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Everyday sounds vs. noise

* Hedonic; unknown health risk; modulated by source
identification

Unwanted and/or harmful sound

WHAT IS NOISE? * Subjective and objective (Fink, Proc. Mtgs.Acoust. 39,050002
(2019))

Environmental noise

* “Unwanted or harmful outdoor sound created by
human activity, such as noise emitted by means of
transport, road traffic, rail traffic, air traffic and

industrial activity.” (Murphy & King, Chapter 4 - Strategic
Noise Mapping, Environmental Noise Pollution, Elsevier, 2014)




EXPOSURE ASSESSMENT

Sound pressure level (dB): Amplitude
of the sound wave

A-weighted sound pressure level (dBA)
adjusted for human perception

Averaged sound pressure levels used
for assessment metrics: day, night, or

24-hour period; I—Aeq,8-24h’ Lgn and Ly,
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WE MEASURE QUANTITY, NOT QUALITY...
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EXPOSURE
ASSESSMENT

Individual
monitoring

https://www.casellasolution
s.com/in/en/products/dbad
ge2-pro.html

Source-specific modelling
(deterministic)

Lu et al., 2017)

Neighbourhood
monitoring

https://www.bksv.com/media
/doc/bp2098.pdf

Statistical approaches
(deterministic/probabilistic)
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STANDARDIZED MODELLING METHODS

National and regional standards for road/rail/air traffic and
industry

"Equal Energy Principle’

Residential estimates based on time of day and most exposed
facade

2002 EU Environmental Noise Directive and strategic noise
mapping

Common Noise Assessment Methods in Europe (CNOSSOYS)



From the 1960s: many studies of the acute effects of noise (at high sound pressure levels in humans)

Moise research often had military or agricultural aims
1

From the 1990s: many safety occupational studies in humans
1

1910: Koch, “one day
mankind will have to fight the
burden of noise as relentless

HEALTH
EFFECT
PATHWAYS
AND
OUTCOMES

Minzel, 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

as the pest and cholera”
2017
1967: Levi, noise induces the * Caiet al. (HUNT and lifelines cohorts), noise and air
release of stress hormones 2011: Serensen et al., first cohort study pollution change CAD risk biomarkers
on road noise and incident stroke * Fuks et al. (ESCAPE study), air pollution and noise
1970: Kryter, monograph are associated with increased incidence of
on non-auditory effects 2000: Spreng, central nervous hypertension
of noise in humans system activation by noise
2014
1995: WHO, noise impairs * Babisch, meta-analysis of trafhc
communication, rest and 2005: Stansfeld et al. noise effects on CAD 2019; Heritier et al,,
sleep, leading to annoyance (RANCH study), * Babisch et al., additive effects effects of both noise and
and reduced wellbeing and traffic noise impairs of traffic noise and air pollution air pollution on Ml-related
quality of life cognition in children on hypertension risk mortality
W/ 960 1970 1980 1990
1964: Jansen and 1988: Babisch et al., first 2008: Haralabidis et al. 2015: Vienneau et al.,
Klensch, perception of cohort study on traffic (HYENA study), aircraft significant contribution of
loud noise and its noise exposure and noise effects on blood traffic noise to morbidity
cardiovascular effects ischaemic heart disease pressure
differ among 2018:
individuals 1999: Kirschbaum 2002: Babisch, noise * WHO Environmental MNoise Guidelines for the
and Hellhammer, use | | stress reaction scheme European Region (Kempen and Foraster,
1968: Jansen, effects of noise of salivary cortisol as cardiovascular and metabolic interpretation)
on cardiovascular health an indicator of stress * Kréller-Schan et al,, aircraft noise during sleep
phase changes the cardiovascular and
cerebral phenotype in mice
2013: prenotyp
* Serensen et al, first study on road noise and 2020:
diabetes mellitus * Eze et al. (SAPALDIA study), noise and air pollution
* Schmidt et al., night-time aircraft noise effects exposure induce DNA methylation changes in blood cells
on FMD and sleep in healthy individuals * Osborne et al., identification of the link between
» ENNAH, research on noise effects on health amygdalar activation, coronary inflammation and CAD risk
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Miedema HM, Oudshoorn CG. Annoyance from transportation noise: relationships with exposure
metrics DNL and DENL and their confidence intervals. Environ Health Perspect. 2001 Apr;109(4):409-
16. doi: 10.1289/ehp.01109409. PMID: 11335190; PMCID: PMC1240282.
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Guski R, Schreckenberg D, Schuemer R. WHO Environmental Noise Guidelines for the European
Region: A Systematic Review on Environmental Noise and Annoyance. Int J Environ Res Public Health.
2017 Dec 8;14(12):1539. doi: 10.3390/ijerph14121539. PMID: 29292769; PMCID: PMC5750957.



HEALTH EFFECT
PATHWAYS AND
OUTCOMES

Minzel, 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

Hearing 4_J

loss

Noise exposure (sound level)

HiPh Low

1
Direct pathway Indirect pathway

4
Disturbance of activities,
distsul::gw_e sleep, communication |

Cognitive and emotional response /e

;» Stress responses <—J I

|

Agtlugnon of autonomic and endocrine systems |
= Endocrine system (pituitary and
adrenal glands) '

Chronic stress promotes cardiovascular risk factors

!

» T Blood pressure « T Blood clotting factors
= Altered blood lipid profile = T Blood glucose levels
« T Blood viscosity « T Cardiac output

!

Cardiometabolic diseases
= Insulin resistance = Hypertension
* Obesity = Atherosclerosis

e Depression
= Annoyance
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Sleep disturbance Increase per 10 dB increase from 40 dB

(with specific mention of noise in question; Smith et al,,
2022)

Road — 252%; Aircraft — 218%; Railway — 297%
Cardiometabolic disease risk per 10 dB increase

HEALTH EFFECT
PATHWAYS AND
OUTCOMES

above 53 dB (Van Kempen et al,, 2018)
Hypertension from road traffic: 5%
IHD from road and rail traffic: 8%
Stroke from road traffic: 14%

Diabetes from road traffic: 8%

Cognition (Clark and Paunovic, 2018)

Environmental Noise Exposure

Cognitive Domain Aircraft Noise: Quality of Evidence & Road Traffic Noise: Quality of Railway Noise: Quality of Evidence &
Assessment of Effect Evidence & Assessment of Effect Assessment of Effect
Reading and oral comprehension Moderate quality—harmful effect Very low quality—no effect n.a.
Standardized assessment tests Moderate quality—harmful effect Very low quality—harmful effect Moderate quality—harmful effect
Long-term and short-term memory Moderate quality—harmful effect Very low quality—harmful effect Very low quality—harmful effect
Attention Low quality—no effect Very low quality—no effect Very low quality—no effect
Executive function Very low quality—no effect Low quality—no effect n.a.

n.a. no studies available to evaluate.



To protect health

WHO/EUROPE NOISE GUIDELINES

recommend reducing noise

levels below:

53 dB (45 dB for night)

54 dB (44 dB for night)

45 dB (40 dB for night)

70 dB
(as a yearly average
from all leisure noise
sources)

45 dB

@\ World Health
NN
&2 Organization

REGIONAL OFFICE FOR Europe



MAPPING IN CANADA
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TORONTO NOISE
STUDY

Figure 2: Final noise monitoring locations in Toronto

4 dBA/dBA sites Copyright © 2017 Toronto Public Health

* MCA/LAM sites by Source: Gty of Taronto; DMTI Spatial Inc,;
Study_Area & Statistics Canada; Environment Canada; ESRI Canada

« Sites of Interest s Prepared by: Ryerson University

Data as of March, 2017,

Major Roads and
I Projection: MaDE3 / UTK Zone 170

Expressways

Propagation model based
on known traffic emissions

Standardized model (US
FHWA)

Traffic volumes, speed,
composition, topography, 3D
building representations,
ground cover

Geo-statistical ‘correction
model’ for other sources
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Table 2: Arithmetic sound pressure level averages for sites of interest categories

Full Week Weekday Weekend
n | Lden Leg2dh LegD LegN | Lden Leg24h LegD LegN | Lden Leg24h LegD LegN

66.7 63.2 64.5 576 | B5.3 61.2 624 568
76.5 715 722 B91 | 766 713 75 691

dBC Control (in dBA) : : ! sl 693 652 662 612 | 694 614 647 619
oning Categories

Residential 121 | 634 601 614 s40 | 637 606 619 541 | 61.9 581 593 532
Open space 22 | 880 641 653 593 | 683 645 657 596 | 668 626 637 583
Employment 15 | 713 677 689 629 | 717 681 693 634 | 701 663  67.5 617

industrial
Commercial 2 | 719 676 687 640 | 720 679 690 639 | 71.6 668 676 639

residential

TORONTO NOISE rod e
Lacal gg | 623 590 603 529 | 626 595 608 530 | 608 571 583 521
S T U DY Collector 3 | 670 637 649 577 | 673 642 655 579 | 655 615 626 S57.0
\aine Artosi : 749 707 717 669 | 742 696 705 664

Schools ' 68.6 64.8 66.0 59.7 | 65.8 61.8 62.9 57.6
Long-term/Hospitals . 68.2 B4.4 65.6 599 | B7.8 63.8 p4.9 595
Community Housing L 62.2 59.1 60.4 529 | 61.1 57.9 9.3 521
: . : _ 70.8 B6.8 679 625 | 70.5 66.1 67.0 624

7 716 67.7 68.8 63.5 | 71.7 68.3 635 630 | 1.2 65.8 b6.2  64.0
EMS 1 74.4 71.0 723 65.9 [ 74.6 713 726 66O | 7389 0.1 713 654
CNE main gates 1 4.4 69.0 69.7 67.2 | 73.7 B8.7 696 b6O | 75.7 69.6 p9.8 693

1

2

Construction

BMO Field 704 67.4 68.8 61.2 | 683 61.2 606 623 | 733 720 717 557
TTC Yards 6.1 71.8 73.0 680 | 76.2 720 732 bBB1 | 758 714 725 676
Historic or Cultural 10 | 699 BG4 67.6 60.9 | 69.8 66.3 67.5 B09 | 69.6 65.8 67.0 608
Toronto Island 2 64.8 60.7 61.9 56.0 [ 65.2 61.2 62.4 563 | B3.1 58.7 598 549




TORONTO NOISE
STUDY

~60% of spatial variability in noise
explained by road traffic

Higher levels in sensitive areas and sites of
concern

27% of residents exposed to 24-hour Leq
65 dBA or higher

93% above WHO nighttime noise guideline
(45 dBA)

Significant differences by socioeconomic
status




TORONTO NOISE
RESEARCH AND

POLICY
OUTCOMES

City of Toronto Board of Health
adoption of Action Plan

Board recommendations to Province
for ambient noise regulation

Development of Transportation
Equity Opportunity Zones

King Street Transit Priority Corridor



NOISE RESEARCH IN CANADA

High noise annoyance

20-33% in different areas of
Toronto (Oiamo and Stefanova,
2020)

10.5% by traffic noise in urban

areas across Canada (Michaud et
al., 2022)

Sleep disturbance

Related to environmental noise
and specific transportation

sources in Montreal (Perron et
al., 2016)

Maizhbourhood

Full Trinaty Downtonn  Domn Chi-Sq.
Sampls Bellwoods (m=369) Valley (p-valus)

WVanahbles (m=332) (n=9§) (r=83) _
HA at home (%) Not Annoved 67.4 9.6 64.2 7.1 B2

Highlv Annoved 326 204 35.8 329 (018}
HAin Mot Annoved 67.3 gl.6 65.0 £3.5  10.58
neishhourhood  Highly Anneved 32.2 13.4 35.40 6.5  (0.003)
(8]

Sleep disturbance (%)

Sleep disturbed by environment noise

45 50 55 680

25

Sleep disturbed by transport noise

65 70

45 50 55 60 65
Lnight (dBA)
(b)

Sleep disturbed by Road traffic noise

Lnight (dBA)

(c)



NOISE RESEARCH IN CANADA

Cardiometabolic effects

Table 3. Hazard ratios (HRs) and 95% confidence intervals (Cls) for the associations of incidence of acute myocardial infarction (AMI) and congestive heart
failure (CHF) with exposure to road traffic noise (LAeq24 and LAegNight) using interquartile range (IQR) increases and quartiles of exposures.

Incident AMI

Incident CHF

6% increased risk of CHD mortality per IQR T HR sl i 95% 1
from trafﬁc nOise inva'ncouver (Ga’n et a'l" :::Hﬁif‘:dl;;sfde?c;:dc::ms tf:{ict—le\-elcm-ariates}' }:;:':‘i }:;: }:E ;::g }:;: ;:::
20 I 2) L2§;1_4 (by categories) (4BA) Ref. Rf_'f;. Ref. Ref. Ref. Ref.
, , , 6165 110 1.06 13 111 109 108
Acute effects of noise on endothelial function e~ L12 1.08 L13 L1 109 113
and HRV in Toronto (Biel et al" 2020) :::uﬁiﬁ::;&::j;fn(;:d{::ms tract-level covariates” ”;; 1::{; ”:i 1::::3: ”;“: 1:::::':‘i

LAegNight (by categories) (dBA)

. o o o o =45 Ref. Ref. Ref. Ref. Ref. Ref.
Traffic noise in Toronto increased risk of 1650 105 102 1.08 104 102 1.06
51-55 1.10 1.06 1.14 1.10 1.08 1.13
1.11 1.18 1.13 1.11 1.15

diabetes and hypertenstion (Shin et al.,2019), _= Lis

“Random-effects Cox proportional hazards modek adjusting for neighborhoods (r= 140).

MI and heart failure (bai et al., 2020)

*Further adjusted for census tract—level recent immigrants, unemployment raie, education, and anmal household income.
“Hazand ratios by categorics were estimated in the models stratified by age and sex and adjusted for census tract-level varables.

Mote: dBA, A-weightad decibels; LAsgNight, A-weighted decibels for nighttime (8-h average); LAesg24, A-weighted decibels for 24-h averge; Ref., the reference level.



NOISE RESEARCH IN CANADA

Environmental justice: Strong associations between income and noise levels in Montreal
(Dale et al.,2015) and Toronto (Oiamo et al., 2018)

Tl

Quintile LAeq24h + Quintile Median income
by dissemination area
2-3

cluded area
Highways

DA_NoiseAssess
Prop_LNight_55

[ 1=0122807

[ =0.313802

I 0536151

= Il <0.805784
":_'_2'5_'_7_'_'_'_1;] Kilometers - <1,000000




NOISE RESEARCH IN CANADA

Burden of disease (DALYs) per 100,000 from traffic noise in Toronto and London, Ontario, 2018
(unpublished findings)

Outcome Toronto London

Ischemic heart

. 227 236
disease

High Annoyance 574 563

. 388 862

Disturbance

TOTAL 1188 1662



WHAT'S NEXT?

Improved exposure assessment and access to health

data continues to advanced research in Canada

Pathophysiological mechanisms for effects of stress and sleep disturbance

Action plans
and
performance
metrics

Traffic most
significant
source!!

Building forms Streetscape

and standards design Regulation



NOISE REGULATION: CANADA

Federal

Provincial
(Ontario)

Municipal

Air traffic, railroads, new highways

Environmental Assessment Act, Transportation Act
2007, Motor vehicle emissions, occupational safety

» Stationary sources and transportation sources
* Environmental Protection Act, Envionmental
Assessment Act, Planning Act

* Construction, residential and other activities
* Planning Act (e.g., zoning, Official Plans) and Municipal
Act (Bylaws)




NOISE REGULATION: CANADA

C3.2.3 Indoor Sound Level Limits

“G u idan Ce fo r- eval uati ng h u man Table C-2 gives the equivalent sound level (Lo} limits and the applicable time periods for the
indicated types of indoor spaces. The specified indoor sound level limits are maxima and apply to
h ealth I m pacts I n enVI ron m ental the indicated indoor spaces with windows and doors closed.
assessment: nOise” (Health Table C-2 Indoor Sound Level Limits Road and Rail
Canada)
Type of Space Time Leq (dBA) Le,_1 (dBA)
Period Road Rail
. . . . Living/dining, den areas of residences, 07:00 - 45 40
Environmental Noise Guideline - ST e e
Stationary and Transportation
Sou rces = Approval and Planning Living/dining, den areas of residences, 23:00 - 45 40
hospitals, 07:00

(N PC_BOO)’ Ontario nursing homes, etc. (except schools or

daycare centres)

Sleeping quarters 07:00 - 45 40
23:00
Sleeping quarters 23:00 - 40 35

07:00




* "Neighbour Act’, Public Health Act, Dog Act, Condo Act,
Traffic Act, etc. etc....

* Building codes and development/planning regulations

NOISE

REGULATION: * Pollution Act
NORWAY * Can be enforced by local Health Unit

* All major emitters required to calculate residential
exposures every 5 years
* Detailed modelling required for indoor > 35dBA

* Mitigation required if indoor > 42 dBA



Miljgverndepartemenets retningslinje for
behandling av stgy i arealplanlegging, T-1442
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NOISE
REGULATION:
NORWAY

* National Climate and Environment Goals
* High noise annoyance reduced by 10% 1999-2020
* Reduce population with > 38 dBA indoor exposure
by 30% (2005-2020)
* National noise model maintaned by Statistical Bureau
* Emission-propagation model for road, rail and air

traffic, industry and motorsport

Stoyplage i Norge Notater 2018/1: Notater 2018/13 Steyplage | Norge
Figur 7. Inndeling | delomrader ved beregning for hele landet Figur 8. Eksempel pa datagrunnlag
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Figur 3. Forholdet mellom steyniva og gjennomsnittlig plagegrad (GP)

NOISE
REGULATION:
NORWAY
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Kilde: SFT (2000} og senere justeringer (SINTEF 2002a og SFT 2005).

Population levels of annoyance estimated with dose-
response functions for individual sources



Currently...

* Determine source specific dose-response

functions from national survey

NOISE * Identify appropriate exposure-based indicators
REGULATION: | |
N ORWAY for noise annoyance and sleep disturbance

* Set new national goals
* Harmonize with EU Noise Directive for

assessment standards and requirements (e.g.,

CNOSSOS)



KEY DIFFERENCES BETWEEN CANADA
AND NORWAY

Legally binding exposure limits
National or provincial goals for improvement
Standardized exposure and health impact assessment

Integration into legal frameworks across transmission chain
(from emission to receptor)

Public interest!?




QUESTIONS OR COMMENTS?




