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Fig. 8. Clinical and Sub-Clinical Impacts of Wildfire Smoke or PM, s.
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1) B 7] (Fire smoke)

. UM EE (Fine and coarse particulate matter, PM)

o JtAad E2F (FASERA, O OFLISHR A (N20), RALBHE (Nox), 2] 7|3t
= (volatile organic carbon, VOC)

o EtStA BEX O 2 MSHE EtSteA B2 AT EEA Alkyl nitrate, E 3 E S

« ClO|Z4l, #FE

- BRI |IBEPMEE 85, 7122 HE PM2.5) S EE 85
- YXtd 2H0|= Ho|0iA HAa0f ofsf MM E st EHO| ZREN &

m Review

Critical Review of Health Impacts of Wildfire Smoke Exposure

Calioen § B4 Usahomd Brur.* Ty i bvestom 4 Mishas Jmrvett § v 8 Bsbrms ' et Catoarrne | Dl 4

Reid et al., EHP, 2016; Friedli et al., Global Biogeochemical Cycles, 2001; Cascio, STOTEN, 2018

) EY

« HIO]0H A (Biomass)2| AL A CHEDH Fofi2tetE E A d |0 E0| EXY
- CIEHYSFEESIP LA (Polycyclic aromatic hydrocarbons, PAHs), halogenated PAHs &
- C}O]Z 415F (Polychlroinated dibenzo-p-dioxins and dibenzofurans, PCDD/Fs)

- EZ2|222|U4|0|E|E BIO|H|'d (Polychlorinated biphenyls, PCBs)

RETEEEPS

= SO 4= (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sh, Sn, Tl, V &)

P tarpet andlyin abbvenatiom

Nap

Naphthalene Acenaphihylene

Anthmcens

Fluoranthens Be

DahA

BghiP

2-Bifle
$-Cll'he
2-ClAnt
9-Belhe
% BeAnt
9,100 Ant
9,10-BrAnt
1 Rehyr

T KeltaA

Indeno(l 2,3 -c.dpyrens Benzolp h iperylene

EPA Class B2 Carcinogens
Nadal et al., Environ Int, 2016
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= CHEHUSFFEISI2 (Polycyclic aromatic hydrocarbons, PAHs)

o AH20|| of5f A El pAHs 7t K| K| PAHSO) 13.6% AHA|

. AE2 paHs 552 1071004 0| A Z7HA|1Z

Of: £h2 oHE 2 0f| CHEZOf HIsl 4~24Hl 2 S, 167} PAHs 5= SEO| LH2 = 208 7HX| 57t
. EYHOEALIZAE SN E2 sEE2Y
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ChEHUSFFEFSEE2 (Polycyclic aromatic hydrocarbons, PAHs)

20| Z 2 0f W2} black ash(200-500°C), white ash(>510°C) 24 (20131 22| L]0} 3}x)
CH=20fl H| 3} Black ashOfl A PAHs 3H{ O &), White ashOf| M 2Hf B = =2 5= ETY

o MEQZEIIASE O E2 WML A= PAHs EEXY

o MEQZEIASTE HAS EERLE PAHs SE Bt

YPAH YCI-PAH YBr-PAH
(a) (b) ©)

T:|Halogens H' i i ‘LH e
Forest,CA  * Moderate Burn  Severe Burn B-Ash % —-ﬂg’- s a4 '@—'3 b
{{F 3Bt —
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Ncn-bunld a J
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T T

84

2000 0 18
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AN NN NN " oYy [.-\ b d ) (n
L U U Salha | 2®e Bl @ @
Py : I\_‘ | s e B~ B~ B Hecors Poow fre sy [re. I..-,
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~~O000 - AAL LAAL BB BoBwr

16 EPA-regulated PAHs 3 chlorinated PAHs + 6 brominated PAHs. _ ] _

T T T T 1 T
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Percentage in concentration (%)

Chen et al,, ES&T, 2018
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After the fire: Blazes pose hidden threat to
the West's drinking water

How Wildfires Are
Polluting Rivers and
Threatening Water
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3. a0 2Bt HZBY

b ¢17) (wildfire smoke)2) HU&d 3k

» &) 24} 22 (particulate matter) 2} 41 4251 1+4 £2) (gaseous
products of combustion) & A &

AbE AT ez B Y A ES] Fke HY A 2

o NE2 0)3F 0 7] 2 63} el A o] 9] &

+ fhio] WAystel o] 2ol et 2k ol A B o] 5% 2444
tha B (1997 56 2004 ”W CR 01‘%';01' sk e ~E2¢
ejof 4 B3t

o« AHE 417]9] Fo bf7| oY 222 0|A|THA|
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Table 1. Findings from epidemiological research studies (N = 43) ordered by health outcome.

Cardiovascular

Morgan et al. 2010
Faustini et al. 2015
Linares et al. 2015
Nunes et al. 2013
Faustini et al. 2015
Johnston et al. 2011
Morgan et al. 2010

Monitored PM
Smoky versus non-smoky days
Monitored PM
Modeled PM and satellite data
Smoky versus non-smoky days
Smoky versus non-smoky days
Monitored PM

Direction of
QOutcome Article Exposure assessment type association
Mortality
All Sastry 2002 Monitored PM L)
Morgan et al. 2010 Monitored PM
Johnston et al. 2011 Smoky versus non-smoky days
Faustini et al. 2015 Smoky versus non-smoky days
Linares et al. 2015 Monitored PM
Shaposhnikov et al. 2014 Monitored PM
Respiratory Johnston et al. 2011 Smoky versus non-smoky days

ECtt-331811 33333

Linares et al. 2015 Monitored PM
Respiratory morbidity
Lung function in people Jacobson et al. 2012 Monitored PM
without asthma or bronchial Jacobson et al. 2014 Monitored PM
hyperreactivity Jalaludin et al. 2000 Monitored PM 1l
Physician visits Lee et al. 2009 Monitored PM T
Henderson et al. 2011 Monitored PM T
Modeled PM T
Binary satellite indicator of smoke (!
Moore et al. 2006 Temporal comparison 11
Mott et al. 2002 Temporal comparison T
Lee et al. 2009 Monitored PM T
ED visits Rappold et al. 2011 Temporal and spatial comparisons ™
Tham et al. 2009 Monitored PM il
Thelen et al. 2013 Modeled PM TT
Johnston et al. 2014 Smoky versus non-smoky days TT
Hospitalizations Morgan et al. 2010 Monitored PM 11
Henderson et al. 2011 Monitored PM 1T
Modeled PM T
Binary satellite indicator of smoke T
Johnston et al. 2007 Monitored PM 1]
Delfino et al. 2009 PM monitoring, statistical modeling, T
and satellite information
Martin et al. 2013 Smoky versus non-smoky days 1T
Chen et al. 2006 PM monitoring for categorical T
exposures
Cangado et al. 2006 PM monitoring T
Mott et al. 2005 Temporal comparison T
Ignotti et al. 2010 % annual hours > 80 pg/m3 o
Tham et al. 2009 Monitored PM —_
Asthma
Lung function among people Jacobson et al. 2012 Monitored PM —
with asthma Jalaludin et al. 2000 Monitored PM -
Vora et al. 2011 Temporal comparison —
Wiwatanadate and Monitored PM —
Liwsrisakun 2011
Medications Elliott et al. 2013 PM monitoring, statistical modeling, T
and satellite information
Yao et al. 2016 Modeled PM TF
Tse et al. 2015 Temporal and spatial comparisons T
Vora etal. 2011 Temporal comparison TT
Johnston et al. 2008 Monitored PM TT
Arbex et al. 2000 Measurement of PM T
Physician visits Henderson et al. 2011 Monitored PM TT
Modeled PM TT
Binary satellite indicator T
Yao et al. 2014 2018 Monitored PM TT
Modeled PM 35 §
ED visits Johnston et al. 2002 Monitored PM T
Rappold et al. 2011 Temporal and spatial comparisons T
Duclos et al. 1990 Temporal comparison T
Johnston et al. 2014 Smoky versus non-smoky days 1
Smith et al. 1996 Temporal comparison T
Tse et al. 2015 Temporal and spatial comparisons —




FHUE 1. ek =9

Direction of
Outcome Article Exposure assessment type association
Hospitalizations Morgan et al. 2010 Monitored PM i
Delfino et al. 2009 PM monitoring, statistical modeling, ™
and satellite information
Arbex et al. 2007 PM monitoring Tr
Martin et al. 2013 Smoky versus non-smoky days T
Johnston et al. 2007 Monitored PM T
Tse et al. 2015 Temporal and spatial comparisons —
COPD
Physician visits Yao et al. 2016 Monitored PM T
Modeled PM T
ED visits Rappold et al. 2011 Temporal and spatial comparisons T
Duclos et al. 1990 Temporal comparison T
Johnston et al. 2014 Smoky versus non-smoky days T
Hospitalizations Morgan et al. 2010 Monitored PM T
Johnston et al. 2007 Monitored PM TT
Delfino et al. 2009 PM monitoring, statistical modeling, £ 3 §
and satellite information
Martin et al. 2013 Smoky versus non-smoky days T
Mott et al. 2005 Temporal comparison? i &
Respiratory infections
Physician visits Yao et al. 2016 Monitored PM? 1T
Modeled PM# —
Monitored PM*® TT
Modeled PM© L
Henderson et al. 2011 Monitored PM¢ s
ED visits Duclos et al. 1990 Temporal comparison? i 5
Rappold et al. 2011 Temporal and spatial comparisons® o
Hospitalizations Johnston et al. 2007 Monitored PM .
Pneumonia and bronchitis
ED visits Rappold et al. 2011 Temporal and spatial comparisons i
Johnston et al. 2014 Smoky versus non-smoky days —
Hospitalizations Delfino et al. 2009 PM monitoring, statistical modeling, TT
and satellite information
Morgan et al. 2010 Monitored PM T
Martin et al. 2013 Smoky versus non-smoky days 5 )
Duclos et al. 1990 Temporal comparison® T
Direction of
Outcome Article Exposure assessment type association
IHD
Physician visits Lee et al. 2009 Monitored PM T
ED visits Johnston et al. 2014 Smoky versus non-smoky days T
Haikerwal et al. 2015 Modeled PM T
Hospitalizations Mott et al. 2005 Temporal comparison T
Haikerwal et al. 2015 Modeled PM 3
Morgan et al. 2010 Monitored PM .
Delfino et al. 2009 PM monitoring, statistical modeling, >
and satellite information
Johnston et al. 2007 Monitored PM 1land TT/
Martin et al. 2013 Smoky versus non-smoky days e
Hypertension
Physician visits Henderson et al. 2011 Monitored PM e
Hospitalizations Arbex et al. 2010 PM monitoring 5§
Cardiac dysrhythmias/arrhythmias
ED visits Johnston et al. 2014 Smoky versus non-smoky days e
Hospitalizations Delfino et al. 2009 PM monitoring, statistical modeling, -
and satellite information
Martin et al. 2013 Smoky versus non-smoky days >
Cerebrovascular disease
ED visits Johnston et al. 2014 Smoky versus non-smoky days e
Hospitalizations Delfino et al. 2008 PM monitoring, statistical modeling, T
and satellite information
Morgan et al. 2010 Monitored PM -
Angina
Dispensations of fast-acting Yao et al. 2016 Monitored PM T
nitroglycerin
ED visits Haikerwal et al. 2015 Modeled PM iz
Hospitalizations Haikerwal et al. 2015 Modeled PM e
Birth outcomes
Birth weight Holstius et al. 2012 Temporal comparison Ll
Proportion of cohort surviving Jayachandran 2009 Satellite data 4l
Low birth weight Candido da Silva et al. 2014 Monitored PM T
Mental health
Physician visits Moore et al. 2006 Temporal comparison s
Duclos et al. 1990 Temporal comparison —

Hospitalizations
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All-cause Cardiovascular All-cause Cerebrovascular All-cause Respiratory
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. | Age Category
X [ ¥ Adults 45-64
z" A # Adults 65+
+ + A [ . 4 All Adults (19+)
[ ]
i * | ¢
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il [ ]
Light Medum  Dense Ligh  Megium  Demse Light  Medum  Dense
Smoke Density

Figure 2. Relative risk and 95% confidence intervals for select cardicvascular, cerebrovascular, and respiratory outcomes relative to smoke-
free days, atlag 0 days, stratified by age; 8 Califomia air basins (May 1-September 30, 2015). Models adjusted for heat index, day of week, time
trend, and log-population offset. RR indicates relative risk.
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T ADEM2N2 R 32 2 D15 S3EE ZARDHIL(QIRA SHEFHIR) (549 : ppb)
1 Freoni2 0.00 0.00 0.00 0.42 0.48 0.45
2 Metyl chioride 347 27.50 0.35 1.08 1.24 281
3 Freon114 0,02 0.01 0.01 0,00 0.00 0,00
4 Vinyl chioride 3.10 2.56 0.22 0.00 0.00 0,00
5 Matyl bromide 0.20 0.17 0.00 0.00 0.10 0.00
] Ethyl chloride 1.54 0.00 0.03 0.00 0.00 0.00
[ Freon11 0.30 0.27 0.21 0.10 0.14 0.10
8 chiorida 0,68 0,52 0.01 0,00 000 | 000 |
9 Dichi th 239,36 189,62 4,60 1.45 213 0,18
10 Freon! 13 0.07 0.07 0.06 0,00 0.01 0.01
11 1.1-Dich 0.00 0.00 0.00 0,00 00,00 0.00
12 cls=1,2-D 0,85 0,66 0.02 0.00 0.00 0.00
13 Chiorol 105.80 B0.47 113 0.00 0.06 0.00
14 1,2-Dichioroproathane 0.32 0.24 0.00 0.00 0.00 0.00
15 Meathyl chiorof 0.00 0.00 0,00 0.00 0.00 0.00
16 Banzeng 15,65 11.23 0.32 0.02 0.33 0.01
17 Carbon tetrachioride 041 35 0.18 0.00 0.00 0.00
18 1,2-Dichloropropane 71.13 16 0.1 0.00 0.00 0.00
19 823 78 0.12 1.08 139 0.00
20 cis-1,3-Dichioropropene 0.00 0.00 0.00 0.00 0.00 0.00
21 frans-1,3- 0.00 0.00 0.00 0.00 0.00 0,00
22 1,1,2-trichioroethane 0.00 0.00 0.00 0.00 0.00 0.00
23 toluene 43,0 27.84 1.50 0,53 1.33 01.41
24 1,2 0.00 0,00 0,00 0.00 0.00 0.00
75 tetrac i 020 0.00 0.00 0.00 0.00 0.00
26 1.2 0.55 0.00 0.00 0.00 0.00
27 thylb 1.62 0.78 0.12 0.78 1.16 0.04

28,29 mp-xylene 0.86 0.40 0.17 0.68 1.26 0.01
0 siyrene 2,89 1.73 0.21 0.00 0.00 0.00
3l 1,1,2,2-tetrachioroath 0.08 0.02 0.00 0.00 0.00 0.00
2 o-xylene 062 0.35 0.16 0.43 0.64 0.00
34 1,2,4-trimethyl 0.00 0,00 0,00 0.00 0.00 0.00
33 1,3,5-trimathylb 0.00 0.00 0.00 0.00 0.00 0.00
35 0.00 0,00 0,00 0.00 0,00 0.00
36 o-dich 0.00 0,00 0.00 0.00 0.00 0.00
a7 p-dich 0.00 0.00 0,00 0.00 0.00 0.00
38 1,24 0.00 0.00 0.00 0.00 0.00 0,00
39 1.1.2,3.4,4-hexachloro-1,3-butadlens 0.00 0.00 0.00 0.00 0,00 0,00
4 13 TAT 491 0,00 0,00 0.01 0.00
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Air Pollution and
Effects of cranial nerve
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Air pollution: Neuroinflammation and CNS disease

Direct mechanisms

Soluble compounds

reach this brain CNS pathology

- -4 Neuroinflammaton >
Adsorbed compounds (INOS, TNFu, IL-1p, COX;, & NFxB)
reach :In brain ) - —+ Netron dainegefiods
<+ Miciogila activalion (HLA-DA & CD14)

(ROS & cytokinge production)
-4 Blood brain bartier damage/dysfunction

Peripheral mechanisms

Cardiovascular sysie

Circulating
monocytes

| A 4

Circulating

cytokines

{Changas in inflammatory, tight junction, & ransport proteins)

k

*

Particulate matier
reaches the brain

+ Afp accumulation
s lar, & diffuse plag

4 Afi and «-Synuclain aggregation
| = Lipid
+ DNA damage

CNS Disease

Lung

Lives

TRENDS m Heursscinrees

Block ML, Calderon-Garciduenas. Air pollution: mechanisms of neuroinflammation and CNS disease. Trends in

Neroscience 2009;32:506-516

Institute for Environmental Research Yonsei University

Ambient particulate matter and Suicide

PSYCHIATRY

Cover paper
{American J Psychiatry 2010;
197:1100-1107, 1IF=14.722)

Ambient Particulate Matter as a Risk Factor for Suicide

Changsoo Kim, M.D., Ph.D. Oljectiver The
Sang Hyuk Jung, M.D., Ph.D.
Dae Ryong Kang, Ph.D.

Hyeon Chang Kim, M.D., Ph.D.
Ki Tae Moon, M.D., Ph.D.

Nam Wook Hur, Ph.D.

Dong Chun Shin, M.D., Ph.D.

1l Suh, M.D., Ph.D.

10-40m Partic la
{Poled Estimate}
30
g 2 1|_
: - I
Loegra, bEE iRy 100 pip H
% [ - % 1
: o ; T + { I T L 1 T 1 [
9 : !
= -0
20
G 3 1.2 3 o 1 2 3 1 2 3 o 1 2 3 1 2 3
Lag Cumuilative Lag Cumulative Lag Cumulative
Lag Lag Lag

v Atime-stratified case-crossover study
*  PM10 increase per IQR = 9.0% increase (95% Cl, 2.4-16.1)
*  PMZ2.5 increase per IQR = 10.1% increase (95% Cl, 2.0-19.0)
= PM10 increase per IQR = 18.9% increase (95% Cl, 3.2-37.0) in CVD patients

Institute for Environmental Research Yonsei University
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r pollution and Depression

Contents lists available at ScienceDirect

Journal of Affective Disorders

journal homepage: www.elsevier.com/locate/jad

Research report

Air pollution as a risk factor for depressive episode in patients @c,m_“a,k
with cardiovascular disease, diabetes mellitus, or asthma

Jaelim Cho*, Yoon Jung Choi”, Mina Suh®, Jungwoo Sohn*, Hyunsoo Kim*,
Seong-Kyung Cho*, Kyoung Hwa Ha®, Changsoo Kim®*, Dong Chun Shin®¢

* Department of Preventive Medicine, Yonsei University College of Medicine, Seoul, Republic of Korea

" Research and Development Center, Health Insurance Review and Assessment Service, Seoul, Republic of Korea
© National Cancer Center, Koyang, Republic of Korea

? Institute for Environmental Research, Yonsei University College of Medicine, Seoul, Republic of Korea

. - Journal of Affective Disorders 157 (2014) 45-51
v A time-stratified case-crossover study

* Study subjects: ER visits for depressive episode in 2005-2009 in Seoul (n = 4985)
* Data sources: Health insurance claim data, automatic monitoring system data

» S02, PM10, NO2, and CO significantly increased the risk of ED visits for depressive episode,
especially among individuals with pre-existing cardiovascular disease, diabetes mellitus, or

asthma.
Institute for Environmental Research Yonsei University

Air pollution : Children’s IQ

2 0{210| IQQ} PAHs = Zt7|(Pediatrics, 2009)

O|= EPA2Q} NIEHS X| &S Brot s=gli%=l CCCEH(Columbia Center for Children’s
Environmental Health) &t
D& PAHs ' Z(2.26ng/m3) X|Y £4 0{210|529] IQ7} 4.31~4.67 HE W&

n FPublished anline duly 20, 2009
Alr Guality Instruments Parlicutale and Wealher instrun | PEDIATIRICS wvoal 154 Mo 2 August 20089, pp. e156-a202
Any Kind of AFM Probes AFM Probes For Any Applcatl

8% Thyrold Disease Cured 100% Natural Herbs, win 1 ARTICLE

Premnatal Aldlrborme Polyocycoclic
Aromatic Hydrocarbon
Exposure and Child 1 at
Science News & Share < Blog Age S Years

Children's IQ Can Be Affected By Mother's Exposure To Urban Air
Pollutants, Study Suggests

Health & Modics Earth & Cimate Space & Tima

3

B High PAH exposure
SeranceDaily (July 20, 2009) — Prenatal expasure  Ads By Google B Low PAH exposure
to emvironmental pollutants known as polveycic

aromalic hydrocarbons (PAHs) can acversely affect g‘;‘""’"z "’_“‘J"‘ nols

& ChT's inaligence qUONENt of 10, ACCOTBNG IO NEW ot mmar bt 1abach
research by the the Columbia Center for Children's  nsldus comiobsaner
Emvironmental Health (COCEH) at the Mailman Dascare Sunlie

School of Public Heakth PAHs are chemicals Pt P i
released into the air from the buming of coal, diesel,  Wosessson sducation, ans

oil and gas, of other arganic substances such as war ccpaasd com

tobacco. In urban areas molor vehicles 4 8 MaRF Chidcars Palices

source of PAHs. Doumans for Chideae Centres
bt P G Palesgs Systems Chackiesty Foms
E— The sy fond bt i s cemebassdachicescom u

1=
@

g

Mean IQ score
g ¥

§ d Mhew York City had ful scale and Passive Diffusion Tubas 85
Mind & Brain varbal 10 scores that were £ 31 and  Ar and Soil Mositoring
+ Child Psychology 4 67 points lowsr, respectively than  UIKAS Laboratory Sanice
+ Chid Developmant  yhose of lngs exposed chikdren High  ww gradia oo uk a0
* Educstenal PAH bevais were dafined 35 above
Paychology the medan of 2 26 anogams P& Dt eavriay Full-scale 10 Verbal 10 Performance 1Q
Earth & Climats cubic meter [ng/m'} (P =.007) (P =.003) (P=.170)

ScienceDaily, 2009. 7. 20
Institute for Environmental Research Yonsei University
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Air pollution : Cranial nerves

15-month old dog prefrontal cortex in Mexico city

+ Hyperplastic endothelial cell protruded * M: macrophage with lipid vacuole (*)
in the lumen (long arrow) * SMC: smooth muscle cell
+ Mononuclear cell (short arrow) * EC: endothelial cell
¢ L: lumen

* RBC: red blood cell
Calderon-Garciduenas L, et al., 2008

Institute for Environmental Research Yonsei University

HEMICAL WARFARE
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Budapest 0
HUNGARY
Raba Chemical
waste resorvoir

Devecser Dapube
KolontarbdiC Alka .

. oo ARR [ GETTY, IMAG
209k
NN ﬂmmi
Soclety
‘ol Thailaned NSM
nentsians

Institute for Environmental Research Yonsei University

HYDROFLUORIC ACID LEAKAGE IN DAEGU, KOREA (2012)

| 70| BAVIA @ADL §FE BEATEA 21 Ml
| A Lo S5 B8 | HUS |
l SERx M2 S0 M@ AAAI%H 4 220
! AIANE DAY S U= P
+ RS IIA
—— .
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FO|A| A0S y -

N

xR, Fol 71xt/ 20121003
@yonhap_graphics| £ 91E{)
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T3} BRAIN POLLUTION :
¥ SILENT EPIDEMIC

Industrial chemicals in the environment impair
brain development in fetuses and young children
(The Lancet, 2006)

% Lead, Mercury, Arsenic, PCBs, Toluene

Research Team
Harvard School of Public Health
Mount Sinai School of Medicine
Lead Author ; Philippe Grandjean (HSPH)

Institute for Environmental Research Yonsei University

The Significance of Small Effects:
~ POPULATION OF 260 MILLION

MeclnJ 100

/\

60 million ™ 6,0 million

‘mentally retarded’ \ "gifted”
i T N |IOQO_ T ]w(fromP Orris)
70 -~ 130 '

Institute for Environmental Research Yonsei University
—




97% INCREASE

"Mentally
Refarded”
Populafion

ARANED

/ \ (24 million
Jgifted’

40 50 A 80 100 120 4 140 1O

70 1L.Q. 130 (from P.Orris)

Institute for Environmental Research Yonsei University

9.4 milion
‘mentally retarded

J System for integrated risk assessment
and management

Dose-response

/ 2 / N relationshi
~ Soil ( Food § I P
7 Life '
activity
Host - factor] Risk-based
Y / Clean—up Goals
Biomarker
. - \ \ / ‘Multi-media, pathway
. \ / \ exposure model
Air { Water .

) Multi-media

\—/ - Cross—media

— Multi-pathway

Institute for Environmental Research Yonsei University
 ——
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) System for integrated risk assessment
and management

Risk—based
Clean—up Goals |

Institute for Environmental Research Yonsei University

) DEVELOPMENT OF HEALTH AND
* ECOLOGICAL RISK ANALYSIS
SYSTEM

System software with GIS

Human risk
model

_ s Environmental |_' :
fate model i bt
- - priority and
Ecological risk > management
Ti model system
\—5 i : ‘- J

CRA system

»

Institute for Environmental Research Yonsei University
—
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K-RAMS To;ucny
i Esﬁmatlon of PNEC # Chemicals
(Korean Risk Assessment & Management System) Regions
Receptors
"""""""""""""""""" 1.Ecological toxicity
: 50'”1"]‘2;; - 2 Ecological risk
.ml\?:pet:atmn 3.Cumulative risk
- 1.Environmental media le T surt{sog 4.Contribution rate
e 2.Mass balance transfer :
m::j:] 3.Mass balance level alr —[ ;:F;l:les
4.Mass flow in multimedia "

og4- - -

I
I
I
" 1.Human toxicity
| ["iChemical property. Q@- -------
L—| Geological DB = g.g:;nci? ::Eosed dose
e = 4‘Hazard quotient

— Emission scenarios 5.Contribution rate

— B6.Virtually safety dose
Toxlclty for human % Chemicals
Hurnan exposure factor Group of chemicals

l Exposure routes
Regions

Chemical
DB

2.Toxicological DB

I: 1.Chemical property DB
3.Regulation DB

# : output variables

In/Out of parameters in K-RAMS s §'(;‘Et‘;‘ut

Environmental Health Laws
in Korea

©) Enacted date : 2009. 3. 22

© Main categories

* Risk Assessment

* Health Damage Prevention
(Epidemiological research)

* Protection of Child Health

* Petition the government for environmental
damage investigation
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Slofs &It
(Risk assessment)

Slae el
(Risk management)

s 2e| A

CEEPIER-E-)

eIXloll SEUH=

5

Hole: =&
(Risk communicatior,)

CGidJHRl ALEl, Z2HI,

Sl HO HASHEN | DEE HHP = =)
=i S £ 22 2 +&2 102

floi-8 E7tet fIsh = 2|2 g

Institute for Environmental Research Yonsei University

ZH Mo M2l 2l = (risk) S

: 0=, OECD, B2, LIt

L8, Science (2004) 303:226-229

ciymmel |5 | A PN
Ly EZC ERRETT @ 8 4
CHEr sy o o"oam g
HINIA _g 6 1
A E 4 1
5 2
19r°ll°¢§°o' HE”\E g—!% § farmed salmon
= Q1 BT . ot
1 s SR
g (#gif « f
18 21°1 = =7 e 4.
e
|1 g 2]
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[ NN e N
sk perception
CELTREEET-T]
Legislative/
Political
o Xl=d (familiarity) factors  gocial
Research Y.
. EX|7Hs4(controllability) *f;;'m
o X}2tA(voluntariness) °° slo }E
Technical . _/Economic
&3 ZH(dreadfulness) feasibllity ~ = s
IS
s *HE_E__?aH(new risk) assessment

© M=o HEot= o] B

Institute for Environmental Research Yonsei University
.

2
'
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g 1= A SE
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Ot rlo O mju
Jp» H oo
Ot rg

Hrtl_lézi A

0XZror

b

Public response

el flsl=of
CESH=H 2H
AlZHOl 25
(Gochfeld, *95)

I
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) Slsholl chk Azt

e ST | Nid®

Institute for Environmental Research Yonsei University

Society for Risk Analysis

M. Granger Morgan

"
iy

| SSh e ppown
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Risk-based approach

Probability or likelihood taking into account the possible harmful effects on
individual people or society that expose to hazardous chemical

(NAS, 1983)

\IM"

(e
..therisktolife is lhn same.
_ 2 | M sequence
RlSk = Z )C;.fr. f; : exposure
- ] : Hazard

aassa Wi /.O it a1,
e""'“?‘{“’ ‘ '\ r?l“ﬁlll;! NSM

Institute for Environmental Research Yonsei University
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o

fam §
AZ%H ofzlo| (njayMicy) MRS S|
t

A-H|X[2| ALSYEHof| CHSt =Holnp SHEE ALES2] HE
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2 HA 7

A4 g|staal o SISt ohE Belo] E84 Xt thE 27t 22
20|44 E U JWEX|SHS S Ba| ALZX|CHof ChE gisiEel Lay S

© !_E'-E
BHHoz 285 82| HAE
© Qb e B 2ZAAY W
NFAH =
FE(EYPY/ARA) 445 B2l 58 H/ZNHCE 58F Y45
SaHA =
Pdd+ 42 AFI3SEUE )0l i et dste 9l Fi/S T el
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Institute for Environmental Research Yonsei University
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= SIerERC FF ofE 57t =

S 19} 1,308t 0|5 1708t i
4y M A| 10T 2,000 o{F
w e 4,500 0{ = 300 0|5

FMA SEH 7S 102

TMA SEEECAS SS)
: 124 1,30094

(3,00009)

asEy
ARCiHEEE
(7000])

(X : A Division of the American Chemical Society, 2016
& SLRAETY, S EF W LMY A A=, 2015)
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| Mexico Gas Plant Explosion (2012.09.18)

—— _— -——"hl — . . .
G e iy ""‘"""""‘:_ = i

e

Fatality Rate:
1.0 X 107 (person/yr)




I Risk Characteristics

H oy r2t

FHER L setEd ZUARLI0 et S

63

| FamltyRate | FAR____|

Stuck by Meteorite
Struck by Lightning
Fire

Run over by Car

Staying at Home
Travelling by Car
Rock Climbing

20 Cigarettes/day

Chemical Industry
Steel Industry
Coal Mining

Agriculture

6.0 X101

1.0 X 107
1.5X10°
6.0 X 105

1.7 X107
4.0 X 10°
5.0X 103

57
4000

1.2
8.0
7.3
3.7

FEE

(84 : Understanding Risk communication Theory, Homeland Security, 2012)
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LWhat Can Go Wrong?

Hazard Identification: Development of available accident scenario

Pool fire =
1.5 x 10-6/yr

\ﬂ % i
BLEVE =
3.9 x 10-7lyr

Cloud fire =
1.9 x 10
o

£
No conséquences =

3.9 x 10-6lyr
-

Large leak
=9.7 x 10-6/yr 10 %

VCE =
9.7 x 10-Tlyr
11



FHILE L. 358 ZUA0) oist oS 65

| So What?

For every accident scenario and every target location (buildings,...):

» Calculation of risk = event probability x damage probability
calculation tools required

+ Total risk at target location :
= sum of risk from each contributing scenario

* For people :
risk generally based on “fatality” as end effect

* For structures :
risk generally based on “unrepairable damage” as end effect

12

LSo What? — Example of Risk Calculation

Risk = 5.2 10-5/yr x 0.07 x 0.1 x 0.2 = 7.28 10-8/yr

Risk = 5.2 10-5/yr x 0.07 x 0.1 x 0.5 = 1.82 10-Tlyr

Risk = 5.2 10-5/yr x 0.07 x 0.1 x 1 = 3.64 10-Tlyr
Probability of fatal

Medium Leak (35 mm) Probability of Wind Probability of Ignition
= 5.2 x 10-5/yr Direction =01

=0.07 L
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LSo What? — Example of Risk Calculation

) WPz 7t =7t 2|AT AHEA, OEA F=sH0F Sh=r

ro
o
rio
im
HM
T
fol

103

v G - TR 10-4

106
107

14

15
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16

LSimuIation Z 1}

v" Column top leak without barrier v" Column top leak with barrier

FMOLE_30 (o TMOLE 30 (g

17
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| 5ot : 27D E ALY I3] £Qlo| Ee
Chemical Safety and hazard investigation Board (CSB)

M 27} Working Group 241}
83 2 33| &= XY
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