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Dosis/respons-kurver for vej-, tog-,
industri- og vindmagllestgj

Hvor mange % af naboerne kan forventes at veere "steerkt”
generet ved en given stgjbelastning?

1| "marker/hoérinte” Do not notice

2]”"marker, men stors inte” |[Notice, but not annoyed |Not annoyed
3|”stors inte sarskilt mycke{Slightly annoyed

4]”stors ganska mycket” Rather annoyed

5]”stors mycket” Very annoyed Annoyed
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The  proposed  cxposurc-response  relationships  lor
annovancce by wind turbime noisc are only bascd on three
studics, and more studices are undeniably needed. Sull. they
may alrcady scrve as mdicative for suitable regulations or
[or the cvaluation ol cxisting legislation. For cxample,
rcegions with a highest allowed immission level ol 45 dB(A)
cquivalent level [corresponding o L., 49.7 dB(A) i this
study] such as Denmark could expect less than 14% of the
exposed population to be highly annoyed indoors by wind
turbines and less than 29% to be highly annoyed outdoors.
However, 1t should be noted that situational lactors, as well
as possible cultural differences, may lcad to considerable
deviation [rom the curve m spectlic cascs.
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(Received Noven Another choice was to basc the comparison with other
noisc sources on mdoor noise annovance. This makes for a
conscrvative comparison because almost all respondents
reported a higher level ol annoyance outdoors than mdoors,
and the exposure-response relationships for other noise sour-
ces arc largely based on studies that did not distinguish
between annoyance indoors and outdoors. Because wind tur-
bincs arc usually situated n rural or mildly built-up arcas,
annoyancce outdoors might play a more important role than is
the case lor other noise sources because the residents ol
these arcas may spend a greater proportion ol their time out-
doors. In order to mit annoyance due to wind turbine noisc.
policy makers should take mto consideration both the

cxpected annoyance mdoors and outdoors.
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Vindmegllestgj & helbred

» Der er ikke udfart leegevidenskabelige studier, der kan afvise
evt. negative helbredseffekter af kronisk af eksponering af
vindmgllestgj

 Vindmgllestgj fra store vindmgller (>0.5MW) er i
epidemiologisk sammenhasng en "ny” stgijkilde.
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Explore... Health Canada Announces Wi urbine Noise and Health Study

Main Menu

A-Z Index UPDATE - July 18, 2012: In recognition of the potential difficulty over the summer

It's Your Health holiday period of certain interested Canadians in providing input before August 8, 2012,
Just For You submissions will be accepted until September 7, 2012.

=it July 10, 2012

Proactive Disclosure [l immediate release
OTTAWA - Health Canada, in collaboration with Statistics Canada, will conduct a
research study that will explore the relationship between wind turbine noise and health
effects reported by, and objectively measured in, people living near wind power
developments.

"This study is in response to questions from residents living near wind farms about
possible health effects of low frequency noise generated by wind turbines," said the
Honourable Leona Aglukkag, Minister of Health. "As always, our Government is putting the
health and safety of Canadians first and this study will do just that by painting a more
complete picture of the potential health impacts of wind turbine noise."

Health Canada is aware of health-related complaints from individuals living in close
proximity to wind turbine establishments. The study is being designed with support from
external experts, specializing in areas including noise, health assessment, clinical medicine
and epidemiology.

The study results are expected to be published in 2014.
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Explore... Health Canada Announces Wind Turbine Noise and Health Study

Main Menu

A-Z Index UPDATE - July 18, 2012: In recognition of the potential difficulty over the summer

holiday period of certain interested Canadians in providing input before August 8, 2012,

It's Your Health Y | ) ;
submissions will be accepted until September 7, 2012,

Just For You

Site Map July 10, 2012

~ For immediate release
OTTAWA - Health Canada, in collaboration with Statistics Canada, will conduct a
research study that will explore the relationship between wind turbine noise and health
effects reported by, and objectively measured in, people living near wind power
developments.

"This study is in response to questions from residents living near wind farms about
possible health effects of low frequency noise generated by wind turbines," said the
Honourable Leona Aglukkag, Minister of Health. "As always, our Government is putting the
health and safety of Canadians first and this study will do just that by painting a more
complete picture of the potential health impacts of wind turbine noise."

Health Canada is aware of health-related complaints from individuals living in close
proximity to wind turbine establishments. The study is being designed with support from
external experts, specializing in areas including noise, health assessment, clinical medicine

and epidemiology.

The study results are expected to be published in 2014.

e

L5 o1k

elghal lor Arbajds-og Mijer

http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/ 2012/2012-109-eng.php



http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/_2012/2012-109-eng.php�

Vindmegllestgj & helbred

Study

MW

Country # Subjects

% annoyed,

>40dBA

DELTA - 1994
SWE - 00

- |SWE-05
NL - 07

<0.15
0,6
0,6
>0,5

Denmark
Sweden, Rural

Sweden, Suburban

Holland, mixed*

200I
351
754
725

13%
44%
15%
25%

"marker/horinte”

Do not notice

"marker, men stors inte” |[Notice, but not annoyed

Not annoyed

”stors ganska mycket” Rather annoyed

”stors mycket”

1
2
3|”stors inte sarskilt mycke{Slightly annoyed
4
5

Very annoyed

Annoyed

« SWE-00: Perception and annoyance due to wind turbine noise—a dose—response relationship, J. Acoust. Soc. Am., Vol. 116, No. 6, December 2004

« SWE-05: Wind turbine noise, annoyance and self-reported health and well-being in different living environments, Occup Environ Med 2007;64:480-486

* NL-07: Response to noise from modern wind farms in The Netherlands, J. Acoust. Soc. Am. 126, 211, August 2009

« SAMLET: Health aspects associated with wind turbine noise—Results from three field studies, Noise Control Eng. J. 59 (1), Jan-Feb 2011
« SAMLET: A comparison between exposure-response relationships for wind turbine annoyance and annoyance due to other noise sources, J. Acoust. Soc. Am. 130 (6), December 2011
« SAMLET: Impact of wind turbine sound on annoyance, self-reported sleep disturbance and psychological distress; Science of the Total Environment, March (2012)

Lgory




J. Acoust. Soc. Am. 126, 2,
August 2009
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« A comparison between exposure-response relationships for wind turbine annoyance and annoyance due to other noise sources, J. Acoust. Soc. Am. 130 (6), December 2011
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Stgj - dosis-responskurve

50,0

45,0
efll= %A , indoor,
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! A%, outdoor,
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« A comparison between exposure-response relationships for wind turbine annoyance and annoyance due to other noise sources, J. Acoust. Soc. Am. 130 (6), December 2011
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Health aspects associated with
wind turbine noise—Results from
three field studies

(Eja Pedersen, 2011)

“...annoyance could also be
viewed as a measurable
Indicator of enhanced risk for
chronic imbalance in the
physiological stress system”

Noise Control Eng. J. 59 (1), Jan-
Feb 2011

lable 2—Association between annoyvance outdoors due to wind turbine
noise (independent, continuous variable) and variables measuring
response and/or effect (dependent, binary variable) tested with lo-
gistic regression. Statistically significant associations in bold

numbers.

‘ Symptoms

Sleep interruption

SWE-00° SWE-05* NL-07°
N°=319-333 N°=720_744 N°=658-672
2.26 (1.76-2.90)  1.71(1.35-2.17)  1.78 (1.49-2.14)

Chronic disease
Diabetes

High blood pressure
Cardiovascular disease

Tinnitus

000 (0.1 1.0%8)
0.69 (0.37-1.31)
0.82 (0.55-1.22)
1.07 (0.58-1.98)
1.55 (0.95-2.53)
1 0240 gé |9\

05U (0. /4-1.20)
0.71 (0.40-1.28)
1.10 (0.84-1.45)
1.00 (0.64-1.55)
0.88 (0.60-0.98)

a7<¢0 51 1219

U5s (Usl-1.1%)
1.70 (1.14-2.56)
0.86 (0.64—1.17)
0.95 (0.65-1.38)
0.82 (0.45-1.48)

1 13076 1 67

1.24 (1.01-1.51)

1.04 (0.86-1.26)

1.25 (1.04-1.50)

Headache

1.22.(1,00_1.49)

112.(093 1359

1.10(093_1.31)

53
|Ter15e and stressed
Irritable

1.25 (1.00-1.56)
1.36 (1.10-1.69)

1.22 (1.00-1.50)
1.22 (1.00-1.49)

1.27 (1.07-1.50)
1.27 (1.07-1.50)

“Adjusted for age, sex, and A-weighted sound pressure levels.
bAdﬁ]’usted for age, sex, A-weighted sound pressure levels, and economic benefits.
“Range of number of respondents in the analyses. Differences in number of respondents are
due to missing cases, that is, the respondents not answering single questions in the ques-

tionnaire.

L5 o1k
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Impact of wind turbine sound on
annoyance, self-reported sleep

disturbance and psychological distress
(R.H. Bakker, E. Pedersen b, G.P. van den Berg,

2012)
. . Annoyance
Major conclusions:
l *

“...People living in the vicinity of S

i ; i ee
er_1d turbines are at risk of_ Exposure to gisturbence | |*
being annoyed by the noise, WT-sound l
an adverse effect in itself.” A

Psychological
“...Noise annoyance in turn distress
could lead to sleep disturbance
and psyCh0|Ogica| diStreSS " Fig. 1. Model of possible associations between sound exposure, annoyance, sleep
) disturbance and psychological distress.

Noise Control Eng. J. 59 (1), Jan-
Feb 2011

L5 o1k
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Tvaersnitsstudier (SV00,SV0O5,NLO7):

e Vindmagllestpj er forbundet med et markant hgjere niveau af
"annoyance” ved geldende stgjgraenser, end det er tilfeeldet
for trafikst@j og industristgj

 “Annoyance” er forbundet med hovedpine, stress, irritabilitet
og sgvnforstyrrelser

e “Annoyance” er en indikator for kronisk fysiologisk stress

 "Annoyance” er en "adverse health effect” (wHo 1999, community
noise)

SV00: J. Acoust. Soc. Am. 116 (6), December 2004
SV05: Occup Environ Med 2007;64:480-486

NLO7: J. Acoust. Soc. Am. 126 (2), August 2009 DPASAM

Noise Control Eng. J. 59 (1), Jan-Feb 2011




Noise & Health, sept-oct, 2011 (13)
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Wind turbine noise and health-related quality of life of nearby
residents: a cross-sectional study in New Zealand.

Daniel Shepherd, School of Public Health, Auckland
University of Technology

35dB

§H115

DESIGN: Maskeret spgrgeskema- e
undersggelse (HRQolL). Eksponeret

gruppe (39 naboer, <2km), matchet
kontrolgruppe (154 personer, >8km fra
vindmagller).

RESULTATER: “...residents living within
2km of a turbine installation reporting
lower overall quality of life, physical
quality of life, and environmental quality .
of life. Those exposed to turbine noise Uddrag af kért tilsendt af Daniel Shepherd
also reported significantly lower sleep

quality.”

Der er matchet for kegn, alder, uddannelsesniveau, jobstatus, stgjfglsomhed og
comorbiditet. D AEAM
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Duanak Selgkab tor Arbajde- og Mijeredisin

DASAM's hgringssvar pa Vindmglle bekendtggrelsen

© Om arbejds- og
miljgmedicin.

© Arsmeder

T DASAM referat af mede “Effekter pa mennesket ved at bo tast pa vindmeller', 13. december 2011 © Referater

= Heringssvar vedrerende revision af bekendtgerelse om stej fra vindmeller

@ Prazsentation Christian Buhl _

T Praesentation Jergen Jakobsen

: 5 : g : . : UEMS Occupational
T Praesentation Christian Sejer Pedersen: Noise from large wind turbines (with focus on low Medicine, Section meeting

frequencies) 13. April 2012 kl. 00-00
Hvor: Innsbruck, Austria

Hele kalenderen ses her.

http://dasam.dk/?g=node/62
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Dansk Selskab for Arbajds- og Miljomedicin

Dansk Selskab for Arbejds- og Miljgmedicin

Heringssvar vedrgrende revision af bekendtggrelse om stgj fra vindmgller - sagsnummer:
5114-00048.

DASAM mener imidlertid, at bekendtggrelsen ikke i tilstraekkeligt
omfang beskytter mod sundhedsrisici ved stgjgenerne, og foreslar
derfor:

e De generelle stgjgraenser bgr saenkes fra 39dB(A) til 35 dB(A)

e Der anbefales ogsa at 35dB bruges som GV i stpjsvage omrader pa
landet — i dag vurderes de typisk under 44 dB GV.

http://dasam.dk/?g=node/62
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DASAM

Dansk Selskab for Arbajds- og Miljon

Dansk Selskab for Arbejds- og Miljgmedicin

Heringssvar vedrgrende revision af bekendtggrelse om stgj fra vindmgller - sagsnummer:
5114-00048.

”...Vivurderer, at med de nuvaerende GV’er for stgj fra vindmaller
vil et uacceptabelt antal borgere indenfor den afstand fra
vindmegller som bekendtggrelsen regulerer vaere generet eller
kraftigt generet af stgjen.”

http://dasam.dk/?g=node/62
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Forklaringsmodel:

Stgj-pavirkning

- Kropslig + Psykologisk stress-

reaktion

- @get risiko for udvikling af sygdom

Annoyance:

Vaerdifuld indikator for stress-
reaktion og overtradt individuel

teerskelveerdi

Noise & Health, 2002, 4;16, 1-11

The Noise/Stress Concept

Wolfgang Babisch

Noise Exposure (Sound Level)

high moderate

Direct pathway Indirect pathway

Disturbance of
activities, sleep,
communication

Hearing [H
loss

Cognitive and L Annoyance
emotional response

l

| —
- Stress Indicators =]

Physiological stress reactions (unspecific)
- Autonomic nervous system (sympathetic nerve)
- Endocrine system (pituitary gland, adrenal gland)

< Biological Risk Factors_
I

Blood pressure  Blood lipids Blood viscosity
Cardiac output Blood glucose Blood clotting factors

Manifest Disorders

Cardiovascular Diseases

Hypertension  Arteriosclerosis  Ischaemic heart disease
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Health status as a potential effect modifier of the relation
between noise annoyance and incidence of ischaemic heart

disease
W Babisch, H Ising, J E J Gallacher

Aims: Traffic noise is a psychosocial stressor. Epidemiological studies suggest chronic noise stress o be a

risk factor for cardiovascular disorders.

Methods: In a prospective cohort study, the association between annoyance and disturbances due to road
traffic noise and the incidence of ischaemic heart disease (IHD) was studied in 3950 middle aged men.

Main messages

* Noise annoyance due to exposure fo road fraffic may
be a risk fador for the incidence of ischaemic heart

disease. The pre'ﬁ:||enc|3 of pre-existing chronic dis-
eases modifies this assodation.

Policy implications

® Chronic environmental noise stress increases the nisk of
ischaemic heart disease.

Modified figure with only -PD
Occup Environ Med
2003;60:739-745

Table 5 Model adjusted odds ratios of IHD incidence for different tratfic noise exposed

groups of subjects (odds ratio, 95% Cl)

Exposure variable

Moise exposure calegory

1 2 3 4

Traffic noise level (dBA)) 51-55 56-60 61-65 66-70

PD 1.00 078 (04210 1.47) 097 (0.5510 1.72) 1.03 (0.55 to 1.94)
Annoyance/disturbances Mever  Seldom Somefimes Ofen + always
Annoyance i : : . .

PD 1.00 070 (04410 1.12) 1.05(0.67 to 1.65] 2.45 (1.13 10 5.31)
Relaxation

PD 1.00 0.94 (06210 1.44) 075(0.41 o 1.36] 2.61 (1.14 10 6.01)
Mervous or tense

PD 1.00 1.01 (06310 1.61) 0.98(0.53 10 1.82] 3.00 (1.12 10 8.02)
Falling asleep

PD 1.00 1.02 (06510 1.60) 0.76(0.40 10 1.42) 1.70 (070 to 4.17)
Waking up

PD 1.00 1.42 (0.9410 2.15] 1.15(0.71 10 1.86] 2.06 (0.93 1o 4.56]

Results are given for the total sample (n=3%50) and the stratified subsomples of subjects with (n=1519) and
without [n=2431) pre-existing diseases (PD).

+PD, —PD: subjects with and without pre-existing disease.
*Adjusted for room orientation and window opening habits.
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“... Health is a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity.”
(WHO, 1948)”

“...annoyance could also be viewed as a measurable indicator of
enhanced risk for chronic imbalance in the physiological stress
system; an imbalance that could lead to more severe states,
such as high blood pressure, and if prolonged, to
cardiovascular diseases.” (Eja Pedersen, 2011)

“A large body of evidence now exists to suggest that wind turbines
disturb sleep and impair health at distances and external noise
levels that are permitted in most jurisdictions, including the United
Kingdom.” (C. Hanning, BMJ 2012)

“...Annoyance due to wind turbine noise should in the future be
avoided by applying proper regulations for shortest allowable
distance between wind turbines and dwellings in the surroundings.”
(Eja Pedersen, 2011)

Noise Control Eng. J. 59 (1), Jan-Feb 2011
BMJ March 2012, 344; e1527
http://www.who.int/about/definition/en/print.html
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« /Endret generel graenseveerdi til 35dB v/ 8m/s jf. DASAMs
haringssvar (geeldende for alle boliger/beboelsesejend.)

e Indfgrelsen af IEC TS 61400-14, saledes at det anvendte
"kildestgjs-tal” med 95% sikkerhed er korrekt

» Tage hgjde for usikkerhedsintervallet ved projektering,
saledes at beregningerne med 95% sikkerhed kan
overholdes

* Indfgrelsen af stgjisolationstal, der deekker 90-95% af de
danske huse frem for blot 66% => mere valid beregning af
Indendgrs lavfrekvent stgj
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x
Stejgraense ~
Ouerho!dt! [ “Ikkel-
| overskridelse"
i "lkke-

overholdelse"

Miljgstyrelsens, orientering nr.16
(Om stgj-usikkerheder)
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17, november 1994

Miljeministerens besvarelse af spgrgsmial nr. 12 {(alm. del -
bilag 17) stillet af Folketingets Milje- og Planlagningsudvalg

Spgrgsmal :

Vil ministeren redeggre for ministeriets initiativer for at
tilse, at amterne lever op til deres ansvar for at sikre, at
borgere i boligomrdder ikke forstyrres af stg]j op over 40 dB(A)
fra vindmgller ? :

r:

Jeg har ikke gennem de henvendelser, der indkommer til mini-
steriet vedrgrende vindmgller, indtrykket af, at amterne for-
sgmmer deres tilsynspligt. Klager over amtsafgsrelser i for-
bindelse med vindmgller er ret beskedne i antal.

Amterne skal ikke gribe ind overfor mgllestgj, for overskridel-
sen af den gazldende stgjgranse er mere end 2-3 dB (A), idet man
da ferst med sikkerhed ved, at der sker en overskridelse. Det
skyldes maleusikkerhed.

Tilsvarende skal amterne sikre sig ved en mglleanmeldelse, at
det forventede stgjbidrag fra mgllen ved narmeste nabo er 2-3 dB
(3) under den galdende stgjgranse, idet man da fgrst med sik-
kerhed ved, at der ikke sker en overskridelse.
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IEC TS 61400-14:

" Information on the apparent sound power level and tonality of
wind turbines is needed by planners, manufacturers and
authorities . At present, wind turbine noise specifications tend to
be based on measurement results from a single turbine of a
particular make and model, and these are then taken to be
representative of these turbines as a whole. Clearly, this is
unlikely to be the case, as there will be individual variation
between different turbines .”

“The declaration will increase the reliability of wind farm planning
and facilitate the comparison of apparent sound power levels and
tonality values of different types of wind turbines.”
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Beregninger 2008, Delta:

Some results (4 times total height)

LpA and LpALF
Outside and In-door at 4 times total height

2 MW
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*
: . . .
L 3
40 1—= — -
* i . . * - iF $
t n .
35 = i
[
£ e i
R 3 ' I == = n N LpALF
e | ™ ™ u - i LpALF, in-door
T = | . X LpALF, in-door at 44 dB{A)
25 |
| |
X
X ‘ X >2 MW
20 : ‘
>
" RE o R
'
15— .LE : d A 4 A
t
10

Produced Power

Dansk Vindkraftkonference 22.-23. maj 2008

We help ideas meet the real world
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