UK Health
Security
Agency

Heathrow Noise and Airspace Community Forum

Current understanding of aviation noise impacts
on health from scientific research

27 September 2023

Dr. Benjamin Fenech



Declaration of interests

« Group leader, Noise and Public Health, UK Health Security Agency

. I\éecr%tzﬁlr) of Interdepartmental Group on Costs and Benefits (noise subgroup) —

« Advisory member of ANEG, chair of ANEG-Heath subgroup
 Chair of advisory board to ANCO?! and RISTANCOQO?
* Programme leader of ISO/TC 43/SC 1/WG 68 Non-acoustic factors

* Elected member of Institute of Acoustics Council, chair of Sound Noise & Health
special interest group

 Chair of ICBEN?3 Team 9 (Policy and Economics)

L Aircraft Noise and Cardiovascular Outcomes
2 Reduced noise Impacts of Short-Term Aircraft Noise and Cardiovascular Outcomes
3 International Commission on Biological Effects of Noise

2 Heathrow NACF 27.09.2023




Research to policy & practice

monetary

noise valuations
health risk

assessment ‘ l
conomic, sog; Policy impact
t ‘ ver © ¥ any

assessments

noise &
health research
research ilreliek

policy
review

e .
’ Mirg 4o
Mental consi0®

7 4

recommendations for further research

Adapted from Fenech and Janssen (2023) In Proceedings to 14 ICBEN Congress on Noise as a Public Health Problem (in press)

3 Heathrow NACF 27.09.2023




Framing the conversation about health

The health map

LOBAL ECOSYsye,

Ays1onNpOS

The determinants of
health and well-being
in our neighbourhoods

Barton, H., & Grant, M. (2006). A health map for the local human habitat. Journal of the Royal Society for the Promotion of Health, 126(6), 252-253.
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Noise and health — mechanisms
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Fig. 3 | Noise-stress concept and the adverse health consequences in
humans. a | Noise reaction model for the direct (auditory) and indirect
(non-auditory) effects of noise exposure’”. b | Neuronal activation (arousals)
induced, for example, by noise exposure triggers signalling via the
hypothalamic—pituitary—adrenal axis and sympathetic nervous system (SNS).
In the hypothalamic—pituitary-adrenal axis, the hypothalamus releases
corticotropin-releasing hormone (CRH; also known as corticoliberin) into the
pituitary gland, which stimulates the release of adrenocorticotropic hormone
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(ACTH) into the blood. ACTH induces the production of glucocorticoids by
the adrenal cortex, and the activation of the SNS stimulates the production
of catecholamines by the adrenal medulla. The release of glucocorticoids and
catecholamines in turn leads to the activation of other neurchormonal
pathways (such as the renin-angiotensin-aldosterone (RAAS) system) and to
increased inflammation and oxidative stress, which can ultimately have
adverse effects on cardiovascular function and molecular targets. Panel a
reprinted with permission from REF!”?, Oxford University Press.

Munzel, T., Sgrensen, M. & Daiber, A.
Transportation noise pollution and cardiovascular
disease. Nat Rev Cardiol 18, 619—-636 (2021).
https://doi.org/10.1038/s41569-021-00532-5
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Aviation noise and health — state of the evidence

A complex picture

Status

Health outcome

Health outcome / topic

Annoyance — average, long term 4 Cognitive effects in children

Annoyance — summer months Cognitive decline in adults
Annoyance — influence of NAFs Mental health (depression, anxiety)
Wellbeing & Quality of Life

Reproductive outcomes

Sleep disturbance — subjective
Sleep disturbance — physiological

Cardiovascular — IHD Cancers

Cardiovascular — hypertension Population subgroups at higher risk

ffectiveness of interventions
Reduced noise emissions

Cardiovascular — stroke = E
1.
2. sound insulation
3.
4.

All-cause mortality

respite
NAFs (compensation, communication, ...)
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Metabolic — diabetes

D

Metabolic — obesity

Slide prepared by B. Fenech for ANEG-Health meeting 05.06.2023

6  Heathrow NACF 27.09.2023 NAF — Non acoustic factors, IHD — ischaemic heart disease



Noise annoyance

« Annoyance from aviation noise has been researched in detail for the past
50-60 years, and yet still a topic of active debate

« Easy to understand/relate to if you are impacted by noise
« Very difficult to explain to anyone else — complex concept (see for e.g.1:%3)

* Long-term high noise annoyance is considered a health endpoint as per the
WHO definition of health, BUT no ICD# code

« Ongoing debate on the Disability Weight (for DALYs assessments)>®
- Complex, bi-directional associations between annoyance and mental health’

1 Guski, Felscher-Suhr, Schuemer (1999) Journal of Sound and Vibration (1999) 223(4), 513-527
2Guski, Schreckenberg, Schuemer (2014) Int. J. Environ. Res. Public Health 2017, 14(12), 1539; https://doi.org/10.3390/ijerph14121539

3 Haubrich et al. (2019) ANIMA D2.4 - Recommendations on annoyance mitigation and implications for communication and engagement https://zenodo.org/record/3988131
4 https://www.who.int/standards/classifications/classification-of-diseases

5 https://apps.who.int/iris/handle/10665/326424

6 https://www.rivm.nl/bibliotheek/rapporten/2018-0121.pdf

7 Gong et al. (2022) Int. J. Environ. Res. Public Health 2022, 19(5), 2696; https://doi.org/10.3390/ijerph19052696
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Aviation noise annoyance

Which curve is eerreet most representative?
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https://www.who.int/europe/publications/i/item/9789289053563
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Figure 8: Comparison of % highly annoyed for SoNA 2014, ANASE, ANIS and Miedema
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Interpreting findings from observational research

Internal validity — Is the study believable?

External validity — are the results relevant to my situation?

_JAre statistical associations spurious, or a result of an
Indirect or direct effect?

»No single study Is perfect

9  Heathrow NACF 27.09.2023




Aviation noise annoyance

“Other types of uncertainty include ... transferability of ERFs from locations where studies were
carried out or data were otherwise gathered to another location. This is especially true for noise
annoyance .... It is therefore not possible to determine the “exact value” of %HA for each
exposure level in any generalized situation. Instead, data and exposure-response curves
derived in a local context should be applied whenever possible ....”

WHO Environmental Noise Guidelines for the European Region 2018

WebTAG+

PHE welcomes the Applicant's commitment to carry out sensitivity tests to supplement the results from
the Department for Transport’'s Web-based Transport Analysis Guidance (WebTAG) [49]. This is
consistent with paragraph 2.1.2 of TAG Unit A3

“‘Where noise impacts are particularly significant, sensitivity testing to reflect these various
uncertainties may be required ....”

PHE’s preference is for WebTAG+ to include the ERF from Guski et al 2017 (WHO) [9] for aviation, to
enhance the scope of the sensitivity tests.

Extract from Public Health England’s response to London Heathrow Airport Expansion Consultation - 18th June - 13th September 2019
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Sleep disturbance
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 Subjective vs objective — both give different but complimentary perspectives?!

- Objective evidence gives mechanistic insight on importance of specific characteristics
of the sound, timings, etc

« Subjective evidence provides insight on perceived impact on communities, including
Influence of non-acoustic factors

1Basner, M.; McGuire, S. (2018) Int. J. Environ. Res. Public Health 2018, 15, 519
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Sleep disturbance
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e
St George’s Study Research About

University of London

. Home » About > Ourinstitutes » Population Health » Projects » Aviation Night Noise Effects (ANNE)
’* International Journal of 7

Environmental Research rM\DP|
i ‘ and Public Health P

Review
WHO Environmental Noise Guidelines for the S A NONINIOLTINOISEERRECTS

European Region: A Systematic Review on
Environmental Noise and Effects on Sleep

(ANNE)

Mathias Basner *"“ and Sarah McGuire

A Section 508-conformant HTML version of

Division of Sleep and Chronobiology, Department of Psychiatry, Perelman Sch Re‘”ew is available at https://doi.org/10.1289/1
of Pennsylvania, Philadelphia, PA 19104, USA; smegu@upenn.edu

* Correspondence: basner@pennmedicine.upenn.edu; Tel.: +01-215-573-5866 . . A
_ ‘ Environmental Noise and Effects on Sleep: An Update to the WHO Systematic 0 ~
Received: 6 November 2017; Accepted: 2 March 2018; Published: 14 March 20 Review and Meta-Analysis Department !SH.;?.E.,...,.,.,M \—‘) No se
Abstract: To evaluate the quality of available evidence on the efi ~ Michael G. Smith,'™ Makayla Cordoza,( and Mathias Basner! for Transport Eﬁ{;?{] r\lgtliaﬁl
exposure on sleep a systematic review was conducted. The dat: "Unit for Experimental Psychiatry, Division of Sleep and Chronobiology, Department of Psychiatry, University of Pennsylvania Perelman School of M

Science Direct, Scopus, Web of Science and the TNO Repository were Philadelphia, Pennsylvania, USA

studies on the effects of environmental noise on sleep with measured
published in or after the year 2000. The quality of the evidence was as
Seventy four studies predominately conducted between 2000 and 201

The Aviation Night Noise Effects (ANNE) study will examine the relationship of aviation noise on sleep disturbance and

BackGrounn: Nighttime noise carries a significant disease burden. The World Health Organization (WHO) recently published guidelines fo annoyance, and how this varies by different times of night. The study is funded by the Department for Transport (DfT)
ulation of environmental noise based on a review of evidence published up to the year 2015 on the effects of environmental noise on sleep. and is a collaboration between St George’s, University of London, NatCen Social Research, Noise Consultants
Osjectives: This systematic review and meta-analysis will update the WHO evidence review on the effects of environmental noise on sleej Limited, and the University of Pennsylvania. This is the first study of aviation noise effects on sleep disturbance in the
A meta-analysis of surveys linking road, rail, and aircraft noise exp ance to include more recent studies. - =

) pS://www.sgul.ac.uk/apout/our-institutes/population-

disturbance was conducted. The odds ratio for the percent high[y sleep MeTHODS: Investigations of self-reported sleep among residents exposed to environmental traffic noise at home were identified using Scopus,

. . . QEo, PubMed, Embase, and PsycINFO. Awakenings, falling asleep, and sleep disturbance were the three outcomes included. Extracted data were used to hea'th/proiectsla\/iatiOn_niq ht_noise_effects_studv
derive exposure-response relationships for the probability of being highly sleep disturbed by nighttime noise [average outdoor A-weighted noise l¢:vc:1
1 i (Luignt) 23000700 hours] for aircraft, road, and rail traffic noise, individually. The overall quality of evidence was assessed using Grading o
lnt' J EnVIron'_ Res' PUb“C Health 2018’ 15‘ Recommendations, Assessment, Development, and Evaluations (GRADE) criteria.
519, httDS//dOI0rq/103390/I|erph15030519 ResuLTs: Eleven studies (n= 109,070 responses) were included in addition to 25 studies (n= 64,090 responses) from the original WHO analysis.

When sleep disturbance questions specifically mentioned noise as the source of disturbance, there was moderate quality of evidence for the probability
of being highly sleep disturbed per 10-dB increase in Lugn for aircraft [odds ratio (OR)=2.18; 95% confidence interval (CI): 2.01, 2.36], road
(OR =2.52; 95% CI: 2.28, 2.79), and railway (OR =2.97; 95% CI: 2.57, 3.43) noise. When noise was not mentioned, there was low to very low qual-
ity of evidence for being sleep disturbed per 10-dB increase in Luighe for aircraft (OR =1.52; 95% CI: 1.20, 1.93), road (OR =1.14; 95% CIL: 1.08,
1.21), and railway (OR=1.17; 95% CI: 0.91, 1.49) noise. Compared with the original WHO review, the exposure—response relationships closely
agreed at low (40 dB Lygy) levels for all traffic types but indicated greater disturbance by aircraft traffic at high noise levels. Sleep disturbance was
not significantly different between European and non-European studies.

Discussion: Available evidence suggests that transportation noise is negatively associated with self-reported sleep. Sleep disturbance in this updated
meta-analysis was comparable to the original WHO review at low nighttime noise levels. These low levels correspond to the recent WHO noise limit
recommendations for nighttime noise, and so these findings do not suggest these WHO recommendations need revisiting. Deviations from the WHO
review in this updated analysis suggest that populations exposed to high levels of aircraft noise may be at greater risk of sleep disturbance than deter-
mined previously. https://doi.org/10.1289/EHP10197
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Environmental Health Perspectives 130:7 CID: 076001 https://doi.org/10.1289/EHP10197
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https://www.sgul.ac.uk/about/our-institutes/population-health/projects/aviation-night-noise-effects-study
https://doi.org/10.3390/ijerph15030519
https://doi.org/10.1289/EHP10197

Cardiovascular disease

Fig. 1 >raft noise (L) and IHD
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Study (N) .
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Prevalence of IHD Gan 2012 Cohort B Low -+ 1.00(0.98,1.02)  8.91
HYENA (4712) ——— Hansell 2013 Small area B8 High : 1.08(1.02,1.14) 333
AWACS-1 (9386) L e Pyko 2019 Cohort B Low —_— 118(0.95,1.46)  0.30
: Roca-Barcelo 2021 Small area B High R o 1.15(0.94. 1.41) 0.34
Pooled [2:' —_a— Siedler 2016 Case control B Low — ! 103(0.94 107) 276
Vienneau 2022 Cohort B Low €7 1.00(0.99, 1.01) 10.35
Subgroup (I-squared = 59.7%, p = 0.030) 4 1.02(0.99, 1.04) 26.51
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1
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Mortality due to IHD i !
. . H Road !
1 ]
ECOIOQIMI StUdles : Beelen 2009 Cohort B Low 0.98 (0.91, 1.26) 0.52
LSAS (3 501 719) - Gole-Hunter 2022 Cohort F Low 1.02(083,127) 031
' [a]
AWACS-2 [305 926) + Gan 2012 Cohort B Low | T 112(1.05,121) 230
. Halonen 2015 Small area B High > 1.00(0.99,1.05)  6.91
Pooled (2) +a— Klompmaker 2021 Cohort B Low : 0.99(0.99.1.01) 10.95
: <ljm;:‘?§‘a']$ . Lim & Jorgensen 2021 Cohort F Low 5 0.90(0.79.1.02) 082
. | ' B Pyko 2019 Cohort B Low —:—E— 107(092, 124) 061
COhOI't StUdles : Selander 2009 Case control B Low - 1.17 (0.85. 1.60) e
SNC (4 580 311) ’. ENVIROBMENTC Siedier 2016 Gase control B Low - 1.04(1.02.1.06) Sl
! N 0 I S E Thacher 2020 Cohort B Low #— 1.04(0.93,1.16)
T T Vienneau 2022 Cohort B Low - 1.03(1.02, 1.04)
0-333 1.000 3.000 GUIDELINES Roswall 2017 Cohort B Low — 1.23(1.03, 1.50)
Estlmated RR per 1 0 dB for the European Region Subgroup (I-squared = 82.4%, p = 0.000) o 1.03(1.00, 1.05)
|
I
Heterogeneity between groups: p = 0.004 1
. . . . . “ Overall (I-squared = 77.9%, p = 0.000) 1.02(1.01,1.03)
Notes: The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black circles correspond to the ""IIHII\HI'\]UWI"W“Ww L - ©
T T

estimated RR per 10 dB and 95% CI. The white circles represent the pocled random effect estimates and 95%
Cl. For further details on the studies included in the figure please refer to the systematic review on environmental
noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

6666667 1 15

NOTE: Wights are from random-effects moded

https:”www.mqentaconnect.com’contentone7mce’mcecp’

2023/00000265/00000005/art00094
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Health risk assessments

Environment International 178 (2023) 107966

Contents lists available at ScienceDirect

Environment International

~ "A health risk assessment is the
scientific evaluation of potential adverse

Spatial assessment of the attributable burden of disease due to

health effects resulting from human e st g

Claire Blackmore °, Katie Eminson ®, Megan Evans °, Xiangpu Gong“, Kathryn Adams°®,

exposure to a particular hazard — in this e e

* Noise and Public Health, Raciction Chemical and Envirormental Hazards, Scisnce Group, UK Health Sscurity Agency, UK.
< NIHR Health Protection Research Unit in Emvironmental Exposures and Health at the University of Leicestar, UK.

case, environmental noise. The main =

ARTICLE INFO ABSTRACT

purpose of the assessment Is to R s

e Methods: We estimated the burden of annoyance (highly annoyed), sleep disturbance (highly sleep disturbed),
Adreralt nolse ischemic heart dizease (IHD), stroke, and disbetes attributable to long-term transportation noise exposures in
Railway noise England for the sdult population in 2018 down tolocal authorty level (average adult population: 136,000). To

] n
Cooepatial mmmp derive cstimates, we combined with populstion data on
Envirormental burden of disssse noise cxposures, discase, and mortalitics. Lm\gmsmsgmxmmx&mmd,nﬂmm-mc
Envizormental health souresd from suatesic neise magping. with a Lover cxposurs thueshold of 50 45 (decibels) L 2nd Lug
Remlts- 409, 45% and 4.8 10 road, rail, and ai 5038

Lger. W:cmm‘ﬂlnlnsthnn}vlmd.mdthnu:.aml[~97mﬂ)duabﬂnyadjunﬂlhkyuﬁmALYJ]mdu:mmul
mmc,~13nmﬁumnn.mmi ~ 17,000 from i pairs as there

were too i seep disery

secounted for the majority wngmm followed by strokes, THD, and diabetes. London, the South East, and
North West regions had the greatest number of road-traffic DALYs lost, while 63 % of all aireraft noise DALYs
were found in London. The strategic noise mapping did not include all roads, which may stll have significant
traffic flows. In sensitivity analyses using modelled noise from all roads in London, the DALY were 1.1x to 2.2x

changes In noise Iin different . ——
socloeconomic, environmental and _— e

quires, on a five year eycle, the determination, through noise mapping,
Noise from road wraffic, rail, and aviation wansport affects millions o of exposure to environmental noise from major sources of oad, rail and

[] 1]
b2 people in Europe (EE4, 2020) and are major contributors to the overall  aircraft, and in urban areas (known as agglomerations) (HM Govern-
p O ICy ‘ :I ’ ‘ :u ’ ' 'S a n ‘ :e S environmental disease burden (Hanninen et al., 2014: EEA, 2020). In ment, 2006). The Environmental Noise (England) Regulations 2006
"

¢ Corresponding authors at: 23 Stephenson Street, UK Health Security Agency, Birmingham B2 4BH, UK (B. Fenech). Schocl of Geography, Gealogy & The
Eavironment, University of Leicestes, Leiccster LE1 7RH, UK (J. Gulliver).
E-mail addresses: benj gov uk (B. Fenech), k (J. Gulliver)
! Joint first authors.
2 Joint senior authors.

hitps://doi org/10.1016/ cnvint 2023 107966
Received 17 January 2023; Received in revised form 14 April 2023; Accepted 7 May 2023

WHO ENG 2018 p108 Henass |
0160-4120/C; 2023 Published by Elsevier Ltd. This is n open access article under the CC BY-NC-ND license (b i i d/4.0).

801604120230023989V|a%3D|hub
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Health risk assessments

Table 1
Parameters used to estimate the burden of disease attributable to transportation noise for the adult population in England in 2018. for the European Region
Health outcome Noise ERR source ERR function/relative risk estimate [95 % ERR ERR Disability weight
metric confidence interval] lower upper [95 % confidence interval if
available] wal b |
. : . M- )
Road Highly annoyed Laen (Guski et al. 2017) %HA = 116.4304-4.7342 x Lgen + 0.0497 x 40 dB 80 dB 0.02 ) J
* L3, (WHO Regional Office for Europe
Excluding Asian and Alpine studies 2011)
H_ighly sleep Lnighe (Smith et al. 2022)  %HSD = 31 ; 8323 — 1.47351 X Lpjgne + 40 dB 65 dB 0.07 h@&]‘.
disturbed s 0.01851 x L2ign (WHO 2009) inter.noise
Ischemic heart Len (van Kempen et al. 1.08 [1.01-1.15] per 10 dB 53 dB 80 dB 0.405 o 2022
disease 2018) (WHO 2018) e
Stroke Lgen (van Kempen et al. 1.14 [1.03-1.25] per 10 dB 50 dB 70 dB 0.522 [0.377-0.707] Systematic Review of meta-analyses for noise
2018) (Salomon et al. 2015) Yingxin Chen*
. . i s - N _ Centre for Envi | Health and inability, University of Leicester
Diabetes mellitus Len (Sakhvidi et al. 1.07 [1.02-1.12] per 5 dB 50 dB 80 dB 0.049 [0.031 0.0?21 University Road, Lelcester, LEL 7RH
2018) (Global Burden of Disease
Collaborators 2017) Elﬂi‘“ 1?_13‘%““?[3" Health and abilits. University of Leicest
. . ) s 1 q bility, Universit
Railway  Highly annoyed  Lgen (Guski et al. 2017)  %HA = 38.1596 — 2.05538 X Lgen + 0.0285 x 40 dB 85 dB 0.02 University Road, Leioester, LEL 7RH pversily of Leigester
L3.n (WHO Regional Office for Europe
2011) Eminson, Katie *
Centre for En | Health and bility, University of Leicester
Highly sleep Lnigne (smith et al. 2022)  %HSD = 63.56140 — 3.00711 % Lyjgp + 40 dB 65 dB 0.07 University Road, Leicester, LEl 7RH
disturbed o 0.03717 % LZign; (WHO 2009) Kiangpu Gong?
Aircraft Highly annoyed Lgen (Guski et al. 2017) %HA = — 50.9693 + 1.0168 x Lge, + 0.0072 40 dB 75 dB 0.02 Centre for Eny | Health and bility, University of Leicester
% 12, (WHO Regional Office for Europe University Road, Leicester, LEL TRH
2011) Anna Hansell®
Highly sleep Lnignt (Smith et al. 2022)  %HSD = 17.07421 — 1.12624 x Lyjgn; + 40 dB 65 dB 0.07 Centre for Envi | Health and lity, University of Leicester
disturbed o 0.02502 % L%M“ (WHO 2009) University Road, Leicester, LE1 7RH
Ischemic heart Laen (van Kempen et al. 1.09 [1.04-1.15] per 10 dBA 47 dB 75 dB 0.405 ABSTRACT
disease 2018) (WHO 2018) In the context of construciting a burden of disease (BOD) ioolkit for noise exposures in England, we

{ #‘2 World Health
9 Organization

e v EUTOPE

ENVIRONMENTAL

NOISE

GUIDELINES

sought to identify met Ivses to provide exposur P coefficients that would update those
available from the WHO Noise Guidelines for the European Region published in 2018. We conducted
a systematic review of systematic reviews relating to noise exposure and selected health outcomes
published in 2017-20. We used the AMSTAR checkiist 1o score all selected systematic review papers
at the same time as data extraction. A new review needed to have at least a moderate score on AM-
STAR to be re led as an alternative/update to the WHO analyses. Twenty-three papers were

ERR: Exposure response relationship; ERR lower: Lowest noise level at which the ERR is considered valid; ERR upper: Highest noise level above which the risk stays
constant.

*WHO commissioned systematic review derived two ERR curves for highly annoyed due to road-traffic noise exposure. One curve utilizing the full WHO dataset and
another excluded Asian and Alpine studies (Guski et al. 2017).

**Smith et al presented multiple curves for HSD. We used the ‘combined estimate’ where noise was explicitly mentioned in the question (Smith et al. 2022).

https://www.ingentaconnect.com/contentone/ince/incecp/2023/00
000265/00000002/art00044

https://www.sciencedirect.com/science/article/pii/S0160412023002398?via%3Dihub
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Health risk assessments

https://www.sciencedirect.com/science/article/pii/S0160412023002398

?via%3Dihub

17

Heathrow NACF 27.09.2023

Road Rail Air
¥ 20000+
2
O 15000+
o
g
£ 10000+ -
£ 1
" 5000---- --- -
©
= — JE— —
© D------_-__ I — —!=_=____
Railway noise (Lden) Road traffic noise (Lden) Aircraft noise (Lden) (\ * .—, " :5 * «, * ;\ - L '@ 2 N * Ia * ;\ - - Ia T N - 'a -
% of th lati d ab 50 dB] % of the population exposed above 50 dB| % of lati d ab 50 dB| Q' 5 & a N\ 2 & 2 o 5 d & v & & 4 9 5 &5 ° S > & °
(% of the population exposed above ) (% pop! (1 ) (% of population exposed above ) (\b i & \@(\ 69 @fb & »\%‘\ % 06 % & I é(, c},b $‘z,"ﬂ \@(\ & RS % $@‘° \@(\ (S) Q\Q’ & ‘\ré‘ &
5 s T e F e s e s s ey F e s s & s &
PO e & F NP PO SN & F S PO N ¢ & S S
‘$ef” &:((‘ Y =) ((’,bc.: R b&‘\ S ) {(/,brc $m% b.\\‘ X =) Q,'&%
&L & & & &
& < «©
& & N
10 4 40
[ B hso [ wo Diabetes [JJ] stroke
K
<_(‘ Road Rail
oal all
o
o 1.00
e
I
50.75-
=
.50
©
, 2, S I ) i
ERegions "60-25'
FEE = A 55 2. I I O I O O | [ | ||
£ 0.0 | I -- - ---
I T T T T T T T T T T T T T T T T T T T
o & S é‘ o ) > e 5 o £ & P & oy ] 2 & > 4‘ S > o < & e 5 o
o & & ¢ \fob & c;'é\ Nl \a“b & & & 3 & <§b° Nl \fts\b & & & ¥ \fob & @'&(\ Nl \a“b &
N P I A R VO e ©® & s A O R TR G A R O
¥ F o & e F & X s &9 A N I T G- A
W F < QT < W F
& 5 < & <
_\‘0 .\‘QA _\@J
& & &
& 4 K



https://www.sciencedirect.com/science/article/pii/S0160412023002398?via%3Dihub

What about other health outcomes?

Health outcome

Annoyance — average, long term
Annoyance — summer months
Annoyance — influence of NAFs
Sleep disturbance — subjective
Sleep disturbance — physiological
Cardiovascular — IHD
Cardiovascular — hypertension
Cardiovascular — stroke
All-cause mortality

Metabolic — diabetes

Metabolic — obesity

Status

Health outcome / topic

4 Cognitive effects in children
Cognitive decline in adults

Mental health (depression, anxiety)
Wellbeing & Quality of Life
Reproductive outcomes

Cancers

Population subgroups at higher risk

Effectiveness of interventions
1. Reduced noise emissions
2. sound insulation

3.

4.

respite
NAFs (compensation, communication, ...)

(VI I ST
TE: Colouring for dgmonjstartion plirposges only
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S

Slide prepared by B. Fenech for ANEG-Health meeting 05.06.2023
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NAF — Non acoustic factors, IHD — ischaemic heart disease



Interventions

JReducing noise exposure
JReducing noise emissions
INoise insulation

JChanging noise exposure
Distribution of flights temporally
Distribution of flights spatially (concentration vs multiple routes)

INon-acoustic factors
H
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