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Source: Kim KW, AJRCCM 189(1):48-56.



Particle

Total suspended particulate

Particulate matter 10 (PM,,)

Particulate matter 2.5 (PM, ;)

Particulate matter 0.1 (PM,,)

100 pm or less

10 um

2.5 um

0.1 um

€PM25
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
50-70um < 2.5um (microns)in diameter
(microns) in diameter
© PM1o

Dust, pollen, mold, etc.
<10 um (microns) in diameter

90 um (microns) in diameter
FINE BEACH SAND

Size comparisons for PM particles. EPA https://www.epa.gov/pm-pollution/particulate-matter-pm-basics



Source:

Properties of dust

* Origin & generation

Mineral particle

Combustion particles

0.5-10 pm

Endotoxin

Organic {
compounds

T

Varnable mineral
and metal content

20-30 nm
-—

Endotoxin,

/ allergens

)\ «—  Organic

-/ compounds
Moetal Inorganic
fotals
S salts

Schwarze et al. Importance of Components and Sources for Health Effects of Particulate Air Pollution, “Air pollution”.




Nucleation Surface Cluster Agglomeration Adsorption & Condensation

Growth Formation + Adherance of Sulphates
Additions due to other material at various Absorbed & condensed hydrocarbon
stages through formation process
l 1 Sulphate oxidation
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Source: Greenship of the future http://greenship.org/about/emission-wiki/particulate-matter/



Fig. 1.1 Major features of atmospheric particle mass distribution
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PM . particulate matter with particles of aerodynamic diameter < 10 pm; PM, _, particulate matter with particles of aerodynamic diameter
< 2.5 pm; SPM, suspended particulate matter; TSP, total suspended particles; UP, ultrafine particles.

Watson 2002, J Air Waste Manag Assoc, 52(6):628-713




Size & deposit location
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Figure 13.1 Total deposition (fraction inhaled) as a function of
particle size (MMD, d<0.5 pm; MMAD, d>0.5 um). (From

. Exp Lung Res. 1992;18:343-358
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Figure 13.2 Tracheobronchial (TB) deposition, fraction of
aerosol entering the trachea, as a function of particle size (MMD,
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Figure 13.3 Alveolar (gas-exchanging region) deposition, frac-
tion inhaled, as a function of particle size (MMD, d<0.5 um;



Size & deposit location
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Kobrich R et al. A mathematical model of mass deposition in man. Ann Occup Hyg 1994;38:15-23



Particle deposition efffect

* Impaction

e Gravitational sediment

* Brownian diffusion impacton g

% Gravitational
' settling

Impaction

* Electrostatic depositior

~Diffusion
S e

* Interception i
T atvadion’

HEH. O|MHX|QF HZ T, Korean Journal of Medicine 2016;91(2):106-13.
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TABLE III =
The chemical composition of different source types for PM10 in Guangzhou
10° -
Secondary aerosol
pgg~!  Trafficexhaust Coal combustion Soil dust Seasalt Sulfate  Nitrate 107 4
K 0.002 0.0261 0.0182 00107 0 0 sob ||
Na 0 0.0003 00025 0288 0 0 NaMg Al Fe K Ca Ti Mn V Cr Ni Cu Zn Cd Sn Pb As Se
Al 0.0021 0 0.0724 0 0 0 ; :
As 0 0.0005 0 0 o0 0 Figure 3. Enrichment factors of elements in PM10 and PM2.5.
Ca 0.0035 0.0044 0.0988 0.011 0 0
Cr 0 0.0003 0.0002 0 0 0 100 -
Cu 0.0004 0.0014 0.0001 0 0 0
Fe 0.0031 0.0067 0.0412 0 0 0
Mn 0.0001 0.002 0.0005 0 0 0 z 80 1
Ni 0.0004 0 0.0001 0 0 0 ‘_,‘E‘ S Traffic exhaust
Pb 0.0014 0.0014 0.0017 0 0 0 E - BN Coal combustion
Se 0.0013 0.0001 0 0 0 0o 5 B Eelive
= [ Sea sait
Ti 0.0002 0.0002 0.0039 0 0 0 E: B Secondary Sulfste
v 0.0004 0.0001 0.0002 0 0 0 T 40 EE Secondary Nitrate
Zn 0.0003 0.0149 0.0001 0 0 0 §
Cl 0.0162 0.0019 0 0 0.002 0 Qa.,
NO7 0.0031 0.0031 0 0.0023  0.004 0.775 20 ~
SO~ 0.0104 0.2636 0.0047 0.072 0.727 0
NH} 0.0087 0.0002 0.0003 0 00273 0.226
n -
oc 0.3545 0.0248 0.0628 0 0 0 By oW ™ HZ
EC 0.3121 0.0107 0.0072 0 0 0

Figure 5. Source apportionments for PM10 at four sites.

Wang et al. Environmental Monitoring and Assessment (2006) 119: 425-439



Hydrophilic reaction
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Figure 13.4 Tracheobronchial deposition of dry Fe,O, particles



Reaction sites and health effect
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Source: Schwarze et al. Importance of Components and Sources for Health Effects of Particulate Air Pollution, “Air pollution”.



Translocation to other organ
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Figure 2. Relative distribution of particles localized in
the different lung compartments at 1 hr and 24 hr
after inhalation. Volume densities (V) for lung tissue
compartments from Burri et al. (1973), Pinkerton
et al. (1992), and Tschanz et al. (1995, 2003).

Environ Health ;'?erspﬂ:z 113:1555-1560 (2005).



Flurescent polystyrene
spheres taken up by RBC

E 1-um particles 0.2-um particles 0.078-um particles

Environ Health Perspect 113:1555-1560 (2005).



Counts per minute of radioactive
particulate matter

5 healthy paricipants

A PM < 100 nm sized
200000+
K"
8
2 150000-
©
o 100000-
5
¢ 20000
0-
1 | T T T T Time (min)
1510 20 30 45 60

(Circulation. 2002;105:411-414.)



e Time-activity curve over liver
and bladder expressed as
percent of intimal lung

radioactivity

% of total lung radioactivity
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Health Effects
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- PM Inhalation
Lungs
* Inflammation
Heart * Oxidative stress Blood
« Altered cardiac * Accelerated progression * Altered rheology
autonomic function ~ @======  and exacerbation of COPD ====$ 1. vaced congulability
* Increased dysrhythmic * Increased respiratory symptoms * Translocated particles
susceptibility * Effected pulmonary reflexes * Peripheral thrombosis
* Altered cardiac * Reduced lung function * Reduced oxygen saturation
repolarization
*Increased myocardial
ischemia \
Systemic Inflammation
I Oxidative Stress
* Increased CRP
/ * Proinflammatory mediators
Vasculature * Leukocyte & platelet activation Brai
* Atherosclerosis, rain
accelerated progression of and « Increased cereb
destabilization of plaques . wdwmmuhr
* Endothelial dysfunction

* Vasoconstriction and Hypertension

Figure 4. Potential general pathophysiological pathways linking PM exposure with cardiopulmonary morbidity and mortality

Pope CA, 34 & Dockery DW. J Air Waste Manag Assoc 2006;56(6):709-42



Asbestos related disease
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Major exposure sources

* Mine

* Manufacture

* Construction w
* Slate

* Etc.
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Baby pouder
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Asbestos-caused diseases under
the Asbestos Injury Relief Act

* Type of Remedial benefits and Recipients
* Medical benefits
* Allowance for medical care and living costs
* Funeral expenses
 Special condolence and Special funeral expense
 Remedial benefit adjustment

* Examination expense for Certificated patients



© petition for examiation

Patients - .
shie Ministry of Environment
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Humidifier dysinfctants and
lung injury
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Figure 1. Monthly distribution of the occurrence of humidifier disinfectant-associated children's interstitial lung disease between 2006 and 2013. 1t
should be noted that new cases were not detected after humidifier disinfectant sales were suspended.

Source: Kim KW, AJRCCM 189(1):48-56.



Source: Kim KW, AJRCCM 189(1):48-56.
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Epidemiologic researches

Author (publi- Usa of disinfectant vs. no —
cation year) Study subjects use of disfectant D“““’&}“;‘"“"‘" Others
[Ref] 0OR (85% ClI)
Case-control study
Kimetal No. of subjecis (age range, yr) 47.3 (6.1, 360.7) Hospital control group
(2014)[12] Patients: 18(35.3, 44.0) Age, sex-matched
Control: 121 (35.4, 42.9) Logistic regrassion model
(no adjustment)
Yangetal.  No.of subjects (age range, mo): 2.73 (1.41, 5.90) Hospital control group
(2013)[13] Patients: 16 (18.25, 36.25; Age, sex, first diagnosis-date
meadian, 26) matched
Control: 47 (26.0, 20.5) Conditional logistic regras-
sion model
Parketal.  No.of subjects (age range,yr) 116.1 (6.5, 2,063.7) According to 5-year cumulative exposure (L)  Community control group
(2016) [14] Patients: 16 (28.0, 40.0; OR: referenca (<0.5)-> 76.0(05, 25) Age, sex, resident area,
median, 36.0) -> 2729(254+). pregnancy history-matched
Control: 80 (27.0, 51.0; According to daily exposure (mL/d) Conditional logistic regres-
meadian, 35.0) OR: reference (< 10)-> 09564 ->(10, 20) sion analysis
->1335(20+).
According to 5-year exposure period (mo)
OR: referenca (<5)-> 95 (5, 10)
->529(104)
Parketal.  No. of subjects (age range) According to daily mean sleep time inarcom  Family control group
(2015)[15] Patients: 169 with a humidifier containing disinfectants (hrfd) No painng
Control: 303 OR: referenca (< 10)->1.7 (10.1, 11.0) Age, sex, factory within 1 km
(<6 yrand 235 yr, pregnant ->20(11.1,120) of resident area, number of
fermales included) OR per the maan distance (m) between a chemical substances used
humidifier and the patients bed (> 1) at home
->27(05,10)->132(<05). Multivanate unconditional lo-
According to disinfectant concentrationinthe  gistic regression analysis
air {quartile, pg/m’)
OR: refarence (<317.1) -> 1.0(317.2,508.5)
->1.2(5086,0425)-> 26 (9426, 43469)
Retrospective cohort study
Packetal 1,002 people, 273 families By age (vs.>20yr) 2 11 hraxposure/d (vs.< 11 hr) Survival analysis using Cox
(2015)[16] (death: 107) 0-4:384 (255 5.79) 1.41(090,2.12) proportional hazards model
Age range: 0 to aduit the 420:180(1.09,327) =7 dexposuraiwk (vs. <7 dwk)
axposedfthe unaxposed Age-sex (vs. male adulf) 4.07 (1.28, 12.91)
(549y408) Female infants 2800 pg/m’® exposure (vs. <800 pgin)
17.14(2.14,13759) 1.61(1.08 2.40)
Malo infants Survival possibility according to exposure type:
10.04(1.23, 8232)  high-concentration constant exposure < low-
Female adults concentration constant exposure < intermitient

6.02(0.74, 49.10)

Ref, referenca number; OR, odds ratio; Cl, confidenca inferval; RR, risk ratio.
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Other sources
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<E 6> 494 R BAAS ¢AVI2() AA

MIT/
CMIT

A
; day
. (3% +2)) 0.104 mg/kg/day 30 mg/kg ::g(;ggl‘:f
) =9l 0.34 mg/m® 30 mg/kg '
gk A =
- e ; d
wa (%4 29)) 0.104 mg/kg/day 60 mg/kg ?(()) (;gg/:
&9 0.34 mg/m® 50 mg/kg ’
A
g d
rmae) | CGAFHEW il M i 30 mg/ke
(0.003%)
hA 29l 0.34 mg/m® 30 me/kg
EdA A 0.104 mg/kg/day 30 mg/kg 20 mg/kg
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Next following?

popcorn

* Flavoring-induced lung disease

* Diacetyl induced Bronchiolitis obliterans

* the buttery-flavored chemical in foods like popcorn,

caramel and dairy products

— Flavoring in E-cigarette
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Thank you for attention!



