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T���	A� 
��  --�$1 ! �.�--5d �� !. �--I� .1�"��--�9 :--Q7 ] --2" *�G--&� !��--�

�34 " �(2�� 	 !��A ! �)*�E�71 �9�. -/ !a -� ��.1
B-+ 
1��� )�7� ��	�(�$ 	)�GI" �*.�P >1�(I@ >1 G(�� ��1�-A]�	�[.
�z9 ��?3z5� :Q7 ] 2" 
. 2(� ��7�� 6�� ��>���$� :Q7 ��� .
.1 ] � ! � ��R� ��,�� �-�7�� :-Q7 .1� -�0 69�,-"� !��W<-58 

*(A�1 	. C($� ��1	. */.1,�$ >��9� :9� �$	. *��1� *(A�1 �-A � ]�
	�[.

:Q7 1�� � �" .1 !��7����-�9 :-Q7 ] -2" 
. -2(�):�-� �� -�
��� �(�7 *�!��� ��S�@�-
�/ BOD5�-����N(�):-Q7 :-9� .1  -�

6�� 1.��� �(5�� ������.1 ���$.�1]�	�[.
 D	.� *��9 ���  -� 6�-� ��.�,-� E-�8 *�G-&� *-$ R �K9��-7��� 

*$a � )�34 " .11	�+ �G� ���
�� :�?��-� 0 L-5R �-�7�� 
�� �-�/ 	. -C($� �-� 1	. *-/ :-9� �-�7�� *$a -� .1 -D	.� 	� -�0 

69�,"� �� 9 ]�[.
:Q7 .1 �34 " ! �*XHP _ $�jR �x�� 1��� . <A >�-A !�-��

 )�-$.�1 �I9� V�U� 	 � I$� !��� */ ����jR gH� *� 	-9 ��E-HF
 ��Hl� )V�U� .1 ^"1 ���$�A S�a �j�U� �I9� ! �. �2� ,�$ 	

� �.*�$.	� ��1 ]�)�	��[.
���---X" >�	�--�� �9�9�---� �7�---�� �--� :---Q7 ! ---� �---2"1 ��

*�G&� *$ R ! � )�3-4 " !�-9��� !�-0 !��-� �(�3-� � -I$� 	
^� --�� V�--U� �--I9� �--�$ � )�� _ --R 	?a�--&U� !�.	 --5/ 

�*�� . <A 1	.]��	��[.���	. ! � ^"1 w9�. :-Q7 )��$���-� 
	*�
'� .1p�$ -�F�  -9.1 	�-�� *-/ .1] -� ! -� �-�R� *-� E-�71 

�91	�U� ! � V�U� (-I9��>�-A £�-I�� .�-�� 1��. -/ .1 :-Q7 
:�--�� 	�--��`</ *--� ,--�$ !� --�  --� !1 --&(F� 	 �--�" ^--$��� E--�71 

�91	�U� ��� *0��� �9��0� ! � ]��[.
��Hl� 	^"1 �(A���� :Q7 E� + ��*�G-&� �3-4 " �-z9 ��

*�9,��D �&&'� 	 :9�� :9�� Ex I� *(A. �-����� V�-U� �-I9� 
��� .� � �A. d ��:9� >��X\ �$� *d? I��b� *�G-&� :-Q7 �� -� 
�� ��.1 ��*�9,� ! � *9 ��� !.�B-@ *-�7	� 	1	�-+ ���-�.1 ��

*�9,� ! � !�H��. *�G&� *$ R ! -� �3-4 " �.*-� 1�-R [ -&(R� 
�� ���1 ]��[.

>�9� >�. L9 *�G&� EK5� E+ !��� ]� :Q7 ��7�� 6� -/ )>�-A
 ��� *�G&� :�+ .1 �� ��7��]��[.
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>�	��� ! �. K��. *��</ !� � ��7�� :Q7 1�� � .1�"��-�9 :-Q7 
*0�� 1.�� )] 2" !1 9�*("�@ .��F ��� ]��[.

�� �HP 6�	uD ! -� ):�-5�D ! -�1�K9	. 6� -/ :-Q7 1�� -� 
E� A *(�1. �8 ���:

��g9�'�  9�-A. .1 ]3(R�|��� )�-�.��+ g-9�'� E� -A )�-$�
 V-��� �9 �<�-A g-9�'� )L�$�-���(7	� v��-�� �� >1 G(�� )�$��
/

 	  �� � 	  �����>��Z ]��)��	��[M
���--��N� .1J--I�7�� (�~�� >1 G(--�� 	 �--$ � � --�� ]�--(�/ :E� --A

%7 R �u�I/� ]��	��[M
��n$ Q(� $ JI�7�� (���" .�K� ] &�� :E� A )�	 !���-� ! ���9

�� �" )!�����*�  � !���� ��9 �� ���5$ !���� �E-&G�� �� >1 G(�� 	
>���/ �9 �<�A ! ��]��)��	��[M

��!�@. KA !�(/ �  ���9 � 	!��7��K� ! � �9�0 ]��	��[.
��  I� *
<0x�	. :9� ?3K5� 	 E.1 �.  -�$� 1��. -/ *-/  -�

��� >1�<$ *0��� 67 8  � �9��0� p �X�)���-9� 1.��-� *-� ���-�
:1�/ >. A� 

!�1��-�@ 1�-0	 )*-���� ���-����I/� V9��-A *-� �� �(-�1 S�\
 �(5@�� :Q7 .1 >�$ <�F �J(I�� g9�'� 	! � *�G-&� )�K9��-7���

E�K5� ? H�/�� *(���R $ ��$ � !�� � (��7 �  �.1�"�! ���9 :Q7 
] 2"��$��
/ 	*�9,� *9 ��� 	 !.�B@ >��� 1 -9� !.�1�� ! ��-+�	 

y�$����(7	�]�� 	��[.
*� p �� :9� �� E�71 *�9,� !a � 1��. / 1��� �9 �<�A 	!��-$� 

�	. :9� .1 ) � *���� !� � ��" 	�� E-HF  -�1�K9	. :-9� !1 -&(F�
9 � 1��. /�1.�� *-0�� .��-F 1�-�@ ]��[.�-��/ !�@. K-A �	.�

�K9��--7�/� �	. L--9 �--�� �	. :--9�  --� *--I9 X� .1 	�� ) --�
�@u9	 ��C$ �H� �� ! � *�9,� ! -� *9 ��-� !.�B-@ 	>�-�� !.�1�-�
:�9 D ��� .�1.�R�� ��]��	��[.

.1 J(I�� ! � *�G&� �K9��7��� �34 " 1��� 	!��$� ��>1 � 
*� !�(/ � 	n`�  ��x	���	�D *�� 9  � x	� (��] X($� ���� 9 ]��
	��[.���HP !.�e� >��Q$� )�9�BZ 6� -/ :-Q7 V-��� S�-/  -� 
*� E�71 ? 0 �(+� �K�7�� -(�|� 	E�K-5� J-I�$ @.� ! -� ,-�r.�-� 

�--�� .*--/ �� --W��  --� $�x "	�K�� )J--I�$ @.�	�K��  --� �.. K--A 

1 Lysis- Cryptic Growth 
2 Maintenance Metabolism 
3 Uncoupling Metabolism 
4 OSA (Oxic- Settling – Anaerobic) 
5 Chemical Uncoupler 
6 Predation on Bacteria 
7 Worms' Predation 
8 Protozoa (Ciliates, Flagellates, Amoeba, Heliozoan) 
9 Metazoa (Rotifera, Nematode) 
10 Metabolic Maintained Needs 

�� )���/  ��� �/�!��$� *�ER�1 ij-� �9�B-Z !�-2� ] -X($� ��-�D 
�--� �--�/ .�@. K--A .1�--P �"��--�9 )] --X($� �/�!��--$� �.
�--&� 
�� ��/ .*�:�<� E�71 *-/ �� W�� !��-$� ��ij-� !��-$� :�9 -D  -9

!�(/ � *�ij� !��$� ��a �  -9  -$�x "	�K�� ] -X($� ��-�D �-� )�-�/ 
6� / ��7�� �� gF 2(� 	 *(" 9 �� 6� / ,�$ :Q7 �� 9]��[.
.1 J(I�� :Q7 ] 2" *8�@� *(�I$�1  -��x	���	�D )�-�a �  -�� 
. �I� ,9.�$� 	!. �I� �� �$� !�(/ -� ! -� >�-�/��D �.�-� )�-$.�R 

:9��� �� !�@. KA V���  ��x	���	�D �	. ���-�8 g-7 0 	E-� F 
��0�� �I�$ ]��[.�P��.�� ! � �D�K-�	�K�� S -Q$� >�-A �-� 

!	. :Q7 )] 2" S�/  �r.,� :9�� ?�1�0�� >�� 5� >�A ��(-I� 	
*� E�71 >���$� r.,� � A�� E�I$ (D !�(5�� �HI$ *� -��x	���	�D)
.1 6� / JQ+ :Q7 �$.�1 ]��[.
�&� :Q7 V��� S�/  �*$ -��� 

�Q�� *�6� / .1.��X� ?��� 0 L5R 	JQ+ :Q7 ��1�A)*-K
� 
�(<IF ��:Q7 E9�H� *�S�/ ! � �9�0 ��1�A */E�-I$ (D !1 -9� 

!��� >1 G(�� 1�Q� �$.�1.

6� / :Q7 V��� S�/ ! � �/ R .1! �.�5/ .1] + *2-��� 
.1 ij� m H9�X� )L8�/ L9!.	 �" w9�. ��� .J�� :9�� ]�-&U� 

:9� !.	 �" ��.	 ���`</  9?a�c" S�/ ! -� �/ -R �-�� *-/ 
*� E�71 :(A�1 !��-(U� !a -� )��	�-(�$ �-�7 2" !a -� �-��K�� 	

!��(U� :�9 D ?�,-
" ):�W�-� *-� ���-�\ 1�-/ 1.�-� >1 G(-�� .��-F 
�� 1��@ .��7�� n���� ���/ ��Z >�A ��:�e�	�D  ���
� F >1 G(-�� 

1�Q� *�����\ ���`</ �	. :9� ! 9�,� �� ,�$ *-� � -I+ �-� �-9�
]��[.t--$�	 	��. --K<�|| .1] --� ����)1�--K
<\ ! --��(
�"��� 


. 2(�|~ ��.	 	�(
�"|�!	 + S�/ ! � �/ R ��-�(�x�"  -��9�,9�|� 
�. *�.�C�� *�G&� :Q7 �34 " �W$ R �-$1�/ *I9 X� .:-9� w9 -($

6�	uD */ 1�1 � 5$ ��.	 �(
�" !.	 �" �s!�q !��-� !� -�.��9 D 
:Q7 1�� � �34 " �W$ R ��� ..1�-�.	  -��(
�" ��,-�� 6� -/

.��" �
2� ?��� 0 (VSS) .11	�+ �� ��/���-�.1 -�*�-�1 
��� .�*.�P V��(� E� 2� JI�$ @.�	�K��  �	S�/  �m H9�X� ]�eI� 

6� / ��!��.1 .��" �
2� ?��� 0 ��� ]��[.
*(K$ E-� F .1 *-0�� S�-/ �� >1 G(-�� )�/ -R ! -� !��-(U� ��
1�0�� .1:Q7 ��� */9 ��.11	�+ ���-�.1 �-A � .S	1 *-�9,@
>1 G(�� ��S�/ ! � ��� .16� / JQ+ :Q7 �-�� .:-9� �� !. �-I� 

S�/  �*�.�P �2�HP .1*�G&� *$ R ! � �34 " 1�-0	 .1 	 �-$.�1
 
11 Wang et al. 
12 Conventional Biofilter (BF) 
13 Vermifilter (VF) 
14 Eisenia Foetida 
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�	. :9� !� �$ *�¨�
N� :Q7 �I�$ .:9� S�/  �*�	1*(�1 .	 �-A 
	>��HI8 J�IX� �� !��� �$�A]��[.

] � >1 �P *-� �-��/ k
('� ! �.�(/�. *(AB@ 6� -/ .�-C��
*(" 9 *2��� :Q7 �$� ]��[.>�<\ :9�� *$�@ ! � S�/ 1�0�� ��� ! � 

.1 *�G&� *$ R >�-A 1 ��-5�D :-Q7 6� / !��� */ �34 " ! � �-$� 
E� --A>��--I�G����|)>�--�7�K9�H�a~	>�--�� �	��7�x��	:9�(--5�� 

S�/ ! � 1�0�� >��� �	��7�x� 	>�9�9 $����]��	��[.
:��/ �7� >��o�D .1�2�HP V��� S�/ ! � !,�� ���N� *-(" 9 	

 � ^<0 !.	� :-9� S�-/ .1 :-Q7 ��,-�� ) -� J(-I�� :-9�  -� 6� -/
�� �� 9 .!��0� :��8 E�� �K9��7�/� !��� 69�,"� *-9,Q� :-Q7 .1

*�G&� *-$ R ! -� �3-4 " V-��� ���W-5�	uD �-G
('� .1ij-� 
�� W59 ��� ? Hq� >�A ���..1] -� ����)� -XXU� �� �-�	�@ 

�A. *$�@ ! � ���/>�9�9 $ .1*�G-&� *-$ R ! -� �3-4 " � -�� �.
�--$1�<$ ..1.1 �--5�	uD] --� ����)��,--�� 6� --/ :--Q7 V--��� 

S�/ ! � >��I�G���� .1�" � >��K8 m -H9�X� ]1 -2� ���-�.1 E-/
�
2� ?��� 0 )TSS(�.�,@ �A.] � .1���� .16�	u-D ! -�

k
('� J(-I�� �9 -� !��-� �-5/ *-$�@ ! -� >��-I�G���� 	�-�7�� 
S�/ ! �p�� W9.	 p�7�K9�H�a�	 �-A *("�@ . d *� ! -��(��. D 

�b��q  X�.� !	. �� .�B@ >��� !.�1�� J(I�� :9� *27 j�  �A�]��[.
�� >1 G(-�� ! -9�,� *-
<0 �� *-9�$ q �@1�-7� S�\ 	 :�9 D *�9,�

S�/ �  �*�� . <A �-W91 
�-P ��  �� )1	. 1��. -/ �-
<\ >1 G(-�� ��
S�/  �)*��
\ 1�H$ h H�.� 
 GA :�� V9��A >��� !.�1�� El� � �� 

)�$ � ) �1 ��,�� !.�B@. � �	. :-9� >�-��/ 1	�-U� ^-$��� �� :-Q7
�� ��IU� .�$�A �F � ��$ � *(�-I$�1 !a -� S�-/  -� !��-� ?�-� 

�W91 �K9 �$a�P ��67 8 ! � �	. :9� J�����]��	��[.
! --�.�(/�. >�	�-�� �--9�0 �--��/ !��-� 69�,--"� �--A. S�--/  --� 

��(I@ *(" 9 �$�. �.�(/�. :9� ���-�$��� !��-� *�G-&� :-Q7 1�� -� 
*�
'� >�A ��! ���9��" :Q7 ] 2" 1.�� >1 G(�� .��F �$��@ 	 -9 .1
ER�1 ! ���9��" :Q7 ] 2" *-�H2� �$�-A 	:-Q7 �(-5@�� �.*�G-&� 
���/ .

J(I�� !�@. KA 	1*
+�� !��9�W7� �9�0 �-��M*-
+�� ]	� 
*� *
+�� !�(/ �  � 9.�(/�. h3(R� E� / �	�� � �� �$ � n��-�� 
*� .�-C�� �-A. !�(/ -� ! -� >�-�/��D >�-A 	*-
+�� S	1 *-
+�� *-� 

!�@. K--A  --9J(--I�� :--Q7  --� ] --2" !��--� a --� �--$ � � --�� �--A. 
 ��x	���	�D 	w9 ($ .1.�1 [ &(R�  � x	� (� �*��1 >�-�� ��:-9� 

1 Tubificidae 
2 Lumbriculidae 
3 Aeolosomatidae 
4 Naididae 
5 Lumbriculus variegatus 

�W7� �� q *-/ 1�-/ >1� -� �-�7�� :-Q7 .1*-
+�� S	1 .1*-I9 X�  -� 
*
+�� ]	� )�� �����.1 ��� �(</ .6�	uD ! -� !�-2� � -5$ 

1�1 */J(I�� ! � 	1*
+�� !�g0�� !� �1��� E� F .��X� ��0�� 
?��(�$ 	? GI" .1� ID ���$�A ]��[.
 � *K�9� S�/  �:9� .1 *�  �.�(/�. ���R �A. >1�-/ �-$� 	��,-�� 
6� / :Q7 ���R .1p �X� �� W59 ��� �*��1  -�� )>��� 1��. -/

 S,
(I�  �.�(/�. :9� >1�(I@6�	uD ! -� .1 �(-5�� 1.�-� �-�G�/ 
� ID 	.���  �.�(/�. :9� �� �0	�R :Q7 .1 ?a��-� :9� �� D

6�	uD ! � %'5� �9 � !�2��A -9� .11��-� S	 -X�  -9 �-c�  -� 
� ID *�V�U� *�
'� �����R �A²	 -9� �-�9��" :-Q7 ] -2" !��-� 
?�� �$a�P �	�� :Q7 1�� � S�	1 �-���R ²�-" 9 >	3-\ �-� :-9� 
S Q$� �
<\ 6� / :Q7 V��� S�/  �)���� �$ 69 -��� ! -� �(-5�� 

.1 p �X� ?�
9 D ��� ]��[.
] � .1����)��. K<� 	 nK9.�����. !�9�0 ���/ .�(/�.

.1 .�$1�/ �+��P .�C�� :9� *� �. :9� 6�	uD S�/ ! � �-/�W�7	�)
p�� W9.	 p�7�K9�H�a .1>1 � E� + �� q > W$ *(A�1 .�$�A :9� 

69 ��� !��� 	1f�$ >1 � E� +  �>���$� *$�	. ! � ?	 -G(� S -Q$� 
�A . -� 69�,-"� >���-$� £�.�-�  -� ����� *-� ��� )�	�-K�� �-A. 

n���� ���/ .1.�-(/�. 	 �-" 9 69�,-"� 6� -/ �-
2� ?��-� 0
).��" �� -����-�.1 -�*�-�1 �-�� .©�-� �-A. �-��/ .1>���-$� 

£�.�� ! � �(</ ����� �	�K�� = G�� 1 -(G�$ .��,-�� 6� -/ E-/
�--
2� ?��--� 0 V--��� S�--/  --� �� --����--�.1 --�*�--�1 �--��.

)�� �����.1 ��gI+ VSS (]��[.
:9� ���W5�	uD>	3\ */ ��(" 9.1 ��6� / :-Q7 V-��� :-9� 

! --�.�(/�. )�--��/ !�--�W�� ?a�--c" �� S�--/  --� 	 *--(" 9 1�--H�� 
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10 Tubifex. tubifex (Annelida, Tubificidae) 
11 P.acuta (Mollusca, Physidae ) 



�� L��5 ����
,5�� L!���5... 

81 ��������	
��
����� � ��

*27 j� .��F �$1�1.�� p �� w9 ($ �*��1 )>��� .��X� 6� / :Q7  �
>1 G(--�� ��:--9�  --� $�x "	�K�� *--� g--���� �/�)��/�)��/�	

�/��
�� S�@ :Q7 *��
�� S�@  $�x "	�K�� .1�	. E� + �A*/ -� 
1�u$ 	*$�@ 	>���$� S�/  ����N� ���" 9 ]��[.

�5�	uD .1 ] � .1���� �A :A	. �-<$  � x	� (� *d �-�$���
 ] -� .1 .���1 6� d ��1��� y$ � .1 �. :Q7 ��7������ :-I�7�
 �-�  -� $�x "	�z�� *-d �-$1�� .	 � :9� �� ��. z<� 	�. :-Q7 �-�$���

*$�@ �� y9 S��d *d :9� 1.�� .1  �� ���1 6� d �� ! � :9�-(��  -�
 -9� .��(-A�1 �-C$ 
3(-R� )�$.�1 �. :Q7 6� d :9�(5�� 	�-9 X\ :

�	. 1�H<d *� ¦F �(� :-Q7 6� d ��,�� %�'5� !��� �qs� ! �
�� h����  � $�x "	�z�� V��� >�A 1 Q9� 1�A]��[.

*
+�� 	1 J(I�� :9� JI�$ z� p �� �� J(I�� )!� !�-9�0 ! �
  -� ���-����Id� ��+  � >��I�G���� ���d .�(d�. g�d�� E� A *d

 ) !1�--<\ 6R�--8IODVC S�--d) 1�--� ( ! --�  --9��o$�� g--7 Z
 ] � .1 )(�$1�� �9 �.	������ ��. -z<� 	 �-x�@ V���|*(R -�

J(I�� :9� .1 :Q7 6� d .��X� .�A  ��/��*� ��.1 .�-�� �-�1
 ] � .1���� ��. z<� 	 �x	~J(I��IODVC *-� 	. � 9�0  � �.

 >1� -� V��(� J(I�� :9� .1 .�$1�1 .��F J� . �d ���d .�(d�. :�9 D
 A 	 :Q7 .1 :Q7 �<Q+ %RIODVC g-���� *���/�S�@�-
�d

 S�@�
�d �� �
2� ?��� 0COD 	 >�A 
B+���
�� �-(�7 .1 S�-@
 S�-d .�-c+ )� -ID �-�G�d *� *0��  � ] + :9�  � .1�� g-0��  -�

 !��-� �2$ -� �-�� :-z<� 	 >�-A � -ID ER�1 *� �GI" !� �1���
 1�A E� d p �X� .1 1��. d]��[.

1 Guo et al. 
2 Wei et al. 

 G(-�� �--
d y�� <-AS�--d �� >1 .1 >�--A *(-A��� W$ �--� q ! -�
*�G&� EzA .1 �34 " *$ R�.1 >�-A S -Q$� ? -X�XU� *�3R 	

]	�0 .1 !�@. zA  � *j��.�.��� >�A >1.	� 

S�u�� 7 k� �' 
*� E�71 *2��� �	,"��	. �2�� 	)1 &(F� ��7�� �34 " �W$ -R 	

�(2�� ] � *�] � 69�,"� ���� 9 .��p �� �.�,@ ! -� )!. -�� 
.1 ?a 9� >�U(�  K9��� ��*7 � °7 � ���/����
�� :�	.1 -D	.� 

*$a � 6�� �������
�� :�:Q7 L5R �-�7�� �-� 1�-A ..1:�-8 
J� :�<'� >1� ��1�A */�/����
�� :�:-Q7 L-5R !�-�7�� .1

] � ���� *�����
�� :�.1] -� ���� �-���]��[.^-"1 :-Q7 
1�� � �K9 ��67 8 ! � r.,� *�G&� *$ R  ���-IU� �-� 1�-A .*-�

 gH-� :�<� �-P ] -� ! -� �-�R� )*-��</ !� -� �-�7�� :-Q7 *-0�� 
!�(5�� �.*�1�R g
0 >1�/ ���]��	��[.1 .] -� ! -� )�-�R� 

�	. ! � �G
('� *�:9� .�C�� 1.�� 69 ��� .��F *("�@ �$� */�-� 
L--9 �� --�$� g--9 2� 	! --9�,� 1�--R �.�--$.�1 .�	. �9 --� �--�$ � 
��� )�$� ?�� ��1 	?.��-+ �-�1 :-Q7 *-/ *-� ���-�\ �	. ! -� 

�--A. .1 ]3(--R�  --9 g--9�'� *(R �--A >�--A .1 �--��N� :�--�o<� )�--$�
 (1 -9� �u�-I/� �� >1 G(-�� 	 :Q7 !a � �$ � � �� ��$ �) JI�7�� (�

�9�. / 	��
� F � ��<P� *� �. 1�R ? Hq� >�$ �. �$� . -� :-9� 1�-0	 
:9� �	.  �*�E�71 � �$ *��u�I/� 	!��$� )!1	.	 ���-�8 J-� J-/ 

*�9,� ��(I�$ .
1�K9	. �W91 �-�29 n$ -Q(� $ J-I�7�� (� ,-�$  -9�,� 	. -/��9

a �9�.1.�1 J(I�� ! � OSA)] -&�� .�-K� �"�! ��-�9 !���-��
�� !���� 	>1 G(�� ��E&G�� >���/ ! � �9 �<�A �,0 :-9� 1�-K9	. 

��� */.1>1 G(�� � �� :9� ��E&G�� >���/ ! -� �9 �<�-A ] -<(+� 
g��� *�V�U� 	6� / *����5$ :Q7 �.*�>��<� 1.�1]��[.

WX:T�L�� <A �
/ >1 G(�� ��S�/ ! � �� q *(A��� W$ >�A .1*�G&� �34 " *$ R ]��[

�34 "

] 2" :Q7 J(I��

��1��� y$ ����.

:Q7 �$ <ID

y$ ��" �
� ID � ID

���

���d f�"��

�0	�R � 9�0 



����� � ����������	
��


�� L��5 ����
,5�� L!���5... 

82 

 :9� .1 	. :9� ��*7 X� �2� �A1�K9	. */ S. �8 �-�29 !�@. K-A 
S�/  �*�!.	�� ?.��*27 j� .1�A E� A �	. :9� ! 9�,� *�9,� 

:�9 D 	:(-A��$ �@1�-7� *-9�$ q �-� !	. V�-U� 	�(�3-� � -I$� 
��� . �� ��
�P �W91 ]�-(�/ �'-� 1��-2� 	*-$�@ ! -� S�-/ ) -� 

*(R �A $ �1�� h H�.� :�� V9��A >�-�� !.�1�-� ]�-(�/ >�-A 	�-A. 
S�/  �	!� �1��� ?��(�$ 	? G-I" *-� E-R�1 � -ID �.J-� -9 ��

�C$�� .��F 1�1 .EK5� ��Z E� F ]�(�/ �1�� �A. S�-/  -� ���-9�P 
�+��P ! �.�(/�. S�/ */ !�9�0 !	. �� �.  � *-W$ �-� q !�(-I�

�� 1.�1 .1 *d��. z<� 	 nz9.��� k
('� ? 27 j� >. -A� �� *-�
)��� >�A ���$��� E� F E+)�A � >�-�� V9��-A ] + :9�  � !.�1�-�

��$ � )��1��-� V9��-A ) �1 .��-X� 	 �u�-I/� �-C
ZpH �-C
Z )
MLSS �-�.�� ���R *� �9�0 ! �.�(/�. :9� .1  ��(��. D �9 � 	

��<\ ? 27 j� ���� �$ 	 ��� >�5$ >�-�9� .1 !�� .�-�� 
�-P ��
�--W91 69�,--"� )�G--I" ��	�--(�$ 	�--(+COD ]�--
U� .1 ]�--P 

!�@. KA *�ER�1 � ID ��Z E� F � �(0� .���1��. / � ID :9� 
 ��+�	 .1.��� !. -��� !�.	 -5/ ���-�7�HX� �-� R .�1.�-R�� 
�--��  --�� .1�9 --� 1.��--� �--� ���--� !��--� E--�
X� :--9� *--4. \ ��

! �.�(/�. [ R >��� / �GI" 	?�� gF 2(� :9�  ��-+�	 >1 G(-�� 
1�/]��[.

?.�-� �-2F�	 p �X� .1 *���� :9� .1 �d�$� ? 27 j� ���d �
 *("�@.��� .1] � ����)n�� � 	��. K<�|S�/ ! � �-/ W�7	� 

S �� p�� d.�" p	.�"�
x�~�. .1!�(I� �� q >�A .1L9.�(/�. 
.�(/�. ��� �-(� �-H2K� �-P . -�8 ] -� ��] -� ����  -� ] -� 
���� .1 �2F�	 p �X� .1 *�G&� *$ R �34 "  W9�7		�^-F�	 .1

��
� 1.�� ��.�� .��F �$1�1 �� .1 	�u�I/� ]�
U� .1! �.�(/�. 
���/ ��a � ����
�� S�-@ .1�-(�7 	.1L-$ � :-Q7 �-(</ ���/�
�
�� S�@ .1�(�7 > W$ *(-A�1 �-A .���-�.1 :-Q7 1�� -� E-� + ��
L$ � *����5$ *9�$ q *-� :-9� ! -�.�(/�. �-��/ >1 (-��" �-� �-A .
� ID :Q7 E� + ��! �.�(/�. ���/ .1L9L$ � ��!���-� *-/ 

! ���9��" � (� �9�� .1��= G�� ��)1 ("� >��R� ���-A .�-� p -�� 
w9 ($ �*��1 >��� .1. �/ 6� / ��!��.1 :Q7 ��p -�� TSS 

	69�,"� )*9,Q� E�K5� � (� ,-�$ 1�-H�� �-" 9 	� -K�� !.��-�W$ 
.��9 D ��2<0 ���/ � K�� �9BD �A.
 � :-9� 1�-0	 >1 G(-�� �� -��x	���	�D 	 -� x	� (� .1p -�X� 
�2F�	 *�.�C�� 6� / :Q7 ���� �$ ? -27 j� ^�-�	 !�-� .11.�-� 

�--I9� �--� �A :--9� ?�1�--0�� 	?��--q� � --�� )�--$ � ) --�1 ��,--�� 
!.�B--@. � ):--Q7 �--C
Z �u�--I/� ]�--
U� 	>�--�Z �--� �9�. --/ :--9� 
 �.�(/�. ���]��.[

1 Tamis et al. 
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