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 1. $Q 

1.1 .BD	K, 

	

N2 1990

 (N2)  (reactive 

Nitrogen: Nr) 

, 

246Tg N yr-1(Galloway et al., 2004) 	

Nr 	

Nr 	

Nr  

20

Nr

	

	

	

1/10~1/100 Nr

	 Nr  (1990 early: 

100Tg N yr-1) 	

 (1990 early: 107 T g N yr-1) 2050

(165Tg N yr-1) (Galloway et al., 2004)



 5 

	 (1970~2005 ; 100 ~ 300 kg N ha-1),  

(1970~2005 ; 20 ~ 150 kg N ha-1),  (1970~2005 ; 20 ~ 300 kg N 

ha-1) 	1970 3~15 	

 (1970~2005 ; 100 ~ 150 kg N ha-1) (Shindo, 

2012) 	

 

	

, 

	 (N)  

(Carpenter et al., 1995; Swaney et al., 2012b) N

non-point source (NPS) 	

(Carpenter et al., 1995; Swaney et al., 2012a)

N Nr 	 NO3-

	 NO3- (Díaz et al., 2012)

(NPS)

	NPS N

(Carpenter et al., 1998)  

Nr 	

NOx

 (1990 early: 46 Tg N yr-1) (Galloway et al., 2004)

Nr 	 Nr
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(Ohara et al., 2007) 	

, 

 

 (N) 

(Howarth et al., 1996; Alvarez-Cobelas et al., 2008)

NO3- 	

N

	 NO3-

(Aber et al., 1989; Mitchell et al., 1997) 	

(Chiwa et al., 2012; Sugimoto and Tsuboi, 2015)

	 N

(Galloway et al., 2004)  

( , , , 

, ) 	

24%  (Swaney et 

al., 2012a) 45%

(Kimura et al., 2012)

N

N N N

	N
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	 N

	 N 	

N ( , 2007) N

	 N (Toda et al., 1997; 

Nira et al., 2005; Hama et al., 2007; Maruyama et al., 2010)  

N 	 Nr N

N 	 N N

(Hashimoto et al., 2007; Maruyama et al., 2008; 

Maruyama et al., 2009)

 

	 N

N

	

N (Williams and Melack, 

1991; Tachibana et al., 1996; Brooks and Williams, 1999; Unoki et al., 2001; 

Piatek et al., 2005; Chiwa et al., 2015b) 	N

	N 	

(Hazlett et al., 2001; Hayakawa et al., 2003; Piatek et al., 2005)



 8 

	 (

,2010data,http://www.maff.go.jp/j/tokei/kouhyou/sakumotu/sakkyou_kome

/index.html)	

N

	 	

 

	

(Fennessy and Cronk, 1997; Kaushal et al., 2008)

NO3- (Peterson et al., 

2001; Clément et al., 2003; Kasahara and Hill, 2007; Balestrini et al., 2011)

NO3- 	 (Jung et al., 2014; 

Li et al., 2014)	 (Cey et al., 1999)  

	

NO3- Topographic 

index (TI) , 	

	NO3-

TI NO3- 	 TI

(Ogawa et al., 2006; Anderson et 

al., 2015; Kulkarni et al., 2015a) TI digital elevation models (DEM) 

geographic information system (GIS) (Beven and Kirkby, 

1979) 	 	 NO3-

	TI NO3-
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	 NO3- δ15N, δ18O

NO3-  

(Rock and Mayer, 2004; Nestler et al., 2011) δ15N δ18O

 (Townsend-Small et al., 2007; Miyajima et al., 2009) 

 (Granger et al., 2004; Deutsch et al., 2009) N

	 N

 

 

1.2 .BD	A@ 

	

	

	 	

	

	

 

	



 10 

	 NO3-

	

NO3- 	

	 	

 

	

NO3-

	

 

2 	NPS

	

	 N

	

N
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3 	

NPS 	

NO3-

NO3- 	

NO3-

	 NO3- TI

 

4 2, 3 TI
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 2. UV��������=�4>�����L?�"�	
EH7�	&X 

2.1 
��� 

	

N

1  (DIN) 

	 N

DIN  

 

2.2 +6 

2.2.1 P1�2N 

(37.436ºN, 

137.260ºE; Fig. 2-1a)  (GIAHS) 

2009 2010

2,039 mm, 13.3ºC, 

39.1 cm  

53.0 km2 17.4 km (Fig. 1b) 471 

m  ( ) ( , , , ) 

( ) ArcGIS V10.1 (ESRI)

(site 10)	83, 13, 2, 2% (Table. 1) 	

(Fig. 1b) 14.0km2
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4.5 km  (Site12) , , , 

68, 8, 22, 2 % (Fig 1)  

	  (190

/ 0.585 km2)  (113 / 0.2 km2) 

60.8% ( : 

39.2 %, : 5.3 %, : 16.3 %) 16,300

	 2010 68.8 km-2

 

4 9 	

10 3 4 	5

	 9  

(http://www.is-ja.jp/suzu/tok-eno/suzumai/ kosihikari_l.html)

, 	

 

2.2.2 5#7T	)� 

site.7 (Fig 1) 

	 Site. K

 (Fig 1b) 	Site. K  Site. 7

	 - Site. 7

Site. 7 Site. K  

Eq. 1,  

!! !"#$!   =  !! !"#$ !   ×  !!"#$ !
!!"#$ !

 



 14 

Qd (m3 dya-1) 	A (km2) H-Q Eq. 2

 

!! !"#$!   =  !(!! !"#$ !  +  !)! 

H (m) 	a, b 	

a, b  

!! !"#$!   =  !  !! !"#$ ! × !  ! 

Qd Site. K 	Hd Site. 7, 12

2009-2010 a, b

Site. K , 

	

	Site. K Site. 7

 

, , 

(http://www.data.jma.go.jp/obd/ stats/etrn/)  

2.2.3 O*(4����/	+6 

10

2 2009 8 2010 10

1 	  

0.45µm

 (DISMIC-25CS, Advantec, Tokyo, Japan) 

	 -20ºC  

 (NO3-),  (NO2-), 
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 (NH4+)  (AACS  (2CH), 

BURAN+LUEBBE GmbH, Norderstedt, Germany) NO3-

Cd-Cu NO2-

	NH4+

0.05 mg L-1 DIN NO3-, NO2-, NH4+

Site. 7 DIN

 

2.2.4 M!#���4>	EHT	)� 

	 2

 (6700 kg N km-2) 

 (480,000 kg 

km-2 year-1; )  (11.4 g N kg-1; (Maruyama et al., 

2009)) 2590kg N km-2 year-1	 20 -60 kg N km-2 

year-1 (Hashimoto et al., 2007) 	

, 

	 	

NH3  

(90-280 kg N km-2 year-1)	 0.8 – 

3.1 % 	 (Kentaro Hayashi et al., 2006)  
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N N (NO3- NH4+) 

 ( , 

) (http://db. cger.nies.go.jp/dataset/ 

acidrain/ja/05/data.html 

) 

2.2.5 9�'EH	7�T)� 

DIN L-Q  (Smith and Stewart, 1977) 	

1 L-Q

 

! =  !!!  

L  (g N km-2 day-1) 	Q  (mm day-1) 	a

b 	 DIN DIN

 

2.3 I0 

2.3.1 5#4�, U4T, CV8%	�G�� 

2009 8 2010 10 2,771mm

60% 	 (10 3 ) 	 60%

12 2 (4 9 )

2010 9  

	 12

2 	
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2.3.2 5#4�	 NO3
-, NH4

+, NO2
-	�G�� 

NO3- 	 	

NO3-  

NH4+ ( )

NH4+ 1

NH4+ NH4+

 

NO2- 	 ( )

NO2-

	  

2.3.3 4>���EHT	)� 

Table2

	 (6700kg N km-2) (3000 – 4000 kg N 

km-2) 	 	

(5480 kg N km-2)	 (2590 kg N km-2) NH4+ (90-280 

kg N km-2) 	 (755 kg N 

km-2) (410 kg N km-2)   

2.3.4 EH7� 

DIN Fig. 2-7

N

120 kg N km-2	 860 kg N km-2
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DIN N 76%  

2.4 J  

2.4.1 3R, 5#7T, 5#4	 NO3
-, NH4

+, NO2
-�G�� 

	

	  (10-3 ) (4-9

) (Maruyama et al., 

2012; Maruyama et al., 2014) 	

	

(Hayashi and Hatano, 1999; Iwanami et al., 2013)  

NO3- 	

(Fig 5a)

	 (Kunimatsu et al., 

1994)

NO3- (Tabuchi et al., 1995; 

Buck et al., 2004; Woli et al., 2008; Chiwa et al., 2015b). 

(10 11 ,3 ) (12 2 )

NH4+

NH4+ Unoki et al. (2001)

NH4+ 	

NH4+

	 (10 11 3
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) (12 2 )  NH4+

 

NO2- (10 11 3 ) (12

2 ) NO2-

(Chiwa et al., 2015a). 	 NO2-

(0.156 mg N L-1; (Corriveau et al., 2010a)) 	

(0.482 mg N L-1;Takeda et al. (2005) )

(Takeda et al., 2005; Corriveau et al., 2010b) (Corriveau et al., 

2010a) 	

NO2-

	

 

N 	NO3-

NO3-

(Tachibana et al., 1996; Unoki et al., 2001) 	

3 (Tachibana et al., 1996; Unoki et al., 

2001)	 2 	

(Fig. 4b),

NO3- (Fig 6a, b)	
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2.4.2 M!#���4>	EHT 

	 	

 (Table 2) 6700 kg N km-2 year-1

(Hashimoto et al., 2007; Maruyama et al., 2011) 	

 (410 kg N km-2) 15

 (Table 2)

	

(Table 2)

(Hama et al., 2007)

(Xing et al., 2002; Nishimura et al., 

2004)  

	 	

	 DIN

	  

 2.4.3 UV��	W;:-���EH7�	F<	SN' 

	 DIN (Fig 2-7)

	 DIN 	
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(Hatano et al., 2005; Oczkowski et al., 2006) 	

N

(Yasuhito Hayashi and Hatano, 1999; Unoki et al., 2002; Iwanami et 

al., 2013)  

(Toda et al., 1997; Nira et al., 2005; Hama et al., 2007; 

Maruyama et al., 2010) 	

	

 

(Table 2)

(Fujita et al., 2003; Seto and Hara, 2006; 

Wu et al., 2008; Yoshioka et al., 2009)  

2.5 ��� 

	 1
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Figure 2-1 
 Site 1-10 , Site 11, 12

. Site 7 	Site K . 

 
 
 
 
 
 
 
 
 
 
 
 
 
  



 24 

 
Figure 2-2 
2009 2010  (Hd site7) (Qd site7) . 

. 
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Figure 2-3 
2009 8 2010 10 . 

. 
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Figure 2-4 
2009 8 2010 10

(a) (b) . 
. 

 

 

0.0

0.2

0.4

0.6

0.8

1.0

month

Le
ve

l (
m

)

Wakayama
Kanaa)

0

20

40

60

month

Snow depthb)

Sn
ow

 d
ep

th
 (c

m
)

08 10 12 02 04 06 08 10
2009 2010Month



 
27

 

Fi
gu

re
 2

-5
 

!
�
�
�
"
�
�

�

, 
�
�

, 
�
�
�
�

N
O

3- , 
N

H
4+ , 

N
O

2- �
�
�
�
�

. 
	
�
�


�
�
�
�
�
�
�
�
�
�
�
 
�
�
�
�
�
#
�
$

�
�
�

. 

 
 

up
pe
r_
D
IN
$d
ay

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

up
pe
r_
D
IN
$d
ay

 

m
id
dl
e_
D
IN
$d
ay

lo
w
er
_D

IN
$d
ay

R
.W
ak
ay
am

a

up
pe
r_
D
IN
$d
ay

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

up
pe
r_
D
IN
$d
ay

 

m
id
dl
e_
D
IN
$d
ay

lo
w
er
_D

IN
$d
ay

(mg N L
-1
)

up
pe
r_
D
IN
$d
ay

08
09

10
11

12
01

02
03

04
05

06
07

08
09

10
0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

 

up
pe
r

m
id
dl
e

lo
w
er

20
09

20
10

M
on
th

up
pe
r_
D
IN
$d
ay

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

up
pe
r_
D
IN
$d
ay

NO3-N(mg N L
-1
)

R
.K
an
a

up
pe
r_
D
IN
$d
ay

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

up
pe
r_
D
IN
$d
ay

NH4-N(mg N L
-1
)

lo
w
er
_D

IN
$d
ay

up
pe
r_
D
IN
$d
ay

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

up
pe
r_
D
IN
$d
ay

NO2-N(mg N L
-1
)

lo
w
er
_D

IN
$d
ay

08
09

10
11

12
01

02
03

04
05

06
07

08
09

10

up
pe
r

lo
w
er

20
09

20
10

M
on
th

27



 28 

Figure 2-6 
ēƁ! NO3-(p-value=0.017), NH4+(p-value=0.049), NO2- (p-value=0.74) ĢÕ
%Ƅx. NO2-&ģğþ%þƃ&ć��4#��. 
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Figure 2-7 
ŚÊÍ$��3ü�!% DIN%ē�Ɓ. Ĥř ľ��þƃ&ƌģğþ.  
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Table 2-1 
ŚÊÍ!ƂÍ$��3®°�į 
  ŚÊÍ (km2)  ƂÍ(km2) 
dē Ćā 8.0(90) 2.5(66) 
 Ďİ 0.8(9) 0.1(3) 
 �%pų° 0(0) 1.2(32) 
 Ðš° 0.1(1) 0(0) 
hē Ćā 21.8(86) � 
 Ďİ 3.0(12) � 
 �%pų° 0.2(1) � 
 Ðš° 0.4(2) � 
eē Ćā 31.5(83) 4.0(68) 
 Ďİ 5.0(13) 0.5(8) 
 �%pų° 0.9(2) 1.3(22) 
 Ðš° 0.7(2) 0.1(2) 
 
ŚÊÍ%dē& Site1  �2�hē& Site2-7 %�ƃ, eē& Site8-10 %�ƃ.
ƂÍ%dē& Site11, eē& Site12. éØ�&®°�į%�¡. 
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Table 2-2 

×  

   (kg N km-2) 

(4-9 )   6700 
   3000–4000b 
   410 
  ×  5480 
   20–60 
   2590a 
  NH3  90–280c 

(10-3 )   755 
a (Hashimoto et al., 2007) 
b (Kyuma, 2005) 
c (Kentaro Hayashi et al., 2006) 
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 3. ��0����,-5�*��$!���,-)� 
3.1 	��� 

� 2 Ň &�ƌģğþ$��3đÍĎh% N ĢÕ�d÷��ēƁ.¸��3�

!$02đÍ7ŷ��ē��3 NƁ�¸��3}£�ť14��*��öÿĔ

|%ĩß!���¿$½č1%ņōž�Ĩ%ĐĹƁ�¸��3�!$02đ

ÍĎ%ņō¸�$ÛƎ7g��	3�ň 3Ň &½č1% NĐĹƁ%¸�$

02đÍĎh% NĢÕ�¸���	3öÿĔ|%ĿËÐŵŻ%đÍ ŬĄ7Š

��� 

kÎ�ż7ē43¼�ŘÍē³%Ćā&ņōƒ§Īæ!#���2�ĘēĎ

h% NO3-ĢÕ&Ɣ	�!�ĺ14�	3��%�-�đÍ &dē1eē$

��Ɣ	 NO3-ĢÕ�+14�dē%ņōƒ§%Ćā&eē(% N%HaE!

#��	3(Chiwa et al., 2012)����eē ůĝ�Ĵ#3 NO3-%ē�%Û

Ǝ/ŗņ/¢�#"% N%ƈ�%ÛƎ&ø1$#��	#	�eē %�1

#3 N%Ůś%ÛƎ/ŗņ/¢�%ÛƎ7ũw�3�!&ņōƒ§%Ćā�e

ē$g�3ÛƎ%Ĭŧ7Ė-3d ſŤ �3� 

� NO3-%Ůś/ƈ�%T^GE&ÁÂ¢su7į	�ĻŅ e.g. (Howarth et al., 

1996; Ohte et al., 2010)!TI7v��ĻŅ(Ogawa et al., 2006; Anderson et al., 

2015; Kulkarni et al., 2015b; Kulkarni et al., 2015a)�Š64�	3����

�41%ĻŅ&dē%Ćā�ņōƒ§Īæ%Ćā &#��ņōƒ§Īæ%Ć

ā�eē(g�3ÛƎ7¢su/ TI 7į	�Š64�ĻŅ&#	�Ɣ	 NO3-

ē��ť143ņōƒ§Īæ%Ćā�eē ņōƈ��Š#643ũw7Š


�!&eēż%ÅąƓ�7�ę�3�!$ſŤ#Ü�7Ă��� 
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� ÿĻŅ%ķĶ&�dē%Ćā�ņōƒ§Īæ �2ĘēĎh%Ɣ	 NO3-ĢÕ

%ĘēĎ7ê�đÍ$�	��eē % NO3-%Ůś!ƈ�%ŸŁ7ũw�3�

!7ķĶ!���1. dē%Ćā�eē% NPS!#��	3�!�2. δ15N, δ18O

7į	�eē ůĝ�Ĵ#3 NPS 1�1$ NO3-�Ůś�4�	3%�N

ƈ��4� NO3-ĢÕ�ęÈ�3%7ĩÂ�3�!�3. TI7į	� NO3-%ƈ

�7Š
oŎ+�°Ú1�ó �37Š
� 

 

3.2 �( 

3.2.1 3#�%1 

� ŬĄ{&kÎ%ĿËĸ�ż$�3ĿËÐŵŻ7ē43¼�ŘÍē³(ē³ƍ

Ń:199km2, ĆāƍŃ�¡� 52%, ų°%ƍŃ�¡� 8% (ĎİƍŃ�¡: 7.7%), 

Ðš°%ƍŃ�¡� 37%,  ŬĄ7Š�� (Fig 3-1a)�ĿËÐ%čŭ�$03

! 2012Ó1 2013Ó%ÓƃƅĎƁ& 1,633mm �2ÓÒ±čĚ& 16.8ºC 

����2013 Ó$��3ē³$��3n�ÄÕ& 1,316 n km-2 �3�¼�

ŘÍē³%dē%Ćā&ņōƒ§Īæ �3�!�ĺ14�	3(Chiwa et al., 

2012)�h`eē&ų°/Ðš°�Ô���	3�dēż%®°�į%¼�&Ć

ā7�-�	3(Fig 3-1b)�®°�įł�%ų°$�-3Ďİ%�¡& 90%qd

 �3(Table 3-1)�¼�ŘÍē³% Ino, Sue, Umi$�3Ðš°1%eĎ&e

Ď�Ĭ¶ �Ĭ�4�%�$ Ino502.eē$ïē�4�	3� 

3.2.2 '�&��&�(���� �( 

� ¼�ŘÍē³& 5�%îē1Ĉç�4��2��%h%īƀÍ, ƏãÍ, À

œÍ ŬĄ7Š�� (Fig. 3-1b)�đÍĎ%ŪñìĎ&�Ćā1ų°!Ðš°
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#"%®°�į7¤,dē1eē$��ìĎ7Š��(Fig 3-1b; Table 3-2)�

 ŪñĎ%D_T[_B&đÍŢÉĎ7ì���ƅƋ%ÛƎ7���	#	

(>10mm%ƅƋ� 4öƃ#	þƃ)%đÍĎŪñ7ì���� 2012Ó$º(8ü

6ö), ŀ(11ü 9ö)! 2013Ó�(1ü 29ö), ù(4ü 14ö, Sue4 and Umi4&

ƈ�)% 4ª%ŬĄ7Š����ņō(TN), ļž(NO3-), mļž(NO2-), 9_YP

9(NH4+) %ņōĢÕ�0' NO3-h$¤*43 δ15N, δ18O%ÁÂ¢su%ěÂ

7Š���TN%�Ā&5Ÿ7Š
�%D_T\ %�Ā7Š���NO3-, NH4+, 

NO2-, δ15N, δ18O %�& 0.45µm %X_S]_R:\Ia(DISMIC-25CS, 

Advantec, Tokyo, Japan) 5Ÿ7Š���TN, NO3-, NH4+, NO2-ĢÕ7ěÂ�

3D_T\& 4ºC %úÃ �Şy¾7Š	�δ15N ! δ18O ěÂį%D_T\&

-20ºC%úÃ ��y¾7Š��� 

� NO3-, NH4+, NO2-ĢÕ%ěÂ&;=_A^VNBZR:a(DX-120, Dionex, 

Osaka, Japan) �Ā7Š���NH4+, NO2-ĢÕ&ć�ƆĲ ���(Detection 

limits: NH4+; 0.25µmol L-1  NO2-; 0.15µmol L-1 )� TN&U\=@HlĽž>

[<W (NaOH-K2S2O8)7į	��ŧ7Š	¥��ÕŨ  (UV mini-1240, 

Shimadzu, Kyoto, Japan) 7į	�ěÂ7Š���TN ĢÕ1 NO3-, NH4+, 

NO2-7×��!$0��ýċņōĢÕ (Org-N)!���NO3-h$¤*43 δ15N

! δ18O&ŗņŜĒ �Ā7Š��(Sigman et al., 2001; Casciotti et al., 2002)�

Ūñh% NO3-7QAL[97į	�mž�ņō (N2O) $ź�����Ā7Š

����%¢su�Ā & NO3-%àŤûtņōƁ& 30nmol �2ÞƁ ěÂ

7Š
�!� �3 (Delta Plus XP, Thermo Fisher Scientifc, Waltham, MA, 

USA)�¢suěÂ%ćƁŐ& IAEA-NO3, USGS34, USGS35(Böhlke et al., 
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2003), USGS%ĻŅÃ į	�	3EI_JaO%Ūş7į	�� 

� NO3-h$¤*43ņō¢su!žō¢suČ%Ũŉ&qe%Ö1ĊĞŪñ

!%�¡7ŉ���� 

 � sample  = R sample / R standard -1  (1) 

R sample%{& NO3-h$�3D_T\% 14N/15N.��& 18O/16O%{7ľ��

R standard&�4�4%ņō&½čh% N2?E!žō&Ɖ´Ğ% VSMOW%

{7ľ��	3� 

3.2.3 ���+2 ���2  

� ƊĎ³%ƍŃ!®°�į%ŧĀ& ArcGIS (version 10.1) 7į	� 20m�

20m%ŧ�Õ7ê� DEMMaI (®°ĬƇ)7į	�ŧĀ7Š	�®°�į

%ŧĀ$& 100m�100m %ŧ�Õ7ê�®°�įMaI(®äµ)7į	�ŧ

Ā7Š��� 

� Topographic Index (TI)& 20m�20m% DEMMaI1 ArcGIS7į	�

qe%Ö7į	�ŉ��� 

TI  = ln (a / tan b)   (2) 

a &ƊĎ³%ƍŃ%½���b %{&°ĥ%}ò%ŦÕ �3(Beven and 

Kirkby, 1979)�TI{%{& 20m�20m%B[KO %ŨŉŏĂ�ŉ��4�

20m�20m%B[KO�!%{�ŉ��43�-�ƊĎ³ .ţð% TI�ŉ�

�43��%�-� ƊĎ³ % TI%{&��4�4%ŬĄ°ĥ�! %ƊĎ

³$��3 local average TI (LAT) 7į	��ŬĄ°ĥ % NO3-ĢÕ%¹�7

ũw�3�-$&�dē1eē(ē43�ƃ %¹�7ũw�3àŤ��3�

�%�-�eē%ŬĄ°1dē$�3ŬĄ°%ƊĎ³7ƈ	� TI 7 LAT !
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��ŉ���� 

 

3.3 ."�/� 

3.3.1 �)4���,-)� 

®°�į�Ćā%+ �3 Ino1! Sue1! Umi1 (Table 3-1) % NO3-ĢÕ&

�uĶ$Ɣ	}£7ľ�� (Fig 3-4a, 3-4a-c)�Əã!ÀœÍ %dē1eē

$��%đÍĎh% NO3-ĢÕ& 8 ü7ƈ	�d÷�3}£�ť14� (Fig 

3-4a, 5b, c)�δ15N%{.Əã, ÀœÍ &d÷}£$�2 (Fig 3-4b, 3-5e, f) 

δ18O%{&ęÈ}£$��� (Fig 3-4c ! 3-5h, i)�Əã!ÀœÍ!ÆħĶ$ī

ƀÍ % NO3-ĢÕ&dē1eē$��ęÈ}£ ��� (Fig 3-4a, 3-5a)�

δ15N! δ18O%{.dē1eē$��ęÈ�3}£�ť14� (Fig 3-4b, c, 

3-5d, g)� 

 

3.3.2 �)���)��� NO3
-� δ15N, δ18O��� 

� ŽÐ³& NO3-%Ůśĝ!��Ŕ�143��eēż%ŽÐ%ƍŃ�¡�¸�

�3$.61��ęÈ�3 Ino (Fig 3-2a)!ęÈ�#	đÍ Sue, Umi (Fig 

3-2b, c)% 2łƑ$�4��ŷÑ&�ų°³!ŽÐ³& NO3-%Ůśĝ!��Ŕ

�143(Díaz et al., 2012)�Ďİ& NO3-Ůś7űę�3~���3�!�ĺ1

4��2(Maruyama et al., 2010; Shinozuka et al., 2016)�ÿŬĄē³%ų°

% 90%qd&Ďİ��-�	3�������ŬĄē³%eē$��3 NO3-

Ůśĝ!��&ŽÐ1Ůś%ÛƎ�½�	!Ŕ�143�-�ŽÐ�¡!

NO3-ĢÕ%Ƅx7(Fig 3-2a, b, c)ľ���ŽÐ%�¡�¸��3$�4� Org-N
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(Fig 3-2d, e, f) N

Sue, Umi δ15N δ18O

(Fig 3-2h, i, k, l) NO3-

NO3–

NO3– δ15N δ18O (Kendall 

et al., 2008) NO3-

NO3- NO3-

  

Sue, Umi Ino

NO3-  ( ; Fig 3-2a)

Org-N Ino

N Ino

NO3- NO3-

NO3-  

NO3- , δ15N, 

δ18O Ino δ15N, δ18O ϵN =-5.8	 Fig 

3a, ϵO = -2.2	 (Fig 3b) (ϵN 

=-7.6 ~ -19.9	, ϵO = -1.6 ~ -20.0	 (Ruehl et al., 2007); ϵN =-14.8	, ϵO = 

-8.5	 (Chen et al., 2009)) ϵN ϵO

2 , 

(Cey et al., 1999; Lehmann et al., 2003) δ15N, δ18O

(Kendall, 1998; Sebilo et al., 2003) Sue, Umi Ino
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# δ15N! δ18O%ƃ ýå#Ƅx�+14� (Fig 3-3c, d, e, f)ŽÐ1%Ů

ś02.ŗņ/¢�%ÛƎ�Ç�	�!�Ŕ�143�Ino $�	�º$ δ18O

%{�t	Ĭı&fø �3� (Fig 3-3b)�º¿$�	�&�ŽÐ1% N%

Ůś�p%¿Ŋ!ČŲ��t	�!�Ƅx��	3�Ŗâ�Ŕ�143� 

 

3.3.3 LAT� NO3
-��� 

� Ino Í% NO3-ĢÕ%ęÈ& Ino2-3 %�ƃ Ɛŝ$ęÈ��Ino3 02eē 

&½�#ęÈ&ť14#�� (Fig 3-2a)�������ŽÐ1% NŮś0

2.dª3ŗņ!¢�&j$ Ino2-3%�ƃ Ɛŝ$ů��	3!Ŕ�143� 

� eē% NO3-%ƈ�&�đÍ³!Ò²#eē³%ēŰ ĵĮ�3�!�ĺ14

�	3(Ohte et al., 2010)�TI&ĜĠ#ĭ·%ëĊ!��v64��2�ŗņ!

¢�%ëĊ!��į	3�!� �3(Ogawa et al., 2006; Anderson et al., 

2015; Kulkarni et al., 2015a)�Ogawa et al. (2006)&�đÍĎh% NO3-ĢÕ!

TI%Ƅx$Ů%Ƅx��3�!7µ¦��	3�Anderson et al. (2015)&°Ú

$03 NO3-ƈ�%T^GE7 TI 7į	�¢ĉ%ŧĀ đÍē³%đÌĜ°�

 ŗņ$02ƈ��43�!7ø1$��� 

� ÿĻŅ &�Ćā³q»%®°�į�ė¯��	3¶è %�ƃ %®°�

į%¹�! TI (Fig 3-4) %¹�1°Ú! NO3-ƈ�!$Ƅx��37ũw�

���ƃ %ŽÐ%ƍŃ�¡7 (the local urban area (LUA))!�ƃ % TI%

Ò±{  (the local TI (LTI)) &eē%ƊĎ³1dē%ƊĎ³7Ï�×	�.

% �3�LUA%¸�&�dē!eē%ìĎ°ĥƃ%ŽÐ1% NO3-Ůś%ë

Ċ!��į	3�!� �3!Ŕ�143�LTI &ĜĠĭ·%ëĊ!��į	
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3�!� �3�-��%{�Ɣ	!dē1eē%�ƃ %ē³ %ŗņ!

¢�$03 N ƈ��Š64�	3!Ŕ�143�LUA ! LTI %{&đÍeē

$Š�$Ý	 Ino, Sue, Umi!.$¸��3}£ �����eē NO3-ĢÕ

�ęÈ�3}£�ť143 Ino &�%}��p% 2�%đÍ02.Ɣ���

Ino2-3%�ƃ NO3-ĢÕ�ŝ��ęÈ����LUA! LTI!%}��á �

3!	
�!1ūø�3�!� �3�Ino2-3%�ƃ & LTI�½��d÷

���2�ĜĠ#°Úĭ·� Ino2dē!ČŲ�3!¼�#2�°Úĭ·$áġ

#¹��+14���%�-�Ino2-3�ƃ & NŮś02.ŗņ!¢���s

$#2�NO3-ĢÕ� Ino2-3%�ƃ ½��ęÈ���!�Ŕ�143�bô �

Ino3-5%�ƃ & LUA! LTI&)!8"¹��#����%ŏĂ&�NO3-

Ůś!�2Ŵ+� Ino2-5%°ĥ &�*2Ź	�#	�!�ľ¨�43� 

 

3.4 
�� 

� dē$�3ņōƒ§Īæ%Ćā&eē(% NO3-%HaE!#��	3

(Chiwa et al., 2012; Sugimoto and Tsuboi, 2015)�ŽÐ&eē³% NO3-%Ůś

ĝ �3����ņōƒ§%Ćā7dē$ê�đÍ%dē1eē$��

ŗņ/¢�#"% NO3-7ƈ��3ċŖ$�	�&)!8"ĺ14�	#	�ÿ

ĻŅ &eē %NO3-7ƈ��3T^GE7 δ15N, δ18O7į	3�!$02ũ

w����%ĻŅ &dē%ņōƒ§Īæ%Ćā1% NO3-%ē�&eē ŗ

ņ/¢�$02 NO3-7űę�4�°Ú� NO3–ƈ�ċĈ$Æ��ſŤ#ÛƎ7

g�3�!�ľ�4�� 
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Figure 3-1 

a)kÎ�ż%¼�ŘÍē³%sŒ. b)¼�ŘÍē³$��3ŬĄđÍ%sŒ. i, 

cŦ, ©Ŧ ľ��¶è&�4�4 Ino, Sue, Umi %ìĎ°ĥ7ľ��ĳ�&

Table 1 ľ��ŬĄ°. c)¼�ŘÍē³$��3 topographic index (TI). B[

KOD;F& 20m �20m ľ��i, cŦ, ©Ŧ&ŬĄ7Š��¶è.  
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Figure3-3 
NO3- (µmol/L)(Ãût$�15N, �18O(�)(ƽq. Ino (a $ b), Sue(c $ d), 
Umi(e $ f)#Ŝ�. Ø(ƛ(ƽq�ƍ365ĥÌ)ƳÎ¬�³��5$ NO3-�

İÇ�5ĥÌ. �lnļŸqû(�)) ln(NO3-)$¾¿�ln#X;V[UJW2
4ŶÛ¥Ð(ƽq�ƍ36�Ø(w�. 
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Figure3-4 

Local urban area$ local TI$(ƽq. Local(ǅĢ¬(^Ī(ƖĐªľ(ǅĢ¬

�3]Ī(ƖĐªľ(ǅĢ¬8ǂ��)#(ƳÎ��$ TIt. 

 

  

0 10 20 30 40 50

5

6

7

Ino
Sue
Umi

LT
I

LUA (%)

Ino
Sue
Umi

Sue3

Sue4

Umi4

Umi3

Ino5
Ino4

Ino3

Ino2
Ino1

Sue1
Sue2

Umi2
Umi1

TI=0.061 urban+ 4.87
p < 0.05

TI=0.038 urban+ 5.16
p < 0.05

TI=0.036 urban+ 4.97
p < 0.05
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Table 3-1  
Ino, Sue, Umi'��5�ôĢªľ'��5Ī¬ǉš$¨ª�Ō(��. Others
(¨ª�Ō')�ƃª1AWP±8�.. ¨ª�Ō) 2009Ó(§¨ç°(J[
I�3ÙŌ.  
 

Site Watershed area (km2) 
Forest Paddy Farmland Urban River Others 

(%) 

Ino1 3.4 100.0 0.0 0.0 0.0 0.0 0.0 

Ino2 10.4 97.1 0.3 0.0 0.1 1.5 1.0 

Ino3 14.2 86.8 3.9 0.7 6.3 1.3 1.1 

Ino4 26.4 74.9 6.1 1.2 14.8 1.8 1.2 

Ino5 93.8 69.2 8.0 0.7 18.3 1.6 2.2 

Sue1 2.5 100.0 0.0 0.0 0.0 0.0 0.0 

Sue2 0.7 99.5 0.0 0.0 0.0 0.0 0.5 

Sue3 8.9 87.3 5.9 0.2 6.1 0.2 0.2 

Sue4 21.6 53.7 9.8 0.7 33.9 1.8 0.1 

Umi1 2.1 99.8 0.0 0.0 0.0 0.0 0.2 

Umi2 0.3 100.0 0.0 0.0 0.0 0.0 0.0 

Umi3 14.9 68.0 4.1 0.0 27.1 0.5 0.4 

Umi4 35 49.1 5.4 0.2 43.6 0.9 0.9 
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Table3-2 

Ino, Sue, Umi(ôĢªľ'��5ÌÑ$ĥÔ�ƴ.  

 

Site River width (m) Gradient of river bed (º) 

Ino1 8 7.00 

Ino2 7.6 6.00 

Ino3 9.2 0.60 

Ino4 23.2 0.38 

Ino5 34.6 0.05 

Sue1 9.4 3.66 

Sue2 4.2 5.25 

Sue3 14.3 1.17 

Sue4 23 0.29 

Umi1 4.2 6.05 

Umi2 2 10.28 

Umi3 21.7 1.45 

Umi4 26.6 2.97 
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4.1 
��� 

NO3-

TI NO3- T

NO3-

 

NO3-

TI NO3-

NO3-  

 

4.2 $) 

4.2.1 �-"�����	4% 

( ), , ( )

ArcGIS10.3 2

TI (Table 4-1)  

( , 

eg. , , , , 

), , ( , , ) 7
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4.2.2 ��+�:. 

(https://water-pub.env.go.jp/water-pub/mizu-site/mizu/download/download.a

sp (  2016/11/15)) 2014 , 

, , I

I

 

I , 

, , , , , 

, 9 TI

 

 

4.3 1' 

4.3.1 ����� NO3
-	,!	7� 

2014

1.43 mgL-1 (0-18 mgL-1) , , 

NO3- ( 0.42 mgL-1 (0-1.5 mgL-1), 

0.44 mgL-1 (0-1.5 mgL-1), 0.51 mgL-1 (0.02-2.7 mgL-1))

0.41 mgL-1 (0-2.7 mgL-1), 1.33 mgL-1 (0-8.2 mgL-1), 

1.15 mgL-1 (0-8.2 mgL-1) I 3

NO3-  
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4.3.2 (&��� NO3
-*�	8� 

NO3-

NO3- (6 ) (3 ) (Fig 

4-1) 6 NO3-

, 80%

0.8mg L-1  

 

4.4 3� 

4.4.1 ���� NO3
-,!	7� 

3

NO3- (Fig 4-1)

(Chiwa et al., 2012)

I 2014

(http://db.cger.nies.go.jp/dataset/acidrain/ja/05/data.html), 

120 mmol m-2, 130 mmol m-2, 101 

mmol m-2, 78 mmol m-2 (NO3-+NH4+)

Chiwa et al. (2012)

NO3-
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NO3-

NO3- NO3-

NO3-

, NO3- T

NO3-

TI TI

 

 

4.4.2 (&��� NO3
-,!	��	7� 

TI NO3- TI

NO3-

NO3- T NO3-

NO3-

TI (Table 4-2, Fig 4-2) NO3-

TI

TI

TI
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Figrure4-Ǘ 
�ǃªĀ$ŞÊŕ(Ĕď��$ NO3-ļÕ(µ�. 
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Figrure4-2 
Ĕď$ NO3-ļÕ(ƽqØ(w�$a¹t( TI (ƽq. �#Ŝ��0()�ǃ
(ĥÌ, �#Ŝ��0()ŞÊ(ĥÌ. 
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Table 4-1 �ǃªĀ$ŞÊŕ'��5ĥÌ�$#(ǅĢ¬( TI(t. 

 

Prefecture River 
TI 

Mean Median min-max 

ÂÉ ÆŗƲÌ 6.2 5.1 1.8-34.4 

 ŝƧÌ 5.5 4.8 1.6-35.4 

Şe dǎŦÌ 6.2 5.0 2.1-33.6 

ŞÊ ½źÌ 6.5 6.0 2.6-23.6 

 ƯƜÌ 6.4 5.6 2.0-32.4 

 ŬÝÌ 5.9 5.0 2.1-31.6 

 ¯ǉÌ 7.2 6.5 3.0-27.0 

 ÀƍÌ 6.3 5.3 2.8-31.6 

 ŃƷÌ 6.0 7.0 2.6-24.6 
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