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World Health
Organization

Rethinking Environment & Health

ACADEMIC DEFINITION

Environmental Health
Envi t
nVI ro n m e n "...identifying, evaluating, and managing environmental exposures that influence

IB i)z human health..."
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Environmental Lung Disease




ENVIRONMENTAL IMPACTS ON HEALTH

WHAT IS THE BIG PICTURE?

Total environment

i ‘ . 24%

o : of all estimated global deaths are linked to the environment
I Oofan i O

Ambient air pollution
global deaths are linked

to the environment. (2016) 4 2 . I I .
That's roughly 13.7 million deaths a year. b . m I I 0 n

deaths every year as a result of exposure to fine particulate

matter
4.1 million
inSouth ost Asi Resion
3.6 million Household air pollution

in Western Pacific Region

o L L
Bl 3.2 million
in Africa Region L]
1.4 million deaths every year as a result of exposure to indoor smoke from
: cooking fuels
1.1 million
in‘ihe Region ofthe

e Americas

984000
in Eastern




Prenatal exposure

TUGR, preterm birth, low birth weight,
reduced lung function and growth, asthma,
airway inflammation, respiratory infections

Epigenetics
DNA methylation loss, telomere reduction
Genes relted to oxidative stress, fetal growth,

‘mitochondrial function, inflammation
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Alveoli
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* Reduced lung function
and growth

Lung as the first and continuous
interface with the environment
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BRASILCOP3OAMAZONIA

COP30 OUTCOME: BELEM, BRAZIL (DEC 2025)

Global Goal on Adaptation (GGA):
A New Yardstick for Health Resilience

8 Specialized Health
Adopted Indicators

Tripling to [ Year «, Metrics Formally

2035)

| 8Global Health Adaptation Indicators

Climate-associated Mortality i Disease

Service Capacity Retention Facility Climate-Resilience

Maintaining full health service capacit
i following extreme clir

lated Morbidity Mental Health & Psychosocial

Essential Service Coverage Practitioner Capacity

Lancet Planet Health 2026;10: 101419
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Characteristics of Studies %

Key Features of Environmental Health Research in This Lecture

01 Large-Scale Epidemiological Studies
Population-based cohort studies using national health registries and longitudinal datasets.

02 Complex Statistical Methodology
Multi-level models, mediation analysis, and survival analysis for exposure-outcome research.

03 Multidisciplinary Collaboration
Partnerships with environmental scientists integrating exposure monitoring and health data.

04 Al & Machine Learning Approaches
ML algorithms for exposure prediction, pattern recognition, and data modeling.




THE LANCET
Planetary Health

Thisjoumal Joumnals  Publish  Clinical  Globalhealth  Multimedia  Events  About

FEATURE

“Our challenge now is to shift attention away from tinkering
within current systems to leveraging powerful systemic change

for a healthy people and planet.”

Aims and Scope
*The Lancet Planetary Health is the pre-eminent journal for enquiry into sustainable human civilisations in the Anthropocene.
*Particularly favour work contributing to a safe and just space for humanity, respecting planetary boundaries and the social and
economic foundations of a healthy life.
«Interested in all aspects of societal development and its interaction with the environment — including drivers of change,

implications for people, and policies for a healthier planetary future.
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x

environmental

Environmental Research 14.7 77

Supports open access « Open archive Citescore Impact Factor

Aim and Scope

*Covers human health and wellbeing effects of environmental factors, mainly based on observational or experimental
epidemiological studies on human participants.

*Ambient and indoor air, water, soil, noise, light at night, and radiation pollution

*Organic and inorganic chemicals (e.g. endocrine disruptors, pesticides, metals etc.)

*Natural environments (e.g. green, blue, and brown spaces), biodiversity, and urban design/planning
Climate change and associated conditions (e.g. extreme weather), occupational exposures

«Also of interest: novel methods for the assessment of human exposure to environmental factors

m FUToIYn
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Key Domains of Exposure

Categories, Concepts, and Specific Examples

01 Climate Change & Extreme Events (Climate related Hazards)
Amplifiers of exposure intensity, frequency, and biological risks
Wildfire Smoke * Heatwaves ¢ Asian Dust  Flood-related Microbials

02 Physical & Chemical Pollutants (Air Pollution)
Traditional indicators of anthropogenic environmental pollution
PM2.5 / PM10 » SO2 / NOx ® Heavy Metals ¢ Ozone (03)

03 Occupational & Build Environment
Micro-environments and specific workplace settings
silica / Asbestos  Indoor Air Quality * Radon / VOCs

04 Natural Environment & Ecosystems

Protective factors and biogenic respiratory stressors
Green Spaces ¢ Pollen ® Mold / Fungi




Climate Change é
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{ Vulnerability factors
* Demographic
* Geographical
* Biological factors & health status
* Sociopolitical
* Socioeconomic
* Health system capacity
* Gender & equity

Climate-related hazards
 Extreme weather events
* Heat

 Sea level rise

* Air pollution

* Vector distribution & ecology
* Water scarcity

* Reduced food production

+

Exposure

* People & communities

* Health workforce

* Infrastructure

* Energy systems

* Water systems

* Food systems

* Health systems )

e
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Health outcomes

e e O

Injury and mortality ~ Heat-related | Respiratory JWat Zoonoses Vector-b Malnutrition i
from extreme. fliness finess  [pnd other water-related diseases  andfood-borne  diseases (NCDs)
weather events health impacts. diseases.

Health systems
& facilities
Mental and Impacts on Effects on
psychosocial health care health systems
health facilities



Cause of Climate Change

Global warming relative to 1850-1900 (C)

Atmospheric Carbon Dioxide Ct i and Antarctic

Current

= Atmospheric CO,
concentration

Observed monthly global
mean surface temperature

Estimated anthropogenic
warming to date and

N oA (WA
I\ ",,l‘ LAV

10

g~ 4 ™ Antarctic likely range
28 o] temperature A ) A v ¥R
g - g N y Likely range of modeled responses to stylized pathways
% < -4 1! v [ Global COz emissions reach net zero in 2055 while net
35 -8 N NV non-CO:z radiative forcing is reduced after 2030 (grey in b, ¢ &d)
12 : 0s . = .
x > [ Faster COz reductions (blue in b &c) result in a higher
800 600 400 200 0 probability of limiting warming to 1.5°C

— [INo reduction of net non-C0: radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C

Years ago (in thousands)

+  Changes in the Earth’s Orbit and Rotation

+  Variations in Solar Activity o L
«  Changes in the Earth's Reflectivity 1960
+  Volcanic Activity

+ Changes in Carbon Dioxide Concentrations

2000 2020

National Academy of Sciences (2020) n United States
Leung et al., 2023, Fifth National Climate Assessment, authoritative for Earth system processes. \" EPA invironmental Protection
gency




Global assessment of population exposure to multiple
climate-related hazards from 2003 to 2021: a retrospective

analysis

Zélie Stalhandske, Marleen C de Ruiter, Jonathan Chambers, Sandra Zimmermann, Felipe  Colén-Gonzlez, Nivedita Sairam, David N Bresch, m

Chahan M Kropf

1 Unaffected

W Exposed to heatwaves

B Exposed to iver flood

3 Exposed to tropical cydone:

3 Exposed to tropical cyclone and heatwave

I Exposed to river flood and heatwave:

3 Exposed totropical cydlone, river flood, and heatwave:

B[] (W
"

41
IRE L

River floods
& |

Tropical yclones.

+ Study Population

Global gridded population data (WorldPop, 2003-2021)

Vulnerable age groups (<5 and >65 years).
+ Exposure
Monthly co-occurrence of 6 climate hazards

Hazard combinations

HWTC  REEP o EFHW o REEP-HW o TC o EP
S REHW o HW o EPTC o EP-HW-TC

2
5

Population exposed (i

Population exposed (m

3000 [ Constant population (2003 levels)
B With population growth

N
S
8
s
1

"
5
3
3
L

o
T

[ Constant population (2003 levels)
B With population growth

ot

Driver: Heatwaves

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
rYag Time
o[0] [W]s :
v 268km Increase in per-person
e | & Hazard exposure to 3+
8 m m‘ zarcs simultaneous hazards
Wildire PM, , exposure — Heatwave exposure between 2003-12 and
— Drought exposure — Tropical cyclone exposure 2012-21
— Extreme precipitation exposure River flood exposure -
Lancet Planet Health 2025; 9: 101295 [
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Climate Change (Global Warming) Ambient air pollution

« Strong winds 4 ——
* Relative humidity § .

« Ambient temperature 4 R, ¢

« Fuel Aridity 4

« Fuel Load (Biomass)t

Large-scale wildfire ¢

(e.g. 2025 Los Angeles) '

Respiratory health impacts

% Short term

1 eeer v * Acute Exacerbations of ...
Wildfire Smoke aeL COPD, Asthma, Pneumonia

o
L}
o * Mortality 4
« Healthcare Utilization 4

AirF During Wildfi — Long term
Particulate Matter (PM2s, PMio) el Development;. progressign of COPD
Carbon Monoxide (CO) * Lung cancer risk & mortality

Nitric Oxides (NOx)

Ozone (Os) ‘

* Volatile Organic Compounds (VOCs)
« Carci i F Morbidity, Mortality, f
+ Trace metals (Lead, Mercury) Socio-economic costs

Wildfire Exposure and Respiratory Health: A Comprehensive Review of Emerging Evidence, TRD, 2025 ZOH S
N Engl J Med, 2020;383:2173-2181 c CHONG-ANG INVERSITY SPITAL
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Research Assessing the Impact of Wildfire Smoke Exposure on Asthma-Related Healthcare Utilization

Author

Year

Wildfire Location

Asthma related Emergency Department Visit (EDV)

Rappold et al.
Resnick et al.
Haikerwal et al.
Alman et al.
Reid et al.
Parthum et al.
Hutchinson et al.
Borchers Arriagada et al.
Malig et al.
Tornevi et al.
Heaney et al.
Duncan et al.
Chen et al.
Schweizer et al.
Doubleday et al.

Asthma related Hospital admission

Morgan et al.

Kollanus et al.

Reid et al.

Gan et al.

Borchers Arriagada et al.
Malig et al.

Magzamen et al.

2015
2015
2016
2016
2017
2018
2019
2021

2010
2016
2016
2017
2019
2021
2021

North Carolina, USA
New Mexico, USA
Victoria, Australia
Colorado, USA
California, USA
Virginia, USA
California, USA
Meta-analysis
California, USA
Jamtland Harjedalen Region, Sweden
California, USA
North Carolina, USA
California, USA
California, USA
Washington, USA

Sydney, Australia
Helsinki, Finland
California, USA
Washington, USA
Meta-analysis
California, USA
Colorado, USA

Study Participants

Records of 111 of 114 North Carolina EDs

0.55 million population

5.1 million population

10,699 ED records

12.7 million population

2 million population

176,851 healthcare utilized population
20 Studies (Meta-analysis)

Bay Area population

130,000 population

Total population of California
12,483 ED records

17,847,917 population

Total population of California
1,864,470 non-traumatic ED visits

3.5 million population of Sydney

1 million population of Helsinki

12.7 million population of California
26,835 admissions

20 Studies (Meta-analysis)

Bay Area population of San Francisco
46,585 admissions of Colorado

Main Result (OR/RR, 95%Cl) for each

outcome

1.65 (1.25-2.10) (RR)
1.08 (0.91-1.29) (RR
1.02 (1.00-1.04) (RR
1.04 (1.02-1.06) (OR)
1.06 (1.05-1.07) (RR
1.65 (1.25-2.17) (RR)
2.12 (1.57-2.86) (RR
1.07 (1.04-1.09) (RR)
1.56 (1.49-1.64) (RR

(

(

(

1.68 (1.09-2.57) (RR
1.10 (1.02-1.19) (RR

1.10 (1.06-1.14) (OR;
1.57 (1.45-1.71) (RR)
1.38 (1.21-1.57) (OR
1.13 (1.10-1.17) (OR;

1.05 (1.02-1.08) (RR)
1.16 (0.98-1.37) (RR)
1.07 (1.05-1.10) (RR)
1.07 (1.02-1.14) (OR)
1.06 (1.02-1.09) (RR)
1.22 (1.06-1.40) (RR)
1.46 (1.09-1.94) (OR)

(
(

(
(

Wildfire Exposure and Respiratory Health: A Comprel

Review of

Evidence, TRD, 2025

B Foran
c# CHUNG-ANG UNIVERSITY NOSPITAL



Research Assessing the Impact of Wildfire Smoke Exposure on COPD-Related Healthcare Utilization

Main Result (OR/RR, 95%Cl) for
each outcome

Author Year Wildfire Location Study Participants

COPD related Emergency Department Visit (EDV)
Records of 111 of 114 civilian North

Rappold et al. 2011 North Carolina, USA Carolina EDs 1.73 (1.06-2.83) (RR)
Alman et al. 2016 Colorado, USA 10,699 ED records 1.05 (1.02-1.08) (OR)
Reid et al. 2016 California, USA 12.7 million population 1.02 (1.01-1.04) (RR)
Parthum et al. 2017 Virginia, USA 2 million population 1.73 (1.06-2.83) (RR)
Duncan et al. 2023 North Carolina, USA 12,483 ED records 2.93 (1.59-5.41) (OR)

COPD related Hospital admission

Morgan et al. 2010 Sydney, Australia 3.5 million population 1.04 (1.01-1.06) (RR)

Gan et al. 2017 Washington, USA 26835 cardiopulmonary hospital 1.08 (1.03-1.15) (OR)
admissions

Magzamen et al. 2021 Colorado, USA 46,585 hospital admissions 1.15 (1.00-1.31) (OR)

Wildfire Exposure and Respiratory Health: A Comprel ive Review of ing Evidence, TRD, 2025 IE] P L L
cﬁ CHUNG-ANG UNIVERSITY NOSPITAL



Characteristics of Wildfire PM

Source Wildfire PM results from combustion of biomass
I,
. . Smaller than PM from urban sources :, ‘
Particle Size K . " X .
—Higher proportion of Fine/Ultrafine PM (PM2.s and PM1 in PM10) .

Exposure «Contributing factor on 20% of the days PM2.s exceeded standard (35 pg/m?)
P +2019-2020 Australian wildfire: daily PM2.s reached 600 pg/m?

Pattern L . s .

*Episodic exposure — high-intensity peaks with low background levels

Duing Firo  Afsrfire  Ahamiotal, Fino etal, 2004
2008

*More oxidative components (oxygenated PAHs, quinones, heavy metals)
*More proinflammatory components (aldehydes, oxides of nitrogen)
Toxic Effects  |*Greater oxidative potential %

b PAHs

[ During Fr 5 Afer Fire @ Arhami ot 12008

*Wildfire PM in urban areas: toxic effects 5X greater than urban PM L Ih I [EI]
*High temperatures and oxidant gases amplify health risks ';E"i ey
298018
£i37 22
R

Sci Total Environ 2010;408:644-651 Bl ooty
Sci Total Environ 2017;603-604:268-278 CAYE " Qi



Quantifying the short-term mortality effects of wildfire smoke % ® @ 32European Countries

654 Contiguous Subnational Regions

in Europe: a multicountry epidemiological study in <. 541Million People
5 o =X\ Representative Population (Urban & Rural)
654 contiguous regions A
B i e & 2004-2022Data
Anna Alari, Joan Ballester, Carles Milé, Tarik Benmarhnia, Mikhail Sofiev, Andreas Uppstu, Risto Hainninen, Cathryn Tonne @ Greece 18-year Retrospective Analysis
© Serbia
Mortality associated Fire-related PM, ¢ Non-fire-related PM, 5 +;ZT;:.;H
A & 2102 Cechia
" ” z Poland adgat
T — - T— £ Fomaria mg%éy
Som D D Sl S e gt ¥ o R
e : Hungay it
- = m Austria
z & Belgium =
& 101 o switzerland LS
Luxembourg s
i o
o ihoria p %&u =" . Concion-069
S St
* Sweden b G ks i * +
FUK = I—— =+ -
3%
I : A A
[—
Pooled Cumulative Relative Risks (RRs) per 1 pg/m? increase in fire-related PM2.5
" ; JR— [ro—
] = — — — 1.007 1.009 1.013
098 100 102 104 95% 004-1.010 85% CI- 1.006 - 1.013 95

5% CI: 1,008 ~1.019
RRfor 1 ug/m? increase in ire-related PM,,

103

l:llls mllllllml nn&'ﬁ
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ORIGINAL ARTICL|

Differential Effects of Wildfire Smoke Fine Particulate Matter
Exposure on Respiratory Disease Emergency Department Visits
in the Western United States

Wenhao Wang', Linzi L, Qingyang Zhu', Rohan Richard D'Souza®, Danlu Zhang”, Haisu Zhang',
Stefanie Ebelt', Howard H. Chang®, ‘Alvaro Alonso2 and Yang Liu

+  Study Design: Time-stratified case-crossover design.

«  Study Population: 6 million respiratory ED visits 5 Western US states (2007-2018).
+  Exposure: Daily wildfire-specific vs. non-smoke PM2.5, machine learning at a 1-km resolution.

+  Outcome: ED visits for asthma, bronchitis, COPD, URI, and total respiratory diseases.

+  Statistics: Conditional logistic regression estimating ORs, adjusting for meteorology and holidays

Rollins School of Public Health, Emory University, Aﬂama‘ Con

ORCID IDs: ) L) ) )
0000-0002:7171-6167 (H.2.):0000-0003-4713-2337 (S.E.

Smoke and N PM, s and C: y ED Visits
1 Total Respiratory Disease Asthma - Smoke { 1.0155 (1.0147-1.0164) ——
110 Asthma - Non Smoke { 1.0022 (1.0008-1.0037) ——
108 Bronchitis - Smoke | 1.0017 (0.9999-1.0035) ——
g
106 Bronchitis - Non Smoke { 1.0049 (1.0024-1.0074) _
3
g COPD - Smoke { 1.0042 (1.0031-1.0054) —_—
<]
1oz COPD - Non Smoke { 1.0051 (1.0028-1.0075) [
L URI - Smoke { 1.0009 (1.0003-1.0014) —
o URI - Non Smoke { 0.9999 (0.9991-1.0007) — Outcomes
750000 ® :5""“:
= Bronchitis
8 500000 Total Respiratory - Smoke { 1.0039 (1.0035-1.0043) == % oo
E 250000 4 URI
] Total Respiratory - Non Smoke { 1.0012 (1.0006-1.0018) —i— v Total Respiratory
0.0 25 5.0 7.5 100 125 150 175
Smoke PM, 5 Concentration 0990 0995 1.000 1.005 1.010 1015 1.020
OR (Odds Ratio)

Am J Respir Crit Care Med. 2025 Nov;211(11):2086—2095

¢,

S
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Human Sputum Microbiome Composition and Sputum Inflammatory
Cell Profiles Are Altered with Controlled Wood Smoke Exposure as a

« Study Design: Controlled human exposure study with longitudinal sampling.
- Study Population: 54 healthy, non-smoking adult volunteers.
« Exposure: 2hr exposure to wood smoke (500ug/m3) with exercise.

Model for Wildfire Smoke « Outcome
Catalina Cobos-Uribe', Radhika Dhingra’, Martha A. Almond, Neil . Alexis®*, David B. Peden®, * Sputum microbiome composition (16S rRNA sequencing) and inflammatory cell
Jeffrey Roach®, and Meghan E. Rebuli" profiles (macrophages, neutrophils) at baseline, 6h, and 24h post-exposure.

ICurriculum in Toxicology & Medicine, % Engineering Department, Gillings School of Giobal
Public Health, “Center for Environmental Medicine, Asthma, and Lung Biology, “Department of Pediatrics, and "UNC Microbiome Core,
University of North Carolina at Chapel Hill Chapel Hill, North Carolina.

ORCI 1-0780(C.C.-U.); RD): 7-8269 (NEA); (DBP).
0000-0001-9817-5877 (J.R.); 0000-0003-1918-2257 (ME R.).

A o8 a4 02 o0 o2 B 08 04 02 00 02 04
A [ i
Fretibacterium 15008 Unclassified Fretibacterium 78008
R Unclassified Parvimonas ~ —— aome
3
i Porphyromonas catoniae = ———— oon
Haemophilus influenzae-Age  —— aomer
Neisseria cinerea ~ —— aown
c
Alloprevotella sp. HMT 308 - Age - Qo0m0s.
% Selenomonas sp. HMT 478 NI
H )
Unclassified Selenomonas [ —
Selenomonas —e— oomon Haemophilus influenzae —— s
o6 o4 02 oo oz a5 e 02 00 0z 04

Am J Respir Crit Care Med. 2025 Nov;211(11):2060-2071 SR |
16-ANG UNIVERSITY HOSP
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GeoHealth

RESEARCH ARTICLE
10.1029/2025GH001332

Min-Tack Lee and Hoyoung Cha
contributed equally to this work.

Key Points:

Even short-term exposure to small
wildfires significantly increase the risk
of healtheare utilization for respiratory
diseases

Exposure to wildfire smoke had
immediate and delayed effects on the
respiratory diseases healthcare
utilization

Impact of Wildfire Smoke on Respiratory Disease Associated
Healthcare Utilization in Gang-Won Province, South Korea,
in 2017

Min-Taek Lee', Hoyoung Cha®, Ju Won Lee'?, Jongjin Baik®, Hae In Jung™®, Kyoung Min Moon™®,
Changhyun Jun®, Sun-Young Jung'?, and Kang-Mo Gu®>%’

!College of Pharmacy, Chung-Ang University, Seoul, Korea, *Department of Global Innovative Drugs, The Graduate
School of Chung-Ang University, Seoul, Korea, *Department of Civil, Environmental and Architectural Engineering,
Korea University, Seoul, Korea, *School of Civil, Environmental and Architectural Engineering, Korea University, Seoul,
Korea, *Department of Internal Medicine, College of Medicine, Chung-Ang University, Seoul, South Korea, *Department
of Internal Medicine, Division of Pulmonary and Allergy Medicine, Chung-Ang University Hospital, Seoul, Korea,
"Biomedical Research Institute, Chung-Ang University Hospital, Seoul, South Korea

; g™ Sy
c CHUNG-ANG DMIVERSITY WOSPS



Methods - Study Area & Period

* Gangwon Province Overview ‘
81.5% forest coverage
Structure vulnerable to wildfires

(uosow 5°0) GOV

00

« Wildfire Incident area (A.O.D.)
May 6-9, 2017 in Samcheok and Donghae (764Ha)

¢ Study Period
*  Pre-wildfire: April 22 — May 5, 2017
*  Wildfire: May 6 -9, 2017
* Post-wildfire: Inmediate and extended (2-week)

4.22.~5.5. (14 days) | 5.6.~5.9 | 5.10.~5.23. (14 days) | 5.24.~6.6. (14 days)

70°
1286° 1288° 1200° 1202° 129.4°

Pre-wildfire Period | During diate Post- ded Post-wildfire
(Control) Wildfire | wildfire Period Period Wildfire-exposed areas
(a) Locations of ignition of AQMs, Weather Station, and Affected Areas from the May 6, 2017, wildfire

V / (b) divisions of Gangwon-d (directly-exposed area), Donghae (indirectly-exposed area)

A" BRI
CHUNG-ANG DMIVERSITY NOSPLEN




Relative Risk of Respiratory Disease healthcare utilization by Region

20

o

RR (95% CI)

=)

0.5

.

.

(a) Samcheok (Direct exposed area)

X

W] [IP] [EP]
Wildfire Period

During the wildfire period - the direct-exposure area 81% increase RR (RR = 1.81, 95% Cl 1.67-1.96) vs 6%

Age Group 2017 [W] 2017 [IP] 2017 [EP]
(year) RR (95% CI) RR (95% Cl) RR (95% CI)
I Direct Exposure Area (Sameheok) All age 1.81(1.67-1.96 0.77(0.75-0.80) 1.26(1.20-1.33)
Indirect Exposure Area (Donghae) 220 1 = 0.76(0.74-0.79) 1.23(1.17-1.29)
0-9 F3 0.83(0.80-0.86) 1.44(1.37-1.52)
10-19 1.23(1.13-1.33) 0.71(0.69-0.74) 1.09(1.03-1.15)
20-65 1.90(1.76-2.06) 0.80(0.77-0.82) 1.19(1.13-1.25)
>65 1.76(1.61-1.93) 0.71(0.68-0.73) FEYZEL KT

(b) Donghae (Indirect exposed area)

Age Group 2017 (W] 2017 [IP] 2017 [EP]
(year) RR (95% CI) RR (95% CI) RR (95% CI)
All age 1.06(1.01-1.12) 0.66(0.64-0.68) 1.16(1.11-1.21)
= 20 1.21(1.14-1.27) 064(0.62-0.66) 1.08(1.03-1.12)
0-9 0.71(0.67-075) 0.71(0.69-0.74) 1.57(1.51-1.64)
10-19 1.08(1.02-1.13) 0.66(0.64-0.68) 0.96(0.92-1.00)
20-65 1.13(1.08-1.19) 067(0.66-0.69) 1.07(1.03-1.11)
>65 1.40(1.31-1.49) 059(0.57-061) 1.07(1.02-1.12)

During the extended post-wildfire period, the direct-exposure area an 26% increase in the RR vs. 16%

fgm SUTorEA
cﬁ CHUNG-ANG UNIVERSITY NOSPHAD



Relative Risk Ratio of Respiratory Disease healthcare utilization by Region

(a) Samcheok (Direct exposed area)

Age Group| 2017 (W] 2017 [IP] 2017 [EP] 2017/2018 (W1 l| 2017/2018 [IP] || 2017/2018 [EP]
(year) RR (95% CI) RR (95% CI) RR(95% Cl) | RRR(95% ci) | RRR(95% CI) | RRR (95% CI)

L R R

[os Frmao [omasom | o oz iso] s o | e

>65 1.76(1.61-1.93) | 0.71(0.68-0.73) | 1.24(1.17-1.31)f§ 1.22(1.07-1.39) @ 0.94(0.87-1.01) § 1.67(1.52-1.83)

(b) Donghae (Indirect exposed area)

Age Group| 2017 (W] 2017 [IP) 2017 [EP] | 2017/2018 (w] | 2017/2018 [1P] | 2017/2018 [EP]
(year) RR (95% CI) RR (95% CI) RR (95% Cl) | RRR(95% Cl) | RRR(95% CI) | RRR (95% CI)

All age | 1.06(1.01-1.12) | 0.66(0.64-0.68) | 1.16(1.11-1.21) | 048(0.45-0.52) | 051(0.48-053) | 081(0.77-0.86)
220 | 1.21(1.14-1.27) | 064(062-066) | 1.08(1.03-1.12) | 053(0.50-0.58) | 0.48(045-0.50) | 0.74(070-0.78)
0-9 0.71(067-075) | 071(0.69-0.74) | 1.57(1.51-1.64) | 0.31(029-0.33) | 055(052-058) | 1.09(1.03-1.16)
10-19 | 108(1.02-113) | 066(0.64-0.68) | 0.96(092-1.00) | 0.75(0.70-0.80) | 0.59(057-062) | 0.90(0.85-096)
20-65 | 1.13(1.08-1.19) | 0.67(066-0.69) | 1.07(1.03-1.11) | 055(0.51-059) | 053(0.50-055) | 0.80(0.76-0.85)
>65 1.40(131-1.49) | 059(057-061) | 1.07(1.02-1.12) | 052(0.48-0.57) | 0.42(040-0.44) | 0.63(059-0.68)

* In the direct-exposure area, the RRRs during the wildfire (RRR = 1.30, 95% Cl 1.15-1.45) and

extended post-wildfire (RRR = 1.75, 95% Cl 1.61-1.91) periods were significantly elevated. Fosryorael
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Air pollution and COPD: GOLD 2023 committee report

Don D. Sin?, Dany Doiron?, Alvar Agusti®, Antonio Anzueto®, Peter J. Barnes®, Bartolome R. Celli ©%,
Gerard J. Criner’, David Halpin®, MeiLan K. Han’, Fernando J. Martinez'°, Maria Montes de Oca'?,
Alberto Papi ©'2, lan Pavord™, Nicolas Roche ©“, Dave Singh®®, Robert Stockley™®,

M. Victorina Lopez Varlera'’, Jadwiga Wedzicha®, Claus Vogelmeier'® and Jean Bourbeau © on behalf of
the GOLD Scientific Committee

BOX 1 Impact of ambient air pollution on respiratory health in patients living with COPD: key messages

» Wildfires and extreme weather events such as heat waves are major threats to COPD patients, and acutely

increase their risk of morbidity and mortality [46]

» Over the next 30 years, the number of persons dying from air pollution exposure is expected to increase by

100-300% owing to climate change [44]

European Respiratory Journal 2023 61(5): 2202469
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Respiratory Impacts of Flooding

DIRECT EXPOSURE & INDIRECT SYSTEMIC RISKS

5> Direct Respiratory Effects &5 Indirect Systemic Effects

Contaminated Exposure
« Toxicants: Exposure to pesticides and drug-resistant
pathogens in floodwater.

« Aerosolization: Drying sediments turn into toxic dust that
residents inhale.

« Cleanup Risk: High intensity exposure during cleaning and
sediment removal.

b Clinical Link: Urban flooding is directly associated with
increased ARls.

Lancet Respir Med 2023; 11: 963-64

Infrastructure & Housing

Care Disruption: Damaged clinics and interrupted
vaccination/chronic care programs.

Housing Compromise: Overcrowding and poor ventilation
in water-damaged homes.

Transmission: Facilitated spread of viral infections due to
displacement.

o Management vulnerability persists months after water
recedes.

w
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Post-Flood Mould Exposure

A CRITICAL BUT UNDERSTUDIED RESPIRATORY THREAT

Stage 1
Floodwaters subside, leaving saturated
materials.

Stage 2
“ Persistent damp indoor micro-
environments.

Stage 3
Rapid and massive proliferation of fungal

spores.

- Duration: Few weeks to months

Lancet Respir Med 2023; 11: 963-64

B Associated Respiratory Spectrum
[ Asthma Onset/Exacerbation [

[ Aspergillosis (Infectious) [

Bronchitis & Chronic Cough

Allergic Rhinitis

[ At itivity vitis ( /

HIGH-RISK GROUPS

Children & i o\

Research Gap: Strong biological
plausibility exists, but longitudinal

research is currently
fimited.



Severe flooding and cause-specific hospitalisation among
older adults in the USA: a retrospective matched cohort
analysis

Sarika AgganwalJi K Ho, Jonathan A Sullvan, Robbie M Parks, Rachel C Nethery m

Study Design: Retrospective matched cohort analysis

Study Population
+ 4.5 million hospitalizations of Medicare 265 US (2000-2016)

Exposure

+ 72 major floods, Flood map(Satellite), Lag 4 week (12wk Extended)

« Z2 ZIP codeE flood A|7|2t non-flood A|7| 2 H|@8}H= self-matched design
Outcome

+ Hospitalization rates in 13 exclusive disease categories (Including Respiratory)

Statistics
« Conditional quasi-Poisson distributed lag models comparing flooded days (+4
weeks lag) to self-matched, non-flooded control days.

i italization Rate

(Mean % Change)

+31% +2.5% +1.3% +11%

INJURES

Peak musculoskeletal risk (+5.6%) observed at 4-week lag, likely due to cleanup-related strain or delayed
care.

Lag (weeks after exposure)

0 —

1 —_— O H

2 —O0— :

3 — o

4 [— S

s ~ o0—

5 ——0—

7 —0—

8 . —0—

5 P —o0—
0 : —0—
1 L ——

2 I —o0—

In our secondary analysis with an extended lag period of
12 weeks, we observed increased rates of hospitalisation for

respiratory system diseases during the later lag weeks

(ie, weeks 8-12) with a peak increase during lag week
10 (4-1% [95% CI 2:7-5-5]). Other causes of hospitalisation

exhibited patterns consistent with the primary analysis

Lancet Planet Health 2025; 9: 101268

mmullil

xol
cﬁi cmmmmmmmﬁﬁ



Air Pollution

Outdoor & Indoor Air Quality




Long-term exposure to low ambient air pollution \@ A
concentrations and mortality among 28 million people:
results from seven large European cohorts within the
ELAPSE project

145  WHO02005; :USEnvironmental :EU limit
guideline value!  Protection |

BertBrunckeef ek, Nicole A janssen”

! ! Agencystandard !
e OfelfeChen, MateoRensi 03] 3 . f
et ot i orgn s Gl s, e oy el 13 - '
John Guliver,Ole Hertl, Barbara Hoffmann, Ulla A Hvidteld,Kar-Heinz Jockel,Jeanete T ergensen, Kiea Katsouyanni, Matthias Ketzel, - '
DorisToveKrstoferen, Anton Loges Kan Leaner,ShuoLi Peter S iungran, Gl Nagel,Gora Peshagen Annete Pt i :
Ok Raaichow ek, ebraRest,Sar Schramm, P Schwrz G Sver, b Sasgnd, Mok Sk, i NO "SAFE" LEVEL EXISTS
WonneTvan der. athrinWolfEnanuel it Evangel Samol . 124 I 4

Significant mortality associations
persist at concentrations well

28,153,138 258 Million below current WHO (5 pug/m?)

TOTAL PARTICIPANTS PERSON-YEARS and EU (25 p.g/m3) Iimits for PMz 5
100m? 07

SPATIAL RESOLUTION INTEGRATED COHORTS

BOX 1 Impact of ambient air pollution on respirato

= There are no “safe” levels of ambient air pollution [41, 106]
= The relationship between air pollution levels and respiratory events is supra-linear [106]

Lancet Planet Health 2022; 6: €9-18 (-
European Respiratory Journal 2023 61(5): 2202469 cﬁlb ﬁlﬁmlﬁ'ﬂ:‘i?



Long-term exposure to PM, s constituents and incident cancer %, @ *  Study Design: National cohort study.
«  Study Population: 15M (aged >65 years), 2000 and 2018.

among Medicare beneficiaries in the USA: a national cohort +  Exposure: 3-year average 15 PM2.5, ZIP code (machine learning models)
+  Outcome: Incident lung, colorectal, prostate, breast, and endometrial

study
cancers.
Yijing Feng, Tigfan Ji, Yaguang Wei, Kyle Steenland, oel Schwartz m
Lung cancer Lung cancer :
. 1 Q) Public Health Impact
v Biomass | 4
Ni - s
50 zj—i[ 1 "Reducing PMz.s by just 1 pg/m? across the USA

el Coalieambusfiany > can prevent 2,300 new lung cancer cases

Fe ] P 2 g

| N annually."
§ K _: Crustal ——
2 EC 1
£ a] Fuel oi - 22 Health Disparities
Y, NO,- =

2 s

= n| Metal industry - © Higher risk in individuals aged 75+

Br .

= .
s 1 Motor vehidle traffic i Pronounced vulnerability in Males
[ | i * So romic gap ( licaid-eligible )
Nﬁé a Regionally transported particles .
! T T T 1 T T T T 1 CONCLUSION
0 01 02 03 04 08 2 16 2:0 2:4
y must ition from Total Mass to

. 2 " [ Highest Risk Sources
® The Primary Driver: Vanadium (V)

Vanadium contributes 31.3% of the total mixture effect, FUEL OIL COAL
followed by Nickel (9.3%). 1.141 HR 1.069 HR
—
Lancet Planet Health 2025; 9: 101334 (-
BorjotHal
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Effects of PM, . and particle

constituents on overall,
cardiovascular, and respiratory

PM2.5 (ug/m’) | 26.02.

I"t I't 8 S I lons (jug/m*)
mortality in S5eou oF Twnn [ore D
Oh Beom Kwon, Eun Ju Lee?, Myoung Nam Lim?, Young Ji Han?, Jun Young Ahn*, NO; il b i
Hye Jung Shin*, Jung Min Park®, Jeeyoung Kim? & Woo Jin Kim¥5=! (25 Q282031 035
N 0072009 o6 o0
i smaza (=30 300
Total Cardiovascular Respiraton = T —— o
PM.s PMas PMas PMas Mg 0012002 0-021 0.004
o Ca®* 0.06+0.08 0-0.58 0.09
X Carbon
I oc [wee [owis [z
RSN e S e S RN S I I i [Toeross  Jomsiot [o0
s 2711.7122057.66 | 4574-1603250 572
’ ' K 239.65£195.24 7.68-2287.96 212.04
! ‘Ixu Munl‘ ! ‘n.u mmx)v ‘x.) m-,m‘ Ca 68.78+75.72 0-1104.97 48.08
T 10632008 00813787 708
Total Cardiovascular Respiratory v 302425 i 0
s s s 5 1262090 =20 105
Ma o781 [0035610 [0
Fe 19973212929 |96k 16218 55
1 R R i I { { { I G o o
i3 1 1 Zn 08125870 [
* [E5) 6
s 1062106 (=25 115
:lu u-un‘ t e vd-nyy ™ ("-ny o Cai o) -3 62
Pb 182841223 0.03-89.32 15.51

Scientific Reports. 2026;16:2984.
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Mortality and long-term exposure to source-specific PM,.5:

evidence from a national cohort study in China

Xia Meng?, Yuchang Zhou?, Su Shi*, Shuxiao Wang, Maryam Zaid, Hongliang Zhangt, Jianlin Hu, Gang Li, Haidong Kan, Maigeng Zhout

2010-11 of the China Chronic Disease and Risk Factors Surveillance (CCDRFS) project

N=96,955 (>18yr, ~2020.12.31.)

High-resolution machine-learning-based (Random Forest) and
CMAQ-derived source-specific PM2.5

Outcome Definitions
Total non-accidental mortality ICD-10: AOO-R99
Respiratory Disease Mortality: J00-J99
Lung cancer mortality: C34

Model: Cox proportional hazards model

HR

Transportation

6 8 10

024
A Total non-accidental causes 044
120+
115
0 2 4
1104
)
1os] l { 1 { Concentration (g/m?)
1 T
0951y T I 1
B
1204
1154
1104
205 I
! 1
C Lung cancer
150+
15 I ] { I { {
o751 } .
Toulei,, ndusty ey Torsporation | Resdentl Agiciture Other

Lancet Planet Health 2026; 10: 101400
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Zero-emissions vehicle adoption and satellite-measured NO, *, ®
air pollution in California, USA, from 2019 to 2023: a ’
longitudinal observational study

s ww  wm wm mm

+  Study Design

.Y ongitudinal observational study A Primary and sensitivity analyses, 2019-23 TROPOMI NO, and ZEVs

+  Natural experiment of the electric vehicle transition

Unadjusted ——
+  Study Population
« 1,687 ZIP code tabulation areas (ZCTAs), California (2019-2023) Adjyear - —_—
*  Exposure " o p— o
+  Within-ZCTA changes in the annual number of registered light-duty zero-emissions Adjyear+covariates 1 .10 /0
vehicles (ZEVs) DECREASE IN
Adjyear + covariates + ICEV —

*  Outcome
+  Annual mean tropospheric NO2 measured by the TROPOMI satellite instrument Adjyear +covariates |
(excluding 2020)

+  Statistics Adjyear +covariates |

«  Longitudinal linear mixed-effects models with ZCTA-level random intercepts {excluding o <500) ——

(population size, socioeconomic status, fuel prices, telecommuting patterns) T T T
«  ZEV counts were group-mean centered to isolate within-ZCTA effects -15 -10 -05 0
Percentage difference in NO, per 200 ZEVs

« ZEV Adoption and NO: Reduction
+ From 2019 to 2023 in California increases in registered light-duty zero-emissions vehicles
* An increase of 200 zero-emissions vehicles corresponded to an approximately 1.1% decrease in NO2

Lancet Planet Health 2026;10: 101379 n
¢ “}a Fojory
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Europe can regain global EV leadership, if it maintains 2035
ambition

BEV sales share
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Residential Radon Exposure and Cigarette Smoking
in Association with Lung Cancer: A Matched
Case-Control Study in Korea

firbey

Eung Joo Park 121, ©, Hyeon Chang Kim 5,
Sang Bak Kah ) i Son Prk ", Nam Han Cho®, Cheol-Min Lee ® and
Dac Ryong Kang >

Sl CMRC

Cancer Epidemiology

ELSEVIER

P

»
Association between humidifier disinfectant use and development of lung 555
cancer: A nested case-cohort study

19, Yeon:Soon An'""'®, Jungyun Lim", Sol Yu', Younghee Kim",
°

T
o o0 nym
100148 Bao?
B 1200
- >

Figure Z Map

?
five categories. Stars designate the locations of study sites.

o i w103 s 725

e === AOEM

Original Article Cooking oil fume exposure and Lung-

RADS distribution among school
cafeteria workers of South Korea

Minjun Kim ©, Yangho Kim ', A Ram Kim ", Woon Jung Kwon &,
‘Soyeoun Lim %, Woojin Kim ., and Cheolin Yoo & ™

th effct claims by HD
cancer cases - 195)
Exclusion:
No information on sex (N=36).date of
bin(N~25), nd sar date o HID exposure
¥-286) Lung RADS Total (=209 pvalue
Death bfore January 1, 2002 (N=52)
] Exposed (n = 167) ‘Unexposed (n - 36)
Availableclaims for comparison with el i) Nangy oost”
(N= 6972, Lun cancer cases = 195) postive 17002) 0w
The p+ The pvalues were

Available clsims fo intcmal snalyss with
‘exposure characteistics
(N=3878, Lung cancer cases = $9)

analyzed using Fisher's exact test (Lung:RADS distribution).
Lung-RADS: lung-imaging reporting and data systen.

“p<00s.
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Environmental Research -
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L)
Improvement of indoor air quality and health effects in COPD patients ina |5

heavy industrial area

Jia Lin Zhang */®, Yi Ting Chang", Ching Yu Hsiao, Chung-Shin Yuan"*©, Yen-Ping Peng",
Da Wei Wu ", Huang-Chi Chen', Jia-Yu Kuo*, Huai-Lei Juan", Pei-Shih Chen "

Design: Double-blind randomized crossover trial
Participants: 61 COPD patients
Interventions (2 weeks each):
PCO vs PCO + HEPA + activated carbon filters
Measurements:
Indoor pollutants (PM, CO, NOz, SOz, TVOCs)
Lung function, symptoms, FeNO, blood pressure
Analysis: Linear mixed-effects models

(B) PCO + flters intervention

LT am | :

T

FeLPLP L0
«

1. bactera aRa vinue

Indoor air pollutants, Ultraviolet light Photo-catalytic
inates and i

.« illumina . oxidation reduces
are drawn to the super-activates e contaminates
photo-catalytic the reactor grid to CO? and H:O
sactor grid
Titanium
" Dioxide
Catalyst

*HEPA > 7t24 2 ASH HAHO= oA
+Photocatalytic oxidation (ZZ0f A3}
> CO, VOCs, SOz € 7t2a4 QAEH 28 7t5

Cardiopulmonary endpoints

Photo-Catalytic
Reactor Gri Reactor Wall

I

TVOC

.
! S0,

— T

Environmental Research 292 (2026) 123699
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Microplastic and nanoplastic pollution and associated
potential disease risks

Nurshad Ali, Jenny Katsouli, Eric Auyang, Jorge Bernardino de la Serna

Microplastics and nanoplastics

Mechanical stretching

Cellular uptake

(phagocytosis or endocytosis)
Pore formation or passive diffusion

Cytoplasm

)

Oxidative Stress &
Inflammation

MNPs strongly induce Reactive
Oxygen Species (ROS)
production, leading to cellular
toxicity, tissue damage, and
persistent low-level systemic
inflammation.

Microplastics and nanoplastics
Exposure through ingestion, inhalation, and skin

CrossMark

Cellular Stress & Death

MNPs disrupt normal function by
increasing Endoplasmic
Reticulum (ER) stress and
altering and

ol

The "Trojan Horse"
Effect

MNPs act as vectors carrying co-
contaminants like bisphenol A,

(programmed cell death)
pathways.

, heavy metals, and
pathogens into the body for toxic
release.

Lancet Planet Health 2025;9: 101390
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Journal of Hazardous Materials

ELSEVIER

journal homepage: wiw.elseviercomfacatalhazmat

Research Paper

L)

First evidence of microplastics isolated in European citizens lower airway

Carlos Baeza-M:

fartinez ", Sonia Olmos ", Miguel Gonzlez-Pleiter, Joaauin Lénez-Castellanos .
Eduardo Garcia-Pachon, Mar Masia ., Luis Hernindez Bl

™

400 00 200 1000 4000 300 2000 1000
Wavenumbers (cm") Wavenumbers (cm")

Microplastics detected in BALF from lung cancer patients

¢  Predominantly microfibers (97.06%)
Mean concentration: 9.18 items / 100 mL BALF
Particulate microplastics: 5.88% (0.57 items / 100 mL)

.

Clinical significance: Confirms lower airway exposure and deposition in humans.

Journal of Hazardous Materials, Volume 438, 2022
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Global health burdens of plastics: a lifecycle assessment model +* ®
from 2016 to 2040

Disability-adjusted life-years (DALYs)

Megan Deeney, Lorie Hamelin, Claire Vialle, Xiaoyu Yan, Rosemary Green, Joe Yates, Suneetha Kadiyala R
m Business as usual (BAU)
5- ElBAU
vl B Corent commimnts
= B Collection and disposal
l and aquatic polution [ Recycl
P e e //%
B System change g
5 + ////// e
2 - S
S E - 1
‘ 5
3
; 1
| Ye
————————————F——————————— T
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
» o »  BAU scenario (2016-2040): Cumulative 83 million DALYs, with annual health burdens rising
ﬁ@ Qi& from 2.1 million in 2016 to 4.5 million in 2040 (more than doubling)
s ted e i » Major contributors: Primary plastics production accounts for >80% of total DALYs
! By midpoint impactindcator By Mecye process N .. B B .
sl o 016 30040 + Policy implication: Even the “system change” scenario reduces 2040 DALYs by 43% vs BAU

» Deep reductions in primary plastics production are the most effective single lever

; g™ ST
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Natural Environment
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Green - Blue - Gray Spaces - One Health






Why Green Space?

Enhance Physical Activity
& Movement

# Cardiovascular heaith
 Muscle strength
A

 Bone density
-

4 Cortisol levels
4 Emotional resilience
4 Sense of tranquility

Sharpen Cognitive Function
& Concentra

A4

ositive Pathway,g

eighborho
o NeighBorhoog o
"5

Cultivate Mental Wellness
& Stress Relief

& Cortisol levels

 Emotional resiience

4 Sense of tranquilty

oo 930 acqg,

(D

4 Focus and attention span
1 Working memory

o, Whole Body Health
4 Cognitive decline risk b

"
" o e P

g Positive pathwal®
Systemic Beneftt®
Enhance Social Connections
& Community
4 Interaction with neighbors
4 Sense o belonging
4+ Social support networks

Systemic Pathways to Whol

Urban Forestry & Urban Greening 2015;14(4):
Environmental Research 2017;158:301-317.

The Lancet Planetary Health 2019;3(11):e469-e477

ey 1o Overall Hegyy, g‘“

\.
f

2008 uposp any9 0"

G
53

Boost Immune Function &
Reduce Inflammation

1 Diverse gut microbiome
4 Immune cel activity

.

4+ Diverse gut duration
4+ Immune cell actvity
4 Morning alertness

4 Blood pressure

4 Risk of type 2 diabetes

4 Risk of stroke

4 Systemic iniammatory
markers.

Improve Sleep Quality & Rest
4 Deep sleep duration

4 Sleep onsetlatency

4 Morning alertness

Lower Chronic Disease Risk

®

Regulate Body Weight &
Metabolic Health

4 Adiposity.

4 Metabolic rate

4 Lipid profile

cﬂb‘*‘

e Body Health: The Impact of Green Space Exposure
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Remote Sensing & Green Space

Assessing Vitality: Chlorophyll in Plants vs. Hemoglobin in Blood

Red NIR

N
\'{

Healthy Plant

NIR - Red ‘
T NIR 1 Red

Stressed Plant

* Purpose:
NDVI is satellite-derived metric used to
quantify global vegetation vitality and health

« Target: Chlorophyll within plant leaves

* Mechanism:
* NIR: Plant naturally reflect most NIR light
* Red: Chlorophyll absorbs Red light which
depends on the plant's vitality

Pulse Oximeter

Artery —
~,

Vein .

Capillaries —_

Photo Sensor

* Purpose:
Non-invasive monitoring of a patient's
oxygen saturation to assess respiratory
function

« Target: Hemoglobin(Hb) in bloodstream

* Mechanism:
* Oxygenated Hb: Absorbs more NIR
* Deoxygenated Hb: Absorbs more Red

Relation between green space and respiratory health

EFFECT ON AR

High Air-
Filtering

Particulate i 7
(PM2.5)
Exposure -

[ ISSUE (IN Gf

Alveoll
(Clean A)

Low
Low R Respir Inflammation

Problem Rates.

POLLUTED URBAN AIR EFFECT

3 Outcome:
. Mmlmwm High Rgspllimry

RESPIRATORY TISSUE (IN POLLUTED AREA)

High

ic
Problem Rates Inflammation

air pollutants,

Green space may reduce respiratory
problems by filtering PM2.5 and other

deposition in the alveoli and reduces
inflammation and tissue damage

(e.g. Asthma, COPD)

which lowers particle

= or mmullil
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Association Between Green Space and COPD

« Urban green space is associated with respiratory health outcomes, including COPD exacerbations, hospitalizations, and

mortality.

« However, the magnitude and direction of these associations vary across regions and populations, suggesting spatial and

demographic heterogeneity

« These findings suggest that environmental context and population characteristics should be considered when evaluating

the health impacts of green space.

Green space showed a positive

association with COPD mortality.
'RESEARCH  OpenAccess
™

Spatial association between green space e
and COPD mortality: a township-level ecological
study in Chonggqing, China

Aiping Gou'" Guanzheng Tan'", Xanbs

ing?, Jangbo Wang", Yan Jac?, Chunyan Gou* and Qiang Tan

Green space (NDVI) on
COPD mortality, with
positive associations in
63% of regions and
negative associations in
37%

Long-term Air Pollution and Greenness
Exposure Linked to health.

Environmental Research

L)
Long-term exposure to air pollution and greenness in association with =9
respiratory emergency room visits and hospitalizations: The
Life-GAP project
Shanshan Xu" ©, Alessandro Marcon ", Randi Jacobsen Bertlsen

i o, Cimil Gl
e aer

ann Markevyl s g Hans O Vi S’ T chen

e Johannesen
Long-term exposure to = E
particulate air pollution (PMz.s, -
PMi,, BC, NO2) was associated

with increased respiratory =
emergency visits and T
hospitalizations.

Urban Green Space Associated with
Reduced Risk of Acute COPD.
International Journal of Chronic Obstructive Pulmonary Discase

Dovepress

3 ORIGINAL RESEARCH

Association Between Urban Green Space and
Acute Exacerbations of COPD in Korea:
A Nationwide Study Using the NHIS-NSC Cohort

Hae n Jung 01, Ju Won Lee 52, Hpochan Kim =%, Hoyoung Cha o, Jonin Bai 5"
Kyoung Min Maon 5", Changhyun Jun =, Sun-Young Jung >, Kang:Ho Gu

Greater urban green
space coverage was
associated with a
lower risk of acute
COPD exacerbations.

BMC Pulmonary Medicine (2023) 23:89.
Environmental Research 270 (2025) 120938

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 3035-3044
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Association Between Green Space and Cancer

« Residential greenness was associated with reduced incidence and mortality of certain cancers, with the most consistent
protective association observed for lung cancer.
» However, these associations varied by cancer type, with protective effects also observed for breast and prostate cancer,

whereas no clear association was found for colorectal cancer.

« Additionally, increasing residential greenspace may help reduce socioeconomic disparities in total cancer incidence
among disadvantaged populations.

Greenness was linked to lower lung and igher NDVI was linked to lower prostate R h3 Residential greenspace may reduce
esearc breast cancer mortality. and lung cancer incidence. esearc! ance equalitie

[me————— e

Environment International Environmental Research

et poog:
Fll et arcle ®

Long-term exposure to residential green spaces and site-specific cancer /55 Relationships among green space, ambient fine particulate matter, and 555 Neighborhood socioeconomic disparities in cancer incidence following a
mortality in urban Belgium: A 13-year follow-up cohort study cancer incidence in Taiwan: A 16-year retrospective cohort study © in the UK

Lacia Roriguen owreir, P Verdoodt, Wowter Laebre’, Gharoe Vanpoucke’, Biobank cohort

Lidia Casas ', Sylvie Gadeyne

o "veee rmw Residential green-space

Liu™, Harl . Iyer“®, Yujia Lu“®, Francine Laden™,
»

Kuangyu
Higher NDVI was significantly] | s s o charene oscoe

FEAC LA t; exposure was associated associated with lower risks Increasing residential greenspace,
7'777' with lower lung and #5855  of prostate and lung cancer particularly within 300 m of the home,
ottt breast cancer mortality, incidence, suggesting that may help reduce socioeconomic
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Urban Green Space Indicators (Remote Sensing)
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NDVI Value
+ NDVI - Normalized Difference Vegetation Index EA i = E Moo
« Reflects vegetation vitality Z ; -50»(?;0
+ High (0.6-1.0)/ Moderate (0.2-0.5) /Low (0.0-0.2) g g 20?05-0.1
z = (01015
g 2 01502
* EVI - Enhanced Vegetation Index & m=0.2-025
; ; ) 7S0CE  BCOVE  BSQUE  GUOUE  85UUE —0.25-0.3
» Corrects soil & atmospheric noise — more accurate than NDVI )N\ SAVI 2-2;50633
£ = g mmDe0
» Specialized for dense vegetation & long-term monitoring % s [ m04-045
= 045-05
+ High (0.5-0.8) / Moderate (0.2-0.5) / Low (0.0-0.2) =
+ LAI - Leaf Area Index g £ £
« Directly captures the structural characteristics of vegetation " [ stz . N
co0t w0t s¥00E 60 .
+ High (2 5.0) / Moderate (3.0-5.0) / Low (1.0-3.0) N Py
+ Long-term exposure modeling E E
+  Annual mean, moving averages, lag structures z =z
+  Time-varying exposure reflecting residential mobility E E
« Analytical scales "
+ Quartiles (Q1-Q4; Q1 reference) [ — &
+ Continuous increments (NDVI/EVI per +0.10, LAI per +1.0) ¥ SSCoE o0 SHO0E  SUo0E @
FTStuL
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Estimating the urban heat-related mortality burden due to
greenness: a global modelling study

Yao W, Bo Wen,Tingting L hilu T R m

Souzana Achilleos, Nilo Ryt Mathikde Pascal, Ariana Zeka,
Malcolm Mistry, Ben Armstrong, Michell L BelJoelSchwartz, Yuming Guo, Shanshan L, on behalf of the MCC Collaborative Research Network*

EVlincreased by 30%
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EVlincreased by 30%
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30 20 -10 10 20 30
Percentage point change in attributable
fraction of heat-related deaths (95% eCl)

More than 3,153,225 (2-48%) of total deaths were
attributed to heat exposure in 2000-19, and a 30%
increase in EVI was estimated to prevent 1-16 million
(95% eCl 0-92-1-40) heat-related deaths globally.

Lancet Planet Health 2025 9: 101235
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Take Home Messages

Understanding & Responding to Environmental Lung Diseases

01 Expanding Concept of Environmental Lung Diseases

Beyond pneumoconiosis — encompasses all respiratory diseases from diverse indoor/outdoor inhalation hazards.

Climate Change = Respiratory Health Crisis
Wildfires, heat waves, floods increase respiratory severity and mortality. PM2.5 drives acute exacerbations.

03 Complex Environmental Exposures & Health Impact
PM2.5, NO2, and microplastics linked to airway inflammation, reduced lung function, and lung cancer risk.

Nature-based Solutions & Immune Resilience
Green/blue spaces mitigate pollution, reduce heat islands, enhance microbial diversity.
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TOP 10 CAUSES OF
DEATH FROM THE
ENVIRONMENT

WHO IS MOST IMPACTED
BY THE ENVIRONMENT

Environmental impacts on health

st are uneven across age and mostly
ISCHAEMIC affect the poor.
. HEART DISEASE

n

8.5 million out of gamilicn

13.7 million deaths caused BEe ALy

by the environment are due to ?':m Low- and middle-income countries bear the
noncommunicable diseases . » greatest share of environmental disease.

CANCERS
1.8 million
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Ambient PM on the adverse health effects epidemiological and laboratory evidence

R Nervous system [ ASD, ADHD, Cognitive deciine
PM I_ Microglial activation
- —
=
[N

Asthma, COPD, Lung cancer -] Respiratory system
Airway epithelial cell injury
Pulmonary fibrosis

Cardiovascular system | Cs. Hfan failure, Thrombosis, IHD
/ascul

Thrombosis and coagulation

Stomach and colorectal cancer 7 Digestive system
Changes of intestinal structure
Abnormal lipid metabolism

Abnormal sperm morphology ] Reproductive system immune system [ Accumulation of immune cells
Decreased levels Chronic allergic diseases
Jocyte damage, Ovarian dysfunction J Susceptibility to viruses

Traditional mechanism Emerging mechanism
Oxidative : : DNA ER . " i
stress Inamimation Apoplosis Aiophegy damage stress ‘ ‘ HEE ‘ | i | modifications

Particle and Fibre Toxicology. 2022;19:67. §%r|;ﬂg|;m|ga%
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Emerging Mechanisms of PM-induced Lung Injury

Beyond Traditional Oxidative Stress & Inflammation

Pyroptosis

Inflammatory Cell Death

Ferroptosis
Iron-dependent Cell Death

Epigenetic Modification

Heritable Gene Expression Change

Trigger
PM activates NLRP3 inflammasome via ROS and lysos
omal damage

Mechanism
Caspase-1 activation - Gasdermin D pore formation
> cell lysis

Key Mediators

IL-1B, IL-18 release amplifies neutrophilic inflammatio
n

Clinical Link

Drives acute airway inflammation in asthma & COPD
exacerbations

Trigger

PM-bound iron + ROS overwhelm GPX4 antioxidant d
efense

Mechanism

Lipid peroxidation cascade - membrane integrity loss
- cell death

Key Mediators
Fe?* accumulation, GSH depletion, lipid peroxide build
up

Clinical Link

Implicated in COPD progression, pulmonary fibrosis, a
nd lung cancer

Particle and Fibre Toxicology 2022;19:67 | J Clin Invest 2025;135(17):e194312

Trigger
Chronic PM exposure alters DNA methylation & histo
ne marks

Mechanism
CpG hypermethylation of tumor suppressors; global h
ypomethylation

Key Mediators
miRNA dysregulation, telomere shortening, histone ac
etylation changes

Clinical Link
Transgenerational risk: prenatal exposure -> childhoo
d asthma & reduced lung growth




Air-Liquid Interface (ALI) Culture System

Gold Standard for Airway Epithelial Diffe

ntiation | Leach T et al. Sci Rep. 2023;13:10137

What is ALI?

Ja Air (Apical)

Epithelial Cells + Membrane

6 Media (Basal)

Apical side (top)

Exposed to air, mimicking in vivo airway
Basal side (bottom)

Nutrient supply via culture media

Porous membrane
Cells cultured on Transwell insert

Key Principles of ALI Culture

Pseudostratification
Recapitulates multilayered airway
epithelial architecture

Barrier Function
Epithelial integrity confirmed by T
EER measurement

Mucaociliary Differentiation
Goblet, ciliated, club, and basal cel
| maturation

Mucus Production
MUCSAC/MUCSB secretion and m
ucociliary clearance

Adjustable Parameters

50

Hydrogel UV Crosslinking

ALl
Differentiation

28 days

Analysis of Epithelial Maturity

=
FoTotYn
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& Green Space

Blue Space fﬁﬁ Grey Space

Parks, forests, urban vegetation Rivers, lakes, coastal environments Roads, buildings, concrete, high-rise areas
Health Impacts Health Impacts Health Impacts

V All-cause & CV mortality 'V Psychological stress & anxiety V Respiratory symptoms & bronchitis
'V Respiratory morbidity A Mental well-being & life satisfaction A Allergy risk

V Depression, stress & distress V Cardiovascular risk markers V Microbial diversity exposure

A Physical activity & social cohesion 'V Mortality in coastal populations V Contact with nature

V Lung cancer & chronic disease risk A Physical activity & recreation A Risk of stress-related problems
Mechanisms Mechanisms Mechanisms

* Air pollutant reduction (PM2.5, NO2) * Restorative effects (visual-auditory) * Hard-surface urban intensification
* Heat island mitigation * Microclimate cooling * Reduced exposure to natural space
* Noise attenuation * Social interaction & outdoor activity * Separation from soil, plants

* Immune modulation (biodiversity) * Sleep & circadian regulation * Altered microbial communities

« Stress reduction (cortisol) * Disconnection from nature

* Physical activity promotion

Conclusion: Green & blue spaces improve health via environmental buffering,

stress pathways, immune modulation & behavioral mechanisms

CHUNG-ANG BNIVERSITY NOSPITAL
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