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Air pollution and health

* On days with worse air quality,
more people die*

Impaired Function

Subclinical Effects

Proportion of Population Affected

Larrieu et al. Am J Epidemiol, 2009

*out-of-hospital, >65 yrs
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Air pollution and health
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* In more polluted cities, people
die earlier than in less polluted
cities...
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Canadian Community Health Survey
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Air pollution and health
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Traffic-related air pollution

Legend
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Coronary heart disease (CHD) mortality

Henderson SB et al. Environmental Science and Technology. 2007; 41 (7):2422 -2428; Gan WQ_ et al. Changes in residential proximity to road traffic and the risk of death from coron@ry heart

disease. Epidemiology. 2010 Sep;21(5):642-9.



http://www.ncbi.nlm.nih.gov/pubmed/20585255
http://www.ncbi.nlm.nih.gov/pubmed/20585255

WHO Global Air Quallty
Guidelines 2021

Setting ambitious goals for air quality to protect public health

* Released September 22, 2021



What the AQGs provide...

Summary of recommended AQG levels and interim targets
Pollutant

PM, s, ug/ms3 Annual 35 25 15 10

PM, s, pg/m3 YR 75 50 37.5 25
Annual 70 50 30 20
24-houra 150 100 75 50
O3, yg/ms3 Peak seasonb 100 70 - —
O3, ug/m?3 8-houra 160 120 — —
Annual 40 30 20 -
NO,, ug/ms 24-houra 120 50 — -
SO3, pg/ms3 24-houra 125 50 — -
CO, mg/m?3 24-houra 7 - - -

Averaging IT1 T2 IT3 T4 AQG
time

level
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WS2 Organization
REGRONAL OFFICE FOR Eu rope

Air quality guideline levels
for both long- and short-term
exposure in relation to
critical health outcomes.

@

Interim targets to guide
reduction efforts for the
achievement of the air
guality guideline levels.

Good practice statements for
management of Black
Carbon, Ultrafine particles,
Desert Dust: types of health-
relevant PM (evidence
insufficient for quantitative
guideline levels
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REGRONAL OFFICE FOR Europe

They set out to achieve this by:

Continuous 1 2

-t INTERIM TARGETS RECOMMENDING AQG
I m rove m e n t HELP COUNTRIES TO LEVELS TO PROTECT
CONTINUOUSLY PEOPLE FROM AIR

IMPROVE AIR QUALITY POLLUTION

of air quality

CURRENT
LEVELS

RECOMMENDED
AQG LEVELS

11



Air poIIutlon S a major risk factor for global health

Smoking -
High fasting plasma glucose -
High body-mass index - N

— - 4.1 M deaths ~7% of all deaths

............ Isphﬁl.LLSE.- I
H{:usehorcralr po

- — = 2.3 Mdeaths $5 trillion/yr welfare losses

Low birth wmght—

"_-= $225 billion/yr lost labour income

oo «——Road injuries " 1 year loss of life expectancy (global mean)

Child wasting4 |
Unsafe sex - Ambient particulate matter pollution

Lead Both sexes, All ages, 2019, Percent of total DALYs
High red meat -
Low physical activity -
Unsafe sanitation -
High trans fat
Handwashing -
Low fiber -
Low nuts and seeds -
Low vegetables -
Occupational particulates -
Drug use -

Low bope miners

365K deaths

Low PUFA -

Low omega- -3 4
Occupational injury -

High temperature< |/

High processed meat -
High sweetened beverages
Occupational asbestos <
Low milk <

Child stunting
Non-exclusive breastfeeding -
Low calcium -

Intimate partner violence -
Radon =

Occupational silica -
Chewing tobacco

Iron deficiency -4 |l
Occupational asthmagens -
Vitamin A deficiency
Occupational diesel -
Childhood sexual abuse -
Occupational arsenic 5

- . e o o 10M ' 2019

55 of 69 Deaths

World Bank. 2016. The cost of air pollution : strengthening the economic case for action



Air pollution and health

* Ambient air pollution (individual)
risk is small...but large exposed
population = large population
risk

* Air pollution as a contributing risk
factor to major diseases

13



Air pollution affects the top 8 global

causes of death

Ischemic Heart Disease mortality/incidence: PM
Stroke mortality/incidence: PM

COPD mortality: PM, ozone

ALRI mortality/incidence: PM

Lung Cancer mortality: PM

Low birthweight/short gestation -> neonatal

Type 2 Diabetes mortality / incidence: PM

Childhood asthma: NO2; Dementia; PV

2019 rank

1 Ischemic heart disease
2 Stroke

3 COPD

4 Lower respiratory infect
5 Lung cancer

& Meonatal disorders

7 alzheimer's disease
8 Diabetes

9 Diarrheal diseases

10 Cirrhosis

11 Chronic kidney disease

12 Road injuries

13 Tuberculosis

14 Hypertensive heart disease
15 Colorectal cancer

16 Stomach cancer

{17 HIV/AIDS

18 Self-harm

19 Falls

20 Breast cancer

21 Malaria

22 Congenital defects
23 Pancreatic cancer
24 Esophageal cancer
25 Prostate cancer

26 Liver cancer

27 Asthma
42 Drowning
43 Meningitis

45 Protein-energy malnutrition

izhub.healthdata.org/ghd-compare/ 77 Measles




Key pollutants for health impact Ozone (O,)

Ground Level

Particulate Matter (PM) D

€PM25
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
: 50-7_Ogm <2.5um (microns) in diameter
(microns) in diameter
2 @ Volatile
@ PM ‘O organic
Dust, pollen, mold, etc. [ 4 ? compounds

<10 um (microns) in diameter \\

ae
Pollutants "bake" together in o 0‘7@

direct sunlight forming ozone.

Good Ozone, Bad Ozone

90 um (microns) in diameter

FINE BEACH SAND

Image courtesy of the U.S. EPA

VOCs

PANs

L
\\ Nitric Acid

Particles

Sunlight
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Combining satellite and ground monitoring to estimate

exposure

Bayesian Hierarchical Model (DIMAQ?2)
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Spatially varying determinants of AOD-PM, -
relationship (from chemical transport model,
other) + hierarchical random effects

Ground measurements, GBD 2021
N = 18,406 unique locations, from 120 countries

GBD 2021 evaluation:
Mean R? =0.91 (95% Ul 0.87 — 0.93)
Mean Pop-weighted RMSE = 8.5 (6.2 — 12.8) ug/m3

~11 x 11 km resolution (also 1 x 1 km) , annual average

Shaddick et al. 2018. Data Integration for the Assessment of Population Exposure to Ambient Air Pollution for Global Burden of Disease Assessment. Environ Sci Technol. 2018 Aug

o G B D Shaddick et al. 2018. Data integration model for air quality: a hierarchical approach to the global estimation of exposures to ambient air pollution. J. R. Stat. Soc. C, 67: 231-253.

21;52(16):9069-9078.
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-

PM;5 (pg/m’) |
I <=5 (<WHO Guideline)
I 510 (<WHO T-4)
10-15 (<WHO IT-3)
1525 (<WHO IT-2)

AQG - 5 pg/m® 100%

IT-4 - 10 pg/m® 0

I 25-35 (<WHO IT-1) H/ ) 92%

B >35 (>WHO IT-1) — .
(IT = Interim Target) i

‘_ S s IT-2- 25 pg/m’ )i ) 65%

IT-1-35 pg,r'm"._.':. 51%



Annual average population-weighted PM, : (ug/m3)
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Average Annual Population-Weighted PM2.5(ug/m3)
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Average Annual Population-Weighted PM2.5(ug/m3)
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Ozone (pg/m®) ¥
<=60 (<WHO Guideline) # S
B 6070 (HHOI2) & - 92%
B 71-100 (<WHO IT-1)
I >100 (>WHO IT-1) 84%
(IT = Interim Target)
41%




Average Seasonal Population-Weighted Ozone(ppb)
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NO2 ‘Annual average
2019 (ppb)

B0 [ |15
~ El25 B 175
s 20
= 75 W 225
10 1M 25
[ 125




Annual
mean
NO,

(Ppb)

45

40

35

20

13

10

-
i @-
® i’ Sy
e e/ o { =
\_\\ - ,. \\ /’\ .'_V.f .\_\ .
8 EX ®.90 ¢
.\ /‘/ ‘
/" '// \\\
* e O O
: y \
L ¥ \
\ & \
@
@ @
2000 2005 2010 2015

Year

State of Global Air 2022

Interim 1

Cali, Colombia

Bogota, Colombia

AQG



Comparative risk assessment: Colombia

Colombia
Both sexes, All ages, Deaths
1990 rank 2019 rank

|1 High blood pressure
| 2 High fasting plasma glucose

1 High btood..pressgm

_ e
[

| Metabolic risks
!
|
(4 High LDL > [4 High LDL |
|

- Environmental/occupational risks

| Behavioral risks

5 High body-mass index TRy, 5 Kidney dysfunction

13,000 deaths
5.3%




Number of Deaths Attributable to PM2.5(ug/m3)

Number of Deaths Attributable to PM2.5(ug/m3)
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Number of Deaths Attributable to PM2.5(ug/m3)
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Demographics plays a key role in health trends
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Cohen AJ, Brauer M et al. Estimates and 25-year trends of the global burden of disease attributable to ambient air pollution: an analysis of data from the Global Burden of Diseases Study 2015.
Lancet. 2017 May 13;389(10082):1907-1918. doi: 10.1016/50140-6736(17)30505-6.


https://www.ncbi.nlm.nih.gov/pubmed/28408086

Age-standardized Deaths/ 100,000 Attributable to PM2.5(ug/m3)
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Emerging issues

* Additional outcomes (ASD, ADHD, CKD,

mental health)

health impacts
of air pollution:

shorter life

cognitive
development

cognitive
decline

mental health

stroke

heart
disease

asthma

lung
cancer

reduced
lung
function

obesity

birth
defects

low birth
weight

diabetes

s -

@ established effects @ possible effects

Hystad P, Yusuf S, Brauer M.Air pollution health impacts: the knowns and unknowns for reliable global burden calculations. Cardiovasc Res. 2020 Sep 1;116(11):1794-1796.



https://pubmed.ncbi.nlm.nih.gov/32267925/

Absolute increases in risk of hospital admission associated with each 1 pg/m3

CCS Disease Absolute increase in risk of admission to hospital per 10 million
descriptions person days associated with each 1 pg/m*increase in lag 0-1PM,
108  Congestive heart failure; non-hypertensive —_— 0.68 (0.52 t0 0.84)
122  Pneumonia —_— 0.63 (0.48 t0 0.78)
55 Fluid and electrolyte disorders* —_— 0.43 (0.34 t0 0.53)
2 Septicemia* —— 0.41(0.29 to 0.54)
159  Urinary tract infections® — 0.39(0.28 t0 0.49)
127  Chronic obstructive pulmonary disease and bronchiectasis e — 0.36 (0.24 t0 0.48)
157  Acute and unspecified renal failure* —a— 0.32(0.23t00.41)
100  Acute myocardial infarction —_— 0.29 (0.17 to 0.40)
106  Cardiac dysrhythmias — 0.26 (0.13 t0 0.38)
50 Diabetes mellitus with complications —-— 0.19(0.12 t0 0.26)
129  Aspiration pneumonitis; food/vomitus —— 0.19(0.12 t0 0.26)
59 Deficiency and other anemia —— 0.18(0.13 t0 0.24)
101 Coronary atherosclerosis and other heart disease — 0.14 (0.02 to 0.25)
197  Skin and subcutaneous tissue infections* —— 0.13 (0.06 t0 0.20)
153  Gastrointestinal hemorrhage — 0.11(0.03 t0 0.20)
131 Respiratory failure; insufficiency; arrest — 0.11(0.03t0 0.19)
145  Intestinal obstruction without hernia* —— 0.10(0.02t00.17)
245  Syncope* —— 0.09 (0.02t0 0.17)
135 Intestinal infection* —— 0.07 (0.01t00.12)
117  Other circulatory disease - 0.07 (0.02 t0 0.12)
118  Phlebitis; thrombophlebitis and thromboembolism* . 0.05 (0.00 t0 0.10)
95 Other nervous system disorders —— 0.05 (0.00t0 0.10)
151 Other liver diseases [~ 0.05 (0.02 to 0.09)
154  Non-infectious gastroenteritis* [~ 0.05 (0.01 to 0.09)
211 Other connective tissue disease (- 0.04 (0.01 t0 0.08)
130  Pleurisy; pneumothorax; pulmonary collapse - 0.04 (0.00 to 0.08)
134  Other upper respiratory disease |- 0.04 (0.02 t0 0.06)
252  Malaise and fatigue - 0.03 (0.01 to 0.05)
246  Fever of unknown origin* - 0.03 (0.00 to 0.05)
248  Gangrene* - 0.03 (0.00 t0 0.05)
79 Parkinson's disease E3 0.02 (0.00 to 0.04)
115 Aortic; peripheral; and visceral artery aneurysms el -0.03 (-0.06 to 0.00)
123  Influenza - -0.03 (-0.06 t0 -0.01)
Negative outcome control: injury and poisoning r— | -0.04(-0.23t00.15)
0.5 0 0.5 10

Yaguang Wei et al. BMJ 2019;367:bm].16258



Systemic effects “i €

Blood oS

oY
Pulmonary oxidative
stress & inflammation

Sub-acute &7,
Chronic

\\
'«0“5«\

PM or constituents

“Systemic ANS i
: : p imbalance
in the circulation \ ’ spill-over”
UFP, soluble metals it _ TSNS / VPSNS
Organic compounds Systemic Oxidative Stress and Inflammation ‘
Cellular inflammatory response (t activated WBCs, platelets, MPO)
t Cytokine expression/levels (1 IL-1B, IL-6, TNF-a) Vasculature
? t ET, histamine, cell microparticles, oxidized lipids; + anti-oxidants Vasoconstriction
Vasculatt_J r_e Endothelial dysfunction
Vasoconstriction l Neural-mediated ROS
Endothelial dysfunction ’ ' Acute phase response + BP
PM-mediated ROS t Adipokines t Clotting factors
4 BP (PAI-1, Resistin) - Fibrinogen, CRP Blood
? Atherosclerosis o8 ab _ t Platelet aggregation
Activated or Activated or
Blood Inflamed fat l 4 Inflamed liver Heart
? ¢ Platelet aggregation Pivectaciions + HRV
Vasculature Endothelial cell dysfunction/vasoconstriction, tROS t Heart rate ;
Atherosclerosis progression/plague vulnerability t Arrhythmia potential

t Thrombogenecity (e.g. tissue factor)
Metabolism Insulin resistance, dyslipidemia, impaired HDL function

Blood t Coagulation, thrombosis; + fibrinolysis (e.g. PAI-1) AH A, 2010



health impacts

Emerging issues of air pollution:

shorter life

cognitive
development

cognitive
decline

mental health

stroke

heart
disease

asthma

* Differential impacts of sources and particle
composition?

lung
cancer

reduced
lung
function

obesity

birth
defects

low birth
weight

diabetes

s -

@ established effects @ possible effects

Hystad P, Yusuf S, Brauer M.Air pollution health impacts: the knowns and unknowns for reliable global burden calculations. Cardiovasc Res. 2020 Sep 1;116(11):1794-1796.



https://pubmed.ncbi.nlm.nih.gov/32267925/

What is
air pollution?
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Global Burden of Disease — Major Air Pollution Sources (GBD-MAPS) Project

Goal: Identify major sources of global PM, . pollution & quantify attributable disease burden

1 CEDS Emissions Approach:
== Conduct emissions sensitivity simulations with a global
FrQ . Modeled PM, ; Fractional atmospheric chemistry transport model...
2 GE'” S c hem . Sourceoi;'nribution P y P
i - 4

Wil
...integrate with PM,, . exposure

Abs°(':‘:::f:r:i§;°"“e estimates and concentration response

relationships from the GBD to quantify

source-specific disease burdens
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Global fuel combustion contributes to ~50%; fossil fuels ~27%

2017 Global Sector Contributions

Sector Legend:

Energy
. ~16% B Industry
h Bl Road Transport

| -Road Transport
Residential

0% 8 Commercial
I Other Combustion

I Solvents
<Ig;’o% Waste .
v 50 Int’l Shipping

<1% B Agr. Waste Burning
19% ~10/;2% Bl Other Open Fires

B Windblown Dust

B AFCID Dust

Remaining Sources

~8% ~5%

e

~10%

~12%

<1%
6%

2017 Global Fuel-Type Contributions

Fuel Legend:
~23% Solid Biofuel
Il Total Coal
B Oil + Natural Gas
Dust + Fires
Remaining Sources

~20%

~14%

~30%

Fossil-fuels contribute to 27%

Source sector and fuel contributions to ambient PM, s and attributable mortality across multiple spatial scales.Nat Commun. 2021 Jun 14

Interactive data visualization

https://gbdmaps.med.ubc.ca/



https://costofairpollution.shinyapps.io/gbd_map_global_source_shinyapp/
https://pubmed.ncbi.nlm.nih.gov/34127654/
https://gbdmaps.med.ubc.ca/

Global Average:
41.7 uyg m3| 3,832,500 deaths

Pakistan:
59.7 ug m3| 86,500 deaths

sector fuel disease
Relative Contributions

United States: o
7.8 yg m3 | 47,000 deaths %

1,000,000
100,000 N
10,000
1,000
100

Russian Federation:

10.9 uyg m3| 68,500 deaths

China:
49.8 ug m=23| 1,386,500 deaths

Bangladesh:
61.9 uyg m3| 63,500 deaths

Nigeria:
64.2 yg m=3| 50,500 deaths

65.8 uyg m=3| 88, OOO deaths

India:
80.2 yg m=3 | 866,500 deaths

Indonesia:
18.0 ug m3| 94,000 deaths

Sector Legend:

Agriculture I Commercial B Agr. waste burning
Energy (coal; remaining) B8 Other combustion [l Other fires

B Industry (coal; remaining) Waste B AFCID dust
B Non-road transport I Solvents B Windblown dust
B Road transport Int’l shipping Remaining sources

Residential (coal; biofuel; remaining)

Fuel-Type Legend:
Solid biofuel

Il Total coal

B Liquid oil and natural gas
Total dust & fires
Remaining (non-comb.)
sources

Disease Legend:

Il COPD
Il Type Il Diabetes (DM)
Lower Respiratory Infections (LRISs)
B | _ung Cancer (LC)
I Ischemic Heart Disease (IHD)
I Stroke



https://gbdmaps.med.ubc.ca/

Colombia

( Agr. waste burning

Windblown dust A Int'l shipping
Energy coal

Agriculture
Energy non-coal
Waste

AFCID dust
Other fires

~ Industry coal

Remaining sources
~ Industry non-coal

Residential solid biofuel Road transport



Innovations to promote clean air action: Overall framework

Implement feasible control
of leading local sources

Enhance ambient monitoring
and emissions data

Improve
Instruments, local emissions PN Cats access
remote sensing,  data, novel Entsron coordinate and
and models approaches build capacity
for monitoring 1o source
air quality apportionment N
ear-Term
) Cleaner
Actions »
— Air
eadership an =
coordination among Long term
agencies and Implement further local
and share official technical partners Epmimi.un reductions
and non-official 1o set priorities 3
-ambient air for local action Deploy emerging
quality data technology

Develop and implement
regional cooperation for
source control

SS/n -,

i
fy& USE‘ Advocate for national

clean air policies

Accelerating City Progress on Clean Air: Innovation and Action Guide. Vital Strategies
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Climate change

The NEW ENGLAND JOURNAL of MEDICINE

EDITORIALS

Call for Emergency Action to Limit Global Temperature
Increases. Restore Biodiversity. and Protect Health

SEPTEMBER 9, 2021

Climate change is 'greatest threat to global
public health,' 200+ medical journals warn



Changing climate increases wildfires

A Western US Forest Wildfires and Spring-Summer Temperature

* Fires are
— Larger
— More frequent

* Fire season is longer
— Reduced winter rains
— Earlier showmelt

— Increased
spring/summer
temperatures

— Increased lightning

100

wildfire frequency
]

& 15 0

days (anomaly)
i

-15

0O

r

Temperature

Wildfires

1970 1975 1980 1985 1980 1995 2000

T
-15 -5

l:iag of yeam;ﬂ
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300

T T
0 100

Timing of Spring Snowmelt
- * |ate -
ANV M, \, |
» Early
1970 1975 1980 1985 1990
Fire Season Length
1o First Discovery 20 Last Discovery 30 Last Controy
1970 1975 1980 1985 1990 1995 2000

A L Westerling et al. Science 2006;313:940-943
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Landscape fires are everywhere

Emissions Estimates [
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R 0 A Section 508-conformant HTML version of this article
eVleW is available at http://dx.doi.org/10.1289/ehp.1409277.

Critical Review of Health Impacts of Wildfire Smoke Exposure
Colleen E. Reid,"? Michael Brauer,® Fay H. Johnston,*® Michael Jerrett,’¢ John R. Balmes,’” and Catherine T. E!l:ott3 8

Respiratory e, SRS = e e
- Asthma and COPD exacerbatlon = :

—>emergency room VISI'[S hospltalpzatlon de,"" |
—Resplrato rnIe "’ ’ s
Carﬂ‘fova ular S
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ure —> death
Eme@;g iden
— Diabetes, blrth outcomes ‘ ‘
* Interaction with extreme heat events (e.g. Moscow 2012)
 Long term impacts of repeated events?
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Climate change scenarios

14568 S. T. Turnock et al.: Historical and future changes in air pollutants from CMIP6 models
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Figure 14. Future global and regional changes in annual mean surface PMp 5. relative to 2005-2014 mean, for the different SSPs used in
CMIP6. Each line represents a multi-model mean across the region, with shading representing the =1 SD of the mean. See Table 1 for details
of models contributing to each scenario. The multi-model regional mean value (41SD) for the years 2005-2014 is shown in the top left
corner of each panel.

Turnock et al. Historical and future changes in air pollutants from CMIP6 models. Atmos. Chem. Phys., 20, 14547-14579, 2020 https://doi.org/10.5194/acp-20-
14547-2020



Implications
* Air pollution is a major global health threat

* Increasing burden with aging population and high prevalence
of chronic diseases
* Large exposure decreases required to offset demographics
e Steep exposure-response relationships to near-background levels —
continued benefits of air pollution reduction

 Climate change requires a renewal of efforts...but mitigation
actions offer strong potential for reductions in air pollution
health impacts.

* We'll get there...the question is how long will it take

B R
Photo: Sajjad Hussain/Agence France-Presse%tty Ima’a‘es :
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EXTRA SLIDES



Air pollution is a major risk factor for global health

High blood pressure 4
Smoking -

High fasting plasma glucose -
High body-mass index

High 1 DI -

Ambient particulate matter

Kidney dysfunction -
Alcohol use S

Low whaole grains -

Low birth weight -

Low temperature <

Short gestation
Secondhand smoke =
Unsafe water -

Low legumes

Low fruit 5

Child wasting

Unsafe sex -

Lead

High red meat -

Low physical activity -
Unsafe sanitation -

High trans fat
Handwashing -

Low fiber -

Low nuts and seeds -

Low vegetables -
Occupational particulates -
Drug use —

Low bone mineral density -
1T Underwelght -

Low PUFA -

Low omega-3 -
Occupational injury -

High temperature -

High processed meat -
High sweetened beverages
Occupational asbestos <
Low milk <

Child stunting
Non-exclusive breastfeeding -
Low calcium -

Intimate partner violence -
Radon =

Occupational silica -
Chewing tobacco

Iron deficiency
Occupational asthmagens -
Vitamin A deficiency
Occupational diesel -
Childhood sexual abuse -

Occupational arsenic 5

55 of 69

= 365K deaths

«<——Road injuries

4.1 M deaths ~7% of all deaths

$5 trillion/yr welfare losses
$225 billion/yr lost labour income

In 2019, 92% of the global population lived in
areas with concentrations exceeding 2005
WHO air quality guideline for long term
exposure to PM, s

]
2M

1
4M

GIM SIM 1[Z|lM I 20 1 9

World Bank. 2016. The cost of air pollution : strengthening the economic case for action

Deaths



‘QJ, World Health

What's new in the AQGs 2021? ) rganizatin

WHO global
air quality
gwdelmes

7 (PMy5 800 PMG),
aw-\e, nl(rogm dmxuao, sulfur dicxide
and carbon monaxide

Q World Health
% ¥ Organization

Since 2005 update, increases in quality and quantity of evidence of air
pollution impacts on health

« Studies of short-term exposure impacts from locations outside of
North America, western Europe

« Studies of long-term exposure impacts at low levels
« Expanding health outcomes affected by air pollution

« Scientific methodology and scale of studies

Improved insight on sources of emissions and the contribution of air
pollutants to the global burden of disease.

After a systematic review of the accumulated evidence, several
updated AQG levels are now lower than 15 years ago.

New AQG levels for peak-season Oj; 24-h NO, and CO; new interim
targets.
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Individual Scale

Spatial Scale

Temporal Scale
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Application of CanCHEC Shape — Additional 1.55 M (17% incref&dd

B canCHEC

[ ] RCF

RCF Counterfactual:

~U(2.5pg/
m?,5.0ug/m>)

CanCHEC:
anCHEC shape
— 5.0pg/m3

5.0 [ 10.0 12.5
Attributable Deaths per Year (Millions)

Weichenthal et al. Science Advances 20



% Increase in Attributable Mortality
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200

150

100

=20

Iceland Mew Zealand
Estonia s.2weden
Greenland
Finland

Puerto Rico
Norway
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United States
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U';“xemb"surgm Switzerland
ugua}.r pa.— Denmark
Lithuania

i 5 France
Unitend Kinggdom Fi'ji' Netherlands

Income Group

= High Income: OECD

= High Income:; Non-OECD
= Upper Middle Income

* Lower Middle Income

* Low Income

Application of CanCHEC
shape — very large increases
“In attributable mortality

estimates in mostly high

“Income countries

Russia *Sapan Vanuatu

Latvid™,  Argentina
Paraguay Panama -Greece
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.-hfﬂ-"‘.
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Annual Average Outdoor PMy 5 (ug/m®)

Weichenthal et al. Science Advar



Loss of life expectancy (ALE) from air pollution

What would the
difference In life
expectancy be if we were
to:

 Eliminate all air pollution
exposures

« Reduce it to different
levels (for example,
WHQO guidelines or
target levels)?

w GBD
STATE []F

GLOBAL AIR /2019

100 —

80 |

60 |

40|

Survival (%)

20+

Nigeria
LE =65.0y
ALE=129Y

- - Counterfactual

—— QObserved life table
cause-deleted life table

NG ALE=1.25y 1

China
LE=76.3y

57

10 20 30 40 50 60 70
Age (y)

80 90 100



Good practice statements

For the management of certain types of particulate matter

SAND AND DUST STORM

=20

-

Maintain suitable air quality
management and dust
forecasting programmes.
Maintain air quality monitoring
programmes and reporting
procedures.

Conduct epidemiological studies
and research activities aimed at
better understanding toxicity.
Implement wind erosion control
through the carefully planned
expansion of green spaces.

BLACK/ELEMENTAL CARBON

Y o

IR

Make systematic measurements.
Undertake production of emission
inventories, exposure
assessments and source
apportionment.

Take measures to reduce
emissions and develop
standards (or targets).

Y

R\, World Health

i . "
599
</ Organization

REGRONAL OFFICE FOR Eu rope

LL‘?

ULTRAFINE PARTICLES

Quantify ambient UFP in terms
of PNC for a size range with a
lower limit of < 10 nm and no
restriction on the upper limit.
Expand the common air quality
monitoring strategy by
integration of UFP monitoring.
Distinguish between low and high
PNC to guide decisions on the
priorities of UFP source
emission control.

Utilize emerging science and
technology for the assessment

of exposure.
62



Reducing
air
pollution
and
mitigating
climate

change

N [ REDUCE |

"\ PpoLLUTION /

orld Health
niz n

anizatio

AIR
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Air pollution impacts numerous diseases

Systemic responses

¢ Altered chemokine signaling,
inflammation

* Circulating extracellular
vesicles

¢ Circulating RNA species

¢ Altered metabolites

Brain

* Neuroinflammation

¢ Neurotoxicity

e Stress hormone release

¢ Endocrine disruption

¢ Circadian rhythm disruption
¢ Altered nervous system

Circulating peripheral

white blood cells function
¢ Altered composition and states
* Epigenetic changes \
¢ Mitochondrial dysfunction

» Heart
* Telomere attrition

\ ¢ Inflammation, cell death

Lung e Epigenetic changes

¢ Inflammation, cell death
* Epigenetic changes

¢ Immune cell interactions
¢ Altered lung microbiome
¢ Virus activation

¢ Mitochondrial dysfunction
e Altered autonomous

\ nervous system function
Gut

¢ Altered gut microbiome

* Altered metabolites

Skin

¢ Inflammation

* Epigenetic changes

* Immune cell interactions

* Altered skin microbiome 66

ch/e /nroie\étslludok/healtheffects/

Reproductive organs
¢ [nflammation

* Epigenetic changes

* Mitochondrial dysfunction
* Telomere attrition

* Endocrine disruption



https://www.swisstph.ch/en/projects/ludok/healtheffects/
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Air pollution is a major contributor to lower life expectancy worldwide

Dietary Risks - 2yr,8mo
All Cancer ~  2yr4mo

— b

Tobacco . - 1yr, 10 mo

All Air Pollution | 1yr,8mo
Ambient PM,; [55 I - 1yr
Household Air Pollution 9mo
Water Sanitation -~ Tmo
Lung Cancer -~ 5mo
Unsafe Sex 4mo
Breast Cancer . 2mo

Ambient Ozone | <1 mo

Loss of Life Expectancy

& IHME  WAT UNIVERSITY of WASHINGTON Institute for Health Metrics and Evaluation



United States: 7.4 yg m3

Agriculture Other

(16%) (8%)

Open Fires (8%)

Anthropogenic Dust (3%) Chlna 529 “g m_3

Open Fires
0, 0 ’
Energy Waste (3%), Solvents (<1%) Other
Production Commercial & Other Agriculture (1%)
(17%) (8% total) (13%)
Anthropogenic Dust (15%)
Residential (6%)
Industry
\ 0,
(12%) Road Energy @ SOIVG\?Vt:S(;l(@O/O)
Non-Road (14%) Production
(4%) (18%)
Commercial & Other
(1% total)
Industry
(19%) Residential (23%)
@ |[HME \ W UNIVERSITY of WASHINGTON (<1%) 1ation



United States

Emissions Estimates
Particulate Matter v
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Fires and smoke all around us...
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https://fire.airnow.gov/

Future Fire Impacts on Smoke Concentrations, Visibility, and Health in
the Contiguous United States

* Fire-related PM,  Increases 55%

(RCP4.5, SSP1) - 190% (RCP8.5, SSP3) f b .'I;‘i(:g'gll\’: PM

by 2100 . Transport
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United States. GeoHealth 2. 229— 247 httpos://doi ora/10 1029/2018GH000144



https://doi.org/10.1029/2018GH000144

Particulate Air Pollution from Wildfires in the Western US under
Climate Change :

~57 million affected by = 1 smoke wave
(2004-2009).

82 million (44% increase) with climate
change (A1B scenario) and population
growth (2046-2051)

Compared to 2004-20009:

— 7 million more children (<18)
— 5.7 million more seniors (>64)

b4
B S (hichest risk)

Fig. 3 Fire Smoke Risk Index (FSRI) during fire seasons (May-Okctober). Panel (a) is for present day (2004
73 2009) and pancl (b) is for future (2046-2051) under climate change
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Liu JC, Mickley LJ, Sulprizio MP, et al. Particulate Air Pollution from Wildfires in the Western US under Climate Change. Clim Change. 2016;138(3):655-666. doi:10.1007/s10584-016-1762-6



Timeframe of acute responses

Increased Rrespiratory and CVD (MI/IHD) impacts observed within 1 h of exposure

Indications of increased diabetes-related events

Odds Ratio
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Mortality risk attributable to wildfire-related PM, ¢ pollution: a global
time series study in 749 locations

* 749 cities (43 countries), 2000-16

* 0.62% (0.48-0.75) of all-cause deaths attributable to
acute exposure impacts of wildfire-related PM, . during
Stu dy penOd All-cause mortality Cardiovascular mortality Respiratory mortality

. 0.55% (0.43-0.67)C
+ 0.64% (0.50-0.78) R: ™

1.05 4

/

100 T T T T T T T T T T T T T T T T | T
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Wildfire-related PM, concentration (ug/m?) Wildfire-related PM, . concentration (ug/m?) Wildfire-related PM,. concentration (ug/m?)

Mortality risk attributable to wildfire-related PM, ; pollution: a global time series study in 749 locations.Chen G et al. Lancet Planet Health. 2021 Sep;5(9):€579-e587. doi: 10.1016/52542-
5196(21)00200-X.



https://pubmed.ncbi.nlm.nih.gov/34508679/
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wildfire smoke in Canada (2013 —2015,
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Acute exposure mortality:

Acute health impacts and economic valuaton® from wildfire PM,.c, for 20032015 and 2017-2018 [95% confidence miervals].

54 (22 87) [2013] -

240 (95-389) [2017]

2013 2014 2015 2017 2018
Acute mortalilies 54 70 a7 240 131
[22-87] [26-113] [39-156] [95-389] [50-210]
Acute mortality valuation® S410M S520M ST30M 5188 S980M
[$120M-2300M] [$160M-51.1B] [$220M-%1.58] [$530M-$3.7B] [$280M-%2.08]
Acule respiratory symptom days 1,400,000 1,900,000 2,500,000 3,100,000 3,400,000
[0-2 850,000] [0-3,740,000] [0-5,100,000] [0-12200,000] [0-6,760,000]
Asthma symptom days® 100,000 140,000 190,000 420,000 240,000
[21,000-185,000] [29,000-248,000] [40,000-336,000] [91,000-739,000] [52,000-431,000]
Child acute bronchitis episodes 2600 3400 4600 10,000 GOO0
[0-5700] [0-7700] [0-10,200] [0-22 200] [0-13,000]
Respiralorny emergency room visils 170 230 310 710 420
[114-230] [150-300] [200-410] [470-950] [280.-570]
Respiratory hospital admissions 34 45 bl 140 83
[23-46] [29-61] [40-83] [90-180] [54-112]
Cardiac emergency room visils B0 75 110 250 140
[32-88] [41-110] [56-155] [130-380] [75-210]
Cardiac hospital admissions 46 57 280 190 110
[24-67] [31-84] [43-117] [102-283] [58-160]
Restricted activity days :::éuumu:; - ;T&Eﬂl - F;ﬁuﬁu] —— ;illgl:lﬁﬂ‘uﬁu ——— I‘fﬁ“&“m NE—— Health impact analysis of PM, 5 from wildfire smoke
b 057, 574, 419, F 599, 410, 220, L4, 043, - A
Acute morbidity valuation® 573M S97M 5131M 5310M S170M in Canada (2013-2015, 2017-2018).Matz CJ, Egyed
[$13M-5177M] [$17M-5240M] [$24M-$320M] [$58M-$750M| [$33M-$420M] M, Xi G, Racine J, Pavlovic R, Rittmaster R,

* The dollar values are socio-economic values assodated with small changes in the nisk of vanous health oulcomes. AQBAT provides economic valualion estimates of those health
impacts, considering the potental social welfare consequences, including medical costs, reduced workplace productivity, pain and suffering, and the impacts of increased mortality risk.

b yalues represent mean valuation of multiple iterations; [2.5th-97.5th percentiles].
& Asthma symptom days are only estimated for children (5-19 years ol age).

Henderson SB, Stieb DM.Sci Total Environ. 2020 Jul
10;725:138506. doi: 10.1016/j.scitotenv.2020.138506
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Summer 2004, William’s Lake, BC Age:20 years, Size:1060ft? (7 rooms), open windows during morning, no air conditioning

Barn P, Larson T, Noullett M, Kennedy S, Copes R, Brauer M. Infiltration of forest fire and residential wood smoke: an evaluation of air cleaner effectiveness. J Expo Sci Environ Epidemiol. 2008
Sep;18(5):503-11.



Athens, Winter 2012-13

Biomass combustion (heat, energy)

- Organic matter
. 1 EC
Energy pO|ICV Economy B Major inorganic ions
Trace ions
E=S Minerals
[/ Trace Elements
—-9— Gravimetric Mass

%)

EU Primary PM, s emissions 30% increase (2012-13) PM, .
(residential woodstoves)

2.5X increase wood smoke

25% (1990)‘4§§§7L 020) tracers.

Concentration (pg/m

20-30% decrease in fuel oil
tracers (e.g., Niand V)

Sigsgaard et al. Eur Resp|rJ 2015 46 1577 1588 Saffari et al. Environ. Sci. Technol. 2013, 47, 13313-13320. N\oﬂ““



Atmospheric processing

Water vapour

Chemical
transformation

Chemical
transformation

Chemical
transformation
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Source sector contributions (GBD 2019)

Global Sector Contributions

~10%

~12%

<1%
6%

Sector Legend:

~8% ~5%

e

~16%

19% ~1%

Source sector and fuel contributions to ambient PM, s and attributable mortality across multiple spatial scales.Nat Commun. 2021 Jun 14
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B Road Transport
I Non-Road Transport
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I Commercial
I Other Combustion
I Solvents
Waste
Int’l Shipping
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Remaining Sources

Contribution to Population-Weighted PM2.5 by Source in 2019

Contribution to PM2.5 (%) In 2019
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https://gbdmaps.med.ubc.ca/



https://pubmed.ncbi.nlm.nih.gov/34127654/
https://gbdmaps.med.ubc.ca/

Global sources of ambient (PM, ;) air pollution
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Room HEPA filter air cleaners

120 5

B NO FILTER O FILTER

Infiltration factor (Finf)

0.20 | &

0.00 |5

65% decrease In indoor fire smoke

Barn P, Larson T, Noullett M, Kennedy S, Copes R, Brauer M. Infiltration of forest fire and residential wood smoke: an evaluation of air cleaner effectiveness. J Expo Sci Environ Epidemiol. 2008
Sep:18(5):503-11.
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Effects of forecasted smoke consistent with
effects of observed smoke for asthma
outcomes

RR (95% ClI)

1.4

1.2

1.0

0.8

Salbutamol dispensations Asthma-related physician visits

® Monitor PM, .
4 BlueSky PM, .
® HMS Plumes

< BlueSky Plumes

Yao et al. EHP 2013 doi: 10.1289/ehp.1306768

Less smoky Very smoky Less smoky Very smoky




Smoke forecasts for health protection

 Temporal and spatial specificity > accuracy or complexity
* Integrate into existing weather tools

» Extend current tools to 7-day smoke forecast

~Zoom and animation features

IDAHG.
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Bowman D M.J.S.; Daniels, LD Johnston, F.H.; Wllllamson G.J.,; JoIIy,rWM Magzamen, S Rappold AG.; Brauer M Henderson S. B Can Air Quallty Management Drlve Sustalnable Fuels
Management at the Temperate Wildland—Urban Interface’> Fire 2018, 1. 27
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