Ambient air pollution and
chronic airway diseases
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Death From Urban air Pollution
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THE TRUE STORY OF A SERIAIS = ERERS
THE GREAT LONDON SMOG,

AND THE STRANGLING OF A CITY

il
wor

ETPM1310529 Hampstead Health, London, England: December 8, 1952. The great smog blanket - mixture of smoke and fog that s said to be costing £2,000,000 a day - thickened to what was described as the worst
€ blackout of London for 25 years . This picture was taken by a pond on Hampstead Heath. ©@TopFoto/ The Image Works ~ NOTE: The copyright notice must include "The Image Works™ DO NOT SHORTEN THE NAME
K5 OF THE COMPANY ©TopFoto/ The Image Works
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Health and Environment Linkages
Initiative (HELI) &£ & 2* 3k 3 44 5 15 3k

HELI is a global effort by WHO and UNEP to support
action by developing country policymakers on
environmental threats to health.
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The aim and scope of the Health and
Environment Linkages Initiative (HELI)

 HELI aims to ensure that environment and
health considerations are given their proper
weight in decisions, particularly in the
context of economic development.
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The aim and scope of the Health and
Environment Linkages Initiative (HELI)

 HELI addresses targeted gaps in knowledge
and tools needed for more effective
integration of environment and health issues

into decision making
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The aim and scope of the Health and
Environment Linkages Initiative (HELI)

* The initiative is designed primarily to inform
the decision-making process rather than
generate scientific knowledge.
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Environmental burden of disease
as % of total disease burden

[ ]10-125%
B 12.5-15 %
Bl 15-20%
B 20-25%
B 25 - 30 %

30-35 %
Based upon data in Smith, KR, Corvalan, C, Kjellstrom, T (Epidemiology, 1999)
|:] NO data £ World Health Organization 2005. All rights reserved.

Dr. Pin-Zuet Ju Epidemiology, 1999, 10 (5): 573-84



WHO: Environmental risks
of disease for 192 countries
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Deaths from indoor smoke from solid fuels
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Estimates by WHO sub-region for 2000 (WHO World Health Report, 2002).

The boundaries shown on this map do not imply the expressionof any opinion whatsoever on the

part of the World Health Organization concerning the legal status of any country, territory, city or area
or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps
represent approximate border lines for which there may not yet be full agreement.

© WHO 2005. All rights reserved.
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WHO Global Ambient Air Quality
Database (update 2018)

* Air pollution affects all regions of the world.

* Populations in low-income cities are the most
impacted

— 97% of cities in low- and middle- income countries do
not meet WHO air quality guidelines.

* However, in high-income countries, that percentage
decreases to 49%.

@v World Health
ﬁg_\_ﬂ;"Organlzatlon

https://www.who.int/airpollution/data/cities/en/ 16



AIR POLLUTION - THE SILENT KILLER

REGIONAL ESTIMATES ACCORDING
TO WHO REGIONAL GROUPINGS:

Over 2 million

in South-East Asia Region

Over 2 million

in Western Pacific Region

Nearly 1 million

in Africa Region

About 500 000

deaths in Eastern Mediterranean Region

“~_g  About 500 000

deaths in European Region

More than 300 000
in the Region of the Americas
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Vapor form of

benzo[a]pyrene (BaP)
hydrocarbons

Carbon cores
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DEP: Diesel exhaust particle
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Primary pollutants

Carbon monoxide
co
Nitric oxide
Sulphur dioxide NO
SO2
Nitrogen dioxide

Ammonia NO2

NH3 Particulates
(PM)
Volatile organic compounds

Secondary pollutants

Sulphur trioxide Nitric acid
SO3 HNO3

Sulphuric acid B
HS04 Hydrogen peroxide
H202

Ozone
Ammonium O3 Particulates
(PM)




PM,, and PM, ; particle size

€ PM, .

Combustion particles, organic
compounds, metals, etc.
< 2.5 ym (microns) in diameter

Human hair
50-70 pm
(microns) in diameter

@ PrM,,

Dust, pollen, mold, etc.
< 10 ym (microns) in diameter
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Fine beach sand
90 um (microns) in diameter
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Secondary Air Pollutants
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Photochemical smog
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«— Actual size of
a human hair

Human hair enlarged

{ @ ;<Fine particulate
1 matter (PM2.5)
Size comparison

to hair

Trace metals frequently
found in China’s air
pollution include copper,
magnesium, lithium,
nickel, cobalt, arsenic,
selenium and zinc

Dr. Paﬁcﬁfwﬁ% Environmental Protection Department, Greenpeace,

(2)Enters

interior
airways

Trachea

Alveoli

@ Travels deep into
alveoli sacs

Once in the blood

stream trace
metals can cause
Puclmonarv cancer and even
vein geneticillness in
later generations
PM2.5 pollution level
i Can be five
S or six times
higher in
China
Trace metals level

us Can be
upto

20 times
higher in
China
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Toxic effects

Brain
Unborn children whose mothers live in
polluted areas have smaller heads and
adults have brains 2-3 years "older”
than those in cleaner places and are
more likely to develop dementia

Asthmalairways
Children and adults are more
likely to develop asthma and
suffer from wheezing

Lungs
Lung capacity declines faster in
people living near busy roads
while there are four times as
many children with problems in
polluted areas

Heart and blood vessels
Heart attacks and strokes are more

likely in people exposed to
pollution and even children have
higher blood pressure

Diabetes

Adults living near busy roads
are more likely to develop
diabetes and children have
higher insulin resistance

Cancer

Adults are 20 per cent more
likely to get lung cancer in
polluted area and there is
limited evidence of an
increased risk of

Source: Royal College leuka2emiz in children

of Physicians
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DEATHS LINKED TO OUTDOOR
AND HOUSEHOLD AIR POLLUTION

7 m i I I IO n people die prematurely every year
from air pollution - both household and outdoor.
Among these deaths:
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AIR POLLUTION’S YEARLY HIT LIST:

1.8 million deaths due to
lung disease and cancer.

Let’s stop this invisible killer.

THE

INVISIB

Air pollution may not always

ow o
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29% 24%
OF DEATHS FROM OF DEATHS FROM
LUNG CANCER STROKE

BREATHELIFE.

Clean Air. Healthy Future.
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Clean air. Healthy future. ¢ Organization il
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Air pollution: complex triggers of disease

Indoor Air Pollution

Major Sources:
-  Solid Fuel Combustion -
- Cigarette Smoke

- Poor ventilation

- Household Processes -

—

- LBW

- IUGR

-  Preterm birth

- stillbirth

- MNeural Tube Defects

- Anthropomorphic
Measure Reductions

Birth: - — — _ __}

J
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Adverse Health Effects

~

Outdoor Air Pollution

Major Sources:
Motor Vehicles
Industrial Processes
Forest Fires
Biomass Combustion

—_—

,l / e
x e = —>» Adulthood:
— ==  Farly Life: — " - Stroke
Asthma - Cardiovascular
Upper Airway Irritation Dysfunction

Cardiovascular Dysfunction
Respiratory lliness
Development

Insulin Resistance

J

- DA Damage
- Chronic Bronchitis
- Respiratory lliness

.

J

Am J Physiol Heart Circ Physiol. 2014 Aug 15,;307(4):H467-76.
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Air pollution during pregnancy and

lung development in the child

Environment

Mother

systemic inflammation

J

endothethial changes

pollutant

J

Placenta-Fetus

oxidative stress

. il v

Y

smaller placenta /

impaired transport of O2

and nutrients

NN

N

Newborn

birth weight

immune system

W

lung function

direct effect of nanoparticles

N A

/A

[ morbidity l

epigenetic changes
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Paediatr Respir Rev. 2017 Jan;21:38-46 2




ALLERGIES AND THE ENVIRONMENT (M HERNANDEZ, SECTION EDITOR)

Effects of Long-Term Exposure to Traffic-Related Air Pollution
on Lung Function in Children

Lung Growth

- Negative effects of TRAP-expg===
over the entire age-range sug

- Possibly stronger effects in
children with asthma.

= Long-term effects into adulthood
of childhood exposure still unknown.

* Further studies of effects on small
airway function is warranted. ’

R

Dr. Pin-Ruei Fu Curr Allergy Asthma Rep. 2017 Jun;17(6):41.




Global, national, and urban burdens of paediatric asthma
incidence attributable to ambient NO, pollution: estimates
from global datasets

Pattanun Achakulwisut, Michael Brauer, Perry Hystad, Susan C Anenberg

* Aim:
— To estimated the annual global number of new paediatric
asthma cases attributable to NO2 exposure.

e Methods:

— Obtained 2015 country-specific and age-group-specific
asthma incidence rates for 194 countries

— Estimated the NO2-attributable burden of asthma incidence
in children aged 1-18 years in 194 countries/ 125 cities .

Lancet Planet Health. 2019 Apr;3(4):e166-e178. 36
Dn. Pin-Ruet Fu



Population-weighted NO2 concentrations |

Concentrations (ppb)
[Jo-2 [@9-10
13-4 M11-15
[J5-6 M16-20
E7-8 W25

Lancet Planet Health. 2019 Apr;3(4):e166-e178. 37
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Number of new asthma cases
due to NO2 exposure

C Percentage of new asthma cases due to NO, exposure

Annual percentage attributable to NO,
Oo-5 W21-25

J6-10 [ 26-30

O11-15 W31-35

[ 16-20

Lancet Planet Health. 2019 Apr;3(4):e166-e178. 38
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P& #(550/108) 5 2 06 E‘* @ | ’2 ﬂ(460/101%l) ’
‘v £ < (450/108 ) ; » 4°(420/10% )

(95% UI) incidence (95% Ul)
High income
Australasia 12 (5-2-15) 170 (77-230) 8-7% (3-8-11)
High-income Asia Pacific 97 (46-120) 300 (140-370) 25% (12-32)
High-income North America 270 (120-340) 310 (140-400) 19% (8-5-24
Southern Latin America 56 (26-72) 290 (130-370) 18% (8-4-23)
Western Europe 150 (70-200) 190 (85-240) 17% (7-8-22)

Lancet Planet Health. 2019 Apr;3(4):e166-e178.
Dn. Pin-Ruei Fu
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International Journal of COPD Dove

REVIEW

Particulate matter air pollution exposure: role
in the development and exacerbation of chronic
obstructive pulmonary disease

* Strong epidemiological evidence suggests that exposure to
PM air pollution causes exacerbations of COPD resulting in
increased morbidity and mortality.

* |neffective clearance of this PM could cause particle
retention in lung tissues, resulting in a chronic, low-grade
inflammatory response that may be pathogenetically
important in both exacerbation and progression.

Dr. Pin-Ruei Fu International Journal of COPD 2009:4 233-243



blood vessel walls Lymphoid tissue

Macrophage
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Table | Key studies in the role of particulate matter in the development and progression of CO F'D|

Epidemiological evidence
Author(s)
Schikowski et al'®

Liu et al'®
Viegi et al®!
Dockery et al®

Torres-Duque et al®

Sunyer et al'

Sint et al®

Alveolar macrophage (AM) response to PM

van Eeden et al
Oberdorster et al™
Morrow="

Lung inflammation in response to PM
Churg et al™

Montano et al®
Risom et al®

Li et al®?

Study description

affic apd industrial sources resulted in
COPCNand poorer respiratory health

Significant association between prevalence of COPD and biomass fuel for cooking in
rural China

Exposure to PM by internal combustion and industrial emissions recognized as significant

contributors to exacerbation of COPD

Relationship between increased levels of air pollution and mortality and morbidity rates
from respiratory diseases

Indoor air pollution from the combustion of biomass fuels related to respiratory diseases

Effect of acute increase in urban air pollution on respiratory health and what factors
could attribute to this effects

COPD patients have an increased sensitivity to PM and should reduce their exposure to

PM whenever possible

Exposure of lung macrophages to atmospheric particles influences their phagocytic
activity and pro-inflammatory responses

Suggests a duel role of lung macrophages exposed to PM: both preventing and contribut-
ing to chronic lung injury

Reviews possible mechanisms as to how dust overloading can compromise the phago-
cytic and chemotactic ability of AMs

Particulate matter activates MF-KB in tracheal epithelial cells

Increase MMP activity in macrophages exposed to wood smoke, suggesting subsequent
emphysematous destruction

oxidative stress-induced DINA damage

PM induces HO-1, key marker for oxidative stress resulting in structural damage of

Particulate matter induc
which PM can be harmful

q is an important ways in

mitochondria




Fine particulate matter in acute

exacerbation of COPD

(+)

Phagocytosis

Air pollution

v

PM, ; exposure

(+)

os Pro-inflammatory

cytokines

Impairment of
airway immunity

Increased risk
of airway
infection

Alteration of
airway
microbiome

Stable COPD i

Pulmonary
inflammation

Systematic
inflammation

Adverse
cardiovascular
outcomes

¥

> AECOPD

Dr. Pin-Ruet Fu

Front Physiol. 2015 Oct 23;6:294
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Prevalence and risk factors of chronic obstructive p * >
disease in China (the China Pulmonary Health [CPH
a national cross-sectional study

the China Pulmonary Health (CPH)
* Aim: to assess the prevalence and risk factors of COPD.

e Methods:

— a cross-sectional study from 10 provinces in mainland China.
— All participants underwent a post-BT lung function test.
— COPD was diagnosed according to GOLD 2017 criteria.

* Results:
— spirometry-defined COPD was 8:6%

— RF of COPD: Cigarette smoking, ambient air pollution,
underweight, childhood chronic cough, parental history of
respiratory diseases, and low education.

. . - 45
D, DRt T Lancet. 2018 Apr 28;391(10131):1706-1717



Annual mean PM2.5 >50

Entire population

Never-smokers

Age and sex adjusted

Multivariable adjusted"

Age and sex adjusted Multivariable adjusted"

OR(OS%C)  p

ROSHC)

OROSHC) ROS%C)

Male sex 270(2:24-326)  <0:0001

Biomass use 162(1:21-218) 0003

Annual mean PM, . exposure (jig/m’)

225(183-277) 00001  190(1:64-210) <0.0001

142(109-184) 001

234 (1:99-275)  <0:0001

125(0.95-165)  0:10 117(092-149) 09

Dr. Pin-Ruet Fu

<50 1.00 (ref) 1:00 ref) 1.00 (ref) 1:00ref)
50-74 140(082236) 020 § 18513277) 0005 N 183(131-256) 0001 §227(172-299) <0001
75 164(097-280) 007 { 200136292) 0001 J 208(149-290) 00002 R234(190-288) <0-0001
pfortrend 00/ 0001 . 0-0002 <0-0001

Lancet. 2018 Apr 28;391(10131):1706-1717 46



International Journal of COPD

3 ORIGINA

Short-term effects of ambient air pollution on

chronic obstructive pulmonary disease admissions
in Beijing, China (2013-2017)
* Aim: to explore the effects of air pollutants on COPD

admissions in Beijing, China.

* Methods: 10 pg/m? increases in pollutants levels and
COPD admission.

* Results: Short-term exposures to PM2.5, PM10, NO2,
S0O2, and CO increased the COPD hospitalizations.

i . _ 47
D, Pin-Rouet T International Journal of COPD 2019:14 297-309
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had maximum cumulative lag effects
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Significant higher effects in the warm
season for PM, ., PM,,, SO, , and O,
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-PLOS | one
Association of time-serial changes in aml

particulate matters (PMs) with respirator
emergency cases in Taipei's Wenshan Di:

Jer-Hwa Chang''?, Shih-Chang Hsu®, Kuan-Jen Bai'?, Shau-Ku Huang*>-%7, Ch

Wang Hsu328*

e Aim: ambient PM2.5, NO2, SO2 and their association
with ERV for asthma, COPD and pneumonia in a four-

year time span.

 Methods:
— Daily 24-h average concentrations of PM2.5 and pollutant
gases (NO2, SO2 )were obtained from a local
Gutting airquality monitoring station (= % % /B|zt)

D, Din-Kaet PLoS One. 2017 Jul 21;12(7):e0181106.



ERVs for pneumonia and asthma were
associated with the level of PM2.5

(a) all three respiratory diseases ‘ (b) asthma
z S ST S I MY | ;}++{» l
S O | T | T | S I | I T
0 2 4 6 8 10 4 6 8 10
Lag Lag
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D, Din-Kaet PLoS One. 2017 Jul 21;12(7):e0181106.



Significantly increased risk of ERVs for
asthma in spring at lag days 0, 1 and 2

© _
© _
N 14 T4
N ! I
T o
: + |
2 ] [ R I [ | A 10 pg/m3 increase in PM2.5 during spring
o || o ERV: RR=1.471 at Lag day 1-2

| | I | | I -

0 2 4 6 8 10 | | | | ! |
Lag 0 2 4 6 8 10

Lag =) I

Dr. Pin-Ruet Fu

PLoS One. 2017 Jul 21;12(7):e0181106. =



Significantly increased risk of ERVs for
COPD in Summer at lag days 3,4,5 and 6

5

RR

1.0 1.5 20 25 3.0 3

. . 3%*++++++++¥
A 10 pg/m3 increase in PM2.5 during Summer o ]
ERV: RR=1.71 at Lag day 3-5 < ! ! ' I l
0 2 4 6 8 10
lago 2 4 6 8 10 Lag

: : 53
D, Din-Kaet PLoS One. 2017 Jul 21;12(7):e0181106.



ORIGINAL ARTICLE

Burden of disease attributable to ambie
fine particulate matter exposure in Tat

Wei-Cheng Lo -, Ruei-Hao Shie <*“, Chang-Chuan Chan ¢
Hsien-Ho Lin **

 Aim: quantified the burden of mortality attributable to
ambient fine particulate matter (PM2.5) among the
Taiwanese population in 2014.

e Results:

— |In 2014, PM, . accounted for 6282 deaths. Ischemic
heart disease (2244 deaths), stroke (2140 deaths), lung
cancer (1252 deaths) and COPD (645 deaths)

— Nationally, attributable mortality fraction of PM, . for the
four disease causes was 18.6% (95% Cl, 16.9-20.3%)

. . - 54
D, D~ Roei T J Formos Med Assoc. 2017 Jan;116(1):32-40.



Figure 2 Annual average of fine particulate
(ng/m?) by county, 2014.

Dr. Pin-Ruet Fu
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Effect of long-term exposure to fine particulate matte
lung function decline and risk of chronic obstructive
pulmonary disease in Taiwan: a longitudinal, cohort s

Cui Guo, Zilong Zhang, Alexis K H Lau, Chang Qing Lin, Yuan Chieh Chuang, Jimmy Chan, Wun Kai Jiang, Tony Tam, Eng-Kiong Y
Ta-Chien Chan, Ly-Yun Chang, Xiang Qian Lao

 Aim: long-term exposure to PM2-5 & lung function
decline in COPD in a large-scale longitudinal cohort.

e Methods:
— Enrolled 28,5046 participants, =220 years, Taiwan MJ Health
Management Institution (% 7V & & ¢ 72 § [¥])
— 2001 ~ 2014, spirometric tests confirmed COPD.

— Estimate the 2-year average ground concentration of PM2-5
at each participant’s address.

— the Generalised linear mixed model; the Cox proportional
hazard regression model.

Lancet Planet Health. 2018 Mar;2(3):e114-e125. 57
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The south-western areas were generally
the most heavily polluted in Taiwan
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Concentration-response curves between
PM2-5 and lun
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v’ Biomass fuel refers to any livir
and/or animal-based material 1
energy.

v’ Secondhand smoke refers to't
people breathe when they are
smoking.

v Chronic bronchitis refers to ct
for three months in each of tw:
patient in whom other causes «
excluded.

v’ Chronic obstructive pulmonal
emphysema and/or chronic bre

B( Action Plan

v’ Improving household air pollut
health and may even prevents
and lung disease in adults, and
children.

v Tell family, friends, healthcare
about the dangers of burning ii

v If you must burn fuel in your hc
air exchange (ventilation) poss
fuel you can get.

Healthcare Provider’s Contac

Resources

United States Environmental Protection Agency (EPA)
https://www.epa.gov/indoor-air-quality-iag/clean-cookstoves
https://www.epa.gov/indoor-air-quality-iag/improving-indoor-air-
quality

World Health Organization: Household (Indoor) Air Pollution
http://www.who.int/indoorair/en/

Global Alliance for Clean Cookstoves
http://cleancookstoves.org/

American Thoracic Society
www.thoracic.org/patients/

* COPD

 Prescription Medicines & OTC Medicines to Help You
Stop Smoking

e Second-and-Third Hand Smoke

This information is a public service of the American Thoracic Society.
The content is for educational purposes only. It should not be used as a
substitute for the medical advice of one’s health care provider.



Who gets sick because of indoor aii

People who have allergies and/or asthmj
experience symptoms related to indoor i
could potentially get sick or be affected 1
People with asthma may notice more asj
home if the home has a problem with air
also have some of these issues, as can of
and healthcare facilities. If the condition
make a person’s asthma symptoms worg
exacerbated asthma (WEA). See the ATSY
Series fact sheet on WEA at www.thorac

What are the symptoms caused by
Many symptoms may be associated with

problems, including

B Trouble breathing
Wheezing

|
B Coughing
B Runny/stuffy nose
|

Dry/itchy eyes

AlS Pa

Dr. Pin-Ruet Fu

What if | think there is a problem at my child’s school?

If you suspect that your child’s symptoms are related to indoor
air at school, you can start by discussing the issue with a teacher,
school nurse, or other parents, to find out if other children are
experiencing symptoms as well. You may also wish to speak with
your child’s healthcare provider. Tools for Schools provided by
the United States Environmental Protection Agency provides
information to improve the indoor air quality in schools (https://
www.epa.gov/iag-schools).

| am concerned about the air quality at my job—
what can 1 do?

If you have concerns about the indoor air quality at your
workplace, you should discuss this with your supervisor at work

For more information about workplace-related lung problems see
the American Thoracic Society information sheet on work-related

lung diseases (www.thoracic.org/patients).

A resource for more information about the indoor air environment
in the workplace can be found at the National Institute for
Occupational Safety and Health website for Indoor Environmental
Quality (https://www.cdc.gov/niosh/topics/indoorenv/default.
html).



PULMONARY PERSPECTI\

Air Pollution in the Asia-Pacific Region
A Joint Asian Pacific Society of Respirology/American Thoracic Society
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Take Home Messages

 Air pollution could be classified as:
— Indoor Air pollution; Ambient air pollution

* Pollutants could be classified as:
— Primary air pollutants: emitted directly from a source

— Secondary air pollutants: not directly emitted as such, but
forms when other pollutants (primary pollutants) react in the
atmosphere.

* Air pollution & Health Impact:
— significantly effect on Stroke, Ischemic Heart disease;
— Asthma, COPD, Lung cancer and Pneumonia.
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