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Wildfire =

Uncontrolled fires that occur in a natural environment, sucwgzr‘ests, grasslands, or prairies.
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Nearly three billion animals killed or displaced |
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A _ Greece faces 'disaster of unprecedented

%  moterasoetha ‘1 = as wildfires ravage the country

Al 11
By Chris Liakos, Elinda Labropoulou and Amy Woodyatt, CNN

® Updated 2023 GMT (0423 HKT) August 10, 2021 . -

Thousands more evacuated as California Maui blaze
24 times its size in 2 days '

By Aya Elamroussi, CNN
® Updated 1757 GMT (0157 HKT) August 19, 2021

Images from on the ground and from satellites show the devastation left by the wildfires,
including buildings reduced to rubble and landscapes left charred.

© Saturday 12 August 2023 05:20, UK

The Caldor Fire burns through trees on Mormom Emigrant Trail east of Sly Park, California.
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Climate change(Global Warming) & Wildfires

Devastating effects of human-induced climate change

Global warming relative to 1850-1900 (°C)

2.0 -
15 - - -
Observed monthly global / d
| mean surface temperature L
Estimated anthropogenic
104 warmingto date and
' likely range

Likely range of modeled responses to stylized pathways
[]Global CO2 emissions reach net zero in 2055 while net
non-CO:2 radiative forcing is reduced after 2030 (greyin b, c &d)

05 2017 \H [ Faster CO2 reductions (blueinb & c) result in a higher

probability of limiting warming to 1.5°C

[ I No reduction of net non-COz2 radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C
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Global warming of 1.5°C: Geneva: Intergovernmental Panel on Climate Change, 2018.



Earth's climate has drastically
shifted in three decades

Temperature anomaly (°F), 1981-2010 baseline
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Climate
Change

Climate change factors leading to increase wildfires:

* Intensifying drought

* Increase in surface wind
* Increase in the frequnecy and intensity of heat waves
* Longer wildfire season because of a warming climate
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Potential Reinforcing Feedback Loop of Climate Change, Wildfires, and Health Risks.

Greenhouse-gas emission
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Air Pollutant from Wildfire Smoke

e Composition of Wildfire Smoke

* Depending on the fire's size, temperature, materials burned, distance, and
environmental conditions like wind speed, temperature, and humidity

* Extremely high level of Particulate Matter (Especially PM, ;)

* Most studies focused on the health risks associated with wildfire PM, ¢
» Carbon monoxide, nitrogen oxides (NO, NO,)
* Volatile Organic Compounds and Gases

* Photochemical reaction between VOCs and NOx - Ozone

e Toxic carcinogen — Benzene, Formaldehyde and hydrogen cyanide

* Heavy metal — Hg, Pb..

* 03, PMs - Spread farther

* Wildfire smoke - Increasingly important source of ambient air pollution

* Industrial emissions of air pollutants are declining




Characteristics of Wildfire PM & &

40

ng/m3

20

Source Wildfire particulate matter results from Combustion of biomass N
|

10

N

0

Smaller than PM from urban Sources 2/2006 3/2006 4/2006 5/2006 6/2006 7/2006 8/2006 9/2006 10/2006 11/2006 12/2006 1/2007 2/2007

(i.e., with a higher proportion of PM, ; and PM, in PM,,) [ rommmio 2aemeds o]
Sci Total Environ 2010;408:644-651.

Particle size

a) Levoglucosan

Contribution Contributing factor on 20% of the days that PM, . level exceeded standard (35 ug per cubic meter) . :: |
to ambient PM During the 2019-2020 Australian wildfire, the daily PM, ¢ level reached 600 pg per cubic meter 2000 |
° During Fire After Fire Arl::l::al. Fin:;::a::mmﬂd
More oxidative components (oxygenated PAHs and quinones) " PAHs
o .lDuring Fire O After Fire & Arhami et al, 2008
More promflammatory components (aldehydes and oxides of nitrogen) 5
Components . . . .
and toxic effects > Greater oxidative potential 8! ﬂ Ih [E [L ﬂ ﬂ H
3
When wildfire PM reaches urban areas, toxic effects on macrophage cells could be 5X than urban PM o Hu [ﬂl ﬂﬁ b lia I I] 1 b I I I
HUERIHHROHIH
. . . . EIiFTEfciIeiiiiiiEidc:
High temperatures and oxidant gases amplify health risks 1978 IB:C: PEEIIRIE °H
® 4 85§ & 23322333 %

Sci Total Environ 2010;408:644-651
Sci Total Environ 2017;603-604:268-278
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Direct Health Risks from Wildfire Events

* For Vulnerable people (Wildfire prone area)
» Direct health effects include burns, injuries, mental health effects, and death

* Due to exposure to flames or radiant heat

e PTSD (Psychiatric)
* Firefighter

* Children and Adolescents

Int J Environ Res Public Health 2019;16:1604-1604.

Aust N Z J Psychiatry 2018;52:542-551. & ."‘,\'* S The 2009 “Black Saturday” wildfires in Australia
. e Killed 173 le directly; in the first 72 h
BMC Psychiatry 2019;19:18-18. e people directly; in the Hirst /2 hours






Health risks associated with Wildfire Smoke
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Short-Term Health Effects of Wildfire Smoke

* PM Levels During Wildfires

* (2020) 25 mill
e Near fires: PM

ion in US were exposed to at least 1 day with wildfire PM, . > 100 pug /m3
, = levels reach 350-500 pg/m? (U.S. : 35 pg/m?3)

* Up to 1000 km away: PM, . levels 35-150 pg/m?

* Mortality Risks

PM Level Increa

PM_s (Wil

events

PM1o (Wilg

2 events

PMas (Url

Dan sources

PMio (Urlk

Dan sources

Perspect 2016;124:1334-1343
bl Pharmacol 2017;55:186-195
btal Environ 2018;624:586-595



Short-Term Health Effects of Wildfire Smoke

* Respiratory Effects of Wildfire Particulate Matter

e Strong and Consistent Associations

* Increased Healthcare utilization (hospitalizations, emergency visits, and physician visits)

* High medication use for asthma, COPD, and respiratory infections
Sci Total Environ 2018;624:586-595 / Int J Epidemiol. 2022 Feb 18;51(1):166-178/ Environ Health Perspect 2016;124:1334-43

Asthma-Related Event

* Strongest association among all respiratory outcomes

* Wildfire PM has greater effects than urban PM due to oxidative/proinflammatory properties 2 Asthma

Hospital admissions

Number

Group/Subgroup of studies Relative Risk [95% CI]

All 8 N 1.06 [1.02, 1.09]
Age group

Children 6 S 1.03[0.98, 1.08)

Adults 4 — 1.08 [1.03, 1.14]

Elders 3 — 1.12[1.06, 1.17)
Lag(s)

Lag 0 8 — 1.07 [1.01, 1.13]

Lag 1 6 - 1.03[1.01, 1.05]

Lag2 6 - 1.03[1.01, 1.05)

Lag 3 5 - 1.02 [1.00, 1.04)
Country

USA 4 e 1.08 [1.03, 1.14]

Australia 4 E 3 1.03 [1.01, 1.05)
Study design

Case-crossover 5 i 1.03 [1.02, 1.05]

Other observational designs 3 —_— 1.10[1.02, 1.19]
Exposure Method

Monitors 4 V- 1.03 [1.01, 1.05)

Modelled 4 ] 1.08 [1.03, 1.14]

I T T ]
0.9 1 11 1.2 13

RR (95% CI) per 10 pg/m® PM, 4 increase

ED visits

Number . "

Group/Subgroup of studies Relative Risk [95% Cl]

Al 9 - 1.07 [1.04, 1.09]
Sex

Males 3 e ! 1.02[0.94, 1.10]

Females 3 iy 1.09 [1.02, 1.186)]
Age group

Children 8 [E— 1.04 {1.00, 1.08]

Adults 8 - 1.07 [1.04, 1.10]

Elders 5 b 1.15[1.10, 1.20]
Lag(s)

Lag 0 7 —— 1.07 [1.04, 1.11]

Lag 1 3 —_—— 1.02[0.95, 1.10]

Lag 2 3 —— 1.02 [0.96, 1.09]
Country

USA 6 —— 1.07 [1.03, 1.10)

Australia 3 e 1.07 [1.01, 1.14]
Study design

Case-crossover 5 5 3 1.05[1.03, 1.08]

Other observational designs 4 e 1.09 [1.03, 1.15])
Exposure method

Monitors 4 —— 1.09[1.03, 1.15)

Modelled 6 —— 1.06 [1.03, 1.10]

I 1 T T 1
0.9 1 11 12 13

RR (95% ClI) per 10 ||g!n'1W PM; 5 increase

Curr Opin Pulm Med 2019;25:179-87
Environ Res 2019;179:108777-108777



Peat Bog Wildfire Smoke Exposure in Rural North Carolina Is Associated
with Cardiopulmonary Emergency Department Visits Assessed through
Syndromic Surveillance .

Ana G. Rappold,’ Susan L. Stone,” Wayne E. Cascio,! Lucas M. Neas,! Vasu J. Kilaru,? Martha Sue Carraway,’
James J. Szykman,? Amy Ising,* William E. Cleve,’ John T. Meredith,® Heather Vaughan-Batten,” Lana Deyneka,”
and Robert B. Devlin’

TEnvironmental Public Health Division, National Health and Environmental Effects Research Laboratory, and 2National Exposure
Research Laboratory, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina, USA; 3Environmental Sciences
Division, National Exposure Research Laboratory, U.S. Environmental Protection Agency, NASA Langley Research Center, Hampton,
Virginia, USA; 4Department of Emergency Medicine, School of Medicine, University of North Carolina, Chapel Hill, North Carolina, USA;
5Pitt County Memorial Hospital, Greenville, North Carolina, USA; ®Brody School of Medicine at East Carolina University, Department of
Cardiovascular Sciences and the East Carolina Heart Institute, Greenville, North Carolina, USA; ’North Carolina Division of Public Health,
North Carolina Department of Health and Human Services, Raleigh, North Carolina, USA
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Figure 1, Ae aps showing counties impacted by the Evans Road Fire at the Pocosin Lakes National Wildlife Refuge on 10, 11, and 12 June 2008 (A, B, and C,
respectively) as measured by satelite AOD images. () Assignment of counties as exposed of referent.
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Figure 2. Daily counts of asthma-related ED visits in the exposed counties. Arrows represent the 3 days of - - -
high exposure (red) and the subsequent 5 lag days (blue). Perl‘:ent chal‘lge in re'atl\fe I'Isk

Daily ED visits 111 of 114 North Carolina Eds

* Exposed counties vs. Reference counties

* Study period - 1 June—14 July 2008

*  10-12 June as a window of high exposure

Exposed county

* RR: Daysin which a county was exposed to wildfire smoke (and
corresponding 5 lag days) was compared with other days in which that
county was not exposed to smoke

Result

* Significant increases in cumulative RR for
* Asthma [1.65 (95% confidence interval, 1.25-2.1)],
* COPD[1.73(1.06-2.83)

*  Pneumonia and acute bronchitis [1.59 (1.07-2.34)]

Satellite data and syndromic surveillance were combined
to assess the health impacts of wildfire smoke in rural
counties with sparse air-quality monitoring.

Environ Health Perspect. 2011 Oct;119(10):1415-20.
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Impact of Wildfire PM, . - Respiratory Disease Healthcare utilization:

1004 M@/&\ * 33% increase during wildfire / 55% increase post-wildfire (RR: 1.55, 95% Cl: 1.42-1.69)

50 * OPD for asthma, acute respiratory infection and acute bronchitis conditions during and after the wildfires
o * Children and adolescents have higher risk of physician visits due to wildfire smoke-related PM, ; exposure.

Int J Epidemiol. 2022 Feb 18;51(1):166-178.




Study

All-cause mortality

Hanninen 2009
Zu 2016
Kollanus 2016
Doubleday 2020
Chen 2021

Ye 2022
Martenies 2023
Jegasothy 2023

% change in risk

(95% ClI)

0.08 (-0.36 to 0.52)
0.00

0.01 (-0.37 to 0.39)

=
(—0.20 t0 0.20)
=
0.05 (-0.05 to 0.14)
0.21 (0.18 to 0.24)
0.31(0.24t0 0.37)
0.92(0.31to 1.52)
(

0.02 (-0.16 to 0.20)

Study sample Weights (%)
Finland O 6.49
New York City and Boston, USA O 13.40
Helsinki, Finland O 7.74
Washington State, USA —0— 17.42
Global o 18.75
Brazil —0— 18.07
Colorado, USA O > 4,01
Sydney, Australia —O0— 14.12
Q(df=7) =34.3,P < 0.001 ——— 100

Pooled

12=79.6%; H2 = 10.4% , | | i , , , ,

Respiratory hospitalizations

Delfino 2009
Crabbe 2012
Martin 2013
Gan 2017

Ye 2021

Malig 2021
Magzamen 2021
Aguilera 2021
Heaney 2022
Jiang 2023

Pooled

Southern California, USA —_—O0—
Darwin, Australia O
Sydney area, Australia —0—
Washington State, USA O
Brazil

o

San Francisco Bay area, USA
Colorado, USA

Southern California, USA
California, USA —O0—

Washington State, USA

(@)

13.57
6.97
14.5

10.89

14.90
9.36
5.81
9.28

14.68
0.04

A

Q(df =9) = 184.9, P < 0.0001
2=93.8%; H2=16.2% | : i | | | |

Y

100

Respiratory ED visits
Johnston 2014 Sydney, Australia —0—
Hutchinson 2018 San Diego, California, USA —0—
Reid 2019 San Francisco Bay Area, USA —0—
Malig 2021 San Francisco Bay Area, USA —O0—
Hahn 2021 Alaska, USA —O0—
Pooled Q(df =4) =26.1, P < 0.001 . S—

2 0% H2 = 0
12=89.2%; H2=9.3% | , | | | | I I

2147
21.44
2117
18.15
17.76

100

-0.75 -050 -0.25 0.00 0.25 050 0.75 1.00
% change in risk (95% Cl) per 1 pug m-3
Favors reduced risk < » Favors increased risk

Annu Rev Med. 2024 Jan 29;75:277-292.

0.15 (0.01 to 0.28)

0.28 (0.14 to 0.41)
0.34 (-0.11 to 0.80)
0.15(0.07 to 0.23)
0.51(0.25t0 0.77)
0.50 (0.46 to 0.53)
0.33 (0.00 to 0.66)

—0.52 (-1.05 t0 0.02)
0.3 (-0.04 to 0.63)

0.07 (0.01t0 0.13)

6.26 (—1.46 to 13.98)

0.25 (0.09 to 0.42)

0.23 (0.13 t0 0.33)
0.20 (0.10 to 0.30)
0.34 (0.24 to 0.45)
0.71(0.52 t0 0.89)
0.39(0.20 to 0.59)

0.36 (0.19 to 0.53)
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Oregon

Washington

COVID-19 & PM, . by wildfires??
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Methods - Study Area & Period

(a)

* Gangwon Province Overview '
1 .
* 81.5% forest coverage = §
 Structure vulnerable to wildfires g0
. . . 34.0° 4 : ‘ 130.0° 0.0
* Wildfire Incident area (A.O.D.) b | | et
« May 6-9, 2017 in Samcheok and Donghae (764Ha) I
(a) (b)
. L tt—— HE N —
e Study Period | | et P
*  Pre-wildfire: April 22 — May 5, 2017 i I .
*  Wildfire: May 6 -9, 2017 | . '
| | ! Jeongseon-
* Post-wildfire: Immediate and extended (2-week) L |
: : 37.2° =
| | Yeongwol- aebaek-
4.22.~5.5. (14 days) | 5.6.~5.9 | 5.10.~5.23. (14 days) | 5.24.~6.6. (14 days) . Lm:zs_ﬁﬂ me ez me | gun o
Pre-wildfire Period | During | Immediate Post- Extended Post-wildfire o Wi W O @ | O T e a0 iz 1
(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
(b) Administrative divisions of Gangwon-do (Samcheok (directly-exposed area), Donghae (indirectly-exposed area)




Methods — Data Collection

e Air Pollutants Monitored

Data from Air Korea and satellite-based AOD (Aerosol Optical Depth)

PM, 5, PMy, (ug/m?3), O; (ppm), NO, (ppm), CO (ppm), and SO, (ppm)
Normalization - Maximum-minimum normalization

e Healthcare Utilization
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National Health Insurance Service (NHIS) - National Health Information Database

Respiratory disease healthcare utilization
Outpatient department visits
Emergency department visits

Hospitalizations

Respiratory diseases

Pneumonia (J13 and J15-18), acute bronchitis (J20), acute bronchiolitis (J21
respiratory tract infection (J22), COPD (J40-44), asthma (J45-46), and bronc

21' unspecified
iectasis (J47)

lower
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RR (95% Cl)

Relative Risk of Respiratory Disease healthcare utilization by Region

(a) Samcheok (Direct exposed area)

Age Group 2017 [W] 2017 [IP] 2017 [EP]
0 (year) RR (95% Cl) RR (95% Cl) RR (95% Cl
B ovcct Exposure Area (Sameheok) All age 0.77(0.75-0.80) 1.26(1.20-1.33)
Indirect Exposure Area (Donghae) 2 20 0.76(0.74-0.79) 1.23(1.17-1.29)
0-9 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)
i (b) Donghae (Indirect exposed area)
104- I ____________________________ - . Age Group 2017 [W] 2017 [IP] 2017 [EP]
(year) RR (95% ClI) RR (95% Cl) RR (95% Cl)
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) 0.64(0.62-0.66) 1.08(1.03-1.12)
0s 0-9 0.71(0.67-0.75) 0.71(0.69-0.74) 1.57(1.51-1.64)
W] [IP] [EP] 10-19 1.08(1.02-1.13) 0.66(0.64-0.68) 0.96(0.92-1.00)
Wildfire Period 20-65 1.13(1.08-1.19) 0.67(0.66-0.69) 1.07(1.03-1.11)
>65 1.40(1.31-1.49) 0.59(0.57-0.61) 1.07(1.02-1.12)

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

* During the extended post-wildfire period, the direct-exposure area an 26% increase in the RR vs. 16%
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Relative Risk Ratio of Respiratory Disease healthcare utilization by Region

(a) Samcheok (Direct exposed area)

Age Group
(year)

2017 [W]
RR (95% Cl)

2017 [IP]
RR (95% ClI)

2017 [EP]
RR (95% ClI)

2017/2018 [W]
RRR (95% CI)

2017/2018 [IP]
RRR (95% CI)

2017/2018 [EP]
RRR (95% CI)

All age

1.81(1.67-1.96)

0.77(0.75-0.80)

1.26(1.20-1.33)

1.30(1.15-1.45)

0.97(0.91-1.04)

1.75(1.61-1.91)

2 20

1.83(1.68-1.98)

0.76(0.74-0.79)

1.23(1.17-1.29)

1.49(1.32-1.67)

1.04(0.97-1.11)

1.84(1.69-2.00)

0-9

2.20(2.04-2.38)

0.83(0.80-0.86)

1.44(1.37-1.52)

1.37(1.22-1.54)

0.94(0.87-1.00)

1.83(1.67-2.01)

10-19

1.23(1.13-1.33)

0.71(0.69-0.74)

1.09(1.03-1.15)

1.39(1.24-1.55)

1.20(1.12-1.28)

1.99(1.83-2.17)

20-65

1.90(1.76-2.06)

0.80(0.77-0.82)

1.19(1.13-1.25)

1.44(1.29-1.61)

0.98(0.92-1.04)

1.72(1.58-1.86)

>65

1.76(1.61-1.93)

0.71(0.68-0.73)

1.24(1.17-1.31)

(b) Donghae (Indirect exposed area)

1.22(1.07-1.39)

0.94(0.87-1.01)

1.67(1.52-1.83)

Age Group
(year)

2017 [W]
RR (95% CI)

2017 [IP]
RR (95% ClI)

2017 [EP]
RR (95% ClI)

2017/2018 [W]
RRR (95% CI)

2017/2018 [IP]
RRR (95% CI)

2017/2018 [EP]
RRR (95% CI)

All age

1.06(1.01-1.12)

0.66(0.64-0.68)

1.16(1.11-1.21)

0.48(0.45-0.52)

0.51(0.48-0.53)

0.81(0.77-0.86)

> 20

1.21(1.14-1.27)

0.64(0.62-0.66)

1.08(1.03-1.12)

0.53(0.50-0.58)

0.48(0.45-0.50)

0.74(0.70-0.78)

0-9

0.71(0.67-0.75)

0.71(0.69-0.74)

1.57(1.51-1.64)

0.31(0.29-0.33)

0.55(0.52-0.58)

1.09(1.03-1.16)

10-19

1.08(1.02-1.13)

0.66(0.64-0.68)

0.96(0.92-1.00)

0.75(0.70-0.80)

0.59(0.57-0.62)

0.90(0.85-0.96)

20-65

1.13(1.08-1.19)

0.67(0.66-0.69)

1.07(1.03-1.11)

0.55(0.51-0.59)

0.53(0.50-0.55)

0.80(0.76-0.85)

>65

1.40(1.31-1.49)

0.59(0.57-0.61)

1.07(1.02-1.12)

0.52(0.48-0.57)

0.42(0.40-0.44)

0.63(0.59-0.68)

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.




Long-Term Effects of Wildfire Smoke

* 1997 Indonesian Forest Fires (12 million hectares burned)

* Indonesia Family Life Survey (IFLS) (1997-2007) Table 1
Lung capacity regression results - full sample analysis (OLS estimation). Dependent variable: lung capacity [as measured in 2007).
b 15,000"‘ |nd |V|d ua IS Explanatory variables Coefficient Robust standard error
. . . . . Pollution —5.3?0'.'_'_ 1.052
* Significant long-term negative effects of wildfire smoke Aot are 454 0234
exposure on Lung capacity / Self-reported general Log ot 3008 2075
. . . Having outside kitchen 1424 1.389
health /Physical functioning Having outside water ~3.029 1640
Lung capacity 97 0.577 0.0075
Const. 245177 14.26

* Significant at 10% level.** Significant at 5% level.
" Significant at 1% level.Sample size=15497, B =0.4288.

* Results

* Most affected groups: Conclusion:

*  Men and elderly individuals (Lung capacity {)  Exposure to pollution caused by wildfires has a significant

*  Children showed almost complete recovery ] ]
impact on lung capacity, even 10 years post-exposure

* General population: _ _ _
o _ , * Factors such as age, education, and socioeconomic status also
* A one standard deviation increase in pollution level

raised the likelihood of poor general health by 3%. influence lung capacity, but pollution remains a key determinant

Econ Hum Biol. 2017 Aug;26:186-198.



Challenges in Assessing Wildfire Smoke Health Effects

e Additional uncertainties exist...

* Accurate measurement of wildfire smoke pollution levels

How well the chemical composition of wildfire smoke is reflected

Behavioral change - Differences between indoor exposure and ambient PM, .

concentrations

Synergistic health effects of extreme heat and wildfire smoke occurring together

Regional variations in wildfire risk perception and their effects on health outcomes



Impact of Air Pollutant from Wildfire Smoke

e Unpredictable Nature of Wildfire Smoke

» Unlike transportation and industrial pollution, wildfire emissions fluctuate across time and space.

* Limited research on how different exposure patterns impact health outcomes
* Scenario 1: PM2.5 reaches 100 pg/m? in a single day.
* Scenario 2: PM2.5 remains at 10 pug/m3 for 10 days.

* Total exposure is the same (100ug/m?3), but health effects may differ (e.g., emergency visits).

* Human Behavior & Health Outcomes
* Public health strategies assume people take protective measures during high-smoke events.
* Findings:
* Limited behavioral change on moderate smoke days.

* Stronger protective actions (e.g., staying indoors) during extreme smoke events.

* Studies may mask real health impacts by averaging exposure levels, leading to inconclusive results.



Measurement of Wildfire smoke

Ground Monitors

* Cannot distinguish wildfire-specific pollution
Chemical Transport Models (CTMs)

* Simulate atmospheric chemistry & fire emissions
Dispersion Models

* Use meteorology & physics to model pollution spread

Statistical Models
* Correlate wildfire smoke plumes with pollution data

* Incorporate satellite data & meteorology

Hybrid Approaches

 Combine CTMs, statistical models, and satellite data

* Increasingly used for better accuracy

a) Decadal change in smoke PM,

Mean PM, s (1g m™) from all sources
(2006-2020)

124°W 122°W 1200w 18w 116w 114°W

Maximum PM; s (ug m") from all sources
(2006-2020)

128w 1222w 1200w 118w 1w 114w

b) Annual smoke PM, ; by state

6 S { Py

FS

smoke PM, 5 (ug/m®)

Mean Wildfire PM, 5 (ug m™)
(2006-2020)

20

15

124°W 122°wW 120°W 118°W 116°W 114°W

Maximum Wildfire PM, 5 (ug m™)

(2006-2020)
42°N

400 400
40°N

300 300
38N

200 200
36°N

100 100
34N

0 0

124°W 122°W 120°wW 118°W 116°W 14w

Environment international 171 (2023): 107719.



Methodological Challenges in Assessing Wildfire Smoke Health Effects

Isolating Causal Effects — Many confounders - Regression adjustment

« Case-crossover design (comparing individuals pre- and post-exposure)

 Time-series analysis (tracking exposure fluctuations over time)

Accounting for Nonlinear Effects

« Emergency visits decrease at extreme levels of PM, . due to behavior changes (e.g., reduced mobility)
« Using a linear model underestimates true health impacts

« Solution: Implement flexible models to capture nonlinear relationships

Considering Temporal Lag Effects

 Health impacts may not be immediate—delayed effects can amplify risks

« Solution: Use distributed lag models to measure cumulative effects over time.



Health risks associated with Wildfire Smoke

o X >
Epigenetics QQ v;\o
DNA methylation loss, telomere reduction o Q
Genes related to oxidative stress, fetal growth, Q C;O
®)
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Curr Opin Pulm Med. 2019 March ; 25(2): 179-187
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New aspect
Molecular Epidemiology & Wildfire exposure effect

Molecular epidemiology Controlled Human Exposure Study

(Epi)Genetic differences modify disease * (Epi)Genetic differences modify responses to
progression

environmental exposure

Berkeley Programs v Requestinfo  Apply =
Altered DNA methylation @ | NewswdMeda | ResearchHghlights
‘1‘ !“ Gancesrisic Lisa Barcellos works to uncover biological
SAPEXLBRCEDARK effects of exposure to wildfire smoke

PARP1
Methylation alteration: \
By Nadia Lathan
« SAM, LINE-1, leptin gen: 3 § )
Gestational PMzseXPOSUfe e s il Advefsigtfézl:rf]:‘g health B

Altered expression of 'y | £
ncRNAs - -
PM2 5 ) Changes in miRNAs )
expression: —_—
« miR:21, miR-146a, ac
miR-222, miR-20a,

miR-21

[« Risk of preterm birth

/ « Infant low birth weight
Mitochondrial damage cliiem
and dysfunction )
« Obesity and diabetes
risk
« Neurodevelopment
affected

« Disrupts
neurodevelopment

* MT-RNRT region
affected: mitophagy and
mitochondrial death

‘epigenome.

Epigenomics and Epigenetics, Volume 14 - 2023
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M Check for updates

Microbiome

FEV,/FVC  FEV, pred
GLM P value post-BD post-BD CAT score O
Biofuel 0.052 0.478 3.4 x 10 e
Occupation 0.092 0.052 0.042* Q@‘\b S
)

PM, 0.044* 0.175 0.165 ST

= Mediation
Smoking 0.004** 0.945 0.435
Secondhand smoking 0.163 0.367 0.001**

*%p < 0.001, **P < 0.01, *P < 0.05 Exposure Lung function/CAT score
d Metagenomic contribution
Microbiome Microbiome Microbiome

e

F——————————————

1
Adhesive fimbri::c,t o

tino 4 a
(J.l':.'.‘?uf-'(.')_'itt'l'\'a¢

0" 0 i - ® ‘e

CAT score

________________

* Background

Environmental pollutants (smoking, PM, ;) = Airway
microbiome = Lung function

A large-scale study in Guangdong, China

Analyzed bacterial and fungal microbiomes from

induced sputum (n=1,651)

* Key Result

Smoking and PM, . exposure are associated with
reduced lung function (FEV1/FVC decline).

Smoking alters bacterial composition, increasing
Atopobium, Actinomyces, and Prevotella.

PM, . exposure influences fungal taxa, increasing
Cladosporium and Penicillium.

PM, . affects fungal metabolism, impacting lung
health.

The microbiome mediates the relationship between

exposure and lung function.

Nature Medicine volume 29, 1750-1759 (2023)
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Protecting Health against Wildfires

Most
effective

Personal Actions

Elimination
Reduces exposure by 100%

Engineering controls

Reduce exposure by 20 to 90%,
depending on quality of filters
or air cleaners

Stay indoors Strategi

Administrative controls Avoid heavy or prolonged Exposul
. o . . from

Reduce exposure by approximately 50% physical activity Insuffic
Strategi

Wear a face
mask

Only certain face
Effectiveness dep
Masks cannot prc
Masks may provic

and actual expc
Masks may cause

and discomfor
Masks are not sui

or heart diseas
Cost is prohibitive

Personal protective equipment
Reduces exposure by =90% if well fitted
but nearly 0% if poorly fitted

Least
effective

Limitations or Concerns

Relocation increases costs and stress and has
unpredictable duration.

Wildfire particulate matter and ozone may extend
thousands of kilometers.

Relocation may not be feasible.

Effectiveness varies greatly with ventilation and filtration rates.

Most filters reduce only particulate matter and not gaseous
pollutants (e.g., ozone).

Cost is prohibitive for some.

* Residents in wildfire-prone area
* Emergency supplies (before wildfire)
* Food, water, medication, and N95 or P100 face masks
*  Fresh Water (Ash)
* Heat-related illness protection
* Psychological support (Children)

* To reduce Exposure
* Relocation
* Limitation - Mask, HEPA filter (Cost effectiveness)
* Rescue medication — Children with asthma

Wildfire Smoke: a guide for public health officials: revised 2019



GeoHealth

RESEARCH ARTICLE
10.1029/2018GHG00142

Key Points:

+  We found that lung function in older
asthmatic children first decreased
then increased following wildfire
PM, 5 exposute

» We found no associations between
wildfire PM; 5 and self-reported
asthma control over the prior
30 days

Q)

oS

The Associations Between Clinical Respiratory Outcomes
and Ambient Wildfire Smoke Exposure Among Pediatric
Asthma Patients at National Jewish Health, 2012-2015

Ettie M. Lipner'? ('), Katelyn O'Dell®, Steven I. Brey® |, Bonne Ford® (), JTeffrey R. Pierce®
Emily V. Fischer® (", and James L. Crooks'?

IDepartmen[ of Bicmedical Research, Natienal JTewish Health, Denver, Celorade, USA, zDepar[ment of Epidemioclogy,
Colorado School of Public Health, Aurora, Colorado, USA, 3Depanment of Atmoespheric Science, Celerado State
University, Fort Collins, Colorado, USA

Reed oA Tems el B ziyeas Pediatric asthma patients (ages 4-21, n = 1,404 for FEV1, n = 395 for

ACT/CACT) from National Jewish Health, Denver, Colorado.

Satellite-derived data (NOAA’s Hazard Mapping System).

* Analysis using mixed-effect models

Key Findings:
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* Older Children (12-21 years):

[ [ * Lower FEV, observed the next day after wildfire PM, .
1 exposure.

* Higher FEV, observed on the day after.

: : ; ; : ; ; * Likely due to rescue medication use mitigating symptoms.
Lag (Days)

GeoHealth 3.6 (2019): 146-159.



Reducing Wildfire Occurrence

Strategies to Reduce Future Wildfire Risk

« Mitigate and reverse climate change to reduce fire-prone conditions.
 Restrict development in the wildland-urban interface.

« Implement fuel management techniques to clear accumulated
vegetation.

Long-Term Challenge:

« These measures require decades or longer to take full effect.



The Urgency of Carbon Emission Reductions

A Change in Frequency of Wildfires, 1.5°C Increase B Change in Length of Wildfire Season, 1.5°C Increase
* High-Emission Scenarios (Worst Scenarios)
"y N\ ) + Representative Concentration Pathway, RCP) 8.5
C Change in Frequency of Wildfires, 2.0°C Increase D Change in Length of Wildfire Season, 2.0°C Increase * To decrease Wildfire - GIObaI EmiSSion RedUCtion Goals
IR T e = : * Cut net CO, emissions by 45% by 2030 = Achieve “net zero” by
& AR SR * ol
X i & 2050.
" § . i ‘ ~‘ ';/ = : ° o
3 b gty ] \ 1.5°C Target
' * Requires a 7.6% annual decline in emissions from 2020 to 2030
E Change in Frequency of Wildfires, RCP 8.5 F Change in Length of Wildfire Season, RCP 8.5 . . . .
[} .
| e P Benefits of Cutting Emissions:
& - L | H’t . .im% ; * Cost Savings
Yi" ¥ ‘a/ =t \ ‘kq' ) = : i + Estimated at 1.40 to 2.45 times the cost of emission reductions
§ o ; 9
t 47 * Avoiding health and climate risks, including those linked to wildfires
| | | L
-40 -20 0 20 40
Days

Environ Int 2019;128:125-136.



Prescribed Fire: A Strategic Wildfire
Management Approach

* Definition
* Intentional application of fire under specific environmental
conditions to reduce fuel loads and manage ecosystems.
* Objectives:
* Reduce wildfire risk by eliminating excess vegetation.
* Improve forest and grassland health.
* Restore natural fire regimes to ecosystems.

* Key Benefits:
* Lowers the intensity and spread of uncontrolled wildfires.
* Reduces air pollution compared to extreme wildfires.
* Maintains healthy soil and vegetation cycles.




Minimizing Health Impacts of Wildfire Smoke

WENT OF >
QVQ;’:;\}W// <
L ISN
* Early Warning & Public Protection ‘:”)
* Develop wildfire and smoke forecasting systems =]
* Encourage protective behaviors (e.g., air purifiers, masks, relocation) Y 9 ]'J'nJ'Ep..r'j'(].F,gl(;.[{1.'-2,‘0.\"«"?;:I

* Expand research on the effectiveness of risk mitigation strategies

'BE SMOKE READY
* Policy Interventions -

* Subsidies or rental programs for air purifiers.

* Clean air shelters for high-risk individuals.

* Targeted support for vulnerable groups (e.g., pregnant individuals, children with asthma, elderly with lung disease, outdoor workers)

* Role of Healthcare Providers
* Encourage at-risk patients to take preventive actions
» Pre-fill prescriptions for respiratory medications

* Expand telemedicine services to maintain healthcare access
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Take Home message

Wildfires are not just fires. They cause severe air pollution 'with PM, . and toxic chemicals.

Wildfire smoke worsens.respiratory diseases like asthma, COPD; ‘and infections. — with both
immediate and delayed effects.

Wildfire smoke “maybe” alters the airway microbiome, which can mediate lung function!decline
and respiratory symptoms.

Reducing. CO:z is essential to prevent wildfires.
Public health-and medical responses are critical.

Long-term: solutions-need ecosystem management.
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Wildfire smoke impacts respiratory health f\\“QT
more than fine particles from other sources: D -4 |
observational evidence from Southern California s

’.) Check for updates
b) Mean Wildfire PM, ¢ (pg m~) - 1999-2012

Fire Upwind + Strong SAW - Seasonal Interpolation

S

d
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Table 1 Effect of (wildfire and non-wildfire) PM, 5 on respiratory hospital admissions.
Fire upwind + strong SAW (1999-2012) Regression model for respiratory admissions (rate per 100,000 people)
Aggregated sources (smoke and non-smoke)  Approach used to isolate wildfire-specific PM; s
Instrumental Variable Imputation Interaction Seasonal Interpolation
Wildfire-specific Non-smoke Wildfire-specific Non-smoke Wildfire-specific  Non-smoke Wildfire-specific
PM; 5 coefficient 0.0014 0.0071 0.0013 0.018 1.00068 1.00061 0.0024 0.0055
(95% CI) (0.00077-0.0021) (—0.0022 to 0.017) (0.00068-0.0020) (0.0064-0.030) (1.00049-1.00087) (0.10-1.0015) (0.0018-0.0030) (-0.00068 to 0.012)
% change with 10 j.lgm‘3 PM2 s 0.76 3.8 0.72 10 0.67 1.28 13 3.0
(95% CD) (0.42-1.1) (1.2 to 89) (0.36-1.1) (3.5-16.5) (0.48-0.86) (0.37-2.19) (0.97-1.7) (—0.37 to 6.3)
All regressions include controls:flu admissions, weather covariates, day-of-week effects, month-of-year effects, zip code fixed effects, and a time trend.
Summer months (June, July, August) are excluded.
Mean PM,s = 15.6 pg m=3 (IQR=9.2 pgm=3).
Mean rate of respiratory admissions per 100,000 people =1.85.

Respiratory diseases
* ICD 9 code —460:519
* Discharge data (California OSHPD)
* Daily-zip-code based admission rate

Duration 1999-2012
e Zip code based PM, .

Rates of respiratory admissions are regressed on the
wildfire-specific PM, ; concentrations

* Multiple Spatio-temporal analysis
* Respiratory hospitalization per 10 pg/m3 increase PM, ¢
* Wildfire-specific PM, ; caused a significant increase in
respiratory hospitalizations, ranging from 1.3% to 10%,
compared with a 0.67-1.3% increase associated with non-
wildfire PM, . in California, US.

Nature Communications volume 12, Article number: 1493 (2021)



https://www.nature.com/ncomms

	슬라이드 1: The World is on Wildfire        그런데.. 호흡기 질환을 곁들인..
	슬라이드 2: Wildfire
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8: Wildfire of Korea
	슬라이드 9: Table of Contents
	슬라이드 10: Climate Change and Wildfire
	슬라이드 11: Climate change(Global Warming) & Wildfires
	슬라이드 12
	슬라이드 13
	슬라이드 14: Air Pollutant from Wildfire Smoke
	슬라이드 15: Characteristics of Wildfire PM
	슬라이드 16: Health risks associated with Wildfires
	슬라이드 17: Direct Health Risks from Wildfire Events
	슬라이드 18: Respiratory Health risks from Wildfire Smoke
	슬라이드 19: Health risks associated with Wildfire Smoke
	슬라이드 20: Short-Term Health Effects of Wildfire Smoke
	슬라이드 21: Short-Term Health Effects of Wildfire Smoke
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25: COVID-19 & PM2.5 by wildfires??
	슬라이드 26: (Unpublished) Impact of wildfire smoke on respiratory disease associated healthcare utilization in Gangwon province, South Korea, in 2017
	슬라이드 27: Methods - Study Area & Period
	슬라이드 28: Methods – Data Collection 
	슬라이드 29: Relative Risk of Respiratory Disease healthcare utilization by Region
	슬라이드 30: Relative Risk Ratio of Respiratory Disease healthcare utilization by Region
	슬라이드 31: Long-Term Effects of Wildfire Smoke
	슬라이드 32: Challenges in Assessing Wildfire Smoke Health Effects
	슬라이드 33: Impact of Air Pollutant from Wildfire Smoke
	슬라이드 34: Measurement of Wildfire smoke
	슬라이드 35: Methodological Challenges in Assessing Wildfire Smoke Health Effects
	슬라이드 36: Health risks associated with Wildfire Smoke
	슬라이드 37: New aspect  Molecular Epidemiology & Wildfire exposure effect
	슬라이드 38
	슬라이드 39: Protecting Health against Wildfires
	슬라이드 40
	슬라이드 41: Reducing Wildfire Occurrence
	슬라이드 42: The Urgency of Carbon Emission Reductions
	슬라이드 43: Prescribed Fire: A Strategic Wildfire Management Approach
	슬라이드 44: Minimizing Health Impacts of Wildfire Smoke
	슬라이드 45: 산림청, 2025년 전국 산불방지 종합대책
	슬라이드 46
	슬라이드 47: Take Home message
	슬라이드 48: Thank You.
	슬라이드 49
	슬라이드 50

