
 

 

 

 

23  

 

 
 
 
 

PM2. 5  
 

23  
 
 
 
 
 
 
 
 
 

25 3  
 
 
 
 
 

 
 



 
 

22  22

93. 0%

21  

PM2. 5 ( 22 )

46 34 12 12 11 1
PM2. 5

1 2

PM2. 5

 

 56

1 3 2

7 1 6 3

SPM 12

15

18 20 22

1 9 7  

 19 20

PM2. 5 PM2. 5

 

20 22

23   

PM2. 5

 

 

24   



23  

        
        
        
        

        
        
        
       
        
         

           
( )       

  
         

              
              

           
           

             
         

           
         

        
             

              
            

   
             

            
                  

            
             

               
              

          
                           

        



   
 

  
1      1
2      1

2.1. 
2.2. 
2.3.  2

3    4
4

4.1.    7 
4.2.   18
4.3.  38

    4.4.    46
4.5.   57
4.6.   64

5     69

 
1    71
2      74
3   79
4   87
5        90
6     92
7   4   96
8     98

    



 

 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1

1   

 PM2. 5

 
 15

PM2. 5

 
20 22

23 2 PM2. 5

SO2 HNO3 HCl NH3

SO4
2- NO3

-

Cl - NH4
+ Na+ K+ Mg2+ Ca2+

 
PM2. 5

( )
 

 
2  

2.1  

 12
2 3

2-1-1  

2-1-1  

 23  7 25  7 27  
 23  7 27  7 29  
 23  7 29  8  1  
 23  8  1  8 3  
 23  8  3  8  5  

 10  
 
2.2  

1  
  1 9 7  
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2-2-1

2-2-1  
 
 
 
 
 
 
 
 
  
 
 
 

2-2-1  

2-2-1  
      PM2. 5  

1      
2      

3      

4   )    

5      

6      

7      

8      

9      

10      

11      

12      

13      

14      

15      

16      

2.3  

1  

 
  

 

 

 

 

 

 



3

PM2. 5  
PCI MCI

2. 5 m
PM2. 5 2. 5 10 m ( PM(10-2. 5) )  

 
 

1 PTFE 2
3 4 4

 

2  
 PM2. 5 PM2. 5

2-3-1 2-3- 2
 

2-3-1  
    

PM2. 5
(PALLFLEX 2500QAT-UP)  

PM2. 5
 

 
/  

 
 

 
 

 
 

 
 1 (F0)PFTE                 

(ADVANTEC  T080A047A)                
2 (F1) ( )  

(PALL  ULTIPOR N66)  
3 (F2) (K2CO3 )       

(ADVANTEC  No. 51A)  
4 (F3) (H3PO4 )  

(ADVANTEC  No. 51A)  

 
2-3-2  

    

PM2. 5   21. 5 35% 

   

 
/  

 

 
( IMPROVE )  

TOC  

 
1cm  

 
   

 
 F0, F1 F3 F2 0. 05%(v/ v)H2O2

  



4

 

 10
( 3) (
) ( ) 1)( 9 3)

 

 5 27 10
5 22 7 9 2

7 8 2

3
6

-0.6

1) 7 25 ( ) 7 27 ( )     
 

2) 7 27 ( ) 7 29 ( )

106mm
3) 7 29 ( ) 8 1 ( )       

4) 8 1 ( ) 8 3 ( )

5 7
5) 8 3 ( ) 8 5 ( )             

9

 
1)  http://www.jma.go.jp/ 
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4.7 26.8 8.6 0.0 42

3.4 27.5 8.5 0.0 38

5.7 27.2 9.4 45

2.4 27.4 10.8 0.0 64

2.4 25.9 10.8 0.0 60

2.8 26.4 7.8 7.5 76

2.6 26.4 11.5 28.5 84

1.9 24.6 11.4 0.5 51

2.5 26.4 10.4 0.0 50

1.9 25.1 4.7 37.0 36

2.3 26.5 1.8 6.0 34

2.0 27.2 1.6 2.5 38

2.9 26.4 1.6 4.0 78

1.6 26.4 2.1 20.5 83

1.6 24.9 2.6 33.0 64

2.3 24.1 3.3 106.0 72

1.9 25.8 4.6 20.5 74

1.4 23.9 1.8 25.5 37

1.3 25.3 1.6 6.0 42

1.4 25.9 1.4 2.0 27

2.1 24.7 4.3 37.5 61

2.4 24.8 2.3 34.0 64

3.1 24.6 3.8 11.5 60

2.0 23.8 1.3 66.5 53

2.2 23.2 2.5 42.0 39

2.9 22.9 3.3 56.5 51

1.7 23.4 3.2 55.0 56

2.6 23.8 8.6 10.0 45

1.9 25.2 7.7 66.5 43

2.0 25.6 9.8 36.5 64

2.5 25.2 9.2 0.0 63

2.3 25.5 2.5 0.0 49

3.0 25.0 9.0 46

1.8 24.1 0.5 0.0 69

2.1 23.6 7.9 0.0 42

1.7 23.1 0.4 0.0 47

1.5 23.3 0.4 2.5 70

3.4 25.3 9.8 0.0 47

2.1 25.4 8.4 0.5 61

2.5 26.3 11.2 0.5 52

2.6 26.9 11.4 0.0 41

2.5 26.9 7.1 24.5 29

3.7 26.8 8.8 6.5 28

2.2 26.4 5.5 9 54

2.3 26.1 13.4 16.5 30

2.6 26.1 7.4 1.0 38

2.0 26.5 5.0 0.5 68

4.2 27.3 18.5 0.0 53

2.3 26.6 12.5 0.5 45

3.1 28.0 19.5 2.0 40
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PM(10-2.5) PM2.5

4  

 
( P87 88 )  

4.1  

 PM(10-2. 5) PM2. 5 2011 7 25 7 27 7 27
7 29 7 29 8 1 8 1 8 3 8 3

8 5 5 12

 
 

 
 7 25 7 27  
7 25 7 27 PM(10-2. 5) PM2. 5 4-1-1  

 PM( 10-2. 5) 2. 0 15. 2 7. 4 g/ m3

3. 2 g/ m3  
PM2. 5 8. 4 18. 9 14. 7 g/ m3

PM(10-2. 5)
PM2. 5 2. 4 g/ m3  

PM(10-2. 5) PM2. 5

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-1-1  7 25 7 27 PM(10-2. 5) PM2. 5  
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 7 27 7 29  
7 27 7 29 PM(10-2. 5) PM2. 5 4-1-2  
PM(10-2. 5) 2. 5 12. 3 7. 3 g/ m3

2. 5 g/ m3  
PM2. 5 8. 6 28. 4 18. 3 g/ m3

14. 2 g/ m3 7. 3 g/ m3

-0. 2 g/ m3

9. 9 g/ m3  

 
4-1-2  7 27 7 29 PM(10-2. 5) PM2. 5  

 
 7 29 8 1  
7 29 8 1 PM(10- 2. 5) PM2. 5 4-1- 3  
PM(10-2. 5) 2. 8 9. 0 5. 5 g/ m3

0. 2 g/ m3  
PM2. 5 6. 7 37. 9 15. 7 g/ m3

( )

0 
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10 

15 

20 

25 

30 

(

PM(10-2.5) PM2.5 
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10. 4 g/ m3

0. 8 g/ m3 4. 3 g/ m3

6. 4 g/ m3  
( )  

16 16. 1
 

 
4-1-3  7 29 8 1 PM(10-2. 5) PM2. 5  

( )
 

 8 1 8 3  
8 1 8 3 PM(10-2. 5) PM2. 5 4-1-4  
PM(10-2. 5) 2. 2 11. 1 7. 4 g/ m3

2. 8 g/ m3  
 PM2. 5 8. 3 28. 7 19. 5 g/ m3

14. 0 g/ m3

5. 4 g/ m3  
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35 

40 

(
g/
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4-1-4  8 1 8 3 PM(10-2. 5) PM2. 5  

 
 8 3 8 5  
8 3 8 5 PM(10-2. 5) PM2. 5 4-1- 5  
PM(10-2. 5) 2. 8 10. 8 7. 3 g/ m3

2. 0 g/ m3  
PM2. 5 6. 3 16. 2 11. 7 g/ m3

16. 8 g/ m3

1. 1 g/ m3

 
PM( 10-2. 5) PM2. 5
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4-1-5  8 3 8 5 PM(10-2. 5) PM2. 5  
 

(7 25 8 5 )  
7 25 8 5 12 PM(10-2. 5) PM2. 5

4-1- 6  
PM(10-2. 5) 3. 4 10. 9 7. 0 g/ m3

2. 1 g/ m3  
PM2. 5 9. 7 23. 7 16. 0 g/ m3

5. 0 
g/ m3  

PM(10-2. 5) PM2. 5
PM2. 5 PM2. 5 PM(10-2. 5)

PM(10- 2. 5) PM2. 5
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4-1-6  7 25 8 5 PM(10-2. 5) PM2. 5  

 
PM(10-2. 5) PM2. 5  

22 23 PM(10-2. 5)
4-1- 7 PM2. 5 4-1- 8 22

6 15
22 23

22 23
23  

23 PM(10-2. 5)

22 0. 1 
g/ m3 1. 1 g/ m3  

23 PM2. 5 PM( 10-2. 5)
PM2. 5

PM2. 5
22

7. 9 g/ m3 1. 4 g/ m3 22 23
PM(10-2. 5) 3. 3 13. 1 g/ m3 PM2. 5 5. 0

23. 2 g/ m3   
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4-1-7  PM(10-2. 5)  
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PM10 PM2. 5  
 22 23 PM10 PM(10-2. 5) PM2. 5

PM2. 5 4-1-9  
23 PM2. 5 79. 1

61. 4 22 PM2. 5
85. 3 48. 4 22

PM2. 5
23 PM10 PM2. 5
22 23 PM2. 5

22
PM2. 5 PM10

4-1-9   PM10 PM2. 5  
 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

P
M
1
0

P
M
2
.5

22  23  



15

 
 (Chemical  mass cl osure model ) 1)

 
  

 
4-1-10

 
(Cl - NO3

- SO4
2-) (Na+ NH4

+ K+ Ca2+ Mg2+)

0. 8 1. 2
4-1-10

 

4-1-10   

 

( M=1. 375[ SO4
2-]+1. 29[ NO3

-]+2. 5[Na+]+1. 6[OC]+[EC]+9. 19[ Al ]+1. 40[Ca] +1. 38[Fe]+1. 67[T
i ] )  

4-1-11

 

y = 0.9382x + 0.9361
R² = 0.985

y = 1.2x

y = 0.8x

0 

50 

100 

150 

200 

250 

300 

0 50 100 150 200 250
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4-1-11  ( )  

  
/

1. 2  

63 90 PM2. 5

80 62 75
21. 5 35

[OC] 1. 2 1. 8
2) 1. 6  

 Harri son PM2. 5 3) 
( M=1. 38*1. 29[SO4

2-]+1. 29*1. 29[NO3
-]+1. 65[ Cl -] +4. 3[Ca2+]+1. 4 [OC] +[EC]+9. 0[Fe] .

2. 0 m 50
) 4-1-12  
 

 

y = 1.2458x + 2.2766
R² = 0.8712

0 

5 

10 

15 

20 

25 

30 

0 5 10 15 20 25 30
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4-1-12   Harri son   

( )  
 

 Harri son
/ 1. 2

25  
 Harri son Fe

50
 

 
 

 
 

1)  (PM2. 5)
 19  

2)Envi ronmental  Protecti on Agency,  1999.  Vi sibi l i ty Moni tori ng Gui dance 
EPA-454/ R-99- 003.  

3)Harri son,  R. M. ,  Jones,  A. M. ,  Lawrence,  R. G. ,  2003.  A pragmati c mass cl osure model  
f or ai rborne parti cul ate matter at urban background and roadsi de si tes.  

,  37,  4927-4933.  

y = 1.0221x + 2.9587 
R² = 0.8726 
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g
/
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4.2  

PM2. 5  
 PM2.5 4-2-1 4-2-8
 Na+

NH4
+

NO3
-

SO4
2–

NO3
–

K+ NH4
+

Mg2+ Na+ Ca2+

Cl–

NO3
–

NH4NO3

4-2-1 PM2. 5 Na+  

4-2-2 PM2. 5 NH4
+  

4-2-3 PM2. 5 K+  

0.0  

0.1  

0.2  

0.3  

 

 Na+ 

0.0  

0.1  

0.2  

0.3  

    

3 Na+ 

0.0  

1.0  

2.0  

3.0  

4.0  

 

3 NH4
+ 

0.0  

1.0  

2.0  

3.0  

4.0  

    

3 NH4
+ 

0.0  

0.1  

0.2  

0.3  

 

3 K+ 

0.0  

0.1  

0.2  

0.3  

 

3 K+ 
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4-2-4 PM2. 5 Mg2+  

4-2-5 PM2. 5 Ca2+  

4-2-6 PM2. 5 Cl –  

4-2-7 PM2. 5 NO3
–  

4-2-8 PM2. 5 SO4
2–  

0.00  

0.01  

0.02  

0.03  

0.04  

 

3 2+ 

0.00  
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0.04  

    

3 2+ 

0.0  

0.1  

0.2  

0.3  

 

3 Ca2+ 

0.0  

0.1  

0.2  

0.3  

 

3 Ca2+ 
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3 Cl- 

0 

2 

4 

6 

 

3 NO3
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- 
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SO4
2–

7 g/m3 10 g/m3

PM2.5 4-2-9
4.7 7.7 6.6 g/m3

2.6 5.9 4.7 g/m3

SO4
2– NH4

+

NO3
-

20 3 9.9 5.0 6.5 g/m3

5.7 g/m3 21

4-2-9 PM2. 5  
 PM2.5 4-2-10

27.7 44.7 36.9
27.1 40.2 35.4 36.1%

4-2-10  PM2. 5  
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20 3 50.2 41.2 57.0%
36.1%

PM2. 5  
 SO4

2– NH4
+

4-2-11  
PM2.5 SO4

2– NO3
–

Cl– NH4
+  

 
4- 2- 11 SO4

2– NH4
+  

93 97
SO4

2– NH4
+ 2

SO4
2– NH4

+ NO3
–

PM2.5 NH4
+ SO4

2–+NO3
-+Cl- 4-2-12

(NH4)2SO4 NH4NO3 NH4Cl

H2SO4 NH4HSO4

NH3 (NH4)2SO4

4- 2- 12 PM2. 5 NH4
+ ( SO4

2–+NO3
-+Cl - )  
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50 
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42-
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PM2.5 4-2-13
 NH4

+ SO42- NO3-
NH4NO3 (NH4)2SO4

(NH4)2SO4 NH4NO3

4- 2- 13 PM2. 5  

Ox 4-2-14
 Ox

Ox
Ox

Ox

4- 2- 14 Ox  

PM2.5 Ox
4-2-15

Ox
Ox
Ox

SO2 NOx
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4- 2- 15  PM2. 5  
Ox  

 PM2.5 4-2-16
4.3 7.3( ) 6.2 g/m3

2.5 5.6 4.6 g/m3

        

4- 2- 16  PM2. 5  

PM2.5 4-2-17
PM2.5

50% 
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R² = 0.0323 
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4- 2- 17  PM2. 5  

PM2.5
4-2-18

94.2 97.0 95.7 94.7
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PM2.5 4-2-19
 26.6 42.6 34.3

26.2 39.7 34.1

PM2.5 34.2%
20 3 PM2.5

49.0 39.2 52.8% 34.2% 5 19%

 
SO4

2- NO3
- PO  

 PM2. 5 SO4
2- NO3

-

PO 4-2-20 4-2-34 NH4
+

SO4
2- NO3

- PO=Ox+NO2-
NOx NO2/ NOx 0. 1

 
SO4

2-  
 3 5 g/ m3  
  5 g/ m3 4 g/ m3

 
 5 7 g/ m3

 
 5 7 g/ m3

4 g/ m3 1. 4 g/ m3  
 3. 4 g/ m3

 
NO3

-  
 0. 0 0. 4 g/ m3

0. 7 3. 6 g/ m3  
 4 g/ m3 2 g/ m3

 
PO  

 2
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4-2-20  23 SO4
2-  4-2-21  23 SO4

2-  

4-2- 22  23 SO4
2-  4-2-23  23 SO4

2-  

4-2-24  23 SO4
2-  

3.1 2.9

4.1

3.2

2.9

4.9

4.4

4.0

4.0
3.33.1

4.0

3.2

2.8
2.9

3.8 2.6 5.2

5.0

2.5
2.2

4.6

5.5

2.5

2.5
2.41.2

1.3

2.1

2.74.1

5.0

3.3 5.7

5.1

3.7
2.5

7.2

5.6

3.4

2.2
1.91.1

1.5

5.2

5.24.7

5.5
6.95.7

5.7

5.6
6.2

5.2

4.4

4.1

4.2
6.01.4

5.4

6.0

5.76.1

5.7

2.8
2.3

2.2

2.4

2.6

1.7
1.4

1.7

2.1
3.4

2.1

2.8

2.8

2.32.7

2.3
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4-2-25  23 NO3
-  4-2-26  23 NO3

-  

4-2-27  23 NO3
-   4-2-28  23 NO3

-  

4-2-29  23 NO3
-  

0.1 0.0

0.2

0.2

0.1

0.1

0.1

0.4

0.2
0.2

0.2

0.1

0.0

0.1
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0.1 2.0
4.0

0.9
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2.0

0.8

0.10.10.1

0.1

0.1

0.10.1

4.8

0.7 0.3

0.1
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0.1

0.1
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0.0

0.1

0.1

0.00.1
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4-2-30  23 PO    4-2-31  23 PO  

4-2-32  23 PO   4-2- 33  23 PO  

4-2-34  23 PO  

34 30

39

45

48

36

37

38

5156
36

36

25

29
26

37
41 36

41

55
62

51

40

43

403626
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39 40
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 4-2-35 4-2- 46

METEX* 10 1500m
3  

 7 25 26
 

 7 27 28
 

7 29 30
31

 
8 1

2  
8 3 8 4 5

 
 

*  
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4-2-35  23 7 25           4-2-36  23 7 26  

4-2-37  23 7 27          4-2-38 23 7 28

4-2-39  23 7 29            4-2-40  23 7 30
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4-2-41  23 7 31        4-2-42  23 8 1  

4-2-43  23 8 2             4-2-44  23 8 3  

4-2-45  23 8 4             4-2-46  23 8 5  
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 SO4
2- PM2. 5 OC EC PO  

SO4
2- PO 4-2- 1  

 23 PM2. 5 4-2- 2  
 

4- 2-1  SO4
2- PO  

S O 4
2- P O

3

7 25
9

15

7 26
9

15

7 27

9

15

7 28

9

15

7 29

S O 4
2-

9

15

7 30
9

15

7 31
9

15

8 1 S O 4
2-

9

15

8 2
9

15

8 3 S O 4
2-

9

15

8 4
9

15
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4-2-2 23 PM2. 5  23  7 25  8 5  

 3 3 3

S O 4
2-

3

S O 4
2- S O 4

2-+N H 4

14.7 1.8 12.2  1.1 7.5  5.2 35.4  3.5 23.8  4.8 

18.3 2.5 13.7  1.7 9.3  5.9 32.2  3.2 17.5  4.4 

14.2 1.8 12.7  1.2 8.5  5.8 40.8  4 28.2  5.3 

19.5 2.2 11.3  1.4 7.2  7.9 40.5  5.3 27.2  7.3 

11.8 1.4 11.9  0.9 7.6  3.4 28.8  2.3 19.5  3.1 

A V 15.8 1.9 12.0  1.3 8.2  5.7  35.8  3.7 23.4  5.0  

4
2-+N H 4

+ O x P O

32.7  27.4 37.7 3.0 26.4 74.8 4.7 4.1 H4 H4 S W S 

24.0  24.2 38.5 1.9 25.6 83.1 1.1 11.3 H4 F1 S W S W 

37.3  27.3 37.1 2.3 24.2 82.9 1.6 13.9 F2 F2 L3 S W S W S W 

37.4  29 39 2.2 24.7 76.2 3.0 0.2 H3 H3 S W S W 

26.3  19.8 27.5 2.8 26.8 76.5 5.5 3.0 H3 H3 W S 

31.7  25.7  36.1  2.4  25.4  79.1  3.0  7.2    

Ox PM2.5

10

   H

   H

   L

   F

   F
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7 25 26
 H4

PM2.5
18.8 g/m3

PO SO4
2-

EC OC WSOC

SO4
2- 25 26

25 26
SO2

SO2

7 26 9 22
PM2.5 SO2

7 27 28
 7 27 2

 
Ox 90ppb

 28
10km

 PM2.5 28.3 g/m3 PO
SO4

2- EC
NO3

-

4.8 g/m3 4.0 g/m3

 27 28
SO4

2-

OC PO
WSOC

 PM2.5 EC SO4
2- NO3

-

PM2.5 SPM
28 29
 SPM
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 28 16 SPM
22 SPM

24
29 2 3

8
SPM 9

14 SPM

7 28 29 7 28
16 22 24 29 2
3 8 9 13

SPM 28 16
22

14
SPM

7 28 Ox 16
68ppb Ox

22 78ppb
7 28

NO3
- SO4

2-

24 NH4NO3 HNO3 NH3

28 20 29 10
90 NH4NO3

7 29 30 31
 2 31

29
30

30 30 31
PM2.5 SO4

2- EC OC WSOC PO

 3

8 1 2
 H3

 PM2.5 28.7 g/m3

SO4
2-
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EC OC WSOC SO4
2-

PO 40ppb
 NO3

- 3.6 g/m3

 8 1 3

8 2 3

SO4
2-

8 3 1 18

 
8 3 4

 H3
3 4

Ox PO PM2.5 16.1 g/m3

SO4
2- EC OC WSOC

PM2.5 OC
 8 3 10 18

8 2 2 9
PM2.5 SO2

 SO4
2- PM2. 5 OC EC PO

 PM2.5 4-2-3

4-2-3 PM2. 5  20  23   

 
3 3 3

S O 4
2-

3

S O 4
2- S O 4

2-+N H 4

20 19.9  2.1  10.4  1.6  8.2  10.0  50.2  6.8  34.0  9.5  

21 12.5  1.7  13.8  0.9  6.9  5.1  41.2  3.3  26.9  4.6  

22 12.0  2.3  19.0  1.1  9.4  6.8  57.0  4.7  39.1  6.2  

23 15.8  1.9  12.0  1.3  8.2  5.7  35.8  3.7  23.4  5.0  
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4
2-+N H 4

+ O x P O

47.9  34.1  39.3  2.4  27.4  76.7  6.4  3.7  

37.1  21.7  26.9  2.5  25.5  83.6  2.8  5.7  

51.8  26.6  30.0  3.1  28.2  76.7  6.5  4.1  

31.7  25.7  36.1  2.4  25.4  79.1  3.0  7.2  

23 PM2.5 20 SO4
2-

22 SO4
2-

Ox
20 22 SO4

2-

23 21
Ox

SO4
2- PM2.5
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4.3  

4.3.1 23 OC EC

 PM2. 5 OC 4-3- 1 OC

4. 3 g/ m3

0. 71 g/ m3 OC
 

4-3-1  OC g/ m3  
 
 4-3- 2

5 1. 8 g/ m3

2. 0 g/ m3 1  

 
4-3-2 OC g/ m3  

 
 PM2. 5 EC 4-3-3 EC

3. 2 g/ m3 0. 33 g/ m3 OC
EC  

4-3-4
2

1. 5 g/ m3 1. 1 g/ m3  

0 

0.5 

1 

1.5 

2 

2.5 

3 

      

 
 

0.0  

1.0  

2.0  

3.0  

4.0  

5.0  

 

 

0.0  

1.0  

2.0  

3.0  

4.0  

5.0  
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4-3-3  EC g/ m3  

 
4-3-4 EC g/ m3  

 
4.3.2 20 23 OC EC  

OC EC  
20 23 OC

4-3-5 EC 4-3-6 23 OC
1. 1 3. 5 g/ m3 1. 9 g/ m3

2. 5 g/ m3 20
3 22

1. 2 g/ m3  
20 22 OC

23 5 22
 

20 22 OC
23

 

0 

0.5 

1 

1.5 

2 

2.5 

      

 
 

0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
3.5  

     

 

 

 

 

 

 

 
0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
3.5  
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4-3-5  20 23 OC g/ m3  

 
23 EC 0. 73 1. 9 g/ m3

1. 3 g/ m3

 
20 23 20 22 EC

23 4  
20 23 EC 20

21 22 23
 

 
4-3-6  20 23 EC g/ m3  

 
 

PM2. 5  

0 

1 

2 

3 

4 

5 
                   

H20 H21 H22 H23

0 
0.5 

1 
1.5 

2 
2.5 

3 

                   

H20 H21 H22 H23
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20 23 PM2. 5 OC
4-3-7 23 22

22 18
16 OC 7. 0
10. 5 10

15 4
20 10 21 14 22 18 23

10 20 20 13 21
18 22 25 23 15  

 
4-3-7 20 23 PM2. 5 OC  

 EC 4-3- 8 23 9. 9
9. 7 10 6. 7

7. 4 8. 0
8. 3 20 23

22 20
OC  

EC
PM2. 5 NH4

+ Cl - NO3
- SO4

2-

PM2. 5 PM2. 5
EC 4-3-9 4-3-8 22

21 23 4-3-8
4-3-9 100

22 22
 

0% 
5% 

10% 
15% 
20% 
25% 
30% 
35% 

                   

H20 H21 H22 H23
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4-3-8 20 23 PM2. 5 EC  

 

4-3-9 20 23 PM2. 5 EC  
 

4.3.3 23 WSOC  

WSOC   
WSOC

WSOC 4- 3-10 
0. 25 OC EC

 

0% 
2% 
4% 
6% 
8% 

10% 
12% 
14% 
16% 

                   

H20 H21 H22 H23

0% 
5% 

10% 
15% 
20% 
25% 
30% 
35% 
40% 
45% 

                   

H20 H21 H22 H23
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4-3-10 23 WSOC g/ m3  

 

7 0. 8

 
 

 
 

 
WSOC 

4-3-11
4-3-12 4-9-10

 
 

 
4-3- 11 WSOC g/ m3  

0.0  

2.0  

4.0  

6.0  

     

      
      
    

0.0  
0.5  
1.0  
1.5  
2.0  
2.5  
3.0  
3.5  
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0 
0.5 

1 
1.5 

2 
2.5 

3 

     
      
      
    

 

4-3-12 WSOC g/ m3  
WIOC  

 OC WSOC WIOC WIOC
23

WIOC 80 18
WSOC 4

 
4-3-13 WIOC

22
WIOC

2 1 6

WIOC
EC WIOC 4-3-14

 
 
 
 
 
 
 
 
 
 
 

4- 3- 13 23 WIOC g/ m3  

0.0  

0.5  

1.0  

1.5  

2.0  

2.5  

3.0  
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4-3- 14 EC WIOC g/ m3

 

WSOC  
6 20

WSOC 4-3-15 1

7 8 30ppb
WSOC  

 
 

4-3-15 WSOC  
 

y = 0.0519x + 0.2157 
R² = 0.2169 

y = 0.04x + 0.2864 
R² = 0.3216 

0 

0.5 

1 

1.5 

2 

2.5 

3 

3.5 

0 20 40 60 

 
 

OX  ppb 

WSOC  
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4.4  

31 Na Mg
Al K Ca Sc Ti
V Cr Mn Fe Co Ni Cu

Zn As Se Br Rb Sr
Mo Ag Cd Sb Cs

Ba La Sm Eu Au Pb

ICP

  
 4-4-1 24.6 220 ng/m3

4-4-1  
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 4-4-2 <2.9 47.4 ng/m3

 

4-4-2  

  
 4-4-3 <14 63.5 ng/m3

63.5 ng/ m3 57.7 ng/ m3

4-4-3  
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 4-4-4 <81 1040 ng/m3

1000 ng/ m3

321 381 ng/ m3

135 157 ng/ m3

4-4-4  

  
 4-4-5 0.59 11.6 ng/m3

4-4-5  
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 4-4-6 <0.23 9.4 ng/m3

4-4-6  

  
 4-4-7 2.2 14.7 ng/m3

4-4-7  
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 4-4-8 23 340 ng/m3

4-4-8  

  
 4-4-9 <0.026 0.146 ng/m3

4-4-9  
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10   
 4-4-10 <0.45 4.5 ng/m3

4-4-10  

11   
 4-4-11 <0.77 6.35 ng/m3

4-4-11  
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12   
4-4-12 0.24 0.97 ng/m3

4-4-12  

13   
4-4-13 0.19 0.92 ng/m3

4-4-13  
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14   
 4-4-14 0.08 0.37 ng/m3

4-4-14  

15   
 4-4-15 0.06 0.26 ng/m3

4-4-15  
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16   
 4-4-16 0.51 3.23 ng/m3

4-4-16  

17   
 4-4-17 0.010 0.052 ng/m3

4-4-17  
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18   
 4-4-18 <2.1 8.4 ng/m3

4-4-18  

19   
4-4-19 <8.7 144 3

 

4-4-19  
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20   
4-4-20 <0.31 3.3 ng/m3

4-4-20  
 
 
 

21   
4-4-21 0.024 0.665 3

 

4-4-21  
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4.5  

 
6 ×7 H20 H21

17 1)

H21 22
0%

H23 7

55.3%
49.4%

0.64%
0.638%

1.48%
1.28%

4-5- 1

 

 
 5 6

1

6 ×7 6

E C 1 .28 0 .0 0 00 0 28 0 .5 0 3 0 5 .0 4 9.4

K 1 .27 1 .1 1 .3 2 0 .0 8 5 2 0 0 .01 97

C a 5 .52 1 .1 7 4 .5 1 0 .0 8 5 1 .1 0 .14 6

N a 1 .25 3 0.4 1 .3 6 1 .0 1 2 0 .00 76 4

V 0 .01 08 0 .0 0 00 0 58 0 .0 1 25 0 .6 3 8 0 .0 0 27 0 .00 07 2 5

0 .10 6 0 .0 0 00 0 58 2 .2 0 .0 1 2 0 .0 3 3 0 .00 19 3

0 .00 31 3 0 .0 0 00 0 09 0 .0 0 09 7 5 0 .0 0 40 0 .0 0 07 7 0 .00 00 3 41
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8 6 ×8 15
BASIC 3) VBA

Na K (Ca) IC
ICP-MS Na ICP-MS K IC Ca

 4

                  = [NH4
+] + [Cl–] + [NO3

–] + [SO4
2–]

 

100% 100%

 
 H23 4-5-2 4-5-1

 

4-5- 2 g/ m3

50%
2

7.9% 9.1%
19.0%
14% 16%

 9.5% 9.2%
7.6%

3%
 3.1%

0.8% 1% 3%

 0% 2%

 
17.0% 16.7% 3.3%
3.6%

 2.7%
0.4%
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42.6% 26.0%

  

 

18.1 1.43 1.72 0.57 0.07 1.58 0.19 7.28 5.29
17.2 1.93 1.58 0.23 0.15 2.93 0.35 7.33 2.69
18.0 2.62 0.44 0.29 0.07 1.31 0.22 6.75 6.34
19.2 2.84 1.45 0.29 0.31 2.78 0.52 6.28 4.72
16.3 2.54 0.40 0.28 0.14 1.30 0.19 4.97 6.45
17.0 2.48 0.41 0.33 0.11 0.61 0.24 4.53 8.32
21.1 1.92 1.35 0.22 0.47 2.50 0.38 5.89 8.33
17.5 1.94 1.04 0.27 0.38 1.39 0.38 6.44 5.63
12.1 1.60 0.51 0.24 0.27 0.49 0.22 4.70 4.06
11.9 2.27 0.00 0.21 0.07 0.67 0.07 4.20 4.45
13.7 2.09 0.30 0.29 0.12 0.86 0.15 4.72 5.14
9.5 1.42 0.00 0.08 0.00 1.13 0.06 2.52 4.28

15.4 2.04 0.34 0.28 0.00 0.77 0.06 4.00 7.88
14.9 1.94 0.64 0.32 0.21 0.73 0.09 5.42 5.53
15.5 2.38 0.60 0.27 0.39 0.51 0.10 5.33 5.94
14.1 1.75 0.59 0.24 0.34 2.35 0.22 5.60 3.02

18.1 7.9% 9.5% 3.1% 0.4% 8.7% 1.0% 40.2% 29.2%
17.2 11.2% 9.2% 1.3% 0.9% 17.0% 2.0% 42.6% 15.7%
18.0 14.5% 2.5% 1.6% 0.4% 7.3% 1.2% 37.4% 35.1%
19.2 14.8% 7.6% 1.5% 1.6% 14.5% 2.7% 32.7% 24.6%
16.3 15.6% 2.4% 1.7% 0.9% 8.0% 1.2% 30.5% 39.6%
17.0 14.6% 2.4% 2.0% 0.7% 3.6% 1.4% 26.6% 48.9%
21.1 9.1% 6.4% 1.1% 2.2% 11.9% 1.8% 28.0% 39.5%
17.5 11.1% 6.0% 1.5% 2.1% 8.0% 2.2% 36.9% 32.2%
12.1 13.2% 4.3% 2.0% 2.3% 4.1% 1.8% 38.9% 33.6%
11.9 19.0% 0.0% 1.8% 0.6% 5.6% 0.5% 35.2% 37.2%
13.7 15.3% 2.2% 2.1% 0.8% 6.3% 1.1% 34.5% 37.6%
9.5 14.9% 0.0% 0.8% 0.0% 12.0% 0.6% 26.6% 45.1%

15.4 13.3% 2.2% 1.8% 0.0% 5.0% 0.4% 26.0% 51.3%
14.9 13.0% 4.3% 2.2% 1.4% 4.9% 0.6% 36.4% 37.2%
15.5 15.4% 3.8% 1.7% 2.5% 3.3% 0.6% 34.3% 38.3%
14.1 12.4% 4.2% 1.7% 2.4% 16.7% 1.5% 39.7% 21.4%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%
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4-5-2

 

 

 

4-5-2  
 

 12. 0% 15. 3%
 

 6. 1% 1. 7%

 
 1. 8% 1. 7%

 
 1. 8% 0. 5%

 
 9. 9% 6. 8%

 
 1. 6% 0. 9%

 
 36. 6% 31. 0%
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4-5-3

 

 

 
 

4-5-3  

 12.4% 14.6%

= [NH4
+] + [Cl–] + [NO3

–] + [SO4
2–]

 (WSOC)

4-5-4
4-5-5  
 WSOC

PM2. 5

WSOC
1. 5  

=[NH4
+] + [Cl–] + [NO3

–] + [SO4
2–]+1.5[WSOC]

= [NH4
+] + [Cl–] + [NO3

–] + [SO4
2–]

         =1.5[WSOC]   
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            4-5-4  
 

           4-5-5  

 WSOC
9.3% 21.2%

1) 17  
18 3  

2)  23 7  
3)

1985  

+
W S O C

7.3 9.4
7.3 9.3
6.8 9.6
6.3 8.3
5.0 7.4
4.5 7.0
5.9 8.0
6.4 8.1
4.7 6.3
4.2 6.7
4.7 7.1
2.5 4.1
4.0 6.2
5.4 7.4
5.3 7.4
5.6 7.8

0.0

2.0
3.0

4.0
5.0
6.0

7.0
8.0

9.0

+
W S O C

40.2% 52.1%
42.6% 54.2%
37.4% 53.3%
32.7% 43.2%
30.5% 45.5%
26.6% 40.9%
28.0% 37.7%
36.9% 46.1%
38.9% 51.7%
35.2% 56.3%
34.5% 51.9%
26.6% 43.0%
26.0% 40.5%
36.4% 49.8%
34.3% 47.5%
39.7% 55.7%

0.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%
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< >

 

 

18.1 1.43 1.72 0.57 0.07 1.58 0.19 7.28 2.16 3.13
17.2 1.93 1.58 0.23 0.15 2.93 0.35 7.33 1.99 0.70
18.0 2.62 0.44 0.29 0.07 1.31 0.22 6.75 2.86 3.48
19.2 2.84 1.45 0.29 0.31 2.78 0.52 6.28 2.01 2.71
16.3 2.54 0.40 0.28 0.14 1.30 0.19 4.97 2.43 4.02
17.0 2.48 0.41 0.33 0.11 0.61 0.24 4.53 2.43 5.89
21.1 1.92 1.35 0.22 0.47 2.50 0.38 5.89 2.06 6.27
17.5 1.94 1.04 0.27 0.38 1.39 0.38 6.44 1.62 4.01
12.1 1.60 0.51 0.24 0.27 0.49 0.22 4.70 1.56 2.50
11.9 2.27 0.00 0.21 0.07 0.67 0.07 4.20 2.53 1.92
13.7 2.09 0.30 0.29 0.12 0.86 0.15 4.72 2.37 2.77
9.5 1.42 0.00 0.08 0.00 1.13 0.06 2.52 1.56 2.72

15.4 2.04 0.34 0.28 0.00 0.77 0.06 4.00 2.22 5.66
14.9 1.94 0.64 0.32 0.21 0.73 0.09 5.42 1.98 3.54
15.5 2.38 0.60 0.27 0.39 0.51 0.10 5.33 2.04 3.90
14.1 1.75 0.59 0.24 0.34 2.35 0.22 5.60 2.25 0.77

18.1 7.9% 9.5% 3.1% 0.4% 8.7% 1.0% 40.2% 11.9% 17.3%
17.2 11.2% 9.2% 1.3% 0.9% 17.0% 2.0% 42.6% 11.6% 4.1%
18.0 14.5% 2.5% 1.6% 0.4% 7.3% 1.2% 37.4% 15.8% 19.3%
19.2 14.8% 7.6% 1.5% 1.6% 14.5% 2.7% 32.7% 10.5% 14.1%
16.3 15.6% 2.4% 1.7% 0.9% 8.0% 1.2% 30.5% 14.9% 24.7%
17.0 14.6% 2.4% 2.0% 0.7% 3.6% 1.4% 26.6% 14.3% 34.6%
21.1 9.1% 6.4% 1.1% 2.2% 11.9% 1.8% 28.0% 9.8% 29.8%
17.5 11.1% 6.0% 1.5% 2.1% 8.0% 2.2% 36.9% 9.3% 23.0%
12.1 13.2% 4.3% 2.0% 2.3% 4.1% 1.8% 38.9% 12.9% 20.7%
11.9 19.0% 0.0% 1.8% 0.6% 5.6% 0.5% 35.2% 21.2% 16.1%
13.7 15.3% 2.2% 2.1% 0.8% 6.3% 1.1% 34.5% 17.3% 20.3%
9.5 14.9% 0.0% 0.8% 0.0% 12.0% 0.6% 26.6% 16.5% 28.7%

15.4 13.3% 2.2% 1.8% 0.0% 5.0% 0.4% 26.0% 14.4% 36.8%
14.9 13.0% 4.3% 2.2% 1.4% 4.9% 0.6% 36.4% 13.3% 23.8%
15.5 15.4% 3.8% 1.7% 2.5% 3.3% 0.6% 34.3% 13.2% 25.1%
14.1 12.4% 4.2% 1.7% 2.4% 16.7% 1.5% 39.7% 15.9% 5.5%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%
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4.6 

FP 
SO2 HNO3 HCl NH3 SO4

2- NO3
- Cl- NH4

+

Ox
1 8 2 11 FP 

P.72 73
SO2

F1-F3 
F0 FP

F0 F0-F3 
F0 

0

 
23

4-6-1 4-6-4 nmol/m3

4-6-1 SO2 SO4
2-  

 
4-6-2 HNO3 NO3

-  
 

4-6-3 HCl Cl -  
 

4-6-4 NH3 NH4
+  

 



65

SO2 SO2

SO4
2-

SO4
2- SO2

SO2

SO2 SO2 SO4
2-

HNO3

NO3
-

4-6-5
HNO3+NO3

- NO2 NO2

NO2

HNO3 NO2

F0 (NaCl) NaNO3

NH3 NH4NO3

HNO3 NH3

NH4NO3 NaNO3 NH4NO3 F0
HNO3 F1 F3

HNO3 NaNO3
-

HNO3 NH3 NH4NO3

HCl
Cl-

Cl- HCl
HCl Cl- HCl Cl-

HCl NH4Cl

4-6-5 HNO3+NO3
- NO2  

0

5

10

15

20

25

0

10

20

30

40

50

60

70

HNO3+NO3- NO2(ppb)
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NH3

NH3

23
5 20 Ox 4-6-6

4-6-9

SO2

340nmol/m3

SO4
2-

SO4
2- Ox

SO4
2-

  HNO3 NO3
- Ox

Ox
NO2

4-6-6 SO2 SO4
2-

Ox  
4-6-7 HNO3 NO3

-  
Ox  

4-6-8 HCl Cl -  
Ox  

4-6-9 NH3 NH4
+

Ox  
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0

50

100

0 50 100
Na+(neq/m3)

0

50

100

0 50 100
Na+(neq/m3)

NO2 HNO3

NO3
-

NO3
-

HCl Cl-

Ox

NH3

NH4
+ SO4

2-

NH4
+ SO4

2- Ox

*1 HNO3

HCl NH4Cl Cl-

H23 Ox
Cl-

H23
Na+ Cl- 4-6-10 4-6-11 Na+

Cl-/Na+ Cl-/Na+=1.17

Cl-/Na+ 0.54
Cl-/Na+ 0.62

Ox Ox
H22

Cl-/Na+ 0.50 Cl-/Na+ 0.25
H23 Cl-

4- 6-10 Na+ Cl -  

  

4- 6-11 Na+ Cl -  



68

SO2 SO4
2- SO2

NO2 HNO3 NO3
-

NO2

Ox
NO3

-

HCl Cl- H23

1) 22  
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5  

 

56 20
PM2.5 21

23
24

23
24 25

PM2.5

PM2.5

 
5.1  

 CMB

2 3

5.2  

 
PM2. 5 (

4. 0 4. 8 g/ m3)
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PM2. 5
1)

 
 

5.3  
PM2. 5

4

 

PM2. 5
 

 
5.4  

PM2. 5

PM2. 5
H24

 
 

 
1)  , , (

) PM2. 5 , 29
P259-260(2012)  
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1. 

1.1 PM2.5

PM2.5 PCI
MCI

PCI

   

( 1) PCI PM2. 5
PM2. 5

1 1-1-1
12 m

12 m 3
2  

 
( 2) NILU

 
 
( 3) 20. 0L/ min

 
 

1 12
2001.  

1-1-1 PCI



72

1.2  

 
 

        
 
 
( 1)   4 1-2-1

F0 F3 4 F0 SO4
2- NO3

- Cl -

NH4
+ Na+ K+ Mg2+ Ca2+ F1 F3 SO2,  HNO3,  NH3,  HCl

 
 
( 2)   

4
1 EC 0. 15mS/ m

 
 
( 3)   F0 F1 F2 6% +2%

F3 5% +2%
 

 
( 4)   

4

 
 
( 5)   5 10m

3m

F0

F1

F2

F3

1-2-1 (4 )
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( 6)   1L/ mi n
4
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2  

2.1  

21.5 35%
0.001mg Sartorius, MC-5

5

µg/m3

= (We – Ws) ÷ V × 103

We [mg]
Ws [mg]
V [m3]

2.2  

PM2.5 1/8 1.73cm2 PM 10-2.5
1/4 3.46cm2 10mL

20 ml
5 Na+ NH4

+ K+

Mg2+ Ca2+ 3 Cl NO3 SO4
2 DIONEX 

DX-320
5

3 10

Cellulose Acetate 25mm  
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2.3  

2.3.1  

1cm SUNSET LABORATORY
2- IMPROVE IMPROVE

DRI Desert Research Institute

PM2.5
5 1 IMPROVE

J.C.Chow 2

2-2 IMPROVE

1 He 180 120
2 He 180 250
3 He 180 450
4 He 180 550
5 He + Oxygen 240 550
6 He + Oxygen 210 700
7 He + Oxygen 210 850

1 http://www.env.go.jp/air/report/h19-03/manual/m05_5.pdf
2 J. C. Chow, et al., Comparison of IMPROVE and NIOSH Carbon Measurement. Aerosol Sci.

Technol. 34, 23-34, 2001.
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2.3.2 WSOC  

1/8 20mL 10
0.45µm PTFE TOC

1,2) TOC SHIMADZU TOC-V CPH
680 150µL

3 10

1) H. Yang, et al., Comparison of two methods for the determination of water-soluble organic 
carbon in atmospheric particles. Atmos. Environ. 37, 865-870, 2003.

2) K. Kumagai, et al., Seasonal Characteristics of Water-soluble Organic Carbon in Atmospheric 
Particles in the Inland Kanto Plain, Japan. Atmos. Environ. 43, 3345-3351, 2009.

 

2.4  

ICP-MS
5

1/4 5 5mL
2mL 1mL

200 1
0.1mol/L 25mL In ICP-MS

Agilent 7500cx 31 Na Mg Al
K Ca Sc Ti V

Cr Mn Fe Co Ni Cu
Zn As Se Br Rb Sr

Mo Ag Cd Sb Cs
Ba La Sm Eu Au

Pb
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2.5  

 

F0 F1 F3 20ml F2 0.05%
v/v H2O2 20ml 20

0.45 m

F0 F1 F2 F3 3 5
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23  PM2.5
                          3

Na+ NH4 K+ Mg2+ Ca2+ Cl NO3 SO4
2

0.0024 0.0028 0.0037 0.0021 0.011 0.0045 0.0067 0.096
0.0081 0.0094 0.012 0.0069 0.038 0.015 0.022 0.32

                  3

OC EC

48 72 48 72
0.07067 0.04712 0.00021 0.00014

0.23558 0.15706 0.00071 0.00047

        3

WSOC 0.5 1.5

                                                  ng/m3

Na Mg Al K Ca Sc Ti V
3.7 2.9 80.2 13.81 8.5 0.00200 80.9 0.0350
12.4 9.6 267 46.0 28 0.0070 269.8 0.118

Cr Mn Fe Co Ni Cu Zn As
0.232 1.100 4.5 0.0260 0.453 0.770 2.24 0.0020
0.77 3.666 15.1 0.086 1.511 2.567 7.5 0.0070

Se Br Rb Sr Mo Ag Cd Sb
0.0030 0.096 0.00300 0.0910 2.19 0.0003 0.00145 0.197
0.009 0.321 0.0110 0.303 7.3 0.001 0.0048 0.656

Cs Ba La Sm Eu Au Pb
0.001670 0.254 0.0210 0.01052 0.00147 0.00041 0.072
0.00556 0.85 0.0698 0.0351 0.00490 0.00136 0.241
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3-1 23  7 25  7 27

SO2(ppb) 3.2 1.5 2.0 1.0 0.2 4.2 7.7 1.5 - 1.5 5.2 1.0 - 1.8 2.7
Ox(ppb) 22.4 20.1 18.0 12.6 25.8 26.0 23.0 19.7 20.0 31 42.1 27.8 25.2 16.8 15.8 16.3
NO(ppb) 1.1 3.9 5.0 8.5 1.3 1.7 1.4 6.1 4.7 2 1.4 1.2 1.6 1.8 4.6 4.1
NO2(ppb) 7.7 16.8 14.0 26.1 16.0 16.1 12.0 15.4 12.8 12 5.4 4.2 7.9 4.3 11.6 7.2

3) 22.7 15.7 18.0 19.2 18.8 19.9 26.0 25.6 31.0 35 16.8 17.0 20.1 15.4 25.0 16.9
3)

12.7
(11.7) - 15.1 11.0 11.4 18.1 15 17.0 9.8 10.6 - 8.5

(m/s) 4.7 2.3 3.7 2.1 3.2 1.8 3.9 5.0 1.8 1.2 2.0 2.2 1.2 1.3 2.4 0.7
( ) 26.1 27.3 26.7 27.7 28.0 26.2 27.5 30.1 - 25.7 25.3 - - 25.2
( ) 81.2 74.3 64.8 82.8 66.4 77.3 73.8 64.0 - 76.5 76.1 - - 82

N 0 0 1 1 1 0 0 0 1 0 0 0 1 0 1 0
NNE 0 0 0 0 0 1 0 0 0 0 0 3 0 0 3 1
NE 0 0 0 0 1 4 0 0 0 2 0 2 0 0 1 2
ENE 0 0 0 1 0 2 0 0 0 2 3 5 0 4 0 1
E 0 0 0 0 0 1 0 0 0 2 9 3 0 1 1 0
ESE 0 0 0 0 0 1 0 0 2 1 10 3 0 1 1 1
SE 0 0 0 0 1 5 0 0 1 3 0 2 0 1 1 1
SSE 0 3 1 7 0 6 0 1 2 14 0 0 0 1 1 1
S 0 24 24 20 7 6 1 9 4 5 0 0 0 0 2 1
SSW 2 8 4 16 18 1 19 26 15 2 0 1 0 1 2 6
SW 24 6 0 2 4 2 27 10 12 0 0 11 4 1 7 9
WSW 20 0 1 1 1 2 1 1 3 0 3 8 9 1 2 2
W 2 2 14 0 3 4 0 1 3 3 6 5 15 11 11 2
WNW 0 2 2 0 1 5 0 0 0 3 12 3 10 14 5 1
NW 0 3 0 0 5 4 0 0 0 3 4 1 1 5 5 0
NNW 0 0 1 0 4 3 0 0 0 4 1 1 1 1 3 2
C 0 0 0 0 2 1 0 0 5 4 0 0 7 6 2 18

48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48

3-2 23  7 27  7  29

SO2(ppb) 6.0 3.1 2.0 1.4 0.0 2.2 7.4 0.6 - 1.5 4.7 1.0 - 4.8 2.8
Ox(ppb) 12.8 14.4 17.0 12.6 29.4 35.8 19.0 18.8 27.1 31 26.4 16.9 16.2 9.3 11.2 12.5
NO(ppb) 8.8 8.4 6.0 12.3 2.8 0.6 5.8 12.3 1.3 1 1.7 1.9 3.3 3.0 6.4 8.0
NO2(ppb) 22.7 35.2 22.0 32.4 23.3 14.9 18.0 22.1 12.0 8 6.5 5.3 9.9 3.9 11.1 8.4

3) 55.7 33.8 23.0 26.8 28.8 23.0 35.0 43.6 33.4 26 17.0 13.5 17.5 15.1 26.5 17.9
3)

22.7
(19.4) - 22.4 14.0 17.9 18.6 6 14.7 4.9 8.1 - 9.1

(m/s) 2.2 1.4 1.9 1.4 1.4 1.6 1.8 2.6 0.7 0.7 1.4 1.7 0.7 1.0 3.1 1.2
( ) 25.5 26.9 26.7 26.9 26.8 25.2 26.6 28.0 - 25.3 24.5 - - 26.8
( ) 88.2 80.9 73.0 90.8 77.1 86.6 84.5 78.0 - 85.1 85.1 - - 78

N 2 2 3 9 5 4 1 0 0 6 0 3 0 0 2 0
NNE 1 3 2 4 3 8 0 0 1 4 0 7 0 1 1 0
NE 0 2 0 2 2 6 4 0 3 1 1 3 3 0 1 0
ENE 0 0 2 1 4 6 2 0 3 1 1 3 7 1 1 0
E 6 0 3 7 9 2 2 5 4 1 8 3 2 2 2 0
ESE 6 0 1 3 4 4 3 4 3 2 3 2 1 0 1 0
SE 3 2 2 3 0 2 0 1 4 2 1 2 0 0 1 0
SSE 0 3 2 6 0 0 0 3 1 2 0 0 1 0 0 0
S 0 12 9 3 1 0 3 5 4 1 0 3 0 0 1 0
SSW 1 3 1 2 3 3 13 10 2 2 0 1 1 0 0 2
SW 8 1 1 2 2 2 6 6 0 0 1 6 3 2 1 3
WSW 12 2 1 1 1 5 2 3 1 2 5 7 10 6 5 7
W 1 1 12 0 0 3 1 5 4 5 8 6 2 9 26 8
WNW 1 1 2 0 1 1 1 6 3 5 11 1 7 11 4 18
NW 2 1 2 1 6 0 4 0 0 8 3 1 0 5 1 2
NNW 4 11 3 4 7 1 2 0 0 2 1 0 0 1 0 1
C 1 4 2 0 0 1 4 0 15 4 5 0 11 10 1 7

48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48

3  
3.1.1   
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3-3 23  7 29  8  1

SO2(ppb) 6.1 2.2 2.0 1.1 0.0 1.4 3.8 0.0 - 1.4 4.5 1.0 - 2.4 3.0
Ox(ppb) 19.6 24.3 23.0 24.4 22.5 23.8 29.0 24.2 19.7 18 26.8 21.8 25.8 29.5 30.0 25.2
NO(ppb) 5.8 4.3 3.0 2.7 1.6 0.8 1.3 2.4 0.8 1 1.2 1.1 2.0 1.5 2.2 2.3
NO2(ppb) 20.3 21.8 14.0 17.2 13.7 9.7 11.0 16.6 5.7 6 5.1 3.5 8.8 5.0 11.4 8.7

3) 39.5 25.1 21.0 21.7 22.1 17.3 29.0 39.2 30.1 21 12.1 10.0 17.5 21.7 41.6 21.9
3)

18.9
(18.2) - 16.6 15.0 18.3 15.9 0 12.3 5.1 7.6 - 14.6

(m/s) 2.9 2.1 2.9 2.6 2.2 2.1 2.8 3.0 1.0 0.9 1.3 2.7 0.8 1.4 1.7 0.9
( ) 23.9 24.9 24.1 24.7 24.6 23.2 24.6 26.8 - 22.8 24.4 - - 25.8
( ) 90.3 83.7 80.6 91.2 80.3 89.5 89.9 82.0 - 89.0 79.1 - - 76

N 4 1 19 8 1 6 4 1 2 11 1 5 0 2 5 2
NNE 7 42 2 26 4 4 16 3 4 9 1 6 0 2 5 0
NE 15 3 2 16 16 11 24 30 21 3 3 4 0 1 13 0
ENE 10 0 1 3 14 7 4 8 16 3 2 5 0 6 10 0
E 5 0 2 3 17 9 1 3 6 6 14 4 2 8 6 6
ESE 3 1 1 0 4 5 2 4 1 1 6 3 0 7 2 8
SE 8 2 0 1 2 2 0 6 0 2 2 1 0 5 7 9
SSE 0 7 1 7 0 1 1 1 1 1 1 1 0 0 5 1
S 1 6 9 2 0 2 0 5 0 3 0 2 1 0 1 1
SSW 1 3 1 1 0 0 1 2 0 0 2 2 0 1 0 1
SW 8 0 0 0 0 1 7 3 1 0 8 1 1 0 1 0
WSW 2 1 1 0 0 2 6 2 0 0 6 15 4 3 0 1
W 4 0 5 1 0 1 3 2 3 2 4 15 15 8 3 1
WNW 0 0 1 0 1 7 0 2 3 1 4 2 2 11 4 6
NW 2 1 5 0 6 7 0 0 2 15 7 3 1 10 1 3
NNW 2 1 21 4 7 5 3 0 0 7 4 3 0 1 4 1
C 0 4 1 0 0 2 0 0 12 8 7 0 3 7 5 32

72 72 72 72 72 72 72 72 72 72 72 72 29 72 72 72

3-4 23  8 1  8 3

SO2(ppb) 9.3 2.5 3.0 1.3 0.6 0.6 1.1 0.4 - 1.8 4.3 1.1 - 2.4 3.3
Ox(ppb) 18.4 19.9 23.0 21.7 20.9 25.0 23.0 20.7 20.4 19 29.2 33.0 33.3 26.4 25.6 25.1
NO(ppb) 9.2 6.0 3.0 1.8 2.3 0.9 2.3 3.9 0.7 2 1.5 1.1 1.4 1.5 3.8 3.0
NO2(ppb) 21.6 21.3 20.0 14.2 14.9 11.6 10.0 9.9 4.3 7 7.3 3.1 9.1 5.7 11.7 10.8

3) 38.9 22.2 33.0 22.1 28.9 21.9 29.0 32.4 26.8 30 36.6 13.0 28.2 22.2 29.1 23.5
3)

20.7
(24.2) 16.2 - 18.1 15.0 13.0 16.7 12 27.7 7.0 15.7 - 15.6

(m/s) 3.0 2.2 1.8 1.8 1.4 1.7 2.3 2.4 1.4 0.9 1.2 3.6 0.0 1.5 2.1 1.0
( ) 24.4 25.3 25.0 25.4 25.2 23.7 24.9 25.3 - 22.8 25.7 - - 26.4
( ) 83.3 77.0 68.8 81.8 72.2 81.3 81.4 74.0 - 85.2 69.5 - - 68

N 0 1 13 6 2 2 0 1 0 2 0 0 0 0 2 5
NNE 0 18 7 10 3 4 3 0 1 7 1 0 0 1 0 0
NE 4 4 3 9 7 3 20 3 10 3 1 0 0 2 11 0
ENE 7 1 1 6 11 9 8 11 16 0 5 0 0 9 10 2
E 9 1 10 10 10 9 10 21 8 1 13 0 0 3 5 3
ESE 13 3 2 5 8 12 4 6 10 13 6 0 0 4 4 20
SE 11 4 1 0 2 4 1 3 2 6 0 0 0 1 2 10
SSE 0 16 3 2 1 1 0 0 0 8 0 0 0 0 2 0
S 0 0 4 0 0 0 0 0 0 2 0 0 0 1 1 0
SSW 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
SW 0 0 1 0 0 1 0 0 0 0 1 3 0 1 0 0
WSW 3 0 0 0 1 0 0 0 0 2 3 25 0 2 0 0
W 0 0 0 0 0 0 0 0 0 1 2 19 0 10 2 0
WNW 0 0 0 0 2 1 0 1 0 2 7 1 0 4 6 0
NW 0 0 0 0 0 0 1 0 0 0 0 0 0 8 0 0
NNW 1 0 1 0 1 0 0 2 0 0 1 0 0 1 1 0
C 0 0 2 0 0 1 0 0 1 1 8 0 0 1 2 8

48 48 48 48 48 48 48 48 48 48 48 48 0 48 48 48
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3-5 23  8  3  8  5

SO2(ppb) 7.3 2.6 2.0 1.2 0.5 0.3 1.1 0.5 - 1.2 4.9 0.9 - 2.3 3.3
Ox(ppb) 7.9 8.8 13.0 10.0 9.7 14.6 11.0 10.3 12.3 13 21.1 30.5 25.9 18.9 18.2 16.4
NO(ppb) 13.0 18.5 7.0 3.6 5.0 3.0 2.9 4.5 1.5 2 2.8 0.3 1.5 1.6 3.4 3.4
NO2(ppb) 15.6 18.6 16.0 11.9 12.4 11.4 8.3 6.7 3.5 6 5.4 2.0 6.9 4.7 7.8 6.8

3) 28.4 16.4 18.0 15.9 21.6 17.4 26.9 25.6 27 20.1 14.6 21.0 14.0 20.0 15.7
3)

11.8
(12.2) 9.0 - 10.3 5.8 7.1 11.4 -4 16.1 7.8 10.1 - 8.0

(m/s) 3.2 2.4 2.1 2.2 1.8 2.1 2.6 2.9 1.5 1.1 1.4 4.2 1.2 2.1 3.7 1.3
( ) 25.7 27.0 26.0 26.7 26.2 25.3 27.1 27.5 - 25.7 27.8 - - 28.3
( ) 88.7 80.7 77.8 89.9 82.7 86.1 84.6 74.0 - 79.9 63.0 - - 66

N 0 0 17 5 2 2 1 0 0 1 1 0 0 1 0 0
NNE 2 16 4 14 3 5 7 3 2 3 0 0 0 0 2 0
NE 2 3 4 7 8 8 7 8 8 5 1 0 1 1 16 0
ENE 8 2 3 7 7 10 10 7 12 5 5 0 1 9 13 2
E 8 3 2 11 16 9 17 17 12 8 23 0 4 6 6 4
ESE 14 0 1 1 3 6 2 7 12 9 8 0 2 7 2 24
SE 12 2 0 2 1 3 1 3 2 7 1 0 1 2 1 7
SSE 1 20 0 0 0 0 1 2 0 1 0 0 0 2 6 2
S 0 1 2 0 1 0 0 0 0 0 0 4 0 1 1 0
SSW 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0
SW 0 0 0 0 1 1 1 0 0 0 1 3 1 0 0 0
WSW 1 0 3 1 1 1 0 0 0 0 2 16 1 0 0 0
W 0 0 4 0 0 0 1 1 0 2 1 22 1 4 0 0
WNW 0 0 0 0 0 1 0 0 0 0 1 1 1 7 0 0
NW 0 0 3 0 2 1 0 0 0 3 0 1 1 3 0 0
NNW 0 0 5 0 3 0 0 0 0 1 0 0 1 4 0 0
C 0 0 0 0 0 0 0 0 0 3 4 0 2 1 1 9

48 48 48 48 48 48 48 48 48 48 48 48 17 48 48 48
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11 34 30 36 24 41 47 40 37 46 37 55 45 49 34 27 29

12 31 31 41 34 49 31 41 50 49 61 47 50 42 36 29

13 36 39 40 38 55 59 16 34 51 55 68 49 39 48 32 28

14 33 38 42 37 56 64 35 38 60 60 73 51 44 44 30 29

15 33 41 41 35 51 60 35 37 49 67 74 47 47 34 30 29

16 29 33 39 34 47 54 33 36 41 66 73 45 44 33 29 27

17 25 25 35 23 42 47 31 37 37 62 77 42 41 34 25 24

18 20 21 30 15 34 42 16 33 33 49 67 35 36 27 23 25

19 17 17 26 10 29 35 24 30 29 35 56 31 31 23 19 27

20 18 15 22 4 24 27 31 26 27 29 50 27 28 15 17 26

21 16 14 19 2 20 22 33 21 22 25 50 25 27 9 14 25

22 17 14 15 2 17 11 36 19 18 20 44 23 24 8 12 26

23 19 17 16 5 14 2 35 19 14 17 43 23 22 5 11 27

24 22 19 18 12 12 33 36 13 15 23 37 20 20 3 7 17

1 23 16 15 26 36 23 7 12 14 23 16 *** 3

2 24 13 12 38 30 45 8 9 14 21 13 17 2 4 3

3 20 19 13 6 35 25 35 5 7 9 22 14 13 2 4 3

4 20 15 10 6 28 20 43 8 7 8 18 13 15 2 2 3

5 18 16 7 3 25 11 36 13 4 7 17 11 13 2 2 3

6 13 14 3 5 18 6 36 15 5 5 18 7 12 2 2 4

7 16 16 4 9 16 8 27 16 8 10 19 10 13 3 5 7

8 17 15 5 11 17 12 28 13 15 18 14 14 14 5 5 6

9 17 18 6 11 21 14 28 16 15 20 21 24 21 6 4 5

10 21 19 12 16 25 23 30 21 17 28 32 32 30 4 10 8

11 41 31 29 19 33 44 15 26 20 45 49 35 34 9 14 10

12 42 37 29 29 44 56 6 39 31 57 58 36 35 20 22 25

13 32 33 32 29 43 64 9 42 43 68 79 39 34 24 26 32

14 27 25 28 19 40 50 22 26 45 72 80 43 38 30 28 33

15 23 20 28 18 36 46 25 20 39 76 83 45 37 31 23 26

16 25 18 26 15 35 44 18 22 32 76 84 44 39 33 24 32

17 26 23 24 14 31 41 12 25 28 64 81 39 33 31 24 34

18 28 22 22 12 26 35 26 23 24 41 81 41 29 28 30 30

19 29 22 20 8 23 29 36 23 21 34 64 41 27 18 18 21

20 28 20 15 6 18 15 28 29 17 27 48 37 25 16 26 24

21 30 17 16 3 14 7 11 27 14 17 41 33 19 26 28 17

22 28 25 19 8 13 5 29 20 13 14 29 31 18 27 17 12

23 21 23 9 17 14 5 35 12 12 13 25 29 20 17 13 10

24 21 21 8 11 15 3 14 9 6 9 24 32 18 20 10 9

1 24 17 12 2 7 2 8 9 3 15 19 25 ***

2 22 19 11 2 12 13 14 2 23 17 19 16 7 7 1

3 18 18 4 2 5 17 10 7 1 11 16 16 15 4 5 2

4 14 17 2 6 7 11 24 5 1 9 16 13 14 2 3 3

5 12 8 2 3 11 8 15 3 2 13 16 11 9 1 8 2

6 9 5 2 2 14 6 7 2 2 11 16 9 9 2 5 5

7 6 6 3 2 14 6 17 3 2 10 11 9 11 4 6 5

8 9 4 3 3 14 7 28 3 3 8 10 10 10 13 5 6

9 7 5 6 3 13 9 29 5 4 11 17 15 9 10 14 7

10 12 7 10 6 17 13 36 5 6 26 25 18 12 13 19 5

42 41 42 38 56 64 45 42 60 76 84 51 50 48 36 34

100< 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3-6 23 7 25 7 27

7 25

7 26

7 27

3.2.1 1 ppb  
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11 15 10 8 6 30 26 58 7 19 35 33 25 14 14 15 11

12 18 17 14 11 39 39 21 10 33 44 48 33 22 19 19 14

13 19 23 25 11 53 54 19 11 63 57 65 36 30 25 24 15

14 21 17 32 13 67 66 17 22 64 72 74 36 36 28 25 18

15 26 19 37 15 66 75 20 25 54 68 74 35 36 29 16

16 26 19 31 55 82 25 27 54 66 68 37 42 25 22 17

17 28 15 27 12 32 83 12 11 39 49 41 36 33 19 17 15

18 26 22 25 6 33 56 25 12 23 31 32 32 25 16 11 13

19 20 18 15 2 28 19 25 9 26 28 29 33 22 18 12 11

20 14 8 10 1 16 17 33 9 19 20 26 29 21 10 8 8

21 12 6 9 1 3 11 19 8 17 17 26 28 17 4 6 7

22 9 2 8 1 2 16 15 6 15 18 24 20 15 2 2 5

23 9 2 14 1 2 16 16 2 13 35 21 18 11 1 4 3

24 8 2 9 1 1 14 27 1 9 42 22 19 9 1 5 3

1 8 3 6 1 6 28 1 6 39 35 15 2

2 7 4 3 1 29 33 27 2 6 18 12 6 1 3 1

3 5 3 6 4 36 40 33 2 18 26 19 10 5 1 2 1

4 1 8 24 13 35 42 26 2 21 24 12 9 3 1 1 1

5 10 18 31 12 35 34 26 2 33 20 5 10 5 1 2 1

6 15 15 27 2 28 32 18 2 28 19 4 9 4 1 3 1

7 15 13 21 4 21 24 14 4 21 14 27 9 5 2 6 3

8 10 12 22 10 20 20 33 4 21 8 11 13 6 2 9 6

9 12 14 22 13 17 23 30 6 17 13 12 12 8 5 12 13

10 14 21 30 16 18 33 35 10 17 21 27 13 10 8 12 22

11 17 31 19 25 37 29 20 25 29 42 17 14 7 22 30

12 6 27 25 36 43 35 36 35 34 41 20 18 8 25 36

13 20 26 24 23 48 51 45 41 42 36 42 25 21 13 27 44

14 34 42 23 29 53 54 48 34 45 39 40 28 28 15 24 52

15 30 26 27 28 55 62 46 43 49 39 38 30 32 17 24 46

16 26 30 30 23 55 68 56 44 53 37 29 22 36 22 21 37

17 14 32 36 25 50 63 53 39 46 40 23 21 39 24 20 31

18 16 20 30 25 48 55 49 53 38 36 24 23 39 15 20 26

19 21 19 26 23 44 50 46 47 35 31 24 19 32 9 25 18

20 9 5 21 29 38 39 60 42 31 33 25 12 20 5 22 13

21 7 5 12 19 34 36 64 43 26 29 29 9 16 2 5 9

22 1 9 11 8 30 33 78 38 26 29 26 3 13 1 3 4

23 3 22 7 26 34 29 74 33 25 29 21 3 11 1 2 2

24 3 21 12 38 29 28 43 33 18 28 19 2 7 1 2 3

1 6 22 7 29 24 25 29 22 23 27 24 2 3

2 7 20 4 25 23 23 35 22 24 23 20 3 4 1 2 2

3 10 12 3 15 23 24 37 19 22 21 20 2 2 1 2 2

4 8 7 2 7 12 21 30 13 19 20 6 1 1 2 1

5 4 6 1 1 10 19 35 9 15 21 2 1 1 1 2 2

6 4 7 1 2 10 12 42 6 8 18 3 2 2 1 2 2

7 4 8 2 3 8 13 36 10 10 18 3 3 3 2 3 3

8 5 10 2 4 9 14 32 13 12 16 4 4 3 4 7 5

9 4 12 5 4 19 14 45 18 19 22 4 5 5 13 10 9

10 5 10 11 5 21 13 55 29 20 16 4 8 11 29 14 14

34 42 37 38 67 83 78 53 64 72 74 37 42 29 27 52

100< 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 29

3-7 23 7 27 7 29

7 27

7 28
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11 12 8 21 6 18 12 60 37 23 15 9 11 22 39 26 15

12 13 23 29 7 13 15 89 32 18 16 14 16 30 48 44 17

13 31 55 33 13 16 21 80 46 15 16 21 23 34 60 62 31

14 46 51 67 15 19 28 47 41 18 16 28 28 39 66 57 24

15 41 43 56 21 17 36 18 33 13 11 34 32 38 56 49 25

16 54 37 52 29 24 33 30 43 13 7 39 29 37 54 48 35

17 50 40 54 26 27 17 19 38 10 4 38 27 32 51 55 45

18 46 43 48 31 12 14 29 29 8 4 34 23 35 52 59 47

19 40 26 49 23 8 10 18 24 6 5 33 22 39 33 53 50

20 36 29 39 14 7 31 18 18 10 4 24 19 42 25 42 51

21 29 27 35 8 10 31 42 24 8 7 22 15 41 19 20 44

22 26 26 29 12 10 18 39 26 10 11 18 10 29 13 17 37

23 16 29 29 11 13 23 29 22 19 12 25 8 26 10 12 43

24 11 18 15 9 10 21 37 19 19 11 24 7 19 8 9 35

1 8 8 7 3 12 19 39 18 14 11 25 7 16

2 7 6 8 1 13 21 42 18 15 10 36 7 15 5 7 11

3 4 4 8 9 15 24 42 13 22 14 28 7 4 4 8 11

4 4 5 9 15 15 29 33 13 21 29 32 7 15 4 7 10

5 4 4 10 10 24 34 28 14 17 32 31 5 9 2 6 5

6 14 10 14 11 34 32 17 9 13 34 32 6 2 2 4 6

7 9 12 14 16 29 30 21 14 14 27 29 5 3 4 10 13

8 4 12 23 17 32 28 11 15 14 22 30 6 7 9 26 18

9 6 11 24 20 28 31 11 18 18 13 23 14 18 29 37 19

10 2 7 27 24 26 32 17 21 17 12 32 19 26 41 42 24

11 16 30 33 31 32 41 10 27 24 23 28 22 32 56 52 38

12 9 25 33 42 32 43 17 32 32 39 30 40 40 73 64 61

13 19 32 35 52 43 42 30 42 35 44 42 45 23 73 57 62

14 25 46 55 59 54 48 29 54 39 46 47 35 31 54 53 56

15 49 57 61 64 58 50 38 41 34 51 50 41 40 41 52 48

16 61 62 52 60 59 53 27 45 29 36 56 44 1 32 39 4

17 57 36 42 46 52 51 29 39 32 33 54 42 43 26 33 39

18 49 19 35 35 34 39 51 35 32 30 48 33 42 34 33 41

19 42 19 27 38 33 33 60 38 31 24 45 29 39 49 33 32

20 29 23 22 36 29 30 42 29 27 23 42 22 41 38 39 25

21 32 32 25 31 35 31 26 26 26 22 36 15 38 33 29 21

22 29 28 28 35 40 39 29 23 20 21 40 21 35 31 23 19

23 24 26 32 38 36 33 34 22 19 17 43 21 28 25 20 15

24 24 30 26 36 28 27 35 21 18 16 43 20 26 23 16 18

1 22 31 32 29 25 23 26 22 18 18 40 19 16

2 16 28 26 25 21 20 23 21 17 21 35 17 19 16 17 12

3 18 26 27 24 21 20 8 20 16 22 29 17 20 13 12 16

4 13 24 22 23 21 19 18 15 15 22 28 14 20 14 13 15

5 11 22 18 22 18 20 12 17 17 20 22 15 22 11 17 15

6 14 19 18 20 14 20 4 16 17 20 17 13 24 11 14 20

7 13 19 16 21 14 20 12 15 16 19 13 12 25 11 28 29

8 15 18 13 19 14 19 11 16 16 18 15 15 23 13 25 22

9 16 16 14 19 15 19 19 18 17 18 16 23 24 24 26 19

10 14 17 23 20 17 19 19 18 15 18 17 24 28 42 35 28

11 12 22 14 22 18 21 20 19 19 20 18 27 29 51 44 38

12 14 23 13 24 19 22 38 20 21 22 18 32 30 56 48 41

13 16 23 13 26 19 23 23 24 23 22 22 34 31 48 47 50

14 15 24 16 26 24 25 22 24 24 22 22 33 29 46 47 3

15 12 27 18 27 23 25 37 30 24 21 23 30 30 50 44 60

16 15 26 17 29 22 26 45 32 27 19 22 31 37 49 36 54

17 15 28 16 30 20 27 36 29 26 18 22 30 32 45 36 43

18 14 26 14 28 21 25 31 24 24 17 19 28 30 42 38 28

19 12 24 5 27 21 22 27 24 21 15 18 26 27 32 38 25

20 10 23 7 25 20 18 30 19 19 14 17 26 20 27 28 21

21 11 21 17 25 17 16 35 18 18 13 15 25 20 23 21 16

22 12 21 10 21 16 13 28 17 17 13 14 23 17 22 18 13

23 13 21 6 21 14 12 35 16 18 12 14 24 17 20 18 10

24 9 20 5 21 13 8 31 17 19 13 14 23 13 21 18 8

1 10 17 5 7 17 13 11 18 22 8

2 11 17 7 23 17 10 20 13 19 9 18 23 19 17 18 7

3 12 21 12 24 18 9 20 16 20 8 20 22 22 8 18 5

4 11 22 14 24 18 11 23 20 18 8 17 21 4 15 3

5 7 21 13 23 17 8 21 20 18 7 13 20 2 5 4

6 5 19 4 21 19 6 16 17 18 5 13 21 2 10 5

7 5 20 5 18 16 4 18 19 19 7 15 20 13 14 16 5

8 6 18 7 21 15 5 24 22 22 11 17 21 13 20 20 11

9 13 22 11 24 19 8 29 25 22 13 19 26 21 27 22 22

10 20 27 14 27 18 11 31 29 24 14 25 31 28 35 32 29

61 62 61 64 59 53 60 54 39 51 56 45 43 73 64 62

100< 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3-8 23 7 29 8 1

7 31

8 1

7 29

7 30
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11 24 33 16 32 21 20 34 32 27 14 26 36 36 47 39 37

12 33 43 22 36 32 27 36 36 29 17 24 41 40 54 47 44

13 37 42 29 41 39 26 44 41 20 22 41 36 60 52 50

14 38 46 32 40 38 38 46 42 24 33 46 41 63 46 51

15 54 45 39 41 32 43 41 37 17 28 29 45 45 59 50

16 63 49 43 38 34 39 45 32 20 24 29 41 44 52 48 50

17 30 32 50 36 33 35 43 30 21 24 31 39 49 59 43 46

18 22 18 38 33 33 32 37 31 20 22 27 35 52 63 41 40

19 18 18 34 27 30 25 33 30 19 20 24 35 55 52 34 36

20 19 15 23 23 20 23 26 25 20 15 29 34 61 45 33 25

21 14 11 17 20 14 22 23 23 20 15 27 34 58 29 19 20

22 11 9 21 17 13 22 23 20 19 16 21 35 58 24 12 20

23 14 9 15 12 12 20 22 18 18 17 18 35 54 25 25 23

24 11 7 9 15 17 18 15 16 17 18 14 33 48 21 40 23

1 13 10 6 16 17 20 7 14 15 18 13 30 22

2 10 6 17 17 16 8 12 15 13 16 27 40 14 27 23

3 13 12 6 17 15 14 10 10 13 11 15 24 34 16 20 26

4 8 15 6 18 11 12 10 8 12 11 14 22 33 8 20 21

5 7 11 6 16 11 7 14 5 13 8 13 17 21 7 21 12

6 5 13 5 16 10 8 8 7 13 7 11 16 18 6 21 11

7 6 13 9 16 9 13 11 12 15 10 15 15 18 7 19 13

8 8 12 11 17 10 15 19 18 19 8 18 16 27 8 20 14

9 13 15 17 21 13 16 25 23 15 18 24 37 14 24 15

10 14 28 27 28 18 22 24 27 22 19 32 43 20 29 25

11 23 38 33 31 28 32 36 28 29 27 23 41 51 30 32 31

12 31 36 34 34 34 43 33 34 34 29 23 42 49 35 38 34

13 36 51 29 43 44 57 37 33 40 31 40 41 33 44 45 39

14 45 51 33 49 51 69 35 31 39 43 60 43 32 45 48 46

15 42 43 46 47 52 68 41 30 39 47 70 47 35 45 40 48

16 32 28 42 38 49 67 39 28 42 35 63 47 32 51 38 39

17 15 25 38 25 48 60 31 26 35 33 61 46 33 40 37 34

18 9 15 42 22 37 52 28 25 27 28 57 43 32 31 39 34

19 32 9 43 19 28 38 27 25 23 22 57 42 33 28 34 27

20 44 11 34 16 16 31 24 22 20 18 47 41 30 17 21 25

21 29 11 26 11 17 21 23 19 19 18 44 40 26 10 10 19

22 11 10 18 12 22 15 19 17 16 15 49 41 24 7 5 13

23 3 10 15 10 9 12 17 17 15 17 36 34 20 4 4 7

24 5 7 8 11 4 11 16 15 16 16 39 30 18 4 2 5

1 6 4 14 9 3 8 4 11 14 13 30 26

2 6 4 21 3 5 6 4 14 14 33 23 14 3 4 5

3 5 3 16 4 7 7 4 6 13 13 34 22 14 2 4 4

4 7 6 12 5 4 6 3 4 12 12 26 22 12 2 2 4

5 1 4 9 3 3 6 4 4 12 12 26 20 11 2 2 3

6 1 4 8 5 3 5 5 4 10 10 9 19 10 2 3 4

7 1 7 11 6 5 8 7 7 10 9 15 19 7 4 6 9

8 4 9 15 8 6 11 12 15 13 8 15 26 12 9 16 12

9 5 17 24 16 10 14 21 12 15 11 16 32 24 18 21 19

10 6 25 28 22 17 18 29 13 19 16 22 43 34 27 23 22

63 51 50 49 52 69 46 42 42 47 70 47 61 63 52 51

100< 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3-9 23 8 1 8 3

8 2

8 3

8 1
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11 21 30 37 23 29 24 28 25 28 17 36 45 45 32 22 33

12 30 31 39 29 36 37 22 28 30 29 41 45 35 26 36

13 41 45 21 51 19 20 28 31 63 43 42 35 25 27

14 40 34 51 20 23 54 28 22 28 35 65 48 37 25 28 28

15 16 12 41 26 17 31 25 22 26 38 68 45 43 37 31 26

16 10 18 31 26 20 31 22 13 25 31 66 43 39 38 35 26

17 17 17 19 17 19 30 15 14 24 23 52 45 37 45 40 27

18 13 10 13 8 18 30 14 12 19 22 44 38 36 45 29 22

19 3 6 11 3 10 27 13 14 17 17 32 34 37 31 28 26

20 1 5 8 4 5 17 10 13 16 15 30 42 38 17 18 20

21 1 5 6 5 5 11 9 11 15 13 20 50 34 12 8 3

22 1 5 2 2 3 7 6 9 13 12 14 53 32 15 7 8

23 2 3 1 2 1 8 4 8 12 12 10 49 27 9 13 5

24 4 3 1 2 2 7 4 7 12 9 7 43 24 5 12 3

1 4 2 1 2 3 2 4 10 5 5 41 4

2 3 1 2 3 4 6 2 3 10 5 39 21 2 11 3

3 1 1 1 5 4 4 4 1 9 5 3 34 19 2 9 3

4 1 1 1 6 5 2 4 2 8 3 1 15 3 2 2

5 1 1 1 6 4 1 3 2 6 3 1 25 13 2 4 2

6 1 2 3 6 3 2 5 3 7 8 1 20 10 2 10 3

7 3 4 6 7 4 6 6 5 5 12 6 17 11 5 12 7

8 4 6 9 9 8 10 8 6 7 13 11 18 18 11 16 13

9 4 9 13 12 11 14 11 8 10 15 16 20 27 21 19 19

10 7 10 19 15 13 19 13 10 14 18 21 26 29 26 25 25

11 6 11 19 16 16 25 17 17 19 21 29 33 31 37 34 33

12 11 16 14 24 32 22 17 18 25 35 35 43 37 38

13 15 31 16 26 23 39 21 13 17 27 40 36 42 33 36

14 26 30 31 28 30 17 12 18 27 44 36 34 38 31 38

15 18 13 36 16 26 29 15 11 14 19 45 38 36 36 33 36

16 6 7 40 14 19 28 15 11 11 17 35 37 38 33 31 29

17 5 5 30 10 18 21 14 11 9 17 34 33 32 35 33 30

18 3 5 23 9 11 15 13 11 7 13 33 31 32 33 30 28

19 4 4 10 6 3 6 11 10 5 10 24 34 35 20 19 25

20 4 3 5 7 2 3 9 8 6 6 19 32 31 14 12 17

21 4 2 0 5 2 2 8 7 6 6 19 29 22 12 10 11

22 4 3 1 4 1 1 7 6 5 5 12 31 16 8 10 8

23 1 3 2 4 1 1 5 4 4 4 7 28 12 3 8 5

24 1 3 1 3 1 1 3 6 3 4 6 23 8 4 8 5

1 2 5 1 3 1 1 8 8 3 3 5 18 4

2 1 6 3 3 1 1 9 6 4 2 4 13 6 4 6 4

3 4 7 5 3 1 1 7 5 8 1 3 11 3 2 6 5

4 5 5 0 3 1 1 9 5 7 1 1 9 1 7 3

5 3 3 0 4 1 1 7 6 7 1 1 8 2 7 5

6 2 3 0 3 3 2 5 3 5 2 2 9 5 8 8

7 4 4 0 4 3 2 8 8 5 2 2 9 5 6 11 9

8 6 6 3 7 5 5 10 12 6 4 3 11 7 9 12 12

9 8 9 9 14 6 9 14 15 9 6 5 13 9 11 10 11

10 6 13 9 17 12 15 18 19 14 8 8 17 16 9 16

41 34 51 29 36 54 28 28 30 38 68 53 45 45 40 38

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3-10 23 8 3 8 5

8 3

8 4

8 5

100<
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57.4 56.9 57.1 54.9 57.5 57.5 53.5 57.6 57.0 57.3 58.2 57.4 50.2 57.3 57.1 54.2

57.3 57.0 57.2 57.7 57.5 57.7 55.2 56.8 57.1 57.1 58.2 57.5 56.1 55.7 56.6 56.0

85.5 85.8 85.6 83.4 86.3 84.5 13.1 88.3 86.1 86.1 88.9 86.3 85.9 86.1 87.0 83.6

57.2 57.0 57.1 55.9 57.6 57.0 54.9 58.1 57.7 56.9 57.4 57.2 57.5 57.4 57.5 56.5

57.3 57.0 57.6 57.3 57.5 58.3 56.6 58.7 57.7 56.8 57.0 57.9 56.2 57.8 57.5 56.6

P M 2.5 11.7 12.9 16.0 18.0 14.9 18.8 17.4 17.7 14.8 16.8 15.0 14.0 15.7 11.7 11.8 8.4

25.9 26.1 20.8 22.5 20.0 18.8 28.3 23.3 14.1 10.8 13.9 8.6 14.4 14.3 15.0 15.2

17.8 15.7 14.6 19.0 14.3 13.4 37.8 18.4 11.1 9.1 8.6 6.7 10.6 17.7 19.0 17.3

22.9 20.1 28.7 22.9 21.3 22.1 22.3 17.6 14.7 15.2 20.2 8.3 22.4 17.8 18.1 18.1

12.5 11.9 11.9 13.6 11.8 13.8 12.4 10.1 6.3 9.3 13.5 11.1 16.1 11.3 12.0 9.6

O C 0.76 0.71 1.50 1.50 2.62 2.79 1.51 0.86 1.44 2.68 2.32 1.35 3.04 2.23 1.45 1.51

2.15 2.03 2.71 3.12 3.88 3.29 2.95 1.81 1.66 1.96 1.74 1.01 4.28 3.50 2.14 1.84

1.29 1.08 1.40 1.77 1.98 1.94 2.86 1.58 0.93 1.71 1.34 0.72 3.04 2.71 2.57 2.35

1.67 1.39 1.99 2.23 2.93 2.51 2.10 1.47 1.22 2.01 2.25 1.21 3.90 2.98 2.79 1.99

0.78 0.85 0.98 1.45 1.74 1.95 1.09 0.71 0.72 1.62 1.92 1.12 3.17 1.99 1.19 1.15

EC 0.33 0.93 1.08 1.77 1.16 1.64 1.19 1.26 1.37 1.52 1.13 0.79 1.04 0.81 1.26 0.92

1.90 2.56 2.06 3.23 2.28 1.75 2.06 2.02 1.61 1.24 1.19 0.75 1.36 1.57 1.32 1.02

1.33 1.42 1.20 1.55 1.27 1.09 2.32 1.35 0.79 0.96 0.90 0.58 1.04 1.35 1.56 1.25

1.72 1.36 1.97 1.78 1.39 1.42 1.32 1.11 0.68 1.23 1.58 0.81 1.49 1.30 1.56 1.36

1.05 1.14 1.11 1.29 1.01 1.10 0.82 0.77 0.47 0.86 1.05 0.73 0.77 0.77 1.09 0.78

W S O C 0.9 ** 0.7 ** 1.3 ** 0.8 ** 1.8 1.6 < 0.5 * < 0.5 * 1.1 ** 2.4 2.0 1.7 1.7 0.6 ** 0.7 ** 1.0 **

2.6 2.6 3.0 2.1 2.6 2.5 1.7 1.7 1.6 2.0 1.6 1.0 ** 1.6 1.6 1.5 ** 1.2 **

1.3 ** 1.2 ** 1.6 1.3 ** 1.1 ** 1.1 ** 5.1 1.1 ** 0.8 ** 1.2 ** 1.0 ** 0.5 ** 1.3 ** 1.8 1.8 1.7

1.9 1.7 2.9 1.9 2.1 2.3 1.9 1.6 1.3 ** 2.2 2.4 1.3 ** 1.7 1.7 2.0 2.5

0.6 ** 0.6 ** 0.9 ** 0.6 ** 0.8 ** 0.9 ** < 0.5 * < 0.5 * < 0.5 * 0.9 ** 1.2 ** 1.0 ** 1.2 0.7 ** 0.6 ** 1.0 **

N a+ 0.07 0.09 0.04 0.10 0.05 0.03 0.20 0.12 0.07 0.04 0.03 0.01 0.03 0.06 0.08 0.09

0.05 0.04 0.02 0.07 0.01 0.02 0.07 0.07 0.02 0.00 ** 0.01 ** 0.00 * 0.01 0.05 0.10 0.09

0.03 0.03 0.01 0.05 0.02 0.02 0.02 0.04 0.02 0.01 ** 0.02 0.01 0.02 0.04 0.03 0.04

0.08 0.05 0.04 0.04 0.04 0.04 0.04 0.05 0.03 0.03 0.02 0.01 ** 0.02 0.05 0.04 0.04

0.10 0.11 0.05 0.13 0.10 0.09 0.12 0.12 0.09 0.10 0.07 0.02 0.01 ** 0.10 0.10 0.08

N H 4
+ 0.92 1.13 1.13 1.30 1.10 1.10 1.50 1.40 1.50 1.50 1.40 1.20 1.40 1.10 0.93 0.93

3.09 3.14 1.55 1.80 1.10 0.96 1.60 2.50 1.30 1.10 0.99 0.53 0.49 0.73 0.88 1.20

2.21 2.00 1.50 1.80 1.40 0.98 3.10 2.00 1.30 0.89 0.78 0.46 0.56 1.80 1.90 1.50

2.21 2.01 3.74 2.00 2.10 2.30 1.90 1.60 1.60 1.70 2.40 0.64 2.00 2.10 2.00 2.20

0.68 0.57 1.02 0.58 0.77 0.88 0.43 0.28 0.53 0.69 1.20 0.84 1.10 0.89 0.75 0.89

K + 0.28 0.06 0.05 0.07 0.07 0.09 0.07 0.03 0.09 0.09 0.08 0.04 0.04 0.03 0.023 0.04

0.11 0.16 0.09 0.16 0.07 0.08 0.09 0.11 0.08 0.04 0.09 0.03 0.08 0.07 0.072 0.04

0.10 0.08 0.06 0.11 0.08 0.06 0.09 0.10 0.04 0.04 0.06 0.04 0.10 0.11 0.084 0.07

0.16 0.12 0.15 0.12 0.11 0.11 0.11 0.12 0.08 0.06 0.10 0.04 0.09 0.13 0.100 0.24

0.05 0.05 0.05 0.06 0.06 0.07 0.08 0.04 0.02 0.04 0.05 0.03 0.01 ** 0.04 0.045 0.03

M g2
+ 0.01 0.03 0.01 ** 0.02 0.01 0.01 ** 0.03 0.02 0.02 0.01 ** 0.00 ** 0.00 * 0.00 * 0.01 ** 0.008 ** 0.02

0.03 0.02 0.01 ** 0.02 0.00 * 0.00 * 0.02 0.01 0.00 ** 0.00 * 0.00 * 0.00 * 0.00 * 0.01 ** 0.010 ** 0.01

0.01 0.01 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 * 0.01 ** 0.00 * 0.00 * 0.00 ** 0.00 * 0.00 ** 0.01 0.009 0.02

0.02 0.01 0.01 0.01 0.01 ** 0.01 ** 0.01 ** 0.01 ** 0.01 ** 0.01 ** 0.00 * 0.00 * 0.00 * 0.01 0.010 ** 0.02

0.03 0.02 0.01 ** 0.03 0.02 0.01 0.02 0.02 0.01 0.01 0.01 ** 0.00 * 0.00 * 0.02 0.011 0.01

C a2+ 0.01 * 0.22 0.08 0.21 0.19 0.06 0.25 0.16 0.08 0.16 0.11 0.13 0.08 0.04 ** 0.009 * 0.01 *

0.11 0.22 0.16 0.24 0.11 0.08 0.25 0.12 0.07 0.04 ** 0.04 ** 0.03 ** 0.06 0.04 ** 0.053 ** 0.25

0.16 0.14 0.06 0.12 0.08 0.06 0.12 0.09 0.03 ** 0.04 0.06 0.04 ** 0.05 0.06 0.039 0.29

0.16 0.18 0.12 0.26 0.05 ** 0.04 ** 0.12 0.11 0.06 0.10 0.08 0.06 0.04 ** 0.06 ** 0.067 0.07

0.06 0.20 0.04 ** 0.15 0.03 ** 0.03 ** 0.06 0.06 0.01 * 0.02 ** 0.02 ** 0.05 ** 0.03 ** 0.07 0.056 ** 0.05 **

C l- 0.01 ** 0.02 ** 0.01 ** 0.04 0.01 ** 0.00 * 0.03 0.09 0.05 0.03 0.02 ** 0.01 ** 0.00 * 0.00 * 0.010 ** 0.01 **

0.09 0.09 0.05 0.04 0.00 * 0.02 0.04 0.08 0.02 ** 0.03 0.01 ** 0.00 * 0.00 * 0.00 * 0.026 0.01 **

0.01 ** 0.01 ** 0.04 0.01 ** 0.01 ** 0.01 ** 0.00 * 0.01 ** 0.01 ** 0.01 ** 0.01 ** 0.00 * 0.07 0.00 * 0.009 ** 0.01 **

0.12 0.02 ** 0.10 0.01 ** 0.01 ** 0.01 ** 0.00 * 0.04 0.01 ** 0.01 ** 0.01 ** 0.03 0.01 ** 0.00 * 0.010 ** 0.00 *

0.02 ** 0.03 0.02 ** 0.03 0.01 ** 0.01 ** 0.06 0.05 0.03 0.02 ** 0.03 0.00 * 0.00 * 0.00 * 0.041 0.01 **

N O 3- 0.04 0.11 0.12 0.15 0.23 0.09 0.11 0.14 0.36 0.23 0.20 0.18 0.09 0.02 ** 0.055 0.01 **

4.04 4.81 1.97 0.86 0.30 0.24 0.36 2.00 0.80 0.08 0.12 0.09 0.10 0.09 0.120 0.07

0.32 0.16 0.68 0.09 0.08 0.05 0.22 0.08 0.08 0.04 0.09 0.03 0.07 0.05 0.040 0.12

0.34 0.12 3.58 0.11 0.13 0.05 0.05 0.06 0.14 0.10 0.29 0.10 0.10 0.05 0.120 0.08

0.04 0.10 0.17 0.16 0.08 0.04 0.11 0.06 0.04 0.12 0.12 0.06 0.04 0.07 0.092 0.04

S O 4
2- 2.92 3.81 3.08 4.10 3.20 2.90 4.90 4.40 4.00 4.00 3.30 3.10 4.00 3.20 2.800 2.90

5.16 4.96 2.56 5.00 2.50 2.20 4.60 5.50 2.50 2.50 2.40 1.20 1.30 2.10 2.700 4.10

5.72 5.47 3.33 5.10 3.70 2.50 7.20 5.60 3.40 2.20 1.90 1.10 1.50 5.20 5.200 4.70

5.70 5.66 6.94 5.70 5.60 6.20 5.20 4.40 4.10 4.20 6.00 1.40 5.40 6.00 5.700 6.10

2.27 2.26 2.79 2.20 2.40 2.60 1.70 1.40 1.70 2.10 3.40 2.10 2.80 2.80 2.300 2.70

m 3)

4  

4.1 PM2.5  

4-1-1 PM2. 5             3  ng/ m3  
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N a 129 131 79 185 99 89 220 179 126 56 86 25 48 118 166 170

M g 14 19 12 33 15 13 47 26 20 <2.9 * 18 7 12 14 25 44

A l <80 * <80 * <80 * <80 * <80 * <80 * 200 <80 * <80 * <80 * <80 * <80 * <80 * <80 * <80 * 162

K 28 36 37 63 41 44 58 42 17 <14 * <14 * <14 * <14 * <14 * <14 * 33

C a 9 71 16 105 25 14 75 43 <8.5 * 25 48 140 <8.5 * <8.5 * 14 145

S c 0.01 0.01 0.01 0.02 0.01 0.01 0.08 0.01 0.02 <0.0022 * 0.02 0.01 0.01 <0.0022 * 0.01 0.03

T i 1042 968 980 381 350 322 137 136 158 <81 * <81 * <81 * <81 * <81 * <81 * <81 *

V 11.6 10.5 3.0 9.7 2.7 2.7 9.0 6.9 3.4 1.3 2.0 0.6 2.3 4.2 3.9 4.1

C r 3.5 9.4 3.9 5.5 3.8 3.7 5.6 6.1 1.8 <0.23 * 0.6 <0.23 * <0.23 * 1.7 0.7 2.4

M n 6.3 11.1 6.4 14.7 5.8 6.2 11.2 10.1 5.5 2.3 4.4 2.5 2.2 2.9 2.9 7.4

Fe 105 217 94 209 94 78 315 341 73 23 57 30 45 51 53 124

C o 0.05 0.13 0.04 0.08 0.05 0.13 0.11 0.15 <0.026 * 0.03 <0.026 * <0.026 * <0.026 * <0.026 * <0.026 * 0.03

N i 3.54 4.56 1.18 3.59 0.79 1.03 2.84 3.05 0.88 <0.45 * <0.45 * <0.45 * <0.45 * 0.69 0.50 1.01

C u 2.05 5.11 3.60 4.97 4.08 6.35 2.86 2.60 3.73 <0.77 * 2.07 0.84 1.99 3.94 1.95 5.90

Zn 28 37 33 50 34 38 33 58 43 15 26 14 13 27 14 21

A s 0.52 0.61 0.73 0.97 0.69 0.57 0.91 0.74 0.71 0.36 0.43 0.24 0.25 0.32 0.37 0.40

S e 0.68 0.68 0.92 0.80 0.77 0.68 0.82 0.88 0.65 0.29 0.50 0.19 0.25 0.33 0.38 0.41

B r 1.54 2.11 1.32 0.98 0.68 3.08 0.70 1.82 0.97 0.83 1.09 1.63 0.54 1.52 1.74 1.13

R b 0.21 0.24 0.18 0.32 0.18 0.20 0.37 0.26 0.17 0.11 0.17 0.08 0.12 0.13 0.16 0.23

S r 1.24 2.33 1.24 3.33 1.23 0.75 1.63 1.18 0.96 0.31 0.92 0.69 1.27 0.88 1.15 2.03

M o <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * <2.2 * 3.4716

A g 0.20 0.09 0.31 0.10 0.28 0.25 0.11 0.14 1.87 0.03 0.12 0.04 0.04 0.05 0.10 0.04

C d 0.13 0.17 0.14 0.22 0.19 0.17 0.26 0.24 0.16 0.09 0.12 0.06 0.07 0.14 0.09 0.11

S b 0.92 1.04 1.55 1.50 1.49 1.64 1.10 1.09 1.17 0.60 3.23 0.51 0.62 1.08 0.61 0.77

C s 0.036 0.038 0.026 0.043 0.029 0.038 0.052 0.039 0.022 0.010 0.022 0.011 0.014 0.017 0.020 0.023

B a 3.2 3.8 4.8 5.4 4.6 3.6 5.3 3.7 4.8 2.2 5.6 2.8 4.1 4.3 5.2 7.17

La 0.12 0.23 0.21 0.67 0.12 0.11 0.16 0.37 0.13 0.02 0.10 0.04 0.07 0.07 0.12 0.182

S m <0.011 * <0.011 * <0.011 * 0.0227 0.017 0.0123 0.0315 0.019 0.0284 <0.011 * 0.0281 <0.011 * 0.0122 <0.011 * 0.0302 0.0451

Eu <0.0015 * 0.00384 0.00252 0.00489 0.00423 0.00323 0.0074 0.00402 0.00568 <0.0015 * 0.00651 0.0017 0.00309 0.00226 0.00709 0.01029

A u 0.00083 0.00092 0.00090 0.00053 <0.00041 * 0.00065 0.00098 <0.00041 * <0.00041 * <0.00041 * <0.00041 * <0.00041 * <0.00041 * <0.00041 * <0.00041 * <0.00041 *

P b 5.2 5.9 5.4 8.4 6.4 6.4 7.6 7.7 5.9 2.4 5.3 2.2 2.1 3.9 3.1 2.9

m 3) 57.4 56.9 57.1 54.9 57.5 57.5 53.5 57.6 57.0 57.3 58.2 57.4 50.2 57.3 57.1 54.2

57.3 57.0 57.2 57.7 57.5 57.7 55.2 56.8 57.1 57.1 58.2 57.5 56.1 55.7 56.6 56.0

85.5 85.8 85.6 83.4 86.3 84.5 13.1 88.3 86.1 86.1 88.9 86.3 85.9 86.1 87.0 83.6

57.2 57.0 57.1 55.9 57.6 57.0 54.9 58.1 57.7 56.9 57.4 57.2 57.5 57.4 57.5 56.5

57.3 57.0 57.6 57.3 57.5 58.3 56.6 58.7 57.7 56.8 57.0 57.9 56.2 57.8 57.5 56.6

5.2 10.5 8.2 11.3 4.9 5.5 15.2 11.3 6.9 7.5 5.4 2.0 3.3 6.1 6.7 8.7

6.6 11.3 7.1 11.5 6.4 4.0 12.3 9.5 5.3 2.5 4.3 4.5 5.2 8.3 8.0 10.7

5.2 6.3 2.8 5.6 5.2 3.8 7.8 8.0 4.7 3.3 3.8 4.2 4.6 7.0 6.7 9.0

9.1 10.9 11.1 8.7 8.8 6.4 8.7 6.8 5.5 5.2 6.9 3.9 2.2 7.7 9.1 7.7

10.1 10.8 4.9 9.2 7.0 5.8 10.2 8.6 6.2 5.8 6.7 2.8 5.6 8.2 8.3 7.1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-1-2 PM(10-2. 5)                       3 
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S O 2 35.7 89.9 65.5 14.0 29.6 83.3 18.3 9.3 9.6 14.9 19.4
69.4 56.2 32.0 13.6 340.2 46.8 3.1 9.0 10.3 15.7 131.1

67.1 37.7 6.5 6.4 145.6 16.8 1.6 8.2 8.5 11.6 39.0
106.1 30.7 105.2 15.6 43.4 45.8 10.0 13.3 8.6 16.2 59.5

74.1 14.0 20.1 9.8 57.1 67.3 1.8 11.4 6.7 16.8 38.1

H N O 3 3.7 9.1 4.1 35.5 0.0 30.6 3.0 31.6 11.8 - 2.3
4.2 3.4 84.8 38.6 18.2 18.7 2.6 19.9 9.1 6.0 14.1

7.8 36.8 2.1 26.8 42.3 17.6 1.4 8.9 8.3 8.4 12.5
3.5 16.9 39.1 28.7 18.1 18.8 4.3 23.0 19.9 13.4 21.7

4.8 9.7 15.9 23.4 10.3 11.6 0.6 1.1 29.5 2.9 24.2

H C l 1.5 13.5 10.1 56.5 0.0 34.7 5.2 11.7 9.9 2.9 3.7
1.1 4.2 27.8 59.8 27.8 14.8 3.0 7.7 5.8 6.2 16.0

7.0 17.6 - 31.4 22.4 14.0 1.0 6.5 5.2 12.2 74.2

4.3 16.8 18.2 58.8 47.8 30.9 5.7 16.7 15.5 15.0 120.1
5.1 12.4 16.6 50.5 40.8 32.4 1.9 7.7 13.9 9.0 115.7

N H 3 282 167 212 90 430 295 83 329 164 142 236
249 344 257 56 271 440 51 302 180 175 413

234 195 254 61 221 321 32 201 159 143 222

283 160 320 66 243 408 80 253 129 131 294
775 168 211 79 214 393 72 481 135 131 206

S O 42- 19.0 45.4 25.4 34.0 3.4 67.9 0.2 22.4 29.3 15.4 25.7
50.2 20.4 38.5 28.3 79.6 2.1 1.5 15.4 15.2 2.0 1.5

59.3 49.6 4.0 28.9 83.5 65.2 0.5 15.8 13.3 14.0 1.2

79.8 49.5 6.6 65.7 34.0 50.1 15.7 56.6 16.6 61.0 1.3
29.8 19.2 30.9 30.4 25.6 7.4 1.4 4.4 25.5 38.2 25.9

N O 3- 20.7 35.2 19.6 31.6 2.3 56.2 0.6 24.1 5.6 5.2 11.3
117.7 42.2 75.9 42.5 130.9 7.0 0.9 12.4 5.0 1.9 2.8

57.7 28.8 0.8 9.9 44.2 20.7 0.0 12.8 4.5 7.7 1.1

59.0 27.2 4.8 26.6 17.7 33.1 10.0 114.8 3.5 14.5 1.4
25.6 13.8 16.2 17.1 16.2 8.1 1.4 5.8 9.0 9.4 17.1

C l- 29.6 39.8 7.5 15.2 1.4 32.0 0.0 3.2 2.6 - 14.3
28.2 10.8 10.7 20.5 34.9 0.4 0.0 2.0 4.3 1.9 0.9

26.0 13.6 - 3.4 25.6 13.5 0.0 4.2 2.9 2.9 0.1

49.5 19.6 1.8 7.7 22.1 14.1 2.4 14.4 1.3 3.4 0.2
76.3 48.8 34.2 34.5 113.8 30.7 1.9 5.3 5.0 1.6 21.9

N H 4+ 36.1 62.5 54.6 107.0 8.7 154.0 0.0 55.6 56.9 14.0 63.0

177.1 53.1 133.2 127.2 211.5 6.2 4.9 38.7 30.8 3.0 5.3
141.4 93.3 5.4 87.7 144.3 134.6 1.3 42.4 24.2 19.9 1.2

157.0 83.3 8.0 144.8 59.0 106.6 37.2 215.5 34.2 87.6 2.4
53.2 22.8 51.8 77.2 21.0 12.0 3.8 7.5 49.5 48.2 53.8

N a+ 41.9 53.8 16.2 31.5 0.0 61.3 0.0 5.6 4.1 52.5 27.2

39.5 8.8 8.8 23.0 1.7 0.8 0.0 1.4 1.9 0.0 3.9
38.3 26.6 0.6 6.0 1.2 24.1 0.0 2.2 3.2 0.0 0.1

74.9 30.1 4.3 31.5 0.0 34.6 3.6 14.1 1.1 31.5 1.1
75.1 50.1 45.2 49.7 66.4 34.7 1.5 4.2 8.1 0.0 37.7

K + 4.5 1.2 1.8 3.3 0.0 4.4 0.0 2.7 2.7 0.0 2.7

6.2 0.3 3.1 3.5 0.6 0.2 0.0 3.3 2.9 0.0 2.2
5.2 1.6 0.1 1.8 2.0 4.0 0.0 2.0 2.5 0.0 0.9

8.0 1.2 0.3 3.2 0.0 3.5 0.4 4.6 2.4 0.0 0.4

4.4 0.6 2.8 3.0 0.0 1.1 0.0 1.7 1.5 0.0 3.7

M g2+ 3.5 7.4 2.6 3.0 0.2 4.9 0.8 3.1 1.4 0.0 1.1

5.2 2.1 3.1 2.8 5.8 0.0 0.7 2.4 0.8 - 0.0
4.4 3.7 1.0 0.4 5.4 1.7 0.5 1.9 0.6 0.0 0.0

8.8 5.5 1.7 3.2 3.4 2.6 1.4 4.0 1.0 67.1 0.0

7.7 6.8 4.5 4.5 11.8 1.9 0.7 2.8 0.8 0.0 2.0

C a2+ 21.7 28.2 4.5 11.3 0.0 11.4 0.9 5.5 4.4 0.0 1.0

26.5 12.9 8.7 9.5 11.9 2.0 0.9 3.0 5.7 - 0.5
17.3 9.3 0.0 1.4 8.4 1.6 0.3 2.4 1.3 0.0 0.0

35.6 19.4 0.3 9.7 1.3 3.9 1.7 5.8 0.6 42.7 -

28.4 12.5 3.6 7.9 3.8 3.1 0.9 3.0 2.6 0.0 1.3

4.2  

4-2-1             :  nmol / m3  
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5  

5.1 CMB  

5-1-1 23       g/ m3  

 
5-1-1  

18.1 1.43 1.72 0.57 0.07 1.58 0.19 7.28 5.29
17.2 1.93 1.58 0.23 0.15 2.93 0.35 7.33 2.69
18.0 2.62 0.44 0.29 0.07 1.31 0.22 6.75 6.34
19.2 2.84 1.45 0.29 0.31 2.78 0.52 6.28 4.72
16.3 2.54 0.40 0.28 0.14 1.30 0.19 4.97 6.45
17.0 2.48 0.41 0.33 0.11 0.61 0.24 4.53 8.32
21.1 1.92 1.35 0.22 0.47 2.50 0.38 5.89 8.33
17.5 1.94 1.04 0.27 0.38 1.39 0.38 6.44 5.63
12.1 1.60 0.51 0.24 0.27 0.49 0.22 4.70 4.06
11.9 2.27 0.00 0.21 0.07 0.67 0.07 4.20 4.45
13.7 2.09 0.30 0.29 0.12 0.86 0.15 4.72 5.14
9.5 1.42 0.00 0.08 0.00 1.13 0.06 2.52 4.28

15.4 2.04 0.34 0.28 0.00 0.77 0.06 4.00 7.88
14.9 1.94 0.64 0.32 0.21 0.73 0.09 5.42 5.53
15.5 2.38 0.60 0.27 0.39 0.51 0.10 5.33 5.94
14.1 1.75 0.59 0.24 0.34 2.35 0.22 5.60 3.02

18.1 7.9% 9.5% 3.1% 0.4% 8.7% 1.0% 40.2% 29.2%
17.2 11.2% 9.2% 1.3% 0.9% 17.0% 2.0% 42.6% 15.7%
18.0 14.5% 2.5% 1.6% 0.4% 7.3% 1.2% 37.4% 35.1%
19.2 14.8% 7.6% 1.5% 1.6% 14.5% 2.7% 32.7% 24.6%
16.3 15.6% 2.4% 1.7% 0.9% 8.0% 1.2% 30.5% 39.6%
17.0 14.6% 2.4% 2.0% 0.7% 3.6% 1.4% 26.6% 48.9%
21.1 9.1% 6.4% 1.1% 2.2% 11.9% 1.8% 28.0% 39.5%
17.5 11.1% 6.0% 1.5% 2.1% 8.0% 2.2% 36.9% 32.2%
12.1 13.2% 4.3% 2.0% 2.3% 4.1% 1.8% 38.9% 33.6%
11.9 19.0% 0.0% 1.8% 0.6% 5.6% 0.5% 35.2% 37.2%
13.7 15.3% 2.2% 2.1% 0.8% 6.3% 1.1% 34.5% 37.6%
9.5 14.9% 0.0% 0.8% 0.0% 12.0% 0.6% 26.6% 45.1%

15.4 13.3% 2.2% 1.8% 0.0% 5.0% 0.4% 26.0% 51.3%
14.9 13.0% 4.3% 2.2% 1.4% 4.9% 0.6% 36.4% 37.2%
15.5 15.4% 3.8% 1.7% 2.5% 3.3% 0.6% 34.3% 38.3%
14.1 12.4% 4.2% 1.7% 2.4% 16.7% 1.5% 39.7% 21.4%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%



91

18.1 1.43 1.72 0.57 0.07 1.58 0.19 9.44 3.13
17.2 1.93 1.58 0.23 0.15 2.93 0.35 9.32 0.70
18.0 2.62 0.44 0.29 0.07 1.31 0.22 9.61 3.48
19.2 2.84 1.45 0.29 0.31 2.78 0.52 8.29 2.71
16.3 2.54 0.40 0.28 0.14 1.30 0.19 7.40 4.02
17.0 2.48 0.41 0.33 0.11 0.61 0.24 6.96 5.89
21.1 1.92 1.35 0.22 0.47 2.50 0.38 7.95 6.27
17.5 1.94 1.04 0.27 0.38 1.39 0.38 8.06 4.01
12.1 1.60 0.51 0.24 0.27 0.49 0.22 6.26 2.50
11.9 2.27 0.00 0.21 0.07 0.67 0.07 6.73 1.92
13.7 2.09 0.30 0.29 0.12 0.86 0.15 7.08 2.77
9.5 1.42 0.00 0.08 0.00 1.13 0.06 4.08 2.72

15.4 2.04 0.34 0.28 0.00 0.77 0.06 6.22 5.66
14.9 1.94 0.64 0.32 0.21 0.73 0.09 7.40 3.54
15.5 2.38 0.60 0.27 0.39 0.51 0.10 7.37 3.90
14.1 1.75 0.59 0.24 0.34 2.35 0.22 7.85 0.77

18.1 7.9% 9.5% 3.1% 0.4% 8.7% 1.0% 52.1% 17.3%
17.2 11.2% 9.2% 1.3% 0.9% 17.0% 2.0% 54.2% 4.1%
18.0 14.5% 2.5% 1.6% 0.4% 7.3% 1.2% 53.3% 19.3%
19.2 14.8% 7.6% 1.5% 1.6% 14.5% 2.7% 43.2% 14.1%
16.3 15.6% 2.4% 1.7% 0.9% 8.0% 1.2% 45.5% 24.7%
17.0 14.6% 2.4% 2.0% 0.7% 3.6% 1.4% 40.9% 34.6%
21.1 9.1% 6.4% 1.1% 2.2% 11.9% 1.8% 37.7% 29.8%
17.5 11.1% 6.0% 1.5% 2.1% 8.0% 2.2% 46.1% 23.0%
12.1 13.2% 4.3% 2.0% 2.3% 4.1% 1.8% 51.7% 20.7%
11.9 19.0% 0.0% 1.8% 0.6% 5.6% 0.5% 56.3% 16.1%
13.7 15.3% 2.2% 2.1% 0.8% 6.3% 1.1% 51.9% 20.3%
9.5 14.9% 0.0% 0.8% 0.0% 12.0% 0.6% 43.0% 28.7%

15.4 13.3% 2.2% 1.8% 0.0% 5.0% 0.4% 40.5% 36.8%
14.9 13.0% 4.3% 2.2% 1.4% 4.9% 0.6% 49.8% 23.8%
15.5 15.4% 3.8% 1.7% 2.5% 3.3% 0.6% 47.5% 25.1%
14.1 12.4% 4.2% 1.7% 2.4% 16.7% 1.5% 55.7% 5.5%
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6  

 

 

 

 

 

 

 

  ( ) ( ) -  14107 

 1-2-15   

( m) 35.25.09N  139.37.14E( m) 

m

0.5km 16 2km

 

 

 2 ( ) ( ) -  14131 

 20-2   

( m) 35.30.43N  139.42.55E(10m) 

480m

5 6km 4km  

 

 3 ( ) ( ) -  14209 

 2-11-15   

( m) 35.34.19N 139.22.23E(21m) 

200m

16  

 

 4 ( ) ( ) -  13108 

 1-7-5   

( m) 35.39.54N  139.49.39E(23m) 

100m 200 1km

1 2km  

10 2km

 

 5 ( ) ( ) -  11107 

 6-4-4  ( )  

( m) 35.51.43N  139.38.43E(15m) 

17  

1.4km  
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 6 ( ) ( ) -  11421 

 914   

( m) 36.04.19N  139.33.50E(4m) 

300m 2.2km

122  

 

 7 ( ) ( ) -  12106 

 1-11   

( m) 35.37.51N  140.04.15E(5m) 

800m

14 2km  

 

 8 ( ) ( ) -  12219 

 1-8-8   

( m) 35.31.34N  140.04.05E(5m) 

16

 

700m

1000m  

 9 ( ) ( ) -  8203 

 2-7-46   

( m) 36.4.16N  140.11.27E(3m) 

300m

354  

2.6km 700m

10km  

 10 ( ) ( ) -  9304 

 2145-13  4  

( m) 36.36.1N  139.56.25E(12m) 

1km 4  

300 600m
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 11 ( ) ( ) -  10201 

 378   

( m) 36.24.06N  139.05.57E(20m) 

500m

2km 300m  

300m

 

 12 ( ) ( ) -  20201 

 1978   

( m) 36.37.57N  138.10.38E(4m) 

1km 300 600m

 

8km

300 400m 1000 2000m  

 13 ( ) ( ) -  19201 

 1-7-31   

( m) 36.40.08N  138.33.11E(4.5m) 

400m (16,000 ) NO2  

280m 100m

 

 14 ( ) ( ) -  22101 

 1-4-7   

( m) 34.97.36N 138.40.06E(9m) 

400m 1
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300m ( 63.7m) 700m (
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7 4 FP  

7.1  

 
7-1  

 
 

Cl 10 mg/ L NO3 (30 mg/ L SO4
2 40 mg/ L)

25  
 

 
Na+ NH4

+ K+ Mg2+ Ca2+ 1000 mg/ L 10 20 4 4
4ml 500ml 2L 100ml

 

7.2  

5 6-2

 

C l– N O 3
–

S O 4
2–

N a+ N H 4
+

K + M g2+ C a2+

C l– N O 3
– S O 4

2–
N a+ N H 4

+
K + M g2+ C a2+

C V %

7-1  

7-2 mg/ L CV% 
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7.3 

7-3  
 

 

CV 10 20  
 

 
Na+ K+ Ca2+

CV 14 17% Na+ 30%
Ca2+ 30%

Mg2+ NH4
+ CV 10
20%  

  *  30%  
**   11  

 
 
 

C l– N O 3
– S O 4

2– N a+ N H 4
+ K + M g2+ C a2+

2

3

4

5

- - - - -

C V %

7-3  
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