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우리나라 주요 도시의 미세먼지 PM10 연평균 농도
-Air Korea

2016-환경부자료



Biointerphases 2007:2: MR17 - MR172

입자의 크기



Classification of particulate matter (PM) and sources of particles 

Am J Physiol Lung Cell Mol Physiol 2008;294: L817–L829



Free Rad Biol  Med 2008;44: 1689–1699

Coarse particles cover a range between 10,000 and 2,500 nanometers. 

Fine particles are sized between 2,500 and 100 nanometers. 

Ultrafine particles, or nanoparticles are sized between 100 and 1 nanometers.



Airborne particles
Fine particles (<2.5µm diameter)

30-50%: water soluble salts 

(ammonium sulfate,  ammonium bisulfate, letivocite, 

ammonium nitrate, sodium chloride)

10-40%:  carbonaceous material

5-20%: trace element

Coarse particles (>2.5µm diameter)

5-20%: water soluble salts

5-20%:  carbonaceous material

30-50%: oxides and minerals (silicates, calcium , aluminum,  

magnesium hydroxides, calcium carbonate, 

calcium sulfate, iron oxides)

환경부, 2016



Biointerphases 2007:2: MR17 - MR172

Figure 23. a) Los Angeles smog. b) Size distribution and composition of particulate matter over Los
Angeles during 2002-2003. NP - nanoparticles, MP – microparticles.



Nanoparticles are abundant in nature,  as they are produced in many 

natural processes, including photochemical reactions, volcanic eruptions, 

forest fires, and simple erosion, and by plants and animals, e.g. shed skin 

and hair. 

Though we usually associate air pollution with human activities –cars, 

industry, and charcoal burning, natural events such as dust storms, 

volcanic eruptions and forest fires can produce such vast quantities of 

nanoparticulate matter that they profoundly affect air quality worldwide. 

The aerosols generated by human activities are estimated to be only 

about 10% of the total, the remaining 90% having a natural origin. 

Sources of particles

Biointerphases 2007:2: MR17 - MR172
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환경부 자료-2017



7-20-2017

Average hour spent per day

in various locations

Location     Employed men     Employed Women   Housewives

At home       13.4h (55.8%)      15.4h  (64/2%)        20.5h (85.4%)

At work         6.7h (27.9%)       5.2h   (21.7%)            - (0%)

In transit        1.6h (6.7%)         1.3h  (5.4%)             1.0h (4.2%)

Outside          0.7h (2.9%)         0.3h  (1.3%)             0.4h (1.7%)

Inside other 

structures      1.6  (6.7%)         1.8  (7.5%)               2.1 (8.8%)

Szalai et al, The Hague: Mouton, 1972
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<2003～2010 전 세계 1,100개 도시의 미세먼지 오염 지도>

자료 : 세계보건기구(WHO)



Health effects and biologic markers of 

response associated with air pollution

Excess cardiorespiratory mortality

death from lung or heart disease in excess of number expected

Increased health care utilization

increased hospitalization, physician visits, emergency department visits

Asthma exacerbations :

increased physician visits, medication use, decreased PEFR

Increased respiratory illness

increased respiratory infections, physician visits, episodic symptoms

Increased respiratory symptoms

Decreased lung function: spirometry, peak flow rates, airways resistance

Increased airways reactivity

altered response to challenge with methacholine, carbachol, histamine, cold air

Lung inflammation

influx of inflammatory cells, mediators, proteins 

Altered host defense

altered mucociliary clearance, macrophage function, immune response 
:

Am J Respir Crit Care Med 1996



Figure. Schematics of human body with pathways of exposure to nanoparticles, affected organs, and associated 

diseases from epidemiological, in vivo and in vitro studies.

Biointerphases 2007:2: MR17 - MR172

Environmental and occupational exposure to toxic substances
1. Metals and other dusts: Beryllium. Lead. Cobalt. Cadmium. Aluminum. Nickel and chromium. Manganese. 

Iron. Organic dust, Silica. Coal and coal ash, Asbestos, Polymer fumes.
2. Carcinogens and poorly soluble (durable) particles 



증상 증가, 폐기능감소
및 약물사용증가

응급실방문
및 병원입원

무증상, 잠복 영향

개인의원방문증가

사망

미세먼지 노출 인구



천식

폐암

미세먼지 등 공기유해물질

만성폐쇄성
폐질환



Particulate Matter

Asthma Development Asthma Exacerbation

KnownUncertain ?



Ta b l e  1 .  C h a r a c t e r i s t i c s  o f  s u b j e c t s

P o l l u t e d  a r e a

w i t h  c h e m i c a l

f a c t o r y

C o a s t a l  a r e a  n e a r

c h e m i c a l  f a c t o r y

R u r a l  a r e a

A g e 1 0 . 9 60 . 0 4 1 0 . 9 50 . 0 5 11 . 0 2 0 . 0 6

S e x  ( M / F ) 1 4 7 / 1 5 6 9 4 / 1 0 2 8 1 / 9 0

H e i g h t  ( c m ) 1 3 6 . 90 . 4 0 1 3 6 . 70 . 5 1 1 3 7 . 1 0 . 5 3

We i g h t  ( k g )

F E V 1  ( % p r e d ) 1 0 3 . 40 . 4 8 1 0 3 . 60 . 6 1 1 0 4 . 1 0 0 . 6 4

F V C  ( % p r e d ) 1 0 2 . 30 . 1 3 1 0 2 . 50 . 5 9 1 0 1 . 9 0 3 2

P

F

T F E V 1 / F V C 9 8 . 40 . 2 4 9 9 . 0 20 7 6 9 8 . 60 . 1 8

Epidemiologic evidence of a relationship between airway 

hyperresponsiveness and exposure to polluted air 

Jang AS, et al. Allergy 2003;58:585-8.



Ta b l e  2 .  M e a n  v a l u e s  o f  a i r  p o l l u t a n t s

M e a n  v a l u e sVa r i a b l e s

P o l l u t e d  a r e a

w i t h  c h e m i c a l

f a c t o r y

C o a s t a l  a r e a

n e a r  c h e m i c a l

f a c t o r y

O z o n e *  ( p p m ) 0 . 0 2 3 0 . 0 1 0 5

S O 2  ( p p m ) 0 . 0 2 4 8 0 . 0 1 4

N O 2  ( p p m ) 0 . 0 2 4 4 0 . 0 0 8 5

H F  ( p p m ) 0 . 7 6 6 4 0 . 2 1 4 5

 * :  8 h  m o v i n g  a v e r a g e ;  S O 2 :  s u l p h u r  d i o x i d e ;

N 0 2 :  n i t r i c  d i o x i d e ;  H F :  h y d r o g e n  f l u o r i d e ,  i r r i t a n t .
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PC20 in polluted chemical factory area (P), 

coastal area (C), and rural area (R).

*
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* p<0.05 compared with rural area.

** p=0.001 compared with rural area.
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polluted area

costal area

rural area

p<0.05

*

  *

*

*

#

*p<0.01: Compared with rural area. # p<0.05: Compared with rural area.

CONCLUSION: 

Our findings demonstrate that more children living in polluted areas have 

airway hyperresponsiveness than do those living in less polluted areas.



J Allergy Clin Immunol. 2017 Aug 8. pii: S0091-6749(17)31273-3

Prenatal fine particulate exposure and 

early childhood asthma: effect of maternal 

stress and fetal gender

OBJECTIVE: 

We prospectively examined associations between co-exposure to prenatal 

particulate matter with an aerodynamic diameter of less than 2.5 microns 

(PM2.5) and maternal stress on childhood asthma (n=736).

METHODS: 

Daily PM2.5 exposure during pregnancy was estimated using a validated 

satellite-based spatio-temporally resolved prediction model. Prenatal maternal 

negative life events (NLEs) were dichotomized around the median (high: 

NLE≥3; low: NLE<3). We employed Bayesian distributed lag interaction models 

(BDLIMs) to identify sensitive windows for prenatal PM2.5 exposure on children's 

asthma by age 6, and determine effect modification by maternal stress and child 

sex.

https://www.ncbi.nlm.nih.gov/pubmed/28801196






Conclusion: Prenatal PM2.5 exposure  during sensitive windows is 

associated with increased risk of child asthma, especially in  boys 

concurrently exposed to elevated maternal stress.



Fig. 6. PM2.5 random-effects meta-analyses. Individual and summary random-effects 

estimates for associations between PM2.5 per 1 μg/m3 and asthma at any age.

Exposure to traffic-related air pollution and risk of development of 

childhood asthma: A systematic review and meta-analysis

The association between children's exposure to TRAP metrics and their risk of 

‘asthma’ incidence or lifetime prevalence, from birth to age 18 years old.

Forty-one studies met our eligibility criteria.

Environ Int. 2017;100:1-31

https://www.ncbi.nlm.nih.gov/pubmed/27881237


Fig. 7. PM10 random-effects meta-analyses. Individual and summary random-effects 

estimates for associations between PM10 per 2 μg/m3 and asthma at any age.

Conclusion: Our findings support the hypothesis that childhood exposure 

to TRAP contributes to their development of asthma. Future meta-analyses 

would benefit from greater standardization of study methods including 

exposure assessment harmonization, outcome harmonization, confounders' 

harmonization and the inclusion of all important confounders in individual 

studies.



Scand J Work Environ Health 2003;29:251-60

Adverse health effects from ambient air pollution in relation 

to residential wood combustion in modern society



PM2.5

Scand J Work Environ Health 2003;29:251-60



PM10

Personal PM according to HDM/cat(+/-) 

Scand J Work Environ Health 2003;29:251-60



대기오염에 따른 천식환자의
병원방문 및 입원

천식 및 알레르기 2006;26:233-238

 대기오염분포에 따른 심장질환과 만성폐쇄성 폐질환, 

천식의 병원방문(외래), 입원(응급실, 병실)과 관련성

 2003년 1월부터 8월까지 병원을 방문한 환자

I20(협심증): 4887명

I21(심근경색): 698명

J44(만성폐쇄성폐질환): 1927명

J45(천식): 17881명
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r=0.714
p=0.047

r=0.715
p=0.046

오존과 미세먼지는 협심증, 만성폐쇄성 폐질환, 기관지천식 등의 악화와
관련이 있을 가능성이 크기 때문에 이러한 대기오염 물질에 대한
관리는 이들 만성질환의 증상악화에 중요한 예방방법이 될 것이다.



대기오염 데이터 정보

대기환경 날짜 : 1997 ~ 2015년까지
측정 항목 : PM10 (한국환경공단-Airkorea)

Higher PM concentration contribute to 

decrease in PFT and hospital visit in 

asthma and allergic rhinitis 



1 2 3 4 5 6 7 8 9 10 11 12 Total

1997 1 1

1999 1 1

2001 1 1 2 2 1 7

2002 2 2 1 2 1 8

2003 3 3 2 3 5 2 3 1 2 1 1 2 28

2004 1 1 5 2 1 2 1 2 1 16

2005 2 2 2 3 1 1 1 3 15

2006 1 2 4 2 4 1 4 18

2007 5 16 14 8 13 16 11 15 5 5 7 6 121

2008 5 5 3 4 3 2 6 1 1 1 3 34

2009 3 7 2 1 5 2 1 4 25

2010 6 2 1 2 1 1 1 4 1 2 3 3 27

2011 9 2 6 8 4 2 2 2 6 6 4 51

2012 6 4 1 11 8 7 24 14 6 15 14 7 117

2013 19 11 9 7 7 10 8 7 2 12 6 4 102

2014 2 5 7 2 3 2 1 4 3 2 5 5 41

2015 6 7 1 5 8 12 6 4 4 53

연도
월

총 환자 665

연도-월별 환자 정리
(단위: 명)
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-Low-

62 : 115 : 102
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Low concentration High concentration

Control BA BA+AR Control BA BA+AR

No. of subjects 62 115 102 73 189 107

Sex (male/female) 27/35 24/91 32/70 25/48 55/134 42/65

Age of initial visit (y) 55.90 ± 10.63 54.35 ± 13.05 50.94 ± 14.29* 58.31 ± 12.22 54.53 ± 13.21* 46.84 ± 14.46* †

Smoking (NS/ES/CS) 45/12/5 97/8/10 76/13/13 63/8/2 150/18/21 80/7/20

Cigarettes smoked, pack 

years 6.35 ± 11.47 3.06 ± 9.04* 3.64 ± 10.05 2.65 ± 7.69†† 4.50 ± 12.08 4.05 ± 9.99

Body mass index (kg/m2) 23.75 ± 3.27 24.95 ± 3.29* 24.58 ± 3.45 25.04 ± 3.02†† 24.70 ± 3.42 24.05 ± 3.17

Lung function

FEV1 (% predicted) 106.03 ± 17.54 94.79 ± 20.62* 91.04 ± 18.26* 110.71 ± 14.00 93.67 ± 22.32* 86.70 ± 19.12* †

FVC (% predicted) 94.39 ± 13.94 88.80 ± 14.60* 86.28 ± 13.45* 96.27 ± 11.05 86.27 ± 15.96* 86.41 ± 15.98*

FEV1/FVC ratio 82.74 ± 4.72 78.77 ± 8.90* 78.50 ± 8.41* 83.67 ± 5.36 79.75 ± 10.16* 77.14 ± 10.69* †

PC20 (mg/mL) 22.62 ± 5.61 13.57 ± 11.19* 11.08 ± 10.40* 21.67 ± 6.10 16.93 ± 9.85* 11.49 ± 10.71* †

Total IgE (kU) 98.90 ± 171.46 307 ± 73 ± 538.17 285.51 ± 413.19* 138.07 ± 203.44 273.17 ± 505.52 300.05 ± 387.89* †

Blood WBC/uL 6343.75 ± 2268.34 6911.91 ± 2079.44 6603.48 ± 1742.01 5874.37 ± 1600.05 6788.51 ± 2539.68*7200.00 ± 2498.77*

Blood eosinophils (%) 3.34 ± 2.86 4.52 ± 4.07 4.50 ± 2.79 2.59 ± 1.79 4.05 ± 4.90 4.54 ± 5.35

Blood neutrophils (%) 55.47 ± 7.69 54.51 ± 10.10 55.96 ± 12.02 53.78 ± 9.38 56.83 ± 13.33 55.41 ± 13.46

Data are expressed as means Mean± SD. BMI, Body mass index; CS, current smoker; ES, exsmoker; FVC, forced vital capacity; NS, nonsmoker.

* P<.01 compared with control subjects

† P<.05 compared with patients with bronchial asthma

†† P<.05 compared with patients with low concentration

PM10





Trends in respiratory diagnoses and symptoms of firefighters 

exposed to the World Trade Center disaster: 2005–2010 
(10999소방수)

Biointerphases 2007:2: MR17 - MR172

Figure. (a) Dust cloud from the World Trade 

Center collapse spreads to neighboring 

streets.

Courtesy EPA. (b) Heavy dust accumulation 

in store closed to World Trade Center. 

Particle collected from the site of collapse 

and neighboring streets: (c) soot [135], d) 

glass fiber, (e), (f) dust containing Ca, S and 

O, (g) lead and [g135], (h) titanium particle. 

Images (b)-(h) courtesy Environmental 

Health Perspectives.



World Trade Center; FDNY, Fire Department of the City of New York, New York, New York, USA; NHIS, National 

Health Interview Survey, USA; COPD, chronic obstructive pulmonary disease; 

Prev Med 2011



Prev Med 2011



Short-term and medium-term health 

effects of 9/11

Lancet 2011;378(9794):925-34.



Lancet 2011;378(9794):925-34.



Persistence of multiple illnesses in World Trade Center 

rescue and recovery workers: a cohort study

Lancet. 2011;378(9794):888-97



Individuals who resided in Ontario, Canada, aged 18 years or older in 1996 

with incident asthma between 1996 and 2009 who participated in the Canadian 

Community Health Survey were identified and followed until 2014 to determine 

the development of ACOS. Data on exposures to fine particulate matter 

(PM2.5) and ozone (O3) were obtained from fixed monitoring sites. 

Associations between air pollutants and ACOS were evaluated using Cox 

regression models.

Progression from Asthma to Chronic Obstructive 

Pulmonary Disease. Is Air Pollution a Risk Factor?

Am J Respir Crit Care Med 2016;194(4):429-38.

https://www.ncbi.nlm.nih.gov/pubmed/26950751








CONCLUSIONS:  Individuals exposed to higher levels of air pollution had 

nearly threefold greater odds of developing ACOS. Minimizing exposure to 

high levels of air pollution may decrease the risk of ACOS.



cc cc

Environmental pollutants

Local lung 

inflammation 

Systemic lung 

inflammation

Innate Immunity: TNFα

Adaptive immunity: Total IgE

T cell activation

Oxidative stress (exogenous and endogenous ROS)

1) Oxidant interact with biomolecules

(lipids, protein, DNA)

: Intracellular antioxidants↓, Protein modification

2) Oxidant induced cell signaling

ASK1, JNK, Keap1, Nrf2, GSTA2, NQO1, DJ1,   

TRPA1, Noxa

3) Endogenous sources of ROS

PM에 의한 기도염증기전

http://www.google.com/imgres?imgurl=http://c.ask.nate.com/imgs/qrsi.tsp/8906438/11921011/0/1/A/%EC%A7%91%EB%A8%BC%EC%A7%80 %EC%A7%84%EB%93%9C%EA%B8%B0.jpg&imgrefurl=http://ask.nate.com/qna/view.html?n=8906438&h=321&w=400&sz=70&tbnid=zL8sxvkIAEcYNM:&tbnh=100&tbnw=124&prev=/images?q=%EC%A7%91%EB%A8%BC%EC%A7%80%EC%A7%84%EB%93%9C%EA%B8%B0+%EA%B7%B8%EB%A6%BC&usg=__QWVf8WuIhRTK_RSDCUoWMkxZsKA=&ei=GHTDSqWwLoHilAf7iMGBCw&sa=X&oi=image_result&resnum=1&ct=image
http://www.google.com/imgres?imgurl=http://c.ask.nate.com/imgs/qrsi.tsp/8906438/11921011/0/1/A/%EC%A7%91%EB%A8%BC%EC%A7%80 %EC%A7%84%EB%93%9C%EA%B8%B0.jpg&imgrefurl=http://ask.nate.com/qna/view.html?n=8906438&h=321&w=400&sz=70&tbnid=zL8sxvkIAEcYNM:&tbnh=100&tbnw=124&prev=/images?q=%EC%A7%91%EB%A8%BC%EC%A7%80%EC%A7%84%EB%93%9C%EA%B8%B0+%EA%B7%B8%EB%A6%BC&usg=__QWVf8WuIhRTK_RSDCUoWMkxZsKA=&ei=GHTDSqWwLoHilAf7iMGBCw&sa=X&oi=image_result&resnum=1&ct=image


Figure. Biologic endpoints that should be evaluated to determine the potential of nanomaterials to cause 

disease in mice after inhalation to mimic occupational or environmental exposures or by nebulization

routes to mimic drug delivery scenarios.

Proc Am Thorac Soc 2010:l7:138–141



Ym1 and Ym2 Expression in a Mouse Model 

Exposed to DEP 

Figure. Schematic of the experimental protocol. Mice were sensitized intranasally on days 1–5. On days 6 and 8, after the 

initial sensitization, the mice were exposed to 6 mg DEP/m3 saline or to a straight saline control for 1 h using an 

ultrasonic nebulizer.

Environ Toxicol 2008;23:110–116
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Figure 1. Photographs of two-dimensional electrophoresis (2-DE) separation of BEAS-2B cell lysate obtained from 

the TiO2-treated group and TiO2-untreated group. 

Particle stimulation dephosphorylates glutathione 

S-transferase pi 1 of epithelial cells 

Toxicol 2011;284 :12–18





Figure 2. GSTP1 expression in TiO2-treated and TiO2-untreated groups. 

In summary, our data demonstrate that TiO2 particles activate and deactivate the 

phosphorylation of several inflammatory proteins of lung epithelial cells, especially the serine 

and tyrosine phosphorylation of GSTP1, which can regulate cell damage and apoptosis 

following exposure to TiO2 particles. Collectively, our data suggest that GSTP1 is an 

important modulator of TiO2-particle inflammation, and further studies will be required to 

enhance our understanding of GSTP1 phosphorylation in the cellular response to airborne 

particulate-induced airway inflammation.



Figure 2. Effect of ROS inhibition on SF20/IL25 gene expression induced by TiO2 particle instillation in vivo

Particle-induced expression of SF20/IL25 is 

mediated by ROS and NF-κB in alveolar 

macrophages 

Mol Cell Toxicol 2010; 6:305-312



Figure 3. Effect of ROS inhibition on SF20/IL25 gene expression in TiO2 particle-treated rat alveolar macrophages in 

vitro. 



Figure 4. Effects of inhibition of NF-κB, p38 MAP kinase, and PKC signaling on SF20/IL25 gene expression in TiO2 particle 

treated rat alveolar macrophages. 

In conclusion, ROS and the NF-κB signaling pathway are involved in the 

upregulation of SF20/IL25 production by alveolar macrophages in the 

process of particle induced lung injury.



Proteomic Identification of Macrophage

Migration-inhibitory Factor upon Exposure to 

TiO2 Particles  

Figure 1. Two-dimensional electrophoresis of BEAS-2B cell lysate proteins. 

Mol Cell Proteomics  2007;6:56–63





Figure 2. Cluster analysis of 20 proteins with 

significant differential expression (>2-fold change) at 8 

or 48 h caused by TiO2 treatment of BEAS-2B 

epithelial cells. 



FIigure 3. Semiquantitative RT-PCR 

analysis of TALDO1, CLIC1, and MIF 

mRNA expression. 

Figure 4. Expression of MIF in lung tissue of TiO2-

treated and sham-treated rats. 



Figure 5. Comparison of MIF levels in bronchoalveolar 

lavage fluid from TiO2- and sham-treated rats (n  8 for 

each group). 

Figure 6. Western blot detection of MIF protein in cytoplasmic 

fractions of BEAS-2B cells stimulated with 20 g/ml of TiO2, 

carbon black (CB), or diesel exhaust particles (DEP) for 8 

and

48 h.

In summary, we identified 20 proteins whose expression levels in the BEAS-2B cell line changed in response 

to TiO2 particle exposure. These proteins include defense-related, cell-activating, and cytoskeletal proteins 

implicated in the response to oxidative stress, and they can be classified into four groups according to the 

pattern of their TiO2-induced change in expression over time. One of these proteins, MIF, was induced at the 

transcriptional level by stimulation of cells with any one of three different particulate molecules, and 

expression of MIF protein was increased in the lungs of TiO2-instilled rats. These results indicate that some 

of these proteins may serve as mediators of, or markers for, airway disease caused by exposure to PM.



IL-25 and IL-13 Production by Alveolar 

Macrophages in Response to Particles

Figure 1. Comparison of the IL-13 and IL-25 mRNA expression levels in the lungs (A) and the IL-13 level 

in the BAL fluids (B) between TiO2-treated and sham-treated rats

Am J Respir Cell Mol Biol 2005; 33:290–296



Figure 2. The expression of IL-13 and IL-25 proteins 

in the lungs of TiO2-treated and sham-treated rats
Figure 3. In vitro expression levels of IL-13 and IL-25 

mRNA, and protein, by cultured alveolar macrophages that 

were stimulated with TiO2 particles



Figure 4. Time and dose responses of IL-13 production by 

macrophages exposed to TiO2 particles

Figure 5. Kinetics of IL-25 production by alveolar 

macrophages that were stimulated with TiO2. 

In summary, we show that alveolar macrophages produce IL-25 and IL-13 at the protein 

and mRNA levels in response to particles. The increased expression of IL-25 and IL-13 

mRNAs, and proteins, may be involved in modulating the inflammatory response within 

the lung of TiO2-instilled rats. It is interesting to speculate on whether the inhibition of IL-

25 would have an inhibitory effect on particle-induced inflammation; these studies are 

currently ongoing in our laboratory.
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Impact of titanium dioxide nanoparticles on 

neuroinflammation in a mouse model of asthma 

In preparation
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Fig. 2. Activation of the inflammasome.

Activation of the inflammasome



Effect of TiO2 nanoparticles on inflammasome mediated 

airway inflammation and responsiveness

Allergy Asthma Immunol Res 2017;9(3):257-264.
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Tight junction permeability is primarily controlled by proteins in the claudin family that 

form a seal to both restrict paracellular diffusion and permit specific transport of ions 

between cells across the epithelial barrier. 

►Fence function

►Barrier function

►Signal transduction

Cell barriers



J Allergy Clin Immunol 2017;139:1736-51



Titanium dioxide particles and HDM alter epithelial 

barrier function by change of claudin-7 in asthma 

In preparation





Conclusion: These data suggest that particulate matter is an important 

contributor to the airway epithelial barrier dysfunction, and lead to airway 

inflammation and responsiveness



Future directions
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• Particles more information

• The effect of particles on lung  further 

evaluation

Better understanding 

and prevention of lung diseases



Grace and Peace be with You
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