


 

 

 
 

 
 

Characteristics and Factors of Acid Rain in Fukui Prefecture Compared with the Whole Country Data 
 

Dai TAKAOKA, Masanori YOSHIKAWA 
 

pH
SO42 ,NO3 ,NH4+

61.4 85.1
31.8  

 
 

 
20

1)

EANET
2)  

1987
3)

4)  
pH

PMF

 

 

 

4 5 5-15)

 
16 26  

56 72  
pH SO42- NO3- Cl- NH4+ 
Na+ K+ Ca2+ Mg2+ [ mol/L] H+

[ mol mm/L] 
H+ pH H+

[ mol/L] [mm]  
 

5%
 

  

n t t a/n 100  
a  

Micrsoft Excel
 

=TDIST(T,n 2,2) 
T=(x AVERAGE( ))/SQRT(VAR( )) 
x=MAX(ABS( AVERAGE( ))) 

 
 

 
 

 
 

pH  

 

 

 



 

 

3.6.1.1 16)

 
csv

pH H+

 

pH H+ 6

 

pH  H+  
[ mol mm/L] 

 
  

 
pH 4.30 6000    

4.30 pH 4.55 5000 6000   
4.55 pH 4.80 4000 5000   
4.80 pH 5.05 3000 4000   
5.05 pH 5.30 2000 3000   
5.30 pH 2000   

 
 

PMF
US-EPA EPA PMF 5.0

EPA PMF 5.0 User Guide17)

 

PMF
Concentration Data File

Uncertainty Data File

yyyy/mm
yyyy’/mm’/dd’ EPA PMF

3.3

2  

    
 H16.4 H27.3  H16.4 H27.3 
 H16.4 H27.3  H16.4 H27.3 
 H16.4 H27.3  H16.4 H27.3 
 H18.4 H27.3  H16.4 H27.3 
 H16.4 H27.3  H16.4 H27.3 
 H18.4 H26.3  H17.4 H27.3 
 H16.4 H27.3  H16.4 H27.3 

 

5,10,15,20%
2.3.7 3 5%  

Extra Modeling Uncertainty

0%  

999

 

3 12
 

100
Seed 1 2.3.2 2.3.4

20  

Signal/Noise
S/N 0 S/N<0.5 Bad

0.5 S/N<1 Weak 3
1<S/N Strong

 

Q

Q(theory)

Q(robust)
Q(true)  

Q
Q(theory) Q(robust) Q(true)

Q(theory)
Q(robust) Q(true) EPA PMF 5.0

 
 

Q(theory) = n m p ( n + m ) 
n m p  

 
2.3.2 2.3.4

Q
3  

 

Bootstraps



 

 

18) PMF Run 
Number

Run Number

 
Bootstraps

100  

Wang19)

TrajStat 1.2.2.6
HYSPLIT

GIS
 

PM2.5
20)

 

2014
1  

 
 36.07 
 136.26 

39-4  
 1,300m 

1:00 3  
72  

2014.4.1 4.30  
2014.7.1 7.30  
2014.10.1 10.30  
2015.1.1 1.30  

 

 

pH 2005
4

3

 
pH 5

11 2

pH

 

nss-SO42- pH 3

pH
6

3 nss-SO42- pH

7  

NO3- nss-SO42-

nss-SO42-

8 NO3-

NOx  

NH4+ 2003 2006
pH

nss- SO42-

9 NH4+

3

 

nss-Ca2+ 2007
10 Ca

11 2007
2010

SPM
nss-Ca2+

 

 

SO42 ,NO3 ,NH4+

 
 

1 15



 

 

20cm  
pH H+ 264

12 11 2
 

http://www.erc.pref.fukui.jp/center/research/acidrain/aci
drain.html 

(1) pH  
pH

12 pH

3  

 
 

  
 

3.1

3,000m

13  
(2) 2007 11 pH  

2007 11

14

 
(3) 2011 9 pH  

2011 9
15

16,17 9

 
 

   

 

 

 



 

 

H+

21)  
(1) H+  

4 9 pH

H+ 10 50
100 300 18,19

5km 22)

 
H+

 

 

 

 
(2) H+  

3.2.1(1) pH
2012 1 H+

11 2  
3.1.6

20

H+

 

H+

23)

 

 

PMF

2.3.2
 

1 12 PMF
21,22

5
55.7%  

3

PM2.5 PMF
24)

 

33.8% 58.9%
32.2% 16.0%

 

11 2 PMF
23,24
61.4% 85.1%

31.8%

3
 

2011 9
25

2011
9

2011 9 pH 5.28
1 pH 4.30 7 pH 4.65  

2011 9
PMF

 

[mm]



 

 

 

SO42-, NO3- 
SO42- 
NO3- 
Na+, Cl-, Mg2+ 
Ca2+ 

 

 

 

 

 

SO42-, NO3- 
SO42- 
NO3- 
Na+, Cl-, Mg2+ 
Ca2+ 

 

 

 
 



 

 

 

 

3.2.1 3.2.2 Bootstraps Run
4 7 5,7 Bootstraps

Yse No
Factor

 
Factor2

Factor4
No

 
Factor3

Factor2
Factor4 No

 
PMF

Factor
400

 

 

 

 

 
 

 
 

 

2014
26  

pH

 

pH

 

 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Unmapped
Factor 1 0 0 98 0 2 0
Factor 2 1 33 27 32 7 0
Factor 3 0 0 0 0 100 0
Factor 4 0 100 0 0 0 0
Factor 5 100 0 0 0 0 0

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

MASS Yes Yes Yes No Yes

SO4
2- Yes Yes No Yes Yes

NO3
- Yes Yes Yes Yes Yes

Cl- Yes Yes No No Yes

NH4
+ Yes Yes Yes Yes Yes

Na+ Yes Yes No No Yes

K+ Yes Yes No No Yes

Ca2+ No Yes Yes Yes Yes

Mg2+ Yes Yes No No Yes

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Unmapped
Factor 1 0 1 99 0 0 0
Factor 2 100 0 0 0 0 0
Factor 3 13 70 13 3 1 0
Factor 4 2 3 8 0 87 0
Factor 5 0 0 2 98 0 0

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

MASS Yes Yes No Yes Yes

SO4
2- Yes No Yes Yes Yes

NO3
- Yes Yes Yes Yes Yes

Cl- No Yes No Yes Yes

Na+ Yes No Yes No No

K+ Yes Yes No No Yes

Ca2+ No Yes Yes Yes Yes

Mg2+ Yes Yes Yes No No

MASS SO4
2- NO3

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

Weak Strong Strong Strong Strong Strong Strong Strong Strong
Weak Strong Weak Strong Bad Strong Strong Strong Weak

 



 

 

 

 
SO42 ,NO3 ,NH4+

 
pH

3  
pH

 

 

pH
 

H+

 
PMF

31.8% SO42 61.4% NO3

85.1%  
PMF 2011 9

 

 

 
1) , 213-214(1988) 
2) 

,(2011) 
3)  

10 ,(1999) 
4)  

,
,9,106-108(2010) 

5) 4
( 16 ), ,31(3), 

118-186(2006) 
6) 4

( 17 ), ,32(3), 
78-152(2007) 

7) 4
( 18 ), ,33(3), 

126-196(2008) 
8) 4

( 19 )(1), ,34(3), 
193-223(2009) 

 

9) 4
( 20 ), ,35(3), 

88-138(2010) 
10) 5

( 21 ), ,36(3), 
106-146(2011) 

11) 5
( 22 ), ,37(3), 

110-157(2012) 
12) 5

( 23 ), ,38(3), 
84-126(2013) 

13) 5
( 24 ), ,39(3), 

100-146(2014) 
14) 5

( 25 ), ,40(3), 
98-142(2015) 

15) 5
( 26 ), ,41(3), 

2-37(2016) 
16) 

,(2016) 
17) US-EPA VISIBILITY MONITORING GUIDANCE 

(1999) 
18)  

, , 19(2), 50-81(1992) 
19) Ya-Qiang Wang et al TrajStat: GIS-based software 

that uses various trajectory statistical analysis 
methods to identify potential sources from long-term 
air pollution measurement data(2009) 

20) TrajStat PSCF  Version 
1.0(2014) 

21) , , 
60(12), 1099-1102(1992) 

22)  
, 48 , 4, 

340-341(1995) 
23)  

1 , , 20, 90-
101(1990) 

24)  PMF PM2.5

, , 14, 55-60 
 



 

 

 

 

 

 



 

 

 

 
 



 

 

  
 

*1 
 

Characteristics of Metalloids Dissolution in the Stabilization of Controlled Landfills 
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