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g CDE�pq��íîï�9�!B� 2-1-4��	��ÉÊ���Bδ
13

Õ½-22.2‰�δ
15

N

½ 5.40‰	*«Ñ
�9Î�ÏÐ��������
½�k�9:�9�CDE�rq�

VWS�¼�H���íîï�9�!B� 2-1-4 ��	��CDE�pq
MÚ �ÉÊ

���Bδ
13

Õ½-18.8‰�δ
15

N½ 7.89‰	*«Ñ
�9Î�ÏÐ���9: 

 

M� NOK 

CDE�pq
rq�îï�9���Dc¶ý�B� 2-1-4��	��bý�B□	��`

¸�aý�B�,�○	���ü���B�	� 4�!���: 

g ��l 4�!���¡�XY[½��l�9: 
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��

�	
 �	� ��
 ��� ��
 ���
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��
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� 2-1-4¬
�����ÉÊÎ±
��ÉÊ��KLMNOP 

g g g g g g BCDE�pq���rq���A����	¬ 

 

 

 

 

g ¯¡��Dc¶ý�=r� 3�!���:��l 3����CDEpr�ÉÊ���*

«Ñ
�9Î�ÏÐ*A����:9���3 ���à��ü����5����CDE

�pq���á�9��ü���B���	�pq�ÉÊ���*«Ñ
�9Î�ÏÐ�

Ïw���9½�rq�VW���á�9��ü���B���	� δ
13

Õ�¾½kw×

�,k�9:������ü���½�DE�rq�ÉÊ������w ���¼2


����¼�½���
*A�����: 

g �¡��XY[����Dc¶ý��¡����rq�VW���á�9¼�B���	

½CDE�pq���á�9¼�B���	�P � δ
13

Õ�δ
15!
¼�Ë�
��?@

½"l�9:9���H�¾��Ø½ä
#xíl�wk�9(pq� δ
13

Õ=-18.2‰, δ
15

!=10.0‰�rq� δ
13

Õ=-18.9‰, δ
15!=9.7‰):��l��
kl��Dc¶ý���CD

E�pq{rq
��9./����01�ÉÊ���*$2-����w �%&8��

'(��CDE�pq�ÉÊ���*$2�������w�k
yÆl�9: 
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$�%�������PQ�RSTUVWXY�ZL[ 

g 2009h 5i 10j
 6i 10j�7i 8j�8i 6j�9i 7j�10i 5j�
��QRS

� 3ÈÑBQRVW 1ÈÑB� 2-1-5� A	
)�ÇÈE�*�9 2ÈÑBB 
 C		�T

U
XYZ[\]�+ 6ÈÑ� !*���9: 

 

�

�

�

 

� 2-1-5¬
��� !^,-ÈÑ  B.ÈÑ�TU
XYZ[\]���*+�9	¬ 

 

 

- 12 -



g H�?@�2/B�¶/��¶½ 10O
cd/	12�=s 2,3470O½��á�9B�

2	:H��à�TU�� 2/ 12�=s 1,4800O½�XYZ[\]�� 1/ 7� 8670O

½"l�9:1¼�k�9���·d�cdB2O� 47.33	��¡��45cdB18.63	�

`abcdB14.83	���9B� 2-1-6	: 

 

 

                             g 2O 

g g g g g g g g g g g g g g g g TU 

g g g g g g g g g g g g g g g XYZ 

 

� 2-1-6¬
���TU
XYZ[\]���á�9 !�67¬ 
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g �·d�cd����á�90O��TU�¼XYZ[\]�¼ä8MÚ���9½�

67��XYZ[\]�{{�k�9B67.23�Ù��TU�� 35.73	B� 2-1-2	:`a

bcd¼XYZ[\]�{{� �22.03BTU�� 10.53	���9:9�TU��k�

9��45cdB4220O�28.53 vs 150O�1.733	
ö÷�bB1690O�11.43 vs 2

0O�0.233	�4	cdB1140O�7.703 vs 120O�1.383	���9:XYZ[\]

�����á�9 ���wk�9½�TU�����á�9���DDòcdB190O	


�¶B10O	����:;#�B10O	�cd/;#�B50O	���9: 

 

 

 

� 2-1-2¬
���TU
XYZ[\]���á�9 !�0O�
67  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

g ,-ÈÑBA�CÔ� 2-1-5*ÌÍ	<��îï-�=N�9×0O�B1>�9×	*�

2-1-7�A�9:TU���VW�p�BÈÑ C	�»½45cd
4	cd½� îï��

�åé BÈÑ A	���·d�cd½� îï�9:ál�XYZ[\]���VW�p

����ÈÑB
C�`abcd½� îï���åé ����9 ��á�wk�9: 

g ���QRS�¼,-*--����`abcd�¡����?XYZ[\]�� îï

-����TU½w�9����@
��AB*9���9:�k�����?@kl�

`abcd�C�XYZ[\]*.D01
��EF����������TU½GH�

��w�klXYZ[\]*EF�������w��
½I#�9: 

 

�� �� ���	 �� 
��
�� ��
������ �� ���� �� ���� � ����
���� �� ���� � ���� � ����
 ��� ��� ���� !� ���� �� !���
"#�$�� ���� ����� ��� ���!� ��� !����
""%&'(� � ���� � ���� � ����
��)'(� � ���� � ���� � ����
*+�� ��! ���� ��� ���� �� ����
*,�� ��� ���!� ��� ����� �� ����
-.$/ ��� ���� �!� ����� � ����
01 � ���� � ���� � ����
23/�� ��� ����� ��! ����� ��� �����
2�� � ���� � ���� � ����

���� ���� �!�
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� 2-1-7¬
���,-ÈÑBA�C	<���á�9 !� 1>�9×�0O�¬ 

 

 

 

 

$\%
���������]^_`a�.bcd�345678 

g QRS�VW�JYZ[\]�./-�`abcd�¡����?`abcd�./ef

��Skl�ÛÜ*Ý�������w�k@
��KLAB*9����:H�*#l

k�-�9�����QRS�QRMéklså�Nk��� 8 k1�`abcd*��

��Mv�|}¼�O�9:� 2-1-3�H�l�BPF	?@*A-: 
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� 2-1-3¬���QRS�`abcd�./ef
KLMNOP�Q\X 
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g �����`abcd�./RS
|}���������MNOP�56*T�9�

B� 2-1-8	*A-:� 2-1-8�¯Us����ÈÑ 1�2�6�1¼>å��ÈÑ 5
 8½

1så���:ÈÑ 3�4�7 �FV���:KLMNOP¼ä8���l�01
�Sk

l�ÛÜ*WX����
yÆl��:¯»�`abcd�./RS
KLMNOP�V

���#Yw56���l�w�BZ[\� 0.351
 0.045	:�k��KLMNOP½Ë�

äxB�Skl�ÛÜ½�,�
yÆl��	�./RS½¿�]N¼^l�9: 

 

 

 

 

 

 

 

� 2-1-8¬���QRS 8ÈÑ�}�KLMNOPBs	
îï0O�
 δ13CB_>	 �

%& δ15NB`>	
�56¬ 
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���� ���e��fYgh�ijkl�"#�
���
2

 

 

$�% mno� 

g ß½a�bc*¥�d��9efwghÈE��×ig
�
¥�..Áj½�*k�

�Rl�¡w½��
�iåSiQ�imnS�IJ½opá��,9:qV�rkw�

s4
Îts4*uv�*��,���l�IJ���×i.D*wx�
�w�:�k

�iéhiqVD(�yz{
H��
¼w�|}IJ�~�½0��.Áj*��áâi

H�^�KF�56½���¡¡��:H�9�i���.�.����í
.���Å

½�wß�i�{¥������w��
����{����:H���8���i�S


¥SiH��iH�*¡wèQ�åS
�¯O��½������Ñ��×iál�i

����{{��H��|}©����½Q�åS��.D����5G½���,��

��
����: 

g H¼H¼i|}�����{��� I�%×¡×¢àig½���*.��ik¡i

�£w�s4*¤¥�iH�½ÈF�¦�§¨)*O©íw½lQ�åS�ª«á�i{

½�¥S��¬á���
�.Áj½�¡á��:�k�i­v|�{���×�ß½a

�hL�®Liál�È¯IJ�(�
¼w�Î°{��'�%×±�L�²L¼³´�i

��lµ¯°�L0����á�9åSIJ�¶·eÁ�¸�©�����:���
k

liåS*�è�rkwÈS¹º�����i�»i�¥�¼2w¡w½×���½ÏI¾

�¿À
|}IJ�Á.½;Ã�����
½�Âá�iéhimnS�IJ*Ã�9�

�i²Äwx�%�µhÅ(½.È�Æ#�+ß��%��w�9:�9i��%�w¹

ºÅ(�ÇGá��È�� ¡k���ÉÑ½��á�iÊÆËi�¥Ì��Ëe/��

�1{a¢ÍÈ��1*FG� 2005h%×½�ó\]���\�·aÎ[òñÏ·¸¾½

ÐÑ�9:ÙÒ
w��ó\]����\�·¥��rkw��s4*.xÓ�¬4
w

����½iéhiQ�åS�gh{ÇÈ�³´�%×½þ]�ÔÓ¾�.¡£½Ë>�

9:?@i¥¦��Ó�¬½ÕÖ�i����.�£�×Þ�*Ø8����
ÙÚá�

���: 

g �����iåS�
¥S�¡w½×�5-�/�8wÛÜ*+�i¯O8���ÝÞ

Å*#lk���i¥S�pßÃÄwEF
¼2Å�¤¥�9��àá¢â�s-��


*7ã�i.��{��ä*F��ò\ø]w�� I�åÑkli¥S
åS��¡w

½×*L£8�"#-��
*78
-�B� 2-2-1	:H���ÙÒÈ�æç�p�
��

åS
�ig���¥�¡wè��
��è7á����þ]�Ô*éã�i�»kl�

¥��§¨)���ª«*,-�9: 

                                                 

2�¤�æçêL��ëìíîï©ª�«¤�%�: 
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$�% ����0�e� 

g 
���ið�ñòó��ð�ôõ'ó�*4å
�ið�ñò'()qF��ö÷ø

ù�'()�èèiúû 88 kmiåS�Ê 273 km
2

�æç�p�4å*¼¡���1û�µ

�üQ����:8¡�ýåklw�B� 2-2-2	: 

g �å�4åS�þ�»jBã¿ 377 m	�iæç��1¼��Ê�|}hB'(��æç

��h	½¥�á����|}rkw1���:�9i�q%×7å-�����iCþ

�»Bã¿ 344 m	æç�|}IJ¥2ÈS�äki�ö«�|}S�¿���wa�h½

ýå�4å
w�:ál�ýå�wk�åS�Ê½1¼�,��	��iæç�
}Ò�

����»Bã¿ 295 m	�g�%&
����æç�|}IJ¥2ÈS
�����*� 

#�-è�q*4å
-�rkw|}½È¡á����:�k�i1é��14å�È�

�L���1���0½��á��

¼�i��ß M�������0¼��1��

á����:4å
så�J�N�-�s��»È ��i�»Jó
!"Jó½��á

�iH�#��»o
�o*È¡�i$%È
���{����: 

g såS�s�ôõ�È��is�&'
(Ë��ÉÊ&�iH�È��)*��+,&

{}�i+�}�½-O��×i. �/�Å½Ë��
½01
w����:��s�

&'B� 2-2-3	��2 3003�503hì�ÈF�4Ðá�956¥�½È>k#�¾½�

����×i�»o7���]�8îÈ>k#�½EFá����:È�½9lk�9�i

Q���:ÎKF�%×QÌ½;� <+���×i��ÈÈ*EF��=�1*¡wt

�½�>�¾½+ß����:�>��i?È�Öw�4åS��@��E�78
��

1¼� +ß����½i��s�ôõ���>��%�AØ*EF����GB¼+ß

����: 

g FåS��i>�&'
(Ë��ÉÊ&�iH�È��+��*-O�CÅ�½DE�

���9�i� �È>�½F¨á����:0�iGH���rkwÈ>�½|I-�

s�J×KL�M���
���N���:�9i���9×kl�@ÈE½�½×i5

�����

��	
���

����

� 2-2-1 ������	
��
��
��


����� 
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 klOPwQÊÈ
��ÐRá�9
ÙÚá��:FåS�íl��ôõ�s�&'�

3@§�ùS&�È¡á���×iT�w+
,�Ux9�iVù���WXwÈ>s4


��DG�»+��½+ß����:H�?@i�»½YZ-����w iåS�[

\{[]��½^E{����: 

>åS�Qn_ô¼i
����+Å`�ÉÊKF�%×È¡á�9a.?w+{}i 

}�wx�%�QÊ&½b ÉÊ����:��l��c�����T�*dËÈ���

��
kliTew�@IJ�Z[����:%��iFåkl>åS��ð��f"È

E
���½×iéh��à�gh¼Æ#�w����:1é��i)nêLÈE�i�

�jkÈS
��ÐGá�¡¡��: 

 

� 2-2-2 ���
���� 

����377 m�

�����344 m�

�	��408 m�


��


���

����

�������

����379 m�
����313 m�

�������	
��

��
������

�����
��

�������������

����

���	
��

����


���

���

���

���

�������

���

� 2-2-3 ���
���� 
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g 1>åS�QR���i'()�l¯�á�9��wëmVW½�½�B� 2-2-4	:��

ëmVW��Ê� 1,400 ha
j�¯�+�VW��×iF�>åS�QÊ?§

¼�
�

�½û�hi*k��såkl�+}*Å`�9?@iÈ¡á�9¼����:QR�n

o��½�CDB�D	«�i).µ�'A{|.(�'ipq�%×r�-�s×t{

HtiuÖw.��*�xb�óD'wx.���Å�v����:H�9�i).µ�i

|.(�iVW.Ájwx���±��w¼��:��ëmVW�xy-�CD«¼ik

¡��'()åSmn�íl�9z{�i|�È>k#�
�Âw�95'È>kl8î

-�½}�¾��4
yÆl��: 

 

 

 

$\% ���e��pq
� 

9 
�rs�tuvpw 

g ����+�9,-ÈÑ�i�åQRÈÑBSt.1	klóó'»N�4åÈÑBSt.13	�

N��2 13ÈÑ�L�9B� 2-2-5	:.ÈÑ�?~V���� 5.9 kmiQÌ����2 70 

km���:QR� St.1kl St.8��� 45 kmV� 1/1,000�S
P¹8?����½iH

��i�»o½�� St.9�10�� 1/200iál�4å� St.13���
 1/100=s
y��


w�:�;�¨���åSIJ
M�i>åklså�N��h?~�e� 15
o

Ckl 14
o

Ci

h?~��£� 1,500 mmkl 2,000 mm
w×iÈ�¼QÊ&i>�&'is�&'iH

��þ�»�����&'�%����-�:.,-ÈÑ�N�
��Siál�IJ*

� 2-2-4 �������� ! 
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� 2-2-1�A-:w�iSt.8�¡��� 5i
H�=r�v�
,-ÈÑ*�÷�9: 

g .,-ÈÑ�����p*���h 4¿+�9:µ¯¿7B�p	�i2009h 5i 8�9

jiµ�¿7B�p	�Mh 8i 24�25jiµ�¿7B�p	�Mh 11i 6�7jiµ�

¿7B�p	� 2010h 1i 6�7j���:�Ò�%×;<á����ö÷øBN35
o

21.7’i

E139
o

56.4’iã¿ 60 m	
��BN35
o

14.1’iE140
o

05.9’iã¿ 120 m	��ÒQ\XB��

£i�eijÍvV	* 2009 h 2 ikl 2010 h 1 i���j�{
.��jkl¯�V

ì���vV�{*� 6 �A-:ö÷ø�
���>å�FåSi���Få�såS*

WX����
yÆ�:]N
��i���ö÷ø�P ��£½¿ i����eØ½ 

 

�,��
½ßk�:� ����j¼
¡�¢��9½i5i���j£¤������

9: 

 

? vp�tuxyz{ 

g Q��¥l*��
½¦� ik¡��½��01�����§ç%×¨t©í©�c

Yò\¸ª��«B500 mL	*F�iH�=r�01�¥l¬÷­����9:���.

ÈÑ 3¿+�i0.45 μ®	��¯�þ°]\X\���±�iR²¬÷­�*�Le¥��

9: 

,-¢7
��iòø³K1¹³2����BTOC-V
CSH
	+�%�À�����BDOC	


2��BTN	iM¹³«�´%�%%SBAA-6200	+�%�À�ÓBDFe	
À��Y

�BDSi	iHACµ¹³�%%SBDR/890	+�%�÷�ÔÁ÷�BPO
4
-P	i'¶Q°\�

\�\¹³ pH�B�·¸SBWM/EE2P	+�%� pHiB�·¸SBEC	�%&�eiHACH

¹³À�Ô�¹SBHQ40d	+�%�À�Ô�¹SBDO	iTurner Designs¹³ Aquafluor  

� 2-2-5 ���
��"#�$
��%&�'()	* 
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+ 1 ���
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� 2-2-6 ���
��3456782009.2~2010.19 
- 25 -



0

4

8

12

���

� �

5�2� 5�3� 5�4� 5�5� 5�6� 5�7� 5�8� 5�9�

-10

0

10

20

30

40

50

16

0.0

0.5

1.0
�
�

�
�
m
m
�

�
�
	



�
h
�

�
�

�
o

C
�

0

4

8

12

-10

0

10

20

30

40

50

16

0.0

0.5

1.0

�
�

�
�
m
m
�

�
�

�
o

C
�

�
�

	


�
h
�

8�18� 8�19� 8�20� 8�21� 8�22� 8�23� 8�24� 8�25�

���

� �

0

4

8

12

-10

0

10

20

30

40

50

16

0.0

0.5

1.0

�
�

�
�
m
m
�

�
�

�
o

C
�

�
�

	


�
h
�

0

4

8

12

-10

0

10

20

30

40

50

16

0.0

0.5

1.0

�
�

�
�
m
m
�

�
�

�
o

C
�

�
�
	



�
h
�

10�31� 11�1� 11�2� 11�3� 11�4� 11�5� 11�6� 11�7�

12�31� 1�1� 1�2� 1�3� 1�4� 1�5� 1�6� 1�7�

���

� �

���

� �

(b) 2009.5.2�5.9

(c) 2009.8.18�8.25

(d) 2009.10.31�11.7

(e) 2009.12.31�2010.1.7

� 2-2-6 ���
��3456782009.2~2010.19 
- 26 -



��������	
��
��� CHL-30�������������� a���Chl.a 

!"#$#%&'�(pH)EC)DO*�+ Chl.a,�-./�%&�0123.)"#45

�6789:�/3;�(��)<=�>?)@A*�+B<C!0D�/�%')EF

�( 

GH�)DOC I���JK*�+��JKLM=�NO�PQ�RS������T�

�RF-5300PC �!�.)0.45 μm���UV�WX'�YZ@�-./%&'�([\]

^�E
x
 220-500 nm)��]^�E

m
 250-600 nm_�`a�b')cde��fg�h�

!ijk? 5 nm2%&'�(lH#�fg�h�mVU�-./)n@�fg�h�2o

�pq'�r)10 μg/LsKtuVv/0.1NsK@wX� E
x
345 nm/E

m
 450nm�x���y�

!z{�|b��y��1QSU �}~'�( 
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@ �6/0
ST	¿A- 2óôÆÇv=�2 2-2-5	 St.6� St.7�AÜE#õöè÷	¿

Aø� St.9�*	õ{|ÃÃAø�O5� 8�11�1b	¯°d�ùA�a>öè÷¿A-�

PQ|�	|ú�0�arA
���kûµ@�v=a�jAq�öè÷�ü	$%ýz

�®zþ�A���¿xl�*#>�j 400 m1�5�Y@q 650 m3 !ÞÕ 126 L1A

Ã 16.5 
o
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E#>�ö-�Y	�j ±A�Î�Ý�
�p=#Y�������	8���12 2-2-93

���E#�Rd�ç]ÈÉ��ô�5#>{|ÃÃA-�j 2,000 m !ÞÕ 600 L1A

Ã 26.4 
o

C3¿lE#12 2-2-14�3> 

@ �6/0
	¯°-�3.1�|õ�a./A¯°�±��	^¼i"¯������� 13

0.0

0.5

1.0

1.5

2.0

2.5

3.0

1 2 3 4 5 6 7 8 9 10 11 12 13

R
F
I
(
Q
S
U
)

St. number

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0 1 2 3 4 5 6 7

R
F

I
(
Q

S
U

)

DOC(mg/L)

F
u

l
v
i
c
 
a
c
i
d

-
F

e
 
(
Q

S
U
�
m

g
-
D

F
e
/
m

g
-
D

O
C

)

0.00

0.05

0.10

0.15

0.20

1 2 3 4 5 6 7 8 9 10 11 12 13

St. number

May

August

November

January

May

August

November

January

(a)

(b)

(c)

Fig.7 (g)

Fe quenching

� 2-2-13 �����UAOPVW8����XYZ[ 

������ �	
��

� 2-2-14 �����\]�^	 

- 37 -



�±�"#>�=ã=���
�«1St.13���1St.63��1St.53�Aê1St.83�Ù^¤

ú1St.7�St.113��^¤ú1St.10�St.12�St.133��ú1St.2�St.93���Î×1St.3�St.43

	¯�î]
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@ ¿A-n!"#$�%�ï=��Ã­D�a>¯°-�&«©ñô'©(�)ù¯*

1HS-25�φ50 mm��v 300 mm3�]5��n! PVC©û«+,�ù�µ­D�a> 
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-P�O5���
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@ �N�Ni8�-�w®�	Sö"�JqÁx¦§�`�ac� !"#w®
�s1�

�3�Ü =��Yq	yz	N�q¡��A������Lpñ]E#Y��®zw®


o8E#Ú{q`#>Y	o8-gh�	WX�"J�Ø:	y���s��	¢£q

l�"|�5c�	��"º�"��Ú]=#>i8ñ]�`�×~�³"#i8
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Ï�E"]g��i�8�i����ii8��m~�;<#����üE5>^��8
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�NHx*���²���Æ®
�=�*���ÞHÞ®ü����C��Æ®
�N�

v5Y�
 Goldich119383	���®z�!=�5#
�c�	i8��·�c�
�~

�aw®	i8��·�-!»�N¼��"5> 

� � �

St. number
Elementary analysis(%){d.a.f.} Ash (%)

{d.b.}
O/C H/C

H C N O

7.21 20.43 9.95 62.41 98.38 2.29 4.24

7.57 13.52 1.87 77.04 97.85 4.28 6.73

8.86 20.50 3.35 67.29 98.74 2.46 5.19

7.43 13.78 2.58 76.20 98.43 4.15 6.48

3.92 12.34 4.81 78.94 98.25 4.80 3.81

2.27 12.26 14.14 71.33 98.30 4.37 2.23

7.53 24.34 3.95 64.19 98.49 1.98 3.71

8.07 13.71 4.11 74.11 98.41 4.06 7.07

8.68 17.23 3.53 70.56 98.42 3.07 6.05

10.42 18.28 5.99 65.30 98.61 2.68 6.85

7.12 19.56 2.99 70.33 98.23 2.70 4.37

8.01 21.43 3.10 67.46 98.21 2.36 4.49

12.19 15.16 4.63 68.02 98.49 3.37 9.66
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5.51 23.64 2.02 68.83 96.93 2.802.19

7.59 17.93 1.62 72.86 97.70 5.083.05

6.77 25.44 2.05 65.74 96.94 3.191.94

6.31 20.25 1.71 71.73 96.26 3.742.66

7.49 21.31 1.55 69.64 97.51 4.222.45

6.42 17.78 1.75 74.04 98.11 4.343.13

7.05 26.85 2.46 63.64 97.19 3.151.78

7.92 16.26 1.60 74.21 97.93 5.853.43

7.16 24.36 1.92 66.55 96.15 3.532.05

6.97 27.30 2.62 63.11 97.02 3.061.74

6.99 31.75 1.93 59.33 96.43 2.641.40

6.54 35.03 1.51 56.92 96.19 2.241.22

8.34 19.96 1.73 69.97 96.86 5.022.63
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12.17

19.16

27.05

13.49
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Major elements of inorganic matter (wt%)

St. number

SiO
2

TiO
2

Al
2
O

3
Fe

2
O

3
MnO MgO CaO Na

2
O K

2
O P

2
O

5
Total

1 67.12 0.75 15.69 7.75 0.17 2.42 4.16 1.84 1.21 0.22 101.3

2 67.67 0.69 16.70 6.21 0.10 1.83 3.36 2.19 1.73 0.05 100.5

3 71.10 0.53 12.62 5.78 0.10 2.36 3.75 2.10 1.50 0.06 99.9

4 66.46 0.69 17.02 7.04 0.11 1.77 2.94 1.66 1.35 0.22 99.3

5 69.67 0.66 15.36 5.82 0.09 1.75 2.37 1.99 1.71 0.12 99.5

6 70.41 0.60 14.38 5.42 0.09 2.06 3.66 2.31 1.66 0.04 100.6

7 68.50 0.60 15.60 5.54 0.09 1.94 3.52 2.33 1.71 0.10 99.9

8 70.57 0.63 15.73 5.47 0.07 1.80 2.91 2.05 1.51 0.07 100.8

9 68.11 0.88 17.02 7.47 0.14 1.59 1.60 1.40 1.48 0.04 99.7

10 69.81 0.61 14.45 5.94 0.11 2.07 3.28 2.02 1.57 0.08 99.9

11 67.99 0.79 15.31 6.81 0.11 2.22 3.03 1.90 1.64 0.06 99.9

12 64.22 0.74 15.68 8.10 0.13 2.81 5.00 1.78 1.51 0.07 100.0

13 60.70 1.12 19.52 11.54 0.18 2.40 2.00 0.87 1.06 0.20 99.6

1 72.12 0.58 12.68 5.94 0.10 2.50 3.63 2.05 1.52 0.04 101.2

2 69.75 0.68 14.58 6.21 0.10 2.17 3.44 2.17 1.60 0.04 100.7

3 52.07 1.67 25.11 15.72 0.27 1.80 1.40 0.63 0.67 0.28 99.6

4 66.48 0.67 17.99 7.02 0.09 1.55 2.34 1.86 1.52 0.05 99.6

5 67.71 0.68 16.30 6.37 0.10 1.75 2.13 1.93 1.61 0.11 98.7

6 70.48 0.59 14.77 5.49 0.09 2.13 3.70 2.33 1.59 0.02 101.2

7 69.94 0.61 15.09 5.72 0.09 2.09 3.62 2.30 1.65 0.04 101.2

8 71.92 0.57 14.60 4.96 0.08 1.97 3.13 2.17 1.48 0.05 100.9

9 67.00 0.92 17.82 7.82 0.13 1.57 1.44 1.39 1.49 0.03 99.6

10 70.22 0.58 14.39 5.95 0.11 2.07 3.10 1.99 1.43 0.02 99.9

11 69.01 0.75 16.18 6.78 0.10 1.92 2.39 1.78 1.61 0.03 100.5

12 62.19 0.80 17.75 8.82 0.13 2.71 4.20 1.69 1.43 0.04 99.8

13 59.79 1.17 21.08 12.07 0.18 2.07 1.37 0.71 1.09 0.16 99.7

� � �

� � �

k 2-2-3 �����_`�_`pK<lqrstNmno 

Ba Nb Ni Pb Rb Sr Th Y Zr

268.6 3.2 18.0 13.7 43.4 186.9 2.8 12.7 79.8

368.9 5.6 23.0 14.1 54.9 193.1 4.8 17.6 135.7

266.3 2.9 26.2 12.9 36.9 175.6 3.2 16.2 78.9

304.4 3.3 21.6 12.5 43.1 153.0 3.2 18.9 91.3

368.5 4.4 21.9 14.5 53.7 142.7 4.1 14.5 99.1

327.2 3.7 16.0 9.7 49.2 189.8 3.3 13.5 88.4

370.2 4.4 21.2 11.6 51.1 192.0 3.8 14.5 120.3

366.3 4.1 23.2 12.2 49.4 164.3 3.8 15.2 101.6

418.9 4.8 21.1 20.7 49.5 91.5 4.4 15.4 155.1

330.2 3.8 19.4 13.4 46.0 168.5 3.3 14.6 94.5

374.4 4.8 22.9 13.4 52.6 151.7 4.6 14.3 112.5

369.3 3.7 24.2 15.4 45.5 168.8 4.4 15.6 91.2

380.7 3.8 25.4 20.8 39.0 80.0 3.9 17.3 121.5

1

2
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8

9
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11

12

13

St. number

Trace elements in inorganic matter (ppm)

1

2

3

4

5

6

7

8

9

10

11

12

13

293.0 2.9 16.2 12.0 43.0 183.5 3.0 12.2 70.0

334.5 4.3 19.7 12.1 48.4 191.1 3.9 14.8 116.8

289.1 4.1 44.3 13.2 30.4 37.9 4.0 25.8 122.9

362.2 4.2 19.4 11.7 50.7 161.4 4.4 18.3 107.0

392.6 4.9 25.2 13.3 56.8 135.8 5.0 16.1 118.7

336.2 4.0 18.6 9.9 48.8 201.0 3.6 14.5 99.5

355.4 4.1 18.4 10.2 49.9 190.6 4.0 13.7 96.5

341.1 3.6 20.7 10.7 46.7 169.2 3.6 14.4 91.0

440.4 5.3 23.5 12.5 54.1 89.3 4.8 18.2 159.0

371.5 3.6 19.7 9.5 46.2 180.3 3.8 15.8 92.2

408.3 5.2 25.7 12.8 53.9 143.5 4.9 16.2 125.8

396.3 4.6 28.6 13.5 51.2 160.9 4.2 16.9 116.7

389.0 4.3 25.6 11.6 40.7 69.4 4.7 21.5 124.0

� � �

� � �
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 �Yqi8ñ]�A�o8�	M2�;QE#aô�-�8�ii8ñ]	�©J~��

�i�tuE#Y�
!��"#>s 2-2-3	¬­�N���Vogel119753�®#i8$Â

Þ���Ê�1MWPI�)1133�Ruxton119683�®#���Ñ��FJe1SAR�)1233�

NesbittµYoung119823�®#8�o·ÊË1CIA�)1333i8�©J�ùôa> 

MWPI (%) = 100�(CaO+Na
2
O+MgO+K

2
O) /  

(SiO
2
+Al

2
O

3
+Fe

2
O

3
+CaO+Na

2
O+MgO+K

2
O) (1) 

SAR (-) = SiO
2
 / Al

2
O

3
      

 (2) 

CIA (%) = 100�Al
2
O

3
 / (Al

2
O

3
+CaO+Na

2
O+K

2
O)   

 (3) 

@ 2 2-2-18�¶¯°�±	s�¯�j�¯	MWPIç"!ú� SARç�¸E>St.3�w�

.�s�¯�j�¯�Hx"�5-�!=" �a>p»�2 2-2-18-a 	 MWPI ç��#

�ä0�±1St.133	�^¤ú¯°T®ú{|}À1St.93	�ú¯°-45ç�¸��$

0
1St.123	�^¤ú¯°-)5ç�¸�a>MWPI ç-c�B	;å���~�¸E

N	q�^��Y=!	;å��-������FJ�û�ef8�ii8�®zC�v
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=üE5>®���MWPIç
45N	mº8�ii8�>��5#Y��"#>� ��

��i��ü¯�î]�®#���®#«Æ"�5-â�qx" �a>¼½�SAR ç�

¸E2 2-2-18-b��#��$0 !j0
�,�� SARç	WX+,
�!=a>SARç

�- Al
2
O

3
��¢��a×~	 SiO

2
	C��~�¸EN	q`z�8�ii8
�©E=

.!»c�B SiO
2
NC�E#���qx#>Y	Y� !$0
- SARç
45Y� !

8�ii8	�©
)5Y�
] #>CIAç12 2-2-18-c3-MWPIç	Ä	M��¸E>

CIAçNw®	8�ii8J~�â¾E#kl�"z�A
�Õ�[\v=�c�B	 Ca
2+�

Na
+�K

+þ¥Þ	HV
C�v==. CIAç-mN 100%�"#>��
�¥�Jþ��d

¯c�q��Ypqi8
�©��5"5d¯c�1þHþ��Ï	àÐþ�3- CIA ç


 75´85%�i8o	�wc�
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�ÈÉq-�¯°µc�� !	û	C��./Z	��Í��O5�����5#>

�Yq8�ii8	�©J�M2
K5ÚD¯°B	û�~�ýþ��¢1FSR�)1433

®zùôa> 

 FSR = Fe
2
O

3
 / SiO

2
       (4) 

FSRç	¬­-2 2-2-18-d�¸EÒzq`z�̄ °�±�hE# FSRç	+,- SARç	
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r�v=#> 
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qx#1ÐÞànf�3>h{0
	nf���
ë��a!�ùôa5 d	¡{

fÑÐ10A�3�nf��ï±E#Y�qô°�±	0��²di�l±E#Y�
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�nfÑÐ-�GTOPO301http://www1.gsi.go.jp/geowww/globalmap-gsi/gtopo30 /gtopo30. 

html3�]5a>GTOPO30�®#�çË)nf�1DEM�Digital Elevation Model3- 30µ�

Q 1 km
2		¶��fÑÐq`#
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Æ"ç�l±E#Y�-#[q`

#>�ÈÉqh{�E#�6/0
	{|µÁÂjCq-��	Ã�ÄÅÁÑCÐÑ¨�

�õ{|jCq-�$0 !	0ï
Þµ 200 t��E#pq-jC	j0q 30Õ¿� 50 cm

/$	AA$Æ
DY!"5®����»O0lE#ø�`�aaô�0A�
`pz�

*"5a¿�O5�-jC�q�Ç�a> 

¼2	«¬fÑÐr	ï(T®ú��-ÈÉþ;�ªÎ�ÊËÈÉô�g�ê@�a> 

 

* �������+%��,-�	#� '( 

@ IFAS0lnf��®z��6/0
	®Aµ.¯OT®ú¯�î]Õ0� 0.5 km
2}�q

���a¬­�2 2-2-22-a�¸E>³Ì��6/�0	.¯- IFASnf�ql±v=aN

����

�GTOPO30�

IFAS

��

����� ��	�

��	


�GLCC�


��
�

IFAS

��

����

�����

IFAS

��

������

��


�����

+

IFAS

��

������

� 2-2-21 IFAS �*���$16����! 

- 49 -



	�~���8 O	�0.¯N�l±fÑÐ !Í��#Y�
qxa>0.5 km
2}�q`

#aô��®AO-Î5N		�AÏ
º	®��2Ð��5# �«E#Y�
qxa>

�6/0
	¯�î]-gh	Q 65%
bú�q`z�*5q
Ñ� 15%��� 10%�A

ê� 5%���Î× 3%������µ^� 2%�%0
{� 273 km
2�"#>�2®zä0

	 St.13 !B0	 St.6pq	.¯�T-bú�q`#N		��=®zj0q-���


Ñ��Aê��Òp=�5#> 

Y	¬­�N��¶¯°�±	0
{�"!ú�¯�î]{��ùô�A-$0
 !

j0
��AµÓ�E#Y��o���Ç�akHÎ�2 2-2-22-b �¸E>0
�Ç{�

-$0 !j0�,��h�¦�WX��St.10�St.7�St.5�St.4�St.3�St.2 	¶�±	W

X
:�5>Opz�Y=!	�±$0�T5��0
~0��5# !q`#> 

 

. ����/�0��123�4546 

@ �6/0
	 IFASnf��h��5b 8µ9 ¯°d/o	0A��ï±��¶¯°�±

	./0��ùôa>�	l±¬­�22-2-23-a�¸E>Y	¯°d/o1Ô¿	0A�-�

$0
q 121 mm�j0
q 104 mm�¼����	oM-«Æ"0r-¼�v=" �a>

j !$Z�ä0�±1St.133 !.��±1St.13	0��"z��Ti�- St.13q 1.0

´1.5 m
3

/s�St.1q 30´35 m
3

/s�ä0�±�.�±�	¿� 20´35�	0�²
`�a>

�~	Y�"
!Y	�5-0
�Ç{�12 2-2-22-b3�®#N	q`z�St.13 � St.1

q-Q 27���>pa�oÕ 22d !	�Ö"0r- 5b 8 9dpq¼�v=�Tz�

./	�H0�×�d¿	ä0�±�.��±�	¿�Q 4 d¿	ÐþCHk
`�a>

ÁÂdØ�o§E#�Q 18 km/hq`#> 

@ *��IFASl±0��¶�±q���aÒ�0���eB�a12 2-2-23-b3>2 2-2-23-a

1

6

5

4

3

2

9

8

7

12

11

10

13

1

6

5

4

3

2

9

8

7

12

11

10

13

0

100

200

300

1 2 3 4 5 6 7 8 9 10111213

L
a

n
d

-
u

s
e
 
a

r
e
a

(
k
m

2

)

St. number

Forest

Golf course

Field

Paddy field

Urban area

Mudland

Forest

Golf course

Field

Paddy field

Urban area

Mudland

5km5km

(a) �������	
��
� (b) ������	
�������

� 2-2-22 IFAS �*���$16�������	�3��ij�i3_��z 

- 50 -



�¸E●±
¶¯°�±	��d¿q`#>¬­®z�IFASnf�qùôa0�-Ò�0�

�K5LM1r = 0.893�Ng���¬­	Ù@·
)5Y�
] #>� ��IFAS0�

�h�Ò�0�- 1.25�)5ç�¸�a>Y=!	M��;Ú���2 2-2-7-a	Ò�0�

�O5�O¿O
�a>�	¬­
2 2-2-23-cq`#> 

 

(b) IFAS��������	
�

(a) IFAS�
�������Site	������

0

10

20

30

40

50

60

5/8

0:00

5/8

6:00

5/8

12:00

5/8

18:00

5/9

0:00

5/9

6:00

5/9

12:00

/5/9

18:00

5/10

0:00

Date

Q
u

a
n

t
i
t
y
 
o

f
 
f
l
o

w
 
(
m

3
/
s
) St.1

St.2

St.3

St.4

St.5

St.6

St.7
St.8

St.9

St.10
St.11

St.12

St.13

0

20

40

60

80

0 20 40 60

IFAS�� �m
3

/s)

�
�
�

�
�
m

3

/
s
)

Y = 1.25 X

(r = 0.89)

Fig.7 (a)

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7 8 9 10 11 12 13

May

August

November

January

St. number

Q
u

a
n

t
i
t
y
 
o

f
 
f
l
o

w
 
(
m

3

/
s

)

(c) �������	������

� 2-2-23 IFAS �v����8�

���'�������v��

��� 

- 51 -



��� ����	
��
���������	�
�� 

� ����	
��
���� 

@ 1÷3q¸�a�6/0
	A�fÑÐ-�µ8�iÁx�hE#IJêD·�1¢£

�¢µÊ�ç���3Ûï#×~�-Ìwq`#�=º�¶7¾1d¿3µ¶�±1×ô3

�q�Üè�aN	q`z��6/0
	���+�1N�*-[\�3�¸EN	q-

"5>Ý<.�$0�± A�j0�± B	./B��p=#�� X	IJ�Þ��=ã=

1�10 g/m
3�E#>Opz��± A®z�± B-�� XIJ
 10�)5Y��"#>*��

	�±	0�-�± A
 1 m
3

/s��± B
 10 m
3

/s�Þ�E#���	�-�=ã= 1�100 

g/s �"#>¼�i�Y	ç�YZ��55��± A �ef�± B -�� X �hE#YZ

�
 100�)5Y��"#>“./	0�-0
{�	Ó��®z��E#”Y��o���

a×~1`*pqN0
�T�#ß�8-"5�Þ��a×~3��	YZ�-q�0
�

Ç{��êDE#Y��"#>�Yq��± A��± B	0
�Ç{���=ã= 1�100 

km
2�Þ�E#���	e-5»=N 1 g�km

-2�s-1)�"z�qAd¿µqA{�`az	�

� X �-	�±�NRï�"#>�ÈÉq-�Y=�
����+�1N�*-[\�3

���p�ô#�)(5)�"#> 

 
����+�1t�km
-2�y-13  

= [IJ1t�m-33×0�1m
3µy

-13] / [0
�Ç{�1km
23] 

 (5) 

YYq�IJ-2 2-2-7-f´k�0�-2 2-2-23-c�0
�Ç{�-2 2-2-22-b�¶¯°�±�

¶¯°d�hçvñ��¿��§Ç�a>�	¬­�2 2-2-24 �¸E>¶��	
��+

�1t�km
-2�y-13-�DSi133.6±25.03
�N)*�O5q DOC110.6±10.23�TN12.29±2.423�

PO
4
-P10.652±0.5603�DFe10.642±0.7813���� Chl.a10.00737±0.011553�"#>
�

DOC�+��7¾¿qeBE#��_7	 5b-�N)5ç�¸�� O$0µj0	²

-" �a>67	 8b-ä0 St.13 !B0 St.8pq-]» �y����=®zj0q

-Q 10 �WX�a>À7	 11 b-$0q�N4*�j0�, ��WX�a>87	 1

b-$0
�T5��+�
)*�B0
qy��aM�j0qÅúWX�a>Y	®�

�¶7¾�®z
� DOC �+�	o8-³"z�ghi�-j0
�T�# DOC 	�+

�1[\�3
rs����)5ç�¸�a>Opz��6/0
	 DOC	�+-$0


	bú�®zj0
	\ð�µ
Ñ��®#'(
Hx5>av��6�87-$0
�

®# DOC�+
¸¹v=#>Û�
HÞà�Þ����!L¥�q`# DFe�DSi�TN�

PO
4
-P	
��+��eBE#��7¾µ̄ °�±q	o8+,- DOC� v�a>¼½�

Û�
HÞà�Þ	ÊËq`#
� Chl.a �+�-5»=N$0 !j0����WX��

_7	 5 b
c	d7�ef) �a>/$	Y� !�
����+�-_7 5 b
�

N)*��=�®z Chl.a	�+�N)*"�aY�
¸¹v=a> 

 

 

- 52 -



 

 

� ����	
����
���� !"#
$%&'(&�
)* 

@ ¯°q�+v=aÎ�Ý�"º	CDÌÍ�-()���z��"
!./�[\v=�

�	()��î]��Û�
HÞà�Þ
W-E#�5�³à�h��1y3zq¸�a

¶ö	
����+��	¿	M�1LM���s 2-2-53 !ÛªE#>Y=!
���

�+��-K5LM
�!=�^��
� DOC �+��
�()�1û�ýþ��K��

�Þ�§�Þ3�+��	¿�LM�� 0.78´0.88�)5M�
�!=a>�Yq
� DOC

�+��h��¶()�	
��+��kHÎ�E#�2 2-2-25 	®��"#>
� DFe

�+�- 4ã	()�	" q�NOnieÝM��Ng�DOC	�+µ[\
./Z	

l��a DFe�+µ[\�n!i�O"
#Y��é�E#>^��_7 5b
)*�6µ

Àµ87�7¾	h¨��N"54*"#Y�
] #>¬­®z�
� DOC�+�	


� DFe�+�Z	���¢��2-M�)®z 6.8%q`�a>O5q�LM·
)5	-


� PO
4
-P�+�1��2 4.8%3�
� TN�+�1��2 20%3�
� DSi�+�1��

2 191%3q`�a>
� DOC �+��hE#
� TN �+�	M�-~	�u
qx�

�	+x-CDÌÍ�	¦§1C/N3�é�E#>Opz�+x
45N	mº C/N
Hx

1 2 3 4 5 6 7 8 9 10111213

N
e
t
 
p

r
o

d
u

c
t
i
o

n
 
v
a
l
u

e
 
(
t

k
m

-
2

y
-
1
)

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

1 2 3 4 5 6 7 8 9 10111213

1 2 3 4 5 6 7 8 9 10111213

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

1 2 3 4 5 6 7 8 9 10111213

DOC

DFe

PO
4
-P

TN

DSi

Chl.a

St. number

November January

May August

� 2-2-24 ����������$F�6��<
B�v 

- 53 -



*ÚÛ81á()ÌÍ�3	�©
)*�Ä�+x
)5N	mº C/N 
�v*ÚÛ8


`pz�©��5"5Y��é�E#>_7	 5 b-A7	" q�NCDÌÍ�
ÚÛ

8��87	 1b-ÚÛ8��5"5>5»=�ñ®��+v=a DOC-0
	¯°µc

�B	()��./��+E#Y�
¬Ûâ�!=a> 

@ *��
� DOC�+�T®ú
�()��
0
	³G¼*�+�1
� Chl.a�+�3

�º	*!5'(�ãNE Ûï#>s 2-2-5	LM��®z
� DSi�+��
� TN�

+��TT®�	LM·-`�a>./

AB��%E#Û�
HÞà�Þ-¢

£h¨�hç�"
!���S·[�

Ì��̀ #ã	
HÞà�Þ-¼O	(

)��h�äå�çæE#N	1&'�

�3N`=.�c	
HÞà�Þq-ç

æ�"5�N�*-ç�	()�	ED

qçæE#"ºSöq`#>Ò ��6

/0
q¼�v=aÛ�
HÞà�Þ

1Ü��� 3	 SEMè�5*O 2

2-2-26�éêE#>$0
qëì�ÆÇv=a 

DOC

DFe

DSi

TN

PO
4
-P

Chl.a

DOC

1.00

0.88

0.78

0.85

0.86

0.59

DFe

1.00

0.76

0.70

0.80

0.65

DSi

1.00

0.73

0.82

0.70

TN

1.00

0.87

0.69

PO
4
-P

1.00

0.57

Chl.a

1.00

k 2-2-5 ���<
B�v��U��

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 10 20 30 40

DOC (t km
-2

y
-1

)

D
F

e
 
(
t
 
k
m

-
2

y
-
1

)

Y = 0.068X-0.080

0

20

40

60

80

100

120

0 10 20 30 40

DOC (t km
-2

y
-1

)

D
S

i
 
(
t
 
k

m
-
2

y
-
1

)

Y = 1.91X+13.2

0

2

4

6

8

10

12

0 10 20 30 40

DOC (t km
-2

y
-1

)

T
N

 
(
t
 
k
m

-
2

y
-
1

)

Y = 0.20X-0.15

0.0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40

DOC (t km
-2

y
-1

)

P
O

4
-
P

 
(
t
 
k
m

-
2

y
-
1

)

May, 2009May, 2009

November, 2009

August, 2009August, 2009

January, 2010

Y = 0.048X-0.148

� 2-2-25 ��}~JK�mB�v8 4������ B�v8��� 

- 54 -



��� �St. 1~4� ��� �St. 5~8� ��� �St. 9~13�

Anomoeoneis

sphaerophora pfitzer

Cocconeis pediculus Cyclotella stelligera

Asterionella formosa

��	
��
�������������

Fragilaria crotonensis Cratium hirundinella Aulacoseira granulata

� 2-2-26 �����T�	l$B¡¢£¤!,;<=�>?@>�Q¥��¦10 μm� 

10
4

10
3

10
2

10
1

10
0

10
-1

10
-2

10
-3

(Net nutrition production)
4

(t
4

km
-8

y
-4

)

10
-1

10
-2

10
-3

10
-4

10
-5

N
e

t
 
C

h
l
.
a

p
r
o

d
u

c
t
i
o

n
 
(
t

k
m

-
2

y
-
1
)

May, 2009May, 2009

November, 2009

August, 2009August, 2009

January, 2010

� 2-2-27 ���� B�v�i8

��?§§�¨�B�v8��� 

- 55 -



	
 Cyclotella stelligera�Asterionella formosa�B0
q-Anomoeoneis sphaerophora pfitzer�

j0
q- Cocconeis pediculus q`�a>�6/0
�±�M�"*ëì��!=aã-

Fragilaria crotonensis�Cratium hirundinella�Aulacoseira granulata	 3ãq`�a>�Yq�


�DOC�+��w*4ã	
�()��+�	��
�Chl.a�+��	M��22-2-27

�¸E>³Ì
	LM
�!=�Î�Ý���� DOC�®z�+v=a()�1DFe�DSi�

TN�PO
4
-P3-Û�
HÞà�Þ	�+�����5#Y�
�ÈÉ®zÒªv=a> 

 

� ������	
������
 

@ �ÈÉq¯°�a�6/0
-�í�J�¯°�a)�/0
	î�AÜ���*	±

qEÒ��5#12 2-2-283>5»=NPQ|�
ä0�"z��6/	%ïÆ
 88 km10


{� 273 km
23�)�/
 73 km1246 km

23	àð./q�0
+JN v��5#>0


	��-�$0 !j0�, ��.¯�ñnò,�"
!Íó�&�$%�&�j%

�&	æ�¨zo]#12 2-2-33>5»=	��N�����q`#aô./	ñ]�®z

:�*k1��.¯-V�*ô©��5#>^�$0
�T5�-�5õö�n���j

0
q-Y=!	¯e
���aÙH"÷�Áø�n���5#>¡ù-	./�NmN

RS�;<!=�1÷3z�|õ	Òzq`#>L�±���jC}	AÜ
`ú!=��

6/q-$0
12 2-2-28-a�St.9µ103�)�/q-B0
12 2-2-28-b�St.6µ73�`#>

pa�b/�	O"
zq�N��"���,��5#�;<!=#	
��	Dìq`

#
�)�/-�×��	aô	û��Äüüý�Ä�©�aaô[~��-ÆÇv="

5
��6/-ÚìNÙH"þ���
£v=�5#12 2-2-43>¯�î]�Ç{�10


�Ç{�3�O5�	./�eBE#�12 2-2-283�bú{�-�6/
Q 65%�)�/


Q 50%�gô�Tz�)�/	m�
B0
 !	\�8
�±q5#¼½��6/-

j0
�
Ñ�
k����*"��5#>pa�%ïÆ�0
{��N��6/	m�


Hx5
��0./�h��	0
�
)�/®zÙ5>�	aô��0./�hE#

A�-.¯��	¯�î] !	'(1��µ�83
Hx5�;<#���6/®z)

�/	m�
0
¯�î]	'(�>�üE5�r�v=#> 

2 2-2-28� 2008� 10b	)�/� 2009� 11b	�6/	
����+���=ã=

¸E>qA-2 2-2-24 �³"zÞµ`az	�+�q`z�)�/- DSi 	��-©��

5"5>¯°d
³"#	qef#Y�-9�5
�³Ì
����+�	+,-v�5

a>
� DOC�+��O5��)�/-ä0 !.�Z	WX�
Hx*�.�q	ç-

�6/	 10��N�E#>� ��
�()�1DFe�DSi�TN�PO
4
-P3�+�-5»=

N�6/$0
	ç
)*�.�
pql��+1[\3��5#Y�
] #>Y=!

	'(

� Chl.a�+��N'(���6/0
-$0 !j0Z	���+µ[\µ�

�
l���5#Y�
ÆÇv=a> 

 

- 56 -



@  

 

��� ��� 

@ �6/0
�Ý��a�÷|10
�3�÷�1�
3	O"
z���i(£�®z

�ª�a>�!=a�­µ¬Û�/j�p�ô#> 

0

100

200

300

1 2 3 4 5 6 7 8 9 10111213

L
a

n
d

-
u

s
e

 
a

r
e

a
(
k

m
2
)

St. number

Forest

Golf course

Field

Paddy field

Urban area

Mudland

0

100

200

300

1 2 3 4 5 6 7 8 9 10111213

L
a

n
d

-
u

s
e

 
a

r
e

a
(
k

m
2
)

St. number

Forest

Golf course

Field

Paddy field

Urban area

Mudland

Forest

Golf course

Field

Paddy field

Urban area

Mudland

5km5km

1 2 3 4 5 6 7 8 9 1011121314151617

St. number

0

100

200

300

Forest

Golf course

Field

Paddy field

Urban area

Forest

Golf course

Field

Paddy field

Urban area

L
a

n
d

-
u

s
e

 
a
r
e
a

(
k

m
2
)

5km5km

(a) ��� (b) ���

� � � � � � � 	 
 �� ������

� �� ����	


��
��

��
��

��
��

��
��

��
��

��
�

��
�

�
�
�
�
�
�
�
	


�
�
�
�


�
�
�
�


�
�
�
�
�
�

�
�
�

�
�
�

�

��
�	

��
�


� � � � � � � 	 
 ����������������

� �� ����	


��
��

��
��

��
��

��
��

��
��

��
�

��
�

�
�
�
�
�
�
�
	


�
�
�
�


�
�
�
�


�
�
�
�
�
�

�
�
�

�
�
�

�

��
�	

��
�


DOC

DFe

PO
4

-P

TN

DSi

Chl.a

� 2-2-28 ������	
�����
���������������� 

- 57 -



 

��������	
���������
������������������� !

"#$%��������&�'()*+,�-�./*01�2345��6�.�

789:�;�<'=4>?� +-!34@�%��AB�C 65%!>?�"D��

���E��FG�HI'J@ KLMN$%O$�������PQR�"'ST�

UVWBX*0-�F�$��YZ![�\�]�^_`a!b���cd-eBX�

�1�4@�%�34b��"'�f!(@%M0g�������hiQjkMN$

lmnopq'Er�gst��1,400 ha�,u-vwxyz{��1��|}7�R

~g�*-���!��MN4@�% 

���������F����=����������	gP��� pH'J*3$%��

����J\��������M�����%������'�����gHI�-@

J@������	g��a��� @¡¢'=�J@����$%��£¤¥��o

pq9¦�§¨��©���ª���ª<�]�4«¬¬­®���'@¯N�°¢Q

±²g�34�	³�´#µ¶'-*3$% 

��������­�·�Q¦¸¹�º»¼½¾¿À«Á�g��Â�@ÃÄÅ�Æ@4�

­�·�5�Ç­�·�È¦ÉÊ�ËÌÍKL�Î3$%Ï¢�P�� Ð¢�b��

'��£¤¥���5�ÇlÑ�­�·�gÒÓMN�ÔÕ½¾Ö�!J\�*+­�

·�È¦���×Ì!J@� *0�­�·�È¦��`'�Ø�l�ÙÆ�Úg��

g5Û���ÜÝ°Þ�HI!u#@� !ßà�$% 

��������á�5�ÇlÑg��HI�á�'�âÝãá� äåØæ�çè²éê

MN�ëì��F'íî�����F uï-\�¢ðg�34��ñ_!ò0N��

 *0óX� �+-!�!u#\�ôì'E��gõ´aF��!@¯N�J\�¢

ðñ_!-@� *0óXE�� '=\ö-�÷;"D�� !ßà�$%lÑ£¤

ag+@4�óXl��bXl�øù!úû_�45��	g�P���>?�'J\�

b���üý�' *3$%lÑþ¤ag+@4óXQbXlgu#-�@-*3$!�

P��ø�_�Í^_!�Î�45��l�a��1���MN$%�	"¦
Ó¼�

�×Ì�J*3$%��lÑR����£¤a ¦g+@4E�� ����KL�$


��P�*0b�g�Û4�£¤ag��¦����òµ¶!��gò0N�E��

�lÑQ�a*0����� 100% �� �25%'E�n]N���÷;*0¦!�

��4@�� !�*3$%M0glÑY���½¾¿À«Á�	����lÑRg'

��-���£¤a!�ON�����E�ghiMN�O"� !5@4"#Ã�£

¤a'$%��O$�­�ª���ù-J#&'lÑRg'(Q)���]�
��E

��R����£¤a�u*#'­�·�"D�� !�*3$% 

��+�aF�`,!ûa-�ª«Áª��`,g./�HI�6�8����,5�Ç�

�B0AB��6aF�+��`,9t1km
-21y-1<���$
����£¤¥� 10.6��

�¦ 0.642���§¨� 33.6�=©� 2.29��ª���ª 0.652�]�4«¬¬­®�

- 58 -



0.00737  -3$%+���£¤¥��`, +�opq�`, �ÞgÖ@Ô��

90.7820.88<!ò0N$� *0���g���`MN$��£¤a'��lÑQ�

aR�opq�E�g�`Qhi��� !�*3$%O$�­�·������£¤

ag���`MN$opq'ûa-�ª«Áª��`g���4@�� !34MN

$% 

������� p5��� �õ6�7E��� �g����F��8-�'9:gî

@����;<=�>?�vwz{�£þ�l�ÙÆAB-�g�@!D3$%+�a

F�`,�µ¶'@4@$����������øù!P��*0�opq�Er�O

"AB�`9hi<�45��«¬¬­®��`,g�HI�4@�� !�*3$% 

 

�P�� *0���*0U�G�aFjk�C× �4�>?nü�"�`MN�­

�·�!DE-aF"D�� !������3Fg4à"#$%O$�����G�4

(,�aFnûa-�ª«Áª��`��U�ghi�4@�� !éê"#$%�*��

HI�J�ÍKLgM3$NOKL*0"'���� U� ��ÊÍPQ�RE��S

T��� '"#¯�UVWéBX&!(�Y��ù-�!��%]�QZg�[\]Þ

�^_"'`abcEXg����*�deñ�EXg����*fg!+*-@�h�

��!ij�vkÊPQlmgO$!��f#ÛMN4@�� "J�Ín4�
�!±

Ìg�34o -��pqx -�vwde"��MN$��rs turs �vw-

��!xy�4@��-�Dz0N�%F{|�}~g�N�E�nEr��"'~Ì�

�n¨�ªÁs±��-�`a�b!�O���\Î�N�vw ����v0����

E��F'���_�4@�%g�**�0¯��'�����n`�g~����n�

����A=-�������@3]ù���4@�%�w����ù-�����=�

�J�ÍKLgM3$���*0KL�$0 KL -�!�� ��� �a� ��

��{� R¯��W�= '@{-@%HI�������3�^_�� 4I98�Þ<

Î34#$!�� ��� �a�Q���3���� !"#-*3$%P��"';

��8������ì�äå;<="�����RQb��"'âÝã Qá�G�¡¢

ì�,u-�f�£"¤\ü¥�Er�"',u-xyz{"�¦z§�-�¨¾n¢ð

©² �4���¡¢'D��������=�g5@4��"ª«&h�¬'-\��

������Æ� �4E���ÙÆ­¯�������vw �� �®�!¯°gD

� �±0N$%&^_g5@4²\³.�-*3$!���������´�'UVµ

_¶�GM¯gE�G·N��4@�è²!@\+*éêMN$%¸¹º"���F»¼

½¾Å��¿B����´�Õmg+@4�ÎlQ�À�ÁÂn�ÃÍQËÌÍ���$

��ÄÅ�B��&ÆÇ"^_�$�����9ÈÉÊË�ÌÍÎË�ÏÎË<�D8�

� �4Ð1 6 Ñ�g¸BMN4@�%�*��`ab�ÒÓ�Ô.�'UV 40%gt�

450¯����ù-NÕ����¯°g+-!34@� @{�ù% 

 

- 59 -



�P�1� Ö×�� g�Hô�\]Þ"��� U� ��ÊÍPQ�RE��S

T��$�g'����Er�xyz{9Ø 2-2-4<�!Ù� �{�%����ãå*0'

(,�­�·�!ûa-�ª«Áª��`gRE-opq�U�gjkQhi�4@�9&

ÆÇ�
n<%]�
��U����� UÚÛ;��*g�4@�%�*��	"'���

���!�*g-��ãå"D�RE�!%�N$
��ãå*0�aF�vwhi'Ü

�{�Ý��g�ÞÍaF� ßhi!'±O��UÚÛ;�àá �op»â!ãä_

MN4#4@�%����� p5����åBÍ-�@'vwz{��ä�£þ"D�

 �{0N�%���g' 1,400 ha��,u-ºæçè�xyz{!D�%�	�*+4�

p5����� ��g,u-z{!D3$ �{0N�!��c�£ �4�éêg�

�ø ë�=4ì�240N$%]N' 196021970ÑÝg*Û4íîïg�N��Er�

=4gÙÆMN�ðñòËgD�óÎz{9ô¸BóÎõö÷øf��<ù��úCûü

�<�*+4ýþ�Er�g�1MN$,u-º��z{"D3$!�Nä'��Í��

 -34@�%���Er�xyz{'íîï���vwz{"D�%Ø 2-2-29 gxyz

{����	���%���ãå*0�aFhi!����G�4U�g�
��cd-

lm!WB��z{��1�4@�%]�OOU�gaFhi���N z{�G �4

U�gaFhi���N� 2 &D�%��Erºæç -34@�z{g'|}7!��

��q�ûa�V��a�]N�
Z ����õ-��(���z{����1�2$

­4@�%|}'¨�Jûa"D�� *0���ÆÇ"34�$­�·�g���Q�

�����þ�"#¯����*0hiMN�­�·��HI�KL�´#"D�%|}

���'u�R�ç�_¥� ���*0hiMN$opq��BQµ_��n!4Ï*

0¡¢g*Û4����z{gWB��%z{'��de"D��"WB£¤a'úû_

��­�ª�n­�·���1��ÇU�g­�·�hiMN�%�í�	�6�"�b

á�!���������íîï��g���$U��n|}-�!÷; �{0N�%

­�·�'����z{gWB�$¦���Ã��­�·�È¦ÉÊ �4U�ghiM

N�%|}'� Íg!n"K##$%�&%ÓgÙÆMN4@$!�îÑ��f�l�

'(�b"�)*��+O�½¾$ �4nc% �4���g,¼MN4@�%O$�

z{��*-���g~O���õ'>È�ÈUg-{4��+-z�C×�.345��

opq��Ç���gjkQ,¼�4@� �{0N�% 

/ôg�&^_g01�4\N$(j���g�2��  �g��vw�ò��� �

u3M�4�"�3��4\N$� g��ù�+�1� �4��g5�% 

- 60 -



 

���� 

�� 6789Q:Ì;<QRr� =Q>7?àQÐÌ@º91997<�º»#¾½¾¾��g

��Aw�úûaF�½¾	��Bw�BÅC#Ä_��46(5)�335-342C 

�� 6DE&QEFGHQIJ�k92008<�E�QKL�G�>?£¤a�hi !9II-5<�

In åb� ÚQfR� M N�>�U�+-!� ErQKL���a�`�pp.59-73�

OPrQ�RC 

�� �� ST91998<�lÑQ^_£��1 �Fñ_C�F^_²UV�49(12)�639-667C 

�� xyz{�O��s92006<�������vw^_VW9�F�EL�ûa�õ��

�XY�Z��]�Ú<��&J�0sC 

�� [\]^QR\_`QHJabQcD�dQ7efg92001<�EEMS g���R��

£¤a�	�ÃÄC�de�sh�24(10)�686-692C 

�� ijkl92009<�p5�g5Û�­�·��F �$> U�+-!�g���ÆÇ

93-3<�In UÚlmÆÇmnop�Ð1 20 Ñ��U� �����ÊÍ-PQ	Å�

^_ÆÇ�VWqCpp.44-63��&mnC 

�� Waite�T.D. and Morel, F.M. (1984)�Ligand exchange and fluorescence quenching studies of the 

fulvic acid-iron interactionCAnal. Chim. Acta.�162�263-274C 

�� Yazawa, Y., Mikouchi, T. and Takeda, H. (2009)�Available resources and energy sources from 

Mars rock and soil (Chapter 17)�In Badescu, V. ed. “Mars – Prospective Energy and Material 

ResourcesCpp.483-516�SpringerC 

���

����

�������	


� �

�������	



���

��	

� �

��������	


��


�	
��
����

CO
2

�������

����
���������

	���
�
� 2-2-29 ���������� ���!"#$%&'()*+,-. 

- 61 -



 

���	
� 

�� råãGQPÐfsâQ]f� <Qijkl92009<�tËãå*0hiMN�­�·

��¦�aFjk ��� ��u 1―­�·�uvhig���wxX*0�¦��

�yªz{�―��&U��s| 60IÑs9íî�6U<C 

�� råãGQPÐfsâQ]f� <Qijkl92009<�tËãå*0hiMN�­�·

��¦�aFjk ��� ��u 2―p5�g5Û�l�ÙÆ �F��� ��u

―��&U��s| 60IÑs9íî�6U<C 

�� }f~&Q�ft9Q��ÌOkQråãGQijkl92010<�tË�\�ãå*0

ãUG�+-!� 1―��� p5��õ6―��&U��ss��s| 1I���ó

s9¸¹�3U<C 

�� �ft9Q��ÌOkQ}f~&QråãGQijkl92010<�tË�\�ãå*0

ãUG�+-!� 2―lÑ*0E�G�¦jk¤�―��&U��ss��s| 1I�

��ós9¸¹�3U<C 

�� råãG�]f� <�ijkl92010<�­�·�g��¦�£lÑ*0E�G�aF

jk¤��Ãà��&�de�s| 44IÑs9[��3U<C 

�� ijklQråãGQ}f~&Q�ft9Q��ÌOk92010<�tË�\g5Û�ã

å*0ãUG�+-!�È������­�·�g��¦jkKLÈ��&U��s|

61IÑs9� �6U<C 

�� Fujiyama, R. Takeda, H. and Yazawa, Y. (2010)�The chemical link of forest and sea by river: 

Materials supply from land-used soil and transport by river with reference to fulvic-Fe complex�

19th World Congress of Soil Science (Brisbane,Australia�August)C 

 

- 62 -



���� ����

�

�������	
�	�
��������������������� 
��!

"
#$�
%&�'(�)��*+,-�.�� 
�/�
012�34 4  

5
678%��9:$;<=$>?	
@A�BC
01DE�F*0�#$�
�

����>?;GH	
@A�I
JK2LM�NO12�
P�QRKP�063S&

����<=$
9:$
>?TUV
WX
YX
Z[	�\]^_6@A`ab�I


cd;ed
f�gh&i�jk0�9:$��lmnopq
rs
tuv���w

x635
yz�{|%}@~��Q�a@���u
�Ao�����
 δ

15

N ����


�9:$
���J�ed
����>$����������^_63�|<=$�

�TUV
WY�����A
f�gh&i�Q�����2
�B01�9:$��Y

X
Z[��2 
PK9:$
TUV��	��
��A���^���R�012�


�OK_63�|9:$
TUV
WY� ¡06����A¢� 4 £�i¤06
 

¥�3£��¦§
@¨©ª�«¬012�
�OK_6��­U®�¯°��YX
±&

�WX
����A�«¬012� 
���^_63²|<=$�³´�µ¶·®¸


@¨¹º
ab
f�gh&i
)»�D¼6
 ¥�f�gh&i�½2©ª¾I@¨

¹º��2¿À�Á7K_63Â|9:$
®¸�tu�lmnopq
rs�I
�Ã

�ÄÅ012�
P��KP�0�
J�µ¶·®¸��21�Z[
lmnopq�Æ

Ç��@¨©ª
012� 
�È�063 

8É��>?	
ÊËZ[�³21�#;$;����ÌAÍ
01Î/^_12�Ï

qÐÑ�ÒÓ��ÔÕPKÔ�Ö
×ØÙ
AÍÚÛ�DE063���<ÜP�Ý	�

ÞßàPKá�,â�¦Þß
ã�äå�æ1#çèé�	ê�
ë 65%|
���x1

³��#çè���9:$>$ÞÍÖ
LM��2 
���^_63>$ÞÍÖ
AÍ

ìí�
01îï��21ð��ñò06yz�ó�PKô��õ´1
��A���ö


÷�øù¿À�gú�ùK_6 
PK�>$ûüîïPK
AÍìí�ýþ��R2

 
��Á^_63�6�������A@~�
��×ØÙ@~����×ØÙ@~�


�����Ï�q@~�

	�
2v)��ùK_6 
PK�ÏqÐÑ��õ��

��A���@~^_6×ØÙ��Ao�����
@~��N0�
����
ó�	


��
ô�	�����A�³��îï�ÏqÐÑ���^_�vB��
º��J�

P�ÏqÐÑ�ö��
����2 
PK���	�
#çîïPK
ÏqÐÑ�>$

��01�	�AÍìí012� 
�È�063 

�ó
yzPK�#PK
ìíAÍ�>?	
@AÖLM�NO12� 
��	�


ÔÕPK�<�
ÏqÐÑ��Ao�����
@~����×ØÙ��	�ÚÛ;ìí

0��	
@��
� .��!P�012� 
"��Á�R63!"��4�	�
�

	

%&�'(
����#-��67���	�PKìí^_�ÏqÐÑ
�����

��	
��
���������������������
 !"#$�%&!'()*+

- 63 -



,-./!�0123-4567"8����9:;<*="8�23����>-?@!�A

BCD�EBFD�G7
HI<
�JKL*MNOPQ�23BRS
5KT'U"8���

��VWXCD���Y<���Z[\]��^!'_`ab�c�BdeQ�fghij��

k�%$l��mn67�_`ab���
�	
�Y<���	
�	�
�������

����� 
��R�3 _K
�����������0�!"
#$�
%&�'

(�)��*+,-�$,1�¼R
�O�3o

- 64 -



 

 

 

 

 

 

 

 

 

 

�� �� �� � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

�� �� 	� 
� �� �� � 

 

 

 

��������	
���
��� ���������� 

 

��������	
���
��� ���������� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 66 -



��������	
���
��� ���������� 

���� !�"#�$%&'����()*+�,-$./'��012�345�

"6789� ��:;< 

 

 

 

- 67 -



 

 

 

- 68 -



������=>?@�ABCD$./'�
��0EFGH45� IJKLM89�

��:;< 

 

 

- 69 -



 

 

- 70 -



 

 

- 71 -



 

 

- 72 -



 

 

 

- 73 -



 

 

- 74 -



 

 

- 75 -



��������	
���
��� ���������� 

������=>?@�ABCD$./'�
��0EFGH45� IJKLM89�

��NO< 

 

 

- 76 -



 

- 77 -



 

 

- 78 -



 

 

- 79 -



 

- 80 -



 

- 81 -



 

- 82 -



 

- 83 -



 

- 84 -



 

- 85 -



 

- 86 -



 

- 87 -



 

 

- 88 -



�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� � �
�

�

��������� 	
��

�����������������

�

��������� !�

�

�� !� 	"#$��%&'%&()*+,-./012.34*50%&6��

�

��789:;9998�<=>?@ABC8;8:;8D� 	"EFGH�

�������������IJK�9L;L:9M;8NMN� OPQ�9L;L:9M;M9LL�

� � � � � � RSSTUVVWWWXYZ[XZ\X]T� J;^_`ab`c[ZdYZ[XZ\X]T�

� � � � � �

��e��fghijkljkmnopq�rstuvwxN;y;NNy9y;MLD;L���

�


