
 

 

97 

������� � 

	�
��
��
����
�������
��� 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

98 

����	
���
�� �-1 ����������
�	������	 ���� !"�# ���$%&
��� �!��"
���'#	"�#(�)"���#*��	 

����� 
���+,-	
��� 
((+��) ID 

X Y 
���"� #��(
# ���� !"�# ���� !���$%&
��� 

(,&
���
4-
*5���	"�# 
((+��) 

���+�6�"�# 
((+��) 

7�-�&#
 7�-8
 
1 649183 795243 ���
-+� ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 6.5 2.1 3.0 
2 650042 794665 ���
-+� ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 5.3 0.8 1.8 
3 650734 793364 ���
-+� ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 3.2 0.8 1.2 
4 650881 794258 ���
-+� ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 4.3 1.2 3.0 
5 654240 792501 ���
-+� ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 4.7 1.0 2.1 
6 652652 790818 "�	(���*	 ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 4.8 1.5 3.0 
7 655696 792519 "�	(���*	 ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 5.0 2.0 2.5 
8 654719 788982 "�	(���*	 ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 6.0 3.0 4.2 
9 657965 788298 "�	(���*	 ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 6.3 4.6 5.6 
10 657046 787065 "�	(���*	 ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 3.9 0.4 0.9 
11 657633 789739 "�	(���*	 ��
(
�*	 "�#=-
(=>� $%&#?=@
� 0.9 4.0 1.2 1.8 
12 659843 786657 "�	����� "�	����� "�#=-
(=>� $%&#?=@
� 0.8 7.0 0.8 1.8 
13 658452 786976 "�	����� "�	����� "�#=-
(=>� $%&#?=@
� 0.9 3.6 1.2 1.3 
14 659026 785574 "�	����� "�	����� "�#=-
(=>� $%&#?=@
� 0.8 4.5 1.2 1.7 
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����	
���
�� �-1 (��#) 

����� 
���+,-	
��� 
((+��) ID 

X Y 
���"� #��(
# ���� !"�# ���� !���$%&
��� 

(,&
���
4-
*5���	"�# 
((+��) 

���+�6�"�# 
((+��) 

7�-�&#
 7�-8
 
15 660496 787697 "�	����� "�	����� "�#=-
(=>� $%&#?=@
� 0.9 4.3 0.9 2.0 
16 660902 786049 "�	����� "�	����� "�#=-
(=>� $%&#?=@
� 1.0 3.0 1.0 1.9 
17 659144 784199 "�	����� "�	����� "�#=-
(=>� $%&#?=@
� 0.9 2.5 0.6 1.2 
18 656427 782595 ���%&�	 "�	����� "�#=-
(=>� $%&#?=@
� 0.9 10.5 0.9 2.9 
19 659660 782956 ���%&�	 "�	����� "�#=-
(=>� $%&#?=@
� 0.8 4.0 0.5 0.8 
20 658580 781193 �+��#+ "�	����� "�#=-
(=>� $%&#?=@
� 0.9 8.0 0.9 1.1 
21 661580 783377 �+��#+ "�	����� "�#=-
(=>� $%&#?=@
� 0.8 3.2 0.8 1.8 
22 661978 781888 �+��#+ "�	����� "�#=-
(=>� $%&#?=@
� 0.9 6.3 2.1 3.4 
23 664417 782022 ��#	�� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 3.0 0.8 1.1 
24 664849 781184 ��#	�� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 4.0 0.9 2.8 
25 662215 786741 �-(��� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 3.0 1.0 1.9 
26 663490 786259 �-(��� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 3.2 1.2 1.9 
27 663117 785164 �-(��� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 4.6 0.8 1.3 
28 663834 784641 �-(��� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 5.5 0.9 3.0 
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����	
���
�� �-1 (��#) 

����� 
���+,-	
��� 
((+��) ID 

X Y 
���"� #��(
# ���� !"�# ���� !���$%&
��� 

(,&
���
4-
*5���	"�# 
((+��) 

���+�6�"�# 
((+��) 

7�-�&#
 7�-8
 
29 663377 784050 �-(��� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 5.5 0.9 2.3 
30 663758 783297 �-(��� ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 3.5 0.1 0.9 
31 669249 787733 
���
&#* ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 8.6 0.9 2.0 
32 670504 787771 
���
&#* ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 3.6 0.4 1.2 
33 668706 786759 
���
&#* ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 3.5 0.2 1.3 
34 667821 786138 
���
&#* ���$�C� "�#=-
(=>� $%&#?=@
� 0.7 5.0 0.7 0.8 
35 670483 785666 
���
&#* ���$�C� "�#=-
(=>� $%&#?=@
� 0.9 11.0 0.9 8.0 
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����	
���
�� �-2 ���� !���$%&=�!@*%
5�����
 ��!���� !D� �,� E�
 

ID 
���$%&=�!@*%
5�����
 

(Land - use) 
D� �,� E�
 
(Landform) 

1 *�	���� Para rubber "��(� �S�
������(��S#�&�	T�����������#
 Erosional surface 
2 *�	���� Para rubber "��(� �S�
������(��S#�&�	T�����������#
 Erosional surface 
3 *�	���� Para rubber "��(� �S�
������(��S#�&�	T�����������#
 Erosional surface 
4 *�	���� Para rubber "��(� �S�
������(��S#�&�	T�����������#
 Erosional surface 
5 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
6 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
7 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
8 
�����
 Broadcasted paddy field �����"��
�!������
����!��"���� Low terrace 
9 *�	���� Para rubber �����"�?�+�!�#
���
��� Alluvial plain 
10 *�	���� Para rubber �����"�?�+�!�#
���
��� Alluvial plain 
11 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
12 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
13 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
14 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
15 
��&�	 Abandoned paddy ����?�+����
���'�	 Marsh 
16 
��&�	 Abandoned paddy ����?�+����
���'�	 Marsh 
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����	
���
�� �-2 (��#) 

ID 
���$%&=�!@*%
5�����
 

(Land - use) 
D� �,� E�
 
(Landform) 

17 
�����
 Broadcasted paddy field �����"�?�+�!�#
���
��� Alluvial plain 
18 *�	���� Para rubber "��(� �S�
������(��S#�&�	T�����������#
 Erosional surface 
19 b+&���,+ Mixed orchard �����"�?�+�!�#
���
��� Alluvial plain 
20 
��&�	 Abandoned paddy �����"�?�+�!�#
���
��� Alluvial plain 
21 �S�
����?�+ Wetland ����?�+����
���'�	 Marsh 
22 
��&�	 Abandoned paddy �����"�?�+�!�#
���
��� Alluvial plain 
23 
��&�	 Abandoned paddy �����"�?�+�!�#
���
��� Alluvial plain 
24 �S�
����?�+ Wetland �����"�?�+�!�#
���
��� Alluvial plain 
25 b+&���,+ Mixed orchard �����"�?�+�!�#
���
��� Alluvial plain 
26 �S�
����?�+ Wetland ����?�+����
���'�	 Marsh 
27 �S�
����?�+ Wetland �����"�?�+�!�#
���
��� Alluvial plain 
28 �S�
����?�+ Wetland ����?�+����
���'�	 Marsh 
29 *�	���� Para rubber �����"�?�+�!�#
���
��� Alluvial plain 
30 *�	���� Para rubber �����"�?�+�!�#
���
��� Alluvial plain 
31 *�	���� Para rubber ����?�+����
���'�	 Marsh 
32 *�	���� Para rubber ����?�+����
���'�	 Marsh 
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����	
���
�� �-2 (��#) 

ID 
���$%&=�!@*%
5�����
 

(Land - use) 
D� �,� E�
 
(Landform) 

33 *�	���� Para rubber ������*��!,�
���* Beach and beach ridge 
34 *�	���� Para rubber "��(� �S�
������(��S#�&�	T�����������#
 Erosional surface 
35 *�	���� Para rubber ����?�+����
���'�	 Marsh 

 



 

 

104 

������� 	  

�
�����
���������������� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 

 

105 
����	
���
�� �-1 �����������������
��
��� 

 
����
���  

(oC) 
������$
 
 (NTU) 

�����()
��* - *$�	 
+������,-.�	��*-/0���1�2���������, 

(mg/L) ID 
9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 

1 29.5 28.5 3.9 3.1 7.13 6.58 480 95 
2 28.8 27.6 1.1 0.2 5.52 5.27 90 30 
3 28.6 27.2 13.0 8.2 6.05 6.46 63 25 
4 29.1 28.2 3.0 2.3 6.68 5.18 84 34 
5 28.5 27.4 3.0 0.3 7.01 6.23 67 25 
6 28.2 27.8 1.1 0.2 5.58 6.69 57 23 
7 29.5 28.5 4.7 13.0 6.98 6.58 265 60 
8 28.4 27.0 1.0 0.8 4.90 5.27 64 25 
9 28.3 27.3 2.0 1.0 6.25 6.46 87 29 
10 30.0 29.5 2.6 0.2 4.66 5.59 450 102 
11 29.4 28.0 1.3 0.2 5.64 5.67 60 24 
12 29.2 28.1 0.7 1.5 5.27 5.67 120 36 
13 29.5 27.5 8.8 1.2 6.46 6.46 340 80 
14 31.5 27.5 2.3 1.6 6.04 5.67 58 24 
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����	
���
�� �-1 (�$�) 
 

����
���  
(oC) 

������$
 
 (NTU) 

�����()
��* - *$�	 
+������,-.�	��*-/0���1�2���������, 

(mg/L) ID 
9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 

15 29.1 29.0 2.8 0.3 6.58 6.58 66 25 
16 31.1 28.9 2.1 18.0 5.18 5.27 174 47 
17 31.6 28.5 45.0 1.7 5.96 6.46 70 26 
18 30.2 28.4 9.4 29.0 5.68 5.18 34 19 
19 30.5 28.6 1.7 35.0 6.37 6.04 96 31 
20 28.8 28.5 1.1 7.7 4.79 5.67 150 52 
21 28.6 27.6 1.5 0.6 5.71 5.67 93 31 
22 29.1 27.2 1.8 0.9 5.78 6.46 110 34 
23 28.5 28.2 1.2 7.7 5.60 6.58 178 48 
24 28.2 27.4 11.0 1.9 6.68 5.27 511 114 
25 29.5 28.5 23.0 1.9 6.39 6.46 613 144 
26 28.4 27.6 31.0 8.3 6.23 5.18 454 95 
27 28.5 27.2 24.0 2.0 6.69 6.04 86 29 
28 28.2 27.0 11.0 0.8 5.59 5.96 345 75 
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����	
���
�� �-1 (�$�) 
 

����
���  
(oC) 

������$
 
 (NTU) 

�����()
��* - *$�	 
+������,-.�	��*-/0���1�2���������, 

(mg/L) ID 
9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 

29 27.4 27.3 4.3 9.6 5.67 5.68 152 42 
30 29.5 27.8 1300.0 111.0 3.57 6.37 550 125 
31 28.5 28.0 1.7 1.0 5.96 4.79 82 28 
32 28.1 27.0 1.4 1.1 5.26 5.71 142 40 
33 27.5 27.3 1.3 0.2 5.84 6.46 125 37 
34 29.5 27.5 3.6 2.3 6.77 5.18 48 22 
35 28.0 27.0 3.5 1.3 6.90 6.23 54 23 
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����	
���
�� �-1 (�$�) 
 

���
��CDDE� 
(µS/cm) 

�������*:�	 
(mg/L as CaCO3) 

���C�*� 
(mg/L) 

C
���- -  C
L���2
 
(mg/L) ID 

9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 
1 525 127 207.7 165.3 188.00 65.20 0.03 0.06 
2 85 39 59.8 11.9 13.87 6.41 3.75 0.28 
3 53 33 73.9 25.7 8.73 5.38 0.06 0.18 
4 165 49 159.3 121.8 45.00 7.90 5.10 0.28 
5 55 33 130.2 13.9 9.06 4.60 0.71 0.83 
6 44 31 56.3 12.9 7.25 5.08 0.06 0.16 
7 280 78 176.0 192.6 110.11 12.70 0.19 0.14 
8 52 32 54.6 39.6 8.48 5.33 0.78 0.54 
9 62 34 104.7 52.5 10.21 5.68 0.04 0.65 
10 380 98 138.2 10.9 147.45 15.80 0.41 0.75 
11 60 34 69.5 10.9 9.88 5.61 0.05 0.06 
12 63 35 38.7 78.2 10.38 5.71 0.17 0.24 
13 420 102 462.0 0.0 172.12 45.50 0.22 0.99 
14 74 37 120.6 82.2 12.19 6.07 0.28 1.30 
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����	
���
�� �-1 (�$�) 

 
���
��CDDE� 

(µS/cm) 
�������*:�	 

(mg/L as CaCO3) 
���C�*� 
(mg/L) 

C
���- -  C
L���2
 
(mg/L) ID 

9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 
15 64 35 147.8 14.9 10.54 5.74 0.10 2.52 
16 59 34 57.2 104.0 9.72 5.58 1.57 0.18 
17 53 33 63.4 35.6 8.73 5.38 0.02 1.43 
18 24 27 54.6 111.9 3.95 4.43 0.02 0.12 
19 40 30 88.0 24.8 6.59 4.95 0.20 1.12 
20 27 27 55.4 106.9 4.45 4.52 1.52 3.25 
21 88 40 78.3 30.7 14.50 6.53 0.04 0.31 
22 33 29 95.9 48.0 5.44 4.72 0.49 2.05 
23 98 42 0.0 118.3 16.14 6.86 0.02 0.78 
24 518 147 146.1 98.5 178.19 13.39 0.11 0.18 
25 694 152 325.6 102.0 231.00 92.00 10.74 5.27 
26 380 98 545.6 440.6 155.20 16.15 0.05 0.18 
27 80 38 155.8 106.4 13.18 6.27 0.14 0.93 
28 317 69 165.4 40.6 98.00 11.38 0.43 0.21 
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����	
���
�� �-1 (�$�) 
 

���
��CDDE� 
(µS/cm) 

�������*:�	 
(mg/L as CaCO3) 

���C�*� 
(mg/L) 

C
���- -  C
L���2
 
(mg/L) ID 

9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 
29 135 49 103.8 157.4 66.48 8.08 0.03 1.30 
30 296 81 0.0 128.7 72.00 10.42 0.18 0.40 
31 75 37 88.9 54.5 12.36 6.11 0.04 2.27 
32 85 39 73.9 57.4 14.00 6.44 3.33 14.67 
33 60 34 68.6 9.9 9.88 5.61 0.87 0.98 
34 33 29 188.3 118.8 5.44 4.72 0.03 3.13 
35 70 36 153.1 67.3 11.53 5.93 0.04 0.12 
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����	
���
�� �-1 (�$�) 
 

���M� 
(mg/L) 

L���D����NO�-/��/, 
(MPN/100 mL) 

DR�.�L���D���� 
(MPN/100 mL) ID 

9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 
1 0.12 0.50 0 0 0 0 
2 2.54 3.98 8 80 4 23 
3 0.20 0.97 280 300 34 56 
4 0.24 4.11 200 240 26 70 
5 0.19 2.54 33 130 4 4 
6 3.22 1.00 1600 2800 14 400 
7 0.09 0.50 900 2400 200 900 
8 5.00 4.56 33 130 17 27 
9 0.58 0.21 0 2 0 2 
10 5.11 2.32 1600 240 130 23 
11 2.01 1.98 220 250 28 40 
12 4.23 1.79 0 220 0 17 
13 0.66 0.23 1400 5000 14 240 
14 1.16 2.01 70 1600 26 450 

 
 



 

 

112 
����	
���
�� �-1 (�$�) 

 
���M� 

(mg/L) 
L���D����NO�-/��/, 

(MPN/100 mL) 
DR�.�L���D���� 
(MPN/100 mL) ID 

9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 
15 0.26 1.21 900 1600 33 240 
16 3.87 2.80 23 1600 2 500 
17 1.59 1.22 340 900 12 14 
18 1.83 3.60 270 330 34 4 
19 1.51 1.32 14 27 4 23 
20 5.64 1.50 2800 900 220 23 
21 1.74 2.38 9 14 4 4 
22 1.62 1.43 340 900 26 350 
23 1.55 1.01 14 350 9 110 
24 1.10 4.87 5000 16000 240 1400 
25 1.73 1.90 240 900 130 14 
26 1.03 3.70 16000 340 1500 12 
27 1.03 1.22 33 350 14 2 
28 0.47 1.37 500 900 34 12 

 
 



 

 

113 
����	
���
�� �-1 (�$�) 
 

���M� 
(mg/L) 

L���D����NO�-/��/, 
(MPN/100 mL) 

DR�.�L���D���� 
(MPN/100 mL) ID 

9*��:�
 9*�;
 9*��:�
 9*�;
 9*��:�
 9*�;
 
29 0.21 1.43 33 50 2 12 
30 8.62 2.03 4 14 0 12 
31 0.07 4.94 4 220 0 9 
32 2.01 2.39 340 900 27 110 
33 0.25 1.01 34 80 12 23 
34 0.11 4.00 900 1300 14 14 
35 0.19 2.25 33 280 17 12 

 
 
 
 
 
 
 
 



 

 

114 
����	
���
�� �-2 +��(������:��:
��	���
��
���-�	*:�
��,
�� ���/ N��2��S/���-,� ���(���
-���TS:(��L,S
�-/0*�
 (Land - use)T

���O$��1�


O�����-���+�O+	�����
�$�	T
9*��:�
 
 

Parameter  All Sample Para rubber Broadcasted paddy field Abandoned paddy Mixed orchard Wetland 

Mean 29.1 ± 1.0 28.8 ± 0.9 29.5 ± 1.2 29.3 ± 1.0 30.0 ± 0.7 28.4 ± 0.2 
Median 28.8 28.7 29.4 29.1 30.0 28.4 

Min-Max 27.4 - 31.6 27.4 f 30.2 28.2 f 31.6 28.5 - 31.1 29.5 - 30.5 28.2 - 28.6 

����
��� 
Temperature 

(oC) 
n 35 14 9 5 2 5 

Mean 44 ± 219 96 ± 346 8 ± 14 2 ± 1 12 ± 15 16  ± 12 
Median 3 3 2 8 12 11 

Min-Max 1 f 1,300 1 f 1,300 1 - 45 1 - 3 2 - 23 1 - 31 

������$
 
Turbidity 
(NTU) 

n 35 14 9 5 2 5 
Mean 5.92 ± 0.77 5.85 ± 0.95 5.98 ± 0.73 5.59 ± 0.68 6.38 ± 0.01 6.18 ± 0.52 

Median 5.96 5.90 5.96 5.60 6.38 6.23 
Min-Max 3.57 f 7.13 3.57 - 7.13 4.90 - 7.01 4.79 - 6.58 6.37 - 6.39 5.59 - 6.69 

�����()
��*-*$�	 
pH 

n 35 14 9 5 2 5 
Mean 183 ± 169 174 ± 177 122 ± 106 136 ± 47 355 ± 366 298 ± 199 

Median 96 89 67 150 355 345 
Min-Max 34 - 613 34 - 550 57 - 340 66 - 178 96 - 613 86 - 511 

+������,-.�	��*-/0
���1�2���������, 

TDS 
(mg/L) n 35 14 9 5 2 5 
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����	
���
�� �-2 (�$�) 
 

Parameter  All Sample Para rubber Broadcasted paddy field Abandoned paddy Mixed orchard Wetland 
Mean 158 ± 173 146 ± 149 122 ± 134 56 ± 28 367 ± 462 277 ± 190 

Median 74 80 60 59 367 317 
Min-Max 24 - 694 24.0 - 525 44.0 - 420 27 - 98 40 - 694 80 - 518 

���
��CDDE� 
Conductivity 

(µS/cm) 
n 35 14 9 5 2 5 

Mean 129 ± 114 105 ± 57.5 130 ± 132 71.3 ± 54.8 207 ± 168 218 ± 186 
Median 95.9 96.4 69.5 57.2 207 156 

Min-Max 0.0 f 546 0.0 f 208 38.7 f 462 0.0 f 148 88.0 f 326 78.3 f 546 

�������*:�	 
Hardness 

(mg/L as CaCO3) n 35 14 9 5 2 5 

Mean 48.57 ± 66.26 43.49 ± 57.67 38.69 ± 60.12 9.26 ± 4.66 119 ± 159 91.81 ± 76.94 
Median 12.19 13.12 9.88 9.72 119 98.00 

Min-Max 3.95 - 231 3.95 - 188 7.25 f 172 4.45 - 16.14 6.59 - 231 13.18 f 179 

���C�*� 
Chloride 
(mg/L) 

n 35 14 9 5 2 5 

Mean 0.91 ± 2.07 0.99 ± 1.72 0.28 ± 0.28 0.74 ± 0.75 5.47 ± 7.45 0.16 ± 0.16 
Median 0.17 0.05 0.19 0.49 5.47 0.11 

Min-Max 0.02 f 10.74 0.02 - 5.10 0.02 - 0.78 0.02 - 1.57 0.20 - 10.74 0.04 - 0.43 

C
���--C
L���2
 
Nitrate-Nitrogen 

(mg/L) 
n 35 14 9 5 2 5 
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����	
���
�� �-2 (�$�) 
 

Parameter  All Sample Para rubber Broadcasted paddy field Abandoned paddy Mixed orchard Wetland 
Mean 1.77 ± 1.96 1.58 ± 2.48 2.02 ± 1.77 2.59 ± 2.14 1.62 ± 0.16 1.08 ± 0.45 

Median 1.16 0.25 1.59 1.62 1.62 1.03 
Min-Max 0.07 f 8.62 0.07 f 8.62 0.09 - 5.00 0.26 - 5.64 1.51 - 1.73 0.47 f 1.74 

���M� 
Iron 

(mg/L) 
n 35 14 9 5 2 5 

Mean 976 ± 2,796 265  ± 456 511 ± 628 815 ± 1,166 127 ± 160 4,308 ± 6,864 
Median 200 34 220 340 127 500 

Min-Max 0 f 16,000 0 f 1,600 0 f 1,600 14 f 2,800 14 - 240 9 f 16,000 

L���D����NO�-/��/, 
Coliform bacteria 
(MPN/100 mL) 

n 35 14 9 5 2 5 

Mean 81 ± 255 21 ± 34 35 ± 63 58 ± 91 67 ± 89 358 ± 646 
Median 14 13 14 26 67 34 

Min-Max 0 f 1,500 0 - 130 0 - 200 2 - 220 4 - 130 4 f 1,500 

DR�.�L���D���� 
Fecal coliform 
(MPN/100 mL) 

n 35 14 9 5 2 5 
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���
�� �-3 +��(������:��:
��	���
��
���-�	*:�
��,
�� ���/ N��2��S/���-,� ���(���
-���TS:(��L,S
�-/0*�
 (Land - use)T

���O$��1�


O�����-���+�O+	�����
�$�	T
9*�;
 
 

Parameter  All Sample Para rubber Broadcasted paddy field Abandoned paddy Mixed orchard Wetland 

Mean 27.8 ± 0.7 27.8 ± 0.7 27.8 ± 0.5 28.4 ± 0.7 28.6 ± 0.1 27.4 ± 0.3 
Median 27.6 27.6 27.8 28.5 28.6 27.4 

Min-Max 27.0 - 29.5 27.0 - 29.5 27.0 - 28.5 27.2 - 29.0 28.5 - 28.6 27.0 - 27.6 

����
��� 
Temperature 

(oC) 
n 35 14 9 5 2 5 

Mean 8 ± 20 12 ± 29 2 ± 4 7 ± 7 18 ± 23 3 ± 3 
Median 2 2 1 8 18 2 

Min-Max 0 - 111 0 - 111 0- 13 0 - 18 2 - 35 1 - 8 

������$
 
Turbidity 
(NTU) 

n 35 14 9 5 2 5 
Mean 5.91 ± 0.56 5.80 ± 0.62 6.08 ± 0.51 6.11 ± 0.60 6.25 ± 0.30 5.62 ± 0.39 

Median 5.96 5.70 6.23 6.46 6.25 5.67 
Min-Max 4.79 - 6.69 4.79 - 6.58 5.27 - 6.69 5.27 - 6.58 6.04 - 6.46 5.18 - 6.04 

�����()
��*-*$�	 
pH 

n 35 14 9 5 2 5 
Mean 49 ± 33 46 ± 34 36 ± 20 41 ± 11 88 ± 80 69 ± 38 

Median 34 32 25 47 88 75 
Min-Max 19 - 144 19 - 125 23 - 80 25 - 52 31 - 144 29 - 114 

+������,-.�	��*-/0
���1�2���������, 

TDS 
(mg/L) n 35 14 9 5 2 5 
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Parameter  All Sample Para rubber Broadcasted paddy field Abandoned paddy Mixed orchard Wetland 
Mean 53 ± 35 51 ± 30 46 ± 26 33 ± 6 91 ± 86 78 ± 46 

Median 37 38 34 34 91 69 
Min-Max 27 - 152 27 - 127 31 - 102 27 - 42 30 - 152 38 - 147 

���
��CDDE� 
Conductivity 

(µS/cm) 
n 35 14 9 5 2 5 

Mean 79.9 ± 80.8 78.1 ± 54.9 51.8 ± 60.4 78.4 ± 44.8 63.4 ± 54.6 143 ± 170 
Median 57.4 62.4 35.6 104 63.4 98.5 

Min-Max 0.0 f 441 9.9 f 165 0.0 f 193 14.9 f 118 24.8 - 102 30.7 f 441 

�������*:�	 
Hardness 

(mg/L as CaCO3) n 35 14 9 5 2 5 

Mean 12.35 ± 18.33 11.29 ± 15.79 10.66 ± 13.29 5.48 ± 0.93 48.48 ± 61.55 10.74 ± 4.31 
Median 6.07 6.26 5.61 5.58 48.48 11.38 

Min-Max 4.43 f 92.00 4.43 - 65.20 4.60 - 45.50 4.52 - 6.86 4.95 - 92.00 6.27 - 16.15 

���C�*� 
Chloride 
(mg/L) 

n 35 14 9 5 2 5 

Mean 1.37 ± 2.58 1.80 ± 3.81 0.63 ± 0.53 1.76 ± 1.26 3.19 ± 2.94 0.36 ± 0.32 
Median 0.65 0.52 0.54 2.05 3.19 0.21 

Min-Max 0.06 f 14.67 0.06 - 14.67 0.06 - 1.43 0.18 - 3.25 1.12 - 5.27 0.18 - 0.93 

C
���--C
L���2
 
Nitrate-Nitrogen 

(mg/L) 
n 35 14 9 5 2 5 
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Parameter  All Sample Para rubber Broadcasted paddy field Abandoned paddy Mixed orchard Wetland 
Mean 2.12 ± 1.34 2.41 ± 1.50 1.76 ± 1.29 1.59 ± 0.70 1.61 ± 0.41 2.71 ± 1.56 

Median 1.90 2.28 1.79 1.43 1.61 2.38 
Min-Max 0.21 - 4.94 0.21 f 4.94 0.23 - 4.56 1.01 - 2.80 1.32 - 1.90 1.22 f 4.87 

���M� 
Iron 

(mg/L) 
n 35 14 9 5 2 5 

Mean 1,181 ± 2,770 288 ± 371 1,492 ± 1,661 1,070 ± 533 464 ± 617 3,521 ± 6,983 
Median 330 230 900 900 464 350 

Min-Max 0 f 1,6000 0 f 1,300 130 f 5,000 350 f 1,600 27 - 900 14 f 16,000 

L���D����NO�-/��/, 
Coliform bacteria 
(MPN/100 mL) 

n 35 14 9 5 2 5 

Mean 147 ± 292 26 ± 31 232 ± 306 245 ± 189 19 ± 6 286 ± 623 
Median 23 13 40 240 19 12 

Min-Max 0 f 1,400 0 - 110 4 - 900 23 - 500 14 - 23 2 - 1400 

DR�.�L���D���� 
Fecal coliform 
(MPN/100 mL) 

n 35 14 9 5 2 5 
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����	
���
�� �-4 +��(������:��:
��	���
��
���-�	*:�
��,
�� ���/ N��2��S/���-,� ���(���
-k��/+.�l�
 (Land form)T

���O$��1�
O�����

-���+�O+	�����
�$�	T
9*��:�
 
 

Parameter  All Sample Erosional surface Alluvial plain Low terrace Marsh Beach and beach ridge 

Mean 29.1 ± 1.0 29.3 ± 0.6 29.2 ± 1.1 28.4 28.8 ± 1.0 27.5 
Median 28.8 29.3 29.2 - 28.5 - 

Min-Max 27.4 - 31.6 28.6 f 30.2 27.4 -  31.6 - 28.0 f 31.1 - 

����
��� 
Temperature 

(oC) 
n 35 6 19 1 8 1 

Mean 44 ± 219 6 ± 5 76 ± 297 1.0  7 ± 10 1.0 
Median 3 4 3 - 2 - 

Min-Max 1 f 1,300 1 - 13 1 f 1,300 - 1 - 31 - 

������$
 
Turbidity 
(NTU) 

n 35 6 19 1 8 1 
Mean 5.92 ± 0.77 6.31 ± 0.65 5.86 ± 0.86 4.90  5.93 ± 0.61 5.84  

Median 5.96 6.37 5.96 - 5.84 - 
Min-Max 3.57 f 7.13 5.52 - 7.13 3.57 - 7.01 - 5.18 - 6.90 - 

�����()
��*-*$�	 
pH 

n 35 6 19 1 8 1 
Mean 183 ± 169 133 ± 171 212 ± 186 64  176 ± 146 125  

Median 96 74 120 - 118 - 
Min-Max 34 - 613 34 - 480 57 - 613 - 54 - 454 - 

+������,-.�	��*-/0
���1�2���������, 

TDS 
(mg/L) n 35 6 19 1 8 1 
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���
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Parameter  All Sample Erosional surface Alluvial plain Low terrace Marsh Beach and beach ridge 
Mean 158 ± 173 147 ± 192 180 ± 195 52  142 ± 129 60.0  

Median 74 69 74 - 80 - 
Min-Max 24 - 694 24 - 525 27 - 694 - 59.0 - 380 - 

���
��CDDE� 
Conductivity 

(µS/cm) 
n 35 6 19 1 8 1 

Mean 129 ± 113.5 124 ± 69.0 123 ± 110 54.6  164 ± 160 68.6  
Median 95.9 117 104 - 118 - 

Min-Max 0.0 f 546 54.6 - 208 0.0 - 462 - 57.2 f 546 - 
�������*:�	 Hardness 

(mg/L as CaCO3) 
n 35 6 19 1 8 1 

Mean 48.57± 66.26 44.17 ± 72.08 57.41 ± 73.32 8.48  40.73 ± 55.18 9.88  
Median 12.19 11.30 12.19 - 13.18 - 

Min-Max 3.95 - 231 3.95 - 188 4.45 - 231 - 9.72 f 155 - 

���C�*� 
Chloride 
(mg/L) 

n 35 6 19 1 8 1 

Mean 0.91 ± 2.07 1.50 ± 2.31 0.82 ± 2.43 0.78  0.70 ± 1.19 0.87  
Median 0.17 0.04 0.18 - 0.08 - 

Min-Max 0.02 f 10.74 0.02 - 5.10 0.02 - 10.74 - 0.04 - 3.33 - 

C
���--C
L���2
 
Nitrate-Nitrogen 

(mg/L) 
n 35 6 19 1 8 1 
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Parameter  All Sample Erosional surface Alluvial plain Low terrace Marsh Beach and beach ridge 
Mean 1.77 ± 1.96 0.84 ± 1.07 2.20 ± 2.23 5.00  1.21 ± 1.30 0.25  

Median 1.16 0.22 1.55 - 0.75 - 
Min-Max 0.07 f 8.62 0.11 - 2.54 0.09 f 8.62 - 0.07 - 3.87 - 

���M� 
Iron 

(mg/L) 
n 35 6 19 1 8 1 

Mean 976 ± 2,796 276 ± 330 771 ± 1,287 33  2,226 ± 5,575 34  
Median 200 235 220 - 187 - 

Min-Max 0 f 16,000 0 - 900 0 f 5,000 - 4 f 16,000 - 

L���D����NO�-/��/, 
Coliform bacteria 
(MPN/100 mL) 

n 35 6 19 1 8 1 

Mean 81 ± 255 19 ± 15 56 ± 82 17  202 ± 525 12  
Median 14 20 14 - 22 - 

Min-Max 0 f 1,500 0 - 34 0 - 240 - 0 f 1,500 - 

DR�.�L���D���� 
Fecal coliform 
(MPN/100 mL) 

n 35 6 19 1 8 1 
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���
�� �-5 +��(������:��:
��	���
��
���-�	*:�
��,
�� ���/ N��2��S/���-,� ���(���
-k��/+.�l�
 (Land form)T

���O$��1�
O�����

-���+�O+	�����
�$�	T
9*�;
 
 

Parameter  All Sample Erosional surface Alluvial plain Low terrace Marsh Beach and beach ridge 

Mean 27.8 ± 0.7 27.9 ± 0.5 27.9 ± 0.6 27.0  27.8 ±  0.8 27.3 
Median 27.6 27.9 27.8 - 27.6 - 

Min-Max 27.0 - 29.5 27.2 - 28.5 27.2 - 29.5 - 27.0 - 29.0 - 

����
��� 
Temperature 

(oC) 
n 35 6 19 1 8 1 

Mean 8 ± 20 8 ± 11 10 ± 26 1 4 ± 6 0 
Median 2 3 2 - 1 - 

Min-Max 0 - 111 0 - 29 0 - 111 - 0 f 18 - 

������$
 
Turbidity 
(NTU) 

n 35 6 19 1 8 1 
Mean 5.91 ± 0.56 5.64 ± 0.68 6.11 ± 0.44 5.27 5.67 ± 0.59 6.46 

Median 5.96 5.23 6.23 - 5.69 - 
Min-Max 4.79 - 6.69 5.18 - 6.58 5.27 - 6.69 - 4.79 - 6.58 - 

�����()
��*-*$�	 
pH 

n 35 6 19 1 8 1 
Mean 49 ± 33 37 ± 29 55 ± 39 25  45 ± 26 37  

Median 34 27 36 - 36 - 
Min-Max 19 - 144 19 - 95 23 - 144 - 23 f 95 - 

+������,-.�	��*-/0
���1�2���������, 

TDS 
(mg/L) n 35 6 19 1 8 1 
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Parameter  All Sample Erosional surface Alluvial plain Low terrace Marsh Beach and beach ridge 
Mean 53 ± 35 50 ± 38 58 ± 40 32 48 ± 23 34  

Median 37 36 37 - 38 - 
Min-Max 27 - 152 27 - 127 27 - 152 - 34 f 98 - 

���
��CDDE� 
Conductivity 

(µS/cm) 
n 35 6 19 1 8 1 

Mean 79.9 ± 80.8 92.6 ± 60.3 72.7 ± 55.5 39.6  101 ± 140 9.9  
Median 57.4 115 78.2 - 55.9 - 

Min-Max 0.0 f 441 11.9 - 165 0.0 - 193 - 14.9 f 441 - 
�������*:�	 Hardness 

(mg/L as CaCO3) 
n 35 6 19 1 8 1 

Mean 12.35 ± 18.33 15.67 ± 24.30 13.86 ± 21.10 5.33  7.98 ± 3.80 5.61  
Median 6.07 5.90 6.07 - 6.28 - 

Min-Max 4.43 f 92.00 4.43 - 65.20 4.52 - 92.00 - 5.58 - 16.15 - 

���C�*� 
Chloride 
(mg/L) 

n 35 6 19 1 8 1 

Mean 1.37 ± 2.58 0.67 ± 1.20 1.15 ± 1.26 0.54  2.56 ± 4.99 0.98 
Median 0.65 0.23 0.83 - 0.26 - 

Min-Max 0.06 f 14.67 0.06 - 3.13 0.06 - 5.27 - 0.12 - 14.67 - 

C
���--C
L���2
 
Nitrate-Nitrogen 

(mg/L) 
n 35 6 19 1 8 1 
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Parameter  All Sample Erosional surface Alluvial plain Low terrace Marsh Beach and beach ridge 
Mean 2.12 ± 1.34 2.86 ± 1.66 1.61 ± 1.02 4.56  2.63 ± 1.22 1.01  

Median 1.90 3.79 1.43 - 2.39 - 
Min-Max 0.21 - 4.94 0.50 - 4.11 0.21 f 4.87 - 1.21 f 4.94 - 

���M� 
Iron 

(mg/L) 
n 35 6 19 1 8 1 

Mean 1,181 ± 2,770 375 ± 471 1,739 ± 3,677 130  732 ± 621 80  
Median 330 270 350 - 620 - 

Min-Max 0 f 1,6000 0 f 1,300 2 f 16,000 - 14 f 1,600 - 

L���D����NO�-/��/, 
Coliform bacteria 
(MPN/100 mL) 

n 35 6 19 1 8 1 

Mean 147 ± 292 28 ± 29 212 ± 371 27  112 ± 177 23  
Median 23 19 23 - 12 - 

Min-Max 0 f 1,400 0 - 70 2 f 1,400 - 4 - 500 - 

DR�.�L���D���� 
Fecal coliform 
(MPN/100 mL) 

n 35 6 19 1 8 1 
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Abstract 
 

Estimation of groundwater pollution potential by spatial analysis in communities around the 
Lower Part of Songkhla Lake carried out from 35 shallow wells at Rattaphum, Bang Riang, Bang Klam, 
Mae Thom, Khu Tao, Khlong Hae and Nam Noi sub districts of which delineated area was about 7 
kiometers far from the lake. The samples were collected in dry and wet seasons. Investigated parameters 
in the water samples consist of  pH, temperature, hardness, chloride, nitrate-nitrogen, iron, coliform 
bacteria and fecal coliform and compared with the drinking water quality standards of the Ministry of 
Public Health. Then the data was analyzed with the spatial information system in GIS. The results of 
water quality analysis show that most of hardness, chloride, and nitrate-nitrogen met the MOPH 
specification, except pH, iron, coliform and fecal coliform. In addition, water quality spatial analysis 
indicated the distribution of high hardness and chloride in Khu Tao. Furthermore, high nitrate-nitrogen 
in Rattaphum, Khlong Hae and Nam Noi and high iron  in Khu Tao.   
 

Keywords:  Groundwater, Lower Part of Songkhla Lake, Water Quality, GIS, Contour 
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A�/-� ���
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-
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D&*�B&$�&�.��&BC ��
"�������!&BC ���������B 
��
 .!)�A��
���&+ ���
"*�����������-�&BC�T����& 
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�"���/,B&yF��&+�RS�&�������

���/-�
|�
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��*&��
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��/�z�&MN	
�F
yN
 65.42 ��

�����/-�
�/� A����
�&+�RS�&�����	�.�D&+%/+����
 ��


�� ,�+%/
���&��+%/+����
 [4, 5] �
"����
" 26.7 %�

A,B&��	/C��
�.-
/C�+�� �C�+)�$��D$U- #�
$����
%
� 
������&+�RS�&%�
+$
J��F
��-�+�!P'��/�z�& [6] 
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&�B&D&�����#�� ��B
&�B����C�����N�w�
/��#��� .!)�A&BC�����
�-�/,B&D&*�B&&BC �
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����yN
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yN
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+G���"��
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"���
��& /
��#&�����
�T&���
������.
���#��$�&BC ��"���+A,	����I) D$�
+A��
A��C�$�����"*�*&�
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/-��� 
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082���	�Z�[� 
A,B&��	�N�w� ,�&BC�����
�-�/,B&D&*�B&&BC�

$��D$U- I��+�J�/����-�
MN	
+�K&/����&%�

A,B&��	G{�
/"��&/��
"D/�%�
�"+
����
%
� �
"
A,B&��	��
&BC�Q���*�/���	�$


�F-�"+
��� I��
�C�$&�D$�A,B&��	�C����+�J�/����-�
��F-D&�"�" 7 
��I
+�/� #��%���"+
��� �/-
"#.�+�J�/����-�

$-�
��&��"��! 2 ��I
+�/� #C�&�&#.�+�J�
/����-�
��B
��B& 35 #.� ��
���
D&�F���	 1 I����
A,B&��	�C����+�J�/����-�
 3 �C�+)� �����- �C�+)�
 �&+&��
 (/C��
��/)F��  �
"/C��
��
+$���
) 
�C�+)���
�
	C� (/C��
��
�
	C� �
"/C��
��-���) 

�C�+)�$��D$U- (/C��
 F+/-� /C��
 
�
�$ �
"
/C��
&BC�&���) 

 

���.�\��
-��.5��-�6;����<�
 
+�J�/����-�
&BC�����
�-�/,B& 2  ��B
  ,� 

D&*-�
E�F���& �"$�-�
+�,�&+�w��&-AEw)� � 
2548 �
"D&*-�
E�FG& D&+�,�&AE�#����& 2548  
D*���"���+�J�/����-�
&BC� (Water Sampler) +�J�
/����-�
&BC���	#.��N	
�
�
%�
�-���	�"��� ���
N� 
20-30 +M&/�+�/� #��T��&BC� I��+�J�D�-%��IA
�+�
��
�& ��+ ��"$' .!)�A&BC�D&A�����+/��'��
&�B  ,� 
�.!$)F�� (temperature)  ���%.-& (turbidity) A�+�* 
(pH) ���
"
����B
$����	+$
,�#������"+$� 
(TDS)  �����"���
 (hardness)  
����' (Cl-) �&
+/��-�&I/�+#& (NO3-N) +$
J� (iron) I 
�O��'�
�� ��+��� (coliform  bacteria) �
"O� �
I 
�
O��'� (fecal coliform) /����Q������+ ��"$'%�
 
Standard Methods for the Examination of Water 
and Wastewater [7] 

 

�����.5��-�61���]
 
&C� -�%�
A�����+/��'/-�
| ����+ ��"$'

��
�y�/�+�,B�
/�& ����I�������C�+�J#�F� SPSS 
I��D*� descriptive statistics +A,	�$� -�+�
�	� 
(mean) ����
" (percentage)  -� ���+��	�
+�&
��/�z�& (standard deviation) +�����+�������
+�!P' .!)�A&BC�����
+A,	�������I) %�

��"���
��Q��!�.% A.�. 2520 �
"D*� non 
parametric test +�����+���� ����/�/-�
%�

 .!)�A&BC�D&*-�
E�F���&�
"E�FG& A������B

#���C��F��������A�-��"#��%�
 .!)�A&BC�+*�

A,B&��	  I��I�������C�+�J#�F� ArcView V.3.2
&C�+�&�D&�F�%�
�T&��	+��&*�B& 
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�]���	  1  082���	�Z�[��
-;3����<
X:�.�\�;����<�
�23�

_
�����
�
�
-��X��V6 

T
#�������+ ��"$' .!)�A&BC�����
�-�
/,B&#��#.�+�J�/����-�
��B
$�� 35 #.� D& E�F���&
�
"E�FG& (/���
��	 1) A��-�D&E�F���& �.!$)F����
 -���F-D&*-�
 27.0 - 31.6 �
��+M
+M���  ���%.-&��F-
D&*-�
 0.2 - 1,300 +�J&���F A�+�*��F-D&*-�
 5.52 - 
7.13  -�����+����F-D&*-�
 10 - 913 ��

�����/-�
�/� 
 �����"���
��F-D&*-�
 ND - 546 ��

�����/-�
�/�
� 
+M��� ��'��+&/  
����'��F-D&*-�
 1 - 434  
��

�����/-�
�/� �&+/��-�&I/�+#&��F-D&*-�
 
0.02 - 6.00 ��

�����/-�
�/�  

+$
J���F-D&*-�
 0.06 - 17.23 ��

�����/-�
�/��
"
 .!)�A&BC���
���&#.
*������� A�I 
�O��'�
�� ��+�����F-D&*-�
 0 - 16,000+�J�A�+�J&/-� 100 
��

�
�/� �
"O� �
I 
�O��'���F-D&*-�
 0 - 5,000 
+�J�A�+�J&/-� 100 ��

�
�/� �-�&D&E�FG& A��-�
�.!$)F���� -���F-D&*-�
 27.0 - 29.5 �
��+M
+M��� 
 ���%.-&��F-D&*-�
 1.3 - 111 +�J&���F  A� +�*��F-
D&*-�
 5.18 - 6.90  -�����+����F-D&*-�
 16 - 344 
��

�����/-�
�/�  �����"���
��F-D&*-�
 ND - 440 
��

�����/-�
�/�� 
+M��� ��'��+&/  
����'��F-
D&*-�
 ND - 282 ��

�����/-�
�/� �&+/��-
�&I/�+#&��F-D&*-�
 0.03 - 16.56 ��

�����/-�
�/�

 

 

 

��"+����� 
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;���
��	  1  _
�����.5��-�65:V/�0�23�����
�<�;82����.�V����-.
����
1
�;��
<�
9�7<�
`�]

���� �
-`�]a� �� 0.�. 2548  
 

`�]���� `�]a� 
0�����.;��6 ��<�� 

0���� 
5<�.�
�	�±±±±5<� 

.��	�
.����;�c�� 
0���� 

5<�.�
�	�±±±±5<� 
.��	�
.����;�c�� 

�.!$)F�� �
��+M
+M��� 27.0 - 31.6 28.8 ± 1.2 27.0 - 29.5 28.1 ± 0.7 
 ���%.-& +�J&���F 0.2 - 1300 50 ± 220 1.3 - 111 11 ± 19 
A�+�*  5.52 - 7.13 6.36 ± 0.45 5.18 - 6.90 6.10 ± 0.46 
����+�� ��

�����/-�
�/� 10 - 913 174 ± 184 16 - 344 74 ± 66 

 �����"���
 
��

�����/-�
�/� 
���� 
+M��� 
 ��'��+&/ 

ND - 546 123 ± 111 ND - 441 80 ± 81 

 
����' ��

�����/-�
�/� 1 - 434 43 ± 78 ND - 282 35 ± 53 
�&+/��- 
�&I/�+#& 

��

�����/-�
�/� 0.02 - 6.00 0.95 ± 1.69 0.03 - 16.56 1.66 ± 3.20 

+$
J� ��

�����/-�
�/� 0.06 -17.23 1.56 ± 3.12 0.18 - 36.47 7.07 ± 8.20 

I 
�O��'� 
+�J�A�+�J&/-� 100  

��

�
�/� 
0 � 16,000 1685 ± 3971 0 - 2800 407 ± 633 

O� �
I 
�O��'� 
+�J�A�+�J&/-� 100  

��

�
�/� 
0 - 5000 353 ± 983 0 - 500 74 ± 131 

ND : ��+ ��"$'��-A� 
 
+$
J���F-D&*-�
 0.18 - 36.47 ��

�����/-�
�/� 
�
" .!)�A&BC���
���&#.
*������� A�I 
�O��'�
�� ��+�����F-D&*-�
 0 - 2,800 +�J�A�+�J&/-� 100 
��

�
�/� �
"O� �
I 
�O��'���F-D&*-�
 0 - 500 
+�J�A�+�J&/-� 100 ��

�
�/� 

+�,	��C����+�����+���� .!)�A&BC�D&
A�����+/��'/-�
| ��B
 2 E�F��
 I��D*��y�/���� 
Mann-Whiney U test A��-� -�+�
�	�%�
�.!$)F�� 
A�+�* ����+��  �����"���
 �
"+$
J� �� ���
�/�/-�
��&��-�
��-��&���C� �U��
�y�/� (P<0.05) 
��+��&  ���%.-&  
����' �&+/��-�&I/�+#& I 


�O��'��� ��+��� �
"O� �
I 
�O��'� �� ���
�/�/-�
��-�
��&���C� �U��
�y�/� (P>0.05) +�,	�
+�����+�������+�!P' .!)�A&BC�����
+A,	����
���I) %�
��"���
��Q��!�.% A.�. 2520 
A��-� -�A�+�* I 
�O��'��
"O� �
I 
�O��'�
�� ��+���%�
�-�&D$U-/	C���-�+�!P' .!)�A I��
D&E�F���& ��+�K&����
" 54   60 �
" 46 
/��
C���� �
"D&E�FG& ��+�K&����
" 80  54 
�
" 66 /��
C���� �
"��
A��-������!+$
J�D&
E�F���&�-�&D$U-��F-D&+�!P' .!)�A  ��+�K&����
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" 60 �/-D&E�FG& ����
" 71 /	C ���-� +�!P'
 .!)�A 

�F��������A�-��"#���
���D&&BC�+*�

A,B&��	 (�F���	 2-19) A��-�  -� ���%.-&�������!�F

D&��
/"��&���%�
A,B&��	�N�w�  ,����+�! /. F
+/-� �
" /. 
�
�$ I�����+�! /. F+/-� �� -� ���
%.-&�F
��	�.� �
"���T�&I��/�
��������!&BC�G&
��	�$
�-�*"
��
/"��&�
"���/-�
| #��$&��
��&

�F-&BC�D&�-�  -�A�+�*�.����+�!%�
A,B&��	
�N�w��� -�/	C� I��+�A�"���+�! /.��/)F��  /.��
+$
���
 �
" /.&BC�&��� +&,	�
#�����+�!��
�
-��#"��
�����!+$
J��F
 [1]  -�����+��������A�-��"#��
��-�
��	C�+���D&�.�A,B&��	 I��+�A�"���+�! /.
 
�
�$ �
" /. F+/-� �� -�����+���F
�.� ��B
&�B��#
+&,	�
#��������&+�RS�&%�
&BC�*"%�" #����

%�"%�
*.�*&���+�!&�B&   -� �����"���
A��-�
�� -��F
D&���+�! /.��
�
	C� �
" /. F+/-� MN	
#�����
�-�&BC� -�&%��
��"���
yN
��"���
���  +&,	�
#��
D&%!"��	&BC ��$
T-�&*�B&��&�
"$�&#"
"
��
� 
+M��� ��'��+&/�
"���&�+M��� ��'��+&/
�C�D$�&BC��� �����"���
 [8] �/-+�,	��������!&BC�D&
�-���	+A�	�%NB&�C�D$� �����"���
D&�-�+#,�#�


 
 
����'�� -�����A�-��"#���F
�.����+�! /. F+/-� 

��B
&�B��#+���#������&+�RS�&#���F
�.�� [9] 
+A��"���+�!D�
��-�+�J�/����-�
�����+
�B�
�.�� 
 -��&+/��-�&I/�+#&������A�-��"#����F-��-�

$&��&-&D&A,B&��	 /.��/)F��  /.�-�*��
 /. 
�
�$ 
�
" /.&BC�&��� MN	
��+$/.����&+�RS�&&-�#"��#��
������	��F-D�
�����-�&BC� �
"#����

�
F�T�� 
��&T
��� �
"����C���&��
 [10]  -�+$
J������
�A�-��"#��+%��%�&��F-D&A,B&��	 /.��/)F�� -�&��
� � 
  / . � � 
 + $�� � 
  / . � � 
 �
	C �  / . �- � *� � 
  
/. 
�
�$ �
"��
�-�&%�
 /. F+/-� &��#��&�B
��� +�! /. F +/-�  �������!+$
J��F
��	�.���B 
  2 
E�F��
 �/-#"+����
D&A,B&��	   /.&BC�&��� ��B
&�B
 ���+%��%�&%�
�����!+$
J�D&A,B&��	�N�w���T

I��/�
+A��"
��w!"��
Q�!������%�
A,B&��	��	
+�,B��C�&��D$� [4] �����B
 -�+�
�	�%�
A�+�*D&A,B&��	
�N�w� -�&%��
/	C�  ,� +�-���� 5.18 �C�D$�+$
J�

"
��&BC������%NB&  -�I 
�O��'��
" -�O� �
I 
�
O��'��� �� + �� ���B 
  2 E�F ��
  A��- ��� �� �
�A�-��"#����F- ��- � 
$&��&-&D&�.�A,B &��	 
I��+�A�"���+�! /. F+/-� ��B
&�B +&,	�
#�����
�&+�RS�&��#����	
�x��F
#�����&+�,�& ���+
�B�

��/�'%�
*�����&D&���+�!D�
�+ ��
�-� 
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`�]���� �]���	  5  �_���	.���7�2�1�
5<�0�.�79�7<�
`�]a� 
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�]���	  8  �_���	.���7�2�1�
5<�5�����-���
 

9�7<�
`�]���� 
�]���	 9  �_���	.���7�2�1�
5<�5�����-���
 

9�7<�
`�]a� 

 

�]���	  10  �_���	.���7�2�1�
5<�5
����69�7<�
`�]���� �]���	  11  �_���	.���7�2�1�
5<�5
����69�7<�
`�]a� 
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5<���.;��9�7<�
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�]���	  14  �_���	.���7�2�1�
5<�.�
\�9�7<�
`�]���� �]���	  15  �_���	.���7�2�1�
5<�.�
\�9�7<�
`�]a� 

�]���	  16  �_���	.���7�2�1�
5<�45
�e��6���5��.��� 
9�7<�
`�]���� 

�]���	  17  �_���	.���7�2�1�
5<�45
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`�]a� 
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