1.1.
1.1.1.
i 0.001 100 um
3
5 30 pm
0.15 0.5 um
0.015 0.04 um
0.1 um (Ultrafine particles)
1.1.1.1
10 pm
SPM Suspended Particulate Matter
10 pm
10 pm
10 pm 50
PMio
2.5 um 50
PMa5
1 g/cm3

1 g/cm3
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PMo PMas 5 PMio-2.5 1.1.1.2

PMss PMio, SPM PMio-25

0.01 0.02
pm 0.1 0.2pum
1 2um

1.1.1.3

A
RIERE
(u m3/em3)
T T T TTTTI] |'r-|[l|n| T T TTTTIT] ; T T T T T TT7T1Iin
0.001 0.01 0.1 1 2 10 100
#iFiZ(Particle Diameter), Dp( i m)
i A M TR
ttTFTFT T EE e
N T
"""""" T HIHF
HE/MEF T
1.1.1.1
(Whitby, 1978 )
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BEEE (ug/md)

UM il
60 i
m - -
5 TSP
40 - -
A
"l o |
20 - "‘_‘ |
10 . T i
0 | 1l _l\.l Ll |\\J | 111
01 02 05 10 2 5 10 20 50 100
FUE (um)
— STHEMT (TP —>)
< PM,, »{
<— PM2.54+ PM10.2_5Q
1.1.1.2 PM2s PMio

(Wilson and Suh, 1997
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1.1.2.

-~ 1518 Ny =77 x10%
S DGNp = 0.013
g>3< Ogn =17
g 10 1
L
& N, =13x10*
5 DGN, = 0.069 Ng=4.2
Gga =203 DGNc =087
Ogc =215
0 T T T [T = T T T
= B
g 8,=535
o
> 6004 DGS, =0.19
g
=
400
Sp=74 Se=41
2004 DGS,=0.023 DGS, =3.1
0 T T T 1110 T T I
cog ﬂ
L
g 30
Z
20
- 10 1 V,=033 V,=22 \”: V=29
DGV, = 0.031 DGV, =031 A DGV, =57
0 T T T 1T T —’i = I
0.001 0.01 0.1 1.0 10 100
pm
1.1.1.3 n: ,a: ,Ct
N (DGN)
S (DGS)
|4 (DGV)
(Whitby, 1978
SOx NO« HCl1
VOC
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1.1.3.

(00) (EC) (CO)
1.1.3.1.
(SOq

OH ii (H2S03 (H2SO4
(NH; (NH4)2S04 H(NH,)SO4

60
1.1.3.2.

(NO) (0O3) RO iii (NO2)
OH
(NOs )
(NH4NO3)

i OH
iii. ROg R CHs, C2Hs
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1.1.3.3.

OH

1.1.3.4.

(K) (Cu)  (Phb) (Zn)

1-6

(NaNO3s)

V)

(AD

(NaCD

(Na)
(Mn)

(Fe)



1.1.4.

1.1.4.1

- _m:#,{mc_muﬂuﬂ

11
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1.1.4.1

(Pb), (HNOy)/ (HCI/
(Ni),  (Cu), (Zn),
(Mn), (Fe) /
(Sh),
(Al),
(Ti), (Fe)
(CaC0,)
(CaS0Oy)
(NaCl)
(SOz)
<1km 10 km 100 km 1000 km <1lkm 10 km

1.2.

Wilson and Suh, 1997

iv

1-8



1.2.1.
1.2.1.1.

3 1.2.1.1

ET

)

(clearance)

| AR EX R

ERIEMEE ‘iﬁ;‘ﬁmfﬁ -
. oM
"Eﬁ{uﬂa)ﬂuﬁnaﬁ—
: WEER e
aE
FEREX /\
1
y

<L mams

firf ey R 1K

1.2.1.1

U.S.EPA, 2004
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1.2.1.2 Weibel

'53': 1a '53': B
= 1007 ~ 16.0 L AL &
B | HFOHE: Tum~3um O\ ] HFORE : 5um~ 10um
£ mrEm o 25¢/0m 7\l Rl HMFEE C2.5¢/am
e VA R
+~ 6.0 ’;’ j: ]
zé 1 /; \ 30 804 \
1) 40q ap // 1 6.0- 0 \'
?g z.o: ,.#3_" _____ -«/ ’ ?g 40
g J ’,/’I’ w o g 20
I R,
Y A SR TAR SAA SR BAAF A T A I S LY B S AL S L S R RS
1.2.1.2 Weibel
500 cm?/s 700 ml 15.8 /min
Gerrity et al., 1979
nertial impaction
sedimentation interception

1.2.1.3

(a) BT L SHEZE (b) EEICK SR

(C) Y (d) #8k (T35 &g )
1.2.1.3
(Parkes, 1994
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Weibel 1.2.1.4
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7 F E
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£ AEE
3 ) 4 cm® E
§ Bronchioles (MIREX) —/\ E -
; 5 - 107 E
Terminal bronchioles ‘."l l AL ﬂ 5
(BFRBAEL) ,J L\ 16 JI:'IE |_E 107 b
@ Respiratory _ d 17 ﬂ %ﬁ E
[ﬁ bronchioles 18 102
x| (ERERED ﬂ]* " E
& 19 F
- 2 ﬂg -
T Alvecla ducts 13 20 m 10 g
5| GaE - E
5 - YT, o | AL
foa —
22 T 22
E_g * o =2 4 & 8 10 12 14 16 18 =20 23
sa Alveolar sacs T 23 D ﬁj\“& kﬁ Generation =
=8| (e >
2,

( Weibel, 1963
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1.2.1.6
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Fi_l‘_g nuclei ‘%ﬁﬁ* - -
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il &
60 i A
/
40
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| //
1 2 4 5 6 7 8
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30 60
3 um

Hatch, 1961
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# Exercising

'0.001 0.01 0.1 1 10

0.6 : :
Cc
0.5 — -
Exercisin [
0.4+ m]
0.3
Resting
0.2 - Oral
0.14 —
Nasal
0.0
0.001 0.01 0.1 1 10 25
pm
1.2.1.6
0.01 p
U.S.EPA, 2004
0.01
pm ( ) 3 um ( )
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0.05 2pm ( ) 0.05 um
0.1 1pm 0.001 pm 10 pm

1 pm
1.2.1.3.
COPD
; Chronic Obstructive Pulmonary Disease
3

1.2.1.4.
1.2.2.

1.2.2.1.
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1.2.2.2.

1.3.

1-15
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PMs 5
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2.1.
2.1.1
SASSIi
2006
2008
SASS

50
, 2007
2003
3
PMss

i TEOM Tapered Element Oscillating Microbalance

il SASS Speciation Air Sampling System

2001 2008
211
TEOM
2
TEOM
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SASS
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(

, 2007




1 TEOM
SASS
2 CraftMAP http://www.craftmap.box-i.net/
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2.1.1.
2.1.1.1.
PM2s 50
2001 2008

2.1.

TEOM
1.1

40

30 r

25

20

15 r

10

5

0

36 o m oo oo

( N=12,2008 N=10)

( N=5,2008 N=4)

(N=16,2001

N=11,2008

2001 2002 2003 2004

2005 2006

2007 2008

N
2111 PMa2s(50

PMa2s

PMss

7 11

11

PMzs

TEOM)

2.1.1.2
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. p/m
I R e
30 + —0— ( N=12,2008 N=10)
25 r —-— ( N=5,2008 N=4)
20 L H/O\O\O\O/O/O\O\O/O/O +N:5) (N=16,2001 N=11,2008
5 | .\.\.\H\./-\.\._././l
0 - R
5 oo ____
0
4 5 6 7 8 9 10 11 12 1 2 3
N
21.1.2 PMz5(50 TEOM)
(2001 2008 )
2.1.1.2.
PMz2s SASS 4 2
2113 21.1.6
2004 2008 2.1.1.3
SO42
NH4 Cl
PM2s SASS
2004 2008 PM2s
2.1.1.6 2.1.1.3 2114 2.1.15
SPM
2008 2.1.1.7
15 20 2.4 4.4 ug/ms3 4 20 0.6
4.6 pg/m3 25 34 41 6.1ug/m3 4 15 07 32
ng/m3



( N=4)

(PM, 5 116.2ug/m)

EC
10%

Mg?*+Ca?+K*
+Na™+ClI”
5%

NH,
11%

N

SASS

(24

20 23

2.1.1.3 PM25(SASS)

(2004~2008

( N=4)

(PM,5 :15.6pg/m°)

EC
6%

24%

Mg* +Ca?"+K"
+Na'+ClI”
5%

NH,"
12%

S0
30%

SASS

NOy™

20 23 (24

( N=10)
(PMy5 22.6u9/m’) (PM,5
EC
17% L1 13%
Mg**+CaZ*+K"
+Na'+CI"
Mg®"+Ca"+K’) St
+Na'™+ClI”
5%
NH,"
. 12%
NH,
13%
NO;~
13%
S0%
S0 22%
25%
Thermal Optical Reflectance method
(24 +1.5 21.5 )
+ 5 3B )
( N=10)
(PMys 19.1pg/m%) (PM5
EC
%

16%
Mg? +Cal*+K" ]%%0
+Na™+CI”
5%

NH,"
13% NO,
11%

s0,”
30%

Mg?*+Ca?'+K’,
+Na'™+Cl,
5%

NH,"
13%

S0,
26%

Thermal Optical Reflectance method

*+1.5

2.1.1.4 PM25(SASS)

(2008
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21.5 )
+5 3B )

(N=5)

:26.1ug/m”)

EC
19%

NO,”
13%

30 40

(N=5)
:21.2ug/m%)

EC
13%

30 40

18%



pg/m®
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)

(

N=10)

(N=5)

Hec

Ooc
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= Kloky

ENH,
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m]

NS S g

SASS 20 23 (24
(24

Thermal Optical Reflectance method

2001

2.1.1.5 PM2s(SASS)

(2004~2008

100%
80%
60%
a0% b

20%
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20®

5
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30 40
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BINH,
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200
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2.1.2.

2.1.2.1.
PM2s
TEOM 2003 2 2006
3 SASS 2008

4 2 8 2121 2121

- - 04 ()
L7 |
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0T-¢

2121

(PM,.5 [ug/m’] (PMz.5 [ug/m’] (PMz.5 [ug/m]
PM, 5 02 2008 8 27 04 2008 8 27 01 2008 8 27
( 9.0) 9 10 ( 6.0) 9 10 ( 7.2) 9 10
( 5.9) 2008 11 11 ( 3.9) 2008 11 7 ( 4.2) 2008 11 7
( 6.7) 11 25 ( 3.1) 11 21 ( 6.0) 1 22
( 12.2) 2009 1 17 ( 6.5) 2009 1 17 ( 9.3) 2009 1 17
( 11.0) 1 31 ( 10.5) 1 31 ( 9.2) 131
2009 3 16 2009 3 16 2009 3 16
3 31 4 4 3 30
06 2008 8 27 08 2008 8 27 03 2008 8 27
( 10.9) 9 10 ( 11.8) 9 10 ( 10.4) 9 10
( 10.8) 2008 11 7 ( 5.7) 2008 11 7 ( 7.3) 2008 11 7
( 8.6) 1 21 ( 11.4) 11 24 ( 9.1) 1 21
( 11.8) 2009 1 17 ( 15.5) 2009 1 17 ( 12.3) 2009 1 17
( 12.5) 1 31 ( 14.5) 2 1 ( 12.8) 131
2009 3 16 2009 3 16 2009 3 16
3 30 3 30 3 30
SASS 05 2008 8 27
( 9.3) 9 10
( 10.6) 2008 11 7
( 7.7) 1 21
( 7.5) 2009 1 17
( 11.2) 1 31
2009 3 16
3 30
07 2008 8 27
( 9.2) 9 10
( 7.9) 2008 11 7
( 7.2) 1 21
( 8.7) 2009 1 19
( 13.0) 2 2
2009 3 16
3 30
50 2006 4 2003 4
( 10.9 13.8) 2008 3 ( 7.6 9.8) 2008 3
2003 4
TEON ( 12.9 15.7) 2008 3
SASS 14
SASS 20 23 (24 +2 21 ) 30 40 (24 +5 35 )




TEOM PMzs 13 16 pg/ms3
8 10
pg/ms3 2 11 14 pg/m3
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2.1.2.2.

2008
SASS 2124 2127
2008
PMas 31 36 1.9 4.1pg/ms 6 17
0.3 1.8 pg/ms3 5 13 0.3 1.3 pg/ms3

19 44 1.3 3.4pug/md

NH4CI
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01 02
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4% 2% oc
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7
NH,*
13% 50,7
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SO, i) NH,"
354 9%
03 04 ( )
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4% 1% 6% NO;
1%
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05 06
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NO;~
304 3
31% 2
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3
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K'+Na"+CI” s o
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7
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01 01
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1% oc (PMgs ug/m) 0% 4% 2%3 (PMz5 pHg/m)
42%
49%
Mgz*+Ca2*+
K*+Na'+CI”
12%
Thermal Optical Reflectance method
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2.2.

2008 14
15
20 2.4 4.0 pg/m? 4 10 0.6 2.0pg/m3
26 34 41 6.1pug/m3 4 15 0.7 3.1pg/ms
31 36 1.9 4.1 pg/m3
22.1
14 35 2 5pug/m?
3 12 0.4 1.5 pg/ms
19 30 2.6 4.5pug/ms
17 1 2.5 pug/ms
221
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221 PM2 s
5 pg/ms 4 pg/ms

2 ug/ms
1 2 pglms U.S.EPA, 1996

PM2s

31 36 19 4.1 pg/ms

2.2.1 PM2s
google map (http://maps.google.co.jp/)
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2.2.2 PMa2s 2006
221
(U.S.EPA, 1996 )
(ug/m’)
PM; s PMjoos5 | PMyo
Northwest © 7 15 3.55 0.88 1.63 4.46 8
Southwest ® 2 5 3.91 1.28 1.38 562 95
Transitional to
3 5 5.15 1.97 2.01 6.54 | 11.7
East Region

a) Cascades (1), central Rocky Mt. (5), Grate Basin (1), N. Rocky Mt. (1), Sierra Nevada
(1), Sierra Humboldt (2), Colorado Plateau (4)

b) Colorado Plateau (3), Sonora Desert (2)

C) West Texas(2), South Dakota(1), boundary Waters(2)
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2.3.

U.S.EPA. (1996) Air quality criteria for particulate matter. Volume | of I111.National Center for
Environmental Assessment-RTP Office. Research Triangle Park, NC. EPA/600/P-95/001aF
. (2007)
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3.1.

3-1

(

, 2008)



3.1.1.

DE (Diesel Exhaust) DEP(Diesel Exhaust

Particles)

300 pg/m3 CAPs(Concentrated
Ambient Particles)
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3.1.2.

PMs.5 PMio

CAPs ROFA (Residual Oil Fly Ash)

DEP
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CAPs

3.1.3.

CAPs DE

Th2(T helper cells 2)
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DE DEP

DE DEP
DE
DE CAPs
3.1.4.
in vitro i DEP
DE
DEP
DNA
PAH(Polycyclic Aromatic Hydrocarbons) DNA
DEP
i jn vitro
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3.1.5.

PAH PAH
CAPs

3.1.6.

3.1.7.

DEP

3.1.8.
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3.2.

GAM:Generalized
Additive Model

PMz s
SPM
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3.2.1.

3.2.1.1
3.2.1.2 COPD
6 (Klemm and Mason, 2003; Schwartz et
al., 1996) 7 (Holloman et
al., 2004) 9 (
) 65 (Ostro
et al., 2006) 27 1997 2002 PM: 5
(Franklin et al., 2007) 100
1999 2000 PMa 5
(Dominici et al., 2007b) 8 (Burnett and Goldberg,
2003) 12 (Burnett et al., 2004)
PM: 5 20
PMa 5 10 pg/ms3
( , 2007)
2002 2004 3
65
PMs 5 1 20
23 9
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64
(Ueda et al., 2009)

13 SPM
al, 2003) 65 SPM
0.8 0.9

10 90 pg/m3

3.2.1.1 3.2.1.7

3-9

10 pg/m3
1.1

(Omori et

PMs 5



1.10

1.05
o0 Jrl ! 6400
! : AT AP ATIS 43%¢° +

100 %09° X 4 ¢“ °l 2o ‘¢o¢¢¢¢o : 0° o9 90740

095

090 T L e e L o e s e e L s e e e e B LA e e e e e B S AL

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
PM; 5
No No
1 Dockery et al., 1992 St. Louis (MO) 31 Klemm and Mason, 2000 Atlanta, (GA)
2 eastern Tennessee (TN) 32 Lipfert et al., 2000a Philadelphia(PA)
3 Ostro, 1995 San Bernardino (CA) 33 Ito, 2003 Detroit, (MI)
4 San Bernardino (CA) 34 Klemm et al., 2004 Fulton, DeKalb(GA)
5 Klemm and Mason, 2003 6 US cities 35 Tsai et al., 2000 Newark(NJ)
6 (65+ry) 6 US cities (65+ry) 36 Camden(NJ)
7 Boston (MA) 37 Elizabeth (NJ)
8 (65+ry) Boston (MA) 38 Ostro et al., 2006 (Natural splines) 9 California Counties, (CA)
9 Knoxville (TN) 39 (Penalized splines) 9 California Counties, (CA)
10 (65+ry) Knoxville (TN) 40 (65+yr Natural splines) 9 California Counties, (CA)
11 St.Louis (MO) 41 (65+yr Penalized splines) 9 California Counties, (CA)
12 (65+ry) St.Louis (MO) 42 Ostro et al., 2007 9 California Counties, (CA)
13 Steubenville (OH) 43 (65+yr) 9 California Counties, (CA)
14 (65+ry) Steubenville (OH) 44 Dominici et al., 2007a 100 U.S Cities
15 Portage (WI) 45 Tto et al., 2006 (secondary sulfate) Washington, D.C
16 (65+ry) Portage (WI) 46 (Coal related)
17 Topeka (KS) 47 (residual oil)
18 (65+ry) Topeka (KS) 48 Slaughter et al., 2005 Spokane, (WA)
19 Schwartz, 2003 (Dirt) 6 US cities 49 Burnett et al., 1998 Toronto(ON, Canada)
20 (Traffic) 6 US cities 50 Burnett and Goldberg, 2003 8 cities (Canada)
21 (Coal) 6 US cities 51 Goldberg and Burnett, 2003 Montreal(QB, Canada)
22 (combined) 6 US Cities, 52 (65+yr)
23 Boston (MA) 53 (<65yr)
24 Kingston (TN) 54 Villeneuve et al., 2003 (TEOM) Vancouver (BC, Canada)
25 Steubenvill (OH) 55 (Dicotomous) Vancouver (BC, Canada)
26 St.Louis (MO) 56 Burnett et al., 2004 12 Canadian cities
27 Madison (WI) 57 Franklin et al., 2007 27 US cities
28 Topeka (KS) 58 (75+yr) 27 US cities
29 Fairley, 2003 Santa Clara County, (CA) 59 (<75y1) 27 US cities
30 Moolgavkar, 2003 Los Angeles County, (CA) 60 Franklin et al., 2008 25 cities (U.S.)
3.2.1.1 PM; 5
o PMzss 10 pg/m3

95
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1.30
1.20 A
N J.\ + l + % %' l %
100 °‘#$no‘?l<’¢é¢¢¢o#¢+l$ ‘ .Jfé ‘+ 4}0 nod‘Oé.«nn 6‘{’4’0?#’064’Tn¢4’00 0
0.90 1
0.80 L e s s e s s B s e B L B s s e s s S e B s e s B s
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67
+
PM,s
No. No.
1 Tsai et al., 2000 Newark(NJ) 35 Moolgavkar, 2003 Los Angeles County, (CA)
2 Camden(NJ) 36 Mar et al., 2003 Phoenix, (AZ)
3 Elizabeth (NJ) 37 Wilson et al., 2007 Phoenix, (AZ)
4 Dominici et al., 2007a 100 US Cities 38 Holloman et al., 2004 (7NCI;Iorth Carolina counties,
5 Ostro, 1995 San ) Bernardino, Riverside 39 OsFro et al, 2006 Natural 9 California Counties, (CA)
Counties ,(CA) splines
6 San ) Bernardino, Riverside 40 ) Penalized 9 California Counties, (CA)
Counties ,(CA) splines
7 Fairley, 2003 Santa Clara County, (CA) 41 Ostro et al., 2007 9 California Counties, (CA)
8 Tto, 2003 Detroit, (MI) 42 Ostro et al., 2003 Coachella Valley(CA)
9 Ostro et al., 2006  (year) 9 California Counties, (CA) 43 Franklin et al., 2007 (all age) 27 US cities
10 (summer) 9 California Counties, (CA) 44 (75+yr) 27 US cities
11 Ostro et al., 2007 9 California Counties, (CA) 45 (<75y1) 27 US cities
12 Villeneuve et al., 2003 (TEOM) Vancouver (BC, Canada) 46 Franklin et al., 2008 25 US cities
13 (Dichotomous) Vancouver (BC, Canada) 47 Ostro, 1995 San Bernardino, Riverside
Counties ,(CA)
. .. San Bernardino, Riverside
14 Franklin et al., 2007 (all age) 27 US cities 48 Counties ,(CA)
15 (75+yr) 27 US cities 49 Ito, 2003 Detroit, (MD)
16 (<75yr) 27 US cities 50 Villeneuve et al., 2003 Vancouver (BC, Canada)
17 Franklin et al., 2008 25 cities (U.S.) 51 Villeneuve et al., 2003 Vancouver (BC, Canada)
18 Goldberg and Burnett, 2003 Montreal(QB, Canada) 52 Klemm and Mason, 2003 6 US cities
19 Klemm and Mason, 2003 6 US cities 53 Boston (MA)
20 Boston (MA) 54 Knoxville (TN)
21 Knoxville (TN) 55 St.Louis (MO)
22 St.Louis (MO) 56 Steubenville (OH)
23 Steubenville (OH) 57 Portage (WD
24 Klemm and Mason, 2003 Portage (WI) 58 Topeka (KS)
25 Topeka (KS) 59 Ostro et al., 2006 9 California Counties, (CA)
26 Moolgavkar, 2003 Los Angeles County, (CA) 60 Goldberg et al., 2003 Montreal(@B, Canada)
27 Klemm and Mason, 2003 6 US cities 61 Goldberg and Burnett, 2003 Montreal(QB, Canada)
28 Klemm and Mason, 2003 Boston (MA) 62 Montreal(QB, Canada)
29 Knoxville (TN) 63 Franklin et al, 2007 (all age) 27 US cities
30 St.Louis (MO) 64 (75+yr) 27 US cities
31 Steubenville (OH) 65 (<75y1) 27 US cities
32 Portage (WI) 66 Franklin et al., 2008 25 US cities
33 Topeka (KS) 67 Ostro et al., 2006 9 California Counties, (CA)
34 Fairley, 2003 Santa Clara County, (CA) 68 Goldberg et al., 2006 Montreal(QB, Canada)
3.2.1.2 PMos 5
o PMzs 10 pg/ms3

95
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1.06
1.04 4
1.02 4
; 4 t g $
L ° bo g ¢% 4 ¢4 4 4
1.00 ‘ T T i T T T i ‘ T ‘
098 -
0.96 T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 10 11 13 14 15 16 17 18 19 20 21 22 23 24 25
EU
PM, 5/SPM
NO. NO.
1 Borja-Aburto et al., 1998 Mexico City (Mexico) 14 Omori et al., 2003 Nagoya
2 (65+yr) Mexico City (Mexico) 15 Kyoto
3 Cifuentes et al., 2000 Santiago (Chile) 16 Osaka
4 Castillejos et al., 2000 Mexico City (Mexico) 17 Kobe
5 (65+yr) Mexico City (Mexico) 18 Hiroshima
6 Venners et al., 2003 Chongqging China 19 Kitakyushu
7 Omori et al., 2003 13 20 Fukuoka
8 Sapporo 21 , 2007 20
9 Sendai 22 Morgan et al., 1998b Sydney (Australia)
10 Chiba 23 Simpson et al., 2005b 4 Australia cities Australia
11 Tokyo 24 Peters et al., 2000 Coalbasin (Czech)
12 Yokohama 25 Anderson et al., 2001 West midland(UK)
13 Kawasaki
3.2.1.3 PM:5
o PMass 10 pg/m3
1.10
1.05 ¢ %
1.00 ° | 9 # | $ % s
. i T I T \
0.95 A
0.90
1 2 3 4 5 6 8 10 11 12 13 14 15 16 17 18
PM,s/SPM
NO. NO.
1 Borja-Aburto et al., 1998 Mexico City (Mexico) 11 Omori et al., 2003 Kyoto
2 Castillejos et al., 2000 Mexico City (Mexico) 12 Osaka
3 Omori et al., 2003 13 13 Kobe
4 Sapporo 14 Hiroshima
5 Sendai 15 Kitakyushu
6 Chiba 16 Fukuoka
7 Tokyo 17 , 2007 20
8 Yokohama 18 Morgan et al., 1998b Sydney (Australia)
9 Kawasaki
10 Nagoya
3.2.1.4 PM: 5
(@ PM2,5 10 pg/ m3

95
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1.30
1.25
1.20
1.15
1.10
1.05 1

O o O o

o9

1.00 + + =

0.95 ~

0.90 L e

o0 © 9o ¢ ¢ + o ¢ 9% ¢ A +

7

& @ & 4
T 1

1 2 3 4 56

7 8 9 10 11 12 13 14

15 16 17 18

19 20 21 22

23 24 25 26 27 28 29 30 31 32 33 34 35

36

PM,5/SPM
NO. NO.
1 Borja-Aburto et al., 1998 Mexico City (Mexico) 17 M](Jﬁa)’k? ggf:g &7;:1)2006
2 Castillejos et al., 2000 Mexico City (Mexico) 18 (1h, 200-249 pg/m3)
3 Omori et al., 2003 13 19 (1h, 250-299 pg/m3)
4 Sapporo 20 (24h, 100-149 pg/m3)
5 Sendai 21 (24h, 150-199 pg/m?)
6 Chiba 22 (24h, 200-249 pg/m?)
7 Tokyo 23 (24h, 250-299 pg/m?)
8 Yokohama 24 (1h, 200-249 pg/m3)
. Yamazaki et al., 2007
9 Kawasaki 25 ( 65+yr 4-9 94 13
10 Nagoya 26 ( 65+yr 10-3 24 13
11 Kyoto 27 ( 65+yr 4-9 1 13
12 Osaka 28 ( 65+yr 10-3 1 13
13 Kobe 29 ( 65+yr 4-9 24 13
14 Hiroshima 30 ( 65+yr 4-9 1 13
15 Kitakyushu 31 ( 65+yr 10-3 1 13
16 Fukuoka 32 ( 65+yr 4-9 1 13
33 , 2007 20
34 Morgan et al., 1998b Sydney (Australia)
35 Kettunen et al., 2007 Helsinki  Finland
36 Helsinki  Finland
3.2.1.5 PM:5
o PMzs 10 pg/m3

95
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o | $ o o 4 o 4 o b % 4 o o 4 o 4
1.00 f T
0.95 1
0.90 T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 00 11 12 13 14 15 16 17 18 19 20
PM,s/SPM
NO. [ NO. |
1 Klemm and Mason, 2003 6 US cities 13 Franklin et al., 2007 all ages 27 US cities
2 (65+yr) 6 US cities 14 T5+yr 27 US cities
3 Schwartz, 2003 (Dirt) 6 US cities 15 <T5yr 27 US cities
4 (Traffic) 6 US cities 16 Franklin et al., 2008 25 cities (U.S.)
5 (Coal) 6 US cities 17 Burnett and Goldberg, 2003 8 cities (Canada)
6 Schwartz, 2003 6 Cities, combined 18 Burnett et al., 2004 12 Canadian cities
7 Ostro et al., 2006 (Natural splines) 9 California Counties, (CA) 19 Dominici et al., 2007a 100 US Cities National
8 (Penalized splines) 9 California Counties, (CA) 20 Simpson et al., 2005b 4 Australia cities Australia
9 (65+yr Natural splines) 9 California Counties, (CA) 21 Omori et al., 2003 13
10 (65+yr Penalized splines) 9 California Counties, (CA) 22 , 2007 20
11 Ostro et al., 2007 9 California Counties, (CA)
12 (65+yr) 9 California Counties, (CA)

3.2.1.6 PMoaus
(@ PM2,5 10 ug/m3
95

1.05 A
1.00 o o + + é é" 4’ 9 o o ° Q a Q o ° o 4’ 4’ I}

D

0.95 T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21
<>
PM,s/SPM
NO. NO.
1 Dominici et al., 2007a 100 US cities 13 Ostro et al., 2007 9 California Counties, (CA)
2 Omori et al., 2003 13 14 Omori et al., 2003 13
3 Klemm and Mason, 2003 (CODP) 6 US cities 15 Franklin et al., 2007 27 US cities
4 ( ) 6 US cities 16 Franklin et al., 2008 25 cities (U.S.)
5 Ostro et al., 2006 9 California Counties, (CA) 17 Klemm and Mason, 2003 6 US cities
6 Ostro et al., 2007 9 California Counties, (CA) 18 Ostro et al., 2006 (IHD) 9 California Counties, (CA)
7 Franklin et al., 2007 27 US cities 19 Yamazaki et al., 2007 13
8 Franklin et al., 2008 25 cities (U.S.) 20 Franklin et al., 2007 27 US cities
9 , 2007 20 21 Franklin et al., 2008 25 cities (U.S.)
10 Holloman et al., 2004 7 North Carolina counties, 22 , 2007 20
11 Ostro et al., 2006 9 California Counties, (CA) 23 Ostro et al., 2006( ) 9 California Counties, (CA)
(CVD,natural spline
12 (CVD penzlized spline) 9 California Counties, (CA)

3.2.1.7 PMs;
o PMss 10 pg/m?
95
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3.2.2.

3.2.2.1.
PMs 5
COPD
Medicare;
PM3 5
PMos 5 5.9
2006)

2008; Peng et al., 2008)
(Host et al., 2008)

et al., 2006; Barnett et al., 2005)

PMs 5
(Yamazaki et al., 2009)

i C] Confidence Interval

COPD

204

PMz 5

10 pg/m3

3-15

PMzs s

3.2.1.8 3.2.1.10

PMs 5

1999 2002 65

(Dominici et al.,

1.28 (95 CIii: 0.78, 1.78)

(Bell et al.,

(Barnett

( , 2007)
PMos 5



1.50

1.40 +
1.30 ~
1.20 ~ %
Sl e L)l ¢ | ° i
100 Ll 4o 2ol 6099, 4ldogr || | o 4409490080600, 44
- B T R AT —
0.90 ¢ °
080 +—————7" T 7T T T T T T T T T — T T T T T T T — T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 37 39 41 43 45 47 49 51
PM;s
NO. NO
1 Delfino et al., 1997 Montreal (QB, Canada) 28 Babin et al., 2007 District of Columbia
2 Stieb et al., 2000 Saint John (NB, Canada) 29 Babin et al., 2007 District of Columbia
3 Slaughter et al., 2005 Spokane (WA) 30 Chimonas and Gessner, 2007 Anchorage, Alaska
4 Schreuder et al., 2006 Spokane (WA) 31 Chimonas and Gessner, 2007 Anchorage, Alaska
5 Burnett et al., 1997 Toronto(Canada) 32 Chimonas and Gessner, 2007 Anchorage, Alaska
6 Delfino et al., 1998 Quebec (Canada) 33 Chimonas and Gessner, 2007 Anchorage, Alaska
7 Norris et al., 1999 Seattle (WA) 34 Peng et al., 2008 108 cities in USA
8 Sheppard, 2003 Seattle (WA) 35 Stieb et al., 2000 Saint John (NB, Canada)
9 Burnett et al., 1999 Toronto (ON, Canada) 36 Slaughter et al., 2005 Spokane (WA)
10 Tolbert et al., 2000 Atlanta (GA) 37 Tolbert et al., 2000 Atlanta (GA)
11 Lin et al., 2002 Toronto (ON, Canada) 38 Moolgavkar, 2003 Los Angeles Co. (CA)
12 Toronto (ON, Canada) 39 Metzger et al., 2004 Atlanta (GA)
13 Toronto (ON, Canada) 40 Schreuder et al., 2006 Spokane (WA)
14 Toronto (ON, Canada) 41 Burnett et al., 1997 Toronto(Canada)
15 Moolgavkar et al., 2000 King County (WA) 42 Dominici et al., 2006 204 US counties
16 Burnett et al., 1999 Toronto (ON, Canada) 43 Burnett et al., 1999 Toronto (ON, Canada)
17 Slaughter et al., 2005 Spokane (WA) 44 Ito, 2003 Detroit, (MI)
18 Tolbert et al., 2000 Atlanta (GA) 45 Burnett et al., 1999 Toronto (ON, Canada)
19 Dominici et al., 2006 204 US counties 46 Tto, 2003 Detroit, (MI)
20 Chen et al., 2004 Vancouver (BC, Canada) 47 Burnett et al., 1999 Toronto (ON, Canada)
21 Ito, 2003 Detroit, (MI) 48 Tolbert et al., 2000 Atlanta (GA)
22 Peel et al., 2005 Atlanta 49 Dominici et al., 2006 204 US counties
23 Tto, 2003 Detroit, 50 Tto, 2003 Detroit, (MI)
24 Burnett et al., 1999 Toronto 51 Bell et al., 2008 202 US cities
25 Fung et al., 2006 Vancouver (BC, Canada)
26 Chen et al., 2005 Vancouver (BC, Canada)
27 Babin et al., 2007 District of Columbia
3.2.1.8 PMos 5
o PMzs 10 pg/m3

95
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1.15 +
1.10 ~
%’ R
o 0 i by o4 bt ¢ o o ¢
1.00 T [ T T ‘ ‘ T
095 +
0.90 T T T T T T T T T T T T T T
1 2 4 5 6 7 8 9 00 11 12 13 14 15 16 17 18 19 20 21 22 23 24
PM;s
NO. NO.
1 Tlabaca et al., 1999 Santiago (Chile) 13 Halonen et al, 2008 Helsinki
2 Santiago (Chile) 14 Helsinki
3 Barnett et al, 2005 3 Australian cities 15 Barnett et al., 2006 7 cities in Australia and New Zealand
4 Morgan et al., 1998a Sydney (Australia) 16 Morgan et al., 1998a Sydney (Australia)
5 Barnett et al., 2005 3 Australian cities 17 Simpson et al., 2005a 3 Australian cities
6 Morgan et al., 1998a Sydney (Australia) 18 Barnett et al., 2006 7 cities in Australia and New Zealand
7 Anderson et al., 2001 (UK) 19 7 cities in Australia and New Zealand
8 Host et al., 2008 6 French cities 20 7 cities in Australia and New Zealand
9 6 French cities 21 7 cities in Australia and New Zealand
10 6 French cities 22 Host et al., 2008 6 French cities
11 6 French cities 23 6 French cities
12 Halonen et al., 2008 Helsinki 24 6 French cities

3.2.1.9

95

PMz 5

o PMas

10 pg/m?

10 11 12 13 14

15 16 17 18 19 20 21 22 23 24

PM;s

NO. NO.

1 Dominici et al., 2006 204 US counties 13 Barnett et al, 2005 3 Australian cities

2 Host et al., 2008 6 French cities 14 Dominici et al., 2006 204 US counties

3 6 French cities 15 Barnett et al., 2006 7 cities in Australia and New Zealand
4 6 French cities 16 7 cities in Australia and New Zealand
5 6 French cities 17 7 cities in Australia and New Zealand
6 Peng et al., 2008 108 US cities 18 7 cities in Australia and New Zealand
7 Halonen et al., 2008 Helsinki 19 7 cities in Australia and New Zealand
8 Helsinki 20 Dominici et al., 2006 204 US counties

9 Helsinki 21 Host et al., 2008 6 French cities

10 Barnett et al., 2005 3 Australian cities 22 6 cities in French

11 3 Australian cities 23 6 cities in French

12 3 Australian cities 24 Bell et al., 2008 202 US cities

3.2.1.10 PMzs

95

o PMss

10 pg/m3
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3.2.2.2.

PMs 5

FEV10(Forced Expiratory Volume in one second) FVC(Forced Vital Capacity)

2
COPD
COPD
PMs 5
FVC FEVio
( , 2007) PMs 5 SPM
PMs 5 PMs 5
SPM
SPM 2
4 5 PMos 5
PMs 5
FEVio
3
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PMzs 5 SPM

PMs 5

PMs 5

PMs s

(Allen et al., 2008; Delfino et al., 2006; Koenig
et al., 2005; Mar et al., 2005)

PM:5

ST-segment

PMs 5

SPM
( , 2007)
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3.2.3.
6 6
8,000 14 16

1974 77 25 74
(Dockery et al., 1993)

5 pack-years BMI
Body Mass Index Cox
1.26
TSP(Total Suspended
Particles)
(Krewski et al., 2000) 8 (Laden
et al., 2006) 6 PMzs
PMss 10 pg/m? 1.16 1974 89
1.17 1990 98 1.13 PMa 5
1.14 PMs 5 PMzs 5
10 pg/m3 1.27 1.28
1974 89 PMzs 5 1990 98 PMzs 5
PMs 5 10 pg/m3

0.73
ACS American Cancer Society
50 120
1982 89

ACS-CPS II Cancer Prevention Study II

(Pope et al., 1995) PMs;
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30

BMI Cox
PM; 5 1979 83
PM: 5 10 pg/m3 7 ([RR
95 CI 1.04,1.10) 12 ([RR 95 CI:1.07,1.17)

1.02, 1.10

1 ([RR 95 CI091,1.12

1998 (Pope et al., 2002)
2 Cox
BMI
PM; 5 1979 83 10 pg/ms3

RR 95 CI:1.01,1.08 6 RR 95 CI:

8 RR 95 CI:1.01,1.16

PMas.5
PM, 5 10 pg/ms3
8 18

(Pope et al., 2004)

AHSMOG Adventist Health Study on Smog
Seventh-day Adventist 6,000 1977

3,769

PMz 5
0.99 PMip-25

PMzs 5

(McDonnell et al., 2000) 9 11
PMs 5 PM.o

PMio PMss
PMzs.5 PMio-25
PMz 5 PMio-25 PMio-25
PMz 5
PMio-25 10 pg/m3 1.09 PM25
1.20 PMss 1.06 PMio-25
PMzs 5
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VA Veterans Administration 1970

(Lipfert et al, 2006a; Lipfert et
al., 2000b; Lipfert et al, 2006b; Lipfert et al., 2008)

PMa5
10 pg/m3 1.07 2
WHI Women's Health Initiative Observational Study 50 179
PMa5
(Miller et al., 2007) WHI 65,893 30
PMz 5 PM: 5 10 pg/m3
1.24 1.21
1.35 1.76
(PMa.5 10 pg/m3 2.21)
143,842 470

(Naess et al., 2007) PMas

51 70 1.44 70 1.18
51 70 1.41 70 1.11 PM:s 5
PMio COPD
(
, 2009
40
10 1983 85
10 15
1974 1983
10 PMaz 5 SPM 0.7
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BMI

10 pg/m3
1.15 15
10
1.13

Eftim et al(2008)  ACS
EPA Air Quality System
PMs 5

Med-ACS 65
Med-SCS 65
6

Zeger et al(2008) 2000 2005

9.6km 4,568
)

et al.(2008) Zeger et al(2008)
3.2.4.
3.2.4.1.

WHI (Miller et al., 2007)

10 pg/m3
21 35

Cox

SPM 25 pg/m3 1
SPM
10
1.09 PMs 5 10 pg/m3
1.22 15
SPM
6
2000 2002
ACS
730 6
34 Med-SCS 6
Med-ACS
ACS ACS
PMa 5
PMas.5 6
ZIP (65 1,320
PM: 5
Eftim
PMs 5
24
PM: 5
PMa 5
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PMa.5 C-
(Diez Roux et al., 2006) PMa. 5 10 pg/m3 6
(Kunzli et al., 2005) Diez Roux et al(2008)
MESA the Multi-Ethnic Study of Atherosclerosis
5,172 Subclinical disease
PM; 5 Auchincloss et al.
(2008) MESA

3.2.4.2.

6 (Dockery et al., 1989) 24 (Raizenne et al., 1996)

PMz s 6
24 PMs ;v
FEVio FVC

1993 12
(Peters et al., 1999) 12
1993 1997
[FEVio FVC MMEF(Maximal Mid-Expiratory Flow)]
(Gauderman et al., 2000) 4 2
iv PMas PMa21
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3,035 4 PMz 5 MMEF FEF7s5
(Forced Expiratory Flow for 75  of FVC)
7 10
18 8 1,079
FEVio PMz 5 acid vapor
FEVi.0 80 PM: 5
4.9 (Gauderman et al., 2004) Islam et al.,
2007 9 10 8
PMa5
PMa5
PMa5
10
(Kim et al., 2004) PMa 5
PMs 5
PMs 5 12 pg/m3 11 15 pg/m3 AHSMOG

Seventh-day Adventist

1995a; Abbey et al, 1995b) 1987

(Abbey et al.,

1967 87 PMs 5
9 1966
1,868 PMs 5 20 pg/m3
1977 1987
2 1995 98 1997
1999 2 PMas.5 1
(Gehring et al., 2002)
10 21 1991 1993
2000 2002 (Sunyer et al., 2006) PMs 5
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2000 2001 PMzs 5
(Gotschi et al., 2008) PMa 5
19.1 pg/m3 3.7 44.9 pg/m3
17 ug/m3 (Sunyer et al., 2006) Oftedal et al (2008) Dales et al (2008)
8
SPM (Shima et
al., 2002) 8 30 59
SPM 3 FEVi.0
(Sekine et al., 2004)
2007 7
3 5
3 7 PMa5
PMs 5 SPM
PM; 5
SPM
( , 1991) 8
SPM SPM
(
, 1997) 6 11
SPM
SPM
PM_ 5

3-26



3.2.4.3.

1 PMas
Dejmek et al., 1999
Woodruff et al. (2008)
Brauer et al (2008) 1999 2002 70,249
PMa 5

3.2.5.
PMss PMio2s
PMs 5 PMio-25
PMio-25 PMs 5
6 PMz s
PMio-2.5
PMs 5 PMio-2.5
PMz 5 PMio-25
PMzs s PMio-25
PMio-25
6 PMio-25
AHSMOG PMio-25
PMs 5 PMio25 PMa2s PM.o
PMio-25
PMio PMss
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3.2.6.

Schwartz et al. (1996)

(Schwartz, 2003)

4 PMz 5
(Burnett et al., 2000)

PMs 5
AHSMOG
PMs 5

6 PMs s
et al., 1993)

PMs 5
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3.3.

Hill (Hill, 1965)
(U.S. Department of Health Education
and Welfare, 1964)

3.3.1.
3.3.1.1.
PMzs5

PMss 10 pg/m? 08 2.4

PMs 5 10 pg/m3 0.4 1.4 SPM

SPM 10 pg/m? 02 08
04 1.2
PMa.5
PMz 5
PMa5

PMs 5
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PMz 5 ACS 6

PMz s
PMs 5
ACS 6 PMos 5 10 pg/ms3
6.1 16 9 18
PMzs 5
PMs 5 10 ],Lg/m3
ACS 6 13 27
13 (15 )
PMzs 5
3.3.1.2.
6 ACS
Cox
3.3.1.3.
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3.3.1.4.

3.3.1.5.
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3.3.1.6.

( ) PM.o
(Pope,
1996) 1986 87 1985 86 1987 88

(Clancy et al, 2002)

3.3.2.

cardiovascular disease

3.3.2.1

3.3.2.2
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