(35!/3=,@T\;H.2HL/I',(6719-3; .,6)H(3=6H!6+//[-.R'+.(\13(-.N=.@/![-.R"!
) (!

FIH.6H'(19(N="271:.B(+).3,/!  +))',=+)'1(+& @-7TL)1./1-3;19('N=",2."/1:H.2H!+('139!&3)",).+-!
23,2'(,)3IH=5+,IH+-)H#AH" L.B(+).3,./1@"  )'?)@!)H(3=6HN)H19")I3(1)H(3=6H)H'l/+)T!
YH'1932=/139L., ) (NLMH'E.B(+).3,1390)H  'Y=(9+2'1;.)HLH.?2H!3,'./1.,123,)+?)k93(!
'Yo+5&-TEH' 1) (+:'--., 61,141 H. 2-#11

0.B(+).3,1./139)I154+/=(@!B7)H'+??"-'(+).3,  139)H/=(9+7?'L.,15")('&'(/'?3,@ T!IN=+(' @!
[5b/ A\T!+-)H3=6HIZ)H'(I(-+)'@!=,.)/1+(1=/ @#IOB(+).3,17+,1+-/3IB1%&(// @!.,|@'?.B"-/T!
HI(DH'I(O'(,2'1'%7?.)+).3,1-" =@, 1B=.-@.,6/1./139) "X n5b/ U+ @!)H':.B(+).3,!
Sl 1X-361[FD"X  ORI@ZTYH!(IFL/H 422" (+).3,1-"1"-1.,15b/ 111

AHMH(/H3-@!39!&'(?'&).3,!139!:.B(+).3 ,IB7IH=5+,/1./1+8&(3%.5+)'- 7IX#X"I15b/ 1#IMO!+!
9('N=",271391'%6?2.)+).3,![.B(+).3\1?23((/&3,@/! :.)HI+I(/3,+,)I9(N=",27!39!+!/7/)5T))H",!
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'062.)+).3,)NHI(/3,+ NO(N=27LN6(+)'(!  YH+1+)IB)H(1I9(N="2. HIE3;" (TI'%?.)+).3,!
B7!/3=,@!./,3))H'+5'14/I'%?2.)+).3,IB7I5'2H+,.2+-1'06?.)+).3,1+&&-.' @!+) T+ 7T H'9")#!!

8.6=('1COC!/H3;/!+,13B]'?)!'%?.) @!B7!&3.,)! 5'?2H+,.2+-1:.B(+).3,!+,@!B7!/3=, @#4H"3B]'?)!
23 )+ M+ )-TI=I&, @ @VTI5#183(1  '%+5&TI.ONH'I3B]'?);+/)H'IB3@7T!H'I
I=1&,@' @/7/)5I5.6H)IBHT  /2'(+1[.,)(,+-13(6+,/139NH  'IB3@7\#!4H'-'9)IH+ @!39)H'!
9.6=(17+,1B'.)(&()@'+/\H'B3@7':.B(+)@ 'B7!.,&=)1)3)H'19")#14H"1:.B(+).3,139))H"!

/' (+);.--1B'1549%. 5=51+))H'I(/3,+,)19(N=",77 L39NH/=/&', @' @"/7/)'5T:H. 2HT!93(!
LI (+TLA+B32)IIE #AH' 1'062.)+).3,1./1B7  1-3,6%:+:-',6)H!-3;19(N=",271/3=,@!;+:/T!
+I/H3;, 1) YH'I(.6H)I390)H19.6=('T!,3)!3,-7! ./MH'193(?'1+7?).,6!3,)H'B3@7!5=?H!/5+--'(!
)H+,193(1:.B(+).3,1.,&=)TIB=)TI+HMHL+- 6)H  1/1I5=?HI6(+)'()H+)H'@.5',/.3,/139)H"!
B3@7T!.)L/1+7).,61+(3=,@!)H'B3@7!.,1+12354. 15+, (3 H+))H'(L/1,31(/=-)+,)!
93(?'13,)H/=/& @' @!/7/)'5!+,@!.)!@3'/!,3):.B(+)"13(!(/3,+) #!

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

\l/
@@\

_,930)=,+)-7T)H./1-+?R!1391'99'2)IH+/1,3)!B, [+ @@ (/' @'B7!)H3/';H3IH+:"1/=66'/) @")H'!
5'9H+,.2+-1:.B(+).3,1(/&3,/139)HB3@7!.,/)+  @!'39)H'1+23=/).21(/&3,/+/1+1&3)",).+-!
H'+-)HI23,/N=", 2'#14H./13:'(1.6H)IH+/1-@!)3! ., +?2?=(+)'123,2-=/.3,/#183(I'%+5&- TI>(#Q.,+!
* '(&3,)1B+/'13,139IH'(IR'7IH7&3)H'193()H'1?2+=/139!h;., @")=(B.,"/7,@(35'i!3,//=7H!
+,1'6('6.3=/I"((3(![*.'(&3,) TIIXXPTI&(0&=B- .?2+).3,/@(+9)#F-)H3=6H!,3)!+1('?36,." @!
5'@.2+-1@.+6,3/./Th;.,@)=(B.,"/7,@(35'I!H+  /1B" |(+./'@!+/'+123,7'(,'93(1&(3&3/'@
&(3]'2)/K('9'(1)3!G'?).3,11#C193(153("1.,93(5+).3, !

O.B(+).3,139H'B3@7!B7!/3=,@!+)!3,"139L)/1('/3,+,)!19('N=",2."13??2=(/!3,-7!+)!:'(7!H.6H!
13=,@!-""-/'+,@!./1',3)1+19+?)3(!.,)H'I&'(?'&).  3,139!;.,@")=(B.,",3./'#F/!;.--1B''@./?=/I'@!

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;TYHY3=,@!-"-/1+//32.4) @1 )HY;.,@)=  (B.,/1@3!,3)+99'2))H'1:/).B=-+(13(13)H'(!
B-+-+,?'1/7/)'5/#!

3.2.3 Vestibular System

AH':'N).B=-+(1/7/)'5139)H'IB3@7'&-+7/1+15+]3  (1(3-".,15+.,)+.,.,61+1&'(/3,c/'/", /39!
B+-+,2'1+,@)H'1/)+B.-. +).3,1301:./=+-1.5+6'/#! 4H'1:'/).B=-+(/7/)'51(/&3,@/")31&(//=("
2H+,6'1[/3=,@'&(//=(TLHHTI@'2.B-N+):+(.3= /19(N=",2.'/#F)IH.6H!-"-/139!'%6&3/=("!)3!
-3;19(N=",273=,@T!,+=/+1+,@!?H+6'.,!  (/&.(+).3,1+,@'B-33@!&(//=(15+7132?=(#!
G)=@."/IH+:"I/H3;, TIH3; " (THH+)193()H'/1'99'2)/1)3132?=(T!123,/.@'(+B-7IH.6H!,3./1-"-/!
[6(+) (DH+I"IXI@ZTY.5.-+(.,1/3=,@!-"-1391+1]) +.(2(+0) H+(@!WXI9") 1+;+ 7\1+('1, 2//+(7!
[Z'(6-=,@")1+-#T!"PPL\#!

E+@!:.B(+).3,!(/=-).,6!9(35!-3;19(N=",27!/3 = @!H+/!B",1/=66')'@!+/1+1&3//.B-"17+=/"
391+1:4(.))71391/758)35/1)H+)!/35'TH7&3)H'/. "1+/1B".,61+//32.+)'@!;.)H!;., @!)=(B., /#M,!
3(@'(1)3!&(3& (-7 IMH.NHTEI)HLITYH.I ['?).3,1+@@ (I/'NHIH=5+,1:/).B=-+(1/7/)'5#!
AH'IN:'f).B=-+(/7/)'5i1?35&(./ YH'I/ /13(6 + /L) HY). B=-+(1-+B7(.,)HT!.,:H. 2H!
HICI+(19.:)., 71 13(713(6+,/UDH("!/'5.2. (2=-+(12+,+-IHHI@")?) H'+@!(3)+).3,!+,@
):31?2H+-R0?(7/)+-0)=@ @' @'3(6+,/1?+--'@!3)3- JHJ!(+--7'h'+(0/)3, /\)H+)!@')'?)!).-) 1+, @!

- +(153).3,1390 H'IH'+ @#IF--19.:13(6+,/123,)  +.,IH+.(12'~/T1-.R')H3/1. YH1232H-+T1)H+)!
23,7()!53).3,1.,)31,'('1.5&=-/"/1)(+:'-., 61)3NHIB(+., L )H'LY).B=+(,'('#!

AH'M3(6+,/1:3-'@!5.--.3,/13917'+(/!B'93( NH'5.@@-'!'+(#18./HT!93(1'%+5&-"TIH+:'1,3!
5.@@-"1+(13(1?37H-"+B=)IH+:"1+1:/). B=—+(1-+B7 (., )H!, +(-71.@",).?+-)313=(/'[Z+-3H!+,@!
E3,(=B.+TI"PSPWI4H'1:).B=-+(13(6+,/1+(1/&?.+-. ' @!93(!/).5=-+).3,|B7H'+@!&3/.).3, 1+, @!
53:5')T!,3)IB71+.(B3(, /3=, @#$+?H:/).B=—+(  13(6+,1./19.(5-71+))+?H'@!)3)H'/R=--T!)3!
' +B-")H'5!)31(/&3,@")3)H'/-.6H) /) H'+@!53:'5', J#IM,123,) (+) THHIH+.(12'--/1., ) H'!
2372H-"+1+('1,3)1@.('?)-71+))+?H'@")3)H'/R=--d)H'7!@3!,3)!,3(5+--7!(/&3,@!)3!H'+ @!
53:'5')TIB=)!)3!53:'5")/I39NH'L.,, (I'+(19-=. @/#!!

AH"3)3-)H!I3(6+,/IH-&I9./HIH'+(1-3;19(N=",?  7!/3=,@/d!"" !, |&(.5+)T)H/13(6+,/1;.--!
(1&3,@")3H'+@":.B(+).3,[[##T!B3,'073,@=2) @!/3=, @\I+)!19(N=",2./1=&!)3IKXXIE !
[8'(,+ @ 1+ @'Y3-@B'(6T"PSLWAH1:.B(+)3(7!(/&3,/'39N)H L' [).B=-+(!/7/)'517+ 1B
"2 @'BThirbornel/3=,@/TIH3;" (T!3,-7LH  YH71+(14) +15=2HIH.6H'(- - )H+,1, 3(5+-!
H'+(.,6)H(/H3-@/ 2![+,@'5=?HIH.6H'()H+,I--1+//32.  +)'@";.)H!:.,@")=(B., "%&3/=(\#!
AH=/TYH'7'@3!,3)IH-&!=/1H"+(1B=)1+&&+()3!B'1:"/).6'/13913=(1":3-=).3,+(71&+/)#!

AH'N).B=-+(1, (), @/).,93(5+).3,1+B3=)IH' +@!&31.).3,1+,@!53:'5',)1)312",)'(/1.,H'!
B(+.,)H+)1+-/31('2.:1.,&=)19(35HHT7/1+,@!  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: Othe
difference between hearing thresholds and VEMP thresholds is much greater for air conducted sounds than for bone
vibration.O In other words, the vestigial vestibular responseto 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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SBADHT)()?HI(?'&)3(/)'--1;H.2HI5=/?-" 14+(123,)(+2)'@!+,@%;H.2H!]3.)/1+(19-'%' @T!
+,@'&(3:.@")H'h&(3&(.32'&).2'il/" 139)H'T  B3@7c/!&31.).3,1+,@!3(.",)+).3,1., &+ ?"\#I4H"!
B(+.,1.,)6(+)/1:/).B=-+(Tl:.  /=+-Tl+ @!&(3&(.37'&).'.,&=)/ 1.,)31+1235&(H" .1+, +-7/./!

391)H'1&31.).3,1+,@!53:'5') 139N H'IH'+@ !+ @'B3@7T!//',). +-193())H'/ /1391B+-+,2'T!
+:3.@+,2'13919+--/TI+,@!R"&.,6)H'7'/1932=/@! 3,I(-"+,)1)+(6)/T!"",|@=(.,6!53:'5" )#!!

*(7'€).3,139)HIB3@7¢/1&31.).3,1., &+ 215+ 714~ [31(-71.1&+()!3,1.,&=)!19(35!("?'&)3(/".,!
+B@35.,+-13(6+,/[;H.?H17+,/H.9)IB+?RI+,@!9GH!+/)H'B3@7").-)\l+,@'9(35!&('//=("
(2'&)3(/!.,1-+(6'1B-33@"://-'[B-33@!&33-/1.,!  )HI-'6/LH' 1)+ @.,6T)H',/H.9)/1B+?R!)3!
JHN(=,RIH'1-7.,61@3; #I4H/1h/35+).2! 6(+:.2'&)3(/I'[J.))-/)+ @) T!"PPL\I?3=-@!B'!
+7).14)'@!B7!;H3-'0B3@7!53:'5",)!1+,@!&3//.B-7'B7!/)(=?)=(0B3(,:.B(+).3, T!3(!B7)H"!
B-+/)1391+1&3;'(9=-1,'+(I'%&-3/.3, T!B=)TI+/!@"/2(.B'@!.,1G'?).3,I#CH#1T!.)L./1= - R-7)H+)!.,)(+0
+B@35.,+-1+,@!.,)(+0)H3(+2.21 &+ /1+,@!B-33@!//-1?3=-@!@")'?)!+.(B3(,1/3=,@!-.R)H+)!
2(+)@!B7!;.,@!)=(B., /#!!

A(+=5+TN)3%. /THE'0(-+) @'@'6', (+).3,Tl+,@! :+(.3=/1+(1@.['+'17+,12+=/1@./3(@" (/'39!
JH')).B=-+(1-+B7(.,)H#IF1-+B7(.,)H!,3)19=,2 ).3,.,61&(3&(-717+,12+=/1+1&'(/3,1)319"-!

= [)+@713(1,)319+--#G. 2 )H'5.2.(2=-  +(12+,+-139)H''+(1,3(5+--71@") ?) H+@!
(3)+).3,I/=?HI+/I/H+R.,6)H'H'+@1)3!.,@.?+)'h,3\T!3, 1391 H'123,/'N=", 21391 +!
@7/9=,2).3,+-12+ +-LIH+) & (/3,15+719"  1+Ih/&.,,.,6ill" [+).3 #14H /I(+7?).3,L./1
@'/?(.B'@!+/1'().63TI9(35!)H'I<+).,1:3(@! )3)=(#M,!,3(5+-123,:(/+).3,T:3(@/'-.R'!
*(.631+,@!@.., 117+, 1B1=/@!.,1+5B.6=3=/!  ;+7/l+, @ H=/5+R"1?+ ('9=-1.,)'(&()+).3,!
391&3)",).+-IH'+-)HI?-+.5/1&(3B-'5+).2#1h>. “7Til93(1'%+5&-'TI5+715'+ 1)(="1:'().63!3(!
=/)+@.,/[T'B3)H!39;H.?H!5+7!B"/758&)35/139L.,, ("+(1@./'+/'#IF1& (/3,:H3!@'/?(.B'/!
B"..6li@. 7il5+71+?)=+--7IB1'%&'(.\2.,61-.6  H)OH+@'@,//T!+19+.,).,6!/',/+).3, TIB-=((@!
1.3, TI@./3(.")+).3,TI3(1+-53/)1+,713)H'(!@. 99.?=-)0)30@"/?(.B'/',/+).3,!.,)H'IH'+@#!4H'!
3(@h@. ., i12+,1(&(1,)!@.99'(,)!/' /+).3 N3IHRHIZ (I3, Th ) HI+H:+(.) 71391 2+=/'/#1
AH.N2+ 15+RDHI&B& (1) (&()+).3,1391(C  [+(PHIN=@./.,LH.2HI@. . I/ +-=+) @1+
2H+--',6)31.,) (&()#!

*(3&(1@.+46,3/).21)/).,6031%  +-=+)1@. . 12+ (@=?"1((3  (IN.,5./7-+//.97.,6!@./'+'#!
AHY).B=-+(1-+B7(.,)HT!I93('%+5&-'T12+,1B' )'/) @'93(1&3/)=(+-1/)+B.-.) 7#!M,93(5+).3,19(35!
JH'5.2.(2=-+(12+,+-1.19'@!)3NHI7'15=/2-"  [)31+--3;1=/)3IR"&!I3=('7"/1937=/'@!3,!+!
)+(6)dEH Y HIH+@!53:/dDH./1:'/).B=-3  032=-+(1(9-'%il./'+.-71)/) @!+,@!?+,!B'!
5&+.(@!.,1:).B=-+(1@./3(@'(/'[Z+-3H!+,@'E3,(=B.+ TI"PSP\#!

3.3 Potential Adverse Effects of Exposure to Sound

F@:(/''99'?)/139!/3=,@!+('@.("?)-7!@'&,@ ',)!3,)H"/3=,@!-"-d!H.6H'(19(N=",77!
13=,@N&(T)+B6(+)'((JRIBQH 1+@:' (/1 99'?))H+,1-3;'(1--/1[/"14+B-"1COLWIG&"?H!
O 2TIH(,61-3/TH+,@!)+/RL.,)(9'(,?" 1327=(14)!H.6H!/3=,@!-"-/#1G39)'(1/3=,@/!
5+71B'1+,,37.,6!13(12+=/1/-"&1@.))=(B+,?  '.,1/35'&'3&-#IF)!,3(5+-/'&+(+).3,!
@.N)+,2/T:.,@)=(B.,I'@3!,3)I&(B@=2"/3=,@' +)!-:-I)H+)12+=/1/&"?H!.)(9'(,?'TIB=)!
/35'1&'3&-"15+719.,@)H'/"/3=,@/!)3!B'1+,,37.,6#!!

3.3.1 Speech Interference

M)L./123553,IR,3;- @6')H+)123,:'(/+4).3,17+,1B'  1@.99.2=-)1.,1+1,3./71()+=(+,)d)H-3=@'(!
JH'IB+?R6(3=,@!,3./TYH'-3=@'(!;)+-R! +@)H'H+(@'(1.)!./!)3!2355=,.2+) #IF: (+6']
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- 139124/=+-123,7'(/+).3,14)1"5") ([ +(5 /-, B)H\+(1) 7&.2+--7TIKX)ILXI @ZF#1*3&-"1
(+/MH.(1:3.2'/k/-.6H)-7+,@!=,23,/2.3=/-71  +)19.()k;H',1+5B.")I-'-/1%?" @!KX!)3!
KKI@ZFT!.,13(@'(")3!R"&!/&"2H!-""-/1/-.6H)-71+B3:"1B+?R6(3=,@!,3./'l-": - /##!
V355=,.2+).3,14)1+(5¢/1-', 6)HI(N=.(/1?3,/?. 3=/1'%)(+I'993();H',! --/I'%6?"@!+B3=)!
SKI@ZF#FB3:'1+5B.",)1--/I39IWX!) 3IWKI @ ZF&13&-'1,"@!)3!/H3=)13(16')12-3/(1) 3!
23,7(/1[*+(/3,/") 1 +-#TI"PSSAIAB/) (TI"PSW\HI<":-/IB'-3;IKI@ZF!?+,1B'123,/.@'( @!
(")) HICI&?))3Y& 2HL. ) (9'(', 2 1!

3.3.2 Noise-Induced Hearing Loss

O'(7!B(/91+,@!.,),/1/3=,@/[+B3:I"CXI@ZF  TU=?HI+/1.,'%&-3/.3,\1?+,12+=/"1.,))+,)!
2372H-"+(1@+5+6'+,@!&'(5+,)IH+(.,6!-3//T!  B=)153/)132?2=&+).3,+-IQME<!(/=-)/19(35!
&(3-3,6'@"%&3/=(N3IH.6H!,3./1--/1  B):" IPXI+,@I"XKI@ZF![J?V=,, 71+,@13'7'(!
IXXSWH12'6=-+)3(7![DGEFTI"PWC\I+,@!+@:./3(MYQGETI"PPW\I+=)H3(.)."/L., ) H'L_#G#123,2=(!
)HH)!(/RIZIQME<!IB'6.,/1+)!+B3=)WKI@ZFQBNOH3=(!@+7T!3:'(+1IX07"+(12+("(#I<":"-/!
B-3;ISKI@ZF!@3!,3)!&3/"1+!(/RI39IQME<#4H=/T)H'/3=,@!-''-/'+//32.+) @"; )H!;., @!
)=(B.,13&'(+).3,/:3=-@!,3)!?7+=/IQME<  IB'2+=/")H'7!+("1,3)!H.6H!", 3=6H#!

3.3.3 Task Interference

G=)'(I["PP"\I(:.; @!)H''99'?)/139!,3./13,1&'(93(5+,?'1+,@!B'H+:.3(#!G.5&"1)+/R/15+7!
B'=,+99'2) @' 1+)1-" -1 14+B3IXXI@Z  FTU;H.-'153('1235&-'%!)+/R/12+,1B1@./(=&) @!
B7L.,)(5.)),)!,3./1+/1-3;+/ISKI@ZF#IG&  "?HY3=,@/!1+(1=/=+--7I53("1@./(=&).;)H+,!
3,/&"2H!/3=, @/#1<"-/B-3;ISXI@ZF!@3!,3)!(/=-)!.,)+/RL.,)'(9'(,?'#!

3.3.4 Annoyance

F,,37+,?'1+/1+1&3//.B-1h'99'2)i!39!;., @!)=(B.,  '3&'(+).3/L.1'@./?=I'@!.,)\@")+.-.,!I-+) (!
1'2).3,139NH./1('&3()![G'?).3,/\CH#II+,@1#"\#! M,//=55+(7T!+,,37+,?2'L/1+!/=B]'?).:"1(/&3,/"
YHH):+(./1453,61&'3&-"1)3!5+,71)7&'/1391/3=,@/#!M)!./1.5&3()+,)1)3!,3)')H+)!+-)H3=6H!
+,,37+,2'15+7!B'1+19(=/)(+).,61'%& (', ?"193('&'3&-'T1.)!./1,3)123,/.@'(@!+,1+@:'(/'H"+-)H!
'99'?)13(1@./'+/1391+,7IR., @#V'()+.,!"(7T@+ 7/3=,@/T!/=?H!+/'+!@(.&&.,6!9+=?")kB+("-7!
+=@.B-'k?+,IB'+,,37.,6#IF, 37+ ,2'12+,3)IB'1&('@.7)'@!"+/.-7;.)H!+1/3=,@!-":-15')'(#!
Q3./19(35!+.(&3()/T!(3+@!)(+99.?T!+,@!3M3=(?"/![.,?-=@.,6!;.,@!)=(B.,'/\I5+7!+,,37!
/35'&'3&-"T!+,@T!+/!@'/?(.B'@".,!G'?).3,!I#" THH'-3=@"(!)H", 3./ T)H'I53("|&'3&-"15+7!
B'?35'1+,,37'@#!

3.3.5 Sleep Disturbance

AH'_#G#1$,:.(3,5'))+-1*(3)'?).3,!F6',?7![$*F\|@37=5"))!).)-' @! Information on Levels of
Environmental Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of
Safety!["PSNI("?355",@/")H+)!.,@33(!@+70,.6H)0-""-I[>Q<\!,3)!"%?" @!IKI@ZF#!>Q<!./!+!
LIOH3=(1+"(+6'")H+)16.. /1" XI@Z!"%)(+!;".6H)  1)3!/3=,@/!13??=((.,6!B");",!"X&#5#!+,@!
SI+H#5#T!3,)H'+//=5&).3,)H+)!@=(.,6")H'/"! /-"&H3=(/T!-"-/'+B3:"ICKI@ZF!.,@33(/!5+7!
B"1@./(=&).:'#!!

3.3.6 Other Adverse Health Effects of Sound

F)'%)('5-7IH.6H!/3=,@!-"-/TY=?HI+/)H3/ "+//32.4)'@!;.)HI'%&- 3/.3,/T)H'I(/=-).,6!
13=,@1&(/I=(17+,1.,]=(1+,71+.(023)+.,..6  13(6+,U,3)!3,-7YH5.@@-""+([+(@(=5!
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&'(93(+).3,/1+(123553 \IB=)1+-/3)H'1-=,6/1+,@!  .)'/)., N[GHI'(I")+-#TIIXXLIF))H'13)H'(!
'06)('5'Tl+,7Y/3=,@)H+)./1?H(3,.2+--71+,,37..6 T, 2-=@.,6!:'(7!/39)! /3=,@/T'5+7T193(//35'!
&'3&-TI2(+)12H(3,. 2)(/ITEH.2HI2+ 1L )=(,  1-+@")3!3)H(IH'+-)HI&(3B-'5/#D, ) H'13)H'(!
H+,@T!5+,71&'3&-1B'235'+72=/)35'@!)3!('6=  -+(I'%&3/=("1)3!,3./13(!3)H'(1&3)",).+-!
NCHB(TIH+@1+(1,3!-3,6'(1+,,37' @#AHTHT&3)H'L./)H+)I12H(3,.?2!,3./1%&3/=("15.6H)!-+@!
)312H(3,.21H'+-)HI&(3B-'5//=?HI+/IH7&()',).  3,]+,@H'+()!@./'+/'H+/!B" })H"//=B]'?)!39!
H=,@(@/'39!73,)(+@.?)3(7!/)=@."/'39!H.6H-7I#B-IN=+-)7TL:H.?H!;.--1, 3)IB'I(>.; @!.,!
JHN@32=5' #D)H (I+=)H3(IH+1(:. @)H.,  1-)'(H)=(T!+,@Y/35'139)H".(173,7-=/.3,/!
+(IN=3)'@!B"-3;U!

&(3B-'5/0T!'0%6?'&)YH+))H', 3./12+,12(+)'123,@.).3,/139!&/7?2H3-36.2+-1/)(//0;H.?H!
2+,11)=(,12+=/1&H7/.3-36.2+-1/)(//\(+?).3,/oil[a(7) (TI"PWX\!

h$&.@'5.3-36.2+-1".@",213,1,3./1%&3  /=(T!B-33@!&(//I=('T!+,@"./2H'5.2IH"+()!
@./'+".]N)).~-1-.5.) @#il[Z+B./?HTIIXXN\T !+,@!HR) (+@.?)3(7c![Z+B./2HTI"PPW\T!B=) hyH'(L./!
/35'":.@',2'0391+,1.,2(+'@!(/R!.,\/=B] D)EH3- 1 3T ) HI3=) @33(!
3./1--13916(4) (H+, ILKIOISXI @ ZF#il[Z+B./2HTIIXXX\!

hAH'&( ))+) 139D HI+()1@37,3)1&'(5.)  +71@'9.,.)1?3,2-=/.3,)31B"1@(+:,1+B3=)!
JHIC/RIZOHT& () [.34I[+,!  >]RTI$))5+T!+ @!p.-H=./T"PWS\!

hF)YH./1&3.)TOH'I(-+).3/H.&B);",!  3./1.,@=?'@!H'+(.,6!-3//+@'H7&()',/.3,!
5=/)IB'123,/.@'(@'+/!&3//.B-1B=)1-+?R .,61/=99.2.")I'".@",2")3!@ (+;17+=/+-!
+/32.4).3,/#q![J?V=,, T1+,@\J 7' (TILXXS\!

3.3.7 Potential Health Effects of Vibration Exposure
*3&-'15+71'06&'(,?':.B(+).3,;H",1/35'1&+() 1I39NH'IB3@7!./1.,!@.("?)!?23,)+7?)!;. ) H!+!
:.B(+).,6!13B]'"?)#!D, 1'%+5&-"1;3=-@!B'IH3-@ .,6!+!?H+.,/+;!13(1&,'=5+).?!H+55'(!.,[)H'!
H+,@/#F,3)H'(1;3=-@!B"l/.)).,6!.,1+IB=/T!)(=?RT!3(!3,IH'+:7'N=.&5'")l//=?H!+/1+|B=--@3 ™' (#!
VH(3,.2!=/1391:.B(+).,61)33-/17+,12+=/"1  hH+@0+(5!:.B(+).3,1/7,@(35'Til+!:+/?=-+(!
,1799.2.,27123,@.).3,1?H+(+?)'(."@!B7!,= 5B,'//I+,@!).,6-.,6!39)H'9.,6'(/T!?3-@!

)32 (+,2Th;H.)'09.,6'(I1+)+?2R/TI+,@!1"' )= +--7I'""1-3//13919..6 '(!/@=")3!.,+@'N=+)'l
B-33@!/=&&-7#'DGEF!@3'/!,3)!/')!-.5.)/193(!:. B(+).3,'%&3/=('T!B=))H'IF5'(.?+,!Q+).3,+-!
G)+,@+(@/'M,/).)=)[FQGM\I[1XXL\I(*?355', @/)H+)!WOH3=(!;3(R@+7"'%&3/=(/)31H+,@0+(5!
- B(+).3,/[KN3I"IXXIE TY=55'@!3:'(DH("!  3()H363,+-1+%'/139153:'5' )\, 3)!'06?"@!
+27'(+).3,1:+-="/13911#K!5b/ 14!

$%7?'/./1;H3-0B3@7!:.B(+).3,l./12-+(-7-,R'  @")31-3;IB+?RI&+. [[A.-@'(T'A+//'(5+,T!+,@!
A+I'(5+ TIIXX1\+@'5+7123,)(.B=)N3I6+)(3  .,)/).,+-1+,@!=(,+(7'@./3(@'(/T!+-)H3=6H!
JH14/32.4).3,14(1L,3)L--IN+B-/H@#  FQGMI['PSP\I("?355',@/!WOH3=(!-.5.)/193(!
'H3-'0B3@7!:.B(+).3,!39!IX#CI5bATIO3())H'IB3@7c/!53/)!/',[.).:19(N=",27!(+,6'139!11)3!
WIE#14H./1./1+B3=)ICX!).5'/153('L,) /I H+ YH1:+R /). B(+).3,1)H+)1&'3&-"17+,1@")'?)!
[XHX"I5b/ 11!

F.(B3(,!/3=,@!7+,12+=/1@")'?)+B-1B3@7":.B(+) .3,T!IB=))H./[132?2=(/13,-71+)!:'(7H.6H!

- fk=/=+--71+B3:1/3=, @' &(/I=(1-":"-/! 39I"XX!@Z![=,;".6H)' @\I[G5.)HT!1XX1d!4+R+H+/H.!
VH-HTILXXKAIH5+@+) H+-#TI"PWC\HAH' (L/L3R.21. @', 2')31/=66'/) )HH)I53@'(|;.,@!
)=(B.,N?+=/"1&'(?'&).B-"1:.B(+).3,!.,|H35/! 3(YHH)YH'(LN+,1+//32.+) @!H+)HI (/R#!
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3.4 Peer-Reviewed Literature Focusing on Wind Turbines,
Low-Frequency Sound, and Infrasound

AH.N'?).3,+@@(II1HY?.).9.21(5." 139)H'-) (+)=(H+)H+/1" +-=+) @";., @!
)=(B.,/TYH'+,,37+,21'99'?)T!-3;19(N=",27!/3=, @T!+@!.,9(+/3=, @#!

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

Sound
431@+)THH(C)=@./1.,)$=(3&'IH+1/&?2.9.2  +--71"+-=+)'@!&3)",).+-IH"+-)H!'99'?)/139!
&'38&-"1-.:.,61.,1&(3%.5.)71)3L., @)=(B., ['[* @'(/',I+,@"*(//3,) A+ 7 TILXXId* @'(/",!
+, @ (/I3 )A+T' TILXXSdI* @' (/' 1) 1+-#TILXXPWIAH 1) =@.'/1H+:'1B" 1&(.5+(.-71.,!
G:'@' 1+, @)HQ)H'(-+,@/H#V=/)35+(.-7T!+,"  -.6.B-16(3=&!391&'3&"1+(1/-'?)'@!93(!
&3//.B-18+().2.&+).3,L. NH'N=@7'B+'@!3,)H'. (1-32+).3,1;.)H!I(/&?))3!+!;., @!)=(B., #!
V3,)(3-16(3=&/!H+:"1,3)IB" 1., 2-=@'@!., !+, 7139 H/'|(&3()/#!

M, !+, 14().2-1&=B-./H'@!.,IF=6=/)1LXXPTL.,:'/).6+) 3(/1(&3()@")H'I(/=-)139NH".(1":+-=+).3,!
391S1KI&'3&-"1. NHIQ)H'(-+,@/T;H3-"@1.,HH  ':.2.,)7139;.,@)=(B ., /'[*@'(/',")!+-#T!
IXXP#I4H'1&3)").+-1)=@7'&38&=-+).3,123,/.])’ @!39!+&&(3%.5+)"-7ISXTXXX!&'3&-"I-...,6!

L )H.#KIR.-35) (139141, @N=(B., 11!/ 2Y@!L.)N. YHIQ)H'(-—+,@/#4H"3B]'?).:139!
JHI)=@T7L+M3N+HIMHI(-+).3/H.&B' )" L., @)=(B.,/3=,@!-"-/'+)!@;--.,6/!

+ @")H'&(3B+B.-.)71391,3./1+,,37+,2 T))+R.,6! .,)31+723=,)1&3//.B-153@'(+).,6!9+?)3(/T!+,@!
[1\'06&-3()H"1&3//.B.-.)7!13916','(+-.".,.6!1+1@3 /'(/&3,/'(-+).3,/H.&193(%;.,@!)=(B.,"
3./1B71235&+(.,6)H'I(/=-)1I3ONHY)  =@7!;)HI&(:.3=/1)=@."".,|G;' @' #!!

Q3./1.5&+7?)L:+/IN=+,).9.'@'B+'@!3,)H'I(-+ ).3,/H.&IB);" YH/3=,@!--[@3/\I+,@!
(1&3,': JH)H'1-+)) (15 +/=('@!+/")H'&(3& 3().3,1391&'3&-"1+,,37'@!3('H.6H-71+,,37'@!
B7!/3=,@#*(3()3NH./N=@7T'@3/'(/&3,/' 1?=('H+@!B",153@"-' @'93(!;., @")=(B., /#!
*(.3=/1)=@.'H+1,3)@!@.99'(.)!@'6("!!  39!(-+).3,/H.&/!B):"\:.,@!)=(B.,"/3=,@!
214, @4, 37+, 2 [A3-L R +-#TI"PPCAI* @' (/' 1+, @ (13, ) A+ T TIIXXId* @'(/', 1+, @!
(/3,1 A+7 TILXXS\#!

G=B]'?)..1(1&3,/'1;'(13B)+., @)H(3=6HI+!  [=(T#AH'2+-2=-+).3,139)H"/3=,@!-":"-/!
[@3/\l.,|G;'@", 1+, @ H'Q)H'(-+,@/"; (" 1.5.-+(#IFI@3/'1(1&3,/'1(-+).3,/H.&L+/!
3B/'(@!B);",17+-7=-+)'@!F0;".6H) @!/3=, @'&(II=(1-"-1+,@!+,,37+,2#1G3=,@/!
9(35!;.,@!)=(B., ;' (193=,@")3!B"53(" 14,3761 H+ 1/ (+-13)H (1", :.(3,5', ) +!
[3=(?'/14)1235&+(+B-"/3=,@!-""-#IF1/)(3,6!23((-+).3,::+/1+-/31,3) @!B");" 1, 3./"
+,37+,2'1+,@!,'6+).:13&..,.3,130)H'.5&+2)139 ;. @!)=(B.,'3,)H'-+ @/?+&T!+19.,@.,6!
JHE(N=@ N - HAHN@35.,+,)IN=+  -)7139)HY/3=,@!;+/1+1/;./H.,6TYHIN=+-.)7!
&(':.3=/-7193=,@!)3!B")H"53/)!+,,37.,6!) 7&#!

AH'1+=2)H3(/123,2-=@' @")H+))H./1)=@7!?23=-@B' @!93(1?7+-?=-+).,61+|@3/'(/&3,/"1?=(:"
93(L;.,@")=(B.,/3=,@!+,@!+,,37+,2#4H"Y)  =@7!(/=-)/I=66'))H+)L;.,@")=(B.,"/3=,@!
N+ 7182 @1+, @T!?358+('@!;.)HY3=,@!  9(35!3)H'(/3=(?'/T1./N+,,37.,61)3!+1/5+--]
&'(?',)+6'1391&'3&-"1[KI&'(?",)1+)ICK)3IXI @ ZF\#!

M,DH.N)=@7T)H'1&(3&3().3,!39!&'3&-";H3!('&3()'@!B".,6!+,,37'@!B7!;.,@")=(B.,",3./"
+11.5.-+()315'(6'@!@+)+19(351);31&(:  .3=/G;'@./H/)=@./[*@'(/3,!+,@'*(//3,!
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A+7'TIIXXId*@'(/',\+,@*'(//3,! A+ 7' TILXXS\WHIFB3=)IKI&'(?',)139!(/&3,@",)/!;'("!
+,,37'@!+)!,3./'1-""-/1BY); " ICKN)3NXI@ZF!+,@!"W!&'(?',)1+)IIXD)3NKI @ ZF#!

*@'(',1)+-#1+-/31(&3() @!1.6,.9.2+)!@3/'(1&3,/'/1B);" ;.. @N)=(B., /3=, @'+, @!
-90('&3()'@'+,,37+,?'[*@'(/, 1+, @ (/I3 JA+TTILXXIHIE.6H!'%&3/@!.,@... @=+-/!
(1&3,@ @'53([SWI&(?' \)H+,1-3;1'%&3/'@!  .,@...@=+-/[LXI&(?')\ T!;H.?H!/=66'/)/1)H+)!
B.+/173=-@!H+1&-+7'@!+!(3-'.,)H"9.,+-1(/=-)/#!

F,14+,+-7/./1391);312(3//0/'?).3,4+-1/32.30+?  3=/).21)=@.'k3,)H+)+@@(// @!9-+)!

A, @I24+&N. 5+ TIE(+I). 6N @' 1+ @ (3, A+ T TILXX N+, @1+, 3)H'(1.,!
@.99'()1)'((+.,/[?35&'%!3(19-+)\I+,@!@.99'(,) -:-/1391=(B+,."+).3,/[(=(+-13(/=B=(B+\!
[F@'(/', 1+, @ (13, A+ T' TILXXS\K;+/1 & (93(5'@'[*@'(I", TIIXXW\H#IF&&(3%.5+)'-7!
"X1&'(?',)13913: ("X XXI&'3&-=("7'@!:. 41+ N=').3,,+.(1(&3()'@!B".,6!:(7!+,,37'@!+)!
13=,@!-"-139NXI@Z!+,@!6(+) (#F)).)=@")3:+ (@!)H'!:./=+-1.5&+?)I139)H'L;..@")=(B., /!
H+@!)H'/+5'1'99'?)13,1+,,37+,2'#12'/&3,/')3L.,@1)=(B.,",3./":+/1/.6,.9.2+,)-7!(-+)' @!
)31'%&3/=(1'%&(/I @!+/'FO; .6H) @!/3=,@! &(/I=(I-'"-@Z#F53,6))H3/'1;H3!?3=-@!
H+(L.,@)=(B.,/3=,@T!+,37+2L)H!.,@ N=(B.,'",3./'1;+/1H.6H-7123((-+)' @) 3))H"!
13=,@!1?2H+(+?2)'(/).2[UY;./H. .6 TEH.))-6TI( /3=,@.,6!+,@!&=-/+).,6b)H(3BB.,6![*@'(/", T!
IXXW\HH

FIL5.-+()=@7!.!G;' @,/ +-=+)@!SKII&'3&"'  I-...,61,'+(13,1391/"" 1.y /l;H'(L;., @!
)=(B.,1&3; (1:+16(+) ()H+,IKXXIR.-3:4)) [RAV[F @'(/', 1+, @™ (//3,| A+ T TILXXS\#!
F,.37+,2L+123((-+)' @!;.)HI/3=,@!-"-1+,@! +-131;.)HL'6+).714)).)=@") 3 +(@")H"!
/=+-1. 5&+?)139N)H':. @!)=(B., #1Q3)H+)! ,3,130)H/1N=@."/!.,?-=@'@'+!?3,)(3-16(3=&#!
$+(-.(19.-@!)=@."/1&'(93(5'@!+53,6!&'3&-"1-...,  6L.,)H:.2.,.)7139!;.,@")=(B.,//H3; @!
H123((-+).3,1B"):" 3=, @&(/I=(1-":-1+,@", 3.1+, 37+, 2'dIH3;" (T4, 37+, 2 +/1

+-/31.,9-=' 2’ @!B7L:./=+-19+2)3(/1+,@'+)).)=@/!)3;+(@!)H'.5&+?)I39NH'L;., @) =(B., /!3,!
JH'I-+,@/2+&#IQ3./'1+, 37+, 21+, 3) @!1+)1-3: (3=, @'&(/I=(1-'-H+,1+, 37+,
9(35!)(+99.7!,3./#IF-)H3=6H1/35'&'3&-"1 5+71B'+99'?)@!B7!+,,37+,2 T))H'('./1,3!
12.).9.2.@" 2 H+)!, 3./ 14) 1" 12(+)’ @!B7";.,@")=(B.,1?3=-@!?+=/"1H"+-)H!&(3B-'5/!
[*@'(/', 1+, @'ES6/R3-+, TILXXC\#!

3.4.2 Annoyance

FI9"-.,6!@'/?2(.B'@!+/1h+, 37+,2112+,1B1+//32.  +)'@!;.)H!+?3=/).219+?)3(//=?H!+/!;.,@!
)=(B.,1,3./HI4H(1.N?3,[. @' (+B-1:+(+B.~)  7TIH3;"'(T!. IH3;1&'3&-'1B'?35'h+,,37'@i!
B7!':.(3,5')+-19+2)3(//=2HI+/I(3+@!?3,/  )(=?).3,1+,@!+:.+).3,1,3./' TI+53,6!3)H'(/!

[<'' H+--TIIXXIF,, 37+, 2 L/12-4(-71+/=B]'?  ).:'T'99'2))H+H)!:.-1:+(71+53,61&'3&-'1+,@!
2.(?=5/)+,2HIM,I'%)(5 12+/(TI-"&1@.)=(B+,?2'15+7132?=(#A.,@!/&"@!+))H'IH=BIH'.6H)!
391+, @)=(B.,"1+)!,.6H)I5+7IB1=&1)31);.2  'I+/IH.6HI+/!1@=(.,6)H@+7!+@!5+7!-+@!)3!
+,,37+,2'19(35))H'1+5&-.)=@"153@=-+)'@"/3=,@' 39)H':.,@")=(B.,"'[+,!@",!Z'(6T!LXXC\#!
E3;(TL,1+)=@7!39!"L1/.) /1. ICI$=(3&+,173=,)(.[T13,-71+1;+R123((-+).3,1;+/!,3) @!

B");" 1/3=,@&(//=(1-"-1+,@!,3./1+,,3 7+,219(35!.,@)=(B., '[*@'(' |+, @!
ES6/R3-+,TILXXC\!I!

M, 1+ @")+.- @!?35&+(./3,1391)HI(3-'1391,3./'1 /',.).:.)7".,1(1&3,/)3!",:.(3,5",)+-1,3./"
+(3=,@.,)'(,4).3,+1+.(&30/1.,|G7@, 7TI<3,@ 3,T'+ @'F5/)'(@+5T!.)\;+//H3;,)H+)!,3./'
[')1).0)70,20+13,'c& (?'&).3,1391+,,37+,2'., @'&',@',)-7!39!)H'I-"'-1391,3./'
'06&3/=(1[:+,1a+5&!") I +-H#TIIXX I\
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"116'36(+&H. 2+-1+(+/1(&3() @!B'".,619+.(-7!3( :'(7'+,,37'@'B7"..,@")=(B., '[*@'(/", T!
IXXWVHM)LNL.5&3()+,)1)31,3) ) H+)!,31@.99'(, 2/ (1(&3()' @!+53,61&'3&-'1;H3!: (!
h+,,37'@il.,123,)(+/))3)H3/1;H31; (1, 3)1+,,37'@";.)H!(/&'?)!)3IH"+(.,6!.5&+.(5')T!
@.+B)/TI3(12+(@.3:+/?=-+(1@./+/'#IF,'+(-. ()=@7".,)G;'@",//H3;'@')H+))H&(3&3().3,!
391&'3&-'h+,,37'@i!B7!;.,@")=(B.,"/3=,@!./'H.6H'(")H+,193(!3)H'(1/3=(?'/139!

'(3,5)+1L 3/ H))HYAET@2. B[R @' (1 1+, @1 (3, A+ T TILX XV

3.4.3 Low-Frequency Sound and Infrasound

Q31/2.).9.2I)=@. "H+:1/&?.9.2+--7I"+- =+)@!H'+-)H!'99'?)/19(35!"%&3/=("!)3!-3;!
9('N=",27!/3=,@!9(35!;.,@")=(B.,'#IQ+)=(+  -1/3=(?'139!-3;!9(N=",271/3=,@!.,?-=@"!
LL@TIC(TH,@L4)(9+--/1,IB3)HI+=@.B- 'I+,@!,3,0+=@.B-"19('N=",2."/#ID)H'(1/3=(?'/!
L2-=@'1(3+@!")(+99.2T!+.(2(+9) Tl+,@!., @=I5t ?H., (7#14H'153/)123553,1/3=(?'139!
L9(+/3=,@!./1:'H.2=-+(1[Q+).3,+-143%.23-36 71*(36(+5 TI LXX"\#!

M,9(+/3=,@!+)1+19('N=",2713911XIE IDH'1=&&'(I- 5.)139!.,9(+/3=,@\!./!,3)!@')'?)+B-'1+)!-":"-/!
-3;'()H+YH+,ISPI@ZI[<"! ) H+--I)+-#TIIXXCHIM, 9(+/3=, @!+)"IKI@ZI+)11XIE 1+, @!+)"LK I @Z!
FLIE12+,1).5=-+) Y H'+=@.)3(7/7/) 51+, @12+=/1/" (1&+. [[<:' ) H+--TILXXL\#4H'/!

BN CY=BN ) A--TIHBH (YH, 14,70 3016 (+) @!B7!;.,@!)=(B., [#14H'_#G#!
833@!+,@'>(=6!F@5.,./)(+).3,/[8>F\IH+/1+&&( 3:'@!)H'"=/"139!.,9(+/3=,@!93(")H'(+&'=).?!
5+/+6'1+)ISXI@Z!., YH W) 3IIIE I(+,6'1[Q+).3,+-143%.23-3671*(36(+5TILXX"WHIM, I-.6H)!39!) H'l
8>F1+&&(3:+-193()H./N 7& 139N H'(+&'=).21=/139! .,9(+/3=,@T!.)./I(+/3,+B-1)3123,2-=@")H+)!
'%6&3/=(")3!.,9(+/3=,@!.,)HISXI@Z!(+,6'./! [+9HIF??23(@.,6!)3!+!('&3()!39))H'IQ+).3,+-!
2/+(?HIV3=,2.-[Q2W\TI-3;19(N=",271/3=,@!./  1+123,2'(,193(13-@'(!;., @")=(B.,/'B=)!,3)!
JH'I53@'(,1)7&1[Q+).3,+-12'/+(?HIV3=,2.-TILXXS\!
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Results

4H.1''?).3,'@.1?=I'"IYH(/=-)/'39NH'I+,+7-/./ 1&(',)@!'.,'G'?).3,IC#!*3)")).+-1"99'?)/19(35!
S9(+/3=,@T!-3;19('N=",27!/3=,@T!+,@"H'19-=?)=+).,6!+'(3@7,+5.?!h/;./Hi'9(35")=(B., "
B-+@'/'+(''"%+5.,' @#!*(3&3/@!H7&3)H'//'B" );".1;.,@N=(B.,"/3=,@!+ @!&H7/.3-36.7+-!
'99'?)/1.,)hH"93(5!39!:.B(3+?3=/).?!@./'+/ 'T'h;.,@")=(B.,"/7,@(35Ti!+,@!:./?'(+-!
LB(#)3(7:).B=-+(@./) =(B+,?'1+(!1@./?=/ @#!

4.1 Infrasound, Low-Frequency Sound, and Annoyance

G3=,@!-:-/19(35!;.,@")=(B.,/1&3/",3\(. IRIZOIH+(.,6!-3/N3(1+,713)H'(1,3,+=@.)3(7!
'99'2)#IM,19+2) TIHI('?')I(.';123,2-=@' @) H+)!hD??=&+).3,+-1,3./'0.,@=?'@'H'+(.,6!@+5+6'!
@3'/1,3)!1327=(1B"-3;1-'"-/139WKI@ZF#i![M/.,61+, @'a(=&&+TIIXXIN4H'-:'-/1391/3=, @!
HI32.4) @ )HL., @)=(B.,13&'(+).3,/14+(  '123,/.@'(+B-71-3;()H+,1.,@=/)(7!-":"-/!
+/32.4)@";.)H!, 3./, @='@!H'+(.,6!-3//#!

E3::(TV/35'&'3&-"1+))(.B=)"1?'()+.,IH'+-)H 1&(3B-'5/1)3!;.,@!)=(B., "%&3/=(#!4315+R'!
I M39NH1+I().3,/T!3,15=/)173,/.@'(",3 )13,-7H)H/3=,@!B=)!)H'1235&-'%!9+7?)3(/))H+)!
5+71-'+@1)3)H'1&'(?'&).3,139!h+,,37+,2'#i1J3/)IH'+-)H1235&-+.,)/|('6+(@.,6';.,@!
)=(B.,IH+:"12" ) (@!3,1/3=,@!+/MH12+=/#  14H'(1+(1);31)7&/139/3=,@/'9(35!;.,@!
)=(B.,/UI5'?2H+,.2+-1/3=, @T";H.2H!3(.6.,+)/ 19(35))H'16'+(B3%!+,@!?3,)(3-5'?H+,./5/T!

+ @)H153(1@35.,+,)1+'(3@7,+5.2+-1/3=, @TH. 2HLA&(T ) 4)+--19(N=",2./19(35!)H"!
LO(+3=,@!(+,6'13:'(-3;19(N=",27/3  =,@")3NH'!,3(5++=@.B-I(+,6#!!

M,9(+/3=,@'9(35!,+)=(+-1/3=(?'N[93('%+5&-'T 13?'+,I;+:/1+,@";.,@\//=((3=,@/'=/'+,@"./!
B'-3;)H'+=@.B-")H(/H3-@#!4H'.,9(+/3=,@!'5.))’ @!9(35!;.,@!)=(B.,/1./1+)!1+1-"-139IKX!)3!
SX!@2ZT!/35).5'/H.6H'(T!IB=)!;--IB-3;)H'l+=@. B-")H(/H3-@#!4H'("1./!+123,/',/=/1+53,6!
+23=/).21'%&' ()Y H+))H'L.,9(+/3=,@!9(35!;.,@! )=(B.,./!39!,3123,/'N=",2")3IH'+-)H#ID,"!
&+().?2=-+(1&(3B-'5!;)HI5+,7I39NH/1+//().3,/1  +B3=)L.,9(+/3=,@!./)H+)L/NH+))H1) (5L./!
39),15./=/@%;H",)H'1?3,?'(,.,6Y/3=,@"./1+? )=+--71-3;19(N=",271/3=,@T!,3)!.,9(+/3=,@#!

_,@'(15+,7123,@.).3,/TI-3;19(N=",271/3=,@!  B'-3;1+B3=)IIXIE"12+, 3)!B'@./).,6=./H'@!
9(35"",:.(3,5',)+-IB+?R6(3=,@!/3=,@!9(35)H  'L.,@!.)/-9#!*(?'&).B-[5'+,.,6!+B3:"
B3)H)H'IB+?R6(3=,@!/3=,@!+,@")H'H'+(.6)H(/H3-@\T!-3;19(N=",27!/3=,@!?+,!B'!
&(3@=?'@!B7!;.,@")=(B.,/'=,@'(1?3,@.).3,/! 39!=,=/=+--7))=(B=-")!;.,@!23,@.).3,/TIB=)!
JH'I+2)=+-1/3=, @!--1@'&', @/'3,)H'@.)+,2139  NH'-./),'(19(35)H')=(B., T+/)H'/3=,@!
1)), =+)1[9+--/1399\1; )HI@./)+, 2 HAHTH. 6H'()H'IO(N=",27TYHI6(+)'()H'/3=,@!
+)),=+)1L)HI@. )+, 2KF&&!, @.%!>1&(3:.@"/  153(1.,93(5+).3,!3,))H'1&(38&+6+).3,139!
/3=,@#!4H1-3:19(N=",77!/3=,@"'5.)) @!B7! /&.,,..6%:.,@")=(B.,/1?3=-@!&3//.B-7'B'l
+,,37.,6)3/35';H' ., @/1+(1=,=/=+--7)=(B = )TIB=))H'(1./,315.@", 2 )H+)YH./!
--1391/3=,@!123=-@!B'IH+(59=-1)3!H'+-)H#IMOV/3T12.)7!@;"--.,6!;3=-@!B'.5&3//.B-1@=")3!
JH'.5.-+(1-:-/1391+5B." )1/3=,@!-"-/ 1,3(5+--71&(1" )L, 1=(B+,!",:.(3,5', ) /#!
Q"'OH'-//T1+1/5+--1, =5B'(139!&'38&-" 19.,@12.)7Y/3=,@!-":"-/1/) ('1/9=-#!
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M)/, 3)=/=+--T)H'-3:19(N=",27!,3,9-=?)=+).,61/3=,@!?35&3," ) TIH3;"'(T))H+)!
&(3:3R'/1?35&-+.,)1+B3=)l;.,@)=(B.,)/3=,  @#!4H19-=2)=+).,6!+'(3@7,+5.?/3=,@![/;./H\!
HIKXXD3ITXXXIE 1(+,6'1322=(/19(35)HL:., @1)=(B.,'B-+@'/!@./)=(B.,6)H'I+.(T!
53@=-+)@+/)H'B-+@"/!/(3)+)";H.2HI1?H+,6' NH/3=,@!@./&'(.3,! 2H+(+?)'(./).2/L.,1+)!
+=@.B-'15+,, (#14H./19-=2)=+)..61+(3@7,+5.21/3 =,@!./1)H"1?+=/13953/)!/3=,@!?735&+.,)/!
(6+(@.,6%.,@!)=(B.,TI+I)LIH+(@'()3!B' ?35'1+27=/)35'@!)319-=?)=+).,6!/3=,@!)H+,!)3!
13=,@)H+)!@3'/1,3)19-=2)=+)#E3;"(TYH./ 19-=2)=+).3,1@3"/!,3)1+-;+7/132?=(1+,@!+!_a!
N=@7V/H3; @!)H+).)H+@!B",|+1&(3B-'5!.,! 3,-7193=(13=)139!"CX!_al;.,@!9+(5/T!+@'H+@!
B",I(/3-'@!.,)H("139))H3/[I33(H3=/"1)1+-#TIIXXS\#!

4.1.1 Infrasound and Low-Frequency Sound

M,9(+/3=,@!322=(/1+)I9(N="2./I-/H+,11X E#IF)I-3;1+,@!.,+=@.B-1-"-/T.,9(+/3=,@!
H+/1B" [/=66') @!+/!+12+=/139!h;.,@!)=  (B.,'/7,@(35'i+,@!:.B(3+73=/).21@./'+/"
[OF>\K('9'(1)3!G'?).3,II#1#"193(153("1.,93(5+)  .3,!3,|0F>#183(.,9(+/3=,@!)3!B'H'+(@T!
H.6H3=,@!-7-1+(L 2 /+(7\[/"G'?).3,ICT!  4+B-1COLWAH'('L./1-))-"1(/RI39IH3()!)'(5!
+22)1%&3/=(1)3IH.6H!I-""-/1391.,9(+/3=,@ #IM,'%&'(.5")/!I(-+)' @")3))H'IF&3--31/&+?"
&(36(+5TY=B]'2)/L;'('%&3/'@)3!B");",! "X+, @!"IXI@Z!;.)H3=)IR, 3, IH+(59=-1'09"?)/#!
E.6H!-"7"-1.,9(+/3=,@!./1-/'H+(59=-)H+,)H'/+5'H.6H!-"-/1391/3=, @!.,))H" 3(5+-!
+=@.B-"19(N=',27!(+,6'#!

E.6HI--/1391-3;19(N=',271/3=,@!7+,/'%?.  )'IB3@7!:.B(+).3,/l[<"',)H+--TILXXC\#$+(-7!
+))).3,)31-3;19(N=",271/3=,@";+/'@.("?) @!)3)H'|_#G#/&+?'1&(36(+5T!/)=@."/19(35!
‘H.?H!/=66')' @!)H+)!1I0H3=(1'%&3/=(/)31"1XN)3I"CXI@Z!+('1)3-'(+B-'1B'-3; | 1X!E THH'!
=&&'(-.5.)1391.,9(+/3=,@#JI3@'(,);.,@N=(B .,/\&B@=2"/3=,@")H+)L./1+//'// @'+/!
LO(+/3=,@!4)!) 7&.2+-1-""-/1391IKX)3ISXI@ZTHB)H'IH'+(.,6YH(/H3-@!+))H3/M9(N=",2./!
[(+R3B/, TILXXI\#+R3B/,123,2-=@'@!)H+)!.,9(+3=, @'9(35!;., @")=(B., /' @3'/!,3)!1&('/",)!+!
H'+-)H123,2'(#18-=2)=+).3,/139%;.,@!)=(B., '/3=,@T!53/)!,3)+B-7!)H'l/;./HO/;./H!/3=,@/T!
+(1,DHI9(N=",27!(+,6'139IKXXN)3I"TXXXIE T H.2HL/,)H'(1-3;19(N=",271/3=,@!,3(!
L9(+/3=, @#I4H&(@35.,+)!/3=,@!9(35!.,@!  )=(B.,/TIH3;"'(T1./139)",I5./2H+(+?)'(."@!
+1.,9(+/3=,@!+,@!-3;19(N=",271/3=,@#I<"?  -/1391.,9(+/3=,@!,'+(153@'(,0/?+-"!;.,@!
9+(5/1+('L.,16", (+-1,3)1&'(?'&).B-)31&'3&-# M,  )H'IH=5+,1B3@7T)H'IB+)I390)H'IH"+()!./!1+)!
")3ILIEHIE.6H'(09(N=",27!H"+()1/3=,@/!5+/=(@!'%)'(,+--7")3)H'B3@7!+(".,)H"-3;!
9(N=',27!(+,6'[1S)3ICKI@Z!+)!11XNIXIE\THH3=6H!)H"/)(3,6)!9(N=",271./)H+)I39NH'!
H'+()B'+)![G+R+.T!8.6', Tl+ @!<=./+@+T!"PS"\#I8¥3=,@/T!5+/=('@!'"%)'(,+--7")3))H'IB3@7!
+(1,DH'I(+,6'139IK!)3ICKI@ZI+)I"K XD IILXXIE 1[8. 1) +-#TIIXXW\HI G ?H=/) [ LXXINH+/16.', 1+
235&('H' /.:'1(.";139))H''99'?)/139!H.6H 1--1-3;19('N=",271/3=, @ T!=&)3I"XXIE #!

4.1.2 Annoyance

F,,37+,2L/1+1B(3+@!)3&.?!13,;H.2H::3-=571  H+1B" (), #IF,,37+,2'17+,IB'12+=/'@!
B7!73,/)+,)+5&-)=@'1+,@'+5&-.)=@"153@=-+)'@Y3=,@/1?3,)+.,.,6(=5B-"1[Z(+@-'7TT!I"PPI\#!!

F/IH'1-2-1391/3=, @!(./T!+,1.,2(+/.,61,=5B'(1391)H3/": H3IH'+(1.)!5+71B'?35']
@.N(II'@T!=,). -1 )=+--T+(-7"(7B3@7\.)N  +99'?)@T!+-)H3=6H!)3!@.99'(,)!@'6("/#4H./!
S22 (14 @V -T1=,@'(1)33@&(3PIHIES Y (TLHH)LN3)312-+(-71=,@'()33@!./))H+)!

HLUDH'-I39NHY3=,@1(@=2TY3)HH)L  (71951&'3&"1+('1)(3=B-'@!B7!.) THH'(('5+.,!
+/5+--1, =5B'(LH3I5+7IB+@:'(/-714+99'?) @#!  4H./1322=(/1+)1+--19(N=",2./T!+-)H3=6H!
YH'(1/"5/)3IBI53('/=B]'?). l:+(+B.-.) 7! +H)YH'-3;'(19(N=",2.'#14H1'99'?)139!-3;!
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9(N='",27/3=,@!3,1+, 37+, 21H+/1(?)-7IB " I(5.7@![<",)H+--TIXXI\#HAH)+ @+(@!
@":.4).3,139)H'IH'+(.,6))H(/H3-@!./1+&&(3%.5+) - 7ILI@Z!+)!-3;19(N="2. '[a=(+R+)+!+ @!
3. =45 TILXXWATY/3) H+)1+B3=) 1 1#K1& (7', 138H'1&38&=-+).3, .- IH+:1"11@Z!53('!/',/.). !
H+(.,6)H+ H'+ (+6'1&(/3,#1E3;": (TIH'+( SBIL).)T1+-3,1@3'1,3)1+&&'+(1)31B'!
JH1@'2.@.,6!9+2)3(;.)HI(/&'?))31+, 37+,2  '#183(1'%+5&-T)H'/+5')7&'139!/3=, @!5+7!
L 2)@.99'()(+7).3,/1+53,6!&'3&-'UI3,1&'(/  3,15.6H)/+7Ihr/TIMI?+,IH+()H/3=,@T!B=)!
)I@31,3)IB3)H(I5'Til;H.-1+ 3)H (I5+7Y/+7T  1h4H/3=,@!./1.5&3//.B-TL)L/!(=.,.,6!57!
OHIAH'(L/L3Y.@',2139IH+(59=-1'99'?)  /19(351)H'1-3;1-":"-/1391/3=, @!9(35!;.,@!
)=(B.,/TI+/'%& (!, @'B7!&'3&-"1.,)H".(IH35/#1G)=@. /!H+:1/H3;,1)H+)!&'3&-'/c!
+)).)=@'1N3;+(@";.,@)=(B., '5+71+99'2)NH  -:-1391+, 37+ 2YHH)HH'7I(&3()![*@'(/",!
V-H#TIIXXP#!

G35'1+=)H3(/'5&H+. ")H1&/7?H3-36.2+-1'99"  2)/1391/3=,@/I[a+-: (+5TIIXXXdla+-: (+5!")!
+#TI'PPPVHIM, 1+, 1" +-=+).3,13911K1&'3&-1%&3®!)319..1@.99'(,)\;., @!)=(B., /3=, @/!+)!
IXI@ZT!(+).,6/1391h+,,37+,2'Il;'(1@.99'(,)1+53,6!@.99'(,))) 7&/139¢;., @")=(B.,"1,3./"
[¥(//3,)A+7"1+, @'tH(/)(S5TILXX1\#!

Q3,'139))H'1&/7?2H30+23=/).21&+(+5') (/! ?3=-@!'%&+.,\H'@.99'(,?".,1+,,37+,7?"
(1&3,/'1#IF, 3)H'()=@7!39!53(1)H+,1 1 TXXXI&'3&-"1/=66') @) H+)1&'(/3,+-.) 7)) (+.)/1&-+T!
+1(3-'1,,)H'&!(?'&).3,1391+,,37+,2)3"":.(3 B )+-LI==2HI+ 3=, @I[* (//3,1)1+-#T!
IXXSWIF, 37+,2'13(.6.,4)/19(35!  +?23=/).2+-1/.6,+-1)H+)1+(1,3 )1?35&+).B-"1;.)HT!3())H+)!
@./)=(BT'&/7?H3-36.2+-19=,?).3,/T!.,1&+().2=-+@¥)=(B+,?'13912=((,)1+? )...). [#Hla+-:'(+5!")!
+#["PPP\I/=66'/))H+))H'I5+.,19=,7).3,139! ,3./1+,,37+,2'L/+/1+1;+(,.,6])H+)19.), //15+7!
B'+99'?)' @!B=))H+)1.)12+=//1-))-13(!,31&H7/.3-36.2+-'99'2)#1%(3) (+2)' @!+,,37+,2' TIH3;"'(T!
5+71=,@'(5.,123&.,61+,@'&(36(/1N)3)(/I(-+) @99 2)HIM)+&&+(/)H+))H./LMMH 5+
5'2H+,./5193(1'99'2)/13,)H'IH"+-)HI39!+1/5+--|  =5B'(139!&'3&-"19(35!&(3-3,6'@!"%&3/=("!
)31-3;1-"-/1391,3./'#!

AH'15+.,1H'+-)HI'99'2)1391 3./1/) (11111 @./)=(B'@Y/-"&T;H.2HI5+71-+@!)3I3)H'(!

23,/'N=" 2 #IA3(RL.)H!I-3:19(N=", 2. /IH+/! JH3; )H+)1+,1+=@.B-"-3;19('N=',27/3=,@!
@31,3),3(5+--7'B'?35'13B]'?).3,+B-"1=,)  .-L)L/"X)3I'KI@Z!+B3:'1H'+(.,6!))H(/H3-@!
[M,=R+.1)+-#TIIXXXdIr+5+@+TI"PWXHIF, 'B2RH' 1+1-.1)' (IH+1@'-3&' @!H3/).-.) 7!
)3NH,3./1/3=(? T3 H+)!+,,37+,2'12355' 2//14+)1+1-3;'(1-":'-#!!

AH(1LN,31.@', 2 H+)3=,@!+))H'1- /! 9(35!:.,@N=(B., /+/IH+(@!.,)(1.@",?'/!;.--!
24+=/1@.("?)!&H7/.3-36.2+-1'99'2)/#IF1/5+--, = 5B'(139!/" /.).:1&'3&- TIH3; ' (TI5+7!B"!
NCI@'BTYHY3=,@'+ @V/=99'(/-"&!@./)=(B+,?'/#!

4.1.3 Other Aspects of Annoyance
G35'1&'3&-"1H+:123,2-=@'@!)H+))H'7!H+:"l H+-)HI&(3B-'5/!7+=/'@'!@.("?)-7'B7!;.,@!
)=(B.,"#IM,13(@'(1)3!5+R"1/', I3ONH/1?235&  -+.,)/T!;'15=/)123,/.@'(!,3)!3,-7)H'/3=,@T!
B=)!)H'1?735&8-'%619+7?)3(/1?=-5.,+).,6!.,!+,,37+,2'#!!

AH'(L/I+1-+(6'1B3@7!39!5'@. 2+-1-.)'(+)=(13,! N)(//'+ @'&/7?H3+23=/).2/#14H("19+?)3(/)H+)!
5+71B'&().,"))3+/H3(0)!@./2=/1.3,139! ;.. @!)=(B.,"+,,37+,?'1'99'?)/1+()H',3?'B3!
'99'2) T/ /3(7).,)'6(+).3,/@7/9=,? ).3,l+,@!/35+)393(5!@./3(@'(/#!
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4.1.4 Nocebo Effect

4H",37'B3I'99')L/1+,1+@:'(/13=)?35'TI+1:3(/  ',.,613915")+-13(1&HT7/.2+-IH'+-)HTIB+/'@!3,!
9'+(13(1B"-9L., 1+@:'(/''99'?)HHAH.NLMH!  38&3/.)139)H':-IR,3;,1&-+?'B31'99'2) T!;H'('
B'-.'91.,1&3/.).:1'99'2)/1391+,1..)'(:").3,! 5+71&(3@=7"1&3/.)..1(/=-)/'[G&.'6-TI"PPS\#!
G'(+-19+?)3(/1+&&'+(1)3!B'1+//32.4)@!;. )H)H',3?'B3I&H",35',3,U!"%&'?)+).3,/139!
+@:(/1'99'?)/d!1?3,@.).3,.,6!9(35!&(.3("%&" (', ?'/dI?'()+.,1&/T?H3-36.2+-12H+(+?)'(./).2/!
I=2HI+H1+,%.)7TI@'&(11.3,1+,@NH'1),@',27!  )3Y35+). " 1[%&(//!&/7?H3-36.2+-19+2)3(/1+/!
&H7/.2+-1/75&)35/dV/"IB-3:\T1+,@V/.)=+).3,+- 1+ @!73,)'%)=+-19+?)3(/#IFI-+(6' (+,6'139!
(+2).3,1.,2-=@"H7& (:+63)3,.+T!5+,.9/)@'B7  1.@.3:",)(.2=-+(IH'+()!(H7)H5![+1/-3;IH'+()!
(+)13911XN3IKXIB+)1&(15.,2) 1(/=-).,619(35  I+,1.)(.,.21&+?'5+R'(I ;) H.,HH'L)(2-!
H2HND+R3(GH L3541 [.,34)(+-1,3@"(6=-+).3,l./ 1-3\TI@(3;/., /[ T!,+=/+T!
9+).6="T1. /35, +TIH+@+?H'TL+R,TI@.7.,  /ITI6+)(3.,)))., +-[YM\?35&-+.,)/1+,@!
@.99.7=-)7123,2')(+).,6![G+@3?R!+,@!G+@IXRKT!8&#1ILK\#I4H /1+((+7139!/75&)35/1./!
1.5.-+(1)3)H1/30?2+--'@'h;.,@)=(B.,"/7,@(35'  il?3. ' @!B7!*.'(&3,)![LXXPT!&('0&=B-.7+).3,!
@(+9)WII))H/ 1+ ('1+--123553,1/75&)35/!., )H'I6''(+-18&38=-+).3,1+,@!,3!".@", ?'IH+!
B"1&(/',) @!)H+)!/=?H!/75&)35/!1+(153('! 23553,1.,1&'(/3,/1-...,61, '+ (L., @")=(B., /#!
Q"OH-/ITHH-+(6'::3-=5'139!5'@.+1?3:'(+ 6'1@":3)@))31+--'6'@!+@:'(/'!H'+-)HI'99'?)/!
395, @N=(B.,/1=,@'(/)+,@+B-712(+)/+,!  +,).2.&+)3(719'+(1., /35 )H+))H'7!;.--!
'%&'(.!, 2 1+@:(/''99'?)/19(35!;.,@!)=(B., /#! $:(718(/3,1./1/=66'/).B-")31/35'1@'6("#!
AHI(T=-). BU)CHTIO+H(TIH+, @IHT& (.6.+,215+  71%+2'(B+)13(11  2(+)1&(3B-'5/;;H.?H!
:3=-@!,3)13)H'C./T%. M NH.N+TTI+).0; . @19+(5!14+?)..)/15+71B'12(+).,6!;.)H)H".(!
&=B-.?.)71/35'1391)H'1&(3B-'5/YH+))H'7!@"/?(.B'#!

4.1.5 Somatoform Disorders

4H'(1+("1135+)393(5!'@./3(@ "(.,HH'183=()H!$@.).3,!39! Diagnostic and Statistical
Manual of Mental Disorders![>GIJOMOO42\I[F5'(.?+,1*/7? H.+)(.?IF//3?.+).3, TILXXX\#!
G35+)393(5!@./3(@'(I"+("'&H7/.2+-1/75&)35/!;H . ?HI('9-'?)!&/7?H3-36.2+-1/)+)"/I(+)H'()H+,!
+(./.,6'9(35!&H7/.?+-1?+=/'/#!D,"?3553,!/35+ )393(5!@./3(@'(TV3,:'(/.3,!>./13(@'(T'./!
YH'=,23,/2.3=/"%&('/1.3,!139)(//'+,@!+,%  .)7!+/'3,"3(!53("'1&H7/.?+-1/75&)35/!
[$/723B+(1+,@!V+,.,3TI"PWPW\B%3,!?3,:'(/.3,!/75&)35/!+('! [',1+).3,/'39!).,6-.,6!3("
@./?3593()T'9+).6="T!&33(-7!-3?+-."'@!+B@35&+., T'H'+@+?H'/T!B+?R!3(!,'"?R!&+.,T!
J+RITI-3/N391B+-+,?' TIH'+(.,6!+,@!:./=+-1+B,3(5+-.). [#!4H'/[75&) 35/'+("!,3)!9".6,' @!
+,@!5=/)1B1&(/,)193(1+)1-'+/)1.%!53,)H/1+2?3(@.,6!)3!>GIOMO042!+,@!); 31 7'+(/!
+223(@.,61)3)H'IM,)'(,+).3,+-1G)+)./). 2+-IV-#/.9.2+).3,1391> /+/'1+,@!2'-+) @!E'+-)H!
*(3B-'5/TI"X)H!2":./.3,[MV>0"X\[AEDT!"PPC\#!MV>0"X!/&'?.9.'/")H"/75&)35/'+/'B'-3,6.,6!
)3193=(16(3=&/U!["\'Y+/)(3.,))).,+-![+B@35. ,+-1&+.,T!,+=/+T!B-3+).,6b6+/bT!B+@!)+/)'l.,!
53=)Hb'%?'//.:'")3,6="1?3+).,6T":35.). ,6b('6=(6.)+).3,TI9('N=",)b-33/'IB3;'-!

53:'5' )N[I\V+(@.3:+/?=-+([B(+)H-  '/I,'II';.)H3=)1"%'"().3,T!?H"/)!&+.,N\d!
[C\IY",)3=(.,+(7![O(N="2713(! @7/=(.+T!=,&"+/+)16",.)+-1/'[+).3,/Tl:+6.,+-!@./?H+(6"\T!
+ @'[NIGR.,'+,@!*+.,![B-3)?H.,'/'3(1@./?3-3(+) .3,!139)H"/R., T'&+.,1.,)H'I-.5B/T!'%)('5.)."/!
3(13. )/TI&+(NHH.+NHMV>0"X/&'?.9. Y H+)1+)1-'+/)1/.%!/75&)35/'5=/)!B"&('/')!.,1);3!3(!
53("16(3=&/#!

D,'19'+)=("139!/35+)393(5!@./3(@'(/'.I'  somatosensory amplificationT!+1&(3?'//!.,1;H.?H!+!
&'(/3,1-'+(,/MH319"-1B3@7!/",/+).3,/'53("1+? =)-71+,@!5+7!5./.,)'(&()HH'/.6,.9.7+,2'139!
YH3/'//+).3,/'B7'N=+).,60)H  '5L)HL--'/N[Z+(/R7TT!"PSPW#! Sensory integration dysfunction
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@'12(.B'/1+B,3(5+-1/,1.)..)T)3M+, 713(1+-1  ['/3(7Y).5=-.1[/3=,@T)3=2HT!-.6H)T/5"--T!+ @!

)+ \BAH'(1./123,)(3:(/71+53,61(/+(?H (N+,@17-.,.2.+ [1+)3LHYH (1 13(7!
.)'6(+).3,1&(3B-'5/'%./)l+/1+,1.. @'&',@'",)! ').)713(1+/1235&3," )/1391+1& (:+/.'!
@':-3&5')+-1@./3(@'([G+@37?R!+,@!G+@3?RTILXXKTI&HI C"CK\T!B=))H'.(1&(/",2'17+,1-+@!)3!
3:('/).5+).3,139)H-.R-.H33@!39!B' .,6!.--[G+@3?R!+,@!G+@3?RTIIXXKT!&BI/B(XC\#
L)'6(+).3,1@7/9=,2).3,1+/=?HL/L3)-/ )@, HHI>GIOMOO042!3(1., YHIMV>0"X#!!

>+70)30@+7)(/13(/1+,@+@:'("-.91" )1 &(3:.@'"15=-).&-"1/).5=-.1)3;H.?H!I&'3&-"
(/&3,@T!+,@!)H+)!(1&3,/1./139) ,1/35+).2]  @=")312+)'?H3-+5.,/1+,@!+?).:+).3,139!)H'l

+2)3,35.21,'(:3=/1/7/)'S#14H.I) (11 (183, 12+,1B'235'173,@.).3,'@!+/15'53(7T#14H'("
NI35:.@', 2 H+)1&33(173&..,6!5'2H+,./5/1] +,6'(1.5&=-/..)TTIH3/).-.)7T1./3-+).3, TI-+?R!
39173,9.@.,6!.,13)H'(\+('l-.,R'@!)3!1&H7/.3-3 6.2+-1(+?)..) TTLH. 2HL/1+//32.4)'@!;.)H!

135+).21/',/+).3,!+,@!+5&-.9.7+).3,[[G+@3?R!+,@!G+@3?RT!IXXKT!&#!"WXL\#!!

M,/=55+(7TOH'1/.5.-+(.)./139123553,IH=5+  I)(/(/&3,/'!1+,@!?3,:(/.3,1/75&)35/!
)3YH3/@'/2(.B'@!+/'h;.,@)=(B.,"17,@(35'  i+(1)(.R.,6#IF,1+,37+219+2)3()3L.,@!
)=(B.,"/3=,@/'=,@3=B)' @-7!'%./)/T!)3LH.2H)H'( '"LN+16(+)!@'+-139!.,@...@=+-1:+(+B.-.) 7#!
G)(/IH+15=-).&-"12+=/"11+,@!.+@@.)."#IF//3?2.+) @!/)(/'9(35!+, 37+,2' T'%+?'(B+)'@!
B7OHI(H)3(.2TI9+(/T+,@!,'6+).:1&=B-.2.) 716", '(+) @'B7)H';.,@")=(B.,'1?3,)(3:'(/7T!
5+7123,)(.B=))3NH(&3()'@!/75&)35/'@'?(.  B'@!B7!/35'&'3&-"I-...,61,'+((=(+-!;.,@!
)=(B., /#!

4.2 Infrasound, Low-frequency Sound and Disease

G35'('&3()/!H+:"1/=66'/)@!+!-.,RIB");",!-3 JIO(N=",27!/3=,@!9(35!;.,@!)=(B.,/'+,@!
20+, 1@ (TH+-)HI99'?)/#! FI2+(9=-1(":.5139NH/1(&3()/TIH3; " (T!-"+@/!1+!2(.).?+-!
(:.'(MH3IN=")).3 HH:+-.@.)7!39!)H"1?-+.5/! 93(!+!,=5B'(!39!('+/3,/T!53/)!,3)+B-7!["\)H'!
-1-1391/3=, @"'"%&3/=(1+//3?.+)'@!;. ) H)H"1&=)+).  TH'+-)HI'99'?)/TI[1\)H"-+?R!39!@.+6,3/).?!
1&'?.9.?2.)71+//3?.+)'@!;.)H)H'IH'+-)HI'99?)/I(" &3()'@T!+,@![C\)H'!-+?R!39!+!1?3,)(3-16(3=&!.,!
YH'+,+-7/./#]

4.2.1 Vibroacoustic Disease

0.B(3+?3=/).21@./+"[OF>\I.,)H'123,)%6)!39! '%6&3/=("139!+.(?(+9)!',6.,1)'?H,.2.+,/)3!
13=,@%+1@'9., @'B71*3()=6=""1(/+(?H'(/!+/'+};H3-'0B3@7T!5=-).0/7/)'5!",).) TTI?+=/'@!
B712H(3,.2I'%&3/=(1)31-+(6'1&(//=(1+5&  -)=@'+,@!-3;19(N=",27![<*F<8\I/3=,@![F-:/0
HC (+14,@IVH)-31Z(+,23TILXXS+AIF-/0%( .(+1+,@IV+1)-31Z(+,23TIIXXSBA!F-:/0*(".(+!
+,@V+)-31Z(+,23TIIXXS2dIF-1/0% (. (+14+,@ IV+/)'-31Z(+,23TILXXS @ OF > T H'1&(.5+(7!
9'+)=("1391;H.2HL/MH.?R",.,6!13912+(@.3:+/? =-+(/)(=?)=(/TY=?HI+/12+(@.+?!5=/2-'1+ @!
B-33@!://-IT:+119.(/)!,3) @!+53,6!+.(&+,1  )'?H,.2.+,/TI5.- )+(71&.-3)/T!+,@!@./?"]3?R'7/!
[J+/2HR'TILXXIAIV+)-31Z(+,23TI"PPP\#IA3(R'(/'H+@!B",'%&3/' @!)3!H.6H!-":'-/193(153('!
JH+IXITH(AH'(1+(1,31'&.@'5.3-36.2+-1)=@ ./N)H+)IH+:1":+-=+)@!(./R139I0F>19(35!
'06&3/=(1)3!.,9(+/3=, @#!4H'-.R- H33@!39!/=?HII(/RTIH3;" (TL/I(53) L., !-.6H)! 39N H'!
5=7HI-3;'(1.B(+).3,I- -/, )H'IB3@7L)/-9#!  G)=@./'39%:3(R'(/!;.)HY=B/)+,).+--7H.6H'(!
'0&3/=(1-:-/IH+:"1,3)1., @.2+)'@!+!(/R!39! OF>#IOF>IH+/B",|@'?(.B'@!+/!-+@.,6!9(35!
)18 (+)3(71.,9'2).3,/T! YH(3=6HI&'(.2+(@.+-)H.?R",.,6) 31/ (1+,@!-.9'0)H(+)',..6!

= I=2HIH) (BRTIS7324(@.4-1.,9+(?).3, Ti+,@!(./R!13915+-.6,+,27![F-/0%(.(+1+,@!
VA41)-31Z(+,23TIIXXS+#!
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4.2.2 High-Frequency Exposure

F--1391)H'I'%&3/=("/139!/=B]'?)/193(1;H35!)H 'lOF>123,2'&)!;+/!@"-3&'@T!;'(1@35.,+)' @!
B7!H.6H'(19(N=",271/3=,@/T!+1?(.).2+-1&3.,)!/., 2 )H'19('N=",27!(+,6'?-+.5'@!93('OF>0
L@=7.,61/3=,@!./15=?H!;.@'()H+,HHI9(N=",27!(+,6"139!'%&3/=(/"'%&'(.',?' @'B7!)H'
+.(2(+9)1)'?H,.2.+,/LH3L'(1@.+6,3/@!;.  )HIOF>I[V+/)-31Z(+,?3TI"PPP\#ID(.6.,+--7T!
&(3&3,",)139)H'IOF>1?3,2'&)IH+@'&(3&3/'@! +'h6(+)'(")H+,PX!I@Zi!?(.)'(.3,!93('OF>#!
E3;"'(T1,3;/35'12-+.51)H+)IOF>1;.--1('/=-)!19(35!"%&3/=("1)3!+-53/) 1 +,7!-":"-139!
L9(+/3=,@'+,@!-3;19(N=",271/3=,@'+)!+,719(N=",27!B"-3;IKXXIE #14H./1+//'().3,1./1+,!
'%)(+3(@.,+(7!'%)(+&3-+).3,16.:",)H+))H'1?3 ,2'8)!39I0F>!@":-3&' @!9(35!3B/'(:+).3,/!
JH+)+1)'2H,.2.4,TI3(R.,61+(3=,@!5.-. )+(7!+.(? (+9)!3,)H16(3=,@T!;.)H!",6.,/13&'(+).,6T!
@.1&+7'@!@./3(.",)+).3,![V+/)-31Z(+,23TI"PPP\HE3=,@!-":'-/!,'+(1+.(?(+9)!;'(1:'(7!H.6H#!
M, 1+, +-=+).3,1391)7&.2+-I", 6.,'1/&?)(+13912+((.'(IB+/'@!?3 5B+)!+.(?(+9)!3&'(+).,6!3,)H'!
6(3=,@T)H/&?)(+I&+R'@!+)I9(N=",2."/l +B3:'I"XXIE"I;.)HI/3=,@!-"'-/19(35!"1X!)3!
"CKI@2Z!?-3/")3N)H'1+.(?2(+9)![G5.)HTIIXX 1\ 4K @ (3&!23,/. @' (+B-7TIH3; " (T!.,)31)H'!
-3;19('N=",27!('6.3,#!

AH'(L/+,1,3(53=/1@'?.B-1@.99'(,?"B");",! JH'/3=,@"'%&3/=("139!+.(?(+9)!)'?H,.2.+,/!
+ @)H'/3=,@"%&3/=(139!&'3&";H3!-.T  '+(L.,@N=(B., /#IF, . 5+'%&(.5')/!

L@.24) @NHH)'%&3/=(1-2-/1, 2 +(7! )3I2+=/10F>1;'(1"C!;"R/1391?3,).,=3=]!
'06&3/=(")31+&&(3%.5+)-71"XXI@Z!39!-3;19(N=",271/3=,@![J', @'/") +-#TI IXX SV 4H'!
'0&3/=("1-"-1; () -HNIKXDILXI@Z!  H.6H'()H+1;.,@!)=(B.,1-"-/1.,)H/+5'!
9(N=",271('6.3, [E+7"/TILXXL+#!!

4.2.3 Residential Exposure: A Case Series
$%)(+&3-+).3,139!(/=-)19(35!/3=,@!-"-/16( '+)'()H+,IPXI@Z!+,@!+)!I&(' @35.,+,)-7H.6H'(!
9(N="2./I[6(+)'("YH+,"XXIE"\N3I+!(/R!39  IOF>I9(35!.,+=@.B-";.,@")=(B.,"/3=,@'-"-/!
391IXN3IKXI@Z!.,)H'.,9(+/3=,@!('6.3, TL/1+1,, IHT&3)H'LH#ID, 1. :'/).6+)3(T!93(1'%+5&-'T!

H+12-+ 5 @)H+);., @)=(B., 1., 1(1.@").+  -H+(+N&B@=?"1+23=/).2+-I'..(3,5')/1)H+)!
2+,1-4@1)3NH1@"-3&5')13910F>1.,1,'+( B7IH35'0@;--'(/'[F-:/0%(".(+1+,@V+/)-3!
Z(+,23TILXXS+H#!

4H./1?-+.50./1B+'@!3,1735&+(./3,139!3,-71);3!  .,9(+/3=,@"'%&3/=(/#14H"9.(/)!.N93(1+19+5 -7!
H.2HIHH/1'06&/(.!, 2’ @'+!(+,6'139!H'+-)H!  &(3B-'5/1+,@";:H.?H!+-/31235&+.,'@!39!
@./)=(B+,?''9(35!-3;19(N=",271/3=,@#!4H/  23,@!./193(1+19+5.-7);H.?H!-./ @!,'+(193=(!

. @)=(B.,/T+B3=);H.2H)H7IH+1B'235'  1+,9%.3=/I[F-:/0%(.(+!+ @!V+/)-31Z(+,?3T!
IXXS+AIF-: /0% (. (+1+,@!V+/)'-31Z(+,23TILXXSBW!

AH9.(/)19+5.-71[8+5.-7I8\TL: +/1'%&3/'@")3!-3;]  -'-/1391.,9(+/3=,@!?3,/./).,6139!1+B3=)IKX!
@Z!+)IWIE 1+,@!"XIE 19(35!+16(+.,1)'(5.,+-1+B 3=)ICIR.-35) (//[R5\I+;+ 71+ @+@@.).3, +-!
/3=(?'1391-3:19(N=",271/3=,@T!.,2-=@.,6!+!,+('({(+.-~+71-., 1+ @(3+@#14H"/'?3,@

O+5.-7I[8+5.-712\- /1 I+ (=(+-1+(+1+,@1:+/!  @'[2(.B'@!+/"%&3/'@")3!.,9(+/3=,@!-'-/!39!
+B3=)IKK!@Z!)3ILX!@Z!+)!WIE ) 3I"LIE #I4H1%&3/=(/1+(1;"--1B"-3;)H'IH'+(.,6)H(/H3-@!

'0%6&3/=(/"'%&(.!,? @B718+5.-./1813(12!+('l=,= =+-#1$%8&3/=(1)3!.,9(+/3=,@[ulLXIE\I@.@!
3)'%?"@IKXI@ZH#!
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4.2.3.1 Family FNExposure to Low Levels of Infrasound
8+5.-718IH+/1+1-3,6!H./)3(7!39!&33(IH"+-)H#, @!+!"X07'+(03-@!B37!;+/!@.+6,3/'@!;.)HIOF>!
@=")31'%&3/=("1)3!.,9(+/3=,@ 19(BENH"I6(+.,1)'(5.,+-1[F-:  '[O*(.(+!+,@!V+/)-31Z(+,?3T!
IXXS+dIVH)'-31Z(+,231) +-#TIIXXIHHES; " (TH'1.,9(+/3=,@!-"-/1+('l;'--IB'-3;IH"+(.,6!
YH(/H3-@!+,@!+(1)7&.2+-1391=(B+,!.,9(+/3=,@!;H.?HI3??=(/!;.@"- 7!+,@!)3!;H.?H!5+,7!
&'3&-"1+(""%&3/' @#!

F2?23(@.,6")3))H'+=)H3(/T)H'I5+.,'99'2)13910F>L: +/1@'53,/)(+) @!B7!)H'I"X07'+(03-@!B37!
A HI945.-7TIHI&(24+(@.+)H.2R',.,64IE3; " (TYH'IB37!H+/1+1H./)3(7!391&33(IH'+-)H!39!

= R,3.,1").3-367I[V+/)-31Z(+,231)1+-#T!  IXXI#IV+/)-31Z(+,?3]['PPP\IH+/!@'9.,' @
&(.2+(@.+-)H.2R",.,6l+/1+,1.@.2+)3(13910F>!+,@!+//=5'H+)YH1&(/', ?'1391&' (. 2+(@ . +-!
)H.?R',.,6!.,)H'IB3719(35!8+5.-71815=/)IB'!  +,'99'?)139I0F>T!?+=/'@'B7"'%&3/=(1)3!)H"!
-3:0-7-TI-3;19(N=",271/3=,@!9(35)H"16(+.  ,1)'(5.,+-#4H.N+//=5&).3,I'%?-=@"'3)H'(!
&3//.B-12+=/1391&'(.2+(@.+-)H.?R",.,6T!.,2-=@.,6!:.(+-1.,9'?).3, T=B'(?=-3//TL((+@.+).3,T!
H'53@.+-7/./T!,'3& .+ )HI&(2+(@.+-1.,9.)(+). 3, TIB+?2)(.+-T19=,6+-TI3(1&+(+/.).?1.,9'?).3,/T!
,9-+55+).3,149) (I5732+(@.+-1.,9+(?).3, T+/B' /)3/./T!+ @'+=)3.55=,"1@./+/ [#14H"1+=)H3(/!
@.@!,3)!'%?-=@")H/"13)H'(1&3//.B-12+=/11391&'(.2+(@.+-))H.?R",.,6#!

4.2.3.2 Family RNProximity to Turbines and Anxiety
8+5.-712T!-...,612-3/)3NH'.,@)=(B.,/  TIH+/1-3;19(N=",27!/3=,@!"%&3/=("/.5.-+(!)3!
YH+)139!18+5.-718#14H19+5.-71@3'/1,3)IH+:"1/75&)35/139IOF>TIB=)L ) +/17-+.5'@!)H+)!
h8+5.-712#!;.--1+-/31@""-3&!OF>!/H3=-@!)H'7! ?H33/M)3!('5+.,!.,DH".("H35'#i![F-:'/0
©((+H+,@IV+)'-31Z(+,23TILXXSBWIM, I-.6H) 1341+ B/", 2'1391- ) (+)=(139123H3() !+, @! ?+/'!
23,)(3-1)=@./THH.NB3-@!/)+)'5' )/"5/)3  IB'l=,/=B/)+,).+)@!B7!+:+.-+B-"/?.").9.7!
=)' (+)=(#!

4.2.4 Critique

M)!1+&&'+(/!)H+)!8+5.-.'/181+,@!2!;'(1/-90/ '-'?)'@!?35&-+.,+,)/#!V3,?-=/.3,/'@'(.:' @!B7!
F- /0% (".(+1+,@!V+/)'-31Z(+,23I[IXXSB\IH+:'1B",IB+/'@!3,-7!3,))H'&33(IH"+-)H!+, @")H'!
13=,@""%&3/=("139!8+5.-718T!=/.,6)H./\/.,6-'  1'%&3/=("1+/1+15"+/=("139!&3)',).+-IH+(59=-!
'99'?)/193(13)H' (#14H'(IH+/1B",!,31+))'5&)!1+)1+,1'&.@'5.3-36.2+-1)=@7#!!

F- /0% (. (+14+,@IV+/)-31Z(+,2312-+ 5)H+)I'%  &3/=(1+)IH35'L./153('1/.6,.9.2+,))H+,!
'06&3/=("1+);3(RIB'2+=/139)H'-3,6'(1&'(.  3@/'39I'%&3/=(![F-'/ O*(.(+!+,@V+/)"-3!
Z(+,23TIIXXSHIZ'2+=/"1+,1+88&(3%.5+) IKXI@Z!@D!(,2'1322=(/'B");",))H''%&3/=("19(35!

L, @)=(B., 1+, @)HT%E&3/=()HH).,@=2"@!OF>[E+7/TIIXXLATL) D) +R1"X  K7'+(/!
["XXTXXXI7+(AMO3()H';.,@1)=(B.,'@3/")3I'N=+-))H+)139!13,'17'+(139)H'IH.6H'(!-"-/3=, @#!!

F53,6!&=B-./H@!/?.").9.21-) (+*)=(THH.N@"? (.&).3,!139)H");319+5.-/1./IR,3;,1+/1+1?+/'
I(THH2HA(139!()=+--7,3!  +-='1,1=,@'()+,@.,61&3)').+-|  I"#$"%&"$$'1(")(*$ !
B");" 1'%6&3/=(1)31+1&3)',).+-IH+ +(@![##T!-3;19(N=",271/3=,@\!+,@!+1&3)',). +-IH'+-)H!
'99'?)I[#H#TL:.B(3+23=/).21@./+/'HIV+/1('&3 ()/IH+1:+-="1B=)I&(.5+(.-71.,16",'(+).,6!
H7&3)H)3)'NLIB)H'()=@. =?HI+1-+(6  '16(3=&/1391&'3&-"13(!.,12+/123,)(3-1)=@."/#!
AH1-+)) () 7&13O)=@T12+,T])5+).24--TV+-  =+)1&'3&"1; )HI&'(.2+(@.+-)H.?R",.,6!:H3!
(L, @N=(B.,.,12358&+(./3,1)31&'3& S )HIE(2+H(@.+-)H.?R,.,61:H3I@3!,3)!-.:1

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.
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(L., @)=(B., #IVH(&3()!,"@")3!B"1?3 9.(5'@!.,1-+(6'()=@."/T!53/)!,3)+B-7123H3()!
N=@./'+,@!2+/'0?3,)(3-1))=@.T'B'93(1@'9.,.). :12+=/"1+,@!'99'?)!1+//'().3,/1?+,IB1@(+; #!
AH('&3()/139))H");319+5.-. 1@3!,3)1&(3:.@ '&'(/=+/.:1/2.",).9.21".@", 21391+ ,R!

BY:" L., @!)=(B.,"/3=,@+ @'&(.2+(@.+H.?R",.,6#!!

A.@)=(B.,'&B@=7"-3;-"-1391.,9(+/3= @'+ @!-3;!9(N=",27!/3=,@T!7))H(1./,3!
2(@.B-12.).9.21.@" 2 YHH))HT1--)  1+(IH+(E9=-#IMI)H'H=5+,!B3@7!./1+99'?) @!B7!
-3:TY=BO)H(/H3-@!/3=,@'--/Ti+!= N="1+,@ !,3)!7)!@./?3:(@'("?'&)3(15'?H+,./5!39!

%) (+3(@.,+(7V/',1.)..)7)3U3=,@11,  2/+(Tk+5?H+,./5LH.2HI?2+,1@./).,6=./H!
BY;",)H',3(5+-T!(-+).:-7IH.6HO-" LIh/3=,@i. H'(,)L, )HIH=5+,1B3@7  '+@!
'062.)+).3,1B71'%)'(,+-T1-3;0-"-/3=, @#I$//'  ,).+-1'&.@'5.3-36.2+-1)=@."!39N)H'1&3)",).+-!
'99'?)/1391'%&3/=("1+)!1-3;1/3=, @!-''-/1+)1-3;19(N=",2.'/IH+:"1,3)1B" 123, @=?) @#_,).-!

JHI9=" N N12-+(.9. @T!+,@!1+!(?'&)3(15'  2H+,./5!(:+'@T!,3I(-.+,7'12+,1B1&-+?'@!3,!
JHI2+/1(&3()/)H+))H'1-3;1-":'-/1391. 9(+/3=,@!+,@!-3;19(N=",271/3=, @!+('1+12+=/139!

. B(3+23=/).21@./'+/'# !

4H1+))(.B=).3,139!@+,6'(3=/1&(3&'()./1)3!-3;]  -"'-/1391.,9(+/3=,@!?3,).,=/1=,&(3:", TI+/!
VIHHB 193()HI&HNIXI 7' +(/#1Q3193 =,@+).3,IH+/1B",|@'53,/)(+)' @'93(")H'.,":!
H7&3)H'./1)H+)!'%&3/=(1)31/=BO)H(/H3-@F3;!--/139!.,9(+/3=,@!;.-- -+ @!)3!

- B(3+23=/).21@./'+/'#IM,@"@T!H=5+,1"3-2).3 ,IH+/1322=((@!., )H'I&('/",?'139!,+)=(+-!
L9(+/3=,@#

4.3 Wind Turbine Syndrome

hA.,@")=(B.,'"'/7,@(35'i!+/!&(353)' @!B7!*.'(&3 JAIXXPT!&('0&=B-.7+).3,!@(+9)\!+&&"+(/!)3!
B'IB+/@!3,)H'193--3;.,6!);3!H7&3)H'/'/U!

"#1<3:1-1391+.(B3(,1.,9(+/3=,@!9(35!;.,@  N=(B.,/TI+)I"N3ILE TI@.("?)-7!+99'?))H'!
*1).B=-+(1/7/)'5#!1

1#1<3;1-2-1391+.(B3(,1.,9(+/3=,@!9(35!;.,@  N=(B.,/M))3IWIE I )()H'"I-=,6/L:.+)H'!
53=)HI+,@)H',L.B(+))H'@.+&H(+65TLH.2H)(+, /5.)/1:.B(+).3,)3)HT  1./2'(+TI3(L.,)'(,+-!
3(6+,/139)H'IB3@7#!!

&3/.).3,1+,@!53).3,/@")'?)3(/'39)H"IB3@7T!;H .2HL,)=(,!-'+@/1)3!+!(+,6'39!@./)=(B.,6!
/758)35/#!

4.3.1 Evaluation of Infrasound tire Vestibular System

V3,.@'(OH'9.(/)H7&3)HL/#14H'/=8&3()193 (YH./H7&3)H'L/L/+(&3()!1+&&+(,)-T!
5./=,@'()33@"3!5'+,)HH)H'LN).B=-+(/7/)  'SLAS3(I' 1) )H+ )H1?3?2H-"+1)31-3;!
-/1391B3)H!/3=,@!+,@":.B(+).3,[43@@"")! +-#TIIXXWH#4H143@ @!('&3()./173,2'(, @!:.)H!
1B(+).3,1.,&2))3NH15+)3.@!+(+3MHI/R =-T!+ @)H'1?3((/&3,@.,6!@")'?).3,I39)H"/"

- B(+).3,/IB7)H1232H-"+1+,@!:'/).B=-+(I/7/)'5#14H'1-3; NIO(N=",27=/ @";+/"XXIE"T!

4 Body sounds are often used for diagnosis. For example see Gross, V., A. Dittmar, T. Penzel, F., SchYttler, 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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23,/.@'(+B-7!H.6H'()H+,)H1=&&'(1-.5.)139! YH'L.,9(+/3=,@!9(N=",27![1XIE #I4H'('&3()!
@31,3)+@@(//'+.(073,@=2)'@!/3=,@!3(".,9¢/3=, @T!;H.?H!+223(@.,6!)3!*."(&3,)!'%?.)'/!
JH':').B=-+(/7/)5IB7!+.(B3(,/3=,@!+,@!  B7VR=--1:.B(+).3,#4H.//3=(?1@3/!,3)!
1=8&3()1*.(&3,)CIH7&3)H'L./1+,@!@3/1,3)!@'53,/)(+) )H'I&3.,)/)H+)/H'L/1)(7.,6!)3!

5+R'#!

AH(LN312(@.B-1/2.).9.21.@" ?YH+)!  -3;1-7-139%:. @!)=(B.,/3=,@!+)!")3I1IE!
1@ ('?)-71+99'2) ) H'/). B=—+(T/)'5#IM,19+7?) TL)L/-R-7YH+)YH/3=,@!;.-1B"-3/)!.,)H'
H)=(+-1.,9(+/3,.21B+?R6(3=,@!/3=,@!39)HB3@7#!4H'/'?3,@!H7&3)H'/././'N=+--7!

= /=&&3() @', )HI+&&(3&(A)'1/2..).9.21..")  .6+).3 HI4AH'IB3@71./1+1,3./71/7/)'5!+)1-3;]
9(N="2."#IM,]+@@.).3,))3)H"IB'+).,6!H+()1+)1+19(N=",27!139I") 31 1IE THH'B3@7"'5.)/!
/3=,@/'9(35!B-33@!7?.(?=-+).3, T'B3;"-/T!/)35+?HT!5=/2-123,)(+?).3, T+ @'3)H'(".,)'(,+-!
[3=(?'H1Z3@7"/3=,@/17+,/B'1@")'?)'@""%)'(,+--7")3)H'IB3@7!B7!)H"/))H3/?3&'#!

4.3.2 Evaluation of Infrasoumah Internal organs

M)L/;'--IR,3;,))H+)13,'1/3=(?"1391/3=, @!5+7!5+/RI)H''99'?) 1391+ 3)H'(1/.5.-+(1/3=(?'#IMO!
+1'96)'(,+-1/3=,@1./1@")"?) @%;.)H.,)H'B3  @7!.,h)HI&(/',?'139L.,)'(,+--716','(+)' @!
13=,@/TYH%)'(,+-1/3=,@'5=/)1&(B@=2"+16( '+)'('99'?)..,)H'B3@7")H+,)H'".,)'(,+-!

3=, @#AHYR.LIE(TI(9-2).  )IH.6H'(19(N="2./TI+-)H3= 6H)H'I('9-'2)..)7!(@=2"/1+)!
-3;'(19(N=",2."1[a+) TILXXXWHIM,:'/).6+).3,/14)1(71-3;19(N=",2.")/H3;1+]( @="?).3,139!
+B3=)ICXI@Z!19(35!"%)'(,+-)3L.,) (,+-1/3=,@!.,! JH'B3@7!391+/H"&I[*) (/") +-#TI"PPC\#IAH'/"
(/=-)1=66')1+,14))',=+).3,[(@=?).3\139  1-3;19(N=',27!/3=,@!B7!)H'B3@7!B'93(")H"!
-3;19(N=",27Y/3=,@!(+?H/)H'L, ) (,+-13(6+,/#!!

<3;0-"-1/3=,@/19(35!3=).@")H''B3@7'@3!,3)! ?+=/1+IH.6H!",3=6H!'%7?.)+).3,;;.)H.,)H'!
B3@7!)3!'%?2"@)H'L.,)(,+-!B3@7!/3=,@/#*.'(&3,)1('9'(/")3!&+&'('9(35!4+R+H+/H.1+,@!
23--+6="/13,1:.B(+).3,1'06?.)+).3,I39)H'IH'+@!B7!H.6H!-"-/1391'%)'(, +-1/3=, @![3:' ("XX! @Z\#!
E3; (THH/1&H+& (/M) +) DHH)I(/&3, /13N HIH+@!+)19(N=",2.1B'-3;|1XIE L +/1,3)!
5'+/=(+B-1@=")3)H'I5+/R.,6'99'?)1391..)"  (,+-1B3@7":.B(+).3,/[4+R+H-+/H.I)+-#TI1XXKd!
A+RAHHH.) +-#TIPPPHAH' I5+/=(.,612H/)I( /3,+,)1:.B(+).3,12+=/@!B7!'%)'(,+-1/3=,@/T!
JH'L)(+-1:.B(+).3,I5+/R/(/3,+,2'193(I'% )'(,+-1/3=,@/'B'-3;\WX!@Z!'%?.)+).3,-:"!

[<':' ) H+--TIIXXL\#IAH=/T)H'/'23, @!H7&3)H'/./1+-/319+.-/#!

431('2(=.)=B]"?)N93(H()=@TTI*.(&3,)1/' ,)I3=)1+16",'(+-12+--193(1+,7B3@7!B'-.".,6)H"(!
H+)HIH+@!B",1+@:(/-71+99'?) @!B7!;.,@")=(B., /#IGH+/R'@!(/&3,@',)/")3!73,)+?)IH'(’
93(1+1)"&H3,"L.,) . HHAH 24/ (/= 193(1)',19+5.- . NN[CSY=B]')N+(1&(/")' @!
(&3 [AXXPTI&(0&=B-.7+).3,|@(+9)#IG&)35/1.,7-=@' @"/-"&!@./)=(B+,? TIH'+@+?H'T!
)ers ) SITUH(&CH=(TE().63T! +=/+TL.  [=+-1B-=((,6T)+?H72+(@.+T!.((.)+B.-.)7T!
23,2')(+).3, TI5'53(7TI&+,.214))+?R/TL,) (4! &=-/+).3,T!+,@!N=.."(.,6#14H./)7&139!)=@7!
IR 32 CHEI2+ 1 (L) 391-5.)@TL.OM, 7Tl 4-='1, I -=+). B17+=/+-1
23,,2).3,/1B):" 1+, :.(3,5",)+-1"%&3/=(" ILOHN2+/TI3=,@\1+,@'+1@'.6,+) @!
H'+-)HI'99'2)[/312+--'@'h;.,@")=(B.,"/7,@(35'\#!  4H.N1&+().2=-+(12+/'V/'(N./=B/)+,) . +--7!
- 5)@!B7Y/-'?).3,IB. 4T\ LH.2HI&'3&-"1H3 1+~ (+@7")H.,RYH+))H'T7IH+:'1B" 1+99'?) @!B7!
., @)=(B., 1h/-91/=2)hN)31&+().2.&+)'L.,!  YH'IP+/1/(#I4H.N1+&&(3+?HL.,)(3@="7"!+!
1.6,.9.2+ ) IBA+N YHI(/=-)TV/&?.+--71.  YHI+B/',?'1391+123)(3-16(3=&!;H3!@3!,3)!-.:"L.,!
&(3%.5.)71391+1;.,@N)=(B., #AH'I(/=-)139NH./ 12+/'1/'(.+('1+)!B/)IH7&3)H'/./06''(+).,6!
+2).2.). IHH)@3!,3)1&(3:.@'/=8&3()!93(1+1?+=/+-1- RIB);" 1., @!)=(B.,/3=,@'+,@!/30
2+--@'h;.,@)=(B.,"/7,@(35'i!
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E3;(T)HY312+--'@'h;.,@1)=(B.,"/7,@(35'h!/75&)35/1+(1,3)!,"; 1+, @!H+1B" !
&=B-./H'@!&(:.3=/-71.,\H'1?3,)%)!30In+,,37+,2 ')31':.(3,5')+-1/3=,@//[Q+6+.1')1+-#T!
"PWPdIJg--'(1+,@'<7@3-9TI1XX1d1J.(3;/R++JE TILXXX\#14H193--3;.,6!/75&)35/1+("
B+/'@!3,)HT%&'(.",21391,3./1/=99'(('%)'  ,@.,6!3:(1+!,=5B'(139!7'+(/U!@./)(+?).3,T!
@ ITIT)(+.,TI9+).6="TI9"-. 61:.B(+).3 , TIH+@+?H'T!.,/35, +TI5=/2-"1/&+/5T! +=/+T!
3/1B-"@/TI&+-&.)+).3,[TI&(H=(1,)H+(13(H+@TYR.,\B=(/T)(/T!+ @!),/.3,!

[<' ) H+--TILXX1\#!

AH'/75&)35/1+('1?3553,1.,12+/'11391'%)('5'1+, @!& (1./)',)!+,,37+ 2 T-+@.,61)3!/) (/!
(183,11, YH1+99'?) @!.,@.:. @=+-1+,@'5+71+-/3  1(/=-)19(35/'(1).,,.)=/T\:H )H'(L./!
31'%6)'(,+-1/3=, @#I14H'/758)3  5/1+('%H.B.) @!B7!+!/5+--1&(3&3().3,139!/",/.).1&'(/3,/!
+,@!5+71B'1+--".+) @!B71+123=(/1391&/7?H3)H'(+&7T!+.5'@!+)!@/',1.). +).3,19(35)H'!
[3=,@![<"7', ) H+--1) +-#TILXXWWHAH5.-+() 7!B'):" )H'/75&)35/139!,3./'1+, 37+,
+,@"H3/'139!N;.,@")=(B.,"/7,@(35'l.,@.2+) I)H+))H./h@.+6,3/./h!./1,3)1+!
&+)H3&H7/.3-36.2+-1'99'2) TIB=)L./1+,1'%+5&-139H'!;'--0R, 3;, /) (//I'99'?)/1391'%&3/=("!)3!
3/ TIHI@./&-+7' @!B7!+!/5+--1&(3&3().3,!39)H'I&3&=-+).3, #14H'/1'99'?)/1+("19+5.- +(1)3!
'(3,5',)+1,3./1723,)(3-1399.2'(/1+,@! 3)H'(1h3,1)H'16(3=, @i!&(39'//.3,+-/#!!

hA.,@1)=(B.,"/7,@(35'Til,3)1+!('?36,.'@!5'@.  ?+-1@.+6,3//TLI[").+--71('9-"?).:"139)!

I75&)35/1+//3?.+)'@!;.)H!,3./'+,,37+,2'1+,@! 1=, 271+, @123,9=1.,61+@@.).3,!
)3NH'1:324B=-+(713,1,3./#14H.117,@(35"  ./1,3)1+1('?36,."@!@.+6,3/./1.,)H'5'@.?+-!
2355=, ) THIAH'(1+(1,3!=,.N="/758)35/!3(! 235B.,+).3,/139!/75&)35/1)H+)!:3=-@!-'+@!

)31+1/&'2.9.21&+))'(,'139N)H.NH7&3)H.' @' @./3(@' (#!14H'123--'2).."1/75&)35/!.,1/35'1&'3&"
'%&3/@)3);.,@!)=(B., I+(153(1-.R-7I+//3  2.4)@";.)H+,,37+,2'1)31-3:1/3=,@!-'-/#!

4.4 Visceral Vibratory Vestibular Disturbance

4.4.1 Hypothesis

M,+@@.).3,)3!?+/'1('&3()/'39!/75&)35/!(&3 ()'@'B7!&'3&'"1;H3!-.:'1,'+(1;.,@!)=(B., IT!

* '(&3,) H+/1&(3&3/'@!+!H7&3)H./NH+)!1&=(& 3()/")3!'%&+.,!H3;!/35'1391)H/'!/75&)35/!
+(SULI?'(+-1.B(+)3(7 [).B=-+(1@./)=(B+,?'[O00>\I[* .'(&3,)TI1IXXPTI&('0&=B-.7+).3,!
@(+9)WO00>IH+/1B",|@'/?(.B'@!+/1?3,1./).,6! 39!:.B(+).3,!+//32.+)@!;.)H!-3;19(N=",2./!
JHH)I) (INH'IB3@7!+,@!2+=/1+!57(.+@!39!/75&)35/#!*.'(&3,)!?3,/.@'(//O00>1)3!B')H'!
53/)!@./).,?).:19'+)=("139!+1,3,/&'2.9.21/)139  1/75&)35/!)H+)!//H'\@"/?(.B'/!+/'h;.,@!)=(B.,"
17,@(35'#ilF/)H',+5'1000>!.5&-."/T!;.,@!)=(B L3=,@1,)H)3IWIE /&' ?)(+-1(6.3,!
NH7&I)H. ' @1)312+=/1:.B(+).3,/1.4+B@35. ,+-1./2'(+I[#6#T1.,))).,ITI-.(T+,@'R.@, 7\
JHHLD=(,@,'=(+-1.6,+-M3NYHI&+()!  39N)HIB(+.,)H+)!,3(5+--71('?".:'1.,93(5+).3,!
9(35!)H'L/).B=-+(1-+B7(.,)H#4H1/.6,+-/!  H7&3)H').?+--7123,9-.2)!;.)H!/.6,+-/19(35!)H"!
). B=-+(-+B7( ) H+,@B)H (/37 &) J=+-TI&(3&(.37'&).:\TI-+@.,6!)3!=,8&-"+/+,)!
/758)35/T!.,2-=@.,6!&+,.2#_,&-"+/+)758&  )35/I[/&?.+--T!,+=/+\I1?+,12'()+.,-7B'!
2+=/'@'B7!/'/3(71?23,9-.2)d)H./LNH3;12." )  )1%E&-+.,153).3,1.2R, IHIES; " (THH./!
H7&3)H'/./139!1000>!./1.5&-+=/.B-"1B+/'@!3,! R,3;-@6'139!/',/3(7!/7/)’5/1+,@")H"", (67!
"@'@!)3!/).5=-+))H'5HAH)H'(1.5&-+=/.B-  "13(1,3)THH'(1+(1).5'0)/)'@!/2.",).9.?!
5YH3@/!+:+.-+B-"1)3!"+-=+))H'-'6.).5+?7139 I+, 7IH7&3)H/./1+,@!+)!)H./))+6' TIOOO>!+/!
&(3&3/'@!B7!*./(&3,)1./1+,1=,) Y @HT&I)H'  HIFI2+/'1/'(1391"X19+5.-.'/1("?(=.)'@!)3!
&+().2.&+)'L,1+1)=@7'B+/'@!3,!?'()+.,1/75&8)35/!;3=-@!,3)!B'?3,.@'(@!".@',?"!39!
2+=/+-)7IB7I(/+(?H!3(1&3-.271.,/).)=).3,//=?HI+/HIM,)'(  ,+).3,+-IF6',27193(12//'+(?H!3,!
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V4,2 (MF2VIB(IS*FH#IF/, 3) @V +(-'(L,DH.N (&3()TI+12+/1/'(/1391/'-90/-'?) @!&+).")/!
@3/1,3)123,/).)=)1.@",21391+12+=/+-123, '?).3 #!

4.4.2 Critique

2'7'8)3(/17+&+B-1391/' /. ,61:.B(+).3,1+(1-37+  )@'&(@35.,+,)-7\.,)HR., 1+ @!]3.,)/#F!
2-.,.24-1,'=(3-36.2+-1'%+5. +).3,1 3(5+--71.,2-=@ '/'+/['l/5')1391:.B(+).3,1/',1.)..) THIM)L./!
H.6H-71=,- R-7TIH3; ' (T)HH)!+.(B3(,1/3=, @!+)!?3593()+B-'1-"-/123=-@!/).5=-+)")H'/"
(?'&)3(/TIB'2+=/153/)1391+.(B3(,/3=,  @!",'(67!./(9-'?)'@!+;+7!19(35H'IB3@7#!
A+R+HHH.T)+-H[IXXK\I=/ @!+.(B3(, /3=, @B!&(3@="?"1?H")!13(1+B@35.,+-1:.B(+).3,))H+)!
'%?"@'@!+5B.")IB3@7!--#4H./1:.B(+).3,]  5+713(15+71,3)IH+:'1B",|@")'?)+B-"1B7))H'!
|=B]"?)/#14+R+H+/H.193=, @!)H+)I-'-/139I"XXI@Z!/3=,@!&(//=("1-"-;'(|(N=.( @!+)!1X)3!
KXIE [, IH.6H'(1-"-/1;3=-@!H+:"1B", 1" N=(@!+)!-3;'('+,@!H.6H'(19(N=",2. \#!
G3=,@/!-.RNH./;3=-@!B'173,/.@'('@'B7!53/)! &3&-1)3IB":'(71-3=@T!+,@!+(";--1B'73,@!
JHI--1&(B@=2'@!B7L.,@N)=(B..'I)I(/. @) +1@./)+, 2 #\V358&+(./3,139)H'(/&3,/'!
)31-3:19(N=",271+.(B3(,//3=,@!B7!,3(5+-  H'+(.,6!+ @'&(393=,@-7!@"+9!&'(/3,/\H+/!
JH3:,)H+)!@'+9V/=B]'2)/17+,!@')'?)!/3=,@')(+,/5.)) @")H(3=6H!)H".(IB3@7!3,-7\;H',1.)L./!
A+B3INHL 3(5HIH+(,BYH(H3-@![r+5+@+!  )+-#TI"PWCWIS3(1'%6+5&- T!+)I"LIE T!H'
@'+91&'(/3,/c!+:' (+6')H(/H3-@;+/"IWI@Z1/3=, @'&(//=(-:-TUXI@Z!H.6H'()H+,)H+)!39!
YHIH'+(.,6/=B]'2)#IM)IH+/1+-/31B" /H3:,1)  HH)TH)IH.6H'(19(N=",2./TYHB3@7!/=(9+?'./!
(71(°9-'2).:1391/3=,@![a+) TILXXXWIG 5.+ (-7T!;3(R!3,1)(+,/5.//.3,139!-3:19(N=",77!
/3=,@!.,)3)HB3@.139VH"&IH+/I/H3:,!  +1-3//1391+B3=)ICXI@Z![*) (/")!+-#T!"PPC\I

AH 2/ (+-1(?'&)3(/.,:3R'@!+/1+15'2H+,.  /5193(1000>I1H+:"1B" I/H3;,)3!(/&3,@!)3!
N)4).216(+:.)+).3,+-1&3/.).3,1 ?H+,6'TIB=)1,3))31:.B(+).3,|DH+)L/LH7TYH7I+(17+--'@!
B6(+:.2'&)3(MIMONH'CL (1. B(+).3,0,1)  .1("?'&)3(/L.,)HI+B@35.,+-1:./2'(+ T)H'7!
:3=-@!B'123,/)+,)-7!B+((+6'@!B7!-3;19(N=",?  7!IB3@7!/3=,@/!/=?H!+/1&=-/+).-'1B-33@!9-3;!
+,@!B3;-1/3=,@/TI;H.-'1'%)'(,+-1/3=,@/!;3=-@!B'1+))",=+)'@!B7!B3)H))H'.5&'@+,?"!
5./5+)?H!+,@'@.//.&+).3,1391" (671, )H'3:'( -7.,61).//="1#18.,+-7TL.@!)=(B.,/3=,@!+)!
(+-1). 2@ 1)+, 2 N&3II[N1-))-TLOU  + 7TI+23=/).2!' (67T!+)IN3IWIE #!!

M)IH+/1B" IH7&3)H'. " @")H+))H':").B=-+(1-+B7(.,)H!5+7!B1h+B,3(5+--71/).5=-+) @i!B7!
. @)=(B.,"/3=,@'[*.'(&3,) TIIXXPT!&('0&=B-.2+) .3,/@(+9)¥!F/|,3)'@!.,I"+(-.(/'?).3,139!
JH.N(&3(OTIS3@'(+)-7!-3=@'+.(B3(,'/3=,@T!+)I9('N=",2./1=&1)31+B3=)IKXXIE T!?+,., @" @!
1).5=-+)'1,3)13,-7)H'1232H-+)H'IH'+(.,6!3(6+ \IB=)1+-/31)H'13)3-.)HI3(6+,/#14H./1./1,3)!
+B,3(5+-TH,@)H(1L/,31:.@ 2L VHIS@.2+ -1 )(#)=(YHH)L)/L, 1+, 754+T71= &'+/+)!
3(IH+(59=-#IM,!3(@.,+(7'-.9'T!53/)139!=/1+(%&3/ @!93(IH3=(/"" (7! @+7")3!/3=,@/'-3=@'(!
JH+,DH3/T%& (!, 2'@1+)!(+-./).2!@.)+,219(  35L:.,@!)=(B., /Tl H!,31+@:'(/''99'?)/#!
AHNHI().3,)HHDH ). B=-+(  1-+B7(.,)HL/).5=-+)@!+)1-' -/1B*-3;IH+(.,6))H(/H3-@!./!
B+'@!3,1+15./=,@'(/)+,@.,6!39!(/+(?H)H+) =/'@!B3,'0?3,@=?)'@":.B(+).3,/(+)H'()H+,!
+.(B3(,/3=,@#!M,@"@T)H3/;H3+(1B3,1  23,@=7).3,IH'+(,6!+.@/1'%&'(.,2'173,/)+))!
1).5=-+).3,1390)H".(1:1).B=-+(7/)5/T.1+@@. ).3,1)3)H'123?7H-+T1;.)H3=)1+@:'(/1'99'?)/4!

4.5 Interpreting Studies and Reports

M, 1-.6H)I39)H'I=,&(3: IH7&I)HIH+)IH+:"  1B",1.)(3@=7"@!+/!('9-'?).:1391+@:'(/"
H'+-)HI'99'2)/14))(.B=)'@")3!:.,@")=(B.,/TL.)1? +,1B'../)(=?).:N)31(:. . Y H1) 7&1391("/'+(?H!
N=@.NH+)12+,1B1="@))3!@")'(5.,1@'9.,.). -, RNB);"1'%&3/=(1)31+,!':.(3,5')+-!
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H+'+(@![.,)H.12+/T3=,@'+,@":.B(+).3,I'5./.. 3,/19(35!;.,@")=(B., Nl+,@+@:'(/'!H"+-)H!
'99'?)/I)H"/307+--'@'h:.,@!)=(B.,"/7,@(35'|\#

E3;!@3!'1R,3:TI93(I'0+5& T)HH)12.6+())/1  2+=/1-=,612+,2(1+,@")H+)'%6?'//.:1, 3./
24=/\H'+(.,61-3/jIF-53/)1+-+7/THHI9.(/)!  ..@.2+).3,)H+)1+,1'%&3/=("15.6H)!B'IH+(59=-!
235'19(351)H'1.,93(5+-13B/'(:+).3,/139!@3?)  3(/';H3!,3).?'1+1&3//.B-"123((-+).3,!B);",!
+106&3/=("1+,@+1@./+'TYH'12355=, . 2+)DH".  (19.,@.,6/1)3123--+6="11.,12+/'1('&3()/T!3(!
(&3()/13916(3=&/13912+/'/[ case series\AH'1.,.).+-13B/(:+).3,/  1+(1=/=+--71=,23,)(3--@d!
JHH)L/TYH'(L/1, 312358+ (/3,139 H'I&'3&-"  ;H3IH+1B3)H!'%&3/=("1+,@!@./'+/)3!?3,)(3-!
6(3=8&/1391&'3&-";H31+(1I")H'(1,3,0%&3/'@!3(  !@./'+/'09("#I4H'(1./1=/=+--71,31;+71)3IB'!
I=(YH+) Y HT+&&A+(',)1+//32.4).3,L/V)+).1).2+--711.6,.9.2+,)|[+/!3&&3/' @!)3!/.5&-"]
23.,2.@", 2\TI3()H+) ) H'(LA+H2+=/+-1(-+). 3/H.&IB");" YHT%&3/=(1+,@)H@./'+/'.,!
N="/).3,T!;.)H3=)123,)(3-U=B]'2)#83()HI(  +/3,/TI2+/1(&3()/1+,@'2+/'/'(.11?+,,3)!
&(3:H+) 1+, 1%&3/=(1L/(+--TIH+(59=-TIB=)! 2+,13,-71H-&!)3!@":-3&IH7&3)H'//)H+)17+,!
JHIB)/)'@!.,123,)(3--@)=@. N[<":., 1) 1+-#TI"PPIdIY", 3:/ TI1XXId!J?<+=6H-., TILXXC\#!

D,?'!/=/&.2.3,1391H+(5!IH+/!B" |(+./@T!?3,)  (3--'@!)=@."/'[2+/'0?3,)(3-13(1?3H3(\I+(!
). A+D31@Y)'(5., LH)H(13(1,3) +12+=/+-1 +/32.4).3,L./- R-TTI+,@!3,-71+9)'(15=-).&-"
L@'&,@')023,)(3--@!)=@.MH3;123,1.1),)  1(/=-)ILIYH1+//3?.4).3,1-.R-7))3IB'!
B(3+@-7!+?7'€)' @![MF2VT!1IXXL\#

Case-controll)=@."/1?35&+('1&'3&-"l;. ) HYH'I@. ['+/')31&'3&-"; ) H3=))H"@./'+/"!
[/=(.,6!+/19+(1+/'&3//.B-)H+)HH");3!16(3=  &/!+("1;'--05+)?H'@!;.)H!(/&'?)1)3!+--I3)H'(!
+(+B-/MH+)!15.6H)!+99'?2)hH'1?H+,?"139!IH+:.,6YH'"@./'+/'TI/=?H!+/!+6'T!/'%T!+,@!3)H'(!
'%&3/=(/'R,3;,)31?+=/)H'@./' +/I"#IMI)H"@./'+/"6(3=&!./'93=,@")3!B'15=?H!53("!-.R'-7!
)3IH+"TH+@!)H'"%&3/=(.,!N="/).3,T!+,@!.9!5=-).&-'1)7&'/139!"((3('+,@!B.+/!?+,!B'!
'%?-=@'@![Y", 3/ TILXXN\T+1?2+4=/+-1- RL/1- R'-7#!J=-).&-"1?+/'0?3,)(3-1/)=@."/";'("!
2+(71B'93()H-. RIBY;" 1/53R.,61+,@!-=,617+,7'(173=-@!B'1&(3:' @#!

Cohort [)=@.'1?35&+('1&'3&"1; )HNH'%&3/=(1  )3L:--05+)?H'@1?3,)(3-//=B]'?)/1;H3IH+"
3)IH+@!)H+)!'%&3/=(#IMO)H''%&3/' @!6(3843:"/!)3!B'15=?H!53("l-.R"-7!)3IH+:")H'!

@I+ TI+I=5.,6'((3(1+,@!B.+/17+,1B1%?- =@ @T!+!?2+=/+-1- RL/- R-T#IF9)'(15=-).&"]
23H3()!)=@.[TL)L+12-+()HH)1'%?'//.:'1, 3./ 1%&3/=(12+=/ @H'+(.,6!-3//[J?V=,,'7!
+,@1J'7'(TILXXS\

M,DH12+/139%;.,@1)=(B.,",3./1+,@!.)!  H7&3)H').?2+-1(-+).3,/H.&")3!h;.,@)=(B.,"
17,@(35'1+,@!:.B(3+?23=/).21@./+/THH! ;+R/))7&139!".@",2'K?+/'1/'(./K.I!
+:4.-+B-'TI9(35!3,-71+1/.,6-'1.,:'/).6+)3(#I4H /(&3 ()1?+,1@3!,3!53('1)H+,1/=66'/)!
H7&3)H193(19=0H'({(/+(?H#IQ"'OH-//T!  .9+@@.).3,+-1+,@".,@'&,@")!.,:1).6+)3(/!
B'6.,)3!(&3()!+@:'(/'H'+-)H'99'2)/1. 1&'3&-"  1'%6&3/'@!)3L;.,@")=(B.,",3./'T!.,I'%?'//139!
)H3/193=,@!.,!=,'%&3/'@!6(3=&/T!+ @!.91/35'123,1./))/7,@(35"3(1/')139!/75&)35/!
'5(6'TYH.N+@:.2'123=-@!?H+,6 #AH=/TI+))H.N).5Th:.,@!)=(B.,/7,@(35'|!+,@!000>!
+(1=,&(3: IHT&I)HN[II',) +--71=,&(3:, 1.@'+N\)H+)IH+:'1,3)IB",123,9.(5 @!B7!
+&&(3&(+)'1(/+(?H)=@."/TI53/)!,3)+B-7123H3()!1+,@!2+/123,)(3-1))=@. [#IE3;" (THH'!
4R, /1390 H'IB+/.2IH7&3)H/ '5+RI/=?H!)=@.'/!=,-.R'-71)31&(3?" @#!

4-12



WIND TURBINE SOUND AND HEALTH EFFECTS
AN EXPERT PANEL REVIEW

4.6 Standards for Siting Wind Turbines

4.6.1 Introduction

AH.-H'=/1391-+(6'..,@=/)(.+-0/?2+-1;.,@! )=(B.,/\./';--')+B-/H'@!.,!$=(3& THH"!
@'-385')1391235&+(+B-'.,@",'(6719+?  .-.)./1.,JQ3(HIF5'(.2+1./1+I53('1('?")!
322=((",?'#14H'16(3;))H!39L.., @I+ @!3)H'(1  (,+B-'(6713=(?/1./"%&'?) @")3!
23,).,=#D&&3,,)/1391;.,@!", (67!@"'-3&5',)1+(6=")H+))H'IH".6H)!+,@!/')B+?R!
(6=-+).3,/')+B-/H@!.,/35"]=(/@.?).3,/!  +(1)33!-',." )1+ @!)H+))H",3./1-.5.)/1;H.?H!
+(14&&-@N)3IB)H'(/3=(?/139L, 3./ IH (L,  @=/)(+13()(+,/&3()+).3,\1+(1,3)1/=99.7.")!
93(!;.,@1)=(B.,193(1+1:+(.)7I391(+/3,HAH'(  '93(THH'7I+(123,2'(, @)H+))H'IH'+-)H!+ @!
--0B'.,6139!/35'1(1.@",)/1;H3!-.:"L HH':.2. )71 [3(12-3/'1&(3%.5.)71)3\I3ON)H'19+72.-.). /1
IVH(H), @#IV().215+.)+. DHAL., @)= (B.,),3./15+71&(1,)I53()H+1+,1+,,37+,?']

)31, +(B7I(1.@",)/'1&?. +--71+)!, 6H)I:H',! +5B.")I-"1"-/I5+71B'-3;#1V3,/'N=",)-7T)H'(!
+(YH3/LH3+@:32+4)"193(1+1(:./.3,139)H  '1'%./).,6!('6=-+).3,/193(1,3./'!+,@!/')B+?R!

& 0+.,.,6)3)HL).,6!39!;.,@!.,)+--+).3/!  (a+5&'(5+1+ @!F+5TIIXXP )#G35'1H+:"
L@.24)@NH'.(1B-.'9)H+)!/)B+?R/139I53(') H+,!"5.-15+71B'L,'2/[+(7# AH.- ) H'1&(.5+(7!
&=(&3/M3H.N)=@7!;+/)3V'+-=+)YH&3  )',).+-193(1+@:'(/'H'+-)HI'99'?)/I(+)H' (1) H+,!
@':'-381&=B-.21&3-.27THH1&+,-|@3"/1,3)!19., @!)H+)!/)B+?R/N39!"5 -1+ (1 +((+,) @#!

4.6.2 Noise Regulations and Ordinances
M,I"PSITI$*FI&=B-./H'@!+!('&3()!)H+)!"%+5.,'@)H'I-""-/1391",:.(3,5',)+-1,3./",'2'//+(7!
)3!&(3)'?)!1&=B-.2IH+-)H!+,@; -9+([$*FTI"PSIMIZ+/'@!3,)H'1+,+-7/./'39!+:+.-+B-"1/2.).9.?!
@+)+TI$*FI&'2.9./@!+!(+,6'139!@+70,.6H)!/3=,@!=/!,'?'//+(7!)3!&(3)'?)!)HI&=B-.?IH"+-)H!
+,@!;-9+('19(35!)H''99'2)/1391" :.(3,5',)+-1, 3./ TL; ) HI+I(‘+/3,+B-'15+(6.,1391/+9") 7#!
2+)H'(YH+,1")+B-./H.,6!/)+,@+(@/'3(('6=-+ ).3,/TIH3;"(T!$*F!/.5&-71.@",).9.'@!,3./"
7-IB-3;1H. 2H)H'16', (+-1&=B-.?!;3=-@!,3)!B’ 1&-+?'@!+)!(./R19(35!+,7!139N)H'.@",).9.'@!
'99'2)/1391,3./#I$+?HIQ'@'(+-1+6',27IH+/1@"-3&'@!.)/!3;,1,3./'12(.)'(.+!93(1/3=(?'/'93(!
H.2HDH7IH+:1]=(/@.7).3, /[ ##THH'I8'@'(+-IF: .+).3,[F@5.,./)(+).3,!('6=-+)/1+.(?2(+9)!+,@!
+.(&3()!,3./ T)H'18'@'(+-1E.6H;+7IF@5.,./)(+).3,/(6=-+)/1H.6H;+7!, 3./ T!+,@")H"!

8'@'(+-'$, (6712'6=-+)3(7!V355.//.3,!('6=-+)/\., ) (D+)1&.&., NZ+)+?HTIIXXKHG)+)'!
+,@!-37+-163:'(,5')/!;' (1&(3:.@' @!6=.@+,"?"! B7!$*F!3,IH3;1)31@"-3&!)H".(!3;,!,3./"
('6=-+).3,/T!B=))H"/)+B-./H5")!139!1+8&&(3&(. +)'-.5.)/;+/1-'9)!)31-32+-1+=)H3(.)./1)3!
@")'(5.,16.:,I"+?H!?355=,.)7¢/!@.99'(.,6!:+ =1+,@!-+,@'=/1&(.3(.). N$*FTI"PSK !

4.6.3 Wind Turbine Siting Guidelines

$N+B-./H.,6!+&&(3&(.+)',3./"-.5.)/'+,@!/)B  +?R!@./)+,?''93(};.,@!)=(B.,/'H+/IB",!+!
?23,?2'(,'39!5+,7;H3I+(L.)'(N'@!.,!;.,@ IO 7#14H 1+ (+-14+&&(3+?H1) 3!
('6=-4).,6!,3./'T'9(35!+,7!/3=(?'T".,?-=@.,6!;. ,@N=(B., [#'4H'7!1?+,16','(+--7'B"1?-+//.9.'@!
+/1+B/3-=)"13(1("-+).."!N)+,@+(@/'3(1+!?35B .,+).3,!139!+B/3-=)'1+,@!(-+)..'!)+,@+(@/#!
FB/3-=)'l/)+,@+(@/""/)+B-./H!+19.%'@!-.5.).(('/&'?).:"139!'%./).,6!,3./')-"'-[#183(!;., @!
)=(B.,/T'+!/.,6-"1+B/3-=)"I-.5.)!5+7!B"'/)+ B-/H@!('6+(@-/'39!;.,@//&"@![##T'KX!@ZF\!
3(1@.99'()!-.5.)/15+7!B1/)+B-./H'@!93(1:+(.3=  /I;.,@U&"@/![.#HTIXI@ZF!+)IK!I5)' (1&(!
1'23,@!15b/m!+,@!K!I@ZF!+)!WISbA#I4H'ID,)+(.31J.,./)(7!39!$,:.(3,5" ) [IXXW\!;., @!
)=(B.,1,3./6=.@"-.,'/'./'+1'%+5&-"13919.%'@!  -.5.)193(I'+?H!.,)'6'(;., @!/&"@!B");",!I!
+,@!I"XI5) (& (1?23, @#12-+).. 1)+, @+(@/!1-.  5))H'L,2(+/'3:'(1%./).,61-""-/1+,@!5+7!
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+-/30'/)+B-/HI )H(1+,14B/3-= )19-33(13(1?".-.,6!B'73,@";H.? H)H'I(-+).:'L., 2(+/'1./1,3)!
23,1.@'(@#I14H+)ITI93(I'%+58&-"T1.OI+1(-+).1., 2(+/139I"XI@ZF!;.)H!+1?" -, 6139IKX! @ZF./!
+-3' @+, @H%./).,61-LNKI@ZFTI+- -139IKKI@ZF!;3=-@!,3)!B'+--3; @#!G.5.-+(-7T!
91+19-33(139NIXI@ZF!;+/1')+B-./H'@!+ @")H%./).,6!-:- LN 1KI@ZFTIX!@ZF!(+)H'()H+,!
CKI@ZF!;3=-@!B'+--3; @#!8.%'@!@./)+,?')/)B+?Rf+:"1+-/31B" |@./7= /['@#V/(.).2/!39)H./!
+&&(3+?H!/=66'/))H+)!19.% @!/)B+?R/@3!,3)R¥.,)3!+223=,))H',=5B'(13(!/. "139))H'!
)=(B.,1,3(@3)H'7123,/.@'(13)H'(1&3)",).+-1/3  =(?'/139!,3./T;)H.,NHI&(3]'2)+(+#IM)L./!
2-+()HH)-.R15+,713)H(/3=(21391,3./'T!  +1=,.93(5!('6=-+)3(1+&&(3+?H!93(l;., @")=(B.,"
3JIHHN3)B" N+B-/H@!)H( 1@35).2+--713(1.,)(,+).3,+--T#!

FI@(+9)!(&3())).)-' @Environmental Noise and Health in the UKT!&=B-./H'@!93(!?355",)1.,I1XXP!
B7HH'IE'+-)H!*(3)'?).3,!F6',?7![E*F\!3,!B' H+-9!139!+,1+@!H3?!"%&'()!6(3=&T'!&(3:.@"/!
.,[.6H)9=-1?355')/\3,)H'IA3(-@!E'+-)H!D(  6+,."+).3,c/!,3./''6=.@"-.,'/'[AEDT!"PPP\#!4H"
E*F'@(+9)!('&3()!?+,!B'..";'@!+)")H"193--3;.,61+@@ (/U

http://www.hpa.org.uk/web/HPAwebFile/HPAweb C/1246433634856
4H'E*F!('&3()!/)+)'/")H"193--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'|+1Z(.)./H!('&3()").)-'@! Health-Based Noise Assessment Methods —

A Review and Feasibility Study![*3()'(!")!+-#T!"PPW\I+/IN=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. Howeuver, 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.

[B(35UIE*FT!IIXXP&H#ISS\!

AHE*FI('&3()19=()H'(!/)+)/1)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)

4HN)+)'5')12.) @!+B3:19(35)H!  E*Fl+,@!AED!@3?7=5")/+@@(//'6', (+-!
1(3,5',)+1,3./123,2'(/I(+H)H (HH+,123,2( 1932=/'@/3--713,1;.,@")=(B.,",3./#!!






+2?&LNT%Q%

Conclusions
J+,7123=)(H+:")=(,' @")3;., @, (6 71+/I+IR'TI/)(+)'671)3!6", ' (+)'1&3; (1., 1+,!
L1(3,5')+--T12-+ 15+, "(#IA.,@",(67",]3 7/1?3,/.@'(+B-"1&=B-.?!/=&&3() T!B=)!.)IH+/!

W@')(+?)3(ITIH3IH+1&=B-.2."@H'.(173 ,?'(,/)H+))H'/3=,@/!'5.)) @!9(35!:.,@!
)=(B., 12+=/1+@:'(I'H"+-)HI?3,/'N=", 2'/#!!

AH'13B]?). 1BONHI&+, -1 +/)3I@"-3&!+, 142 YH3()+).1('9'(,?1@3?=5')193()H"1=/139!
6./-4)3(/TI(6=-+)3(/T!+,@!?.)." ///.5&7 1;+,).,6)3!5+R'l/ /139))H"?3,9-.?).,6!
,93(5+).3,1+B3=)L.,@N)=(B., /3=,@#!43)H./ ' @THH&+,-1=,@'()33R!'%)",/.1(:.";T!
++-71ITH+,@'@./2=/1.3,139)H'&"(0(:."; @!-.) (+)=(13,}:. ,@N=(B.,"/3=,@!+,@!&3//.B-"!
H'+-)HI'99'2)/#14H:+(.'@!&(39'//.3,+-1B+?R6(3=,@/!139!&+, -I5'5B' (/[+=@.3-36 7T!+?3=/).2/T!
3)3-+(7,63-367T13727=8&+).3,+-1+,@"",..(3,5')+ -I5@.7., T!+ @'&=B-.21H'+-)H\I:'(H.6H-7!
+@:+,)+6'3=/1.,12(4).,.6141@.7(/.)71391.,93  (5'@!&'(/&'?).. #1*+().?.&+,)/!;'(1+B-1)3!

'%+5., LII==((3=,@.,6!H+)HI'99'?)1+,@  !@./?=//'&+=/.B-'1B.3:36.2+-1'99'?)/!;.)H!
23,..@'(+B-'1?35B.,'@"'%&'()./#!!

83--3;.,6!(:. T +7LITH+,@'@./2=/1.3,T!  )HI&+,-I(+?H'@!+6('5',)!3,)H("IR'7!
&3.,)/ull

I 4H'(L/L3)H.,6!=, . N='+B3=))H/3=,@/+,@ !.B(+).3,!'5.)@!B7!..@")=(B., /#!!
| AH'B3@7!39!+27=5=-+)'@!R,3;- @6'+B3=)!/3=, @'+, @'H'+-)HL//=B/)+,).+-#!!

| 4H'B3@7!391+?27=5=-+)@!R,3;-@6"1&(3:.@/,3!"..@",?")H+))H'+=@.B-"13(!
[=B+=@.B-'/3=,@/!'5.))'@'B7!;.,@"=(B., 'lH+ 1+ 71@.(?)+@:'(/''&H7/.3-36.7+-!
'99'7)/4!!

AH'&+,-1+&&('?.4) @)H'1?358-%.)./1.,:3-"'@  !.)HL+('@!H=5+,1(+?).3,/1)3!/3=,@T!
&+().2=-+(-71/3=,@/)H+)I53@=-¥1.,1.,)',/.)713(19(N=",27#1J3/)1235&-+.,)/1+B3=)!;., @!
)=(B.,/3=,@!(-+))3NH+(3@7,+5.?!/3=,  @!?35&3,")!DH/;./H!/3=,@\'&(3@=?"'@'B7!
JHND=(B.,'B-+@'#!14H/3=,@!-""-1+(1.5  .-+()3NHI+5B.")1,3./1-""-/1., 1=(B+,!

(3,5 ) HIFI/5+--15.,3(.) 7139 H3/T'%&3/ @!(&3()!+,,37+,2'1+, @) (/1+//3?.+) @!

L )HL 318 (2'&).3,#!!

AH.N\(&3()V/=55+(."/1+1,=5B'(1391&HT7/.?  +-1+ @!&IT?H3-36.2+-1:+(.+B-"/1)H+)!5+7!
L9-= 2 14+@:(/1(+7).3,/#IM,1&+().2=-+(T! )H'I&+,-123,/.@'('@'h;.,@")=(B.,"/7,@(35'i!
+,@":.B(3+73=/).21@./+/TLH. 2HIH+1B" 12-+.  5'@!+/12+=/'1391+@:'(/1H"+-)HI'09"?)/#14H"!
n@',7'L,@.2+)/MH)h;.,@)=(B.,Y/7,@ (35i./B+/'@!3,!5./.,)'(&()+).3,139!
&H7/.3-36.21@+)+!+,@!)H+))H'19'+)=(/139NEB0?+--'@/7,@(35'+('!5'(-7!+1/=B/)!139!
+,37+,21(+7). 3 HAHT:. @', 2193(1.B(3+  ?23=/).21@./+/']).//=".,9-+55+).3,1+,@
9.B(3/./1+//32.4)'@!;.)H!/3=,@"'%&3/=(\I./'% )('5-7)@=B.3=/1+)I-""-/1391/3=,@!+//3?.+)' @!
L )HL., @1)=(B., /#!

AH'&+,-1+-/3123,.@'(@")H'IN=+-)7139I'€&.@'5 .3-36.7!".@",?"(N=.(@!)3!&(3:"H+(5#M,!
'&.@'5.3-367T1.,.). +-12+/'1(&3()/1+,@!=,23,)(3 --'@!3B/'(:+).3,/139!@./'+/'1+//37.+).3,/!
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"@")3!B123,9.(5'@!)H(3=6H!23,)(3--@!/)=@." /!;.)H!?+/'0?3,)(3-13(1?3H3()!5')H3@3-367!
B'O3()H'712+,IB'1+22'&) @'+/1('9-'?).:139  12+/=+-123,,'2).3,/1B);" 1., @!)=(B.,/3=,@!
+,@'H'+-)HI'99'2)HIM, YH'1+(+1391:. @!)=(B., 1H"+-)HI'99'?)/T!,312+/'0?3,)(3-13(1?3H3()!
N=@./IH+:1B",123,@=7)' @!+/!39)H./!@+) #IF?2?3(@.,6-7T!+--'6+).3,1391+@:"(/'H'+-)H!
'99'2)/19(35!:.,@!)=(B., I+ (1+/17")1=,&(3: 14 HIS'EB(/146("H+))H'L,=5B'(1+, @!
=,23)(3--'@!,+)=(139"'%./).,612+/1(&3()/1391+@ :'(/'H'+-)HI'99'?)/1+--'6'@!)3IB'1+//3?.+) @!
HL.@N=(B., 1+(1.,/=99.2." )31 +@:37+)193(19=,@.,6!9=(H'(/)=@."/#

M,!1?3,?-=/.3,U!

"4 G3=,@!9(35!:.,@!)=(B.,/|@3!,3)!&3/"+I(/RIBOH"+(.,61-3//13(1+ TI3)H 1+ @ (/"
H+-)H'09'2)1.,IH=5+,/4#!

1# G=B+=@.B-'T!-3;!9(N=',27!/3=,@!+@!.,9(+/3=@!9(35!;.,@")=(B.,/'@3!,3)!1&(/",)!+!
(/R1)3IH=5+,1H+-)H#!
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53@'(,);.,@!9+(5/!. 1 AH"Q)H'(-+,@/# Journal of the Acoustical Society of America!
F=6=/)!"1LUILCIOLIC!

*@'(/', T+, @'E#Es6/R3-+ #! 1XXC#HNoise Annoyance from Wind Turbines#!12'&3()!KCXW#!
G;'@./H!$,:.(3,5',)+-1*(3)'?).3,IF6',?7#!

*@'(/, TI$#+,@'1a™ (13, A+ THILXXWHIA.,@! )=(B.,'/0-3;!-":"-1,3./'1/3=(?"".,)'(9'(.,6!
;JH!I(N3(+).3,#!  Environmental Research Letters!CU!"OK!

*@'(/, T'$#+ @1a#!"™ (I3, A+ TH#HIAXXSHIA.,,@!)=(B.,",3./'T!+,,37+,?'+,@!/-90('&3()' @!
H'+)H!+,@!;--B".,6!.,!@.99'()!-.:.,6!",:.(3,5')/T! Occupational and
Environmental Medicine!LIUNTWXnIWL#!

*@'(, TI$#+, @1a#!™ (I3, A+ TH#HIAXXI#™*(?  '&).3,1+,@!+,,37+,?2'1@="1)3!;.,@")=(B.,"
SBSUIR@3/'n(1&3,/'1(-+).3,/H.&T!  Journal of the Acoustical Society of
America""LUICILXNCISX#!
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*@'(/, TI$SHTI<#12#0I#E+--B'(6T!+,@'a#!*' (//3,! A+T'#IIXXS#!<.:.,6!.,)H":.2.,.)7139!;., @!
)=(B.,'/KF!6(3=,@'@")H'3(7!)=@7#! Qualitative Research in Psychology'lUIPnLC#!

*@'(I TIAHIE#I IXXW#I<3;19('N=",771,3./19( 35!-+(6'IA.,@!4=(B.,'/'0!F!&(3?'@=("193(!
"+-=+4).3,139)H'+=@.B.-.)7!193(!-3;!9('N=",271/3=,@!+,@'+!-.)' (+)=(")=@7#! DELTA
Report EP- 06#!

*(II3A+TTla#l IXXI#1$99'?)/139!-3;19('N=",27!,3./'13,1/-"&#! Noise and Health!L!I[IC\U!WSOP"#!

(113, JA+T Tla#+, @IS#IH(/) (SBIIXX1#*  72H30+23=/).212H+(+?)'(139!('-":+,2'193(!
+,37+,2139L.. @)=(B.,,3./% [ Sound & Vibration! IKX!["\UILKOSC#!

*(113,2#1J#!F-B. T'f#F(@sT!f#Z]s(RT!+,@#'f+R3B//3,#! IXXS#!4(+.)!1+,%.) 7!+, @!53@"-' @!
'%&3/=(1@")'(5.,+,)'391/'-9!('&3()'@!+,,37+,2')31/3=, @T!+.(1&3--=).3,!+,@!3)H(!
',.(3,5')+-19+2)3(/!.,)H'TH35'#! International Archives of Occupational and
Environmental Health!"WU!"SPO"P"!

*)(ITIFHIHIIHTI 24 FB(+5/TIa#f#1Y (H+(@)'+, @' GH#a#1Y (.99.) H/#I"PPC#14(+,/5.//.3,139!
+.(B3(,'1/3=,@!9(35!KXN3IIXTXXXIE’L,)3NH+B@35',!39!/H"&#! Journal of Low
Frequency Noise and Vibration!"1U!"LO1I#!

*'(&3,)TIQ#IIXXPT!&('0&=B-.?+).3,!@(H0)ifld Turbine Syndrome: a report on a natural
experiment.!H))&UbD;;:#;. @)=(B.,'/7,@(35'#?35b;&0
?3))',)b=&-3+@/b1XXPbXCb5/0('+@7093(0&3/).,603,0;)/?350COSOXP#&®9

*3()(TIQ#>HTIMHEHS-., @'--T!+, @ ZHSHIZ'((7H#"PPWHE+-)HOZ+/'@!Q3./'"IF//'/5' )\I)H3@/K
FI2'. 14+ @!18'+/.B.-.)7IG)=@T#!IQ*<12'&3()VIFJI"L#!

G+@3?RTIZ#!I#HT!+, @ O#F#!G+@3?RT!$@lill &x3#bck’s Comprehensive Textbook of
PsychiatryTI'WW$@.).3,#*H.-+@"-&H.+ T*RUE&.,?3))!A.--.+5/lelA.-R.,/#!

G+R+. TIF#I<#*#18'.6', |+, @F#F#!<=./+@+#!"BENE',?7!@./)(.B=).3,!139 NH'H'+()!/3=,@/'.,!
,3(5+-15+#!  Cardiovascular Research!!KI[C\UICKWOCLC#!

GHI['(T\GHIATI2#AHIGH))., TR2H#VHIE=,) TI#@(BHS5' (#! IXXL#!Z-+/)!-=,6!.,]=(7#Prehospital
Emergency Care "XU!"LKOS1#!

G?H=/)TIIHILXXI#1$99'?)/139!1-3;19('N=",27!,3./'"=&!) 3I"XXIE #Noise & Health LI[1C\U!SCOWK#!

G5.)HTIGH#>#IIXX1I#IVH+(+7?)'(.".,6)HT'99"?7189B3(,:.B(+).3,!3,!H=5+,1B3@7!:.B(+).3,!
(1&3,I'#!  Aviation, Space and Environmental Medicine! SCU!CL!O!K#!

G&.'6-TIE#!"PPS#!"PPS#!Q3?'B3U!4H"&3;'(139!/=66'/).B.-.) Ptbventive Medicine!1LU!L"L#!

G=)(TIFE#"PP"#1Q3./'1+,@!.)/1$99'?)/#12'&3())3NHIF@5.,./)(+).:1V3,9'(, ?'139)H'!
) @!G)+)'/# H))&Ubb:;:#,3,3./'#3(6b-.B(+(7b/=)'(b/=)'(#H)5 _ #!!

A+R+H+H. Tir#Tlafla+ +@+TIHIr3, R+ + T+, @IQH#IE+(+ @+# IXXKHF!)=@7!3,)H'! (-+).3,/H.&!
B");" V=B]'?)."1=,&-"+/+ ), IN+,@'B3@7!/=(9+?":.B(+).3,/1.,@=?"@'B7!H.6HO!
1-3;09(N=",271&=()3,#  Industrial Health CUIKWXOKWS#!

4+R+H+H.TIHTIAHII3,'R+;+Tla#la+,+@+T!+,@!IGH#II+' @+#!"PPP#!F!&.-3)!/)=@7!3,!H=5+,B3@7!
.B(+).3,1.,@=?"@!B7!-3;!19('N=",27\3./'#!  Industrial Health'CSU!1WOCK#!
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13@@T!Q#TIGHIAI23/',6(, TI+,@!T#Y#!IV3-'B+)?H# LXXW+#!4= . 6!+ @!/',/.)...) 7139 HIH=5+!
*N).B=-+(1/7/)'51)3!1-3;19('N=",27!..B(+).3,#! Neuroscience Letters!IIIUICLOI"#!

43@@T!Q#*#TIG#I#I23/',6(, T!+,@!f#Y#IV3-'B+)?H# LXXWB#!F!/3=(?'l+,+-7/./'391/H3()0-+)',?7!
"3R'@!&3)",).+-/1&(3@=?"@!B7!+.(0!+,@!B3,'073,@=?)'@!/3=,@@urnal of Clinical
Neurophysiology!""PUI"WW"OPI#!

A(=+%TIZ+((7T' @#"PPP#E+ @B33RI93(F?823-367TIG'?3,@!$@.).3,#!D(.6.,+--7!
&=B-./H'@!B7))H'A3(-@!G3=,@/?+&*(3P)T!G.53,18(+/'(_,..(|.) 7T+ @!F2V!
*=B-.?+).3,/TI"PSW!

_H#G#13$,:.(3,5',)+-1%(3)?).3,IF6' 27 [$*F\#!"PSI#! Information on Levels of Environmental
Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of Safety#!
$*FbDQFV!IKKXbPOSIOXXIT!IJ+(?H!"PSI#!

H))&Ubb;;;#,3,3./'#3(6b-  .B(+(7b-"'-/b-""-/#H)5  #!

_H#GH#I$,:.(3,5',)+1%(3)'?).3,IF6', 27![$ *FWI"PSK#J3@'-1Q3./V3,)(3-1D(@. , +,?'#!
IH))&Ubb::#,3,3./4#3(6b'&+b23--"Lb(3--"L@3?L#&@9 #!

+,1@1Z'(6TIY#*#IIXXIUIS3IA., @!4=(B., '&(EB@=""1/.6,.9.7+,)!-3;!9('N=",?7!/3=,@!
-"-[it Proc 11th International Meeting on Low Frequency Noise and Vibration and its
Control, Maastricht August 2004T!CLSOCSL#!

+,1@",1Z (BTIY#I#I LXXCH#I$99'2)139)H'L:., @&(39.-'1+)!,.6H)!13,1:., @))=(B.,",3./#!  Journal
of Sound and Vibration.'H))&Ubb;;:# 3;+&#?3#=Rb@3?/b;.,@,3./'#&@9 #!!

O+,I> |RIBHIHEHTIFHE#!S))'5+T!+, @1 2#<#!p. ' MEPWSH!Q3,0+=@.)3(7!'99'?)/139!,3./'UIOMM#!
$:+-=+4).3,T1?3,2-=/.3,/T+,@!('?355',@+).3,/#!  International Archives of Occupational
and Environmental Healthl KPU!"ISK"K1#!

+,1a+5&ITIJHIE+. [TIHIE+)9.-@TI2#8#!f3BGHF#!G)+,9.- @+, @ 2#a#!G)'--+) 3#! LXXI#!14H'1 (3-']
391,3./'1,1.).: )TV ) HB(1& 3,/'('-+).3,UIF1?35&+(./3,139)H("!
2)'(+).3,+1+.(&3())=@.'#!  Journal of the Acoustical Society of America!"™'LU!CIS"0OSP#!

A'B/) (TIFHVHI"PSWHIG&"?HL.,)'(9'(,?'1+/&'2)/1391,3./#IM,! Noise and AudiologyT!'@#!<.&/?35B!
><TIZ+-).53( UL, (1) 7 +(RI*( /4!

A-@'(ISHYHTISHSHIAH] (5+, T+ @FHIA+/(5+, #HIXXI#ID??7=8+).3,+-1..B(+).3,'%&3/=(#M,!
*H7[.2+4-1+,@!Z.3-36.2+-1F +(@/!139))H'IA3(R&-+?' TI' @#IA+-@*ETIG)+'1Y J#!3H,!
A-T1+,@!G3,/TIQ;Ir3(R#!

A3-[ RTIHTIIHIG&(,6'(ITIF#a' =& (TIAHEH#*' @'(/', T+, @ VAF#IA') (+#!"PPCH#!F,,37+,?'!
9(35!;.,@")=(B.,",3./'3,!/.%) ALY DH(M?3=) (] Proceedings of the European
Community Wind Energy Conference#!<xB'?RT!4(+:'5X,@"'#!1SCn1SL#!

A3(-@'E'+)H!D(6+,. +).3,[AEDW"PPP#IY=.@" -.,/193(V355=,.)7!Q3./[@.) @'B7!Z#!
Z'(6-=,@TA#I<.,@:+--TI>#IG?H; -+ T1a0¥BHWAHIA3(-@!E'+-)HID(6+,. +).3, T!
Y, 4TIG;.)  (++,@#MGZQU!PPS"UIPPS"0WWO0SSXO0C!
H))&Ubb;HN-.B@3?#;H3#.,)bHNb"PPPb+LWLS##8@9
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A3(-@'E'+-)H!D(6+,. +).3,[[AEDW!"PPC#!M,)'(,+).3 ,+-!1G)+)./).2+-1V-+//.9.2+).3,139!>./"+/']!
+,@12'-+) @!E'+-)H!*(3B-'5/T!"X)H!2"../.3,'[MV>0"X\T! Classification of Mental and
Behavioural Disorders#!Y',":+#!!

+5+@+TIGHTI"PWXHIE'+(.,61391-3;19(N='?7!18@!+,@!.,9-=',2'13,)H'B3@7#!V3,9'(,?"
3,I<3;18(N=",271Q3./'1+, @!E'+(.,6#IF+  -B3(6T!>',5+(R#IPKO"X1#[$@/HE!Ig--'(!
+,@'*12=B+R\#!

r+5+@+T!GH#TIJ#IMR=].TIG#!8=].R+)+T!4#!A+)+,+BT!+ @!4#!a3/+R+#!"PWC#!Z3@7!/',/+).3,/!39!-3;!
9(N="271,3./"3913(@.,+(7'&'(/13, I'+,@!&(393=,@-7!@"'+9!&'(/3,/#lournal of Low
Frequency Noise and Vibration!1U!C10CL#!

r3=,6TIS#>H#TIVAIB'(,+,@" T+, @!#I#Y3-@B'(6#!"PSS#!2'/&3,/''39!/N=.((-!53,R'7!
“).B=-+(!,'=(3,/1)3+=@.309(N =',?27!/3=,@!+@'H'+@!":.B(+).3,#!Acta
Otolaryngol'WIUICK10LX#!

Additional References

F-B'()/TI>#IXXL#*(5'(193(F@@(/I.,6!A.,@!4=(B.,1Q3./'#!
H))&Ubb;;;#5+.,'#63:0@3?b59/b;.,@&3; '(b&=B/b&@9IbF@@(//.,6A.,@4=(B.,
Q3./#8.@%!

F5'(.7+,!Q+).3,+1G)+,@+(@/'M,/).)=) #"PPL#American National Standard Specification for
AudiometersTIFQGM!GC#LO"PPL#!IQ";Ir3(RU!FP3=-1G3?.") 7!139IF5' (. ?+#!

VH+)H+50a’,)*=B-.21E+-)H!_, JHIXXWHAH'E' +-)HIM5&+7?)139IA., @'4=(B., /UI+12":.";139!
YHIV=(()AH) TIY (714, @*=B-./H'@'<.)'(+)=(11XXW#! H))&Ubb::#:..@0
:3(RI#3(6b<+(6'4=(B., /bE"+-)HWLX+,@WIXA., @W1XB7W1XV0
aw1XE'+-)HWIX . )#&@FH!

V3&'[TR2#!+,@'a#12.@'3=)#'A.,@!4=(B.,'/'+ @'E'+-)HU!F!2"..";139!$..@",?'#!D,)+(.3!
F6',?7'193('E'+-)H!*(3)'?).3,!+,@!*(353).3,! 1XXP#!
H)&Ubb;::#3+H&&#?+b>3?=5"))/bA.,@w1X4=(B.,'/w1X0
WIXG'&WIX"XWIXIXXP#&®D 9

>(+9)!IQ’!p"+-+,@1)+,@+(@!93(%.,@)=(B.,"/3=,@#!
H)&Ubb/H3&#/)+,@+(@/#?3#, b@ L WXWO>pL WXW*=B-.?2355') @ (+9)#&I@9

E'--;.6TI2#+, @!1<+5&) (TI2# 1IXXP#IV(.).N="/!3,]a+5& (5+,1+,@'f+5/1&+&'(13,!;.,@!
)=(B.,1,3./#1J+(?H#!  H))&Ubb;;:#@'R+-B?3=,)7#3(6b*-+,,.,60$%H.B.)VI#&@9 #!

G)--.,6Tla#tl+ @!>#I*H7)H LXXP#IG=55+(7139! ("2!()/+(?H!3,1+@:'(/'H'+-)H!'99'2)/139!:., @!
)=(B.,/# H))&UbD:.,@23,?'(,/3,)+(.34#9.-/#,3(@&('/[#?3501XXPhXWh+@:'(/'0
H'+-)H0'99'2)/0390;.,@0)=(B., /"#& @

83%1Z=/., [ IXXP#ID,)+(.312.)." )+R'/I-6+ -1+.51+)163:(,5',)139!D,)+(.3¢/19-+6/H.&!
Y("1$,(67IF2)#!
H))&Ubb;::#93%Bx=/., //#235b/)3(7b5+(R") __ /b.,@=/)(./b',(67b3,)+(.302.).",0
)+R'/0-'6+-0+.5063:'(,5',)03,)+(.3/09-+6/H.&06(",0,'(670+2)b _ #!
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M,@=/)(.+-!A.,@'F?).3,'Y (3= &#IIXXP#1J+.,'\D/)'3&+)H.?'F//3?.+).3,12'/3-=).3,U'A.,@!

a+5&'(5+ TIY#I+, @12#F+5 I IXXWHAHT! 3./ 2(.) (+14+('L,2//+(7193(1&(3&'(11.).,6!39!
L, @N=(B.,/# H))&Ubb;;#..@)=(B.,/7,@(35'#?35b:&0
23,.)')b=&-3+@/bIXXWh""bR+5&'(5+,0+,@0]+5'/0P0&&#& @A

a+5&'(5+, TIYH#T!+,@12#!1f+5' H#I IXXW#I4H'TH3; ) 6=.@")3!/.).,6!;.,@!)=(B.,' /M) 3!&("",)!
H'+-)H!(./RN9(35!/3=,@#H))&Ubb;;:#/+:"H'B-=99/#? +b+(?H.:'/b9.-'/bR+5&'(5+,0
[+5'/0WO01LOXWO('&3()#&®9

a-=6TIE#IQ3./19(35!:.,@)=(B.,/k)  +@+(@/'+@!3./"(@=7).3,/&(3?' @=(/#!
H))&Ubb;; #/+0+2=/).2+#/bG".--+X1b':6' X"CH&@9 _ #!!

Q' YHTIGHSHTISHGH. 2H+=@ T+, @ GHEHHZ-TH IXXWHIFI&(3&3/+-193(I"+-=+).,6)H'I&3)', ). +-!
H'+-)HI'99'2)/139L., @1)=(B.,1,3./193(!  &(3]'?)/!=,@'()H'IV++@.+,!$,..(3,5',)+-!

FIII5' ) IF2)#1f3=(,+-1391<3;18('N=',77! Q3./TI0.B(+).3,I+,@'F?).1V3,)(3-T!1S!
[NULKCO1LK#!

2+5+R(/H,+ TI2#IXXSHIF?3=/).21V3,/=-).,6!2'&3 ()*(&+('@!93(")H'ID,)+(.31J.,./)(7!39NH'!
$,..(3,5',)UA.,@!4=(B.,"18+7.-.). 1Q3./" M//="#IF.3-3/1$,6.,"(.,61V3(&3(+).3,#!

H))&/Ubb3/&+?'#/?H3-+(/&3()+-#.,88.)/)('+5b"WSCb"CXSCh"b1WCIWSH#H&@9

2'6+,TIZ#+, @' A8 YH#IVHTHILXXLAA., @'4=(B.,"Q3./'"'*(.5'( , Canadian Acoustics
Journal CH[1\#!!

236'(/TIF#+ @1+, HA(BH) TIGH IXXIHA., @)=(B.,1+?3=/).?!, 3./
H))&Ubb:;:#2" (#3(6b('(-b&=B-.2+).3,/ _ b:H.)'&+& (/bA.,@v4=(B.,'VF?3=/).2vQ
3./'v2 IXXL#&@ D!

G37/+. TIE#TI+,@!D#IG37/+ #IA.,@!9+(5!, 3./'1+|@=-+).3,/!., NH'+/)'(,!_,.) @!G)+)'/#!
1XXSRYoceedings of the Second International Meeting on Wind Turbine Noise.!<73,T!
8(+,?'UIG'&)'5B'(11X01 " TIIXXSHIMQVSb$=(3& #!

G)+)13912H3@"IM/-+,@T!>'&+()5',)!139!$,:.(3,5',)+-13+,+6'5' JIXXP#  Terrestrial Wind
Turbine Siting Report#H))&Ubb;; #@'5#(#63:b?-'+,,(6b&@9b)' (., @#&@9 #

A+H@TIA#STISHERI237/)'(T!+, @f#>#1237/) (I LXXCHIF,+)3571+, @*H7/.3-36 7139 H'I$+(U!
Q3(5+-I+,@!>+5+6'@!E"+(.,6#!M,! The Noise Manual T\$@/#1Z'(6'(!$ET1237/)'(I<ET!
237/)' (f>TI>(/23--1>*TI<+7 "\ IHIFMEF!*(//T18+.(9+ %! OF #!

A-6+5&3-+TIJHGHTIGHIHI 23/ 6(, TIYHIHE+-5+67. Tl+, @ FHY#IV3-B+)?H# LXXCH#IO'). B=-+(!
+?).:+).3,IB7IB3,'1?3,@=?)'@!/3=,@#Yournal of Neurology, Neurosurgery and
Psychiatry!SIU!SS"0SSW#!

A-@'(TISHYHTISHSHAH (5+,TI+ @FHAHI(S +#IXX1#ID??=8+).3,+-10.B(+).3,1$%8&3/=(#!
M, Physical and Biological Hazards of the WorkplaceT!$S@#!A+-@*ET!G)+:'1Y J#!f3H,!
A.-"7T+,@!G3,/T!Q";Ir3(R#!

A3(-@'E'+)HID(6+,. +).3,[AEDWIXXP#Q.6H)!Q3./1Y=.@'"-., 193(1$=(3&'#!4H A3(- @!
E'+)HID(6+,. +).3, TIY",+TIG;.) '(-+,@#!
H))&Ubb;;;#'=(3#:H3#. )b@32=5')b'P1IWIK#&@9 #!!
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4H193--3;.,61+8&",@.%!&(3:.@'+@@.).3,+-B+?R6(3=,@!.,93(5+).3,13,1/3=, @'+ @'H3;..)!
1@'9., @

D,1+)53/&H (. 21&(/I=(1.116.7 IBTIXXTXXXI&+  [2+-/[*H\TEH(13,1&+/2+-1./13,1Q")3,!
&(IN=+(15)'([Qb5 AT+ @!+!/3=,@!&(/I=(139IPII@Z!I(11X *+1./16.: IB7I"*+I[G"1-+)'(!
93(1@'?.B-/MH4H9('N=", 271391 H'19-=7)=+).3,/I5+7IB'IB");" 11X1).5/1+1/'23, @![LXIE\T!
+,@'=&1)3IIXTXXX!).5/1+1/'23, @![LXTXXXID3()HIh+=@.B-i!, 3./'#18(N=",2../IB'-3;!
IXIE 14('123553,-712+--'@'h.,9(+/3=, @Til+-)H3=6H HH'(L/1+1:'(719=""7!B3=, @+(7'B);",!
LO(+/3=,@+,@!-3;19(N=",27!,3./'#IM,9(+/3=,@ !+)!H.6H!-""-/L./l+=@.B-'#<3;19(N=",?7!
3./'5.6H)!B'19(35!+B3=)I"XIE 1)31+B3=) LXXIE #!!

M,+@@.).3,)319(N=",27T))H'IN=+,).)/:H.2HI@'0.,1+1/3=,@";+:1.,?-=@"U!

L *(l=(TH

I A+ B)HT! "1

I 0-32.)7T121zICIX5b/1+&&(3%T!I@'&,@.,6!3,!)'5&'(+)=("!
4H1:-32.)71+,@%+: - B)HIH(I(-+)@!B7  UL-32.)71z!;+:-' 6)HI%I9(N=",27T!!
2'-+).,619(N=",271+,@!:+:-',6)HIB7!:-32.)716.:'/!

8(NIE™! "L C"#Kl! LC! "1K! 1KX! KXX! "XXXI IXAX! IXXX!

A+- B)H! | 1" | K#1! 1#S! | "#Il | X#LW]  X#C]l  X#IS!  X#AXWK!
5!

! ! ! ! ! ! ! ! ! !
<3;19(N=",2./IH+:'1-3,61;+:'-",6)H/#IM)! N=19=-1)31@"'-3&+,1+&&('?.+).3,130!

I(N="2./1+,@!(-+) @+ B)HITI., 2 YH.NH-&/1+ 1=, @' (/) +,@.,639!,3./"
&(3&+6+).3,1+,@!?3,)(3-#!

G3=,@I&(=(1.1+1+1193(21&(1=,).  39L+(+13ONHL+: 1+ @IH+/1=,)/1391Qb5  1T1:H.?H!
JHBB(:.4) @) 3H+#AHY 3=, @&(1/=(19-=? )=+)1+B3:'1+,@'B"-3:1+)53/&H'(.21&(/I=("
B71+1:(71/5+--1453=, )#!!

AH/3=,@!183;'(1LN+12H+(+?)'(/).21390)H'3=( 2'T!+,@!./1.)/\(+)1391&(3@=").3,!39!", /(6 7T!
U&(I'@!., 1) HAH 3= @1&3; (LNH19=  ,@+5')+1&(3&'()7139))H"/3=(?'T1:H.-/))H"
13=,@'&(//=(14)1+15+/=('5')1-37+).3,| @'&' ,@/13,)H')(+,/5./1.3,1&+)H!9(35!/3=(?")3!
(2" (#1I3NY3=,@3=(?/T.,2-=@.,61.,@)=  (B./TI+(1&?.9.'@!.,))'(5/'390H".(/3=,@!
&3;'(#14H1/3=,@!&3;'(1391+!;., @)=(B.,./1) 7& 2+--71. NHI"XX0"XK!@ZF!(+,6'T:;H.2HL../!
1.5.-+(1)3))H+)I1391+1-'+91B-3;'(#14H'/3=, @! &3;'(\./'=/'@")31&('@.?)!&(3&+6+).3,!39)H'!
[3=,@T;H (HY3=(21./1+//=5'@")3!B'1+))H' I H=B#!

A1
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Sound Levels

AH'@'2.B-L/H-36+()H5I390)H'I(+).31BY); " 1);3L:+-="/1391+IN=+).) 7/=?HI+/1&3;'(T!
&(H=(13(1.,) /) 7T ) HI+15=-).&-7.,6123,/ )+)D)316.:123,:",. )1, =5'(.2+-19+2)3(/#!
<36+()H5/1+(1=/'9=-193(1735&(//.,.6!+1;.@"[(+  ,6'139IN=+).)."1.,)3l+1/5+--'(}(+,6#83(!
'%+5&-'U!

! ! -36x"X1z!"!!
! ! -36x"XX!z!1!
! ! -36x"XXX!1z!Cl!

4H'I(+).3139!I"XXXU"XL/1?235&('1'@!.,)3!+!(+).3139!ICU"#!

AH./1+8&(3+?HL/+@:+,)+6'3=/193(IH+,@-.,61/3=, @!--/TLH'()H'I(+).3!39NH'IH.6H')1) 3!
JH'-3:/)/3=,@;H.2HL 1+(1-.R-71)31",23= ) (1/14+/1H.6HH/I"TX XX TXXX!) 31" #F1=/'9=-1
@'7-3&5',)TI5+,717'+(/1+63T!;+/)3N+RH'I(+).3/L. ) HI(/&'2)) 3)H'IN=.") /)!/3=,@!

SHL2HE2+ H+ (#4AH L HD)H(H3-@!39! H+(,614)"TXXXIE TEH. 2HLA1XIS, 2(3%+/2+-/!
[" *A\I[1%"0#\I39I&(//=(193()H'1+:(+6'173=,6IH'  +-)HT7I&'(/3,#1G3=,@!&3;(/.,|@'?.B"-/!
+H(D)+RLHI(/&2)N3I+1(9'(, 2'1--1391"X 011 +)) 441

AH'DH3(@!h--l/1+@@' @1)3NH:3(@!  93(1+I&HT7/.2+-IN=+,).)7TT!@'?.B'-I-"2"-/1+(!
5&-.'@T!@',3)@'B7!<TLH'(! (LMHY75B3-193()HIN=+,).)7#!!

w1 (P %

(U=(l--m L) $‘Vq&&ag!@2! !

HC DHIB+H=(@&=(1+,@%  LIHICY(,&=(1--13911%" "X OH*4]
F1-))-124+-2=-4).3,14+--3:/1=M3'%&(/NHY3=,  @&(N=(1-:-14)1+@./)+,2'19(351+1/3=(?']

! G3=,@'&(/I=(--Ti< IzI<, In1X-36l(mIn™@z! !
AH(1! 1< gl /HY3=,@1&(/=(1-"-]

! I < LMMHY/3=,@!&3;'(1-:-139)H/3=(?"

! I (LNH1@./)+,?'19(351)H'1/3=(?"!
AH./1./)H'IB+/.2'N=+).3,193(/&H'(.?2+-1/3=,@!&( 3&+6+).3 #IM)../'I=/'@!.,1&('@.?).3,!139!;.,@!
)=(B.,1/3=,@!B=)TL., 1+I(+-12+-2=-+).3, TIH+/15+,71+@@.).3,/!)3!.) T!)3)+R'1.,)31+223= ) )H'l

+)53/&H'(.?T16(3=,@!+,@!)3&36(+&H.?123,@.),BHE3; ' (TI+/1+1/.5&-"12+-2=-+).3, T)H'l
[3=,@!-"-14)1+1@./)+,?'139IKXX519(35!+! /3=(?'139!/3=,@!&3; (I"XX!@ZF!./\CK!@ZF#!

SN=+-" ) [<KNUMH L)+ @71 -13:(1+1&(.3@!39!).5' TLH. 2HIH+/)H'/+5']
(671 HH)IBONH19-=2)=+). 61-"-142)=+ --71322=((.,6!@=(.,6!)H+)!).5'#!F0;".6H) @!
‘N=:+-')l--TI@'.6,+) @!<F'NTLN=/@!  93(/5+,7!-'6./-+)."1&=(&3/T!.,?-=@.,6'93(!
+I1/5',)139%:., @)=(B.,"/3=, @#!!

().~ N[<Q\KIAH 1+ (141/)+) /). 2+-15"+/=("] 391)H'19-=2)=+).3,/1.,13:'(+--1,3./'1-"-T!
JHHLTL DHT, -3&139)H 3./ TEH.2HL,  1=/=+--7)/+5&"'@!+!,=5B'(139!).5/1&'(1/'?3,@T!
)7&.2+--71),1). 5 #IAH53)) 1=/ @1&'(?",).~ [1+(1<PX!+ @!<"X#AH'I<PXL/NH'--1%?" @' @!
93(IPXI&'(?")I39N)H).5'+ @!('&(",)/1+1-3;1-" L H'L3.#IM)LN39) 1=/ @) 31+ ]!

A-2
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B+?R6(3=,@!,3./#I4H<"XL./MH-""-1'06?" @' @!93(1"X!I&'(?",)139NH').5'1+, @!./1+15'+/=(!
3ONHIH.6H'(- -1, 1+ 3./#I3@'(,1?3  5&=).,61/3=,@!-"-15)'(/16.:'1+](+,6'139!
&'(?").~HIQ3)NHHNH'I& (')~ LI+IN+)  [).2+-15+H/=(I13(1+1/&  '2.9.@!).5'.,)'(+-#!!

Frequency Analysis

4H.116.7153(1@")+.-139NH'I9(N=",271235&3,  ')/1391+! 3./H8(N=",27!+,+-7/./1,3(5+--7!
=/'13,"39)H("1+&&(3+?H/UI3?2)+1B+,@ T!3,0)H.(@!3?)+:"1B+,@!3(!,+((3;!B+@#!

Q+((3;!B+,@'+,+-71./1.1153/)1=/'9=-193(1?35&-'%!)3,+-1,3./'[#IM)123=-@!B'|=/ @ T!93(!'%+5&-'T!
)31@')'(5.,1+19+,1)3,19(N=",27T))3!19.,@! )HI9(N=',2./139:.B(+).3,!)(+,/5.//.3,19(35!

5+2H.,'(713()31@")'2)V/7/)'5!(/3,+, 2 HIF el 4TI ICN=. (14,140 (+6.,603:'(1).5'TY3!
JHHYHI@")+.-13919-=2)=+).3, /1. )H', 3./'1./1, 3(5+--71-3/)#!
V()'(+193(1+/11/5',)1391,3./1+(1B+/'@!3, I@ZFT!37)+:"1B+,@/T!3(""bC03?)+:"1B+,@!
5'+/=('5',)HIAH'15'+/=(/1?-"+(-716.:"] J2(+.,6-T1@")+.~@!.,93(5+).3,1+B3=))H!!
304!

A3
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The Human Ear
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The Human Ear

E=5+/H+:'I'+(/I;.)H)H("6','(+-!1('6.3,/U!
"# F,! outer ear,!.,?-=@.,6!+,!'+(I[+=@.)3(7\!'?+,+-!

1# F,1+.(0?3,)+.,.,6! middle ear)H+)., 2-=@"/!1+,'+(@(=5!+,@!/5+--1B3, 17+~ @!3//.?-/!
DH('L,15+55+-/T13,'L.,I3)H'(1+,.5+-\!

?23?H-'H\I+,@!B+-+,?'[:'/).B=-+(!-+B7(.,)H\!

F.(B3(,'/3=,@!&+/I'"H3(3=6H))H'+(1?+,+-T! 5+R.,6\)H""+(@(=5!+,@!3//.?-'/!:.B(+)'T!
+,@"H./12.B(+).3,)H,I/N/MH'19-=.@/139! YH'I?3?2H-'+!.,)3!53).3 #1G&'?.+-."' @!hH+.(1?"--/i!
?3,"O)H.N19-=.@!53:'5')!.,)3!,'(:'1.5&=-/"/ DHHA)(+:-N3NH'B( +.,!+-3,6)H'+=@.)3(7!
SCH#HARNTHE. (12T G- T+ @13)H (121 LLOH1?3?H-'+1?7+,IB'I@+5+6'@!B7!'%7?'//.."!
3/ TH(+=5+T1)3%. /TI'+(1@./+/'[TI+,@!+/1&+()!39)H'I+6.,61&(3?"//#!>+5+6') 31)H'I 23?2H-"+!
2+=/1th/" 13(.,'=(+-1H"+(.,6!-3//TiH'153/) 123553,1)7&'139!H"+(.,6!-3//1.,)H'l_,.)'@!
G)+)'/#!

M)L/V/L).+-D)31=,@'()+,@)H(3-139D)HT  5.@@-"1+(T!+/1;--1+/)H1@.99'(,2'1B");" 1+.(!
23,@=?).3,1+,@'B3,1?3,@=7).3,#14H5.@ @-"+(1& (93(5/)H'/I",).+-)+/R139123,:().,6!
+.(B3(,/3=,@!.,)3..,, (I+(19-=.@!53:'5") T! +&(3?'/IR,3;,1+/1.5&'@+,?'15+)?H.,6![+.(!
N1+1-3:0.58'@+,2'15'@.=5T!5'+,.,6)H+)L)153  -2=-'/153:1'+/.-71.1(/&3,/)3Y/3=,@!
&(/I=('TEH.~1;+)(1./1+1H.6HO0.58 @+,?'!5' @.=5HIA.)H3=).5&' @+,7'15+)?H.,6T!3:'(!
PP#PI&'(?')139!1+.(B3(,1/3=,@!", (67111 9-'?)'@!+;+7!9(35))H'IB3@7#4H'5.@ @-"'+(!
'+B-14, 54-/1- 0 6L 1. (D) 3IH (1 (71/39)! 13=,@/")H+)!;3=-@!3)H'(;./''B"L.,+=@.B-'T!B=)!
LN, 2 +(T193(1+, 5=/ H+)1-o1 1+ )(TIB2+=/1/3=,@!)(+:"-.,61.,1;+) (1&+//'!
H.-71.)3)HIB3@7![;H.2H!/153/)-71+) (MIAH ' 1+I2H.-@H+/1+,1'+(1.,9'?).3, TI3(1+ 1+ @=-)!
&-+2'/"+(&-=6/1IH.M+(/TI+Ih?23,@=7).. "H'+(.,61-3//il@(+5+).2+--7(@=2"/)H

)(+,/5./1.3,1391+.(B3(,"/3=,@!.,)3NH'L,.'(! S(#IF3&-1;. ) HI?3,@=7). IH'+(.,61-3//17+)]

1)~ H+(/3=,@/'&(1") @!@.('?)-T)3NHI/R  =--IB7!hB3,'1?3,@=").3 #il4H././IH3;IB3)H!
H=5+/1+,@!9./H/IH+(1=,@"'(;+)'(13(:;H',1+! - B(+).,6!)=,.,6193(R1./1+&&-.'@!)3)H'H+@T!
B=)L)I(N=.(/15=?HI53(1+23=/).2! '(67))H+1+.(123,@=7).3,IH"+(.,64!

|

!

B-1






6 992T>LWoR |

Measuring Sound
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Measuring Sound

FI/3=,@!-"-I5") (LIH)+@+(@";+7!139  15+/=(.,6!/3=,@#$,..(3,5',)+-/3=,@!./!
3(5+-71+/1'@'B7TYHFO;".6H).,6#IF-)H3=  6HIH+ @OH"-@!.,/)(=5')/!+&&'+()3!B'I'+/7!
)31=/TI-+?R139!=,@'(/)+,@.,6'39)H".(13&'(+).3,1+,@!-.5.)+).3,/T!+,@)H'5'+,.,6!39N)H'!
+H('@!5'+H/=('5",)/:H.2H)H'712+,16. TI5+71(/=-).,15./-"+@.,6!(+@.,6/#!!

4H";".6H).,6!,");3(RI+,@!"-"?)(.?+-19.-)'(/1+( 1+,1.5&3()+,)!1&+()!139NH/3=,@!-":"-15")'(T!
+MH716.:"1+,1.,@.7+).3,139N)H19('N=",77!  ?35&3,")/!39)H'I/3=,@#!4H'19.-)'(/!+("1+/!
93--3;/U!

| FO;'.6H).6U! ! 3,14--15) (/!
I VO;.6H).6Ul I 3,153/)15")'(/!

I <.,+([p0;.6H).,6\Ull 3,15+ 7I5)(/!

I D?)+9.-)(ul ! 3,1/35'15")'(/!

I 4H.(@!3?2)+:19.0) (Ul 3,35'15)(/!

I Q+((3:1B+@U! ! 3,14+19515) (/
G3=,@!-"-15)'(};".6H).,6!,);3(R/N+("//H3;,! 18.6=(IVO"#ID(.6.,+--7TI)H'EQ:".6H).,6!
+1.),@ @!93(-3;1--/139! 3 /#1V0;M6H)  .,6l+/L,), @' @!93(1H.6H'(1--/1391, 3./

4H";".6H).,6!,");3(R/!;'(""B+/'@!3,!H=5+,!H"'+(.,6!?3,)3=(/!+)!-3;!+,@'H.6H!-""-/'+ @!
JLHIH3& @YH+A))H . (1=/1;3=-@!5.5.?)H"I("  /&3,/"39NH""+(#!4H./1?3,?'&)T;H.?H!@.@!
3)E3(RIBE)I&(+?).2'TIHH,3;!1B",1+B+,@3,'@'+,@!F0!+,@'V0;".6H).,6!+(!1=/'@!+)!+--!
S +(1.6H)., 6L 1=l@!)3 @) ?)!-3 JO(N="2.'/[#Fl/&'?.+-./)]YO;.6H).,61./'=/'@!
93(!.,9(+/3=,@!'B'-3;!1XIE"#!!

8.6=("IV0"I/H3;/)H+)))H'IFO;".6H).,6!@'&(//'/! JH'I--N39NH'-3;19(N=", 2. TI+/)HI'+(!
SN D3DH A (LA (4! 23,1' [=/YH+)IFO;".6H).,60./1+&&(3&(.+)"193(!
'1).5+).3,139) H'IH+ +(@!391QME<#A.)H! (/&'?))3I3)H'(1'99'?)/T/=?HI+/!+,,37+ 2" TIFO

* 6H).,61./1+27'&)+B-"1.9)H'(L./-+(6-7'5.@@- '+ @'H.6H!I9(N=",271,3./"&(/",)T!B=).9)H"
3.LN=,=/=+--TIH.6HI+)1-3;19(N=",2./TI3(  123,)+.,/1&(35.,",)1-3:19(N=",271)3,/THH'!
FO;".6H).,615+71,3)16.."1+1:4+-.@!5'+/=(#IV35&+('@!;.)HI3)H'(,3./1/3=(?'/T!;., @!

)=(B., V&'?)(+TI+IH+(@".,@33(/1+)) 7&.2+-I'&+(+).3,!@./)+,?'[TIH+:1-1/1-3;19(N=",27!
23,),))H+,153/)13)H'(/3=(2'/'[* @'(/", T'LXXW\#!

C1
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FIGURE C-1
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Propagation of Sound
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Propagation of Sound

4H'&(38&+6+).3,1391,3./19(35!;.,@N=(B.,/  1./'@")'(5.,@'B7!+!,=5B'(139!19+?)3(/T!

,?-=@.,6U!
I Y'35)(.2+-1Y&(+@.,6T16.:",|B71alz! 1X-36I(MIN"™@ZT!+)1+1@./)+,?'I(!

| J3-'2=-+(1+B/3(&).3,#14H./1.1123,"(/.3,139  1+23=/).2!' (67")3IH+)1+,@!./1I9(N=',?7!

@'&,@")!

| 4=(B=-")/?24))'(.,619(35!1-32+-1:+(4).3,/1.,  L..@!-32.)71+,@!+.(1)5& (+)=(1+@"./

53@'(+)-719(N=",27!@'&',@",)!

I Y(3=,@"99'?)/K('9-'2).3,T!)3&36(+&HT7!+,@! +B/3(&).3,+(19(N="?71@'&",@",)d)H".(!

'99'2)/1.,2(+1.,61+MHI(N=", 271, 2(+/'1}

I Q(U/=(9+?2''99'2)/k)'5&'(+)=(1+,@!;.,@'6(+@." )/#!
4H/3=,@'&(/I=(1+)1+1&3.)TI@./)+,)!19(35!/3=(?'TL.N6.: 1B7!!

<12<p101ak>I0IF FOIFy  [@Z\I! ! !

M,:H.?2HU!
< LINHY3=, @&(/I=(1+)HH'I(?"..,6!&3.)!
<a NH13=, @1&3;(139)HN=(B.,1.,|@2.B-/I(I"X  CU:+)/!
al./H'6'35") (. 2+-1/&(+@.,6!)'(5T!  H.2HL/L H'( )L +=-1/3=(?/!
SLAH@.('?)..)71.,@'%TLH. 2HN+RY!,3,0=,.93(5Y/&('+@.,6!.,)31+223=,)!
F e L/1+,14)53/&H'(.21+B/3(&).3, 1+, @'3)H'(!, +(/=(9+2'1'99'2)/1) (5!
Fy./1+16(3=,@'+B/3(&).3,+,@!3)H'(1/=(9+2"1'99'?)/1) (5!

Q'+(I/=(9+7'15")'3(3-36.2+-'99'?)/1+(1?35&-'  %TI+/!;.,@!+ @!)'5&'(+)=(16(+@
&(3&+6+).3,))H(3=6HI)H"I+.(#! !

%

1)1499'2)!

D-1
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Expert Panel Members

J5B'(/I39NH%& () 1&+,-1+(1-/)@!B-3;#  1Z.36(+&H./139!'+?HI5'5B'(1+(1&(3:.@' @!
93--3;.,6!)H'l-./)#!

Expert Panel Membeés

W. David Colby, M.D.

VH+)H+50a’,)!J'@.?+-1D99.?'(!39!E'+-)H![F?).,6\!
FI/32.4)1%(39'//3(TIG?H=-.2HIG?H33-1391J@."?.,"le!>")./)(7T_,.=(/.)7'139IA/)'(,!
D,)+(.3!

Robert Dobie, M.D.
V-, 24-1%(39//3(T!_,.(I.  )7'3914'%+/T!G+,!F,)3,.3!
V-.,.2+-1%(39'//3(T!_,.:'(/.) 7139!IV+-.93(,.+T!>+:./!

Geoff Leventhall, Ph.D.
V3,/=-)+).,1Q3./'"0.B(+).3,!+,@!F?3=/).?/T!_al

David M. Lipscomb, Ph.D.
*(1.@')TIV3(('?)!IG'(:.2'TIM, 2#!!

Robert J. McCunney, M.D.

2/ +(?HIG?.).NTIIH+2H=/  ))IM,)).)=)'13914'?H,3-3671>'&+()5',)!39!Z.3-36.7+-!
$,6.,"(.,6T!!

G)+991*HT7/. 2.+, TIIH+2H=/NIY' (+-IE3/& )+-1¥=-53,+(7!>.:.1.3,dIE+(:+(@!J'@. 7+
G?H33-!

Michael T. Seilo, Ph.D.
*(39'/3('139!1F=@.3-367TIA/)'(,/A+/H.,6)3,! _,.:'(/.)7!

Bo S¢ ndergaard, M.Sc. (Physics)
G',.3(IV3,/=-)+,)TI>+,./H!I$-?)(  3,.?2/'<.6H)!+,@!F?3=/).?/'[>$<4F\!

Technical Advisor

Mark Bastasch
F?3=/).7+-1$,6.,"(TIVELJIEM<<!

E-1
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Panel Member Biographies

W. David Colby, M.D.

A#I>+:.@IV3-B7II#G?H#TII#>#TI82V*VTL/I+1918BNH'1237+-1V3--'6'139*H7/.?2.+,/'+,@!
G=(6'3,/139!IV+,+@+!.,1J'@.?+-13.?(3B.3-367#! >(IV3-B7!./HH'IF?).,61J'@.?+-1D99.?'(!39!
E'+-)HL,IVH+)H+50a',)T!D,)+(.3!+, @!'F//3?.+)"1*(39'//3('391J'@.7.,'T!
J.?(3B.3-367bM55=,3-367!+,@!*H7/.3-367b*H+(5+?3-367!+))H'IG?H=-.?H!G?H33-!39!
J@.2.,"1+,@!>").N(7+H))H_,.:'(/.)7I39IA 1)'(,ID,)+(.3#IE'('?"."' @!H./\J#>#19(35!)H'!
_2'(1)7139143(3,)31+,@1?35&-)@IH./I(1.@"  ?7+)1 (1) 7IES/&.)+-T!<3,@3,T!D,)+(.3#!
AH.-1)).--1+ICL.@')IHT+H16., 14+19+42=-) 7! +&&3.,)5')+,@!-+)'(;+/'+&&3.,) @'VH.'9!39!
J.?(3B.3-367!+,@!V3,/=-)+,)\.,IM,9'?).3=/l >.[+['[\+)!_,..'(/.)7TIE3/&.)+-#!>(V3-B7!
-?2)=(1"%)",/.:'-713,'+,).5.?2(3B.+-1?H'53) H'(+&7T!(1.)+,?2"+,@!9=,6+-1.,9'?).3,/!.,!
+@@.).3,1)3+!B=/71?-.,.2+-1&(3?' 1 4(+-10@.2., "+, @!./  +IV3(3,'(193()H"1&(3:.,?'139!
D,)+(.3#IE'H+/I("?".:'@!,=5'(3=/+;+(@!/! 93(!H./")'+?H.,6#!>(#IV3B7!H+/!+!,=5B"(!39!
+().?2-/0,1&M(0( @']3=(,+-'+,@"./")H'+=)H3(139")H'!)'%)B33RIptimizing Antimicrobial
Therapy: A Pharmacometric Approach. E'L./I+*+)*(/.@',)!139)H'IV+,+@.+,!IF//3?.+).3,!139!
J@.7+-13.2(3B.3-36./)/#!D,)HIB+/./'39!H./'"% &'()./'l.,!*=B-.?IE'+-)HT!>(IV3-B7!,+/+/R'@!
B7!H./15=,.2.&+-)7)3I+/'/)H'H'+-)H!.5  &+?)/139};.,@!)=(B.,'/#4H"('&3()T!).)-'@! The
Health Impact of Wind Turbines: A Review of the Current White,Grey, and Published Literature!./!
;. @'-712.)'@1L.,)'(,+).3,+--7#!

Robert Dobie, M.D.

23B'()1>3B. TII#>HT.N17-.,.2+-1&(39'//3(139!3)3-+(7,63-367!+)IB3)H)H'_,.:'(/.) 7!13914'%p+/!
E'+)H!IG?.,2'V")'(1+)!G+,IF))3,.3!1+,@)H"_, (1) 7139IVA-.93(,. 40>+ HIE'L/1+-/31+]
&+(),'(".,!>3B."1F/[3?2.+)"[TI+1?23,/=-).,61&(  +?).?2'V&'?.+-.".,6\.,IH'+(.,6!+,@'!B+-+,?'T!
H'+(.,6!23,/'(:+).3,T!+,@!"+(!@./3(@'(/#'4H"+= )H3(!139!3:'(""SK!&=B-.).3,/TIH./\('/'+(?H!
L) (DI, 2-=@"1+6'0(-+)'@'+,@!,3./'0.,@=2"@!H"+(.,61-3//TI+/1;--1+/1).,,)=/'+,@!3)H'(!

L (+(1@./3(@' (HE'LN&HN&('1.@',)139!  H'IF//32.+).3,193(12'/+(?H!.,!D)3-+(7,63-367T!
&+NI1?H+.(139)HE'+(.,6!+,@'$N=.-.B(.=5!V355.))"139)H'IF5'(.?+,!F?+@'57!39!
D)3-+(7,63-3670E'+@!+,@!Q"?R!G=(6'(7T!+,@!H¥ (' @!3,))H'|B3+(@/!+,@!?3=,?.-/39!
5+,713)H'(1&(39'//.3,+-13(6+,."+)  .3,/1+,@!/?H3-+(-71]3=(,+-/#!!

Geoff Leventhall, Ph.D.
Y'399!./1+]_a0B+/'@!,3./'1+,@!:.B(+).3,123,/=-)+,);H3I;3(R/.,)'(,+).3,+--THIE./!
+?2+@'5.?2!+,@'&(39'//.3,+-IN=+-.9.7+).3,/1.,?-=@"'*H#>#!.,1F?3=/).?/T!8'--3;139H'_a!
M,/).)=)"1391*H7/.2/TIE3,3(+(7!8"--3;1390)H'T _al.,/).)=)'1391F?3=/).2/1[39!;H.?HIH'L/1+!
93(5'(!*(1.@' N\T!>./).,6=./H@M,)'(,+).3  ,+1I5B'(139)H'l_GF!M,/).)=)"139!1Q3./"
V3,)(3-1$,6.,"(.,6TIJI'5B'(139!)H "IF?3=/).2+-1G372.)7I139IF5'(.2+#!

E'L+193(5'(-71+,14+2+@'5.2TI@=(.,61;H.?H!).  5'H/=&'(./ @!CX!(/'+(?H!)=@",)/")3!
235&-").3,1390)H".(1@3?)3(+!))=@.'/1.,1+?3= /).2/#I=?HI39IH./1+?+@'5.?1+,@!?3,/=-)+,27!
:3(RIH+/IB",13,1&(3B-'5/1391.,9(+/3=,@!  +@!'-3;19(N=",27!,3./'+,@!?3,)(3-139!-3;!
9(N=',27!,3./1B71+?).:14+))',=+).3,!

E'lH+/1B",1+I5'5B'(1391+1,=5B'(139!Q+).3  ,+-1+,@!M,)'(,+).3,+-17355.))"/13,1,3./'1+,@!
+23=/).2/1+,@";+/1('?",)-71+I5'5B'(1391); 3! 2355.))"/1&(3@=".,6!('&3()/!3,1'99'?)/139!
3./13,IH+)HUNH'_alE'+-)H!*(3)'2).3,!  F6',27!1V355.))"I3,))H'IE"+-)H!$99'?)/139!
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_)(+/3=,@'+,@'M,9(+/3=,@!+ @")H'!_al>'&+() 5',)139!E"+-)HIV355.))"13,))H'1$99'?)/139!
$,..(3,5',)+-1Q3./13,IE+-)H#!

David M. Lipscomb, Ph.D.

>(#1>+:. @1J#I<.&/?35BI("?". @ +I*H#I>#L., 1E'+(.,6!G?2.",?'19(35)H'_,.:'(/.)7!39!
A+/H.,6)3,1[G'+))-\I, I"PLL#!I>(#!<.&/?35B!)+=6 H)!+))H'_,.(/.)7!39!4", '//"193(153("!
YH+,1):31@2+@'/1.,)H'I>'&+()5'))I39IF=@.3-3 67!+, @!G&"?H!*+)H3-367#IAH.-"TH'l;+/13,!
JH'19+2=")7TI>(#1<.&/?35B!@':-3&'@'+,@!@2) @)H'! @'&+()5")|/'Q3./12'[+(?H!
<+B3(+)3(7T#!>=(.,6!H./1)",=(1+)14",I["1+,@!1+9) (IH'153:' @!)3N)H'I*+2.9.21Q3()H; /)!.,!
"PWWT!I>(#!<.&/?35BIH+/1/'(;' @!+/1+123,/=-)+,))315+,7!" ).)./1.,?-=@.,6!?355=,.)."/T!
63:'(,5')+-1+6", 2. [TL.,@=/)(.'[TI+,@!-'6+-13(6+,."+).3,/#!

>(#1<.&/?35BIH+/IN=+-.9.'@!.,123=()/1391-+;1+/1+,I'%6&' (). IF=@.3-367!/.,2'""PLL#IV=((,)-7T!
H'L.,:0).64)1.,2.@"))3!@"'(5.,";H') H'(1+,1423=/).2+-1:4+(,.,6!/.6,+-1&(3:. @' @
+(,.,6)3L,@...@=+-/1.,\H+(5/L;+7TI+,@TL.OY3TI+)IH3;15+,71/'23,@/!B'93('!+,.,2.@",)#!
A)HIH./IB+?R6(3=,@!.,12-.,.2+-1+,@!(/+(?H!+=@.3-36 7TIH'I=, @'()+R"/)H': +-=+).3,139!
H'+(.,61.5&+.(5')1?-+.5193(1.,@=/)  (+-1/).,6/'+,@!&B@=?)!-.+B.-)7#!

>(#!<.&/?35B!;+/1+1B.3+73=/).?+-123,/=-)+,))3 NH'l_#G#!$,:.(3,5',)+-1*(3)'?).3,!F6',?7!
D99.?'139!Q3./'"FB+)'5",)!+,@!V3,)(3-[DQFV\I+))H).5H'I+6'",?7!;+/!('/&3,@.,6!) 3!
V3,6(/1.3,+-15+,@+)'/1?3,)+.,/@!.,")H"Q3./'"'V3,)(3-IF?)I39!"PS1#IE'l;+/!3,"139)H"!
3(.6.,+-1+=)H3(/13MNH'IV(.)'(.+!>3?7=5")1&(B@ =?'@!B7IDQFVT!+,@!H/'(:'@!+/1+!("..";'(!
93(NH''DQFV!@3?=5")!).)-'@! Information on Levels of Environmental Noise Requisite to Protect
Public Health and Welfare with an Adequate Margin of Safety#'>(#1<.&/?35Bc/!"%&'(.",?".,!
:().,6!+,@!(:.";.,6!B.3+?3=/).2+-!@37=5'"))+) BUIHHB" 1 &+(). ?2=-+(-71=/'9=-1.,IH./!
(.513915+)'(.+-/'93(IFASF!('6+(@.,6!;.,@!9+(5!,3./'123,?'(,/#!

Robert J. McCunney, M.D.

23B'(M#II?V=,, TTIIHSHTIIHHEHTIIHGHT /' B3+(@!?'().9.'@!B7)HIF5'(.?+,1Z3+(@!39!
()@, &2 +- /)13 ?272=&+).3,+-1+,@!",:.(3,5' )+-15'@.7., #I>(#!

J2V=,, TVLIHI)+99I&HTL. 2.+ 1) J+/[+?2H=/)  )IY',(+-IE3/&.)+-c/!&=-53,+(7!@.:./.3,T!
HCIH +-=+) 1+,@) (+)132?2=&+).3,+-]  +@",:.(3,5')+-!.--,' 1T, ?-=@.,6!-=,6!
@./3(@'(/'(+,6.,6!9(35!+/B')3/./)31+)H5+1)3  153-@!('-+)'@!H'+-)H!?3,?'(,/T!+53,6!3)H'(/#!
E'L/+-[31412-., 2+-19+2=")7I5'5B'(139IE+(:  +(@!J'@.?+-1G?H33-1+,@!+!(/+(?HY/?.",)./)1+)!
YH'LI+H/[+?H=/))/IM,/).)=)"13914'?H,3-367!>'&+()  5')139!1Z.3-36.7+-1$,6.,"(.,6 TI;H'(H"!
&+().?2.&+) /. '&. @'5.3-36.2+-1(/'+(?H!I&  ()+.,.,61)31327=&+).3,+-1+,@!",:.(3,5',)+-!
H'+-)HIH+ +(@/#!!

>#II?2V=,'TI(?" . @HNZHGH!. 1?H'5.2+-1', 6.,"(.,6'9(35!>("%'-!_, S(L)TTIHNIHGH!. )
"(3,5,)+-IH'+-)H!9(35)H"_,.:'(/.)7!39! J.,,'13)+TIH./NJ#>#19(35!")H'14H35+/1'99'(/3,!
ST @.2+-1G?H33- 1+, @ H. NI HE#HI9(35 DHIE+(+(@!G?H33-1391*=B-.?1E'+-)H#IE"!
?35&-)@"(+.,.,6!.,1.)(,+-15@.?.,"+)! Q30H;N'(\\_,..'(1)7T I @.?2+-v)'(1.,!
VH.?2+63#!>(#1J?V=,,'7L./'&+N'&(/.@",)!139 NH'F5'(.?+,IV3--'6'139!D??=&+).3,+-1+,@!
$,..(3,5)+-J@.?.,""'[FVD$M\I+,@!+,1+2?3 5&-./H'@!+=)H3#!E'H+/"@.) @!,=5'(3=/!
3?7?7=&+).3,+1+,@",:.(3,5',)+15@.?.,")’ %)B33R/I+,@!3:'('WX!&=B-./H'@!+().?-'/'+,@!
B33RI?H+&)'(/#E./NH'$@.)3(!139!+--NH("I'@.).3,/!39!)H'!)"%)!B33RA! Practical Approach to
Occupational and Environmental MedicineT)H'153/)!("?' )I'@.).3,!139!;H.?H!;+/1&=B-./H@!.,!
IXXC#I>#13?2V=,,'7'(?""@)H'"E'+-)H!  F?H."'5")!IF;+(@'9(35!'FVD$J!.,!1XXI#!
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SHIPV=,, TIHH) L1%8& (2", 1 +-=+).,6)H1'99'2)/139!,3./'13, IH'+(.,61:.+!
(:..,614+=@.35") (.2) )HIETH+1()"! B33R!?H+&)'(/13,)H")3&.2!1+,@!('6=-+(-7!
“2)=()YHIE+(+(@!G?H33-1391*=B-. 21E'+-)H!3,1qQ3./' 1+, @!E'+-)H#(!

Michael T. Seilo, Ph.D.

>(#1IJ.2H+-14#1G'-31("?' . @H P HES#L L IF=@ .3-367!19(35!DH.3!_,.:'(/.) 7!, "PSX#IE./!
?2=((")-7"+1&(39'//3(139!+=@.3-367!.,.hH'l >'&+()5',)!39!V355=,.7+).3,!G?.",?'/+,@!

> /3(@'(/'+H)IAY)'(J'A+/H.,6)3,! ,.:'(/)7! S1Z'--.,6H+5TIA+/H.,6)3,;H'(IH'Y/'('@!
+H1@'&+()5')1?H+.(193(1+N3)+-139I53("NH+,!);", )7'7'+(I#>#G'.-31./1?-.,.2+--71?'().9.'"@!B7!
YH''F5'(.?+,!G&"?H0<+,6=+6'0E'+(.,6!F//3 ?.+).3,![FGEF\'.,IB3)H!+=@.3-367!+,@!
/&"?HO0-+,6=+6'1&+)H3-367!+,@!./1+!-3,60).5 '15'5B'(!39!FGEFTHH'IF5'(.?+,!F?+@'57!39!
F=@.3-367T!+,@")H'!A+/H.,6)3,!G&"?H!+,@'E'+(.,6!F//37.+).3,#!

83(I5+, 717 +(/'>(#IG".-3IH+/1)+=6H)123=(/"/1.,IH"+(.,6123,/'(:+).3,14)IB3)HH'I6(+ @=+)'!
+,@1=,@'(6(+@=+)-"HEN&?+-L)(  NH+(+1.,2-=@"&"? HI&'(?'&).3,!+,@!)H'I
58&+7?)139!,3./13,IH=5+,IH'+(.,6!  /'1.)..)7L.,2-=@.,6).,,.)=/#!!
>#G'.-3IH+/123,/=-)@";.)HL,@=/)(./13,)H  "&(""").3,139IQME<!+ @!H'H+/123--+B3(+) @!
LY HIB)H'(1&(39'/1.3,+-1. )H'I+//1/5' )139H" +(.,60-3//1(-+)' @!?-+.5/1&'()+.,.,61)3!,3./'#!

Bo S¢ ndergaard, M.Sc. (Physics)
Z3!Gg,@'(6++(@'H+/153()H+,11XI7'+(/1391'%& (", ?'1.,123,/=-)+,27!.,I',.(3,5',)+-1,3./"

5'+/=('5' ) TI&(@.?).3,/1+,@!+//'/5' #4H'! HNKITH( ) H BE&HHL/13,1 . @)
)=(B.,",3./#I(#Gg,@'(6++(@"./)H"?3,: ',3(139)H1J4"":3(RI6(3=&!=,@'(IM$VI4VWW!
:3(R.,6!;.)HI(./.3,1390)H'I5+/=('5",)!/) +,@+(@!93(;.,@)=(B., /"M$VIL"IXXO" #E"IH+/!

+-/31;3(R'@!+/1&(3]'?)!5+,+6'(193(1)H'193--3 ;.,6!(/+(?H!&(3]'?)/UI<3;!18(N=",27!Q3./"
9(35I<+(6'1A.,@!4=(B., N93(YH'I>+,./H!  $,(67!IF=)H3()7T!Q3./1+@!$,'(67!3&).5."+).3,!
391A.,@!8+(5/T!+,@!Q3./19(35!A.,@! 4=(B.,'/l.,]A+R'193(I$,'(6.,)#@R#!!

Technical Advisor Biography

Mark Bastasch

JHZ+HN+2HLNHI(6.0) (@1+23=/).2+-I'6.  "(I;.)HIVELIIEM<<#!  J(#Z+))+I?H!+/].)) @!
FA$F!+,@!V+,ASF!., YH'I')+B-./H5' )I391)H'! &+,-1+,@!&(3:.@'@!)'?H,.2+-1+//./)+,2')3!
YH'I&+,-H(B=6H3=))H'I(.1&B?#IH! Z+)+?Hc1+23=/).2+-1'%& (", ?').,2-=@"/!
&('-.5.,+(7!1).,6!)=@.T\('6=-+)3(7'@":'-3&5")!1+,@!+//'//5' )[T!+5B." )1,3./"

5'4+/=(5')/T!.,@=/)(.+-15'+/=(5')193(! 53@"-1@'-3&5')!1+,@!?35&-.+,2'1&=(&3/'T!
5.).6+).3,1+,+-7/./T+,@!53@".,6!39!.,@=/)(.+- '+ @")(+/&3()+).3,},3./HIE./\;., @)=(B.,"
%&'(, 2., 2-=@"/1/35"139NH19.()15+]3 (., @!@"-385' ).,  ?-=@.,6)HG)+)-.,"

&(3]'2)THH.2HLH' IB=-)1L XX +/1)H'-+(6'/)1., ) H'; 3(-@#IE 1+-/31/ (2113, ) H'!
3(6+,..,6!2355.))"I39)HIB.+,,=+IM,)'(,+)  .3,+-IA,@!4=(B.,1Q3./'V3,9'(,?'T19.(/)!
H-@!.,1Z'(-., TIY'(5+, 7T I IXXK#!
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