
 (Intake Fraction ; iF)  
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1 
 

  

 (Bennett et al., 2002b) 

 (Inoue, 2012) 

 (Gamo, 2012 ; Inoue, 2012 ; Makino, 2012) 
 (LCA) 

 (LCIA) 
 

 (Intake Fraction ; iF iF ) 
 (Bennett et al., 2002b) 

 ( E)  ( PI)  (T) 
 (

)  ( HI)  ( E iF = PI, E iF T = HI) 

 (Toxic Release Inventory ; TRI) 
308 iF  (Bennett et al., 2002a) 

iF  (Marshall et al., 2003) 

iF  (National Institute for Health 
and Welfare, 2011)  

iF  
(Smith, 2002 ; Marshall and Nazaroff, 2006)  (2.3) iF

 (Smith, 2002) 
 (T) 

 (Marshall and Nazaroff, 2006)  
 
 
 
 
 



2 
 

 (characterization factor) 
iF  

 ( ) 
PRTR

iF

 (Ries et al., 2009a) iF PRTR
 

PRTR
 ( , 2013) 

iF
iF

 

iF
iF

iF  (Tainio et al., 2010) 
 

 (2.5) iF

 (NOAEL ; No observed 
adverse effect level) 

 
iF

 
 



3 
 

Exposure factor (Smith, 1988) Exposure effectiveness (Smith, 1993) 

 
Intake Fraction

 
Exposure efficiency (Evans et al., 2002) Population-based 

potential dose (McKone, 1993) exposure
dose

 (Bennett et al., 2002b) Intake Fraction  
 
 

iF
 ( 1 ) PM2.5 iF  

(Tainio et al., 2009) SoCAB (South Coast Air Basin) 
CO iF (Marshall et al., 2003)  (county) PM2.5

iF (Greco et al., 2007b) CO
1,3- iF (Marshall et al., 2005)  (census tract) 

iF (Lobscheid et al., 2012) 
PM2.5 iF (Greco et al., 2007a)  

iF
iF

iF  (Apte et al., 2012) iF
iF

iF iF iF
iF

iF iF
 

Greco et al (2007b) 
iF

iF  (Greco et al., 
2007a) iF

 (Levy et al., 2009)  
 (1.2 (2), (3) ) 



4 
 

iF  
 

 (
, 2012) 

 ( , 2010) 

 ( , 2013)  

 ( , 
2010) 

 (
, 2012)  

NOx

 ( , 2010 ; 
, 2010) 

5 7% NO2

 ( , 
2010) 

 
iF

iF

 
iF

iF  (Greco et al., 2007a) iF
PM2.5  (premature 

mortality)  (Levy et al., 2009) 
iF  



5 
 

 

 ( ) PRTR
 ( ) 

iF

PRTR
 

Apte et al. (2012) iF
10

iF  
 
 

iF 2.5
iF

iF
iF iF

 (Levy et al., 2003 ; Zhou et al., 2003 ; Zhou et al., 2006) 
 

iF
iF

iF 3
 (2.5 (4), (5), (6) ) iF  

 

iF

iF Marshall et al. (2005) 
iF

 (Marshall 
et al., 2005) Greco et al. (2007b) iF



6 
 

16% ( : 0.1 92%) 
iF 84% Tainio et al. (2009) 

iF 39 40%

iF
 

iF
(Marshall et al., 2005 ; Stevens et al., 2007) iF iF

iF  
 

iF

iF
 (Lobscheid et al., 2012)  

PM2.5 iF 30 30km
0.58 10-6 5km 0.57 10-6

iF iF
 (Tainio et al., 2009)  

 ( ) iF
Marshall et al. (2005) 

iF
iF

iF  
iF

 
 

iF iF
iF

 
iF

  

iF  (Marshall et al., 2003) 
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iF 1/2  (Stevens et al., 2007 ; Apte 
et al., 2012) 

iF
 ( ) iF  

 

iF
iF iF

                          ( 2 )  
3 2 iF

iF
iF Greco et al. 

(2007a) Levy et al. (2009) 
iF iF

iF

   ( 3 ) 
4 3

iF
 (

1,3- NOx) iF
PRTR iF

iF  ( 4 )  
iF

 (1.3 (1) 2.5 (4) ) 
 (1.3 (1) 2.5 (5) ) 

iF iF
iF

  ( 4 )  
iF iF
 (1.3 (1) 2.5 (6) ) iF
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iF  ( 5 )  
 

6  
1 :  
2 : iF  

 (Iwata and Nakai, 2013) 
 

3 : iF
 

4 : iF

iF iF  
 (Iwata and Nakai, 2014) 

 
5 : iF iF

 
6 :  

 
 
 
  



9 
 

 
 
 
  



10 
 

 : iF  

1970
 

(Hanna, 1971 ; Gifford and Hanna, 1973) 
 

(Bennett et al., 2002b ; Evans et al., 2002) 
 (Smith, 1993 ; Bennett et al., 2002b ; Evans et al., 2002) 

Bennett et al. (2002b) IFWG (Intake Fraction Working Group : ) 
intake fraction ; iF

 (Bennett et al., 2002b)  
 

 (Intake Fraction ; iF)  (2-1)  (
)  (Bennett et al., 

2002a ; Bennett et al., 2002b)  (2-1) 

 (Bennett et al., 2002b) 
Individual Intake Fraction (iFi)  

(2.1 (4) )  
 

iF = (2-1) 

 
iF 0 1 1t 1g

iF 1g  1t = 1 10-6  ( 2-1)  
 

 
2-1  iF  ( A 1t 1g )  
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iF
iF  (x) 

 (y) 

 (Heath et al., 2006) iF 1 10-6

0.5t  ( ) 0.5g  ( ) 
 ( 2-2)  

 
2-2  iF  ( A iF 1 10-6 )  

 

iF
 (Bennett et al., 2002b) 

iF
iFi (individual Intake Fraction ; iF = iFi)  (Bennett et 

al., 2002b)  

 
2-3  iFi  ( A 1t 1g 0.4g

i )  



12 
 

 

iF intraurban intake fraction  (Apte et al., 2012) 
i iFi iFi  

 

 
2-4  intraurban iF  ( A 1t 1g

0.6g )  
 
 

1
iF  

 

iF  
(2-2) iF  (Tainio et al., 2009)  

 

iF =  (2-2) 

 
E:  [g/t] Cei: i

 [g/m3] Pi: i  [ ] Br:  [m3/t]  
 

iF
iF iF

 ( ) 



13 
 

iFi intraurban intake fraction iF
 

 

 ( )  (Marshall and Nazaroff, 2006) 

 
 

 (2-2)  (E) 
 

 

 (2-2)  (Ce,i)  
(Br)  (Pi)  (i) 

iF
iF

iF  (Levy et al., 2003 ; Marshall et al., 2003 ; 
Tainio et al., 2009 ; Luo et al., 2010)  

2

iF
 

 
(Greco et al., 2007b) CALPUFF SILAM

 

Luo et al. (2010)  (CO) 
iF

84%
LUR (land-use regression) PM2.5

 (Ries et al., 2009a)  
 



14 
 

iF

 (Levy et al., 2002 ; Marshall et al., 2005 ; Zhou et al., 2006 ; Greco et al., 2007b)  
Levy et al. (2002) 40 40

PM2.5  (SO2 NOx ) iF
 (CALPUFF) 500 km

 (F)  (%)  (m)  (m) 
PM2.5 iF ( ) IV-1

4

 
 

2-1  PM2.5 iF  (Levy et al., 2002)  
 500km

 [ ]  [m] 
 

[m]  
R2 F  

( ) 
 

-13.3 ― ― ― ― ― 0.80 
-14.4 2.6×10-8 (7.8)* ― ― 0.61 60.1 (p < 0.001) 0.50 
-12.8 1.8×10-8 (5.4)* -0.0009 (4.3)* ― 0.74 18.4 (p < 0.001) 0.40 
-13.3 16.×10-8 (6.4)* -0.0009 (5.5)* 81 (5.4)* 0.86 28.9 (p < 0.001) 0.30 

* t  
 

Greco et al. (2007b)  (climatological regional dispersion model ; CRDM) 
S-R  (source-receptor matrix) 

iF
 (0 50 km 50 100 km 100 200 km 200 500 km 500 km ) 

iF
Stevens et al. (2007) MCMA (Mexico city metropolitan area) 
PM2.5 iF  

 

IV-2
iF iF iF

 (
2-2)  
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2-2  iF  
 (n) 

 
iF # iF  ( ) [1/million]  

 
(40) ,  

 PM2.5, 
 PM* 

 
(CALPUFF) , , 

 

 PM2.5: 9.1$ ( : 1.2 18)  
 PM (SO2 ): 

0.18$ ( : 0.05 0.3)  
 PM (NOx ): 

0.03$ ( : 0.005  0.07)  

(Levy et 
al., 2002)  

SoCAB (1) , 
 (

) 

, CO , 
12.2,  

: 48 (SD: 20)  
CO: 46 (SD: 15)  

(Marshall 
et al., 
2003)  

 (
: 

379, 
: 15) , 

 

& , CO 

, 12.2, 
 

: 5.3 (
: 3.0, : 0.1 280)  

(Marshall 
et al., 
2005)  , 12.2, 

 
CO ( ) : 12 ( : 9.3, 

: 5.7 31)  
CO ( ) : 19 ( : 13, : 

7.7 54)  

 (23,398) , 
 (

)  

PM2.5  
(CAL3QHCR 
line-source model) , 
20, 

5 km  

12 ( : 0.8 53)  (Greco et 
al., 
2007a)  

 (3,080) , 
 

PM2.5, 
PM* 

 (S-R  
= CRDM

) , 20,  
(48 )  

PM2.5: 1.6 ( : 1.2, 
: 0.12  25)  

PM (SO2→ ) : (
: 0.41, : 0.05 10)  
PM (NOx→ ) : (

: 0.068, : 0.00092 1.3)  

(Greco et 
al., 
2007b)  

 (1) , 
 

&  
, 20, 

 
120 ( : 120, 90%CI: 62
200)  

(Stevens 
et al., 
2007)  , 

20,  
40 ( : 38, 90%CI: 23 64)  

PM2.5 
 

(Greco et al. (2007) 
)  

26 (90%CI: 24 28)  

, 
20,  

120 ( : 100, 90%CI: 50
230)  

CO 120 ( : 110, 90%CI: 63
240)  

 (CAMx), 
20,  

61 

PM*  (CIT 
), 20, 

 

PM (SO2→ ) : 8.8 
PM (NOx→ ) : 1.5 

 
(1) ,  
(NYC)  

CO, NOx, 
PM2.5,  
PM10  

 (OSPM), 
12 38, 

 

CO: 2,600 
NOx: 2,700 

PM2.5: 2200, PM10: 
1700 

(Zhou and 
Levy, 
2008)  

 (1) , 

 

PM2.5  (SILAM), 
20, SILAM

 

0.68 ( : 0.64 0.7)  (Tainio et 
al., 2009)  

 (1), CO , 270 ( : 200 300)  (Luo et al., 
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 12.5 20.5, 
 

2010)  

 
(3,646) , 

 
 

, 
14.5 (13 14.5) , 

 

39$ ( : 0.6 260)  (Apte et 
al., 2012)  

 
(64,999)  
(3,108)  
(48)  
(1) ,  

 
 

(NATA2005  = 
AERMOD

),  14, 
50km

 

: 8.6$ ( : 3.6, 
: 173)  

: 8.6$ ( : 4.2, : 
119)  
: 8.6$ ( : 5.1, : 36)  

(Lobscheid 
et al., 
2012)  

 (34) , 
 

PM2.5 , 
14.5,  

: 6 117 (Ji et al., 
2012)  

#  m3/day/  ( )  
* PM (Secondary PM) iF = SO2 NOx  

((NH4)2SO4)  (NH4NO3)   
$  ( )  
&  (Typical Nonreactive Pollutants / Primary conserved pollutants) 

iF CO PM2.5

 
 

Marshall et al. (2003) iF
iF SoCAB (South Coast Air 

Basin)  ( CO) iF
 (70% 80% SoCAB

)  
( )  (

 ; 12.2 m3/ /day) 

iF
iF 48 10-6 (SD: 20 10-6) CO  46

10-6 (SD: 15 10-6) iF
iF

 
Marshall et al. (2005) iF

iF
iF 3

12.2 m3/day iF 379
iF 5.3 10-6 ( )  (

) 15 CO iF : 12
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10-6 ( ) : 19 10-6 ( )  (ASPEN 
(Assessment System for Population Exposure Nationwide) 
NATA  (National-scale Air Toxics Assessment) ) NATA urban 

iF ( ) 7.0 10-6

PM 4.4 10-6  iF
iF 14 10-6

 (Linear population density) iF

iF  
Greco et al. (2007a) 

EPA

iF 23,398
PM2.5 iF  (CAL3QHCR line-source model) 

20 m3/ /day 5 km
12 10-6 0.8

10-6 53 10-6

 
Stevens et al. (2007) 

iF
5

MCMA 20 m3/ /day iF
iF

120 10-6  40 10-6 Greco et al. (2007b) 
 26 10-6 (PM2.5 ) PM2.5 120 10-6  

CO 120 10-6 CO  (CAMx) 61 10-6 
5

iF

iF  
Zhou and Levy (2008) 

iF
 (CO, NOx, PM2.5, PM10)  (OSPM ; 

Operational Street Pollution Model)  
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 12 38 m3/ /day 
iF CO

iF  2,600 10-6 NOx 2,700 10-6 PM2.5  2,200 10-6 PM10  1,700 10-6

iF

 
Tainio et al. (2009) PM2.5

PM2.5 iF
PM2.5 iF 6  (

 ( )  (
) ) PM2.5 iF

 (SILAM)  20 m3/ /day 
iF 2.0 10-6 ( : 0.31 10-6  : 4.42 10-6) 

 0.68 10-6

 0.54 10-6  0.55 10-6 0.55 10-6  0.50 10-6  0.59
10-6

iF

 
iF

 ( 39 ) 
iF

PM2.5 iF 3.46 10-6 96%
iF

iF 60%

39
 

Apte et al. (2012) iF 3,646
iF : 

14.5 m3/day 39 (
: 0.6 260) 

iF
 

Lobscheid et al. (2012) Greco et al. (2007b) PM2.5

iF
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 ( ) iF
AERMOD NATA2005

: 14 m3/day
50km

iF
iF : 8.6 10-6 ( : 3.6

10-6, : 173 10-6) : 8.6 10-6 ( : 4.2 10-6, : 119 10-6) : 8.6 10-6 ( : 
5.1 10-6, : 36 10-6) Greco et al. (2007b) iF

iF
 Lobscheid et al. (2012) 

 
Ji et al. (2012)  ( )  (

) PM2.5  ( ) 
iF  ( 1kg 5.3 ) 

iF 6 10-6 117 10-6

 (= ) iF  (Zhou et al., 2006) 
iF 4 10-6 8

10-6 : 9
: 90 : 32 : 26 : 3
e-cars PM2.5

 
Nishioka et al. (2002) IECC2000 (

) 
PM2.5 NOx SO2 2001 2010 10

870 t 26,000 t 41,000 t Levy et al. (2003) 
iF iF iF

10 64

 
 
 

iF
 ( )  (

)  (
) 
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 ( )  (Bennett et al., 
2002b) iF 2-3

iF
 (Smith, 2002)  

 
2-3  iF  

 
CO

iF  (Marshall et al., 2003)  
1,3- iF

iF  (Marshall et al., 2005)  
1 m
iF  (Zhou et al., 2003)  

 
iF  (Zhou et al., 

2006 ; Tainio et al., 2009)  
iF

3  (Marshall and Nazaroff, 2006)  
 

iF iF
2 3  (Marshall et al., 2003 ; Zhou et al., 2003 ; Marshall et al., 2005 ; 

Zhou et al., 2006 ; Tainio et al., 2009)  (Zhou et al., 
2003)  (Marshall et al., 2005)  

iF iF  (Tainio et al., 2009 ; Luo et 
al., 2010)  

 
iF

 (Bennett et al., 2002a ; Hirai et al., 2004)  
 

iF  

 
 

iF 3  
 

2.1 (3) iF  (x)  (y) 
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iF
 ( E)  ( PI)  (2-3) 

 (T)  (2-4) 
 ( HI)  (Bennett et al., 2002b ; Levy et al., 2002 ; Marshall and 

Nazaroff, 2006 ; Humbert et al., 2011)  
 

E  iF = PI                (2-3) 
 

E  iF  T = HI          (2-4) 
 

E:  (kg emitted / Year) iF: 
 (kg intake / kg emitted) T:  (cases / kg 

intake)  

 (LCA) iF
LCIA (Life cycle impact 

assessment) 
 (Bennett et al., 2002a ; Bennett et al., 2002b ; Levy et al., 2002 ; Nishioka et al., 2002 ; Levy 

et al., 2003 ; Marshall and Nazaroff, 2006 ; Zhou et al., 2006 ; Greco et al., 2007b ; Stevens et al., 
2007 ; Humbert et al., 2009 ; Humbert et al., 2011) 

 (Marshall et al., 2013) iF

iF
 (Marshall et al., 2003 ; Zhou et al., 2003 ; Marshall et al., 2005 ; Zhou et al., 2006 ; Humbert 

et al., 2009 ; Tainio et al., 2009)  
iF

iF  (Marshall et al., 2003 ; Zhou et al., 2003 ; 
Marshall and Nazaroff, 2006 ; Greco et al., 2007b) 

CO iF
Marshall et al. (2003)  (emission 

factor handbooks) 
iF

iF
iF  

(National Institute for Health and Welfare, 2011)  
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2.3 iF  (V-2) 
iF

 (Marshall and Nazaroff, 2006) iF
 (Smith, 2002) iF

iF
 (Marshall and Nazaroff, 2006 ; Ries et al., 2009a)  

Heath et al. (2006) 
 (CSs) 

 (DG) iF CSs
0.8 10-6 DG  16 10-6 DG

CSs CSs DG
DG iF

 
Ries et al. (2009) PM2.5 iF

iF
PM2.5 PM2.5 20%

 
 

iF

 (Levy et al., 2003 ; Greco et al., 2007a ; Greco et al., 2007b ; Zhou 
and Levy, 2008) iF
iF

iF

iF
 (Levy et al., 2003)  

 
 
 
 
 



23 
 

iF
 (Levy et al., 2003 ; Zhou et al., 2003 ; Zhou et al., 2006)  

iF

 (Greco et al., 2007b)  
iF iF

 
 

iF
PM2.5

 (Dockery et al., 1993 ; Pope et al., 2002) 
 (Greco et al., 2007b ; Tainio et al., 

2009)  (time-activity patterns) iF
 (Marshall et al., 2003) iF

 
 

Stevens et al. (2007) Tainio et al. (2009) 20 m3/day 
Heath et al. (2006) 12 m3/day iF

 (Heath et al., 2006)  
 

iF
 (Bennett et al., 2002b) 

iF  
 

iF
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1
 (Marshall and Nazaroff, 2006) 

iF

iF
iF  

 

iF

iF  (Marshall et al., 
2003 ; Stevens et al., 2007 ; Apte et al., 2012) 

iF
 

 

iF 1.1 (3) iF
 (x)  (y)  

(Heath et al., 2006) iF  
iF

 (Zhou et al., 
2003 ; Tainio et al., 2009) iF

iF
 ( )  (Heath et al., 2006 ; Apte et al., 2012) 

 
 

iF

-
iF  (Zhou et al., 2003) 

iFi
 (Bennett et al., 2002b)  

 (Tainio et al., 2010) 
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 (NOAEL ; No observed adverse effect level) 

iF

iF
iF  

 

iF  
(Bennett et al., 2002b) iF

iF
iF
 

iF
iF  

 

 
 
  



26 
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 iF  

iF CAL3QHCR line source model

5000m  (Greco et al., 2007a) 
iF iF

500m  (Greco et al., 2007a) 
500m  (3-1)  (3-2) iF

 (3-3)  (E) iF
 (Marshall and Nazaroff, 2006)  

 

Cei =      (3-1) 

 

iFi =      (3-2) 

 

iF =      (3-3) 

 
iFi: i iF [-] Cei: i  (Ei) 

 [g/m3] Ei: i  [g] ui: i
 [m/s] Hi: i  [m] Ai: i  

[m2] Pi: i  [ ] Br:  [m3/s/ ]  (
3 S3-1 )  

ui 4.5 m/s 5.5 m/s
 (NEDO, 2014) 4.5 m/s

5.5 m/s 5.0 m/s Hi

ADMER2.5.0  (239.65m) Br
17.3 m3/day/  (

, 2007) Ai ArcGIS 500m
Pi 22 ArcGIS
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Greco et al. (2007a)  ( ) 
iF

Levy et al. 
(2009) Greco et al. (2007a) iF

 
 ( ) 

iF
JCT JCT  (a ) 

 (a ) 
 ( )  (a )  ( ) 

 (3-4)  
 

PI =  (3-4)  
 

PI:  (
) [g] iFi: i iF [-] Li: i  [km] 

Tri: i  [ ]  [g/ /km] Li Tri EF
i  [g]  

i a b [g/
/km] PI

 
 
 

iF 3-1  ( )  (Li

Tri EF) 1,842 10-6 (981 10-6 2,604 10-6) 
78 10-6 (0 10-6 1,260 10-6)  
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3-1 iF  

 

 (3-4) a 15.6ab [g] 
1.6ab [g] 

1/10
3-1  
 

3-1  iF   
  [g] iF ( )  [g] 

 8,442 ab 1,842 10-6 15.6 ab 
 ( ) 20,876 ab 78 10-6 1.6 ab 

 
 

iF  ( ) 1,842 10-6

78 10-6
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20
2 iF

1/20 1/10
 ( 3-1)  

iF

4 iF
 

iF iF
iF  (NYC) 

 ( 3-2) 
 

iF
iF

iF
 ( : 240m : 900m) 

 ( : 9,913 /km2 : 4,815 /km2) 

iF iF
 

 
3-2  iF  

  iF  ( )  
  1,842 10-6 (981 10-6 2,604 10-6) 

 
 ( )  78 10-6 (0 10-6 1,260 10-6) 

 PM2.5 12 10-6 (0.8 10-6 53 10-6) (Greco et al., 2007a)  
NYC  PM2.5 2,200 10-6 (Zhou and Levy, 2008)  

 
 

iF

 
500m

iF
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500m
iF

iF
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 iF  

iF

 (Greco et al., 
2007b ; Tainio et al., 2009) iF

p ( ) 
ADMER ver. 2.5.0 p

iF (iFp)  ( 4-1) ADMER
3 5×5 5×5 km  

 

iFp =  (4-1) 

 
Ep,i: p i  [g/day] Cp,j: p  (

i Ep,i) j  [g/m3] Pj: j
 [ ] Br:  [m3/day/ ] 

iF  
 

p 17 PRTR
iF

17  (2005 ) 
ADMER 17 5 5 km

NOx PRTR
8  ( ) 

13 17
 ( , 2006) 8 iF 365

p  ( i Ep,i) 
3 S3-3  
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5
17  ( )  

12.2  20 m3/day/  
17.3 m3/day/  (

, 2007)  
 

p  (∑i Ep,i) j  (Cp,j) 
ADMER ver. 2.5.0  (Ep,i) 

 (∑i Ep,i) ADMER p i
 (ΣiEtokyo,i)  (Ctokyo,j) 

4-1  
 

 

4-1  ( iETokyo,i) j  (CTokyo,i) . 
 

 
ADMER (Atmospheric Dispersion Model for Exposure and Risk Assessment) 

 (  et al., 2007) 
2

(  et al., 2007 ;  et al., 2008)  
ADMER  ( ) p
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i p p
 (  et al., 

2007 ; , 2008) p
p

 (  et al., 
2007)  

17 AMeDAS ADMER
 (0 4, 4 8, 8 12, 12 16, 

16 20, 20 24 ) 16 5  (0 1, 1 3, 3 5, 5 8, 8  m/s) 
ADMER   

 (4.3 (5) ) 
ADMER  ( 4-1)  
 

4-1  ADMER  
  [1/s]  [m/s]  [-] 

 6.2×10-7 0 4.4×100 
1,3-  6.17×10-5 0 3.32×10-1 

NOx 2.78×10-6 1.6×10-3 0.29×100 
 

iF  (4-1) 

iF  
(4-1) 

Marshall et al. (2005) 
iF

Greco et al. (2007b)  (county) iF
Tainio et al. (2009) iF

39

 
iF

iF
iF

iF iF
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 (one-compartment box model, 
4-2) iF  (Marshall and Nazaroff, 2006) 

iF  (Marshall et al., 2005 ; Stevens et al., 2007 ; Apte et al., 2012) 

iF
 ( 4-2) iF ( 4-3)  

 
   

 

 

 
P:  [ ] Br:  [m3/s/ ] C:  [g/m3]

E:  [g/s] u:  [m/s] H: 
 [m] A:  [m2]  (uHA0.5:  

[m3/s])  ( 3 S3-2 )  
17 AMeDAS

ADMER  
 

iF
iF  

(Marshall et al., 2005) iF
 

 
 

iF 2.7×10-6 ( )  130×10-6 (
) 

iF  ( 4-2) iF
iF 50  

47 iF
31×10-6  

1,3- 1.8×10-6 ( )  84×10-6 ( ) : 
21×10-6  ( 4-2) iF
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iF  
NOx 8  (

) 
54×10-6 ( : 8.7×10-6  110×10-6)  ( 4-3) 8

62×10-6 ( : 9.9×10-6  130×10-6) 1,3- 40×10-6 ( : 
6.3×10-6  84×10-6)  
 

4-2  p 1,3- iF ( : 1/million)  
 1,3-  

p iF  p iF  p iF  p iF  
1.  8.6 25.  17 1.  5.9 25.  9.2 
2.  4.4 26.  46 2.  3.1 26.  27 
3.  3.8 27.  86 3.  2.4 27.  57 
4.  10 28.  32 4.  7.0 28.  21 
5.  2.7 29.  28 5.  1.8 29.  16 
6.  5.5 30.  7.0 6.  3.4 30.  4.7 
7.  5.5 31.  3.8 7.  3.5 31.  2.7 
8.  17 32.  3.4 8.  10 32.  2.2 
9.  14 33.  12 9.  8.5 33.  7.8 
10.  18 34.  12 10.  11 34.  8.0 
11.  85 35.  6.3 11.  51 35.  4.0 
12.  43 36.  7.0 12.  28 36.  4.8 
13.  130 37.  10 13.  84 37.  6.8 
14.  66 38.  7.4 14.  45 38.  5.1 
15.  5.6 39.  6.7 15.  3.8 39.  5.0 
16.  8.1 40.  23 16.  5.5 40.  15 
17.  6.6 41.  10 17.  4.7 41.  6.2 
18.  5.7 42.  7.2 18.  3.9 42.  5.0 
19.  11 43.  12 19.  6.0 43.  7.6 
20.  7.0 44.  6.5 20.  4.1 44.  4.5 
21.  19 45.  4.5 21.  11 45.  3.2 
22.  14 46.  6.3 22.  9.8 46.  4.4 
23.  41 47.  6.1 23.  27 47.  4.7 
24.  9.9  31 24.  6.3  21 

2  
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4-3  8 p NOx iF ( : 1/million)  
p iF  p iF  p iF  p iF  

11.  72 13.  110 23.  36 27.  76 
12.  38 14.  60 24.  8.7 28.  29 

2  
 

47 iF
: 85% : 52% ( )  100% ( ) 1,3-

: 86% : 54% ( )  100% ( )  

 (52%)  (58%) 
(58%)  (58%) 

 (100%)  (100%) 
 (99%)  (99%)  (98%) 

 (98%) 
3 S3-4 S3-5

S3-6  
 

iF : 85×10-6 ( ) : 
2.9×10-6 ( ) : 13 10-6 21×10-6 

5 5km ADMER iF  ( : 15 10-6

: 23 10-6) iF 1
 ( 4-2) 3 S3-2   
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4-2  5 5km  (ADMER) iF  

 (x, y ) 
:  (x: 14.6, y: 13.2) :  (x: 22.9, y: 21.1)  

 

ADMER iF (y) 
 (x) R2 = 0.79 (y = 0.093 x0.83) 

iF  ( 4-3) 
iF

 
 

1 2 5 10 20 50 100

1
2
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10

20
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10
0
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 m
od

el
 [1

/m
ill

io
n]

y=0.87 x+0.61 
R2=0.93 
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4-3  ADMER iF  (x, y )  
 
 

p iF p p

iF  (R2 = 
0.79)  ( 4-3)  

iF
iF

 (Bennett et al., 2002b ; Marshall and Nazaroff, 2006) 
PRTR

PRTR 17
: 588 t/Y : 474 t/Y 2 : 130×10-6

: 66×10-6 iF 2 : 76 kg/Y : 31 
kg/Y 2.5

50 100 500 2000 5000

1
2

5
10

20
50

10
0

Population density [person/km2]

iF
/m

ill
io

n]

y=0.093 x0.83 
R2=0.79 
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iF 50
50

 
 

iF
: 85% ( : 52  100%)  

iF 40%
 (Tainio et al., 2009) iF

16% ( : 0.1 92%)  (Greco et al., 2007b) 
iF  

 

5×5 
km ADMER

1
 

iF
iF 120×10-6

3×3km CAMx CO
iF 61×10-6 iF  (Stevens et 
al., 2007) 1

CAMx

iF iF
Stevens et al. (2007) 

iF 40×10-6

 (120×10-6) 

 
Marshall et al. (2005) 

NATA
ASPEN iF

iF  
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Tainio et al. (2009) PM2.5 iF
SILAM 30×30km 39

iF 0.58×10-6 45%
5×5km

0.57×10-6 iF
64%  (Tainio et al., 2009) 5×5km

iF 0.57×10-6×0.64 = 0.36×10-6

39 iF 45:55
5×5km 5×5km 39

iF 0.36×10-6×100/45 = 0.8×10-6

30×30km 5×5km 6 iF 1.4
39 5 5km
30 30 km  (45:55) 5 5km 

 (64:36) 45:55
 

Greco et al. (2007b) iF
iF 2.5×10-6

Lobscheid et al. (2012) iF 50km
iF

8.6×10-6

59 km2 (NY County)  51947 km2 (San Bernardino County, California) 
3108

64,991 20  20  (3 260 km2) 
59 51947 km2 3 260 km2 20

iF 3.4  
 

iF iF

 (Heath et al., 2006)  (17.3 

m3/day) 4.3 (2) 

 (Marshall et al., 2005 ; Apte et al., 

2012 ; Lobscheid et al., 2012) 

 

Marshall et al. (2005) iF

ASPEN
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9.9 10-6 ( ) 1,3-

4.4 10-6 ( ) 5

5km iF 31 10-6 1,3- 21 10-6

p iF 85%

iF Marshall et al. (2005) 

NATA (National-scale Air Toxics Assessment) 

 

CO PM2.5 iF  

(Stevens et al., 2007 ; Zhou and Levy, 2008) 5 5 km

PM2.5 iF 0.59 10-6 (

) (Tainio et al., 2009) 4.3 (2)  1.4

Greco et al. (2007b) 

PM2.5 iF 2.2 10-6 ( ) iF

10.6 10-6 ( )  (Lobscheid et al., 2012) 

 

iF iF

17 : 343 /km2, : 

31 /km2, : 16 /km2 ( , 2013) iF

 ( 4-3) iF

 

iF

iF

 

Apte et al. (2012) Stevens et al. (2007) 
iF

iF 60×10-6 ( ) 
21×10-6

4.3 (2) iF
1/3  (Stevens et al., 2007) Apte 
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et al. (2012) iF Apte te al. (2012) 10

Apte et al. (2012) iF
iF  

 

iF 1,3-
1/3 iF

 (Marshall et al., 
2005) 1,3- iF

iF

1,3-
 

SoCAB : 48 10-6 CO: 46
10-6 iF  
(Marshall et al., 2003)  
 

 

6.2×10-7 [1/s] (  and , 
2007) 6.15×10-7 [1/s] (  et al., 2008) 1.23×10-6 [1/s] ( , 2013) 

 (2007) 2 OH

6.2×10-7 [1/s] 0 [m/s] (
 and , 2007 ; , 2013) 5.0×10-4 [m/s] (  et al., 2008) 

et al. (2008) 
2

0 [m/s] 
 (  and 

, 2007 ;  et al., 2008 ; , 2013) 4.4 [-]  
1,3- 1.75×10-5 [1/s] (  et al., 2003 ;  et al., 2004) 6.66×10-5 

[1/s] ( , 2013) et al. (2003) et al. (2004) 
 (2013) OH

et al. (2008) 
OH
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 (  et al., 
2003 ;  et al., 2004 ; , 2013) 0 [m/s] 1.0 [-] (

 et al., 2003 ;  et al., 2004) 0.332 [-] ( , 2013) et al. 
(2003) et al., (2004) 

 (2013) 1,3-
0.332 [-]  

NOx ADMER Higashino et al. (2003) 
Higashino et al. (2003)  

 
 

ADMER 5 5km 1 1km 500 500m 100 100m

1 1 km

PC

ADMER ADMER

5 5km

iF iF

5 5km ADMER iF

4.3 (2) iF

iF

iF

5 5km  

 

iF  (Zhou et al., 2006) 

iF

iF

 

iF iF

iF

iF 1
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 iF   

3
8  ( ) 

iF  
 

  (Ep,i,t)  (iFp,v1) 
 

iFp,v1 =  (5-1) 

 
 (Ep,i,t)  (Pi,t) (iFp,v2)  

 

iFp,v2 =  (5-2) 

 
 (Ep,i,t)  (Pi,t)  (Brt)  (iFp,v3)  

 

iFp,v3 =  (5-3) 

 
Ep,i,t: p i t (0 4 4 8 8 12 12 16 16 20 20 24

)  [g/4h] Cvp,i,av: t p
 ( i tEp,i,t) i  [g/m3] Cvp,i,t: 

t p  ( i tEp,i,t) 
i t  [g/m3] Pi: i  [ ] 

Pi,t: i t ( : 0 4, 4 8, 20 24 : 8 12, 12 16, 16 20 ) 
 [ ] (H17 , 3 3-9 ) Br:  [m3/day/ ] Brt: t

 [m3/4h/ ]  
 

( , 2012) 24
 ( 3 S3-7 )  (17.3 m3/day/ ) 

 (Marshall et al., 
2003)  ( 3 S3-8 )  
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8 iFp : 62 10-6 : 9.9
10-6  130 10-6  (Ep,i,t) iFp,v1 : 

52 10-6 : 8.4 10-6  113 10-6  (Ep,i,t)  (Pi,t) 
iFp,v2 : 53 10-6 : 8.3 10-6  120 10-6  (Ep,i,t)

 (Pi,t)  (Brt) iFp,v3 : 52 10-6 : 8.3 10-6  
116 10-6  ( 1) iFp,v1 iFp,v3 iFp 80 90%

iFp,v1 iFp,v3  ( 5-1)  
iFp,v1 iFp,v3 p

3 10 12  
 

 
5-1  iF  

iFp: iF iFp,v1:  (Ep,i,t) iF
iFp,v2:  (Ep,i,t)  (Pi,t) iF iFp,v3:  (Ep,i,t) 

 (Pi,t)  (Brt) iF 
 
 

iF 1 2

 (  et al., 2007) 

0 4
4 8 16 20

12 13

Saitama Chiba Tokyo Kanagawa Aichi Mie Osaka Hyogo

iFp
iFp,v1
iFp,v2
iFp,v3

iF
 v

al
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/m

ill
io

n]

0
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80
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 (Hoshi et al., 2002) 
 

iF iF
iF

6

iF  
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iF
iF

iF
 ( 2 ) iF

iF
iF

iF

iF

iF
iF

iF

iF  
3 2 iF

iF
iF Greco et al. 

(2007a) Levy et al. (2009) 
iF iF

iF iF  ( ) 1,842 10-6

78 10-6

2 iF 1/20
1/10

iF

 
4 3

iF



52 
 

 (ADMER)  
( 1,3- NOx) iF

2.7 10-6  130 10-6 1,3- 1.8 10-6  84 10-6

50

47 iF
31 10-6 ( ) 21 10-6 (1,3- ) iF

 
iF

iF

PRTR iF
 ( : 588 t/Y : 588 t/Y) 

iF  ( : 130 10-6

: 66 10-6) 2  ( : 76 kg/Y : 31 kg/Y) 
2.5

 
iF  

(1.3 (1) 2.5 (4) ) iF
iF 15%

iF
 (y=0.093x0.83 R2=0.79) iF

 (1.3 (1) 2.5 (5) ) 
iF 5 5 km

ADMER 1  
5 iF iF

 (1.3 (1) 2.5 (6) ) iF
4 iF

 (
) 10 20%  

 
 

 

 ( )  (Inoue, 



53 
 

2012) 

 ( ) 
 (Inoue, 2012)  

 
iF iF

iF

4 iF
iF 3

iF
 

iF 2 iF (
) 

iF

 (2 ) 
iF

2  
 

 ( ) 
PRTR  ( ) 
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2 1 
t 1 t

 

 (Inoue, 2012) 

 
PRTR iF

PRTR
iF

 
iF

iF
 (2.5) 

 (NOAEL ; 
No observed adverse effect level) 

 
iF iF

i iFi

iF iFi  
 
 

iF
iF  

iF
iF

iF
 

iF iF
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50 iF
PRTR

iF iF
iF

iF  
iF 2  (

iF PRTR iF ) iF
 

iF
iF

iF
iF

iF
iF iF
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