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대기오염 (outdoor air pollution) 
-> 천식, COPD
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In 1952, London smog
->  5일간약 4000명사망





대기오염에 따른 건강 영향

• 7 million premature deaths annually liked to 

air pollution in 2012  

- Ischaemic heart disease (40%)
- Stroke (40%)
- COPD (11%)
- Lung cancer (6%)
- Acute lower respiratory infections in children (3%)

# Outdoor air pollution-caused deaths



대기오염물질

• 가스상물질

- SO2, CO, NO2, O3 …

• 입자상물질

- Dust: Particulate matter (PM10 or PM2.5)



대기오염현상

(1) Haze, Mist, Fog

(2) Asian dust

The dust originates in the deserts of Mongolia, northern 

China and Kazakhstan where high-speed surface winds 

and intense dust storms kick up dense clouds of fine, dry 

soil particles.

Fog (안개) Mist (박무) Haze (연무)

Visibility Less than 1 km 1 km and more 1 km and more

Relative Humidity 70% or greater Below 70%



2001년 2002년 2003년 2004년 2005년 2006년 2007년 2008년 2009년 2010년 2011년 2012년 2013년

서울 27 16 3 6 12 11 12 11 9 15 9 1 3

인천 29 17 3 6 12 11 13 9 9 14 8 2 3

대전 24 15 2 10 7 8 11 8 6 15 9 2 0

광주 21 14 1 8 9 13 10 8 7 15 8 2 3

대구 22 12 2 6 5 11 9 6 9 15 12 2 1

부산 21 12 0 5 2 10 5 5 8 9 6 1 1

울산 19 11 3 4 2 11 5 5 8 10 9 1 1
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한국광역시황사발생현황(2001-2013)



우리나라 황사의 특성

• 황사 -> 미세먼지의 농도 증가

• 황사 - 자연발생 물질

: 입자가 크고, 초미세먼지는 적음

-> 건강영향이 크지 않음. 

• 우리나라로 유입되는 황사입자

: 중국의 동부 공업지대를 통과

-> 대기오염 물질을 많이 포함

초미세먼지도 증가

-> 건강 피해 증가



대기오염원별국외규제및기준치

National Ambient Air Quality Standards 
by U.S. Environmental Protection Agency



대기오염원별국내기준치

환경정책기본법 제12조 제1항 및
환경정책기본법 시행령 제2조 및 별표 제 1호

CO
NO2

O3

SO2

PM10 or PM2.5



대기오염에의한건강영향연구

대기오염 병원방문
사망

심혈관질환

호흡기질환

어린이영향

폐암

뇌혈관질환

급성영향

( 취약환자 )



대기오염연구의제한점

• 대기오염종류별 – 질환별인과관계 ?

대기오염 건강영향

심혈관질환

호흡기질환

어린이영향

폐암

뇌혈관질환
SO2

CO
NO2

O3

PM10 
PM2.5

?



대기오염연구의제한점

• 진단명의정확성

대기오염
병원방문

사망

심혈관질환

호흡기질환

어린이영향

폐암

뇌혈관질환
•건강보험공단
•통계청
•심평원

정확성
?



대기오염연구의제한점

대기오염

심혈관질환

호흡기질환

어린이영향

폐암

뇌혈관질환

만성영향

?……..

방법론..? 



Case-crossover analysis 

• Exposure
– LAG 0 ~ LAG 3

• lag 0 (same day) / lag 1 (one day after)

• Case-crossover analysis 
– Controls : 1 week before and after ER visits

– Conditional logistic regression

Event

Day 0

Case

Control

Day +7

Control

Day -7



Time stratified sampling method

ER visit 

Day 0

Case

Control

Day +7

Control

Day -7

Control

Day -14

Control

Day +14

ER visit 

Day 0

Case

Day +7

Control

Day +28

Control

Day +14

Control



- 자료수집,  DB 구축
- 호흡기영향

- 질환의조작적정의
- 심혈관영향

- 자료연계
- 통계분석

(1차년도)

(2차년도)

(3차년도)

대기오염과관련된질병에관한자료축적

대기오염건강피해추정모델개발

건강에악영향을미치는대기오염통제지침개발

공동연구 수행



대기오염의급성영향, 호흡기영향



PM10

Summary estimates for PM10 were typically increases 
of 1% in mean daily admissions for 10 ug/m3 increases 
in PM10



PM2.5



Ozone

A 10-ppb increase in the previous week’s ozone was associated with 
a 0.52% increase in daily mortality 
(95% posterior interval [PI], 0.27%-0.77%) and 

a 0.64% increase in cardiovascular and respiratory mortality 
(95% PI, 0.31%-0.98%).



• NO2

• SO2

• CO



대기오염의 급성 영향, 천식



McCreanor J, et al. J N Engl J Med. 2007

*  P<0.05 *  P<0.05

Oxford Street and Hyde Park



대기오염의 급성 영향, 천식

• 오존 (O3) 노출에 따른 천식 악화의 증가

Trasande L, et al. J Allergy Clin Immunol 2005

• DEP 노출에 따른 점액배출능력 감소

Hasan Bayram, et al. J Allergy Clin Immunol 1998



대기오염의 급성 영향, 천식, 계절 영향

연구자 지역 대상 내용

Ehara A, 

et al.

(2000)

Hakodate ,

Tokyo

소아 ( < 17세 )

single-center

천식증상으로인한입원↑ : 

기압(D0, D-1) ↑, 상대습도(D0, D-1)↓

일교차 (D-1) ↑

Kashiwab

ara K

(2002)

District

in Island, 

Kyushu

소아
single-center

ER visits of asthmatic children ↑

on misty or foggy nights

Mireku N

et al. 

(2009)

Detroit,

Michigan

소아
single-center

소아천식 ER 내원 ↑ : 

Intraday humidity ↑ (D-2~D-1)

Intraday temperature ↑ (D-1~D-0)

기압무관

Santić Z, 

et al. 

(2002)  

Bosnia 

and 

Herzegovina

129 patients

5-67 years 

35세이상성인천식증상
In 11-1월 (highest humidity, lowest temp

erature )

Marks G, 

et al. 

(2001)

Australia asthma ER visits: ↑ 

thunderstorm  in spring and summer 

(pollen conc. ↑)



• Relative risk of acute exacerbation of asthma due to an 
increase in air pollutant levels

– ER visits of 3 University Hospitals in Seoul

– Over 12 months (from January 2005 to December 2005)

=> 297 ED visits by 237 adult patients with asthma

Numbers of ER visits of three hospitals
김상헌, 윤호주 외 대한내과학회지 2010



• No significant impact of air pollution on ED visits 
for acute exacerbation of asthma in adult patients 
living in Seoul



대기오염의급성영향, COPD



Acute exacerbations of COPD, chronic bronchitis (CB), or 
emphysema have been associated with short-term exposure to 
air pollution.

It is interesting to note that in COPD, the PM, as opposed to 
gases such as nitrogen dioxide and ozone, are the strongest 
associated with increased mortality



대기오염의만성영향, COPD



• time-to-event 자료의구축

• generalized Cox model



1971 ~ 2006, annual mean levels of (NO2) and (NOx)

at the residential addresses 

1993 ~ 2006, first hospital admission for COPD

-> a Cox proportional hazards model





Am J Respir Crit Care Med, 2013



METHODS

Population and Study Design

the provincial health insurance program

-> link various administrative databases

-> a population-based cohort

a 5-year exposure period (1, 1994 to 12, 1998)

a 4-year follow-up period (1, 1999 to 12, 2002)



Inclusion, at baseline (January 1999)

(1) registered with the provincial health insurance plan 

(2) resided in the study region during the 5-year exposure period

(3) aged 45–85 years

(4) had no previous physician diagnosis of COPD



• high spatial resolution land use regression models

black carbon, NO2, NO, and PM2.5

• we calculated 5-year average concentrations of each 

pollutant for each study subject.

• COPD hospitalization cases and death cases

• Cox proportional hazards regression model



During the follow-up period, 

2,299 subjects were hospitalized for COPD 

541 subjects died from COPD

-> Exposure to black carbon was strongly associated with the 

risk of COPD hospitalization and mortality





춘천에서의 연구



춘천

From google map



1. 춘천안개
by JW Kwon, Allergy & Clinical Immunology , KNUH



Methods

• Subjects

– 2006. 1. 1 ~ 2011. 12. 31   

– 2 university hospitals 

• Kangwon National University Hospital (KNUH)

• Hallym University Hospital (HUH)

– ER visits with asthma exacerbations 

• Diagnosis of asthma by  doctor at ER 

• Use of salbutamol nebulizer at ER



Methods

• Meteorological data  (daily climate factors)

– Maximum ,Mean, Minimum temperature

– Daily temperature range (DTR) : max. temp. – min. temp.

– Mean dew point temperature

– Mean, Minimum Relative humidity

– Maximum, Mean wind

– Maximum wind direction

– Mean pressure / mean cloud / rain

– Solar irradiation, day light hour

– Fog (0/1 coding)

• Air pollution data 

– PM10, CO, SO2, NO2, O3



Case-crossover analysis 

• Exposure
– LAG 0 ~ LAG 3

• lag 0 (same day) / lag 1 (one day before)

• Case-crossover analysis 
– Controls : 1 week before and after ER visits

– Conditional logistic regression

ER visit 

Day 0

Case

Control

Day +7

Control

Day -7



Results

• Baseline characteristics

– 583 patients (660 ER visits) (2006. 1. 1 ~  2011. 12. 31)

– In 546 days: median number of visits 1(1-5)



PM10

(mg/m3)

CO
(ppm)

NO2
(ppb)

SO2
(ppb)

O3
(ppb)

2006     2007    2008     2009     2010     2011     2012



No fog Fog

No. of days Mean SD No. of days Mean SD p*

PM10 (mg/m3) 2013 48.73 37.04 329 69.49 35.35 <0.0001

CO (ppm) 2014 0.59 0.38 329 0.88 0.48 <0.0001

NO2 (ppb) 2014 13.48 7.3 329 18.88 9.68 <0.0001

O3 (ppb) 2014 24.77 12.77 329 16.75 11.17 <0.0001

SO2 (ppb) 2014 4.66 3.7 329 5.46 3.76 0.0003

Mean temperature (°C) 1983 11.06 10.88 329 9.4 9.72 0.005

Max temperature (°C) 1983 16.76 10.66 329 15.34 10.12 0.0193

Dew point temperature (°C) 1983 4.48 12.21 329 5.31 9.53 0.161

Mean humidity (%) 1983 67.9 13.78 329 78.97 9.49 <0.0001

Average wind speed (m/s) 1983 1.15 0.61 329 0.75 0.44 <0.0001

Max wind speed (m/s) 1983 2.88 1.2 329 2.3 1.11 <0.0001

Mean cloud cover (tenth) † 1983 5.18 3.26 329 6.23 2.69 <0.0001

Evaporation amount (mm) 440 2.74 1.9 46 2.14 1.77 0.0411

Rainfall (mm) 1710 5.14 18 300 2.94 15.98 0.0317

Maximum depth of snow cover (cm) 60 3.44 2.5 8 5.71 3.26 0.0226

Diurnal temperature range (°C) 1983 10.74 4.2 329 10.29 3.66 0.0427



Univariate analysis

Variable
Lag 1 Lag 2 Lag 3

% change 95% CI p % change 95% CI p % change 95% CI p

Air press (hPa = mb) 0.94 -15.36 20.39 0.917 -2.02 -17.62 16.54 0.818 2.46 -14.51 22.80 0.793

Mean temperature (°C) 1.74 -17.14 24.91 0.870 -0.41 -18.38 21.51 0.968 -1.86 -19.79 20.07 0.855

Max temperature (°C) 0.00 -16.60 19.90 1.000 -0.66 -17.29 19.33 0.944 -6.03 -21.75 12.85 0.505

Minimum temperature (°C) -2.88 -19.58 17.30 0.762 -3.76 -19.70 15.35 0.679 -2.80 -19.27 17.02 0.764

Dew point temperature (°C) -9.45 -23.41 7.05 0.245 -8.51 -22.15 7.53 0.281 -8.87 -22.61 7.31 0.266

Mean humidity (%)* -9.55 -16.37 -2.18 0.012† -8.57 -15.53 -1.04 0.027 -7.45 -14.58 0.28 0.058

Minimum humidity (%) -0.46 -6.01 5.43 0.876 -2.51 -7.86 3.15 0.377 -0.76 -6.21 5.00 0.790

Mean wind speed(m/s) 18.50 0.07 40.32 0.049 20.58 2.22 42.25 0.026 24.00 4.84 46.67 0.012

Maximum wind speed (m/s) -0.33 -8.56 8.65 0.940 8.62 -0.42 -4.17 0.062 8.85 -0.09 18.59 0.053

Mean cloud cover (tenth) -23.13 -43.39 4.38 0.092 -10.06 -33.70 22.02 0.496 -8.90 -33.00 23.88 0.552

Rainfall (mm) -3.16 -10.67 4.99 0.436 0.76 -5.20 7.09 0.808 8.05 0.51 16.15 0.036

Fog -20.74 -39.89 4.50 0.099 -29.41 -46.32 -7.17 0.013 -10.96 -31.27 15.33 0.379

Duration of sunshine 18.53 -7.99 52.69 0.188 10.39 -15.00 43.34 0.459 2.79 -20.77 33.35 0.836

Quantity of solar radiation -1.09 -15.60 15.90 0.892 1.42 -13.62 19.08 0.863 -6.17 -19.99 10.04 0.433

Diurnal temperature range (°C) 4.77 -17.51 33.07 0.703 6.10 -17.14 35.85 0.638 -5.97 -26.34 20.05 0.621

PM10 (mg/m3)* -0.70 -3.64 2.32 0.644 -2.24 -5.20 0.82 0.149 0.84 -2.00 3.77 0.567

CO (ppm) -29.08 -48.89 -1.59 0.040 -46.87 -62.42 -24.89 0.000 -37.51 -55.76 -11.72 0.008

SO2 (ppb)* -5.33 -32.97 33.69 0.756 -13.52 -38.70 22.02 0.409 -7.94 -35.58 31.58 0.650

O3 (ppb)* 9.25 -1.12 20.72 0.082 10.34 -0.55 22.42 0.063 6.16 -4.44 17.95 0.265

NO2 (ppb)* -13.16 -25.89 1.76 0.081 -21.19 -33.40 -6.74 0.006 -16.69 -29.94 -0.93 0.039

* per 10 units change of exposure



Multivariate analysis

Lag 0 Lag 1 Lag 2 Lag 3

RC* 95% CI p RC* 95% CI p RC* 95% CI p RC* 95% CI p

Mean wind       

speed (m/s)
-14.24 -31.34 7.11 0.176 4.47 -17.14 31.71 0.712 2.17 -18.17 27.57 0.850 14.79 -8.03 43.27 0.223

Relative hu

midity (%)
-9.13 -16.99 -0.51 0.038† -7.69 -15.65 1.02 0.082 -5.39 -13.55 3.54 0.229 -3.69 -11.91 5.29 0.409

NO2
-5.85 -24.04 16.69 0.582 -5.98 -22.97 14.76 0.545 -16.98 -32.65 2.33 0.081 -6.94 -24.94 15.39 0.512

Mean wind 

speed (m/s)
-12.46 -27.92 6.32 0.18 4.73 -14.83 28.78 0.662 10.79 -7.99 33.39 0.280 19.83 0.98 42.21 0.038

Relative  hu

midity (%)
-9.00 -16.98 -0.26 0.044 -7.04 -15.17 1.87 0.118 -6.66 -14.40 1.79 0.119 -7.36 -14.84 0.79 0.076

CO -8.13 -36.69 33.30 0.655 -17.84 -43.28 19.03 0.299 -15.21 -41.19 22.25 0.377 -15.87 -41.20 20.38 0.345

Mean wind 

speed (m/s)
-10.54 -26.35 8.67 0.262 7.32 -12.94 32.31 0.508 11.59 -9.08 36.97 0.294 21.33 -0.71 48.25 0.059

Relative hu

midity (%)
-9.69 -17.91 -0.64 0.036 -7.41 -15.77 1.78 0.111 -5.34 -13.84 4.00 0.252 -4.56 -13.10 4.81 0.329

O3
-1.30 -12.41 11.21 0.83 1.92 -9.87 15.25 0.762 2.76 -9.66 16.88 0.679 -2.72 -14.38 10.52 0.671

* RC, Risk change (%)



Conclusion

• High wind speed and low humidity were

associated with an increased risk of asthma ED

visits.

• Fog was associated with a decreased risk of

asthma ED visits after controlling for seasonal

variations in weather and air pollution.



2. 춘천대기오염



Methodes

(1) Region : Chuncheon, Kangwondo, Korea

(2) Period  : 2006.01.01 ~ 2012.04.30

(3) Hospital visit and admissions data

- Data were obtained from the National Health 

Insurance Service(NHIS).

- The daily number of hospital visit and admissions for asthma 
(ICD-9: J45.0, J45.9, J46.0, J46.1, J46.9) and COPD(ICD-9: 
J448, J449).

(4) Meteorological data

(5) Case-crossover analysis



Case-crossover analysis 

• Exposure
– LAG 0 ~ LAG 3

• lag 0 (same day) / lag 1 (one day after)

• Case-crossover analysis 
– Controls : 1 week before and after ER visits

– Conditional logistic regression

대기오염

Day 0

Case

Control

Day +7

Control

Day -7



Results

Asian Dust Haze

Control(n=104) Event(n=52) Control(n=334) Event(n=167)

PM10 63.7(2.7) 162.5(12.6)* 47.5(1.84) 82.3(2.69)*

CO 0.70(0.04) 0.61(0.04) 0.53(0.02) 0.78(0.03)*

O3 0.02(0.001) 0.03(0.002) 0.03(0.001) 0.03(0.001)

NO2 0.016(0.001) 0.013(0.001)* 0.015(0.001) 0.021(0.001)*

SO2 0.006(0.0004) 0.005(0.0004) 0.005(0.0002) 0.006(0.0004)*

Temperature 7.38(0.76) 8.18(1.07) 7.83(0.61) 9.38(0.79)

Dew point 0.62(0.84) -0.66(1.22) 0.60(0.97) 3.81(0.79)*

Humidity 66.9(1.50) 58.2(2.16)* 65.2(0.79) 72.5(0.88)*

daily mean wind speed 1.08(0.06) 1.75(0.10)* 1.09(0.03) 0.85(0.04)*

maximum wind speed 2.88(0.11) 4.00(0.19)* 2.92(0.07) 2.48(0.10)*

daily mean cloud 

amount
5.08(0.32) 4.50(0.42) 4.58(0.17) 5.30(0.22)*

Duration of sunshine 5.42(0.39) 5.77(0.55) 5.85(0.20) 5.05(0.27)



Results

Mist Fog

Control(n=352) Event(n=176) Control(n=102) Event(n=51)

PM10 48.5(1.84) 91.1(4.42)* 68.5(3.59) 87.7(5.74)*

CO 0.54(0.02) 0.77(0.03)* 0.78(0.04) 0.87(0.05)

O3 0.03(0.001) 0.025(0.001) 0.02(0.001) 0.020(0.002)

NO2 0.015(0.0004) 0.020(0.0008)* 0.021(0.001) 0.022(0.001)

SO2 0.005(0.0002) 0.006(0.0003)* 0.006(0.0004) 0.006(0.0005)

Temperature 7.46(0.57) 9.32(0.74) 10.78(1.08) 10.88(1.54)

Dew point 0.20(0.63) 3.76(0.75)* 4.11(1.25) 4.10(1.73)

Humidity 64.9(0.75) 72.4(0.88)* 66.8(1.5) 66.8(2.1)

daily mean wind speed 1.13(0.03) 0.93(0.04)* 1.31(0.07) 1.24(0.08)

maximum wind speed 2.99(0.07) 2.61(0.10)* 3.19(0.13) 3.15(0.16)

daily mean cloud 

amount
4.49(0.17) 5.44(0.21)* 5.19(0.33) 5.56(0.52)

Duration of sunshine 6.04(0.20) 4.81(0.26)* 5.72(0.38) 5.46(0.56)
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Conclusion

- The average PM10 level and a humidity for the event

days were higher than the average for the control days.

- Asian dust events are associated with an increased risk of 
hospital visit and admission for asthma and COPD.

- The strongest estimated effect of Asian dust was increased risk 
for asthma and COPD five days after an events.



The Effect of PM2.5 on Hospital visits for COPD in Chuncheon



The Effect of PM2.5 on Hospital visits for COPD in Korea or Seoul





• COPD cohort

- KOLD

- KOCOSS

- CODA

• 개별 노출 정도 측정

- exposure matrix


