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ABSTRACT 

 

The objective of this study was to be the baseline data supporting the proposal 

and establishing measure for Irrawadi dolphin conservation area in the Upper Songkhla Lake. 

The proposed area of 100 km
2
 were investigated in January and May 2007. 9 stations were set 

for water and sediment samplings. In May the results showed that water temperature in 

surface water and bottom water was 30.5±0.3 
o
C and 30.4±0.3 

o
C, espectively. In January the 

results showed that water temperature in surface water and bottom water was 27.4±0.2 
o
C and 

27.2±0.2 
o
C, respectively.  Salinity in the area were low, ranging from 0.1 – 0.4 ppt in both 

months. Nutrient concentrations in bottom water were slightly higher than surface water and 

showed seasonal variation. Chlorophyll a were found at high level about 10 mg/m
3
 in all 

stations. It was indicated that the status of study area was eutrophic level. This situation 

therefore caused high dissolved oxygen and high pH during daytime. The N:P ratio revealed 

that the area was N-limiting system. Total nitrogen concentration in both seasons were about 

250 µM. Total phosphorus concentration in May was almost two times higher than in January. 

Sediment characteristics were clayey silt in both investigations. Organic carbon content in 

sediment was about 1%. In general, water and sediment qualities in this area were still in good 

condition. However, it was threatened from an economical development in the watershed. To 

conserve Irrawadi dolphin in this lake, efficiency measure applicable to protect dolphin and 

habitat quality should be implemented. 

 

Keywords: Conservation Area for Irrawadi dolphin, Songkhla Lake, nutrients 
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$7��C-�3ก4�1�=*��ก���C7 *$� <����+ก�������%�<���<��C-�%��1!.9��ก���9:��&�$7��C-
*5."*�����5�
ก4�=�"� *��<*�5"$7��C-9��"�+ 100 �����ก�=��"�� ,
���9�C- 1 =,�"C%/��C�กA<�
������ 9 
 %/��C ,
���9�C- 2 

 
2.  ��*�����ก���8ก"� 

 
ก8�!�,ก���กA<�
��������ก�9:� 2 *�
7� *�
7��C- 1 �,$��"ก��*" 2550 �9:��
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Lat. Long. ST 

N E 

1 7.665 100.233 

2 7.667 100.255 

3 7.634 100.255 

4 7.634 100.234 
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6 7.661 100.208 

7 7.695 100.208 

8 7.695 100.228 

9 7.695 100.255 

 
 

�4���� 2 �8��!���	5,�กA<�
������1�$7��C- 100  �����ก�=��"�� 1�����%�<%�&�����<��C-�������	
�
��
��ก���������������������������������%��1!.9��ก���9:��&�$7��C-��5�
ก4�=�"� 

 

3.  ��6�ก���8ก"� 

 
3.1 ��6�ก���ก0�!��*2�&��	� 

 
�
�������78��กA<,.��ก��<�ก�กA<�78��C- 2 ��,
<*��"�3ก *$� 1�.D���78� 0.5 �"�� ����!�$�D��,�� 

0.5 �"��    �
������%8�!�
<���*���!�*��=�JK��� �� �กA<�C����,
<�,C�� *$� ��,
<�-8�ก���D��!�.��78� 1 �"�� 
(�กA<1��C-"$,�����A� ������*���!�6��1� 12 �
-�="�) 

1������%/��C�กA<�
������<
��3ก�8��!����ก
,���&.�"���
-��9 ��"�
7��8�ก�����	�
,*��"�3ก
,.��%��,�-����*��"=9����%�,.�� secchi disc �8�ก�����	�
,*5+6��78��
-��91�6�*%��"&�������
��,
<*��"�3ก �,.�ก� �5+!6�"�  *��"�*A"  *��"�9:�ก�,-,��� 9��"�+&���&A�������
7�!",  ���ก���8�
�JJN� ,.���*�$-���
,*5+6��78�!
���"  �C-!.� YSI  �5�� 650  

�กA<�78�%���!�3-�1%�&�, BOD ��.���3���กL��	������,.��%������� manganous sulfate 
��� alkaline iodide �$-��8�ก�
<�9���*���!�!�9��"�+��กL��	������ �กA<�
�������78��C-��3���กL��	�
��.�1��C-"$, ����������$-�!�9��"�+��กL��	������6��1� 24 �
-�="�      

�
�������78�%8�!�
<���*���!�%����!��$� �กA<1�&�,��%��ก%���,&��, 1 ���� ����กA<
�
ก4�=,������A�1�/
��78��&A��$-��
ก4��5+!6�"�1!.�����C-9��"�+ 4 �����L��LC�% �$-��8�ก�
<"����*���!�1�
!.��9\�<
��ก��   �
�������78�%8�!�
<���*���!�L���ก������ ����
�*������C �กA<��ก1%�&�,��%��ก&��, 125 
��� 250 "�������� ��"�8�,
< =,��กA<�
������1!.��A"&�,����"�1!."C������ก��6��1�&�, �$-��8�ก�
<"�
!.��9\�<
��ก��������*���!�6��1� 24 �
-�="� 
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3.2 ��6�ก���ก0�!��*2�&�ก����� 
�กA<�
��������ก��,��D��!�.� =,�1�.�*�$-��"$��กA<��ก��,��D��!�.� Birke-Ekman grab  

�กA<��ก��1%�/5���%��ก%���,  9K,�
,9�ก/5�1!.���� <��	5��1�/5���%��ก�Cก�
7�!�3-� �
,9�ก/5�1!.
���� �������&A�  %��ก�
<"��
�!.��9\�<
��ก��   

 
3.3  ��6�ก����������#!��*2�&��	� 

ก�����*���!����"������%���1!0�&���
�������78� 	��8��
��C 6��1� 12 �
-�="� !�
�ก���กA<
�
������  ��"��SCก��1�������C- 1  =,�"C�������C�,&����������"������ ,
�����9�C7 

3.3.1 ���*���!�!�9��"�+��กL��	������ ��"��SC Winkler method  (Strickland and 

Parsons, 1972 ) 6��1� 24 �
-�="� !�
�ก���กA<�
������ 
3.3.2 ก����78��
������,.���D��ก���1��ก.�  GF/C  L3-��<�!.�����
-��78�!�
ก�C-��������.

ก���!�.��C7 <
��3ก9��"���&���78��C-D����D��ก���  �8��D��ก��� GF/C �9�<�!.�����
-��78�!�
ก 	�ก�
7�
�8��78�!�
กก������!�
�ก���"�1�.1�ก��*8���+!�9��"�+%���&�����   %����78��C-D���ก��ก����8��9
���*���!�J�%�J� (phosphate) ��"="��C� (ammonia) ����������  (nitrite) �
��C  %����C-�!�$��กA<���
��A��C-�5+!6�"�9��"�+ 4 �����L��LC�% �$-����*���!������� (nitrate), J�%J��
%�
7�!", (total 

phosphorus) �����=���	��
7�!", (total nitrogen)1��
�/
,�9 
3.3.3 ก����78��
�������C-�กA<%8�!�
<���*���!�!�9��"�+*��=�JK���  ,.���D��ก��� GF/F 

�
��C�"$-�/3�!.��9\�<
��ก�� (6��1� 12 �
-�="� !�
�ก���กA<�
������) <
��3ก9��"���&���78��C-D����D��ก��� 
GF/F 	�ก�
7��8��D��ก����9���*���!�!�9��"�+*��=�JK���  

3.3.4    ก����
�������78��C-�กA<%8�!�
<���*���!� �
�*������C ���L���ก������ (�"������A�) ,.��
�D��ก��� GF/C ����8��78�%����C-D����D��ก����9���*���!��
�*������C���L���ก�������
��C 
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���&��� 1 ��SCก�����*���!��
�������78� 

 

3.4  ��6�ก����������#!��*2�&�ก����� 

 !�
�ก���กA<�
��������ก��,�� �8�ก���<ก���ก�����*���!�����*"C  =,�"C�������C�,&�����
�����"������ ,
�������C- 2   

3.4.1 �<��ก��,���
7�/5���%��ก 1���.�<�C- 60±1 �����L��LC�% 	�ก���	��!.�%���  
��!����ก���<1!.&�C7��ก��,��=,�&�C7	�ก6����ก/5���%��ก�9:�����U �$-��"�1!.�ก���
�ก
�  

3.4.2 �<����ก��,���!.�%���!�3-� �"��.��<, %8�!�
<���*���!�!���*�9��ก�<&��,
��56�* (grain size composition)  =,�1�.��SCก�������<<�9W�ก (wet sieving) D������ก��&��,�� 63 
�"*��� %����C-D������ก���8�"���ก��56�*�C-�9:������9N����,���!�C��=,�ก���ก��ก���������%��
1��78� ��C�ก��� sedimentation method !�$� pipette method (Sompongchaiyakul, 1989)  

3.4.3 �<����ก��,���Cก%���!�3-� <,1!.����C�,,.��=ก���="�� %8�!�
<���*���!�!�9��"�+
%�������C���C-%�"��/��กL��,L��,.���� 9��"�+*���<���� %����!��9���6���=���	� (��"="��C�  
������� ���������) ���J�%J��
% 
 

 

 

���"������ ��SCก�����*���!� �.����� 

9��"�+��กL��	������ (DO) Iodometric titration (Winkler method) Strickland and Parsons (1972) 

&���&A��&����� (SS) �<�!.��C- 103-105oC APHA, AWWA & WEF (1998) 

�
�*������C (alkalinity) Potentiometric titration-Gran evaluation Grasshoff et al. (1999) 

��=���	��
7�!", (TN) Digestion, Cadmium reduction, Diazotization & 

Colorimetric method 

Strickland and Parsons (1972) 

J�%J��
%�
7�!", (TP) Digestion, Phosphomolypdate formation & 

Colorimetric method 

Strickland and Parsons (1972) 

��"="��C�X��=���	� (NH4–N ) Indophenol blue formation & Colorimetric method Strickland and Parsons (1972) 

�������X��=���	� (NO2–N ) Diazotization & Colorimetric method Grasshoff et al. (1999) 

������X��=���	� (NO3–N ) Cadmium reduction, Diazotization & Colorimetric 

method 

Grasshoff et al. (1999) 

J�%�J�XJ�%J��
% (PO4–P) Phosphomolypdate formation & Colorimetric 

method 

Grasshoff et al. (1999) 

L���ก������ (dissolved silica) Silicomolypdate formation & Colorimetric method Grasshoff et al. (1999) 

*��=�JK���  (Chlorophyll) Acetone extraction & Spectrophotometric method Strickland and Parsons (1972) 
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���&��� 2  ��SCก�����*���!��
��������ก��,�� 

 
;�ก���8ก"�
����)���#;� 

 
1.  ��������	� 

 
*5+6��78�	�กก���3ก4�1� 2 >,�ก�� *$� 9���>,��� ���>,���.� �%,���.1�6�*D��ก ก 

(������C- ก-1 ��� ก-2)   ���%�59��.1�������C- 3  D�ก�����*���!����%/����%,���.1� 6�*D��ก & (�����
�C- &-1)    

1.1  *��"�3ก  
*��"�3ก&��$7��C-�3ก4� 1�����9���>,��� "C��,
<*��"�3ก������!���� 2.55 X 2.75 �"�� 

����E�C-� 2.62 ± 0.05  �"��    1�>,���.�����1����� 2.10 X 2.30 �"�� ����E�C-�  2.17 ± 0.06 �"�� (������C- 3 
�����9�C- 3-ก)  ��$-��	�ก9��"�+�78����C-�ก��"�1�$7��C-�5�"�78�=,���<���1�����%�< �8�1!.����>,���"C
*��*��"�3ก�78�"�กก���>,���.� D�ก�����*���!�*��"��ก�������%/��� *��*��"�3ก "C*��"��ก����ก
���!����
>,������"C�
�%8�*
0���%/��� (p<0.05) 

1.2  �5+!6�"� 
�5+!6�"��78�1�����%�<%�&����,
<<��C-�
<�%�������� %��ก����78���,
<�����C����Aก�.��

�����
7�1��
7�%��>,�  ���"C*��"��ก����ก
���!����>,�9��"�+ 3 �����L��LC�%  =,�1�>,���.� �78�
��,
<<�����78���,
<���� "C�5+!6�"��E�C-� 30.5 ± 0.3 �����L��LC�%  ��� 30.4 ± 0.3�����L��LC�% 
��"�8�,
< L3-�%��ก���1�����9���>,��� �C-"C�78���,
<<�����78���,
<����"C*���E�C-� 27.4 ± 0.2 �����L��LC�% 

���"������ ��SCก�����*���!� �.����� 

&��,��56�* Organic removal, wet sieving & pipette method ASTM (1982) 
Sompongchaiyakul (1989) 

%�������C���C-%�"��/��กL��,L��,.���� 
(readily oxidizable organic carbon) 

Walkey-Black method Loring and Rantala (1995) 

 

�*��LC�"*���<���� (CaCO3) Acid-base titration technique Sompongchaiyakul (1989) 

��"="��C�X��=���	� (NH4XN ) Digestion with KCl & colorimetric method Grasshoff et al. (1999) 
Mudroch et al.  (1997) 

�������X��=���	� (NO2XN ) Digestion with KCl & colorimetric method Grasshoff et al. (1999) 
Mudroch et al.  (1997) 

������X��=���	� (NO3XN ) Digestion with KCl & colorimetric method Grasshoff et al. (1999) 
Mudroch et al.  (1997) 

J�%J��
%�
7�!", (TP) Dry combustion followed by acid digestion and 

colorimetric method 

Grasshoff et al. (1999) 
Mudroch et al.  (1997) 
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��� 27.2 ± 0.2 �����L��LC�% ��"�8�,
< (������C- 3 �����9�C- 3-&)  ��$-��	�ก�5+!6�"�&���78�	��9�D
���"
ก���,.�
<�
����*��"�.��	�ก�%�������� 9��ก�<ก
<1�>,���.�*��"�3ก&���78��.��ก��� �8�1!.�5+!6�"�
&���78�%��&37���"�9,.�� D�ก�����*���!�*��"��ก�������%/��� *���5+!6�"� "C*��"��ก����ก
���!����>,�
�����"C�
�%8�*
0���%/��� (p<0.05) 

1.3 *��"=9����%� 
*��"=9����%�1�����9���>,���"C*���E�C-� 32  ± 2.5  �L����"�� *���&.��1%ก���1�>,�

��.� L3-�"C*���E�C-� 21 ± 2.4 �L����"�� (������C- 3 �����9�C- 3-*)  �
7��C7�������1�����ก���ก���กA<�
������ "C
���ก�����$-�����,�
7�9W �8�1!."C��ก������U 	�ก�D��,��/�ก
,���%������%�<"�ก  %�,*�.��ก
<*��
��ก���&�����1�����>,���.�&���78���,
<<�����78���,
<���� %��ก���>,����
7�%����,
< D�ก��
���*���!�*��"��ก�������%/��� *��*��"=9����%� "C*��"��ก����ก
���!����>,������"C�
�%8�*
0���%/��� 
(p<0.05) 

1.4  9��"�+%���&����� 
9��"�+%���&����� 1�>,���.��78���,
<<������,
<����"C*���E�C-� 50.7 ± 6.8 ��� 57.7 

± 15.4 "����ก�
"������� ��"�8�,
< %���>,����78���,
<<������,
<����"C*���E�C-� 29.6 ± 7.3 ��� 35.2 ± 
11.7 "����ก�
"������� ��"�8�,
< (������C- 3 �����9�C- 3-�)    L3-�%���&�����1�����>,���.� %���!�3-����	�
�9:��L������ก����$� ,
�	��!A��,.	�ก*��*��=�JK��� ��1�����>,���.�"C*��%��ก���1�����9���>,���"�ก 
(������C- 3 �����9�C- 3-	) D�ก�����*���!�*��"��ก�������%/��� 9��"�+%���&����� "C*��"��ก����ก
�
��!����>,������"C�
�%8�*
0���%/��� (p<0.05)    

1.5 *��=�JK��� 
*��*��=�JK��� ��, <C ��� LC 1�����9���>,���"C*���E�C-� 9.3 ± 1.6, 0.7 ± 0.8 ��� 7.5 ± 1.7 

"����ก�
"�����ก<��ก��"�� ��"�8�,
<  %���1�>,���.�"C*�� 38.8 ± 3.6, ���	�
,�"�< ��� 198.3 ± 13.7 
"����ก�
"�����ก<��ก��"����"�8�,
<  (������C- 3 �����9�C- 3-	) 

��$-��	�ก9ก��*��=�JK��� �� 	��9:�%��%C�&C���C-<1�%�!����������ก����$��5ก���,  
=,�1�%�!����%C�&C��	�<*��=�JK��� �� ���<C 1��
���%��� 3 : 1 %���*��=�JK��� LC	�<1�%�!����
ก�5�" dinoflagellates, %�!����%C�78���� (brown algae !�$� haptophytes), %�!����%C�78������ก"�&C�� 
(blue-green algae !�$� cyanobacteria) ����,����" (diatom) (Strain et al., 1943; Bachvaroff  
et al., 2005)  1�ก���3ก4�<*��*��=�JK��� LC %�� "C*�� 198.3 ± 13.7 "����ก�
"�����ก<��ก��"��	3�<���C7/3�
ก����-"	8���������"�ก&�����ก����$�1�ก�5�" dinoflagellates ���haptophytes 1�����>,���.� 
%�,*�.��ก
<ก���3ก4�&�����5�S�����*" (2540) �,.�3ก4�ก���9�C-���9�����*��"%
"
�S���!����
*5+6��78�ก
<���ก����$�1�����%�<%�&�� <���ก����$��ก%�!����%C�&C���ก"�78����� (blue-

green algae) �5ก�5""�ก�C-%5, <����+����%�<���<� D�ก�����*���!�*��"��ก�������%/��� *��=�JK��� 
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<C ���LC"C*��"��ก����ก
���!����>,������"C�
�%8�*
0���%/��� (p<0.05)  1�&+��C-*��=�JK��� �� �"�"C
*��"��ก����ก
����%/�����!����>,� 

1.6  *��ก���8��JJN� 
*��ก���8��JJN�	�%�,*�.��ก
<*��*��"�*A"���9��"�+&���&A��C-������78��
7�!", 

��$-��	�ก9�		
�*5+6��78��!����C7&37�ก
<9��"�+�ก�$��C-���������1��78� L3-�,��,.	�ก9��"�+&���&A��C-������78�
�
7�!", �����-�"C�ก�$�"�ก������ ก���8��JJN�กA��-�%�� ���*��*��"�*A"กA��-�"�ก&37�  9�		
�*5+6��78��!����C7
1�����%�<���<�	�"C*���-8� ��$-��	�ก"C�78�	$,�!���"��	$�	�� �8�1!.�78������5ก�&.��"�/3� ����78�"C%6�
�9:��78�	$,�
7�9W �ก��.�1�9W�C-��.�"�กU  1�ก���3ก4�*�
7��C7 >,���.�"C*��&��9�		
�*5+6��78��!����C7�-8�ก���
1�����9���>,�����Aก�.�� ��$-��	�กก���	$�	��&���78����C-�ก"�ก1�����ก���!�.��
7�    =,�1�>,���"C*��
ก���8��JJN�1��78���,
<<�����78���,
<���� �E�C-� 652 ± 24 ��� 646 ± 40 �"=*�LC�"�%�����L����"�� 
%���>,���.�"C*��ก���8��JJN�1��78���,
<<�����78���,
<���� �E�C-� 511 ± 156 ��� 516 ± 164   
�"=*�LC�"�%�����L����"��  ��"�8�,
<  (������C- 3 �����9�C- 3-E) D�ก�����*���!�*��"��ก�������%/��� 
*��ก���8��JJN"C*��"��ก����ก
���!����>,������"C�
�%8�*
0���%/��� (p<0.05)    

1.7  *��"�*A" 
1�>,����78���,
<<�����78���,
<���� "C*��*��"�*A"�E�C-� 0.26 ± 0.05 ��� 0.24 ± 0.05 

%���1�
�%��� %���>,���.��78���,
<<�����78���,
<���� "C*��*��"�*A"�E�C-� 0.16 ± 0.10 ��� 0.16 ± 0.10 
%���1�
�%��� ��"�8�,
< (������C- 3 �����9�C- 3-�)  

1.8 &���&A�������
7�!",  
>,����78���,
<<�����78���,
<���� "C*��9��"�+&���&A�������
7�!", �E�C-� 423 ± 17 

��� 422  ± 25 "����ก�
"������� ��"�8�,
<   %���>,���.�"C*��9��"�+&���&A�������
7�!",  1��78���,
<<�
����78���,
<���� �E�C-� 332 ± 102 ��� 334 ± 103 "����ก�
"������� ��"�8�,
<  (������C- 3 �����9�C- 3-L) D�
ก�����*���!�*��"��ก�������%/��� 9��"�+&���&A������ "C*��"��ก����ก
���!����>,������"C�
�%8�*
0
���%/��� (p<0.05)    

1.9  9��"�+��กL��	������ 
9��"�+��กL��	��C-������78� <����78���,
<<�"C*��%��ก����78���,
<����  =,�1�����>,���

	�"C*��%��"�ก�E�C-� 9.8 ± 1.1 "����ก�
"������� L3-�%���ก��ก���*����-"�
�ก�������&����กL��	�1��78� �%,�
/3�ก��%
��*���!��%��C-�ก�,&37�"�ก ��$-��	�ก9��"�+%����!��$�1��78��C-"C"�ก�ก���9 !�$��C-��C�ก����ก�,
6�����=��JK�*�
�   9��"�+��กL��	��C-�����1��78���,
<����1�9���>,���"C*���E�C-� 7.1 ± 0.6 "����ก�
"���
���� %���1�>,���.��78���,
<<�����78���,
<����"C*����กL��	��C-������78��E�C-� 7.3 ± 0.9 ��� 5.99 ± 1.22 
"����ก�
"������� ��"�8�,
< (������C- 3 �����9�C- 3-h)   1�>,���.��".���*��*��=�JK���	�%��ก���1�����9���
>,��� (��9�C- 3-	) ���*����กL��	��C-������78��-8�ก��� ����"��,."C*��%���ก��ก���*����-"�
�ก��������C- 
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30 �����L��LC�% L3-�	�"C*��9��"�+ 6.39 "����ก�
"��กL��	�������� (5�S���,5%��, 2534) ��$-��	�ก
1�����,
�ก�����5+!6�"��78�%�� 	3�"Cก������%���&��%�������C��%�� �8�1!.��กL��	�%���!�3-�/�ก1�.�91�ก��
�C7  �������กA,C 9��"�+��กL��	�������78��
7�%��>,�"C*��%��ก����ก+Q�"���;��*5+6��78����� 9���6��$-�
ก����5�
ก4���
��ก�S��"���� *$�"C*���"��-8�ก��� 4  "����ก�
"�������(ก�"*�<*5""��4, 2543)  D�ก��
���*���!�*��"��ก�������%/��� 9��"�+��กL��	��C-������78� "C*��"��ก����ก
���!����>,������"C�
�%8�*
0
���%/��� (p<0.05)    

1.10 *��"�9:�ก�,-,��� 
*��"�9:�ก�,-,���&���78�����%�<���<� "C*���9���"9��"�+��กL��	������ 

��$-��	�ก*���
�*������C7!�$�*��"%�"��/1�ก��%�����ก�,,���"C*���-8� (������C- 3 �����9�C- 3-0, 3-h ��� 
3-i) �"$-�9��"�+ก�,!�$�,�����-"!�$��,�� *��*��"�9:�ก�,-,���กA	��9�C-���9���,."�ก 1�ก�+C&��
����%�<���<� �"$-����ก����$�%
��*���!��%� กA	�1�.*���<���,��ก�L,�1��78�����9�C-���9�9:�
��กL��	� �8�1!.9��"�+ก�,*���<���* (H2CO3) ��-"&37� ,
��
7�1������C-��กL��	�������78�%�� *��*��"�9:�
ก�,-,���กA	���-"&37�   *��*��"�9:�ก�,-,��� �E�C-�1�����9���>,���&���78���,
<<�����78���,
<����"C*�� 
9.00 ± 0.16 ��� 8.80  ± 0.31 %���>,���.�"C*�� 8.47 ± 0.31 ��� 8.30  ± 0.23 ��"�8�,
< L3-��
<����9:�*���C-%��
ก����!����78�	$,9ก�� L3-������C-9��"�+ 7 9ก��*��*��"�9:�ก�,-,����C-�!"��%"���ก���	��0���<=�&�� 
���ก����$�	�����1����� 6.8-7.5 ���=,��
-��9���ก����$�%���1!0�%�"��/���
�����1��!����78��C-"C
*��*��"�9:�ก�,-,�������1����� 6.0-9.6 (Chapman and Chapman, 1973)   D�ก�����*���!�*��"��ก�������
%/��� *��"�9:�ก�,-,��� "C*��"��ก����ก
���!����>,������"C�
�%8�*
0���%/��� (p<0.05)    

1.11  �
�*������C7 
*���
�*������C7&���78���,
<<�����78���,
<���� 1�����9���>,��� "C*�� 0.361 ± 0.030 ��� 

0.356 ± 0.048 "����*��������� ���1�>,���.� *���
�*������C7&���78���,
<<�����78���,
<���� "C*�� 0.488 ± 
0.042 ��� 0.497 ± 0.045 "����*��������� ��"�8�,
<  (������C- 3 �����9�C- 3-i) D�ก�����*���!�*��"
��ก�������%/��� *���
�*������C7"C*��"��ก����ก
���!����>,������"C�
�%8�*
0���%/��� (p<0.05)    

1.12 9��"�+%����!��������C�� 
9��"�+%����!��������C���E�C-�&���78���,
<<�����78���,
<���� "C*��,
��C7  ��"="��C�1�

9���>,���"C*���E�C-� 2.56 ± 0.54 ��� 3.37 ± 0.94 �"=*�="����  1�>,���.�"C*���E�C-� 1.58 ± 0.65  ��� 1.46 
± 0.78 �"=*�="���� ��"�8�,
<   ������� 9���>,���"C*���E�C-� 0.55 ± 0.25 ��� 0.70 ± 0.38 �"=*�="���� 
>,���.� "C*���E�C-� 0.38 ± 0.09 ��� 0.34 ± 0.21 �"=*�="���� ��"�8�,
<  ����������9���>,��� "C*���E�C-� 
0.92 ± 0.80 ��� 1.20 ± 0.74 �"=*�="����  %���>,���.� "C*���E�C-� 0.45 ± 0.42 ��� 0.43 ± 0.16  
�"=*�="���� ��"�8�,
<  J�%�J�1�����9���>,���"C*���E�C-� 0.49 ± 0.22 ��� 0.82 ± 0.56 �"=*�="����   
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%���>,���.�"C*���E�C-� 0.56 ± 0.14 ��� 0.48 ± 0.31 �"=*�="���� ��"�8�,
<   ���L����*�&��>,��� "C
*���E�C-� 233 ± 31 ��� 251 ± 45 �"=*�="����  %���>,���.� "C*���E�C-� 137 ± 4 ��� 139 ± 4 �"=*�="���� 
��"�8�,
< 

1�>,���.�%����!��������C�� (��"="��C� ������� ������ ���L����*�)1��78�"C*��"
�&."&.��-8�ก���1�����9���>,��� =,��E���������-�%����!����=���	����L����*� (������C- 3 �����9�C-  
3-\, 3-;, 3-Q ��� 3-R) ��$-��"�	�ก1�>,���.�%����!���!����C7/�ก1�.�91�ก��%
��*���!��%�&��$�
"�กก��� L3-�,��,.	�ก*��*��=�JK���1�>,���.��C-"C*��%�� (��9�C- 3-	) %8�!�
<��=���	��
7�!","C*��1ก�.�*C�� 
ก
��
7� 2 >,� %���J�%J��
%�
7�!","C*��*���&.��%��1�>,���.� ��$-��	�ก����ก����C-	��กA<�
������"C���ก
����������$-�� �8�1!.J�%J��
%/�ก�����"�%������%�< L3-�/.�6���9ก��J�%J��
%	�������78��,.�.��"�ก 
%���1!0�	��������"ก
<��ก�� (%"���, 2531; *+�	����6�*����9;C�����, 2544; ����C��, 2549) 

	�ก*��%
,%���="���!����%��������C����=���	��
7�!", (total inorganic nitrogen; 

TIN) ���%��������C��J�%J��
%�
7�!", (total inorganic phosphorus; TIP) (������C- 3 �����9�C- 3-/) 
<���1�����9�����"C*��"�กก�������>,���.���Aก�.��    *�� TIN : TIP 1��78���,
<<�����78���,
<��������
9���>,��� "C*���E�C-�����ก
< 8.5 ± 2.5 ��� 11.7 ± 9.5 ���1�>,���.�"C*���E�C-� 4.4 ± 1.4 ��� 5.4 ± 3.5  L3-�"C
*���-8�ก��� 16  �
7�%��>,� <���C7���%����!��������C����=���	��9:�9�		
�	8�ก
,1�ก��*�<*5"ก��&���
	8����&�����ก����$�1�����%�<%����C7  %8�!�
<%
,%���="�&����=���	��
7�!", (total nitrogen; 

TN) ���J�%J��
%�
7�!", (total phosphorus; TP) กA�9:��91��
ก4+�*�.��*�3�ก
� =,�1�����9���>,�
���78���,
<<�����78���,
<����"C*�� TN : TP �E�C-� 219 ± 20 ��� 228 ± 48   ���>,���.�����ก
<  148 ± 10 
��� 138 ± 22 ��"�8�,
< (��9�C- 3-+,�,�)=,�%
,%���&��������C����=���	����������C��J�%J��
%�C-
�!"��%"����9:�6���9ก���C-���ก����$�1�.1�ก���	��0���<=�L3-�"C*��*���&.��*��C-1�"!�%"5���
-�
=�ก "C%
,%��� 16 : 1 (Redfield, 1934) D�ก�����*���!�*��"��ก�������%/��� ��"="��C� ������� ���
J�%J��
%�
7�!", "C*��"��ก����ก
���!����>,������"C�
�%8�*
0���%/��� (p<0.05)  1�&+��C-������ 
��=���	��
7�!", ���J�%�J� �"�"C*��"��ก����ก
����%/�����!����>,� 
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���&��� 3  *���E�C-�*5+6��78��
-��9 (± *���9�9���"���;��) �9�C�<��C�<��!�����78���,
<<�����78�
��,
<���� �����!����ก���กA<�
������1�>,������>,���.� <����+$7��C-�C-�%��1!.9��ก���9:�
$7��C-��5�
ก4�=�"�1�����%�<%�&�����<� 

>,��� (6 "ก��*" 2550) >,���.� (12 >46�*" 2550) 
���"������ 

�78���,
<<� �78���,
<���� �78���,
<<� �78���,
<���� 
*��"�3ก (m) 2.6 ±  0.05 - - 2.1 ±  0.06 - - 
*��"=9����%� (cm) 32 ±  2.5 - - 21 ±   2.4 - - 
�5+!6�"� ((C) 27.4 ±  0.2 27.2 ±   0.2 30.5 ±  0.3 30.4 ±  0.3 
ก���8��JJN� (µS cm-1) 652 ±  24 646 ±  40 511 ±  156 516 ±  164 
*��"�*A" (ppt) 0.26 ±  0.05 0.24 ±   0.05 0.16 ±  0.10 0.16 ±  0.10 
TDS (mg L-1) 423 ±  17 422 ±  25 332 ±  102 334 ±  103 
DO (mg L-1) 9.8 ±  1.1 7.1 ±  0.6 7.3 ±  0.9 5.99 ±  1.22 
SS (mg L-1) 29.6 ±  7.3 35.2 ±  11.7 50.7 ±  6.8 57.7 ±  15.4 
pH 9.00 ±  0.16 8.80 ±  0.31 8.47 ±  0.31 8.30 ±  0.23 
Alkalinity (meq L-1) 0.361 ±  0.030 0.356 ±  0.048 0.488 ±  0.042 0.497 ±  0.045 
NH4 (µM) 2.56 ±  0.54 3.37 ±  0.94 1.58 ±  0.65 1.46 ±  0.78 
NO2 (µM) 0.55 ±  0.25 0.70 ±  0.38 0.38 ±  0.09 0.34 ±  0.21 
NO3 (µM) 0.92 ±  0.80 1.20 ±  0.74 0.45 ±  0.42 0.43 ±  0.16 
TN (µM) 239 ±  9 237 ±  23 249 ±  10 247 ±  13 
PO4 (µM) 0.49 ±  0.22 0.82 ±  0.56 0.56 ±  0.14 0.48 ±  0.31 
TP (µM) 1.09 ±  0.47 1.04 ±  0.47 1.69 ±  0.11 1.85 ±  0.34 
SiO2 (µM) 233 ±  31 251 ±  45 137 ±  4 139 ±  4 
TIN : TIP 8.5 ±   2.5 11.7 ±  9.5 4.4 ±   1.4 5.4 ±   3.5 

TN : TP 219 ±  20 228 ±  48 148 ±  10 138 ±  22 
Chlorophyll a (mg m-3) 9.3 ±  1.6   38.8 ±  3.6   
Chlorophyll b (mg m-3) 0.7 ±  0.8     ND   
Chlorophyll c (mg m-3) 7.5 ±  1.7   198.3 ±  13.7   
!"���!�5 ND = ���	�
,�"�< 
  total inorganic nitrogen  (TIN = NO3 + NO2 + NH4) 

 total inorganic phosphorus  (TIP = PO4) 
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2. �������ก����� 

*5+6���ก��,��	�กก���3ก4�1� 2 >,�ก�� *$� 9���>,��� ���>,���.� �%,���.1�
6�*D��ก ก (������C- ก-3 ��� ก-4) ���%�59��.1�������C- 4  D�ก�����*���!����%/����%,���.1�
6�*D��ก & (������C- &-2)    

2.1 &��,��56�*��ก�� 
��ก��,���.������%�<%�&�����<�"Cก��ก��	��&��&��,��56�*��ก�������

%"-8��%"�1��
7� 2 >,�ก�� =,�"C��*�9��ก�<&����56�*&��,�����9N� (silt; 2X 63 �"=*��"��) "�ก�C-%5, 
�����"��9:���56�*&��,,���!�C�� (clay;< 2�"=*��"��) =,�"C��56�*&��,���� (sand; >63
�"=*��"��) �.��"�ก (��9�C-4) �
ก4+���ก��,��	��9:������9N�9�,���!�C�� (clayey silt)  "C%C���*�78�
�"�&C��   =,�<���1�����9���>,���"C��56�*&��,����  ��56�*&��,�����9N� �����56�*&��,,��
�!�C���E�C-� 1.2 ± 0.6 �9����LA���, 70.1 ± 4.3 �9����LA��� ��� 28.6 ±  4.0 �9����LA���  ��"�8�,
< ���1�>,�
��.��E�C-� 0.2 ± 0.1�9����LA���, 70.3 ± 3.3 �9����LA��� ��� 29.5 ±  3.4 �9����LA���  ��"�8�,
<  
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2.2  *���<�������C��1���ก�� 
9��"�+*���<�������C��1������%/��C�"���ก����ก
�"�ก�
ก =,�"C*���E�C-�1ก�.�*C��ก
� 1�

�
7� 2 >,� =,�"C9��"�+*���<�������C��1�����9���>,������>,���.��E�C-� 1.09 ± 0.17 �9����LA��� ��� 1.10 
± 0.23 �9����LA��� ��"�8�,
< (������C- 4 �����9�C- 5-ก)    

2.3 *���<��������C��1���ก�� 
%8�!�
<������C��*���<��1���9�*��LC�"*���<����"C*���-8�"�ก���"C*��1ก�.�*C��ก
�1����

��%/��C   =,�<����*��LC�"*���<����1�����9���>,������>,���.�"C*���E�C-�����ก
< 0.70 ± 0.37
�9����LA������ 2.09 ± 0.65 �9����LA��� ��"�8�,
< *�,�9:�*���<��������C������ก
< 0.09 ± 0.05 �9����LA��� 
��� 0.25 ± 0.08 �9����LA��� ��"�8�,
< (������C- 4 �����9�C- 5-&) 

2.4 ��=���	��
7�!",1���ก�� 
9��"�+��=���	��
7�!", (total nitrogen; TN) �C-%�%"����1���ก��,��"C*���"���ก����

ก
��
7� 2 >,� 1�>,����E�C-�����ก
< 23.3 ± 12.9 �9����LA��� ���>,���.��E�C-�����ก
< 26.8 ± 11.5 �9����LA���  
(������C- 4 �����9�C- 5-*)  �����9�<<����*"C��ก����ก
� =,�1�����9���>,���	�����1���9&��������  
����>,���.�	�����1���9&����"="��C� L3-�<����ก$�<�5ก%/��C	�"C*��%�� (������C- 4 �����9�C- 5-� ���5-	) 
=,�"C*����"="��C�1�>,����E�C-�����ก
< 19.3 ± 12.7 ���>,���.��E�C-�����ก
< 26.6 ± 11.5 "����ก�
"
��=���	����ก�=�ก�
" ������� >,����E�C-� 0.022 ± 0.015 ���>,���.��E�C-�����ก
< 0.024 ± 0.030 "����ก�
"
��=���	����ก�=�ก�
" ���������>,����E�C-� 3.96 ± 0.76 ���>,���.��E�C-� 0.23 ± 0.14 "����ก�
"
��=���	����ก�=�ก�
" (��9�C- 5-E, 5-�) 

2.5  J�%J��
%�
7�!",1���ก�� 
9��"�+J�%J��
%�
7�!",  <���1�>,���.�"C*��"�กก���>,���  =,�"C*��  190 ± 46 

"����ก�
"J�%J��
%���ก�=�ก�
" ���1�>,���"C*�� 83 ± 17 "����ก�
"J�%J��
%���ก�=�ก�
" *�,����78����,.
�������ก���C-"CJ�%J��
%%����"�%���!����78� L3-�%�,*�.��ก
<*5+6��78� ,
��C-�,.�6�9�����.�&.���.� 
(������C- 4 �����9�C- 5-�) 

%
,%���="�&�� TN : TP "C*���-8�"�ก >,���"C*�� 0.64 ± 0.39 ���>,���.�"C*�� 0.32 ± 0.12 
(������C-4) �%,������ก��,��"CJ�%J��
%%�%"1�,�� 1�9��"�+%��ก�����=���	�"�ก  �"$-�"Cก������
%���&��%�������C�� �
7���=���	����J�%J��
%กA	�/�ก9�,9����ก�
<%��"���78� (Wang et al., 2004) ���
<���J�%J��
%1���ก��,��"C"�กก���1��78�"�ก %���!�3-���$-��"�	�ก*��J�%J��
%������C��!�$�
J�%�J� ������78��,.�.�� �"$-��	��+�*5+6��78�9��ก�< %�"��/9���"��%6�ก��+�&������%�<
���<��,.���  �"$-�1,กA��"�C-"C%����!����=���	�������C���&.�%��"���78� J�%�J�1��78�	�/�ก�8��91�.
�
��C 1�%
,%��� TIN : TIP ����ก
< 16:1 (Redfield, 1934) �$-�%�.���L������ก����$�D���ก��<��ก��
%
��*���!��%�  ����"$-�J�%�J�!",�9�����=���	��
�*��!�$� J�%J�%�
%1���ก��,��กA������9:�
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J�%�J���-"�&.�%��"���78� ���J�%�J�%����C7	�/�ก1�.�9�������,��A� ����9:������C7	�ก�����=���	�	�
!",   ,
��
7��".�������%�<%�&��	�"C%6�����=��JK�*�
� L3-�!"��/3�%6����C-"C%����!��"�ก�ก���9 ���
	�กก��<��ก��,
�ก����&.���.� �8�1!.%����!��������C���
7���=���	����J�%J��
%1��78�	��"�9��ก\
*��%����������1, 

���&��� 4  *5+6���ก�� (*���E�C-� ± *���9�9���"���;��) 1�<����+$7��C-�C-�%��1!.9��ก�� �9:�$7��C-
��5�
ก4�=�"�1�����%�<%�&�����<� 

���"������ >,��� (6 "ก��*" 2550) >,���.� (12 >46�*" 2550) 
CaCO3 (%) 0.70 ±   0.37 2.09 ±  0.65 
IC (%) 0.09 ±   0.05 0.25 ±   0.08 
OC (%) 1.09 ±  0.17 1.10 ±  0.23 
NH4 (mg N/kg) 19.3 ±  12.7 26.6 ±  11.5 
NO2 (mg N/kg) 0.022 ±  0.015 0.024 ±  0.030 
NO3 (mg N/kg) 3.96 ±  0.76 0.23 ±  0.14 
TN (mg N/kg) 23.3 ±   12.9 26.8 ±  11.5 
TP (mg P/kg) 83 ±  17 190 ±  46 
TN:TP mole ratio 0.64 ±   0.39 0.32 ±  0.12  
Sand (%) 1.2 ±   0.6 0.2 ±  0.1 
Silt (%) 70.1 ±  4.3 70.3 ±  3.3 
Clay (%) 28.6 ±  4.0 29.5 ±   3.4 
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�4���� 4  ��*�9��ก�<&��&��,��56�*��ก��,��D��!�.�1�����>,���.����>,���  1�<����+$7��C-�C-�%��
1!.9��ก���9:�$7��C-��5�
ก4�=�"�1�����%�<%�&�����<� 
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*5+6��78������ก��1������%/��C1�$7��C-�3ก4�"C*���"���ก����ก
� ���	�"C*��"��ก����
ก
���!����>,�ก��<.��   %/��ก��+�&������%�<���<�"C*��"�5,"%"<��+�%�� L3-��"$-�1,�C-�ก�,ก����-"
9��"�+ ���"Cก�����ก��	��&�����ก����$�"�ก กA	�%��D����*5+6��78� =,��E���������-�1�
��������ก���*$�   ��ก	�ก�C7��ก��,���.���78��
�%�%"%�������C�����%����!�������. ����.�"�C-	�
ก����9:��!����C-"�&��%����!��1�"���78� =,��E���������-�J�%J��
% L3-��78����,.�������ก���C-"C
J�%J��
%%��	�ก�D��,����"�%���!����78�  �".���=,���"*5+6��78������ก��,���
�����1��ก+Q�,C  

=�"�����,C1��5��9�		5<
� ����������$-��	�ก�ก�,ก��D%"
�S5�ก
����1�ก�5�" (inbreeding) 
9��ก�<ก
<6�����=��JK�*�
� (eutrophication) ���*��"�%$-�"=��"&������%�<L3-��ก�,	�กก������
<
�78���7��5"�� �78���7�	�กก�������C7��ก5.� ����78���D��,��1�����>,��� 	�ก$7��C-�ก4��ก��"  "�%������U �C-
� &. � %�� � � � � % � <  %� � � ! �3- � � ��� 1 � " � � �78 � � � � %� � � ! �3- � % � % " � ��� 1 � � � ก � � ,� �  %� � � �C- � ��� 1 � 
"���78�กA	�"CD�ก���<=,�������%
����78�   %����C-%�%"����1���ก��,��กA	�%��D����%
����78�����.�" =,�
��	/�����,D���%
���!�.�,�� !�$�9�,9����%��"���78��"$-��ก�,ก���9�C-���9�����%6������ก��6��*"C 
(physico-chemical condition) 1�����%�< �
7��C-�9�C-���9����">,�ก�������$-��"�	�ก"�54��  
ก��*5ก*�""�ก&37���$-��"�	�กก��
R��������4;ก�	1�$7��C-�5�"�78�  !�ก�.��ก��*5."*�����5�
ก4� 
=�"�����,C��.�"�1!.%�0
�S5�	�ก����%�< %"*���C-	�"C"���ก���C-"C9��%��S�6� 1�ก��*�<*5",���
*5+6��78� �$-�ก����5�
ก4��
7�=�"����*5+6�&���!����C-�������
�   

 
�	�'����� 

 

&�&�<*5+�	.�!�.��C-�������	
���
��ก���������������������������������5ก�����C-1!.*��"
�����!�$�1�ก���กA<�
�������$-�ก����	
�  ���&�&�<*5+�	.�!�.��C-�Z����$��C-1!.*��"%�,�ก1�ก����ก
9\�<
������กA<�
������  

%5,�.���C7&�&�<*5+*+���5ก��"ก��ก�
-�ก���D��������ก��,.��%"5����%��� ���
%�-���,�.�" �������	�ก.�&��ก%������ก��E<
<�C7 
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	�
���� ก-1  �������	
������ � ����ก��������������� ��ก����ก������ ���	��! 1 (6   ก���   2550-���)��*�+,�) ����.����/	��!�!�����01��2ก�3��4��/	��!
�����ก5678 ����2�8�����98������ 

Depth Trans. Sal. Cond. TDS Temp pH SS DO Alk NH4 NO2 NO3 TN PO4 TP DSi Chlo a Chlo b Chlo c 
Station 

m cm ppt. (µµµµS/cm) (mg/l) (oC)  (mg/l) (mg/l) (meq/l) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (mg/m3) (mg/m3) (mg/m3) 

1-S 2.75 30 0.3 662 430 27.3 9.2 42 8.5 0.38 2.61 0.85 2.08 227 0.64 0.46 215 8.1 2.7 8.6 

1-B   0.3 660 431 27.6 8.4 41 8.0 0.40 3.07 0.31 2.74 228 0.19 0.46 192    

2-S 2.60 30 0.3 704 457 27.5 9.1 26 7.9 0.37 2.71 0.54 2.00 231 0.49 1.58 233 9.4 ND 5.8 

2-B   0.3 714 465 27.5 8.9 28 6.1 0.37 4.53 1.30 ND 235 1.56 2.17 249    

3-S 2.55 30 0.3 665 432 27.5 9.0 26 11.7 0.40 2.53 0.49 ND 244 0.41 0.79 215 10.7 0.1 7.3 

3-B   0.3 703 458 27.2 8.7 43 7.7 0.33 5.06 1.25 ND 244 1.47 1.35 186    

4-S 2.60 30 0.2 629 397 27.0 9.2 43 10.5 0.38 1.68 0.32 0.36 226 0.34 1.94 245 5.6 0.6 6.0 

4-B   0.2 611 409 27.2 8.7 15 6.7 0.42 2.07 0.39 1.14 222 0.26 1.1 259    

5-S 2.60 30 0.3 658 427 27.3 9.0 22 10.8 0.29 3.14 1.07 ND 253 0.99 1.33 207 10.4 0.7 9.1 

5-B   0.2 640 416 27.0 8.6 45 7.3 0.26 2.05 0.44 1.28 289 1.47 1.08 286    

6-S 2.60 35 0.2 641 417 27.5 8.8 30 9.9 0.36 3.29 0.53 0.52 234 0.45 1 227 9.9 ND 5.0 

6-B   0.2 629 409 27.5 9.4 27 6.9 0.38 3.69 0.81 1.29 237 0.78 0.88 261    

7-S 2.60 35 0.3 664 431 27.4 8.8 21 9.6 0.34 2.89 0.60 ND 251 0.62 0.81 314 9.3 0.2 6.5 

7-B   0.3 646 420 26.8 8.6 51 7.8 0.29 3.11 0.38 1.19 198 0.22 0.96 306    

8-S 2.65 35 0.2 627 408 27.5 8.9 28 9.5 0.36 1.65 0.34 0.42 241 0.23 0.54 236 9.3 1.0 9.0 

8-B   0.2 633 412 27.2 9.2 22 7.0 0.38 3.14 1.04 0.12 242 1.16 0.67 205    

9-S 2.60 35 0.2 622 404 27.4 9.1 29 10.0 0.37 2.58 0.25 0.16 238 0.24 1.33 204 11.3 1.0 10.1 

9-B     0.2 578 376 27.1 9.0 44 6.4 0.37 3.57 0.42 0.62 239 0.29 0.69 313       

min 2.55 30.0 0.2 578 376 26.8 8.4 15 6.1 0.26 1.65 0.25 0.12 198 0.19 0.46 186 5.6 0.1 5.0 

max 2.75 35.0 0.3 714 465 27.6 9.4 51 11.7 0.42 5.06 1.30 2.74 289 1.56 2.17 314 11.3 2.7 10.1 

average 2.62 32.2 0.3 649 422 27.3 8.9 32 8.5 0.36 2.97 0.63 1.07 238 0.66 1.06 242 9.3 0.9 7.5 

SD 0.05 2.5 0.0 33 22 0.2 0.3 10 1.6 0.04 0.87 0.33 0.78 17 0.46 0.47 40 1.6 0.8 1.7 
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	�
���� ก-2  �������	
������ � ����ก��������������� ��ก����ก������ ���	��! 2 (12  �*5���   2550-���)��*�+)81�)  ����.����/	��!�!�����01��2ก�3��4�
�/	��!�����ก5678 ����2�8�����98������ 

Depth Trans. Sal. Cond. TDS Temp pH SS DO Alk NH4 NO2 NO3 TN PO4 TP Dsi Chlo a Chlo b Chlo c 
Station 

m cm ppt. (µµµµS/cm) (mg/l) (oC)  (mg/l) (mg/l) (meq/l) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (µµµµM) (mg/m3) (mg/m3) (mg/m3) 

1-S 2.30 25 0.1 467 303 30.8 8.6 46 7.6 0.5 1.8 0.4 1.6 249 0.74 1.49 144 34.0 ND 170.9 

1-B   0.1 466 303 30.8 8.5 60 6.8 0.5 1.4 0.8 0.1 272 1.25 2.35 141    

2-S 2.20 25 0.2 478 310 30.5 8.5 53 6.2 0.4 2.9 0.5 0.2 276 0.83 1.86 141 38.4 ND 206.5 

2-B   0.2 479 312 30.5 8.2 85 6.5 0.5 1.8 0.6 0.3 258 0.76 2.42 139    

3-S 2.15 20 0.1 457 298 30.3 8.4 45 7.9 0.5 1.9 0.3 0.2 244 0.48 1.65 134 35.8 ND 193.9 

3-B   0.1 460 299 30.1 8.2 58 6.8 0.5 2.9 0.2 0.4 241 0.26 1.63 136    

4-S 2.20 20 0.1 436 284 30.6 8.9 51 8.6 0.5 0.4 0.5 0.2 246 0.67 1.71 135 36.1 ND 192.7 

4-B   0.1 439 285 30.3 8.5 45 6.3 0.5 1.1 0.2 0.4 236 0.40 1.48 135    

5-S 2.16 25 0.1 426 276 30.8 8.8 51 7.8 0.4 1.0 0.4 0.4 244 0.51 1.71 140 37.7 ND 195.4 

5-B   0.1 429 279 30.8 8.5 61 6.1 0.4 1.4 0.3 0.6 250 0.36 1.60 146    

6-S 2.10 20 0.1 448 291 30.7 8.7 68 6.3 0.5 1.4 0.4 0.5 242 0.48 1.58 136 40.9 ND 211.7 

6-B   0.1 450 292 30.2 8.6 80 6.1 0.4 2.4 0.3 0.6 256 0.44 1.44 140    

7-S 2.10 20 0.1 463 301 30.3 8.3 49 7.8 0.6 1.6 0.3 0.5 255 0.35 1.63 135 46.8 ND 223.0 

7-B   0.1 462 300 30.2 8.3 49 2.7 0.6 0.8 0.3 0.5 242 0.33 2.10 137    

8-S 2.10 20 0.2 475 309 30.0 8.0 43 7.5 0.6 2.0 0.4 0.2 248 0.47 1.81 128 41.3 ND 193.4 

8-B   0.2 479 312 30.0 8.0 34 6.0 0.6 1.1 0.2 0.5 245 0.29 1.88 131    

9-S 2.20 20 0.4 951 618 30.2 8.0 50 6.1 0.5 1.3 0.3 0.2 239 0.53 1.79 139 38.1 ND 197.2 

9-B     0.4 976 623 30.7 7.9 48 6.6 0.5 0.2 0.2 0.6 226 0.26 1.71 143       

min 2.10 20.0 0.1 426 276 30.0 7.9 34 2.7 0.43 0.20 0.17 0.11 226 0.26 1.44 128 34.0 ND 170.9 

max 2.30 25.0 0.4 976 623 30.8 8.9 85 8.6 0.57 2.93 0.83 1.58 276 1.25 2.42 146 46.8 ND 223.0 

average 2.17 21.7 0.2 513 333 30.4 8.4 54 6.7 0.49 1.52 0.36 0.44 248 0.52 1.77 138 38.8 ND 198.3 

SD 0.06 2.4 0.1 160 102 0.3 0.3 12 1.2 0.05 0.72 0.16 0.32 12 0.24 0.27 4 3.6 ND 13.7 
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CaCO3 IC OC NH4 NO2 NO3 TN TP Sand Silt Clay 
Station 

% % % mg N/kg mg N/kg mg N/kg mg N/kg mg P/kg 

TN:TP  

mole ratio % % % 
Name Color 

1 0.41 0.05 1.10 23.9 0.010 4.49 28.4 77 0.82 1.1 69.0 29.9 Clayey silt Greenish black 5G 2/1 

2 0.46 0.06 1.01 9.7 0.020 4.05 13.7 67 0.45 0.8 75.5 23.7 Clayey silt Greenish black 5G 2/1 

3 0.16 0.02 1.05 14.5 0.025 4.81 19.3 84 0.51 0.6 79.0 20.4 Clayey silt Olive gray 5Y 3/2 

4 0.64 0.08 1.12 13.7 0.014 2.01 15.7 72 0.48 0.8 67.4 31.7 Clayey silt Grayish olive 10Y 4/2 

5 0.64 0.08 1.13 17.0 0.062 4.19 21.2 125 0.38 1.1 66.6 32.2 Clayey silt Grayish olive 10Y 4/2 

6 0.64 0.08 1.51 47.8 0.014 4.12 51.9 74 1.55 2.4 68.5 29.2 Clayey silt Olive gray 5Y 3/2 

7 1.55 0.19 0.82 17.1 0.025 4.04 21.1 94 0.50 1.1 72.4 26.5 Clayey silt Olive gray 5Y 3/2 

8 1.00 0.12 1.02 29.7 0.010 4.36 34.1 79 0.95 1.2 66.8 32.0 Clayey silt Grayish olive 10Y 4/2 

9 0.76 0.09 1.09 0.5 0.014 3.58 4.1 73 0.12 2.0 65.9 32.1 Clayey silt Olive gray 5Y 3/2 

min 0.16 0.02 0.82 0.5 0.010 2.01 4.1 67 0.12 0.6 65.9 20.4   

max 1.55 0.19 1.51 47.8 0.062 4.81 51.9 125 1.55 2.4 79.0 32.2   

average 0.70 0.09 1.09 19.3 0.022 3.96 23.3 83 0.64 1.2 70.1 28.6   

SD 0.37 0.05 0.17 12.7 0.015 0.76 12.9 17 0.39 0.6 4.3 4.0   
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CaCO3 IC OC NH4 NO2 NO3 TN TP Sand Silt Clay 
Station 

% % % mg N/kg mg N/kg mg N/kg mg N/kg mg P/kg 

TN:TP  

mole ratio % % % 
Name Color 

1 2.13 0.26 1.27 21 0.014 0.34 21.3 143 0.33 0.1 70.9 29.0 Clayey silt Grayish olive green 5GY 3/2 

2 2.56 0.31 0.97 27.5 0.012 0.47 28.0 159 0.39 0.5 67.3 32.2 Clayey silt Olive gray 5Y 3/2 

3 1.71 0.21 1.58 48.7 0.012 0.29 49.0 292 0.37 0.2 67.1 32.7 Clayey silt Grayish olive green 5GY 3/2 

4 1.63 0.20 0.86 23.8 0.016 0.33 24.1 187 0.28 0.2 68.1 31.7 Clayey silt Light olive gray 5Y 5/2 

5 2.61 0.31 1.27 38.8 0.014 0.23 39.0 158 0.55 0.2 73.3 26.6 Clayey silt Grayish olive 10Y 4/2 

6 2.18 0.26 1.08 26.1 0.012 0.16 26.3 158 0.37 0.1 71.0 28.9 Clayey silt Grayish olive 10Y 4/2 

7 3.35 0.40 1.03 19 0.014 0.08 19.1 225 0.19 0.2 76.5 23.2 Clayey silt Greenish black 5G 2/1 

8 1.62 0.19 1.06 28.7 0.016 0.13 28.9 228 0.28 0.1 65.6 34.3 Clayey silt Grayish olive 10Y 4/2 

9 1.01 0.12 0.76 5.6 0.109 0.00 5.7 156 0.08 0.1 73.0 26.6 Clayey silt Grayish olive green 5GY 3/2 

min 1.01 0.12 0.76 5.6 0.012 0.00 5.7 143 0.08 0.1 65.6 23.2   

max 3.35 0.4 1.58 48.7 0.109 0.47 49.0 292 0.55 0.5 76.5 34.3   

average 2.09 0.25 1.10 26.6 0.024 0.23 26.8 190 0.32 0.2 70.3 29.5   

SD 0.65 0.08 0.23 11.5 0.030 0.14 11.5 46 0.12 0.1 3.4 3.4   
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  Sum of Squares df Mean Square F Sig. 

Trans. Between Groups 501.389 1 501.389 76.000 0.000 
  Within Groups 105.556 16 6.597     
  Total 606.944 17       

Depth Between Groups 0.907 1 0.907 242.791 0.000 
  Within Groups 0.060 16 0.004     
  Total 0.967 17       

Sal. Between Groups 0.040 1 0.040 6.283 0.023 
  Within Groups 0.102 16 0.006     
  Total 0.142 17       

Conduct. Between Groups 83028.125 1 83028.125 5.558 0.031 
  Within Groups 239027.944 16 14939.247     
  Total 322056.069 17       

TDS Between Groups 35733.556 1 35733.556 5.852 0.028 
  Within Groups 97692.222 16 6105.764     
  Total 133425.778 17       

Temp. Between Groups 44.023 1 44.023 924.108 0.000 
  Within Groups 0.762 16 0.048     
  Total 44.786 17       

pH Between Groups 1.217 1 1.217 24.744 0.000 
  Within Groups 0.787 16 0.049     
  Total 2.004 17       

SS Between Groups 2141.851 1 2141.851 28.846 0.000 
  Within Groups 1188.038 16 74.252     
  Total 3329.889 17       

DO Between Groups 14.222 1 14.222 31.868 0.000 
  Within Groups 7.141 16 0.446     
  Total 21.363 17       

Alk Between Groups 0.059 1 0.059 32.947 0.000 
  Within Groups 0.029 16 0.002     
  Total 0.088 17       

NH4 Between Groups 9.403 1 9.403 24.832 0.000 
  Within Groups 6.059 16 0.379     
  Total 15.462 17       

NO2 Between Groups 0.320 1 0.320 10.209 0.006 
  Within Groups 0.502 16 0.031     
  Total 0.822 17       

NO3 Between Groups 0.480 1 0.480 1.883 0.189 
  Within Groups 4.079 16 0.255     
  Total 4.560 17       

TN Between Groups 493.503 1 493.503 3.145 0.095 
  Within Groups 2510.453 16 156.903     
  Total 3003.956 17       

PO4 Between Groups 0.080 1 0.080 0.949 0.344 
  Within Groups 1.348 16 0.084     
  Total 1.428 17       

TP Between Groups 2.219 1 2.219 19.653 0.000 
  Within Groups 1.807 16 0.113     
  Total 4.026 17       

DSi Between Groups 48755.236 1 48755.236 88.369 0.000 
  Within Groups 8827.536 16 551.721     
  Total 57582.771 17       

Chlo a Between Groups 0.001 1 0.001 0.000 0.988 
  Within Groups 45.423 16 2.839     
  Total 45.424 17       

Chlo b Between Groups 2.205 1 2.205 6.104 0.025 
  Within Groups 5.780 16 0.361     
  Total 7.985 17       

Chlo c Between Groups 163839.961 1 163839.961 1526.570 0.000 
  Within Groups 1717.209 16 107.326     
  Total 165557.169 17       
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  Sum of Squares df Mean Square F Sig. 

CaCO3 Between Groups 8.736 1 8.736 27.451 0.000 
  Within Groups 5.092 16 0.318     

  Total 13.828 17       

IC Between Groups 0.123 1 0.123 27.066 0.000 

 Within Groups 0.073 16 0.005     

 Total 0.196 17       

OC Between Groups 0.000 1 0.000 0.001 0.974 

 Within Groups 0.750 16 0.047     

 Total 0.750 17       

OM Between Groups 0.000 1 0.000 0.002 0.965 

 Within Groups 2.242 16 0.140     

 Total 2.242 17       

TC Between Groups 0.135 1 0.135 2.569 0.129 

 Within Groups 0.842 16 0.053     

 Total 0.977 17       

TP Between Groups 51306.722 1 51306.722 37.399 0.000 

 Within Groups 21949.778 16 1371.861     

 Total 73256.500 17       

TN Between Groups 56.534 1 56.534 0.336 0.570 

 Within Groups 2694.231 16 168.389     

 Total 2750.765 17       

NH4 Between Groups 236.894 1 236.894 1.440 0.248 

 Within Groups 2632.371 16 164.523     

 Total 2869.265 17       

NO2 Between Groups 0.000 1 0.000 0.055 0.818 

 Within Groups 0.010 16 0.001     

 Total 0.010 17       

NO3 Between Groups 62.795 1 62.795 186.864 0.000 

 Within Groups 5.377 16 0.336     

 Total 68.171 17       

Sand Between Groups 4.909 1 4.909 27.001 0.000 

 Within Groups 2.909 16 0.182     

 Total 7.818 17       

Silt Between Groups 0.161 1 0.161 0.010 0.923 

 Within Groups 267.244 16 16.703     

 Total 267.405 17       

Clay Between Groups 3.125 1 3.125 0.203 0.659 

 Within Groups 246.600 16 15.413     

 Total 249.725 17       

TN:TP Between Groups 0.467 1 0.467 5.199 0.037 

 Within Groups 1.438 16 0.090     

 Total 1.905 17       
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