
  2 

1.

2.

3.

4.

   4.1  (Emission Sources)

   4.2  (Atmosphere)

   4.3  (Receptor) 

 5. 

. .2551 

 (Chronic Obstruction Pulmonary 

Disease)  - . . 2549 - 2552 

 28  0.15, 11.11, 53.33, 52.23 

(  2.1)  87.33, 

87.17, 145.56, 149.89  (  2.2) 

20.83, 20.68, 56.25, 57.12  (  2.3) 

. . 2551 - 2552 

77.58, 64.44  (  2.4)



6

. . 2551 

 2.1
 28 . . 2549 - 2552 
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 2.2 . . 2549 - 2552 

20.83 20.68

56.25 57.12

0

10

20

30

40

50

60

2549 2550 2551 2552

 2.3 . . 2549 - 2551 
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 2.4 . . 2551 

 4 

( , 2548) 

 30  1 

 (Precooling) 
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  ( , 2535)

 ( , 2551) 

 (Liquid Petroleum Gas) 

 ( , 2549)  2550 

( , 2552)

. .2503

 15 

( , 2549) . . 2507 

. .2525 . . 2549 

 Head of Agreement 
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 (

, 2550) 

 20 - 30  3.7 

 12.4  1-2 

 1 - 4 

(Spontaneous Combustion) 

 (NO2)

 (SO2)

 (CO)   (CO2)  (C2H4)  (C3H6)

 ( , 2548)
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 (Epriglottis) 

 ( , 2550) 

 24 

 18 g/m3  85 g/m3

(Pope et al., 2002)  24 

 5 g/m3 (  10 g/m3)  (Burnett 

et al., 2004)  24 

 100 g/m3  9.6  (Venners SA et 

al., 2003) 

 5 - 40 g/m3

 (Wong et al., 2002) 

(Wichmann et al., 2000)  (Buringh, Fisher & Hoek, 

2002)  2  10 
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 1952  0 - 4  London Fog 

 10 

 amniotic sac  (Schwatz, 2004) 

 (Ken and Chen, 2003) 

. .2000 

 70 

(Uno et al., 2005, Ishigami et al., 2008) 

 apricot 

Bronchoconstriction  (Yidirim, 2005) 

 Cardiovascular disease survey 

24 . .2000 

Systolic blood pressure  0.74  80 g

 1  (Angela et al., 2001)

 bronchoconstric  cardiovascular effect  (Tunnicliffe, 2001)

 " "

. . 2535 . . 2541 

 ( , 2551) 

 5,866 

(Aekplakorn et al., 2003)

(NO)  Oxidize 
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(Tropospheric Ozone)  2.5

 (PM2.5)

 100 ppm. 

 ( , 2550) 

 Marker 

 0.1  (ultrafine 

particle)  (NO)  PM2.5  PM10

Auckland

 1  (Scoggins et al., 2004)  ACS 

 12 . .1981 - 2006 

 public health risk 

 (Hwashin HS., 2008)

Montrel Quebec 

 (Goldberg 

G.,2008)

 (Timonen KL., 2002)

 Histamine 

 (Strand, 1998) 
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National Ambient Air  5 

(O’Connor et al., 2008)  100 g  1 

 70 (Llora et al., 2005) 

bronchitis (Tolbert, 2000)

 0.77  1 

 (Berkey et al., 1986) 

. .2000  exposure-response 

relation  (Daniels MJ, 2000) 

 Guidelines 

 (Uncertainty)  Health Effect 

Institute (HEI) The American Cancer Society study (ACS)

 The Harvard Six-Cities study (Dockery et al., 1993, Pope et al., 1995)  PM2.5

 ACS  8 

 1 

 2.5  (PM2.5)

 (Confounding) 

 24  10 g/m3  PM10

 1  1  4 (Pope III et al., 2002) 

 Denver, Colorado  2 

 8 

lag 3  lag 
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(Rabinovitch et al., 2006)  10 g  1

1.28 (Dominici, 2006)  Forced 

expiratory volumn  3.4% (Ackermann-Liebrich, 1997)  Cardiovascular disease survey 

 24 . . 2000 

 Systolic blood pressure  1.79 

 90 g  1  (Angela et al., 2001)

 (Vichit-Vadakan N. et al., 2001) 

 OR 

. .2547 - 2550 

 ( , 2550, ,

2550)  PM2.5  (

, 2550) 

 ( ,

2550)
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 (Air Pollution) 

( , 2538) 

( ,

2541) ( , 2546) 

( , 2546) 

 (contaminant)  (dust) 

 (flumes)  (gases)  (mist)  (odors)  (smoke)  (vapor) 

( ,

2543) 

( , 2547)
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 ( , 2550) 

(Suspended Particulate Matter)  (Pb)  (CO) 

 (SO2)  (NOx)  (O3)

 London Smog . .1952

 5 - 8 

. . 1952  10 - 100 

 100 

 4,000  (Logan, 1953, UKMo, 1954, Schwart,

2004) . . 1929  National Smoke Abatement Society 

 Clean Air . . 1958  National Society for Clean Air 

 (Schwart, 2004) 

. . 1962  750 

 (Wichmann et al., 2000, Buringh, Fisher & Hoek, 2002, Wong et al., 2002, Venners et 

al., 2003, Burnett et al., 2004)  American Cancer Society 

(ACS) . . 1982 - 1988  126 

 (Pope et al., 2002)  

. .

1978  Los Angeles  Los Angeles smog   

Leighton

 UV 
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 Photochemistry  

of  Air Pollution  (Leighton et al., 1981) 

 (Winer et al., 1978) 

8-20 . . 2004 

 WHO Air Quality Guidelines (AQGs) 

 WHO Air Quality Guidelines For Particulate Matter, Ozone, Nitrogen dioxide, and Sulfur 

dioxide, Global Update 2005 Summary of risk Assessment 

 2.5 

10  (PM 2.5  PM10)

. . 2535 

. . 2550 

 7 

 (Total Suspended 
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Particulate)  (Particulate Matter  PM10)

 (Hazardous Air Pollutants : 

HAPs Toxic Air Pollutants Air Toxic) 

 189 

 HAPs 

HAPs

 HAPs 

 (Pollution Prevention)  (Clean Technology) 

 3  (Emission Sources) 

 (Atmosphere)  (Receptor) 

 2.5

 : . , 2549 

 2.5 
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(1)  (Emission Sources) 

 2  ( ,

2550)

1.  (Primary Air Pollutants) 

 2.  (Secondary Air Pollutants) 

 Photochemical Oxidation 

 (Inorganic) 

apricot -

 Bronchoconstriction 
Forced vital capacity (FVC) Forced expiratory volume (FEV1)  (Yidirim, 2005) 

 (

, 2549) 

,

 37, 36  24, 12  (Pless-mulloli, 
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2001)

Lagos . . 2000 - 2003 

 Dalton’s law of partial pressure

 2.401 

 50  100  0.0042, 0.0019 

 Food and Environment Protection Act 1985 

 FEPA limit 

FEPA limit  0.062  FEPA 

limit  50  (Alhassan et al., 2004)

(2)  (Atmosphere) 

 (Medium) 

. . 2547 - 2550 
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 ( , 2550, 

, 2550)  PM2.5  (

, 2550) 

 (

, 2550) 

 Odds Ratio 

 (Vichit-Vadakan et al., 2001)

 Cape Town 

249

 4  (Ehrlich et al., 2006) 

 69  12 

(Tarlo, 2001) The 2007 National Asthma Education and Prevention Program asthma guidelines 

 (Diette, 2008)
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(3)  (Receptors) 

 1 



24

 1

 Odds ratio

95%

SO2  18 g/m3

 24 

Pope et al, 2002 1.20 (1.11,1.30) 

SO2  5 g/m3

 24 

Burnett et al, 2004 1.051 (1.036,1.066) 

SO2  100 g/m3

 24 

Venners et al,

2003

1.10 (1.02,1.20) 

SO2  5-40 g/m3

 24 

Wong et al, 2002 1.11 (1.02,1.22) 

SO2 Won Jin Lee, 2002 1.49 (1.14, 1.96) 

SO2 20 g/ m3

 24 

Wichmann et 

al.,2000

Buringh,Fisher&H

oek,2002

1.29  (1.14,1.69) 

1.08 (0.98,1.18) 

SO2  100 g/m3

 24 

Yidirim, 2005 9.8 (3.9, 24.9) 

SO2

PM10 

SO2  213 g/m3

 PM10  147

g/m3

24

Lag 5 

Pope III et al, 2002 1.04 (1.00,1.09) 
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 1 ( )

 Odds ratio

95%

SO2  24 

10

Schwatz,  2004 18.5 (4.6,74.3) 

SO2 0.6-2.0 ppm 

24

 70 

Uno  et al,  2005,

Ishigami et al,

2008

5.8 (2.0, 16.5) 

3.4 (1.8, 6.6) 

SO2 0.1-0.25 ppm 

24

Koenig,  1989,

Tolbert ,2000 

P = 0.01 

P < 0.01 
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 1 ( )

 Odds  ratio

95%

SO2 80 g/ m3   1 Tunnicliffe,

2001

Tunnicliffe,

2001

P < 0.003 

P = 0.01 

NO2 100 g/m3  24 Goldberg, 2008 1.94 (1.14 , 2.96) 

NO2 100 g/m3   24 Strand, 1998 1.28 ( 1.13,2.98) 

NO2 100 g/m3   5 O’Connor et al 

2008

1.39 ( 1.03,1.41) 
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 1 ( )

 Odds ratio

95%

NO2 100 g/m3

 24 

70 %

Llora et al, 2005 P=0.005

NO2 100 g/m3

 24 

Tolbert,2000 3.45 (3.00,4,12) 

NO2 1300 g/m3

 24 

Berkey et al., 

1986

1.11 (1.01,1.34) 

NO2 230 g/m3

 24 Histamine

Strand, 1998 1.93 (1.03,2.31) 

NO2 200 g/m3 1 Scoggins et 

al,2004

2.21 (2.03,3.35) 

NO2 200 g/m3

 24 

Tolbert, 2000 P < 0.05 

NO2 190 g/m3

 3 

Frampton, 2002 P=0.024
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 1 ( )

 Odds  ratio

95%

NO2 6.2  ppb

 2 

Jarrett, 2008 1.29 (1.07-1.56 )

NO2 6  ppb  1 Sahsuvaroglu   

et al., 2009 

 2.98

(0.98-9.06)  

1.86

(1.59-2.16) 

NO2 190 g/m3

 24 

Timonen, 2002 2.21 (1.89,2.98) 

PM10 10 g/m3

 24 

Dominici et

al,2006

1.82 (1.33,2.98) 

PM10 10 g/m3   1 Pope III et al, 

2002

1.04 (1.00,1.08) 

PM10 10 g/m3   1 

4

Pope III et al, 

2002

1.89 (1.24,1.97) 

PM10 10 g/m3

24  1 

Pope III et al, 

2002

1.64 (1.34,1.67) 

PM10 10 g/m3

24

 1.28 

Dominici, 2006 1.28 (1.03,1.35) 
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 1 ( )

 Odds  ratio

95%

PM10 10 g/m3

24

  Forced 

expiratory volumn

(FEV)  3.4 

Ackermann-

Liebrich ,  1997 

1.78 (1.23 , 1.99) 

PM10 10 g/m3 24 Tolbert et al., 

2000

2.67 (2.02,2.89) 

PM10 45 g/m3

24

Vichit-Vadakan  

et al., 2001 

1.49 (1.35,1.64) 

PM10 45 g/m3

24

Schwartz et al.,

1994

1.89 (1.31,2.72) 

PM10 45 g/m3

24

Pope III et al., 

1994

1.25 (1.05,1.49) 

PM10 10 g/m3

24

 0 - 14  1.2 

 15 - 64  1.1

 65  1.0

 0.9 

Richard

Atkinson,2001

1.2%( 0.2, 2.3) 

1.1% (0.3, 1.8) 

1.0% (0.4, 1.5) 

0.9% (0.6, 1.3) 
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 1 ( )

 Odds  ratio

95%

PM10 10 g/m3

24

  65 

Goldberg, 2000 1.23 (1.09,1.56) 

SO2  NO2 10 g/m3

24

Castellsague et 

al., 1995; Llorca 

et al.,2005 

1.05 (1.01,1.10) 

SO2  NO2 10 g/m3

24

Ackermann-

Liebrich, 1997 

1.06 (1.01,1.11) 

SO2  NO2 10 g/m3

24

O'Connor, 2008 1.11 (1.01,1.22) 

SO2  NO2 1ppm 

24

Lei Wang, Kent 

Pinkerton,  2007 

1.06 (1.03,1.06) 

SO2  NO2 1ppm 

24

Jane Q 

Koenig,2000

1.07 (1.03,1.10) 
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 1 ( )

 Odds  ratio

 95% 

SO2  NO2 1ppm  

24

 Th1-

/Th2-cytokine

Lei Wang, Kent 

Pinkerton,  2007 1.06 (1.03,1.10) 

SO2+PM10 10 g/m3

 24 

Pope III et al, 

2002

3.2 (1.7,6.2) 
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 1 ( )

 Odds  ratio

SO2+PM10 10 g/m3

24

 0-4  

 London 

Fog  1952

 10 

Schwatz, 2004 1.055 (1.033,1.077) 

SO2+PM10 10 g/m3

24

Goldberg, 2008 1.04 (0.99,1.08) 

SO2+PM10  10 g/m3

 24 

 (triggering 

ischemic cardiac events) 

Jordi Sunyer ,

2002

SO2  0.7 ( 0.1,1.3) 

PM10 1.3 ( 0.7,1.8) 

SO2+PM10  10 g/m3

 24  forced vital

capacity (FVC) 

Forced expiratory 

volume  in 1 second  

(FEV1)

Aekplakorn,

2003

FEC -6.3 (-9.8, -2.8) 

FEV1 -6.0 (-9.2, -2.7) 
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 1 ( )

 Odds ratio

SO2+
PM10

 90 g/m3

 24 

SO2

(Systolic  blood pressure) 

 1.79 

 PM 10

  6.93

Angela et al. 

,2001

1.79(0.63,2.95) 

6.93(4.31,9.75) 

SO2

+PM10  

213 g/m3

 24 

Forced expiratory 

volume (FEV)

Wang, 1999 -1.77(-1.03,-2.24) 

SO2+NO2

+PM10   

1 ppm  

 24 

Shiliang  Lia 

,2003

1.09(1.01,1.19) 

 type I error 

 type I error  False positive 
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 type I error 

 type I error 

 127  Odds  ratio 

 0.5  75, 150, 300, 600, 1200, 2400  0.05, 

0.18, 0.70, 0.95, 0.96, 0.99 

 600  (Marshall, 2007) 

-  Health Effect Institute

(HEI)  Harvard Six-Cities study 

 2 - 60  1 

 2 

 (Confounding) 

 Time series 

 (McMichael et al., 1998)  Time series 

 Time series 

 (Pope III et al., 2002) 
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 (Heart rate variability)  HRV   

(Park et al., 2003)  fibrinogen (Hoeppe et al., 2003) 

 (blood pressure reactivity) (Liao et al., 2003) 

 (Barclay et al., 2005) 

 (Ecological Study)  (Prospective study) 

 (population-based studies) 

 (confounding factors)  (Pope III et al., 1995, Pope III et al., 2002)

(Geographic Information System GIS) 

 (Spatial data)  (Non-spatial data) 

 (

, 2550) 
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 (Spatial analysis) 

 (Spatial 

Relationship)

? (Where) 

 (Geographic Information System Data Analysis) 

 " " (Why is it there?) 

 (model) 

 ( , 2549) 

 HEI  ACS 

 (Daniel Krewski et al., 2008, Daniel 

Krewski et al., 2007) 

 " " (map) 

 (model) 

(International Journal of Health Geographics, 2006)

 (Location) 

“ ? (What is at…?)” 
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 (Condition) 

 “ ? (Where is it?)” 

 5 

 10

 (Trends) 

“ ? (What has changed 

since…?)”

 (Patterns) 

 “

? (What spatial patterns exist?)”  

(Modeling)  

 (What 

if…?)

 Spatial  analysis 

 American Cancer Society 



38

 (cohort study) 

 (Burnette et al., 2001) 

 (Wilson, 2002) 

 spatial analytic method 

 HEI  ACS 

 (Daniel Krewski et al., 2007, 

Daniel Krewski et al., 2008) 

 Spatial  analysis 

 Hamilton Ontario

 1985 Spatial autocorrelation Simultaneous

autoregressive model (SAR model)
 -  (Jerrett, 2001)  Land 

use regression model (LUR model)  10  2002 

 100 

 LUR model  Cross - sectional 

 (Sahsuvaroglu et al., 2006) 

 4  (1)  (2) 

 (3) (4) 

LUR  4 (Sahsuvaroglu 

et al., 2009) 
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