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�!�//�=�&�
�
����������.���������(�
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Abstract 
 

Treatment efficiency in a wastewater treatment plant of Hat-Yai municipality 
through stabilization ponds and constructed wetlands, was assessed by using bacterial indicators 
(total coliforms:TC, fecal coliforms: FC, Escherichia coli and fecal streptcocci: FS) and algal 
indicators. The wastewater treatment plant has an approximate area of 2,040 rai and its loading 
capacity is about 40,000 m3/ day. During July-October, 2006, the wastewater samples were 
collected every 10 days for 10 times from 7 ponds. The ponds in a sequence of the wastewater 
treatment plant are as follows: primary or anaerobic pond (P), facultative pond (F), maturation 
pond (M), constructed wetlands (W1, W2 and W3) and treated wastewater pond or effluent 
storage pond (S).  

It was found that the wastewater treatment plant had efficiency to remove TC, 
FC,E. coli and FS as follows: 99.8%, 99.8%, 75.8% and 98.8%, respectively. TC had a positive 
middle level correlation with FC and FS (r = 0.614, p < 0.01; r = 0.642, p < 0.01). In contrast, TC 
had a negative low level correlation with light intensity and dissolved oxygen (DO) (r = - 0.23,  
p < 0.05; r = - 0.247, p <0.05). FC were closely correlated with E. coli and FS (r = 0.582 p < 0.05; 
r = 0.571, p < 0.01), but the FC were inversely low correlated with DO (r = - 0.344, p < 0.01). 
Whilst FS had a negative correlation with light intensity and also DO (r = - 0.246, p <0.05; 
 r = - 0.283, p <0.05). Levels of bacterial indicator (range, mean and standard deviation) in the 
effluent storage pond before discharge were as following; TC: 240-1,600 MPN/100ml (704 ± 509 
MPN/100ml), FC: 8-350 MPN/100ml (116 ± 117 MPN/100ml), E. coli : 2-350 MPN/100ml  
(74 ± 110 MPN/100ml) and FS: 79-540 MPN/100ml (232 ± 142 MPN/100 ml). 

Statistical analysis using Two-Factorial Design indicates that pond types 
significantly affected temperature, DO and pH (p < 0.05), whereas time period affected 
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temperature and light intensity significantly (p < 0.05). Not only types of pond but types of 
bacterial indicator also had significant effect on removal percentages of bacteria (p < 0.05). The 
correlations amongst the physico-chemical properties of water column in the wastewater 
treatment plant, temperature had positive correlations in a middle level with DO and a low level 
with pH (r = 0.465, p <0.01; r = 0.362, p < 0.01). Whilst chlorophyll a had a positive middle level 
correlation with pH (r = 0.525, p < 0.01) and the pH also had a positive correlation with DO  
(r = 0.493, p < 0.01).  

The highest percentage of chlorophyll a as 321 µg/l was found in facultative 
pond. There were 5 divisions of algal and cyanobacteria detections in the wastewater system plant 
as follows: Cyanophyta, Chlorophyta, Bacilariophyta, Euglenophyta, and Pyrrhophyta. The least 
diversity of algae was found in anaerobic pond as there were only 15 genera. Besides Euglena as 
an indicator of dirty water was only detected in this pond. The highest diversity was found in the 
effluent storage pond (S) with 24 genera and Perediopsis was only detected in this pond.  
In addition, Pediastrum- an indicator of clean water- was also detected in this pond.  
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1.1 �����	
������ 

������	
�������������
����������������������  !"#������$�%&���������
���'�(����	&��)��(����*��
��'+�,&�� (��!)����
��'+�'-).�������/�)$)�	"��� (!)���
�(�������*��
�*�/�)0)�����#
�#1*�)���)��(����*0!��"2#�)�'��� $*!�����2��!#/*� ���#
�#1*��
��'+��+
$1�%��"'���������
�	1*'����(������
��'+��(���-)���"*1#2+�.�������3���1$/*� (������
��'+��+
.�����(�����'���2+�'1����/*���� ������*����#)�#��,��'�(�)�� (Algal bloom)  !"���#
�#1*��
�
�'+��1��+$1�%��"'���������
�	1*�������� =&���*����'����%��$	'�#/*��*�2������ ���������
 #�2+��+������� (Indicator Bacteria) ��)���!�3����21��(�* 3>�1!��!�3���� �+��/!  !"3>�1!'���
�����/� �������$	$�����"(�%&������?@��,����		��"=&����	��� (!)�,��	�!��2�+���)����2+�
����1#��
�/*� %����$	�#�A '*�$)� (!)���
��1����		"/�)!�*�1� ')�0!�)�BC(�����"##
2���*����(��,�������� !"'1�$��!+��� ������������ !"�#��$�%�� &�'���(")�$�)*�+&��,-.  4 
0�(123(#����� Enterobacteriaceae6,-#&� Citrobacter Enterobacter Escherichia #�+ Klebsiella 
�,  ����6� !7&3�-%*8(,1�(�������&��*(%*9:�(;���'00��+%(<)��0�&����&�2=�6,-27�#�+=�%2��
3(�'00��+ �>�1�����������<����������$�)��#����$�)��0�&�'00��+ &��$,2���>�1�����������'��$�)
0+$,2������6�%*8(2?��1@,-. %�A'B�$�)&���.��#�-. (APHA,AWWA and WEF 1998) 0�&&��
A�,A��&���+��,;�����=�.������'00��+��.�01,� 7�3(�1(,1�#�& #�+���� ��(;��&���+��,
.�$ �#�+�.��'���� 2?�(1&��(2�L��M+2';01��.1,2�;��3(��.�*> =.O. 2549 =�.������'00��+
��.� 1���%*8(�1(,1� 1 �, =�0?�(.(B7-*R.  26,462 �( T")�&��3�-%&�,&��27@%2� $��%O�UV&�0$1��A��
A1.�'���#�+W���1V,-.  ,1�(1�(&���?��1,(�?�%2� 3�-� 7�3(%&MX���A�V�(�'MW�=(�?�$��� 0"�%*8(
2�)�0?�%*8(&��(�+�� ��&27�2�)�#.,�-�� 

%$O���(����,3�@�%*8(O7( �&����.��%0��@$��,-�(21��� %O�UV&�0;��
W��3A- ��*�+��&�27�!"� 355,633 �( �.���(�#(�(;��*�+��&� 465 �(/A�.&�.(O7( �
2��2(%$O%=<)�&��������#�+=1[(���(*&����, 2549) 0"����+���?��1,(�?�%2� �.� #�����*�1�
%2!� � (Stabilization Pond) ��.�&1�&��3�-�"�*�+,�UV� (Constructed Wetland) �+��(��%*8($�)(� �
3�-&1(��&%=��+6��A-��=")�=�%$��(�� �;1�(27� 6��2��(%*�<��=�1���( #�+%2� ���3�-0�� 3(&��
�?��1,(�?�%2� A)?��, ��O1 ��1&&��$?���(;��L�����A���. 3(&���?��1,2W�=(�?�%2� 3�-���'MW�=,�
;"�( (�?�%2� 0�&%$O���(����,3�@�%�<)��?��1,#�-.0+*��� ��27�$+%�2��2�;��T")�%*8(#����
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$�1= �&�(�?�$�)2?��1@ ,1�(1�(&��A�,A��A�.02���'MW�=(�?�$��0'���..�$ ��, A�,A��#��$�%�� 
������ 3(�+���?��1,(�?�%2� 0(!"�0',$�)*��� $�����27�#����(�?�L�����A�0"�%*8(%�<)��$�)0?�%*8( T")�;-��7�
0�&&��O"&U�0+$?�3�-$���!"�*�+2�$L�W�=3(&��&?�01,%�<�����;���+���?��1,(�?�%2�  #�+&��
A�,A��*b001 $�)��B�3(&��&?�01,%�<�����6,-#&� �.��%;-�#2� �'M�W7�� �.��%*8(&�,-,��� #�+
*����M��&T�%0(�+�� (�?�3(#A��+���;���+���?��1,T")�A���&d%*8(*b001 ��.�$�)��B�A��&�6&&��
e��%�<�����3(�+���?��1, 2�.(*����M������f��� %� ��. 3(&���L��� *����M��&T�%0(�+�� 
(�?� #�+����.��%*8(&�,-,��� (Mara et al., 1992) (�&0�&(��&��O"&U��.�����&��� ;��2����� 
#�+0'�2����� $�)=�3(#A��+����?��1,��03�-��.�%*8(,1�(��������'MW�=(�?�6,- (Curtis, et al., 1992) 
B�$�)6,-0�&&��O"&U�2����!(?�6*27�&��01,&��$�)%���+2� #�+%*8(&��2�-���.���1)(303�-&1�
�'��( ,1�(1�(.1A!'*�+2���&��O"&U�(��%=<)�*�+%��(*�+2�$L�W�=3(&���?��1,(�?�%2� ;��%$O���
(����,3�@�$��,-�(0'���..�$ � �, 3�-*����M#��$�%�� ���������!�)���!�3���� 3>�1!��!�3����  
�+��/!  !"3>�1!'��������/� ��.�,-. O"&U�*b001 $�)��B�A��*����M;��#��$�%�� ������%����(��
�!�*	��.�����&��� ;��2����� #�+0'�2�����  
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 1.2 	
������	�
� 

 

�������
������
	����
�����
�����
 (2?�(1&��((� ��  #�+#B($�1= �&�L�����A�#�+
2�)�#.,�-�� #�+�M+, 2548) 

1) � 
� ��!"����# 

�'��(�?�$+%�2��2�;�� 6,-�1�(�?�h( (�?�0<,0�&#��(�?� #�+(�?����&0�&#B�(,�( 
6��0�&=<�($�)�'��(�?���27�$+%�2��2�;�� #�+��(�?�%�d�0�&$+%�%;-���B2�&1( $?�3�-���1&UM+%*8(
�+��$+%�2��#����&7( (Lagoon) ;(�,3�@���'�=<�($�)���2�.(3(01��.1,(��O��L������ 
=1$�'� #�+2�;�� �'��(�?�$+%�2��2�;����=<�($�)�.�*�+��M 8,500 km2 
  2) � 
� ��!�
	
# �� 2 n,7�<� 
                            2.1 n,7h(#���%*8( 2 �+ + �+ +#�& A1��#A�%,<�(=nUW���!"�&1( � (6,-�1�
��$L�=�0�&����2'�A+.1(A&%o� �3A-=1,B��(���2�'$���(%,�  ��.�(��h(A&(-�  �+ +$�) 2 A1��#A�
%,<�(A'����!"��&����6,-�1���$L�=�0�&����2'�A+.1(��&%o� �%�(<� =1,B��(���.6$ ��.�(��h(
A&�'& #�+%,<�(=nO0�&� (0+%*8(%,<�($�)h(A&��&$�)2', 
                            2.2 n,7�-�(%��)�A1��#A�%,<�( &'�W�=1(L�!"�%�U� ( %,<�(%�U� (0+����&�O�-�(
$�)2', 
                           3) %&' 
����
(!)!�*�� 
����!+,��&-����
�����
�����
 
                           *b@���'MW�=(�?�3(�'��(�?�$+%�2��2�;��2�.(3�@���0�&#����&?�%(�,��=�U 
*�+%W$3�@�p �<� �'��( �����(�'A2��&��� �����2'&� (�&'-� #�+=<�($�)%&UA��<)(p �, ��
�� �+%�� ,,1�(���<�                      
                           3.1 (�?�%2� �'��( %(<)��0�&�'��$+%�2��2�;����&��&�+0� A1.;��*�+��&�6��
2�)?�%2���, ���'��(� 7��(�#(�(���%.M%�<��3�@�p %��(%$O���(����,3�@� #�+2�;�� 2��B�
3�-*����M(�?�%2� �'��(3(#A��+=<�($�)#A&A���&1( 2?���1��'MW�=(�?�3(=<�($�)�'��(�?� �� $�)��*b@��
3(%�<)���'MW�=(�?���&$�)2',�<��'��(�?������7�A+%W� *����M(�?�%2� $�)%&�,;"�(#�+2W�.+$�)*(%*9:�(3(
#��������1�(�?�%2� #A��+�'��(%�<��3(=<�($�)�'��(�?�$+%�2��2�;��3(*> =. O 2540 #�+ =.O 2544 
2�'*6,-.��*����M(�?�%2� �'��(����� *�+��M 96,850 #�+ 97,090 l/d A���?�,1� ��<���,%*8(W��+
���$'&3(�7*����,� (BOD5- loading) *�+��M 17,210 #�+ 16,560 kgBOD5/d 0�&&��A�,A��
A�.02���'MW�=(�?�$���$�)*��� 0�&����?��1,(�?�%2� ;��%$O���(����,3�@�3(��.�%,<�( 
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�&����t��!'(� ( =.O. 2545 =�.�������%o��) ;�� ����,� � 7�3(��.� 8-18 mg/l (%$O���(��
��,3�@�, 2545) 
                            3.2 (�?�%2� �'A2��&�����#(.�(-��'(#��;"�(�, %o=�+3(%;A�'��(�?�B��(�����7�
A+%W��������(�'A2��&���=.&B��AW1MX� �� 53 #��� �������(%&�) .&1�21A.�(�?� 10 #��� �����(
*�+%W$�<)(p 11 #��� �.� 74 #��� #�+��(�?�$���0�&�����(T")�B��(�+���?��1,#�-.*��� ������ 
0?�(.( 26 �����( ��*�+2�$L�W�=&���?��1,A1��#A� 70.0-99.8% W��+�.��2&*�&$�)*��� 27������7�
A+%W������27�!"�*�+��M 500 kgBOD/d #�+�����(�����%&d�&1&�, 6��*��� ������ 48 #��� 
(2?�(1&��((� ��  #�+#B($�1= �&�L�����A�#�+2�)�#.,�-��, 2548) 
                           3.3 (�?�%2� 0�&�����2'&�#�+(�&'-� �����2'&�%*8(#����&?�%(�,��=�U*�+%W$
%&UA�&���$�)2?��1@3(�'��(�?�$+%�2��2�;�� =�.�������2'&��(�#(�(3( 0.=1$�'� ���%.M 
 �.�.(;('( �.%�<��=1$�'� =�.��(�?�%2� 0�&�����;(�,%�d&����� ����,� %$��&1� 1,500 mg/l #�+0�&
�����;(�,&�������� ����,� %$��&1� 2,000 mg/l *����M��2��$�)*��� ��&0�&�����%��� �&'-�&'��,?�
3(%;A �.�+�(, 0.2�;�� =�.��%&�,��=�U3(�7* ����,� *�+��M 1.99 kg/rai/d �, %o��)  o+(1�(
*����M��� ����,� 0�&�����%��� �&'-�3(%;A�'��(�?�$+%�2��2�;�� *�+��M6,-$�) 13,530-18,900  
kg/d T")�!<�.��27���&��&6����&���?��1,&��(*��� ��&27�#����(�?�2�L��M+ 
                          3.4 (�?�%2� 0�&=<�($�)%&UA��<)(p ��#����&?�%(�,%*8(�1&UM+&�+0�  (Non- point 
source) �.�!"�(�?���� ��<� Runoff 0�&=<�($�)&2�&��� &��$?�2.(B�6�- #�+2.( ��=���$�)%*8(&��
3�-=<�($�)��1&;���'��(�?�$+%�2��2�;�� #����(�?�%2� *�+%W$(����&��&�+0� A1.27� #�+ 1�6����
�+���?��1,$�)�1,%0(  
 

"��� � *����	+'�������
���� (&�������(�'A2��&��� &�+$�.��'A2��&��� #�+
2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 2545) ��,1�(�� 
  

                          1) ��	+'����
�����
�	
� 
� �, $1).6*(�?�%2� ������*�+&��A���p,1�0+&���.
A��6*(�� ��&(-� #A&A���&1(6*A��*�+%W$;��(�?�%2�  
                          1.1 ;��#;d� (Total Solids) ��� !"�2��$'&� ���3(;��%��. &%.-((�?� T")�%*8(A1.
#*�=<�(V�($�)(� �3�-3(&��.�%���+��(�?�#�+(�?�%2� �, ��*�+%W$A���p�<� ;��#;d�0�A1.6,-  
(Settleable Solids) ;��#;d��+�� (�?�$1����, (Total Dissolved Solids : TDS) ;��#;d�#;.(��  
(Suspended Solids : SS) #�+;��#;d��+%� ���  (Volatile Solids: VS )  
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1.2 &��)( (Odor) %&�,0�&&�� �� 2�� ;��2����($�� �3((�?�%2� �, #��$�%�� $�)6��
3�-��&T�%0(%*��) (2W�=;��T1�%�A%*8(T1�6�,�0�&&��%&�,#&~26��,�%0(T1�6�,� (H2S) T")���
&��)(%��d(#��6;�%(�� #�+ 1���2���<)(��&$�)%&�,&��)(3(2W�=6�-��&T�%0(;��(�?�%2� 6,-#&� Organic 
Sulfide, Organic Amines, Organic Phosphorus #�+ Organic Acids 

1.3 2� (Color) &��%&�,2����� *����M��&p0+$?�3�-%&�,*b@��%�<)��2�3((�?� 
(�&0�&0+$?�3�- #����(�?�6��(��,7 ��&$1�� 1�;.��#2�#,,$?�3�-#2�2���6��!"�3A-(�?� $?�3�-&��
21�%���+��#2�;��=<��,�� 

1.4 �.��;'�( (Turbidity) �<�2��#;.(�� $�)� 7�3((�?� &1�(;.��#2�#,, (�?�$�)��
�.��;'�(27�A-��3�-*����M�����(��&&.��*&A�3(&�+�.(&��e��%�<�� 

1.5 �'M�W7�� (Temperature) �'M�W7��;��(�?�0+;"�(� 7�&1�#2�$�)2���B��(��6*3(
(�?� �, &��%*��) (#*��=�1���(#2�%*8(=�1���(�.���-�(T")�2��B�3�-(�?�$�)���.���"&#A&A���&1(
0+���'M�W7��$�)#A&A���&1(,-.  �'M�W7��;��(�?���B�A��&��%���*��&��� �$��%��� ��B�A��&���,��
;��*����M��&T�%0($�)�+�� 3((�?� #�+��B�A��&��)( ($.�.�O� O���'��, 2541) *��&��� ���.%���;�� 
0'��($�� �3((�?�0+27�;"�( #�+&��%0��@%A���A;��=<�$�)&��3�-%&�,*b@��W�.+��=�U$��(�?�27�;"�(
,-. %�<)�(�?����'M�W7��27� 

2) ��	+'����
�����
��%��  
(�?�%2� 0�&�'��(2�.(3�@�*�+&��,-. 2����($�� �=.&������6�%,�A �*�A�(

6;�1( #�+(�?��1( &��.1,*����M2����($�� �(� �.1,3(�7*;������,� (Biochemical Oxygen 
Demand: BOD) #�+ T���,� (Chemical Oxygen Demand: COD) (�&0�&(��*����M��&T�%0(
�+�� (�?� (Dissolved Oxygen: DO) 0+%*8(,1�(�$�)���.1,�.��2&*�&;��(�?�6,- &���+�� ;��
��&T�%0(3((�?�;"�(� 7�&1��.��,1(��� �&�O (Partial Pressure) �.��2&*�& (Impurity) #�+
�'M�W7�� �, $�)�.��,1( 1 ��� �&�O $�) 35 ºC ��&T�%0(�+�� 6,- 7 mg/l (��&T�%0(�+�� 3((�?�
%=�)�;"�(!-��'M�W7���,��) &���?��1,(�?�%2� $����.W�=0+��*�+2�$L�W�=,��.�����&T�%0(6��(-� 
&.�� 2 mg/l !-�;�,��&T�%0(#��$�%�� $�)6��3�-��&T�%0(%*��) (2W�=;��T1�%�A%*8(T1�6�,�0�&
&��%&�,&~�T6;�%(�� (H2S) $?�3�-%&�,&��)(��&.( #�+%*8(=�UA��2�)�#.,�-�� 

2.1 �.��%*8(&�,-,��� (pH) &���?��1,(�?�%2� �, .�L�$����..�$ � (Biological 
Treatment) �.�0+������.��%*8(&�,-,��� 3(��.� 5-9 !-�27���<�A)?�&.��(��0'��($�� �$�)� 7�3(�+��
�?��1,0+,?�����.�A� 7�6,-6��,� &���?��1,(�?�%2� �, &��A&A+&�(,-. 2��2-��.�0+������.��%*8(
&�,-,��� � 7�3(��.� 5-8 #�+(�?�$���$�)B��(�+���?��1,0+A-��������.��%*8(&�,-,��� � 7�3(��.� 5-9
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&��(*��� $��� (�?�%2� $�)������.��%*8(&�,-,��� %*8(&���0+���.��%���+2�A��&���?��1,,-. .�L�
$����.W�= 

2.2 6(�A�%0( (Nitrogen) L�A'6(�A�%0(%*8(L�A'$�)0?�%*8(2?���1�&��%0��@%A���A
;��2�)�����.�AA���p�, %o=�+� ��� �)�0'��($�� �$�)3�-3(�+���?��1,(�?�%2� $����.W�= �1A��2�.($�)
%���+2�;�� BOD5 : N �<� 100 : 5 � ���6�&dA����&���6(�A�%0(3((�?�%2� ����&%&�( #�+%�<)�
*��� $�����27�#����(�?�L�����A�0+&��3�-%&�,*��&�&��M� 7�$��f%��1( (Eutrophication) �, $1).6*
6(�A�%0(3((�?�0+� 7�3(�7*2��*�+&����($�� �6(�A�%0( (Org-N) #����%(� 6(�A�%0(  
(NH3-N) 6(6A�$�-6(�A�%0( (NO2-N) #�+6(%A�$-6(�A�%0( (NO3-N ) 

2.3 ��2���12 (Phosphorus) �1&� 7�3(�7*�����L��2%�A �=����2%�A #�+
��($�� ���2%�A *����M��2%�A3((�?�%2� $�)%���+2� 0+$?�3�-�+���?��1,(�?�%2� $����.W�=
$?���(6,-� �����*�+2�$L�W�=#A�&��*��� (�?�$���$�)*����M��2%�A27�0+&�+A'-(&��%0��@%A���A
;��=<�(�?�� ����.,%�d.%��(%,� .&1�6(�A�%0( #�+$?�3�-%&�,*b@��3(#����(�?�$�)����1�(�?�$��� 

2.4 ���+�(1& (Heavy Metals) ���+�(1&����(�,��&��3(*����M$�)=�%���+
0?�%*8(A��&��%0��@%A���A;��2�)�����.�A%��(21�&+2� $��#,� %��d& #A�2?���1����+�(1&����(�,0+
%*8(�1(A�� A��2�)�����.�A%��( #�,%�� � *��$ (�&%&�� 3(&���.��'�,7#��+��A-��$���.��3((�?�
%2� �����+�(1&�(�,3,#�+3(*����M%$��6� *����M���+�(1&0+��B�&�+$�A��&��$?���(;�� 
0'��($�� � #�+&��%�<�&�+���?��1, $�)%���+2� 

2.5 2��%���$�)%*8(=�U *b00'�1(��2����($�� �21�%���+��A���p$�)B��A;"�(��%=<)�3�-
*�+� �(�$���'A2��&���#�+&��%&UA� 0"�$?�3�-(�?�%2� 0�&�����(�'A2��&�������(�,#�+
&��%&UA���2��=�U2+2�� 7� 2��=�U�1&���'M2��1A� �&A��&�� �� 2�� %��(%*8(2��=�U$�)����7�
����%0(� 7�3(��%�&'�;��2��*�+&��=.&�+����A�&%��(.1A!'��=�U����(�, 
                  

3) ��	+'����
�����
�.� 
�  

3.1 #��$�%��  (Bacteria) %*8(0'��($�� �$�)���$��$��&$�)2',3(&���?��1,(�?�%2�  
2����!=�6,-$1).p6*$1�� 3(,�( (�?� ��&�O ��$1���(�,$�)%*8(*�+� �(�#�+�$U #��$�%�� 0+
%0��@%A���A6,-,�3(2W�.+���=�%��$�)%*8(&��� #�+�'M�W7��$�)%���+2� �'M�W7��%*8(=�����%A���
�(")�$��2�)�#.,�-��$�)2?��1@A���1A��&��%0��@ #�+&��A� ;��0'��($�� �%=��+�'M�W7����B�A��
*��&��� ���.%���W� 3(%T��� %��(=.&$�)%0��@ 6,-,�3($�)�'M�W7��A)?�p (Psychrophile) �'M�W7��$�)
%���+2�A��&��%0��@0+A)?�&.�� 20 ºC 2�.(=.&$�)%0��@6,-,�3($�)�'M�W7��*�(&��� (Mesophile) �<�
�'M�W7��3(��.� 20-40 ºC  �'M�W7��$�)%���+2�2?���1�&��%0��@*�+��M 37 ºC %�<�����2�.(3�@�� 7�
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3(&�'��(�� #�+=.&$�)%0��@6,-,�3($�)�'M�W7��27� (Thermophile) �'M�W7��$�)%���+2��<� 55-60ºC 
#�+$�)�'M�W7��$�) 99ºC &d2����!%0��@6,- #����$�)=�%��((�?�='�-�( (�?�$���0�&%��<)��T1&B-�$�)3�-(�?�
�'M�W7��27� &��01,0?�#(&.��%*8(&�'��3, ",%���'M�W7��$�)%���+2�A��&��%0��@%*8(��1& (,.�=� 
�1(L��A�, 2545 ) 

3.2 �� (Fungi) ��2����!%0��@%A���A6,-,�&.��#��$�%�� 3(2W�=$�)�.��%*8(&�,-
,��� A)?���<���*����M6(�A�%0((-�  #�+2����! �� 2�� 2����($�� �=.&������6�%,�A6,-,� 

3.3 2�����  (Algae) #�+0'�2�����  (Micro algae) =�� 7�A��$�)���.���<�(27� (�?�
$��� (�?�0<, #�+(�?�%�d� 2����� ���$��$3(�+���?��1,(�?�%2� ����+��%��(�+�����B")� �+�����
*�1�%2!� � #�+�"�*�+,�UV� 2����� ����(�,2�-��2��=�U&��3�-%&�,*b@��&1�#����(�?� 

3.4 �*��AT1. (Protozoa) �$��$;���*��AT1.3(�+���?��1,(�?�%2� 6����� 
%,�(�1, 2�.(��&0+&�(#��$�%�� $�)����.�A #�+A� #�-. ����(�,%*8(%�<����� 

3.5 6.�12 (Viruses) 2����!$?��� %T���;��#��$�%�� T")�$?��(-�$�) �� 2�� 
2����($�� � #�+ #*��7*2���(�($�� �3((�?�%2�  ����(�,&�����&1��('U �#�+21A.� 2�)�����.�A�<)(p 
T")�6,-#&� Rotifer, Cladocera, Ostracods #�+ Copepods %*8(21A.�6����&�+,7&21(��1� (Invertebrate) 
$�)��� 7�3(���#�+0+&�(2����� &1�#��$�%�� $?�3�-2��#;.(�� �� 6*%�<)��������,21A.�%����(��
0+A� #�+A&��27�&-(��� (L��+ %&��A, 2539) 
                   

������
��)���
���� (�M+&��01,&��2�)�#.,�-�� ���.�$ ��1 2�;��(���($��, 2540)      
   
                             &���?��1,(�?�%2� #���6,-%*8( 3 ;1�(A�( 
                            1) &���?��1,(�?�%2� $��&� W�= (Physical Wastewater Treatment) %*8(;1�(A�(
#�&%=<)�&?�01,%��2�)�2&*�&$�)��;(�,3�@���&0�&(�?�%2� &��(0+%;-�27�&���?��1,;1�(A��6* 2�)�
*(%*9:�($�)2����!�?��1,��&0�&(�?�%2� 3(;1�(A�((��6,-#&� ;��#;d�;(�,3�@� &�., $��  6;�1(
#�+(�?��1( �, .�L�&��A&A+&�( &��&��� ���,1&6;�1( #�+&��3�-A+#&��%*8(A-( 
                             2) &���?��1,(�?�%2� $����..�$ � (Biological Wastewater Treatment) %*8(
&�+�.(&��$�)3�-2�)�����.�A=.&0'��($�� � �� 2�� 2����($�� �A���p$�)*(%*9:�(3((�?�%2� %=<)�*���&1(
&��%&�,*b@����=�UA��#����(�?�L�����A� �, #��$�%�� %*8(0'��($�� �$�)���$��$2?��1@$�)2',3(
&���?��1,(�?�%2�  (http://www.sut.ac.th/e-texts/Medicine/ behs/lesson8/lesson 8-2.html - 42k.  
19/12/47) �+���?��1,(�?�%2� #�����*�1�%2!� � (Stabilization Pond) %*8(�+���(")�;��
&�+�.(&���?��1,(�?�%2� $����..�$ ��<�3�-*��&��� �$����..�$ � #�+��.%��� ;��#��$�%�� ��.  �� 
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2�� 2�)�%0<�*(3((�?�%2� #�+2����� ��2�.(��.�,-.  �+�����*�1�%2!� �2����!&?�01,�>�1� 
���������6,-,�&.���+���<)(p#�+ ��A-($'(A)?� �+���?��1,(����%���+&1�*�+%$OW7����&�O%;A�-�(
%=��+�.��%;-�;��#2�27� #�+�'M�W7��27�%*8(*b001 2?��1@$�)��B�3�-*�+2�$L�W�=&���?��1,27�  
(Mara et al.,1992) 
                            3) &���?��1,(�?�%2� $��%��� (Chemical Wastewater Treatment) �, ��O1 ��1&&��
A&A+&�(#�+3�-2��%���%=<)�$?�3�-(�?�%2� $�)B��(&���?��1,��2W�=%*8(&���&��(*��� ��27�#����(�?�
L�����A� �,  A-��*�1�2W�=�.��%*8(&�,,���� 7�3(��.� 5-9 %�<)�(�?���2W�=%*8(&�, (��� pH A)?�) 
0+*�1�����, 3�- �T,�6� (NaOH) ��<�#����%(�  (NH3) #�+%�<)�(�?���2W�=%*8(,��� (��� pH 27�) 
*�1��, 3�-&�,&?��+!1( (H2SO4) ��<�&�,%&�<� (HCl) ��<�&~�T������(6,��&6T,� #�+(� �3�-
�����(3(&��&?�01,%�<�����3((�?�%2� &��($�)*��� ��&27�#����(�?�L�����A� 
 
�������� *����
��)���
��������#�
��%�/
),/0-  

 

    �+���.��.� #�+�?��1,(�?�%2� �.�%$O���(����,3�@� ��<� �+��*�1�*�'�
�'MW�=(�?� ��=<�($�)3�-���&��������'�=<�($�)*�+��M 30 km2 3(%;A%$O���(����,3�@��, ��
����'����%.M%$O�������2� #�+%$O�������#� 2!�($�)A1���+���?��1,(�?�%2�  A1��� 7����%.M
A?���(�?�(-�  #�+A?����7%A�� �?�%W���,3�@�=<�($�)*�+��M 2,040 6�� 2 ��( 216 A����.� (W�=$�)1) 
�+��*�1�*�'��'MW�=(�?�%$O���(����,3�@� %*8(�+��#�����*�1�%2!� � (Stabilization Pond) 
��.�&1�&��3�-�"�*�+,�UV� (Constructed Wetland) �1�(�?�%2� 6,-�.�$1��2��( 138,000 m3/d (W�=$�) 2) 
T")���;-�,� �<���O1 &�6&&��$?���(;��L�����A���. 3(&��*�1�2W�=(�?�%2� 3�-���'MW�=,�;"�( 
#�+6��2��(%*�<��=�1���( #�+���3�-0��  (����&���+��*�1�*�'��'MW�=(�?�%$O���(����,3�@� 
2�;��, �**. #�+2����.�O.&���2�)�#.,�-��#����+%$O6$ , 2540) �+�����*�1�%2!� � 1�
2����!&?�01,0'��($�� �$�)$?�3�-%&�,��� #�+�+��&d6�� '�� �&T1�T-�( ,7#��1&U����  $($�(A��&��
%=�)�&�+$1(�1( (Shock Load) 6,-��&&.��.�L�&���?��1,#���<)(�, 6��0?�%*8(A-�����+��e��%�<����� 
;-�%2� ;���+�����*�1�%2!� �A-��&��=<�($�)3(&��&��2�-����& (�&0�&(��3(���#�(#������
��<��+��6�-��&�O%&�,&��)(%��d(��&��&#����<��.��'�6��,�=� #�+(�?�$�����*b@��2����� 
*+*(� 7���&�, %o=�+0�&���#������ (2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 2540 
#�+ Metcalf and Eddy, 1991)  
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W�=$�) 1 #2,�=<�($�)&��2�-���+���.��.�#�+�?��1,(�?�%2� ;��%$O���(����,3�@� 
$�)��:����&����&#���.�&��&��2�-���+���.��.�#�+�?��1,(�?�%2�  
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   &���?��1,(�?�%2� ;��%$O���(����,3�@��� 4 ;1�(A�( �<� 1) &���?��1,%�<���A-( 
(Preliminary Treatment) 2) ����?��1,(�?�%2� ;1�(#�& (Primary Treatment) 3) ����?��1,(�?�%2� ;1�($�)
2�� (Secondary Treatment) 4) &���?��1,;1�(27� (Advance Treatment) �, $�);1�(A�( 1 !"� 3 %*8(
&���?��1,#��3�-���*�1�%2!� �;M+$�);1�(2',$-� 3�-�"�*�+,�UV 

1. &���?��1,%�<���A-( (Preliminary Treatment) %*8(&���?��1,$��&� W�=%=<)�
&?�01,2�)�2&*�&$�)� 7�3(�7*;��#;d�;(�,3�@���<�%OU; +$�)��&1�(�?�%2� �, A�,A1��A+#&��,1&; +
�1A�(�1A� (Automatic Fine Screen) 
  2. ����?��1,(�?�%2� ;1�(#�& (Primary Pond) �, $1).6*���(����&����&#���+��
,1�(�� ���#�(#��������<�6��3�-��&T�%0( (Anaerobic Pond) ���1A���1�2����($�� �27��, ;��%%;d�
0+A&27�&-(��� #�+!7& �� 2�� 3(2W�=6�-��&T�%0( �.���"&��� 2-5 %�A� ���+ +%&d�&1&(�?� 7 .1( 
(L��+ %&��A, 2539 #�+ Pena, 2003) #�+���� ��(;�� 2����.�O.&���2�)�#.,�-��#���*�+%$O
6$ , (2540) #�+ Metcalf and Eddy, (1991) =�.�����(�����+ +%&d�&1&(�?� 4.5 .1( �1A��W��+���$'&
����,� (BOD 5  Loading rate) 224-672 gBOD5/m

2-d #�+*�+2�$L�W�=3(&?�01,����,� 50% #�+
2?���1�����?��1,(�?�%2� ;1�(#�&��<� �����1&6�-��&�O ;��%$O���(����,3�@� ��0?�(.( 2 ���
A��%�<)��#���7�;(�(��=<�($�)��� 45 6�� #�+ 48 6�� %*8(����?��1,#��6��3�-��&T�%0( A&A+&�(
;��#;d�$�)� 7�3(�7*A+&�(2����($�� �#�+&�.,$�� ��&0�&(�?�%2�  ���(�����.���"& 3.4 %�A�
�+ +%.��%&d�&1&(�?� 6.12 .1( %=<)�3�-%&�,*��&��� � �� 2�� 2����($�� �#�� 6��3�-��&T�%0(#�+
2����!�,*����M�������,� 6,-���2�.( (����&���+��*�1�*�'��'MW�=(�?�%$O���(����,3�@� 
2�;��, �**.) ���#�(#������0+$?���(6,-,�3(W7����&�O$�)���'�($�)�'M�W7�� 20ºC ��*�+2�$L�W�=
&��&?�01,����,�6,- 60% #�+ $�)�'M�W7�� 25ºC *�+2�$L�W�=&��&?�01,����,� ��&&.�� 70% ���+ +
%&d�&1&21�( %(<)��0�&���(��6������&T�%0(0"�=�2����� 6,-(-� ��&#A�&d=��-���, 2�.(3�@�0+=�
=.& Chlamydomonas �� %*8(#B�(���p $�)B�.(�?� 
  3. �����1& ��<����B")� (Facultative Pond) %*8(&���?��1,(�?�%2� ;1�($�)2�� 
(Secondary Treatment) �, $1).6*���(����&����&#���+��,1�(�� �.���"&;����� 1-2 %�A� (&��
�����(�'A2��&��� &�+$�.��'A2��&��� #�+2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 
2545 #�+ L��+ %&��A, 2539) �+ +%.��%&d�&1&(�?� 7-30 .1( �1A��W��+����,� 34 gBOD5/m

2-d 
*�+2�$L�W�=3(&?�01, ����,�%$��&1� 70-90% (2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 2540 
#�+ Metcalf and Eddy, 1991) �1�(�?�%2� $�)B��(&���?��1,;1�(A-(��&��(#�+3(���(��0+��&�0&���
;��2����� ��.�,-. $?�3�-��*����M��&T�%0(��&� 7�3(2�.(�(#�+%�<)���2����� ��&$?�3�-(�?���2�
%;� .%;-� #�+��2�#,���<���=7 %�<)���&��%0��@;��=.& Anoxyphotosynthetic Bacteria %&�,;"�( 
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�.��%;-�;-(;��2����� 3(���;"�(� 7�&1�2������� #�+�'M�W7�� *����M������f��� %� 500-2,000 
µg/l &��21�%���+��#2�;��2����� ��B�%=�)��.��%;-�;-(;��*����M��&T�%0($�)�+�� 3((�?� 
&���.�<� ��1�0�&��.�%�-�*����M��&T�%0($�)�+�� 3((�?� ��� p 27�;"�( *����M��&T�%0($�)�+�� 
3((�?� ;"�(27�2',3(��.����  ��1�0�&(1�(*����M��&T�%0($�)�+�� 3((�?� &d0+A)?���#�+A)?�2',3(
A�(&����<( �����.��2?��1@2��B�3�-;��%��.3(���B2�&1($?�3�-��&��&�+0� ;���������,� 
*����M��&T�%0($�)�+�� 3((�?� #��$�%��  #�+2����� ��B�A��&���?��1,(�?�%2� ;�����(�� (Mara et 
al., 1992) �����1&;��%$O���(����,3�@� �� 2 ��� �7�;(�(&1(��=<�($�)A�����*�+��M 138 6��#�+ 
171 6�� ���.���"& 1.70 -1.80 %�A� �+ +%&d�&1&(�?� 9.38 .1( (����&���+��*�1�*�'��'MW�=(�?�
%$O���(����,3�@� 2�;��, �**.) &���?��1,3(���(��0+%&�,;"�(2��#��W� 3(���%,� .&1( 
2����($�� �$�)� 7�3((�?�2�.(�(0+!7& �� 2�� �, #��$�%�� $�)3�-��&T�%0( (Aerobic Bacteria) �, 
3�-��&T�%0($�)6,-0�&&��21�%���+��#2�;��2����� $�)� 7�3(���2�.(�( 2?���1����2�.(����$�)
#2�#,,2���6��!"�����&T�%0(A)?� &�� �� 2�� %&�,�, =.&#���1�%$$��#�(#����  
                             4. ������ (Maturation Pond) %*8(&���?��1,(�?�%2� ;1�($�)2�� (Secondary 
Treatment) �, $1).6*���(����&����&#���+��,1�(�� �+ +%&d�&1&(�?� 5-20 .1( �.���"&;��(�?�3(
��� 1-1.5 %�A� �1A��W��+����,� 25 gBOD5/m

2-d #�+ *�+2�$L�W�=3(&?�01,����,�%$��&1� 60-80% 
(2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 2540 #�+ Metcalf and Eddy, 1991) &��%;-���&
#�+��'(%.� (;����&T�%0(,� ��2����� ��&#�+���.�����&��� ,1�#2,�3(A����$�) 1 #�+$�)
2?��1@���(����&�6&3(&��&?�01,=.&#��$�%�� $�)&��3�-%&�,��� #�+=.&�>�1���������� =.& �*��A
T1.$�)� 7�3(�7* cyst #�+6;�;��= �L�$�)��O1 � 7�3(A+&�( 0+A&27�&-(���%(<)��0�&�+ +%&d�&1&$�) �. 
$?�3�-A� #�+=�.�����A<�(2����!$?��� 6.�126,-,�&.������"& &����&#��$�)%���+2�$?�3�-&?�01,
0'��($�� �$�)$?�3�-%&�,���6,-�, .1,0�&&��&?�01,#��$�%�� ������ ��*�+2�$L�W�=&��&?�01,��&&.�� 
99.99% (L��+ %&��A, 2539) ��&���� ��(.�����(����&��&?�01,�������,�(-� #A���&���,*����M
6(�A�%0(6,-��&!"� 80% #�+#����%(� 6,- 95% �, 2����� 3�-%=<)�&��%0��@ ��&��&?�01,
��2���12 3(�7*��2���12$1����,6,-(-� &.�� 50% (Mara et al., 1992 �-���,  Pena, 2003) ���
���;��%$O���(����,3�@� ��0?�(.( 2 ����7�;(�(&1(��=<�($�)A�����*�+��M 78 6�� #�+ 39 6����
�.���"& 1.3-1.4 %�A� �+ +%&d�&1&(�?� 4.06 .1( ���(��0+��. %=�)�*����M��&T�%0(3((�?� #�+������
%*8(���$�)��2W�=#������#2�#,,2���!"�&-(��� ����&�O$�)B�.(�?�#�+��O1 #2�#,,$?��� %�<�����
��<�0'��($�� �$�)*(%*9:�(��&1�(�?�$���&��(*��� ��&27�2�)�#.,�-�� (����&���+��*�1�*�'��'MW�=
(�?�%$O���(����,3�@� 2�;��, �**.) 
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W�=$�) 2 �+��*�1�*�'��'MW�=(�?� %$O���(����,3�@� 
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              5. �"�*�+,�UV� (Constructed Wetland) ��$�)��0�& =<�($�)�'��(�?� (Wetland) T")�%*8(
���%.M$�)��(�?�$�.�;1� #�+��*����M;��2����($�� ���<�2�������� 7�3((�?� 0"�=�=<�(�?���� 
*�+%W$%��( &&%0��@%A���A� 7� =<���2�.(��. 3�-�.��2&*�&3(�7*;��2����($�� ���<�2�������
3((�?��,��0"���&��(?���2�-���"�*�+,�UV�%=<)�&?�01,L�A'�����=<�6,-#&���2���12#�+6(�A�%0(
#�+ 1�2����!�,%�<�����6,-,-.  =<�$�)2����!%0��@%A���A3(=<�($�)��(�?�$�.�;1�0"�2����!(?���3�-
6,- Brix (1993) 6,-0?�#(&=<�($�)�'��(�?�A��*�+%W$;��=<�3(�+����&%*8( 4 *�+%W$ 
                           1) �+��=<��� (�?� (Free t floating macrophyte treatment system) =<�3(�+��
0+�� � 7�B�.(�?� 6,-#&� B1&A��.� 0�& #�( 
                          2) �+��=<�=-((�?� (Emergent macrophyte treatment system) 3(=<�($�)(�?�$�.�;1�  
6,-#&� =<�*�+%W$&& L7*n�U� 

                     3) �"##�����
� (Submergent macrophyte treatment system) /*� �) ����	��C���#���
��
�/*� �) '�(�)��/3 '�(�)��,��$�(�+�$ '�(�)��(����"��� 
                 4) �"##0'� ��� �"##0'��"($)���"##2+��!)�$,�������,��*�$��1�(�������)$��1#
�"###
�#1*��
��'+�����Q ��)��"###)�0&�� 

                                      (!1���������#
�#1*��
��'+�,���"###&��"*��R� ����"##2+��!+�� ##.�������
�����#
�#1*��
��'+� �+��"#$����(!����)�����*,&�����"##2+��)$������#
�#1*��
��'+� *1��+� 
                         1) &��A&A+&�( (Sedimentation) ��& �?�A-(;��=<� ��( ,�( $��  %*8(A1.&���
A+&�(#;.(�� 3((�?� 2����($�� �#�+%�<���������(�, 1�2����!A&A+&�(��,-.  
                         2) 0'��($�� � (Microorganisms) ��& �?�A-( ;��=<� ��<� ��( ,�( $��  $�)3�-*�7&=<� 
%*8(A1.&��� (media) 3�-0'��($�� �3((�?�%&�+��O1 � 7� 0'��($�� �(����$1��*�+%W$$�)3�-��&�O #�+6��3�-
��&�O 3(&��%0��@%A���A ��.  �� 2�� 2����($�� �3((�?� $?�3�-����.��2&*�&;��(�?�3(�7*;��
����,��,�� (�&0�&(����#��$�%�� *�+%W$ Nitrifying Bacteria $�)��&T�6,T�#����%(� %*8(6(%A�$ 
#�+ Denitrifying Bacteria ��,�.T�6(%A�$3�-� 7�3(�7*;��&~�T6(�A�%0( 0"���. �,*����M
6(�A�%0(3((�?� 
                         3) &��%&�+A��B�. (Adsorption) ��( ,�( $��  0+*�+&��,-. #��L�A' ����(�,$�)
��. 3�-��2���123((�?�%&�+A�,� 7�A��B�. 0"���. �,*����M��2���123((�?�6,- 
                         4) =<� =<���2�.(��. 3(&���?��1,(�?� �<�%*8(#������O1 2?���1�0'��($�� � $�)��.  �� 
2�� 2����($�� �3((�?� #�+=<�&d 1�,7,T"�2����������2�.(3((�?��, %o=�+6(�A�%0(#�+
��2���12 %=<)�&��%0��@%A���A  
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                                   0�&&��O"&U�.�01 ;��O7( �.�01  #�+h�&����,-�(2�)�#.,�-�� &��2��%2����'MW�=    
2�)�#.,�-�� &�+$�.�.�$ �O�2A�� %$��(�� � #�+2�)�#.,�-�� *�+2�$L�W�=3(&���?��1,(�?�%2� 
;��=<� 3 *�+%W$3(�"�*�+,�UV� �<� A-(L7*n�U� A-(&&&�� #�+A-(�@-� �-� #�+�+��$�)6����A-(
=<� (�',�.��'�) B�&��O"&U�=�.��3(3(����?��1,(�?�%2� $�)��&��*�7&=<� �@-��-� L7*n�U� &&&�� 
��*�+2�$L�W�=3(&���,����,� $�%�%�d( (Total Kjedahl Nitrogen) #�+��2���126,-,�&.�����$�)6��
��&��*�7&=<� ,1�#2,�3(A����$�) 1 

 
 A����$�) 1 %*�� �$� �*�+2�$L�W�=3(&���?��1,(�?�%2� ;��=<�A���p3(�+���"�*�+,�UV� 

*�+2�$L�W�=3(&��
�,�.��2&*�& (%) 

6����A-(6�- 
(Control) 

�@-��-� 
(Reed) 

L7*n�U� 
(Cattail) 

&&&�� 
(Bulrush) 

����,� 2 89 96 96 
2��#;.(��  71 82 91 97 

$�%�%�d( 35 70 74 90 
��2���12$1����, 41 82 97 94 

$�)��: �� ��(B�.�01  =.O. 2537 t 2543 O7( �.�01 #�+h�&����,-�(2�)�#.,�-�� &��2��%2����'MW�=
2�)�#.,�-�� &�+$�.�.�$ �O�2A��%$��(�� � #�+2�)�#.,�-��) 

         
           0�&�� ��(;�� Steiner #�+ Combs (1993) =�.���+���"�*�+,�UV� $�)A�,A1��6.- 

�, �1�(�?�0�& Septic tank 2����!�,�������,�6,- 73 t 89 % A+&�(#;.(��  90 t 95 % #�+%�<�� 
�>�1���������� (Fecal coliforms) 6,- 78 t 99 %  

&���?��1,(�?�%2� ;��%$O�����,3�@� ���"�*�+,�UV�0?�(.( 5 ��� �+,1��.���"& 
A���p&1(� 7��+�.��� 0.7-1.4 %�A� 3�-=<�($�)����.�$1��2��(*�+��M 587 6�� *b00'�1(*��� (�?�%;-�%=<)�
�?��1,�<� �"�*�+,�UV� (W1) $�)���+,1��.���"& 0.7 %�A� �+ +%&d�&1&(�?� 5.96 .1( 2�.(�"�*�+,�UV� 
(W2) �+,1��.���"& 1.4 %�A� �+ +%&d�&1&(�?� 4.14 .1( #�+ �"�*�+,�UV� (W3) �+,1��.���"& 1.4 
%�A� �+ +%&d�&1&(�?� 2.4 .1( ;M+$�)�"�*�+,�UV� (W4) #�+ �"�*�+,�UV� (W5) � 7�3(��.�*�1�*�'� 
���%����(��01,%*8(�+��&���?��1,;1�(27� (AdvancedTreatment) .1A!'*�+2���%=<)�&?�01,2������� 
�(�($�� � 6(�A�%0( #�+��2���12 �.�!"�&��$?��� %�<������, ��O1 &��$?���(;��0'��($�� �
#�+=<�(�?� 2����!&?�01,*����M���2��#;.(��  (Suspended Solids) #�+&?�01,�(�($�� �
6(�A�%0(�, &�+�.(&�� Nitrification #�+ Denitrification ��&��*�7&=<�6.-3(�"�*�+,�UV�#A�
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�+���3�-%���+2�&1��(-�$�)&��$?���(;��#A��+���%��( A-(&&2��%���) � L7*n�U� 0�& #�( %=<)�
��. 3(&���,�������,� 6(�A�%0( #�+��2���12 #�+ 1���. &���2��#;.(�� 3((�?�%2� ��&,-.       

(�&0�&(�� 1������%&d�(�?�o'&%o�( (Emergency Pond) %=<)�3�-&1&%&d�(�?�%2� 2?����
%�(&*�+2���3(&�M�%&�,W�.+o'&%o�( %&d�&1&(�?�%2� $�)B��(&���?��1,#A� 1�6��6,-��A�V�( #�+&1&
%&d�(�?�3(&�M��?��'��1&U���<�;',��&A+&�( 0�&&��A�.0;��%$O���(����,3�@�=�.��
�'MW�=(�?�$���$�)B��(&���?��1,#�-.2����!�,����.��2&*�&3(�7*����,� (BOD5) 6,-�, �����6��
%&�( 10 mg/l ���2��#;.(��  6��%&�( 30 mg/l (����&���+��*�1�*�'��'MW�=(�?�%$O���(��
��,3�@� 2�;��, �**) 

 

�&�!�����1�-�.��"���!�2! 
�	
���
��)���
�����
��&�.�!��
 
 

1. *�%�������-�.�� &��A�.0.�%���+����#��$�%�� &�������<�%�<�����3((�?�
2����!$?�6,-$1��$��A�� #�+$���-�� $��A��%*8(&��A�.0.�%���+����#��$�%�� �(�,(1�(p
�, %o=�+T")�A-��3�-%.��3(&��A�.0(�( #�+.�L�&�� '�� �&T1�T-�( 2�.($���-��%*8(&��A�.0
.�%���+����#��$�%�� ������ (Indicator Bacteria) %��(��������� !-�A�.0=�&d#2,�.��(�?�(1�(��00+
6��*��,W1  %=��+��&��*(%*9:�(;���'00��+;���('U ���<�21A.�%�<�,�'�( (W��0'���..�$ � �M+
.�$ �O�2A�� ���.�$ ��1 2�;��(���$��, 2547 #�+ Bitton, 1994) &��A�.0$���-��(���.,%�d.&.��
0"�%*8($�)(� �&1(��& #��$�%�� ��������� 7�,-. &1(��� *�+%W$ #A�$�)(� �3�-&1(��&$�)2',�<� ����
�����$1����, (Total Coliforms) �>�1���������� (Fecal Coliforms) Escherichia coli , �>�1�2%A�*
�A���6� (Fecal streptococci) ��� Clostridium perfringens (W��0'���..�$ � �M+.�$ �O�2A�� 
���.�$ ��1 2�;��(���$��, 2547)  

          1.1 ���������$1����, (Total Coliforms) %�<�����������01,� 7�3(#����� 
Enterobacteriaceae %*8(#��$�%�� $�)� 7�3(�?�62-;���(#�+21A.�%�<�,�'�( ��&��&1��'00��+$'&��1��
%*8(&�'��#��$�%�� $�)���7*����%*8(�7*#$�� A�,2�#&����6����2*���%0��@6,-3($�)����&�O��<�6����
��&�O&d6,- (facultative anaerobe) 2����!��1&(�?�A��#�&�A26,-#�-.3�-&~�TW� 3( 24-48 �1).��� 
$�) 35 ºC ���������#��$�%�� %����(��6,-#&� #��$�%�� 3(0�(12 Escherichia Enterobacter Citrobacter 
���  Klebsiella !-�A�.0=����������3((�?� #2,�.��(�?�(1�(��0��&��*(%*9:�(,-. �'00��+;��
�('U � #�+�7�;��21A.�%�<�,�'�(0+6��*��,W1 !-�(?�6*�'*�W�����W� ,1�(1�( %�<�����������
$1����,0"�2����!3�-%*8(A1.������$�),�!"�*�+2�$L�W�=;���+���?��1,(�?�%2� $��0'���..�$ � (Bitton, 
1994 )  
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0�&&��A�.0�'MW�=(�?�%2� �'��(3(2��1V�%���&�2����!#���%*8( 3 �+,1��<� 
2&*�&(-� A�.0=�0?�(.(���������$1����, 106t107 MPN/100 ml 2&*�&*�(&���A�.0=�
0?�(.(���������$1����, 107t108 MPN/100 ml #�+2&*�&��&A�.0=�0?�(.(���������
$1����, 108t109 MPN/100 ml (Tchobanoglous and Burton, 1991 �-���,  &�������(
�'A2��&��� &�+$�.��'A2��&��� #�+ 2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 2545) 

1.2 �>�1���������� (Fecal Coliforms) =.&(����O1 � 7�3(�?�62-;���( #�+
21A.�%�<�,�'�(!7&;1�!�� ��&��&1��'00��+ (Feces) #��$�%�� &�'��(��2����!��1&(�?�A��#�&�A26,-
$�) 44.5 ± 0.2ºC 3(%.�� 24 �1).��� %�<��&�'��(��6,-#&�#��$�%�� 3(0�(12 Escherichia ��� Klebsiella 
0�&&��A�.0�'MW�=(�?�%2� �'��(3(2��1V�%���&��+,1�2&*�&(-� A�.0=�0?�(.(�>�1�����
����� 104-105 MPN/100 ml (Tchobanoglous and Burton, 1991 �-���,  &�������(�'A2��&��� 
&�+$�.��'A2��&��� #�+ 2����.�O.&���2�)�#.,�-��#���*�+%$O6$ , 2545) 

1.3 ����6� ( Escherichia coli)   #��$�%�� #&�����7*����%*8(#$��A�� ��;(�,
&.-�� 1.1 !"� 1.5 µm #�+ �. 2.0 !"� 6.0 µm =�3(�?�62-A�(����;��21A.�%�<�,�'�( 6,-�1�&��A1���<)�
A��B7-%��) .��@��.% ���1( �<� Theodor Escherichia (Berchinger and Fairbrother, 1999) %��<)�($�)
6,- 6��2�-��2*��� 3�-B�&��$,2�� catalase %*8(�.& oxidase 3�-B��� #�+ IMViC test %*8( 
 ++-- #�+ -+-- 2����!%0��@6,-$1��3(2W�.+$�)�� #�+6������&T�%0( (facultative anaerobe) (Doyle, 
1989) *&A�2����!%0��@6,-�(�����L���,� $�)3�-3(�-��*���1A�&��$�)�'M�W7�� 7-46ºC ����.��
%*8(&�,-,��� 4.4-10 %�<)�%=�+%��� ��(�����%��� �%�<�� Mac Conkey T")�%*8($1�� differential medium 
#�+ selective medium 0+3�-����(�2���=7��<�#,�%(<)��0�&&�� ferment (�?�A�� lactose #�+%�<)�
%=�+%��� ��(����� Eosin methylene blue (EMB) T")�%*8($1�� selective #�+ differential medium 0+
3�-����(�2�%;� .*>&#���$1����1&UM+2+$-�(#2��1(.�.$�)%�� &.�� metallic sheen %�<�� E .coli =�
6,-��� 3(2�)�#.,�-��$1).6* %��( ,�( =<� (�?� 3(�?�62-�( #�+21A.� *&A�0+6��&���1(A�� 3,pA��
����&�  (Murray et  al., 1998) #A�&d�� E. coli $�)%*8(%�<����� �1&&��3�-%&�,���%&�) .&1��+��$��%,�(
����� #�+ 1�2����!=�3(�+���<)(p ;���('U �%��(&��A�,%�<��3(�+��$��%,�(*b22�.+ 
(urinary tract infection) (Eisenstien, 1995, Farmer, 1995) E. coli ��O1 � 7�3(�?�62-;���( #�+;1�
��&��&1��'00��+�(#�+21A.�%�<�,�'�( ��,%o��)  50 �-�( ����(�A��&�1� �, $1).6*(�?�%2� 0�&
�'��($�) 1�6��B��(&���?��1,0+=���&&.�� 3 �-�(����(�/100 ml (Hammer, 1996) *&A�0+6��&��
��� #A�&d�����2� =1(L'�&�����3(%(<��% <)�#�+�.1 .+���� ���6,- �, ��&0+%*8(&1��+��$��%,�(
*b22�.+ (�&0�&(�� 1�=�.�� E. coli ��� &�'��$?�3�-%&�,���$-����.�#�����&%*8( 5 &�'�� 



 

 

17 

1) Enterotoxigenic E. coli (ETEC) $?�3�-%&�,��&��$-����.�$1��� ������( #�+
�'(#��  

2) Enteroinvasive E. coli (EIEC) %*8( E. coli $�)2����!�'&�'&%T���% <)��';���?�62-
3�@�$?�3�-%&�,W�.+%�<�,��&3(�?�62- (invade intestinal mucosa) T")�����&����-� �����,0�&%�<��
#��$�%��  (Shigellosis) �<���6;- (fever) $-����.� (diarrhea) ��<)(62- (nausea) #�+��%0� ( 
(vomiting) 

 3) Enterohemorrhagic E. coli (EHEC) 01,%*8(&�'��$�)�'(#��$�)2', #�+��0
&��3�-%&�,�?�62-�1&%2���%�<�,��& 

4) Enteropathogenic E. coli (EPEC) $?�3�-%&�,��&��$-����.� �1&�+��,3($��&
#�&���,3(2!�(�1�%��� �%,d& 

5) Enteroaggregative E. coli (EaggEC) %�<��0+B��A enteroaggregative heat-stable 
toxin (EAST) &��3�-%&�,��&��$-��%2� $1��#��%�<���1� #�+%o� �=�1( #�+&��3�-%&�,&��A�,%�<��;��
�+��$��%,�(*b22�.+ (urinary tract infection) �1&=�$?�3�-%&�,��&��$-����.�3(%,d&�� 'A)?�&.�� 6 
%,<�( 

1.4 Fecal streptococci (W��.���0'���..�$ � �M+.�$ �O�2A��
���.�$ ��1 2�;��(���($��, 2547) 01,� 7�3(&�'�� Lancefield�s group D T")�%*8(&�'�� Fecal 
streptococci  $�)��� 7�A��L�����A�3(�?�62-;���( #�+21A.�%�<�,�'�( &��A�.0�� Fecal 
streptococci %*8(&��%=�)�%A��;-��7��'MW�=(�?�$��,-�(#��$�%�� 3((�?�6,-%*8(� ���,�%=��+%�<��&�'��
(��� 7�6,-6��(�( �.��2����!3(&��� 7���,3((�?� #�+2�)�#.,�-�����(;-��0?�&1, ,1�(1�(!-�A�.0=�
%�<�� Fecal streptococci #2,�.����&��*(%*9:�(%�d.p(�� #�+%*8(*�+� �(�3(&����&#����;��
W�.+��=�U,-. %=��+ Fecal streptococci *�+&��,-.  Streptococcus ���  species %��( 
 S. faecalis, S. faecium, S. bovis, S. equines ��� S. avium %�<�����2� =1(L'�3(&�'��(��=�6,-3(
��2$�����(�,%$��(1�( (host specificity) !-�A�.0=� S. bovic #�+ S .equinus %*8(2�.(��&#2,�.��
��W�.+(1�(��0�&21A.�%�<�,�'�($�)6��3���( &��A�.0# &2� =1(L'����(;-�� �&#�+%2� %.�� ,1�(1�(
0"�(� � .�L�&����&#����;����W�.+�, &��A�.0�� Fecal streptococci (FS) ��.�&1��� Fecal 
coliforms : (FC) #�-.3�-�1A��2�.(;�� Fecal coliforms/Fecal streptococci (FC/FS ratio) %*8(;-��7�
3(&����&#����$�)��;����W�.+6,- %��( �1A��2�.(;�� FC/FS %*8( 4.4 ��<�%&�(#2,�.�� #����
;����W�.+��0�&�(#A�!-��1A��2�.(A)?�&.�� 0.7 #2,�.��#����;��W�.+��=�U6��6,-��0�&�(
��0%*8(21A.�#�+!-�� 7��+�.��� 0.7 -4.4 #2,�.��#������W�.+��$�)��0�&�( #�+21A.�B2�&1( �, 
$�)�1A��(��3�-6,-B�%�<)���&��*(%*9:�(,-. �'00��+3(��.� 24 �1).���#�& (,.�=� �1(L��A�, 2547) 
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	�4	/��	,�	
�	�
��)�&�!�����1,��-���
��)���
����*���-�"�����5��� 
  �>�1�#��$�%�� 2�.(3�@�!7&&?�01,3(�����1& (F) #�+3(������ (M) #�-.��0+���-��
$�)!7&&?�01,3(���6�-��&�O0�&&���.�&1(&1�;��#;d�#�+A&A+&�( &�6&��1&3(&��&?�01, �>�1�
#��$�%�� 3(�����1& (F) #�+ ������ (M) %*8($�)$���.��;"�(&1�*b001 A��6*(�� 
  1) %.��#�+�'M�W7�� 
  2) ����.��%*8(&�,-,��� �.���&&.�� 9 
  3) ����.��%;-�;��#2�27�#�+*����M��&T�%0(�+�� 3((�?�27� 
  %.�� #�+�'M�W7��$1�� 2 � ���(��%*8(=�����%A���$�)2?��1@$�)3�-3(&����&#��3(���
��� (Maturation Pond) %=<)�2��B�3�-�>�1�#��$�%�� A� 3(������%=�)�;"�( 2W�=;�����$�)#2�2���!"�
&-(���$?�3�-%&�,&��21�%���+��#2�27� 2��B�3�-����.��%*8(&�,-,�����&&.�� 9 ���$�)27�%��((��%*8(
%=��+2����� 3(���3�-�S�=������(6,��&6T,�6,-%�d.&.��������(6,��&6T,�$�)%&�,0�&�� 30
;��#��$�%��  0"�$?�3�-%&�,&��#A&A1.;��&�,������(�&3((�?�T")�0+� 7�3(�7*������%(A #�+ 
6�������%(A,1�(�� 
                               

2 HCO3
-                           CO3

2-  +  H2O  + CO2 

CO3
2- +H2O                    2OH

- +  CO2 
�S�=������(6,��&6T,�0+!7&(?�6*3�-�, 2����� %=<)�&��21�%���+��#2�#�+

&��%&�,6�,��&6T,�����(0�&&��#A&A1.;��&�,������(�& $?�3�-%&�,2W�=%*8(,���3((�?�2��B�
3�-����.��%*8(&�,,���27�T")�6��%���+A��&��%0��@;��#��$�%��   

�$��$;���.��%;-�;��#2�27� #�+*����M��&T�%0($�)�+�� 3((�?�27��, 
=�.�� #2�$�)���.�� �.��<)(3(��.� 425-700 nm 2����!$?��� �>�1�#��$�%�� 6,- �, %�<��!7&,7,
T"��, 2����($�� �&�'���7��& (humic) $�)��*����M��&*�+&��&1�&������&T�%0(27�3((�?�%2� ,-. 
%.��$�)(�(=�$�)0+$?��� %T���;���>�1�#��$�%��  �, &����&T�6,T�,-. #2� (Photo-oxidation) 
&��$?��� %�<���, #2� =�.��;"�(� 7�&1�&����&~�T��&T�%0(#�+����.��%*8(&�,-,���$�)27���. %=�)�
*�+2�$L�W�= 

(�&0�&(��#2�#,, 1����$��$A��&��&?�01,�>�1�#��$�%�� 3(���*�1�%2!� �
,1�(���<�  

1) �, A���<�&��%=�)��'M�W7��3(��� 
2) $���-���, %*8(#����3�-=�1���(#2�T")�0?�%*8(A��&��21�%���+��#2� 
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;��2����� T")�6��%=� �#A�$?�3�-����.��%*8(&�,-,���27�%&�( 9 #A� 1�%=�)�*����M��&T�%0(�+�� 
(�?�27�;"�(,-.  T")�*b001 $�)&���.��%*8(2�)�0?�%*8($�)2��B�A��&�+�.(&�� Photo-oxidation (W�=$�) 3) 
                     

 

 

 

 

 

 

 

 

 

 

 
W�=$�) 3 &�6&3(&��&?�01,�>�1�#��$�%��  
$�)��: Mara et al., (1992) 
 

 
   2. �
/�-
� (Algae) 01,� 7�3(=.& 7������A%*8(B7-B��A (Producer) 3(�+���?��1,
(�?�%2�  %*8(0'��($�� �$�)21�%���+��#2�6,-%=��+��������f��� #�+&��$�)�����.1A!' (Pigment) $�)
#A&A���&1($?�3�-2����� ��2�A���&1(6*%��(2�%;� . 2�#,� 2�(�?�A�� 2�(�?�%��( T")�3�-%*8(�1&UM+2?��1@
3(&��01,0?�#(&��.,��7�;��2�����  ��03�-*�+%W$������>���3(&��0?�#(& �1&UM+;��%T���
%*8(=.& 7������A 2����� ��;(�,�7*����#A&A���&1(A1��#A�;(�,%�d&2',$�)6��2����!���%�d(6,-
,-. A�%*���0(!"�;(�,3�@�$�)���.�� �.!"� 100 �'A �1&UM+�7*����A���&1(6*%��(�7*&�� �7*$��(
�7*%&�� . �7*#o& �7*&�+2.  ����(�,%T�����0� 7���.�&1(%*8(&�'��%��( Volvox  A��&1(%*8(2�  
%��( Anabaena %�� �&1(%*8(#B�( %��( Ulva 2����� =.&$�)%��<)�($�)6,-0+��O1 #��&%0��� ��<�%$-�
%$� � &��2<�=1(L'���$1��#����%=O #�+6����%=O (,.�=� �1(L��A�, 2545) 
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6T ��(#��$�%��  (Cyanobacteria) ��<�2����� 2�(�?�%��(#&�%;� . (Blue green 
algae) %*8(0'��($�� �=.&�*�������A $�)��&��21�%���+��#2�6,-%��<�(=<���0%�� &.��0'�2�����   
2����!=�6,-3(����?��1,(�?�%2� #�����*�1�%2!� �#�+�"�*�+,�UV�%��(&1( 

3((�?�%2� ��L�A'�����27�0"�%&�,*b@��&��%0��@%A���A��&%&�(6*;��2����� 
(Algal Bloom) (�&0�&(��2����� =�6,-A��#����(�?�$1).6* (�?�0<, (�?�%�d� #�-&�+$1)�=<�(,�($�)��
�.���<�( &��%0��@%A���A;��2����� #A��+�(�,3(#����(�?�2����!3�-%*8(A1.�������'MW�=;��(�?�
6,- #����(�?�$�)��*����M6(�A�%0( #�+��2���12��&$?�3�-%&�,&��%0��@%A���A$�)��&%&�(6*;��
2�����  (�?� %&�,&��)(%(�� %��d(;��2�����  ���.1A!'$�)=�3(2����� 6,-#&�  Chlorophylls, 
Phycobilins, Xanthophylls #�+ Carotenes &��.�%���+����*����M ���.1A!'�, %o=�+ 
Chlorophyll a %*8(.�L�$��%���$�)3�-3(&��.1,&��%0��@%A���A;��2����� �, 0+=� Chlorophyll a 
*�+��M 1-2% ;��(�?��(1&#�-�;��%%=��&�A�(=<� W� 3(%T���;��%%=��&�A�(=<�#A��+�(�,0+
#A&A���&1(;"�(� 7�&1��(�,#=��&�A�(=<� �� ';��%T��� #2� #�+2��*�+&��#��L�A'$�)0?�%*8(3(
&��%0��@%A���A (W��0'���..�$ � �M+.�$ �O�2A�� ���.�$ ��1 2�;��(���($��, 2547) 

 &��01,��.,��7�;��2�����  (Bold and Wynne, 1985) T")�0?�#(&2����� 
$1����,��&%*8( 9 ,�.��1(,1�(�� 

1. Division Cyanophyta    6,-#&� 2����� 2�%;� .#&�(�?�%��( 
2. Division Chlorophyta    6,-#&� 2����� 2�%;� . 
3. Division Charophyta     6,-#&� 2����� 6� 
4. Division Euglenophyta  6,-#&� 2�����  7&��(� ,� 
5. Division Phaeophyta     6,-#&� 2����� 2�(�?�A�� 
6. Division Chrysophyta    6,-#&� 2����� 2�(�?�A��#&�$�� 2����� 2�%;� .#&� 

%��<�� #�+6,�+A�� 2����� 3(&�'��(����2����&��&$�)2',�<�6,�+A�� (1&2����� .�$ �*b00'�1(
6,-# &��&%*8(,�.��1)(3����<� Division Bacillariophyta 

7. Division Pyrrhophyta    6,-#&� 2����� 6,�(#��%0�%�A 
8. Division Cryptophta      6,-#&� 2����� ���=�A��#(,2� 
9. Division Rhodophyta    6,-#&� 2����� 2�#,� 
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������'�(�)������1$�+�W�.+��=�U2����
� #)� (!)���
�����$���������,��
'����(�� (trophic level) ������ 3 �"*1#  !"'����%#��%&���������
�/*��+�*�$� 
 (��$*+ �+�����V�!, 2549) 

1.  (!)���
�2+��+'����(������ (Oligotrophic) �1�	"�#'�(�)��'+�,+�$�"��2 
Desmids /*� �) Staurastrum, Staurodesmus, Cosmarium ��� Closterium  '*�$)���
��1���+������
��
�*+  !"�1��#/*�"���	"����"��2�=�2��� (centrice diatom) ��)� Cyclotella (Palmer, 1969) 

2.  (!)���
�2+��+'����(�����!�� (Mesotrophic) 	"�#'�(�)��/*�� 3!�	!
�!� ��)� Peridinium, Gymnodinium  !" Ceratium  '*�$)���
��1���+���������!�� 

3.  (!)���
�2+��+'����(����� (Eutrophic) ��
��+������/�)*+ !"�*�21�$/ (!)�
��
�2+��+'����(������1�	"�#'�(�)�������"��2 (,�*�$��(!��(!��) �*� �)!"�"��2	"�+
	
��$���� #����1����	�#'�(�)����+�����*�*+�$  �)�+���������A���/*� �� (!)���
�*1��!)�$
	"�#'�(�)��'+�,+�$ ����
����� Oscillatoria  !" Phormidium '�(�)���-�!+���*� ��)� Euglena, 
Phacus  !" Trachelomonas 

'�(�)��2+��1��#���"###
�#1*��
��'+�  #)���� 5 �"��2 (���+��V1�*�Y ��*�'��
��	��, 2539)  !"�������2+� 2  '*��1$��)��,��'�(�)��2+��1��#��#)��1#�'%+�� (Curtis,1994) 
  1. Chlorophyta '�(�)��2+��+'+�,+�$ 
  2. Euglenophyta '�(�)��2+��+'+�,+�$���*2+���!����2+�/*� 
  3. Chrysophyta '�(�)��2+��+'+�(!��� ���,+�$ (���'+2�� ����
���! =&���#/*���
��
�2"�!  !"��
�	�*21�$Q/ 

  4. Pyrophyta '�(�)��2+��+'+2�� ����
���! (���'+�,+�$ ����
���!��!����2+�/*� 
5. Cyanophyta '�(�)��2+��+'+��
����� �� �,+�$'����%���/�����	�	������V 

��� (!)�/�����	�'
�(�1#���'1�����"(��=!!�/*� 
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�
�
���� 2 A1.� ���;��2����� 2&'�A���p$�)=�3(���*�1�%2!� � �?��1,(�?�%2� *�+%W$(�?�%2� �'��( 

Algae Facultative Pond Maturation Pond 
Euglenophyta 

Euglena 

Phacus 

Chlorophyta 

Chlamydomnas 

Chlorogonium 

Eudorina 

Pandorina 

Pyrobotrys 

Ankistrodesmus 

Chlorella 

Micractinium 

Scenedesmus 

Selenastrum 

Carteria 

Coelastrum 

Dictyosphaerium 

Oocystis 

Volvox 

Chrysophyta 

Navicula 

Cyclotella 

Cyanophyta 

Ocsillatoria 

Anabaena 

 

+ 
+ 
 

+ 
+ 
+ 
+ 
+ 

⊗ 
+ 

⊗ 
⊗ 
⊗ 
+ 

⊗ 
⊗ 
⊗ 
+ 
 
+ 

⊗ 
 

+ 
+ 

 

+ 
+ 
 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
⊗ 
 
+ 
+ 
 
+ 
+ 

+ =��          ⊗ =6���� 
 $�)��: Curtis, T.P. (1994).           
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1.3 ��5&"����%1 
                    
  1) O"&U�*�+2�$L�W�=;���+���?��1,(�?�%2� $��0'���..�$ �;��%$O���(�� 
��,3�@��, 3�-#��$�%�� ������A��6*(�� ��!�3����21��(�* 3>�1!��!�3���� �+��/!  !"3>�1!'���
�����/� 

2) O"&U��.��21�=1(L��+�.���*����M;��#��$�%�� ������&1�*b001 $�� 
%���-&� W�= T")�6,-#&� �'M�W7�� �.��%*8(&�,-,��� ��&T�%0(�+�� (�?� �.��%;-�#2� #�+*����M
������f��� %� 

3) O"&U��(�,;��2����� 3(�+���?��1,(�?�%2� %=<)�%*8(,1�(��������'MW�=(�?� 
 

1.4 "��<�.�1���%
)-
��4)���� 
1) $���!"�*�+2�$L�W�=&��&?�01,%�<��#��$�%�� ������;���+���?��1,(�?�%2�  
2) $���!"��'MW�=(�?�$��0'���..�$ �;��(�?�$�)B��(&���?��1,&��(*��� ��27�#���� 

(�?�L�����A� #�+ ��,&��M�!"��.��%2�) �0+%*8(#����;��%�<��&������+��$��%,�(����� 
 3) 0�&B�&��O"&U�,1�&���.(?�6*27�&��������&��01,&���+���?��1,(�?�%2� $�)
%���+2�&1�&��&?�01,%�<����� 
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����� 2 

 

��	�
������ 

 

1.�����������
��� 
 

1.1 ����� �����	
������������������������
� ���������� �� ��!"
���!#���$� ������
%�����!���� &	����"
���	�� ���!�'
	
����� ����(���%����!)#�������!���� &��*+�)��$� ,"����
	����	��
�!�'
���!#����"��	�
�&%"���������*&	
��������%��������*+�)��$���+�����''

���"�!�
������
� 

1.1.1 ������������ !����"������ 

 Lauryl tryptose broth (LTB) 
  Eosin methylene blue agar (EMB) 

Lactose broth (LB) 
Nutrient agar (NA) 
Nutrient broth (NB) 
Brilliant green lactose bile broth (BGLB) 
EC medium 
Azide dextrose broth  
Pfizer selective enterococcus agar (PSE) 
SimmonP s citrate agar 
MR- VP medium 
1.1.2 ����"#�                 
Indole test 	�������U�"�� KovacPs reagent 
Methyl red test �� Methyl red 	���� 
VogesWProskauer test (VP) �� 5% Naphathol ,"� 4% KOH 	����                                                                                      
���"�"��,'��
!]
�'���&��!�% 1% 
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90% Acetone 
70% Alcohol 
90% Formalin 
 

               1.2. ���
����"�!���$ %$&
������� 

  !��#���'#������*&	
������������������������
� ���������������*&	
��������!�c�
%����d����$�,"������*&	
������%�����!���� &��*+�)��$�	������!�'
-���+�) ,"�	����"
���	��  
  1.2.1 ���
����
'�(����)��&�*� 

  e��)"��%�� (Polyethylene) e��� 1 l 
  e��,��� Duran �������!#��!�c�%����d����$�!)#����!���� & �,��	
!�
��d�
� e��� 
250 ml 
  e���
�e��� 250 ml !�c�%����d����$�%������e���� �d�� 
  g���$� 
  e����$��"��� 
  	�h 
  �����!�'
 

 
    1.2.2 ���
������"�����"��+�,&�*�����%�&�"#�-
��+�, 
     !��#�������d� pH (Check mate ��d� M 90) 
     !��#��� ������'!e�',�� �
� �� Denki Light Meter.��d� DK-211  
     !��#��� DO meter �
� �� YSI Ecosen ��d� DO 200 , ���!	�!���'�� 
     !��#��� Thermo Spectronic type Helios Alpha 100-240V ���!	�� ��l�!'���� 
     !��#������	����' 2 %$�, �d� �
� �� Mettler ���!	�!���'�� 

  !��#���! �
���%�%����������'!�c�%�$� Centifuge �
� �� Sorvall ��d� RT 7,���!	�
� ��l�!'����  

!��#����mn'��oo����,"������� (Filtrator) �
� �� Gast ��d� 0823-101Q-SG 608x 
 

                1.2.3 ���
������"�����"��+�,&�*�����%�&�� �������  

  Loop 
                     ���!)��!#�� 
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                    Magnetic bar 
                     "��	�"��e���%d��t 
                     �u!�% (pipette) e��� 1, 5 , ,"� 10 ml 
                      "�����,�v� 
                     ,	d�,����� 
                    e��!�c�%����d�� 

  ������%��e��� 25 ml ,"� 100 ml 
  Micropipette 
  %�!�
���v�] 
  Membrane filter e��� 0.45 w'U��'�!%��& 

                     �"�����"	����& 
%h��d'!#�� (Incubator) 

                      '���������'���w���$� (Autoclave) 
   �d����$������'��* +h'� (Water bath)  

%h�!�c�  

 

2.��	�
���*��&�&
������                         
 1) !�c�%����d����$�	
������$������$�!�
�e��!	���"��� ��� od �$���� 7 �d� 8 
������+�)	
� 4 U��!�c�	
�����"��	d�e���d�	
������"�����y����$� 1z�% ����d��$����	���d�	
�'
���
!�������,"��d�!�c���$�	
�yd������$����)���'�"d������hd, "d���$�{��'�%�U��!���'����d��$����
!�#���%�� �#��d�w������� �$���� 2 ��� (P1A ,"� P1B) �d� '�� (F) �d��d' (M) ���������l&  
(W1, W2, W3) ,"��d�)����$� (S) U��!�c�%����d����$� 10 ����� ,%d"������ d����� 10 ��� U��!�c�
��d��!�#�����(��'-%�"��' 2549 ,"���,%d"������!���'!�c���$�	
�d��!�"� 9.30-12.00 �. !)#����
��!���� &���'�*!#��,��	
!�
��d�
�,"����'�* �"�U�zu""& !� U��'
���"�!�
�� ����
� 
 1.1 ,��	
!�
��d�
� !�c�%����d����$�����g��	
���e�� 1 ��de�� Duran e��� 250 
ml. 	
�yd�����|d�!#��,"�� �$�%����d����$�'���!���� & �,��	
!�
��d�
� w��,�d U�"�z��&' z}��" 
U�"�z��&' �
 U�w" ,"� z}��"���w�U����{
 Multiple tube fermentation technique  �#� Most 
Probable Number (MPN method) ,�� 5  "�� (APHA , 1998) ���"�!�
�����,�����+�)	
� 5 
�����������
�'
e
��$������!�#��������'�*,"�����!�"����!�c�%����d�����!�c�	��t 10 ��� 
)���'���	���d�,	�	
���!�c�%�'�d� Hydraulic Retention Time (HRT) e��,%d"��d�,"�! %�y"	
�
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!"#�� 10 ��� !���!)����d��������$�����d��� od'
�d� (HRT) ���'�* 4 ��� e*�	
��d�	
�! "#�'

�d� 2.4 ��� 6.12 ��� ,"� 9.38 ��� (+��y��� �) ����
�d������!�"�	
���$���hd��,%d"��d�!)
��)�
�$� ���������!'���d�����$����,��	
!�
��d�
� 
 1.2 �"�U�zu""& !� !�c���$�%����d�� ��� e��1 ��de��)"��%��e��� 1 l �"�'����g��
�$�!)#��'�� �!���������!���� &,���$�'���!���� & ����'�* �"�U�zu""& !� %�'��{
����� 
 (APHA , 1998) U���������������]�U%� 90% ,"������������	
����'����"#�� 750, 664, 647, 
,"� 630 ��U�'�!%��&����!��#��� Thermo Spectronic type Helios Alpha 100-240 V (APHA , 1998) 
���"�!�
���h+��y��� 
   1.3 ���e���� �d��!�c�%����d����$����e�� 1 ��de���
��������z��&'�"
� 90 % 
��������e���� �d��U�����"�����"	����&,"�!	
��!�
��%�' ����
 )
�)�)���" (2548) ,"� Bold 
and Wynne (1985) 

2) ��*�'��%�	��!�'
-���+�) �����* +h'���$�U����!	��&U''�!%��& ���'!���
���-�d�� �� pH meter �d����]�!��"�"����$� (Dissolved Oxygen) ���U�� YSI Ecosen DO ,"�
���'!e�'e��,�����U�� Denki Light Meter DK-211 * ���!�c�%����d����$� ,"� �$� ���
)���'�!%��&! "d��
����	
�!�"� 9.30-11.00�, 12.00-13.55�, 14.00-15.55� ,"� 16.00-17.55 �.��' 4 
d��!�"������!�c�,%d"������ 
          3) ��� �����!�c������$� HRT �h���"�!�
����+��y��� 
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 '��! %�         �#� ���!�c�%����d����$� *. ����"d���"��	d�e��,%d"��d�  
+�)	
� 4 ,y�y�������$������$�!�
�e��!	���"��� ��� od]����������d�����!�g
���d�'��� 
���������l& 
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��$�
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%�,��� 
���
e�� 
 ��� 

%�,������e����%U�'�%� 
%�,������e������%�� 

%�,������e����%U�'�%� 
%�,������e������%�� 
%�,������e����%U�'�%� 

 

�g��
 
���
��%�� 
���
w " 

 

 

�d� 
y����$� 

�d��$����e���,�� 
        P-2 

Cascade 1 

 Cascade 2  

 

���������l& 
W-3 

 

���������l&  
W-2 

 

���������l&  
W-1 

�d��d' M-2 

�d��d' M-1 

 �d� '�� F-2 

�d� '�� F-1 

 

���������l&  
W-4 

 

���������l&  
         W-5 

�d�!�c���$�yd�����
�$���� S-1 

��$�	���	
�yd������$���� 
�$��"��'������U��& 

Cascade �"d����$�	��� 
"��hd�"��
e�� 

	�!"��� 

��e"� 

�)��*����.��&��
  

        P- 1 

��$�!�
�
�'�
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 �
U�w" U����{
 (MPN method) ,"� 	����	��
�!�'
 

 �������	
��	���� U����{
 (MPN method) 

U�"�z��'&	��� '�U����{
 Most Probable Number (MPN method) 
-Presumptive test : Lauryl tryptose broth  
-Confirmed test: BGLB 

- Presumptive test: Lauryl tryptose broth 
- Confirmed test: EC medium 

Completed test: EMB, Lactose broth , Nutrient agar 
, IMViC test 

��������	
���� 

-Presumptive test: Azide dextose broth  
-Confirmed test: Pfidzer selective Enterococci 

z}��"U�"�z��'&U����{
 (MPN method) 

����d� pH 

����d� DO 

������'!e�'e�� ,��
,,,,,,,��e��,�� 

�����!���� &	��!�'
-���+�) * ���!�c�%����d�� �����!���� & �,��	
!�
��d�
� 

 

 

 

 

 
 ������'�* Chlorophyll a ,"���������e���� �d��  

 

%����d����$� 

+�)	
� 5 ,y�y�����%�����!���� &��*+�)��$�	����"
���	�� 
���	�� ,"�	��!�'
 W ���+�) ��%�'��{
e�� APHA AWWA&WEF (1998)  
              ��������e���� �d��%�' Bold and Wynne (1985) 
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3. 
�����"�����.%�#1� 

 
                              1) ��!���� &�����	{�+�)e������$������$�!�
�	����"
���	��U��)����*����
���"�"�e��,��	
!�
��d�
�U���$����%�'�h%�e���"d�� 
 
�����	{�+�)e������$���� (%) 
           = ���'�*,��	
!�
��d�
�����$�!e������ W ���'�*,��	
!�
��d�
�����$����������� x100 

                                         ���'�*,��	
!�
��d�
�����$�!e������                      
                   

                              2) e��'h"��*+�)����!�'
-���+�),"� ��"
���	�� ,���U�����g�%�!��
)��*��  ��d�!�"
�� (Mean) �d�!�
���!��'�%�l�� (Standard Deviation : S.D.) �d�%�$���� 
(Minimum : Min) �d��h���� (Maximum : Max) ,"��d�)���� (Range) 
                              3) �����!���� &!)#���h���!+	e���d��$������'
y"%d��m����	��!�'
-���+�) 
��'g�����!+	e���d���$�,"����!+	e��,��	
!�
�	
�'
%d�����$����!#��,��	
!�
� ��������!���� &
)��d�"���*����	�"��!���,�� Two Factorial Design U��'
�m����,��!����d���$� (P, F, M, W1, 
W2, W3 ,"� S) ,"��m����	
����!���d��!�"� (9.30-11.30, 12.00-13.55, 14.00-15.55, ,"�16.00 
-17.55 �.) ���'
 Treatment Combination �$���� 28 
                              4) ��!���� &e��'h"	���g�%�U��U��,��'	
����#� SPSS version 10 U����!���� &
���'��')��{&�� �d��)���'�!%��&%d��te��'h"��*+�)����!�'
-���+�) (��* +h'� ���'!e�'e��
,�� �d����]�!��"�"����$�  ���'!������-�d��) ���'�*�"�U�zu""&  !� ,"���"
���	�� 
(U�"�z��&' z}��"U�"�z��&' �
 U�w" ,"�z}��"���w�) e���%��'�	�������������e��e��'h"!)#��
��)����*��d�!���e��'h",��U�����%� (Parametric)  �#�w'd��%� (Nonparametric) ,"�����)����*�
���g�%������������*
 ��d���'�����	{��� ��')��{&�� �d����*+�)��$�	��!�'
-���+�),"���"

���	��e��%����d����$�e�������$������$�!�
�e��!	���"��� ��� od g��y"���)����*�)��d�
e��'h"!���,�� Parametric ���g�%�	����,�� Pearson Product Moment correlation ,%dg��y"
)����*��d�!���e��'h",�� NonWParametric � ����g�%�	���� Spearman Rank Correlation ���
e��'h"	
���������������e��e��'h"!���,�� NonWParametric ������g�%�	���� Spearman Rank 
Correlation !)#���{�������'��')��{&�� �d��)���'�!%��&	��� '� (��
�& ��� �!�, 2546) 
 



31

 3 

 

 

3.1.  

 

 

  

 (Preliminary 

Treatment)    (Primary Pond: P)  

(�ydraulic Retention Time : �RT) 6.12     (Facultative 

Pond: F)  (Maturation Pond: M)  (F)  9.38    

M  4.06     W1 (Wetland: W1) 

 5.96   W2 (Wetland: W2)  4.14  

 W3 (Wetland: W3)  2.4   3  

  (Effluent Storage Pond: S) 

 

 

 3  �ydraulic Retention Time (�RT) 

 

Pond �RT (day) 

P (Primary Pond) 6.12 

F (Facultative Pond) 9.38 

M (Maturation Pond) 4.06 

W1 (Wetland 1) 5.96 

W2 (Wetland 2) 4.14 

W3 (Wetland 3) 2.4 
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3.2. -

 

1.  

 (p < 0.05)  (p < 0.05)

 

1.1   9.30-11.30 .  6 

 3  (30.40-30.42ºC)  (30.09-30.23ºC)   

(29.65-29.87ºC)    (M)  (F)  

(W1)  30.42 ± 1.18ºC, 30.41 ± 1.12ºC  30.40 ± 0.65ºC   

1.3-1.4 m   

  (P)  (S)  30.23 ± 1.11ºC  30 ± 0.91ºC 

  (W2)   (W3)  29.87 ± 0.66ºC 

29.65 ± 0.39ºC   

   1  

25

26

27

28

29

30

31

32

Pond

Te
m

pe
ra

tu
re

 (o C
)

P F M W1 W2 W3 S

b b
a a a

c
c

 
 6  9.30-11.30 .  10 

  

 a  b  c  (p < 0.05)  
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1.2   12.00-13.55 . 

 7  (31.24-31.86ºC )   

(29.92-31.24ºC)   29.15ºC    (P)  

 (F)  (M)  (W1)  31.86 ± 1.78ºC 31.55 ± 1.93ºC 31.24  

± 2.06ºC  31.16 ± 1.13ºC   

   (S)  (W3)   30.33 ± 1.34ºC  

 29.92 ± 0.48ºC      (W2)  29.15 

 ± 0.64ºC 

 

 1ºC   

   2  

 

25
26
27
28
29
30
31
32
33
34
35

Pond

Te
m

pe
ra

tu
re

 (o C)

P F M W1 W2 W3 S

a a
a a

c
b b

 
 

 7  12.00-13.55 .  10 

 

 a  b  c  (p < 0.05) 
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1.3   14.00-15.55 . 

 8  4   

 32.26oC  (30.9-31.6ºC)  30.5ºC   (29.84-30.11ºC) 

   (P)   32.26 ± 2.47ºC  

7 .  2549  7  37.1ºC (    3)  

  4  6-9 

  (F)  (M)  (W1)   

31.6 ± 2.31ºC 31.14 ± 1.31ºC   30.9 ± 0.8ºC    (S)   

30.5 ± 1.35ºC     (W2)   (W3)  

30.11 ± 0.49ºC  29.84 ± 0.45ºC   5  8 

 (W3)  29.30ºC  

  

   3  

25
26
27
28
29
30
31
32
33
34
35

Pond

Te
m

pe
ra

tu
re

 ( 
o C)

P F M W1 W2 W3 S

a
b

b
b

d d
c

  
 8  14.00-15.55 .  10 

 

 a  b  c  d  (p < 0.05) 
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1.4   16.00-17.55 .  

 9  31.65ºC  (31.07ºC)

 (30.35-30.48ºC)   (29.64-30.23ºC)   

(P)  31.65 ± 1.96ºC   (M)   

31.07± 1.57ºC   (W1)  (F)  30.35 ± 0.61ºC   

30.48 ± 0.70ºC     (S)  (W2)  (W3) 

30.23 ± 0.86ºC, 30.06 ± 0.62ºC  29.64 ± 0.41ºC   17 

.  2549  5  (W3)  28.80ºC  

   4 

 

25
26
27
28
29
30
31
32
33
34

Pond

Te
m

pe
ra

tu
re

 (o C)

P F M W1 W2 W3 S

a

c
b

c
d d

d

 
 9  16.00-17.55 .  10 

 

 a  b  c  d  (p < 0.05) 

 

 

 

 (P)  
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  (P)  

32.26 ± 2.47ºC  14.00-15.55 .  8    3 

  

  (W2)  29.15 ± 0.64ºC  

12.00-13.55 .  7    2 

 

 (Troussellier and Legendre, 1989)    
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2.  

  

 (p < 0.05) 

 

2.1  9.30-11.30 .  

 10  3 

  (8,164-8,613 lux)  (7,155-7,643 lux)   6,336 lux 

  (W2)   (W1)  (F)  (S) 

 8,613 ± 3,034 lux, 8,311 ± 3,378 lux , 8,252 ± 4,310 lux  8,164 l ± 3,290 lux  

    (M)    (W3)  7,515 ± 

3,789 lux  7,643 ± 4,052 lux    (P) 6,336 ± 3,034 lux 

   5 

 

 

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000
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y (
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x)

P F M W1 W2 W3 S

  
 

  10  9.30-11.30 .  

10  
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2.2 .  12.00-13.55 .

 11  3 

 (p > 0.05)  (10,099-9,802 lux)  (8,480-9,291 lux)  

 (7,665-8,298 lux)   (W1)  

(P)   10,099 ± 4,080 lux  9,802 ± 3,900 lux   

  (M)  (F)  9,291 ± 3,500 lux  8,480 ± 3,660 lux 

   (S)  (W3)  (W2) 

 8,298 ± 5,340 lux 7,861 ± 3,840 lux  7,665 ± 3,850 lux  

   6 

0

5,000

10,000

15,000

Pond

Li
gh

t i
nt

en
sit

y 
(lu

x)

P F M W1 W2 W3 S

 
  

 11  12.00-13.55 .  

10  
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2.3.  14.00-15.55 . 

 12  3  

 (p > 0.05)  (6,965 lux)  (5,690-5,820 lux)   (4,550-5,020 lux) 

   (P)  6,965 lux  

  (W1)  (F)  5,820 ± 3,700 lux  5,690 

 ± 3,150 lux     (M)  (W2)  

 (W3)   (S)  5,020 ± 2,600 lux 4,810 ± 3,690 lux 4,580 ± 3,000 

lux  4,550 ± 3,000 lux 

   7 

 

  

0
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 12  14.00-15.55 . 

 10  
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2.4.  16.00-17.55 . 

 13  3  

 (p > 0.05)  (3,700-3,920 lux)  (3,074-3,130 lux)   (1,831-2,104 

lux)  (P)  (F) 3,920 ± 2,800 

lux  3,700 ± 2,190 lux   (M)  

(W1)  3,130 ± 1,760 lux  3,074 ± 1,860 lux    (S)  (W3) 

 (W2)  2,104 ± 1,360 lux, 2,043 ± 1,340 lux  1,831 ± 1,380 lux  

  (W2)  

 7 .  (  7)   520 

lux    8 
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4,000
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)

P F M W1 W2 W3 S

 
 

 13  16.00-17.55 .

 10  
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12.00-13.55 .  (W1)   3,130-14,660 lux 

10,099 ± 4,080 lux  (P)  9,802 ± 3,900 lux  11 

   6  16.00-17.55 .  (W2)    

520-4,790 lux  1,831 ± 1,380 lux  13    

 8  (  7) 

-  

 

 (p<0.05)
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3.  

3.1  

 (p < 0.05)   

(p > 0.05)   

9.30-11.30 .  14   4  (4.13 

mg/l)  3.08-3.65 mg/l  (2.13-2.25 mg/l)  (1.56-1.59 mg/l) 

  (F)  4.13 ± 2.16 mg/l  

 (W1)  (M)  3.65 ± 3.37 mg/l  3.08 ± 1.22 mg/l  

   (S)  (P)  2.25 ± 1.0 mg/l  2.13 ± 1.95 mg/l 

   (W2)  (W3)   1.56 ± 1.13 mg/l  1.59 

± 0.71 mg/l   (F)   6  28  2549 

 8.63 (mg/l)   (W 2)  

 7  8   10  0.94, 0.75,  0.05 mg/l 

   7 

  8 

   9 

0

2

4

6

8

Pond

DO
 (m

g/
l)

P F M W1 W2 W3 S

c

a

b
b

d d
c

  
 14  9.30-11.30 . 

 10  

 a  b  c  d  (p < 0.05) 
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3.2  12.00-13.55 . 

 15   4   

(6.19 mg/l)  (4.25 mg/l)  (2.88 -3.08 mg/l)   (1.24-1.90 mg/l) 

  (F)  6.19 ± 4.23 mg/l 

  (W1)  4.25 ± 3.84 mg/l 

 (M)   (S)  3.08 ± 1.29 

mg/l  2.88 ± 2.06 mg/l   

 (P)  (W2)  (W3)  1.90 ± 2.39 mg/l, 1.75 ± 1.80 mg/l 

 1.24 ± 0.70 mg/l   (F) 

 ( ) 

 

    10 
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P F M W1 W2 W3 S

d

a

c
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d
d

c

 

 15  12.00-13.55 .

 10  

 a  b  c  d  (p < 0.05) 
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3.3  14.00-15.55 . 

 16   4   

(5.37 mg/l)  4.18 mg/l  (3.29-3.40 mg/l)   (1.37-2.16 mg/l) 

 (F)  5.37 ± 4.60 mg/l 

  (W1)  4.18 ± 3.53 mg/l 

 (M)  (S)  3.40 ± 2.91 

mg/l  3.29 ± 2.16 mg/l   (W2) 

 (P)  (W3)  2.16 ± 1.38 mg/l 1.5 ± 1.31 mg/l  1.37 ± 0.79 mg/l 

 (F)     (  8 

 12)  ( ) 

  

    11  
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P F M W1 W2 W3 S

d

a
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d
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 16  14.00-15.55 .

 10  

 a  b  c  d  (p < 0.05) 
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3.4  16.00-17.55 . 

 17  4   

(3.86-4.22 mg/l)  2.98 mg/l  (2.11-2.37 mg/l)   (1.42 mg/l) 

  (F)  (M)  (W1)  4.22 

± 3.30 mg/l, 3.99 ±3.16 mg/l  3.86 ± 3.57 mg/l 

  (S)  2.98 ± 1.38 mg/l 

  (P)  (W2)  2.37 ± 189 mg/l  2.11 ± 1.38 

mg/l   (W3)  1.42 ± 0.79 mg/l 

    12 

 

0
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4

6

8

Pond

D
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P F M W1 W2 W3 S

c

a a a

c
d

b

 
 

 17  16.00-17.55 .

 10 

 a  b  c  d  (p < 0.05) 
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12.00-13.55 .   (F)  1.04-11.63 mg/l  

6.19 ± 4.23 mg/l  15    10 

 12.00-13.55 . (  11) 

   

p > 0.05) 
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4 . -    

 -   

 (p < 0.05) -

  (p > 0.05)   

4.1 -   9.30 -11.30 . 

 18 -  3  (7.76-7.80) 

 (7.27-7.51)   (6.89-6.95)   (F)  (M) 

 7.80 ± 0.53, 7.76 ± 0.49 -    (W1) 

 (P)  7.51 ± 0.97, 7.27 ± 0.35   (S)  (W2)  

 (W3)  6.95 ± 0.32, 6.93 ± 0.35  6.89 ± 0.33  

-     13 

 

0
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8

10

Pond

pH

P F M W1 W2 W3 S

b a a b
c c c

 
 

 18 -   9.30 -11.30 .  10 

  

 a  b  c  (p < 0.05) 
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4.2 -   12.00-13.55 . 

 19 -  4  (8.44) 

 (7.88-8.02)  (7.51)   (6.86-7.08)  -  

  (F)  8.44 ± 0.78  -   

 (M)  (W1)  8.02 ± 0.85  7.88 ± 1.10 -  

  (P)  7.51 ± 0.46   (W2)  (S) 

  (W3)  7.08 ± 0.35, 7.00 ± 0.34  6.86 ± 0.30  

-    14 

 

0

2

4

6

8

10

Pond

pH

P F M W1 W2 W3 S

c
a

b b
d d d

 
 

 19 -   12.00-13.55 .  10 

 

 a  b  c  d  (p < 0.05) 
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4.3. -   14.00-15.55 . 

 20 -  3  (8.18-8.24) 

 (7.63)   (6.94-7.07)  -     (F) 

 (M)  (W1)  8.24 ± 0.86, 8.20 ± 0.63  8.18 ± 1.36  

-    (P)  7.63 ± 0.73   

 (S)  (W3)  (W2)   7.07 ± 0.30, 6.96 ± 0.39  6.94 ± 0.36 

 -

15 

 

 

0
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10
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Pond

pH

P F M W1 W2 W3 S

b
a a a

c c c

 
 

 20 -   14.00-15.55 .  10 

 

 a  b  c  d  (p < 0.05) 
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4.4 -   16.00-17.55 . 

 21 -  3   (8.26) 

 (7.79-7.92)   (6.98-7.16)  -   

  (W1)  8.26 ± 1.42 -    (F)  

 (M)   (P)  (W2)  (W3)   (S) 

 7.16 ± 0.44, 7.09 ± 1.18, 7.06 ± 0.4  6.98 ± 0.43  

-    16 

 

 

0

2

4

6

8

10

12

Pond

pH

P F M W1 W2 W3 S

c
b b a

c c c

 
 

 21 -   16.00-17.55 .  10 

 

 a  b  c  (p < 0.05) 
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 -   

12.00 -13.55 .  8.44  (F) -

 (p > 0.05)   

(F)   

 -  

   

 Mara et al. (1992) 

  

 ( )  

 (O�-)  O�-  

  

 Curtis et al., (1992)  425-700 nm 

 Photo-oxidation 

 

   

 425-700 nm 

  3 

-  (> 9) 

 (photo-oxidation) 

 (  15) 

 Davies-Colley et al., (1999) 

 UVB (290-320) UVA (320-400 nm)   

(400-550 nm)  0.2, 0.5  28 %  

-    

 3   

1.  DNA (Deoxyribonucleic acid) 

 UVB  
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2.  DNA 

 

3.     

-   7-10  3 

  -

 8.5  -   8.5  UVB (  1) 

-

 -  2 -

 3  

 

3.3.  

 

3.3.1    

 9.30-11.30 .  22    4 

  (321 µg/l)  (275 µg/l)  (165-196)   (64-81 µg/l) 

    (F)  321 ± 152 µg/l 

  (M)  275 ± 115 µg/l  (P)  

(W1)  165 ± 71 µg/l, 196 ± 90 µg/l,  (W2)  (S)   

 (W3)  81 ± 44 µg/l, 65 ± 35 µg/l, 64 ± 45 µg/l   (F) 

 321 ± 152 µg/l  2, 3  7 

 7  14,890 lux 

 

-  (  18)  

 (O�-)  

  500-2,000 µg/l 
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   17  (W3)  64 µg/l 

 3    17 µg/l  690 lux 

 

0
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Pond
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P F M W1 W2 W3 S

 
 

 22    10 

 

 

3.3.2  

 10    (P) 

 (F)  (M)  (W1)  (W2)  (W3)  (S) 

 5  Cyanophyta, Chlorophyta, Bacilariophyta, Euglenophyta, 

Pyrrhophyta 

   3   Cyanophyta  Merismopedia , 

Chlorophyta  Cosmaium, Kinchneriella,  Senedesmus  Bacilariophyta        

Cyclotella   23   4  

   (P)    Euglena  

 Euglenophyta  24   4  
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 (F)    Pandorina  

 Chlorophyta  25   4  

 (M)    

Aphanocapsa, Aphanothece , Chroococcus   Cyanophyta  26 

  4  

 (W1)   Staurodesmus  

Chlorophyta  27   4  .   

 (W2)    Synechococcus, Micnocysti 

 Cyanophyta  Peridinium  Pyrrhophyta   28   4   

  (S)  Perediopsis  Pyrrhophyta 

 29   4 

  15   

 30 ) 

    

Euglena   (P)    (2548) 

 Euglena  

 

 . (2544 )  

  

 

    Euglena  (P) 

Oscillatoria  (F) 

 (W1)  (W2)   (W3)   

Pediastrum  (F)  (M)  

(W1)   (S)  Staurodesmus   (W1) 

 Staurodesmus   

(  , 2548)  

Muhammad et al., (1998) 

. gray area   
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   Euglena Chlamydomonas  Euglena 

Chlamydomonas  

 Davies-Colley et  al.,(1995)  

 Chlorella  Euglena   

Senedesmus     880 mg/m3    

300-1,500 mg/m3  Oscillatoria  

 Curtis et al., (1992)  (F) 

  Chlorella  Euglena  Chlamydomonas 

 (S) 

 24  ( 25  30)  Pediastrum   

 

  Oscillatoria  Euglena 

  (S) 

 (algal toxin) 
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 23  10 

 (  40X) 

Merimoppedia 

Kirchnerriella Scenedesmus 

Cosmarium 

Cyclotella 
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 24  (P)   25  (F)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

                                                 26  (M)  

Aphanocapsa Aphanothece

Chroococus 

Euglena Pandorina 
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 27  (W1)    28     

                                                                                                      (W2)   

 

 

 

 

 

 

 

 

                                 28 ( )  (W2)  

 

 

 

 

 

 

 

 

                                                    29  (S)  

Microcystis

Peridiniupsis 

Staurodesmus 

Synechococcus Peridinium
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 30  10  

Oscillatoria Anabaena

Chlamydomonas

CrucigeniaPediastrum 

Volvox 
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 30 ( )  10  

NostocActinastrum

Chlorella 

Closterium Coelastrum 

Crucigeniella
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 30 ( )  10  

Diatomella Dictyophaerium

Golenkinia Monoraphidium 

Phantolyngbya Trachelomonas 
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 30 ( )  10  

Phacus 

Pheudoanabeana 

Spirogyra

Ulothrix

Tetraedron
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 4   10  

+ =  ;  - =  

 

Algae P F M W1 W2 W3 S 

Cyanophyta        

      Anabaena - - - + + + + 

      Aphanocapsa - - + - - - - 

      Aphanothece - - + - - - - 

      Chroococcus - - + - - - - 

      Merismopedia + + + + + + + 

     Oscillatoria + - - + + + - 

    Planktolyngbya + + + + - + + 

     Pheudoanabeana + - + + - - + 

     Synechococcus - - - - + - - 

     Nostoc - - - + + + + 

     Microcystis - - - - + - - 

Chlorophyta        

     Actinastrum - + - - - - + 

     Closterium - + - + + + + 

     Coelastrum + + - + - - - 

    Cosmaium + + + + + + + 

     Crucigenia - + + + - - + 

      Crucigenilla    - - + - - + + 

     Golenkinia - + + + + + + 

     Kinchneriella + + + + + + + 

     Monoraphidium + + - - - + + 

     Staurodesmus - - - + - - - 
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 4 ( )   10  

+ =  ;  - =  

Algae P F M W1 W2 W3 S 

Chlorophyta         

     Pediastrum - + + + - - + 

     Senedesmus + + + + + + + 

     Ankistrodesmus + - + - - - - 

     strarastrum - - - + - + - 

     Spirogyra   - + + - - - - 

     Tetraedron - + + + - - + 

      Volvox - - - - - - - 

     Pandorina - + - - - - - 

     Chlorella + + - - - - - 

     Chlamydomonas - + + - - - - 

     Dictyosphaerium + + - + + + + 

Euglenophyta        

     Euglena + - - - - - - 

     Phacus + + + - - + + 

     Trachelomonas - - - + + - + 

Bacillariophyta        

     Cyclotella + + + + + + + 

     Diatom - + + + - + + 

     Diatomella - - - + + - + 

Pyrrhophyta        

     Perediopsis - - - - - - + 

     Peridinium 

Total Genera 

- 

15 

- 

21 

- 

20 

- 

22 

+ 

16 

- 

17 

+ 

24 
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3.4. 

 

 7   9.30-11.30 . 

   

 

3.4.1  

  
 (p < 0.05)   31 

 2 -   (P) 

  (P)  294,000 ± 60,222 MPN/100 ml  19,700 ± 5,122 MPN/100 ml 

   

 

  (F)  19,700  

± 5,122 MPN /100 ml   1,091 ± 664 MPN/100 ml  (F) 

 (W2)  1,146 ± 620 MPN/100 ml   1,282 ± 535 

MPN/100 ml  (W1)  740 ± 646 MPN/100 ml  1,146 ± 620 

 MPN/100 ml  (M)  1,091 ± 664 MPN/100 ml  740 ± 646 MPN/100 ml 

 (W3)  1,282 ± 535 MPN/100 ml  752 ± 535  

MPN/100 ml   (S)  752 ± 535 MPN/100 ml  704 ± 509  

MPN/100 ml  

 

    18 
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3.4.2  

  

 (p < 0.05)    

32  2 -  

     (P)  51,200 

 ± 14,459 MPN /100 ml   

  2,800 ± 1,033 

MPN/100 ml 

  (F)  

 2,800 ± 1,033 MPN/100 ml   166 ± 664 MPN/100 ml  

(W2)  157 ± 280 MPN/100 ml  175 ± 272 MPN /100 ml  (W3) 

 175 ± 272 MPN/100 ml  133 ± 174 MPN/100 ml   (W1) 

 30 ± 38 MPN/100 ml  157 ± 280 MPN/100 ml  

 (S)  133 ± 174 MPN/100 ml  116 ± 284 

MPN/100 ml  (M)  166 ± 284 MPN/100 ml  30 ± 38 MPN/100 ml 

 (M)  (M) 

 1.3 -1.4    2.35  3 

 

 

 

    19 
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 32  -  

 

  (P)  (F) 

  (M)  (W1 W2 W3)  (S) 

 a  b  (p < 0.05) 
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3.4.3  

  
 (p > 0.05)  33 

    (P)  7,098 ± 14,459 

MPN/100 ml   

 375 ± 654 MPN/100 ml 

 (W3)  41  

± 54 MPN/100 ml  99 ± 166 MPN/100 ml  (S)  99 ± 166 MPN/100 ml 

 74 ± 110 MPN/100 ml 

  (W1)  13  

±16 MPN /100 ml  29 ± 28 MPN/100 ml  (W2)  29 ± 28 

MPN /100 ml  41 ± 54 MPN/100 ml 

  (F)  375 ± 654 MPN/100 ml 

 18 ± 14 MPN/100 ml  (M)  18 ± 14 MPN/100 ml  13 

± 16 MPN/100 ml  (M)  (M) 

 

 (AP�A,AWWA and WEF, 1998) 

     20 
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 33  -  

 

  (P)  (F) 

  (M)  (W1 W2 W3)  (S) 

 

3.4.4   

  

 (p < 0.05)   34 

 2 -  (P) 

 

   (P)  19,600 ± 14,459  

MPN /100 ml   

 3,920 ± 165 MPN/100 ml 

 (M)  108 ± 78 MPN/100 ml  550 ± 616   

(W1)  550 ± 616 MPN/100 ml  531 ± 445 MPN/100 ml 
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 (W2)  531 ± 445 MPN/100 ml  461 ± 519 

MPN/100 ml  (W3)  461 ± 519 MPN/100 ml  432 ± 456 MPN /100 ml 

 (S)  432 ± 456 MPN/100 ml  232 ± 142 MPN/100 ml 

 (F)  3,920 MPN /100 ml  108 ± 78 MPN/100 ml  

(F)  1.7-1.8   9.38  

 (AP�A,AWWA and WEF, 1998) 

 3 

 

 

 (Mara et al.,  1992)  

    21 
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 34  -  

 

  (P)  (F) 

  (M)  (W1 W2 W3)  (S) 

 a  b  (p < 0.05) 
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3.4.5   

    (FC/FS) 

  

 (       0.7 

 FC/FS  4.4   0.7 4.4 

 

 24   (  , 

2547) 

 

 5 

 

Pond FC FS   FC/FS ± S.D. 

P (Primary Pond) 51,200 19,600 2.6 ± 0.7  

F (Facultative Pond) 166 108 2.9 ± 5.4 

M (Maturation Pond) 30 550 0.4 ± 0.8 

W1 (Wetland 1) 157 531 0.2 ± 0.2 

W2 (Wetland 2) 175 461 0.6 ± 0.6 

W3 (Wetland 3) 133 432 1.2 ± 2.1 

S (Effluent Storage Pond) 116 232 0.7 ± 0.6 

 

    5  (F)  FC/FS   0.2-16.7  2.9 

± 5.4  (W1)  FC/FS   0-0.6  0.2 ± 0.2 

(    26  10 

 FC/FS  (F)   1  6 .  2549  9  28 

.  2549  8.4  16.7  (  4.4)  (   

 26) 

 4-5   

  (F)  2.9 

  (W1)  FC/FS  0.2  0.7 

 (    26)  
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3.5. 

  

 (p < 0.05)  

 2    (P)  (F)  

 

 

 

3.5.1.  

 (F)  95 ± 2.5%  (P)  93.4 ± 0.5%  (M)  

 71.4 ± 20%  (W1)  74.4 ± 11.5%  (W2)  62 ± 0 % 

 (W3)  58.11 ± 21.27%  (S)  48.1 ± 31.6%  35 (

   22 )  (F)  �RT  9.4   (W3)  �RT 

 2.4  

 

 (F)  95%   (S)  48.1%  

 

  

  

  (P)  93.4 ± 0.5% 

 (S)  (S) 

 

    22  (S) 

 704 ± 509 MPN/100 ml  (P)  

 (S)  99.8 ± 0.2%    28   

  (W1-W3)  

 74.4 ± 11.5%, 62 ± 0%  58.1 ± 21.3%  (S)  48.1  

± 31.6% 

 52-85% 

  4-27  
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 59-80%   3-27  (  , 2546)  

 

 

3.5.2.   

 (F)  95.3 ± 6.9%  (P)  

 94.7 ± 0.5%  (M)  70.3 ± 16.2%  (W1)  46.7 ± 10.5%  

 (W2)  53.4 ± 18.6%  (W3)  68.1 ± 18.2%   (S) 

 30.0 ± 17.0%  35  (    23)  

(F)  95.3%  9.4  

 (W1)  53.4 

 ± 18.6%  4.2   

(P)   (S)  99.8% (    28 )  (S)  116 

MPN/100 ml 

  1   (F)  

(M)  5   99.97% (Oragui et 

al., 1987)   Steiner  DC Combs (1993)  

Septic tank   78  99% 

  (  , 2537) 

 ( 14-17)   

(  18-21) ( ) 

 (S)  116 MPN/100 ml  
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3.5.3.   

 (F)  72.8 ± 21.3%  (P)  

 69.4 ± 30.4%  (M)  53.3 ± 18.5%  (W2)  52.3 ± 27.5  

 (W3)  43.8 ± 57.8%  (W1)  26.4 ± 2.6%  

 (F)  72.9 ± 21.2% 

  (W1)  26.4%  (P)  

 (S)  75.8%  74 MPN/100 ml   

  30  

   24 -  8.5 

(  18-21) -  8.5 

 3  (Davies-Colley et al., 1998) 

 

3.5.4.  

 (F)  97.3 ± 1.9% 

 (P)  80 ± 0%  (W1)  79.5 ± 11.7 %  (W3) 

 64.5 ± 21.0%  (W2)  60.2 ± 21.7%  (M)  36.7 ± 2% 

 (F)  97.3 ± 1.9% 

 (M)   

(36.7 ± 2) 

    23  (M) 

 (F)  (27 . .2549) (7, 17, 28 . .

2549) (7, 18 . .2549)  (9 . .2549)  (W1) 

 79.5 ± 11.7%  

  (P)   (S)  98.8% (  

  30) 

  1   (F)  (M) 

 5  99.99% (Oragui et 

al.,1987)  (S)  232 MPN/100 ml  
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 40,000 m3/d 

 (S)  240-1600 MPN/100 ml  8-350 MPN/100 

ml   2  3 (

 5,000  20,000 MPN/100 ml)  1,000  4,000 MPN/100 ml) (

) (

, 2537) 

 

 

 

 TMDL (Total Maximum Daily Load)  
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  (F)  

 95%  95.3%  72.8 %  97.3% 

  (P)  (S) 

   

99.8%   99.8%   75.8%    

98.8%  

 (S)  240-1,600 MPN/100 ml 

704 MPN/100 ml   8-350 MPN/100 ml  116 MPN/100 ml

 2-350 MPN/100 ml  74 MPN/100 ml    

79-540 MPN/100 ml  232 MPN/100 ml 

 (S)   

  2  3 (  5,000  20,000 

MPN/100 ml)  1,000  4,000 MPN/100 ml) (

) ( , 2537) 

  . . 2550  

(  . .2549)   BOD      15.5 mg/l  4 

 4 mg/l  SS  33 mg/l  Nitrite  0.495 mg/l  

  32 

  BOD  4 (  ) 
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3.6.  (r) 

 9.30-11.30 .

-   

 6  

1. 

 (r = 0.465, p < 0.01 r = 0.362,  

p < 0.01) 

 (  6-9) 

-

 (�2CO3)  O�-  

(Curtis 1994) 

2. 

 (r = - 0.23, p < 0.05  r = - 0.246, p < 0.05) 

 

 

  (Photo- oxidation) 

  

 (Curtis, 1994) 

-  (  18-21)  

3. 

 (r = - 0.247, p <0.05, r = - 0.344, p < 0.01, 

 r = - 0.283, p< 0.05,) 

-  (r = - 0.493, p < 0.01) 

4.   

-  (r = 0.525, p < 0.01)   

-    
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5.  

 (r = 0.614, p < 0.01, r = 0.642 p < 0.01)   3   

 (AP�A, 1998) 

6.  

 (r = 0.582, p < 0.05, r = 0.571, p < 0.01) 
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 4 
 

 
4.1   

 

 3    (P)  (F)  (M)  3  (W�, W2 , 

W3)   (S)  

-  Two-Factorial Design 

   -  

 (p< 0.05)     

 (p< 0.05) 

  (p< 0.05) 

  99.8% 

 (F)  95% 

  

  

 99.8% 

 (F)  95.3% 

  

 75.8% 

  (F)  72.8%  

 98.8% 

 (F)  97.3%  

  �5  Euglena   

 (P)   Oscillatoria 

  (S)  24 

  Pediastrum    Oscillatoria 

( )  (S)   
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4.2  

4.2.� 

 

 

4.2.2  

 (W2)   

  

 

    

 

4.2.3 -

 Euglena   Oscillatoria 

 Pediastrum 

4.2.4  

-   ( - ) 

 ( - )  
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1.   

  

  

 3   

  

  

  

 

 

 �    3  

 5    3 

 5    10  1  0.1   5 

 5   

1.  

   1.  (Lauryl tryptose broth) 

  

   �.  

    3.   �5  

   4.   10 ml. 

 �  (double strength) 5   10 ml 

   5.   1 ml 

 (single strength)  5   1 ml. 

   6.   1 ml. 

  5   0.1 ml 

   7.   

   8.   35 + 0.5º C  �4 + � 
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   9.  �4 + �   

  48 + 3   

  48 + 3   

   

   

   

   

   2.  

 

  

  

  

   

 

   1.  

 

   �. 

  

   3.   3 mm 

  

  

   4.  35 + 0.5º C  48 + 3 

 

   5.  48 + 3    

   3.  

   1. 

 (Endo agar of Eosin methylene blue agar) 

 (streak)  

  �.  35 + 0.5º C  �4 + � 
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  3.    

 

  4.  

   

(nutrient agar slant) 

  5.   35 + 0.5º C.  

�4 + �   

 �4 + �   48 + 3                 

 (Gram  stain)  

   4.  (Gram-Stain Technique) 

   4.1  

   1.  -   (Ammonium-oxalate-crystal violet, 

Hucker s)  (90% dye content) �   �0 .  95%  

(C�H5OH)  [(NH4)� C�O4 . H�O]  0.8 g 

 80 ml   �4   

   �.  (Lugol s solution, Gram s modification)  1 

  � g    �  3 ml 

   (  300 ml) 

   3.  (Counterstain)   (safranin dye) �.5 g  100 ml  

95%  10 ml  10 ml 

   4.  (Acetone alcohol)  95% 

  

   

   4.2  

    1  

 

  1   1  

   15  30  

  



9�

 15   

 

    

 (Gram positive) 

   (Gram negative) 

 

    (

)  48 + 3   

 (Gram  negative)     

(rod  shape, non  spore forming) 

 

  

  

    

 �    

  (EC Medium)  

 

     

, , ,   

 

 

   1. 

 . .   

   

 

   �.    

(water bath)  30    44.5 + 0.�º C  �4 + � 
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   3.  �4   

 

 �4  

 

   4.  

 100 ml (MPN/100 ml) 

 

 

2. Imvic test  

 Imvic test  4  Indole test MR test VP test  Citrate test 

(  , �537)  

 Indole test 

 

 1% peptone broth  incubate  35 ºC 

 �4 -48   Kovacs  reagent 5   �-3 

 

 

  :  (red ring) 

   :  Kovacs  reagent   

Methyl red test 

 

  MR/VP broth  incubate  35ºC  

�4 -48   methyl red 5   

indicator 

 

 :  

 :  

Voges  Proskauer test 

 



94

   MR/VP broth  incubate  35ºC  

�4 -48   5% naphthol  6    40% KOH  �  

  10-15   

 

               :  

    :  

Citrate test 

 

  streak  Simmon s citate agar  

incubate  35 oC  �4 -48   medium 

 

 

               :  

   :  (Holt et al., 1994) 

 

 (Fecal Streptococci) 

 

    

 S. faecalis, S. faecalis subsp. liquefaciens, S faecalis subsp. zymogenes, 
S. faecium, S. bovis  S. equins    

   

 

    (FC/FS) 

   FC/FS 

 4.4   0.7 

  0.7  4.4 

 (  , �547) 

 FC/FS 

   1.  

  9.0  4.0  
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   �.   (host) 

   

 

   3.   

 

 

   4.    

  

   5.  100/100 ml. 

  

 

1.  

   1. 

 (azide dextrose broth)  10 ml 

 1 ml  

 10 ml  

   �.   

35 + 0.5ºC.  �4 + �   

 

 48 + 3   

 

2.  

     

   streak  

(PSE agar)  35 + 0.5ºC.  �4 + �   

 (brownish-black colonies with brown 

halos)  
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3.  

   

 MPN  MPN/100 ml  MPN 

 

 

   1  MPN
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Lactose broth, Azide dextrose broth, EC medium     Brilliant green lactose bile broth 

 

 

 

 

 

 

 

 

 Eosin methylene blue agar (EMB)                                    

                                                                                                                (Metalic sheen) 

 

 

 

 

 

 

 

 

                    

Nutrient agar (NA)                                                               
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  1           

 

 

 

 

 

 

 

Indole test medium ,  Methyl red test medium ( MR ) , Voges Proskauer test medium ( VP ), 

Simon s citrate agar 

 

 

 

 

 
                                                           

 

Pfizer selective enterococcus agar 

 

 

 

 

 

 

 

 

                                                                           Fecal streptococci 
  1 ( )           
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Chlorophyll a 

 chlorophyll a  Spectrophotometric 

 

  

1.    

 0.5-5 l 

 � .  4°C (  �4 ) 

�.  membrane filter  0.45 µm 

  1-1.5 ml 

 

3.  

 �-3 ml  1  

  1   

  10 ml 

4.  3,000-4,000  

 10     spectrophotometer  optical 

density  750, 664, 647  630 nm  optical density  750 

nm   optical density  664,647  630 nm 

 

 

 chlorophyll a (Ca)  

Ca  =  11.85 (OD664)  1.54 (OD647)  0.08 (OD630) 

Ca       Chlorophyll a µg/ml 

 Chlorophyll a   µg/l  

=  Ca    X    (ml) 

                                                 (l) 

 

Standard methods for the examination of wastewater. �0th Edition, 1998,American Public Health 

Association, Washington DC. 
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   1  (oC)  9.30-11.30 .

 10  

 

        

/  P F M W1 W� W3 S 

1 �9.00 30.�0 30.50 31.50 31.50 30.�0 30.60 

� 30.00 30.�0 3�.40 30.40 �9.80 �9.50 �9.70 

3 30.60 3�.50 30.70 31.00 30.00 30.�0 �9.90 

4 �9.�0 �9.70 �9.70 30.00 �9.60 �9.30 30.30 

5 �9.80 �9.80 �9.60 30.80 �9.60 �9.40 �9.10 

6 30.30 �9.70 �8.90 �9.90 �9.90 �9.30 �9.90 

7 30.10 31.30 31.00 31.00 30.00 �9.90 3�.30 

8 33.00 �8.70 �8.70 �9.50 �9.10 �9.10 �9.�0 

9 �9.70 30.30 31.30 �9.70 �9.�0 �9.80 �9.60 

10 30.60 31.70 31.40 30.�0 30.00 �9.80 30.30 

Average 30.�3 30.41 30.4� 30.40 �9.87 �9.65 30.09 

SD. 1.11 1.1� 1.18 0.65 0.66 0.39 0.91 

Min. �9.00 �8.70 �8.70 �9.50 �9.10 �9.10 �9.10 

Max. 33.00 3�.50 3�.40 31.50 31.50 30.�0 3�.30 

 

 

 

 

 

 

 

 



10�

   �  (oC)  1�.00-13.55 .

 10  

 

              

/  P F M W1 W� W3 S 

1 30.00 31.00 30.60 31.60 30.40 30.40 30.40 

� 30.30 30.70 30.50 30.60 �9.90 �9.80 30.00 

3 30.00 31.90 30.40 31.90 �8.30 30.50 �9.90 

4 3�.�0 30.�0 30.10 30.30 �8.60 �9.70 30.10 

5 31.�0 33.00 30.00 33.40 �8.70 30.00 �9.40 

6 31.80 30.00 �9.40 30.40 �8.70 �9.40 30.00 

7 34.70 35.90 35.�0 31.80 �9.50 30.60 34.00 

8 31.10 �9.10 �9.�0 �9.60 �9.10 �9.�0 �9.�0 

9 3�.30 31.�0 33.10 30.�0 �9.10 �9.50 30.10 

10 35.00 3�.50 33.90 31.80 �9.�0 30.10 30.�0 

Average 31.86 31.55 31.�4 31.16 �9.15 �9.9� 30.33 

SD. 1.78 1.93 �.06 1.13 0.64 0.48 1.34 

Min. 30 �9.1 �9.� �9.6 �8.3 �9.� �9.� 

Max. 35 35.9 35.� 33.4 30.4 30.6 34 
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   3  (oC)  14.00-15.55 .

 10  

 

        

/  P F M W1 W� W3 S 

1 31.6 30.90 31.10 3�.�0 30.70 30.30 30.60 

� 30.� 31.00 30.70 31.10 30.10 �9.90 30.30 

3 �9.9 30.40 �9.70 30.10 �9.80 �9.50 30.00 

4 3�.5 30.90 31.00 30.50 30.30 �9.90 30.60 

5 31.3 31.90 �9.50 31.60 �9.50 �9.30 �9.30 

6 3�.3 �9.40 30.40 30.60 30.10 �9.80 30.30 

7 37.1 34.10 36.�0 31.60 30.80 30.70 34.10 

8 �9.3 �9.70 �9.50 �9.70 �9.30 �9.30 �9.40 

9 3�.8 31.40 33.50 30.00 30.00 �9.60 �9.90 

10 35.6 31.70 34.40 31.60 30.50 30.10 30.50 

Average 3�.�6 31.14 31.6 30.9 30.11 �9.84 30.5 

SD. �.47 1.31 �.31 0.84 0.49 0.45 1.35 

Min. �9.3 �9.4 �9.5 �9.7 �9.3 �9.3 �9.3 

Max. 37.1 34.1 36.� 3�.� 30.8 30.7 34.1 

 

 

 

 

 

 

 

 

 

 



104

   4  (oC)  16.00-17.55 .

 10  

 

        

/  P F M W1 W� W3 S 

1 30.40 �9.50 30.60 31.�0 30.10 �9.90 30.50 

� �9.70 31.10 30.40 31.00 31.10 �9.90 30.00 

3 30.10 30.50 30.40 30.50 30.00 �9.60 30.50 

4 3�.70 30.50 30.90 �9.90 30.10 �9.90 30.00 

5 31.�0 �9.40 �9.�0 30.30 �9.30 �8.80 �9.10 

6 33.30 30.�0 31.30 30.70 30.�0 �9.80 30.�0 

7 35.60 31.10 34.70 30.60 30.60 30.10 3�.�0 

8 �9.10 �9.80 �9.40 �9.50 �9.50 �9.30 �9.30 

9 3�.50 30.70 31.80 �9.50 �9.10 �9.�0 �9.80 

10 31.90 30.70 3�.00 31.60 30.60 �9.90 30.70 

Average 31.65 30.35 31.07 30.48 30.06 �9.64 30.�3 

SD. 1.96 0.61 1.57 0.70 0.6� 0.41 0.86 

Min. �9.10 �9.40 �9.�0 �9.50 �9.10 �8.80 �9.10 

Max. 35.6 31.1 34.7 31.6 31.1 30.1 3�.� 
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   5  (Lux)  9.30-11.30 . 

 10  

 

        

/  P F M W1 W� W3 S 

1 10,390 �,580 3,810 11,950 1�,140 �,850 10,550

� 3,�80 4,470 3,440 4,1�0 �,880 3,�10 3,810

3 3,600 6,900 5,130 5,�90 5,170 7,300 4,�80

4 8,100 9,570 10,3�0 10,850 11,7�0 10,370 11,570

5 6,870 1�,580 1�,600 10,0�0 9,490 10,660 10,460

6 6,�40 6,710 5,560 8,1�0 11,300 4,190 5,070

7 10,�60 14,890 5,490 6,110 9,�00 11,�80 11,�00

8 1,040 �,480 �,700 3,300 �,330 �,600 3,�90

9 5,710 1�,110 1�,�00 11,050 10,600 11,630 10,050

10 7,870 10,�30 10,300 1�,300 11,300 1�,340 11,360

Average 6,336 8,�5� 7,155 8,311 8,613 7,643 8,164

SD. 3,034 4,310 3,790 3,378 3,739 4,053 3,54�

Min. 1,040 �,480 �,700 3,300 �,330 �,600 3,�90

Max. 10,390 14,890 1�,600 1�,300 1�,140 1�,340 11,570

 

 

 

 

 

 

 

 

 

 



106

   6  (Lux)  1�.00-13.55 . 

 10  

 
        

/  P F M W1 W� W3 S 

1 11,690 3,460 9,570 11,850 9,780 8,530 6,840

� 4,350 5,130 4,710 4,030 3,050 3,�30 �,760

3 10,860 8,670 8,030 7,7�0 4,470 6,7�0 4,010

4 1�,�70 1�,100 1�,�90 11,770 11,730 11,9�0 1�,450

5 11,�60 11,570 11,470 14,660 4,�00 3,590 �,040

6 6,570 6,5�0 7,300 8,400 8,0�0 7,9�0 16,9�0

7 14,�00 11,850 1�,380 1�,�60 11,800 11,750 1�,�40

8 �,6�0 3,0�0 �,750 3,130 �,080 �,110 �,5�0

9 13,�00 10,480 1�,800 13,890 10,010 10,6�0 10,�00

10 11,000 1�,000 11,610 13,�80 11,510 1�,��0 13,000

Average 9,80� 8,480 9,�91 10,099 7,665 7,861 8,�98

SD. 3,900 3,660 3,500 4,080 3,850 3,840 5,340

Min. �,6�0 3,0�0 �,750 3,130 �,080 �,110 �,040

Max. 14,�00 1�,100 1�,800 14,660 11,800 1�,��0 16,9�0
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   7  (Lux)  14.00-15.55 . 

 10  

 

        

/  P F M W1 W� W3 S 

1 4,�50 4,7�0 5,070 4,090 3,�70 3,600 3,010

� 6,850 8,880 4,430 3,880 1,710 �,800 �,860

3 890 1,800 1,780 1,690 850 1,480 1,�80

4 10,180 10,960 8,�60 9,110 9,360 8,510 8,030

5 5,390 5,070 1,6�0 630 1,340 1,�80 1,150

6 5,590 3,8�0 6,950 7,110 6,300 3,170 5,680

7 11,660 10,050 9,350 10,180 8,960 8,900 9,490

8 �,650 4,580 3,810 3,�10 �,�30 �,650 �,460

9 9,990 4,�90 5,730 6,710 3,380 4,7�0 3,780

10 1�,�00 �,680 3,170 11,610 10,650 8,660 7,800

Average 6,965 5,690 5,0�0 5,8�0 4,810 4,580 4,550

SD. 3,890 3,150 �,600 3,700 3,690 3,000 3,000

Min. 890 1,800 1,6�0 630 850 1,�80 1,150

Max. 1�,�00 10,960 9,350 11,610 10,650 8,900 9,490
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   8  (Lux)  16.00-17.55 .

 10  

 

         

/  P F M W1 W� W3 S  

1 4,170 5,090 6,360 5,810 �,050 3,580 4,1�0  

� �,400 3,�00 �,840 �,340 1,700 1,970 1,780  

3 1,710 3,410 1,9�0 1,700 1,010 1,�50 4,1�0  

4 6,300 6,690 4,990 4,500 4,1�0 4,700 1,780  

5 1,�90 1,460 1,7�0 1,750 900 1,��0 1,180  

6 10,490 6,940 5,480 4,870 1,080 1,090 1,9�0  

7 �,740 1,0�0 1,340 1,380 5�0 410 ��0  

8 �,480 1,780 1,670 1,660 1,�00 1,500 870  

9 1,350 1,440 1,480 870 940 1,1�0 1,150  

10 6,�70 5,980 3,500 5,860 4,790 3,590 3,900  

Average 3,9�0 3,701 3,130 3,074 1,831 �,043 �,104  

SD. �,800 �,190 1,760 1,860 1,380 1,340 1,360  

Min. 1,�90 1,0�0 1,340 870 5�0 410 ��0  

Max. 10,490 6,940 6,360 5,860 4,790 4,700 4,1�0  
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   9  (mg/l)  9.30-11.3 . 

 10  

 

        

/  P F M W1 W� W3 S 

1 0.10 5.07 5.40 10.30 4.73 �.4� 4.50 

� 0.95 4.05 �.6� 3.33 1.95 1.83 �.58 

3 �.91 6.18 �.88 9.46 1.�4 �.78 �.46 

4 0.60 4.50 �.56 1.50 1.58 0.95 �.59 

5 0.97 5.95 4.88 5.�8 1.61 �.37 �.11 

6 0.55 8.63 3.45 1.74 1.19 1.45 �.49 

7 �.38 3.35 3.10 1.98 0.94 0.91 �.50 

8 4.30 1.30 1.53 1.13 0.75 1.09 1.08 

9 1.8� �.�6 3.13 1.�� 1.06 1.60 1.50 

10 6.70 1.7� 1.�7 0.59 0.50 0.51 0.65 

Average �.13 4.13 3.08 3.65 1.56 1.59 �.�5 

SD. 1.95 �.16 1.�� 3.37 1.13 0.71 1.00 

Min. 0.10 1.30 1.�7 0.59 0.50 0.51 0.65 

Max. 6.70 8.63 5.40 10.30 4.73 �.78 4.50 
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   10  (mg/l)  1�.00-

13.55 .  10  

        

/  P F M W1 W� W3 S 

1 0.50 7.�1 5.40 11.55 6.47 0.67 7.80 

� 0.98 11.63 �.6� 3.95 1.3� 1.63 3.39 

3 0.50 11.38 �.88 9.00 �.95 �.�0 �.13 

4 0.88 7.65 �.56 1.6� 0.53 1.14 3.78 

5 �.�1 11.19 4.88 7.90 1.30 �.6� 3.38 

6 0.41 4.95 3.45 �.95 1.53 1.06 �.97 

7 �.05 3.40 3.10 �.5� 1.13 0.77 �.49 

8 8.40 1.�1 1.53 0.58 0.58 0.6� 0.63 

9 �.16 �.19 3.13 1.36 1.�� 1.1� 1.57 

10 0.9� 1.04 1.�7 1.09 0.50 0.53 0.63 

Average 1.90 6.19 3.08 4.�5 1.75 1.�4 �.88 

SD. �.39 4.�3 1.�9 3.84 1.80 0.70 �.06 

Min. 0.41 1.04 1.�7 0.58 0.50 0.53 0.63 

Max. 8.40 11.63 5.40 11.55 6.47 �.6� 7.80 
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   11  (mg/l)  14.00-

15.55 .  10  

 

        

/  P F M W1 W� W3 S 

1 1.05 7.17 8.40 9.75 4.60 �.63 6.60 

� 1.14 10.39 �.6� 7.84 �.�7 �.10 4.30 

3 0.49 6.37 �.70 7.00 �.34 1.07 5.75 

4 1.89 9.91 8.51 1.53 3.56 1.67 4.4� 

5 3.58 10.57 1.87 7.10 3.37 �.45 3.95 

6 1.41 �.7� 3.34 4.84 1.94 1.08 3.77 

7 4.16 4.�0 4.�9 1.90 1.8� 1.06 �.04 

8 0.34 0.86 0.64 0.5� 0.5� 0.54 0.64 

9 0.87 0.83 0.85 0.79 0.74 0.67 0.8� 

10 0.66 0.71 0.8� 0.5� 0.44 0.47 0.58 

Average 1.56 5.37 3.40 4.18 �.16 1.37 3.�9 

SD. 1.31 4.06 �.91 3.53 1.38 0.79 �.16 

Min. 0.34 0.71 0.64 0.5� 0.44 0.47 0.58 

Max. 4.16 10.57 8.51 9.75 4.60 �.63 6.60 

 

 

 

 

 

 

 

 

 

 



11�

   1�  (mg/l) 

 16.00-17.55 .  10  

 

        

/  P F M W1 W� W3 S 

1 3.80 7.38 8.64 9.49 5.�4 �.7� 5.47 

� 0.38 10.44 �.41 9.�5 �.04 1.73 4.1� 

3 �.5� 5.64 8.61 7.11 1.66 1.�0 5.47 

4 5.58 6.55 7.05 1.85 �.64 1.13 4.1� 

5 5.05 4.53 4.83 4.37 �.54 �.00 3.35 

6 �.37 3.48 3.98 3.43 �.97 1.08 �.8� 

7 1.53 1.6� 1.91 0.67 1.�8 0.78 1.68 

8 0.18 0.95 0.71 0.49 0.50 0.5� 0.64 

9 1.�3 0.54 0.63 0.53 0.5� 0.53 0.6� 

10 1.05 1.06 1.13 1.36 1.73 �.50 1.51 

Average �.37 4.�� 3.99 3.86 �.11 1.4� �.98 

SD. 1.89 3.30 3.16 3.57 1.38 0.79 1.83 

Min. 0.18 0.54 0.63 0.49 0.50 0.5� 0.6� 

Max. 5.58 10.44 8.64 9.49 5.�4 �.7� 5.47 
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   13 -   9.30 -11.30 .

 10  

 

        

/  P F M W1 W� W3 S 

1 6.97 7.36 7.4� 9.�5 6.90 6.75 6.76 

� 8.�1 8.36 8.�0 8.06 7.91 7.8� 7.83 

3 7.�6 7.36 7.16 9.1� 6.75 6.77 6.78 

4 7.01 7.45 7.30 6.85 6.76 6.7� 6.83 

5 7.16 7.81 7.53 7.55 6.87 6.8� 6.84 

6 7.16 8.79 7.64 6.95 6.90 6.86 6.94 

7 7.16 7.73 8.33 6.77 6.8� 6.79 7.00 

8 7.�0 7.30 7.40 6.86 6.78 6.77 6.78 

9 7.�1 7.56 8.74 6.8� 6.76 6.80 6.85 

10 7.31 7.9� 8.�3 6.86 6.8� 6.79 6.84 

Average 7.�7 7.76 7.80 7.51 6.93 6.89 6.95 

SD. 0.35 0.49 0.53 0.97 0.35 0.33 0.3� 

Min. 6.97 7.30 7.16 6.77 6.75 6.7� 6.76 

Max. 8.�1 8.79 8.74 9.�5 7.91 7.8� 7.83 
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   14 -   1�.00-13.55 .  

 10  

 

        

/  P F M W1 W� W3 S 

1 7.07 7.48 7.31 9.�3 6.80 6.73 6.79 

� 8.16 9.18 8.�7 8.18 7.86 7.84 7.90 

3 7.07 8.49 7.07 8.96 7.03 6.71 6.76 

4 7.15 7.65 7.57 6.83 7.09 6.7� 6.85 

5 7.�5 9.1� 7.�8 9.58 7.30 6.81 6.9� 

6 7.19 8.�7 7.71 7.04 7.40 6.77 6.95 

7 7.84 9.85 9.10 6.99 6.86 6.67 7.10 

8 7.93 7.48 7.5� 6.86 6.78 6.70 6.74 

9 7.�6 8.41 9.11 6.79 6.75 6.75 6.95 

10 8.�0 8.43 9.30 8.30 6.9� 6.94 7.0� 

Average 7.51 8.44 8.0� 7.88 7.08 6.86 7.00 

SD. 0.46 0.78 0.85 1.10 0.35 0.35 0.34 

Min. 7.07 7.48 7.07 6.79 6.75 6.67 6.74 

Max. 8.�0 9.85 9.30 9.58 7.86 7.84 7.90 
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   15 -   14.00-15.55 .

 10  

 

        

/  P F M W1 W� W3 S 

1 7.06 7.43 7.93 9.�7 6.83 6.73 6.86 

� 8.�� 9.�8 8.�1 10.�8 7.93 7.85 8.0� 

3 7.�0 7.53 7.03 9.68 6.71 6.66 7.38 

4 7.�0 7.94 8.15 6.84 6.90 6.75 6.9� 

5 7.37 8.90 7.�9 8.97 6.88 6.81 6.94 

6 7.�� 7.5� 8.75 8.81 6.89 6.81 6.98 

7 8.61 8.76 9.35 6.97 6.8� 7.49 6.84 

8 7.00 8.�7 7.38 6.81 6.78 6.73 6.78 

9 7.33 8.3� 8.67 6.78 6.73 6.79 6.87 

10 9.09 8.07 9.59 7.35 6.89 6.95 7.06 

Average 7.63 8.�0 8.�4 8.18 6.94 6.96 7.07 

SD. 0.73 0.63 0.86 1.36 0.36 0.39 0.38 

Min. 7.00 7.43 7.03 6.78 6.71 6.66 6.78 

Max. 9.09 9.�8 9.59 10.�8 7.93 7.85 8.0� 
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   16 -   16.00-17.55 .

 10  

 

        

/  P F M W1 W� W3 S 

1 7.10 7.59 8.01 9.17 6.87 6.71 6.79 

� 8.1� 9.83 8.30 10.53 7.89 7.84 7.94 

3 7.64 7.84 9.11 9.06 7.�4 7.18 6.79 

4 7.4� 7.75 8.10 6.81 6.90 6.70 7.94 

5 7.56 7.57 7.56 7.69 7.86 6.7� 6.84 

6 7.43 8.�3 9.1� 8.8� 6.97 6.76 6.95 

7 3.83 5.7� 3.43 7.�7 7.43 7.64 6.73 

8 7.01 8.58 7.47 6.78 6.74 6.67 6.67 

9 7.38 8.35 8.75 6.56 6.66 6.65 6.80 

10 7.38 7.7� 8.01 9.88 7.08 6.90 7.11 

Average 7.09 7.9� 7.79 8.�6 7.16 6.98 7.06 

SD. 1.18 1.03 1.63 1.4� 0.44 0.43 0.48 

Min. 3.83 5.7� 3.43 6.56 6.66 6.65 6.67 

Max. 8.1� 9.83 9.1� 10.53 7.89 7.84 7.94 
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   17    (ug/l)  10 

 

 

/  P F M W1 W� W3 S 

1 158 �46 19� 364 70 43 38 

� 10� 5�7 140 1�3 7� 37 43 

3 317 601 464 �39 �� 17 6� 

4 �55 338 3�5 114 81 59 64 

5 83 374 439 164 74 70 81 

6 170 �48 168 103 43 �9 40 

7 159 308 �80 108 63 53 31 

8 136 �95 309 188 79 81 74 

9 130 93 146 �66 1�5 7� 60 

10 139 175 �83 �89 181 179 154 

Average 165 3�1 �75 196 81 64 65 

SD. 71 15� 115 90 44 45 35 

Min. 83 93 140 103 �� 17 31 

Max. 317 601 464 364 181 179 154 
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   18  (MPN/100 ml)  

 

 

/  P1A P1B F M W1 W� W3 S 

1 330,000 �3,000 1,600 500 �80 350 540 430 

� 330,000 �3,000 1,600 1,600 540 1,600 9�0 540 

3 330,000 �3,000 1,600 350 1,600 1,600 �80 350 

4 330,000 �3,000 1,600 1,600 1,600 1,600 9�0 9�0 

5 �30,000 13,000 �80 1,600 1,600 1,600 1,600 1,600 

6 330,000 ��,000 540 9�0 1,600 1,600 350 540 

7 170,000 11,000 140 �7 9�0 350 ��0 �40 

8 330,000 �3,000 1,600 540 1,600 1,600 9�0 1,600 

9 330,000 �3,000 1,600 46 1�0 9�0 170 540 

10 �30,000 13,000 350 ��0 1,600 1,600 1,600 �80 

Average �94,000 19,700 1,091 740 1,146 1,�8� 75� 704 

SD. 60,��� 5,1�� 664 646 6�0 535 535 509 

Min. 170,000 11,000 140 �7 1�0 350 170 �40 

Max. 330,000 �3,000 1,600 1,600 1,600 1,600 1,600 1,600 
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   19  (MPN/100 ml)  

 

 

/  P1A P1B F M W1 W� W3 S 

1 68,000 4,000 9�0 130 79 130 540 350 

� 40,000 �,000 70 �� �3 �40 49 �� 

3 40,000 �,000 70 11 �� �3 � 8 

4 40,000 �,000 8 4 �3 6 49 79 

5 68,000 4,000 33 17 8 �6 46 110 

6 40,000 �,000 17 7 �80 140 79 79 

7 40,000 �,000 �� 9 130 130 47 33 

8 68,000 4,000 140 17 38 �4 30 �7 

9 68,000 4,000 350 33 46 110 140 170 

10 40,000 �,000 33 49 9�0 9�0 350 �80 

Average 51,�00 �,800 166 30 157 175 133 116

SD. 14,459 1,033 �84 38 �80 �7� 174 117

Min. 40,000 �,000 8 4 8 6 � 8

Max. 68,000 4,000 9�0 130 9�0 9�0 540 350

 

 

 

 

 

 

 

 

 

 

 

 



1�0

   �0   (MPN/100 ml)  

 

 

/  P1A P1B F M W1 W� W3 S 

1 68,000 1,600 47 34 79 130 540 350 

� 34 48 11 11 8 34 33 �� 

3 48 59 17 4 9 13 � 8 

4 � �1 8 4 13 4 49 �7 

5 4 �6 9 6 5 4 11 11 

6 350 1,600 13 4 70 8 �7 79 

7 7 5 � � 15 10 14 4 

8 14 8 6 � 4 � 4 � 

9 9�0 3� 33 17 46 70 140 70 

10 1,600 350 30 50 38 140 170 170 

Average 7,098 375 18 13 �9 41 99 74 

SD. �1,405 654 14 16 �8 54 166 110 

Min. � 5 � � 4 � � � 

Max. 68,000 1,600 47 50 79 140 540 350 

 

 

 

 

 

 

 

 

 

 

 

 



1�1

   �1  (MPN/100ml)  

 

 

/  P1A P1B F M W1 W� W3 S 

1 �0,000 4,000 110 110 350 79 540 170 

� �0,000 4,000 170 110 540 1,600 1,600 540 

3 �0,000 4,000 �40 350 9�0 130 350 350 

4 18,000 3,600 11 1,600 130 9�0 540 �40 

5 �0,000 4,000 79 540 170 49 170 1�0 

6 �0,000 4,000 79 130 540 350 540 79 

7 �0,000 4,000 �6 130 540 140 350 130 

8 �0,000 4,000 170 1,600 350 350 130 170 

9 18,000 3,600 �1 13 170 70 �7 170 

10 �0,000 4,000 170 9�0 1,600 9�0 70 350 

Average 19,600 3,9�0 108 550 531 461 43� �3� 

SD. 843 169 78 616 445 519 456 14� 

Min. 18,000 3,600 11 13 130 49 �7 79 

Max. �0,000 4,000 �40 1,600 1,600 1,600 1,600 540 
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1�7

   �7  (%)   

 

 

        

P 93.37 ± 0.54 94.65 ± 0.46 69.37 ± 30.41 80 ± 0 

F 94.97 ± �.51 95.�9 ± 6.88 7�.84 ± �1.�1 97.3 ± 1.93 

M 71.35 ± �0.00 70.�3 ± 6.�1 53.�6 ± 18.53 36.69 ± 1.98 

W1 74.38 ± 11.49 46.67 ± 10.53 �6.44 ± �.55 79.51 ± 11.74 

W� 61.96 ± 0 53.44 ± 18.55 5�.�8 ± �7.53 60.15 ± �1.66 

W3 58.11 ± �1.�7 68.05 ± 18.�� 43.78 ± 57.75 64.49 ± �1.04 

S 48.06 ± 31.61 30.01 ± 17.01 47.7 ± 13.8 61.33 ± 18.48 

 

    �8  Total Coliforms   P  S 

 

/  P S %  

1 330,000 430 99.87 

� 330,000 540 99.84 

3 330,000 350 99.89 

4 330,000 9�0 99.7� 

5 �30,000 1,600 99.30 

6 330,000 540 99.84 

7 170,000 �40 99.86 

8 330,000 1,600 99.5� 

9 330,000 540 99.84 

10 �30,000 �80 99.88 

     99.76 

    SD. 0.19 

 

 

 



1�8

   �9  Fecal Coliforms   P  S 

/  P S %  

1 68,000 350 99.49 

� 40,000 �� 99.95 

3 40,000 8 99.98 

4 40,000 79 99.80 

5 68,000 110 99.84 

6 40,000 79 99.80 

7 40,000 33 99.9� 

8 68,000 �7 99.96 

9 68,000 170 99.75 

10 40,000 �80 99.30 

     99.78 

    SD. 0.�� 

 

   30  E.coli   P  S 

/  P S %  

1 68,000 350 99.49 

� 34 �� 35.�9 

3 48 8 83.75 

4 � �7 -  

5 4 11 -  

6 350 79 77.43 

7 7 4 41.18 

8 14 � 87.14 

9 9�0 70 9�.39 

10 1,600 170 89.38 

     75.76 

    SD. �4.07 



1�9

   31  Fecal streptococi   P  S 

 

/  P S %  

1 �0,000 170 99.15 

� �0,000 540 97.30 

3 �0,000 350 98.�5 

4 18,000 �40 -  

5 �0,000 1�0 -  

6 �0,000 79 99.61 

7 �0,000 130 99.35 

8 �0,000 170 99.15 

9 18,000 170 99.06 

10 �0,000 350 98.�5 

     98.76 

    SD. 0.77 

 

   3�  . .- . .  . .�550 

 

. .  BOD mg/l SS mg/l Nitrite mg/l 

*  4   

7 .  50 19.8 18 0.37 

16 .  50 18.3 49 0.35 

�1 . .50 15.9 �� 1.01 

18 .  50 8 43 0.35 

BOD = Biochemical Oxegen Demand 

SS = Suspended Solids 

 . . �550 

*  8 ( . .�537) 

 . .�535 

 4  
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 �0   10   . . �539-�548  69,000 m3/d 

 10   . . �549-�558  138,000 m3/d 

  (

, ) 

 16 . -15 .  . . �549   40,000 

m3/d 

 

 Hydraulic retention time (HRT)  

                                                               HRT =   V/ Q    (V = Pond Volume)(Q = Water Volume) 

 

 (P)  45                HRT = (45 rai) (1,600 m�/rai) (3.4 m) 

                        40,000 m3/d 

             = 6.1� d 

 (F)  138                    HRT = (138 rai) (1,600 m�/rai) (1.7 m) 

                         40,000 m3/d 

              = 9.38 d 

 (M)  78                       HRT  = (78 rai) (1,600 m�/rai) (1.3 m) 

                         40,000 m3/d 

             = 4.06 d 

 (W1)  �13                  HRT  = (�13 rai) (1,600 m�/rai) (0.7 m) 

                          40,000 m3/d 

             = 5.96 d 

 (W�)  74                   HRT = (74 rai) (1,600 m�/rai) (1.4 m) 

                         40,000 m3/d 

             = 4.14 d 

 (W3)  43                  HRT  = (43 rai) (1,600 m�/rai) (1.4 m)    

                          40,000 m3/d                

                                                                            = �.4 d 
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   1 -  

Tests of Between-Subjects Effects 

Source 

Dependent 

Variable 

Type III Sum of 

Squares df 

Mean 

Square F Sig.

 154.903a �7 5.737 3.559 .000

 1.671E9b �7 6.187E7 5.470 .000

 445.865c �7 16.514 �.818 .000

Corrected 

Model 

 7�.�43d �7 �.676 4.470 .000

 �61758.690 1 �61758.690 16�376.1�5 .000

 1.071E10 1 1.071E10 947.180 .000

 �408.580 1 �408.580 411.050 .000

Intercept 

 15649.511 1 15649.511 �6144.5�3 .000

 10�.750 6 17.1�5 10.6�3 .000

 6.630E7 6 1.105E7 .977 .441

 399.130 6 66.5�� 11.353 .000

Fact1 

 6�.375 6 10.396 17.368 .000

 ��.6�7 3 7.54� 4.679 .003

 1.489E9 3 4.965E8 43.893 .000

 7.556 3 �.519 .430 .73�

Time 

 3.577 3 1.19� 1.99� .116

 �9.5�6 18 1.640 1.018 .440

 1.149E8 18 638�803.690 .564 .9�3

Fact1 * Time 

 39.179 18 �.177 .371 .99�



13�

 

 

 

6.�90 18 .349 .584 .910

 406.�37 �5�1.61�   

  �.850E9 �5�1.131E7   

 1476.61� �5�5.860   

Error 

 150.841 �5�.599   

 �6�319.830 �80    

 1.5�3E10 �80    

 4331.057 �80    

Total 

 1587�.596 �80    

 561.140 �79    

 4.5�1E9 �79    

 19��.477 �79    

Corrected Total

 ��3.085 �79    

a. R Squared = .�76 (Adjusted R Squared = .198)    

b. R Squared = .370 (Adjusted R Suared = .30�)    

c. R Squared = .�3� (Adjusted R Squared = .150)    

d. R Squared = .3�4 (Adjusted R Squared = .�51)    
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   �  

 

Duncan     

Subset 

 N 1 � 3 4 

W3 40 �9.76�5    

W� 40 �9.7975    

S 40 30.�875 30.�875   

W1 40  30.7350 30.7350  

F 40  30.86�5 30.86�5  

M 40   31.08�5 31.08�5

P 40    31.5000

Sig.  .081 .056 .�5� .143

 p < 0.05   

 p > 0.05   

 

   3  

 

Duncan      

Subset 

 N 1 � 3 4 5 

W3 40 1.4050     

W� 40 1.8950 1.8950    

P 40 1.9893 1.9893    

S 40  �.8475 �.8475   

M 40   3.3895 3.3895  
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W1 40    3.9847 3.9847

F 40     5.0195

Sig.  .313 .097 .318 .�73 .057

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 5.860. 

 

 p < 0.05   

 p > 0.05   

 

   4  

 

Duncan    

Subset 

 N 1 � 3 

W3 40 6.9�18   

S 40 7.0160 7.0160  

W� 40 7.0�65 7.0�65  

P 40  7.3735  

W1 40   7.9545

M 40   7.9600

F 40   8.0800

Sig.  .573 .051 .499

Means for groups in homogeneous subsets are displayed. 

 Based on observed means.The error term is Mean Square 

(Error) = .599. 

  p < 0.05   

     p > 0.05   
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   5  

 

 

Duncan    

Subset 

 N 1 � 

9.3-11.3 70 30.15�9  

16-17 70 30.4971 30.4971

1�-13 70  30.7443

14-15 70  30.9071

Sig.  .110 .071

Means for groups in homogeneous subsets 

are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 

1.61�. 

 

  p < 0.05   

     p > 0.05   
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   6  

 

 

Duncan     

Subset 

 N 1 � 3 

16-17 70 �8�9.0000   

14-15 70  5346.4�86  

9.3-11.3 70   778�.0000

1�-13 70   8785.14�9

Sig.  1.000 1.000 .079

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 11310851.905. 

 p < 0.05   

  p > 0.05   
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   7  

Tests of Between-Subjects Effects 

Dependent Variable:    

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 7635.�53a 9 848.361 5.663 .001

Intercept 119591.807 1 119591.807 798.36� .000

well 5986.401 6 997.734 6.661 .001

bacteria 1648.85� 3 549.617 3.669 .03�

Error �696.338 18 149.797   

Total 1�99�3.398 �8    

Corrected Total 10331.590 �7    

a. R Squared = .739 (Adjusted R Squared = .609)   
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   8  

 

 

Duncan   

Subset 

 N 1 � 

S 4 46.7750  

W� 4 56.9575  

M 4 57.88�5  

W3 4 58.6100  

W1 4 6�.8050  

P 4  84.3475

F 4  90.1000

Sig.  .111 .515

Means for groups in homogeneous subsets 

are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 

149.797. 

 p < 0.05   

 p > 0.05   
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   9  

 

 

Duncan   

Subset 

N 1 � 

EC 7 5�.�386  

FE 7  68.4971

FC 7  68.9371

TC 7  71.74�9

Sig.  1.000 .645

 

Means for groups in homogeneous subsets 

are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 

149.797. 

 p < 0.05   

  p > 0.05   

 

 




