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:����� ����	 
��
�	���� ����� 
���� ��� �� ���� ������  � ) �"	��#Ethylene dichloride  �"EDC$�%� &����' $(��) *"�+ �	 
%,"� �"-.�  /� �� (  12"/  ���  

)Specific methanogenic activity  �"SMA
� 3�(�� ( �4 5�.
	  �	(�. 

��	 :
�  �	���40  $(��)SMA 
� 3�(�� 8�"/ �� / �%�(�9�
 :/� ��  �	(� �;�4  ��   	120 
���  .&'�� >�(?  �%��17  @3�(�� �� 8�"/ �� A.� �	 �?��66  �� �?��

 / 	�%,�(�17  �� >�� .&'�" C�D%E	 ���(�� FG.� �� �?��batch @10  8(�H� �� ��� 
I"-J"�K ����/ �� 1�4 ���(� $�%� .����.
	 8(+ �� �/�2 
8���  A���%9 ��,#/����

)KOH ( LM�K $	(IN ��2 CO 1�	�
	 ) 
"��G�4 ���
 ��(� $2�,#	 O"���) .�4  ���COD  �"Chemical oxygen demand�
(G
  /� �� &,� �� �	 ��� / PQR (  .�4 5�.
	 ��

 O"���)  ��� >	���S�C° 2 ± 35  /pH  1�/�H� ��7  .�4 UV�COD 
� 1��.I� �W%
	 / 	�%�	 �� 8�"/ ��  	�� -�
  �/�/  .�4����	  �  
'	��(���/�# 1�J%�� �	 1��V%�	 �� �"	��#

��X4) �� -W.�  ��� ) 
��K  �%�/�%XY�	 ���GC-MSO"���) 1/��  �W%
	 / 	�%�	 �� ( �"��� -���
)�. 

��

� :
� &Z�[ ��   ��500 @1000 @5000 /20000 
��� � �� 5������	 �%�  �  $	-�� �� \���� �� $�%� ���(� O��# @�"	��#6/12 @9/9 @98/2  /86/0 
���  5�� ��  	�	 �� $�%� �%��

VSS )Volatile suspended solids �`� $���
	� O��# .��) &�� �� �/� �� (COD &Z�[  	��  �`� $���
	� �#  �(+ �� a�4 1���;� -�
 b('  ��COD &Z�[ ��   ��

 b(' \���� ��9/68 @5/70 @4/54  /8/33 ����	 
��
�	���� >	��	 .��) &�� �� �?��  � $�%� $	-�� �� �"	��# 
� 3�(��  ��� &Z�[ �	  �	(�  �	 ��c��  ��750 
���  �%�� �� 5��

&Z�[ �� 
�G.� $�%� $	-�� .�"��� ��[)   ��750 @5000  /20000 
��� ����	 �%�� �� 5��  �  \���� �� �"	��#7/30 @86/9  /9/1 
���  �`� $���
	� -���
) d"�%
 .�(� �%��

����	  � "	��# 1�J%�� �	 1��V%�	 �� �GC &Z�[ �� 1�/� $�"�9 ��   ��500 @2000  /3000 
���  ��	�� \���� �� �%�� �� 5��2/95 @7/94  /8/93 ��) &�� �� �?��. 

����� :���� ����	 &Z�[ O"	-'	  �  �%#�� &����' �� 
��
�	���� / $�%� ���(� �?�� O��# eN�� c�� ��  �� �	 �"	��# 
� �� �(4&Z�[ �#  �(+ �� a  �	 ��c��  ��750 


��� $�%� &����' �� 
��
�	���� ��	 �%�� �� 5�� &4	�  ���.  

���� :����� �
� $�%� &����' ����	 @12"/  ���  � 
� 3�(�� @�"	��# 
G�4/�%9 F"�I? L�,9 @ �	(�  

  

:����� �/�EF/ G�&2 �
��*� H�*/ *? ���I�"/ 
&2��� )	�J	K8  G�/� !��/���/ )	��0	L ����/=�3 �&�	�� 
��*� �. �	
�� �
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	��1*&� !� )1�2 )1,2-DCA G&�T�� 	� �( !�   �T��*&�)Ethylene dichloride 

 	�EDC( )�1�*? �� 
��  
T/ �"�*&� U�	"8 �4�E�/ G�*�  �T�	�   VT��*� GT�� .

 �TTTT01*  �� 
TTTTWF� �� �G�TTTT"X��    $�"TTTT0 �TTTT"�	�� 
F�	"TTTT8 !	TTTT�  

 1 G�*�1��&?1�1�1-      
T/ ��	7�T0� �YT0�1 ZT� )��T"' �� )	��1*&� !*�   .��T�

[�?�"3 �� \�7� �
������ G?� ]�F> �	�&�' ��� 1 	�   T�"/ 
?�	TE� !	�  �T� *

<^ 
2��3^    �T�3=_ [T�3� �� �
?*` �� .�0� ��� ��"�4^ G�� �� 
"�/�*�� !	�

H�51 ��"�4^ G�� !�*� U>1 �G��	  <a# ��?*b 1 <^ �� 4	�  ) �T0� ��� *�1 .(

 ��3=_EDC  <^ ��g l-1 7/8 )^ <a# V�*> �28/1  =log Koc  ��	e 	� 1

Henry  G��	 atm m3 mol-13-10  ×1/1 
/  ��	�)2 N(    g=T8� �T� 
3	T_ ��

<^ 1 h	5 �� i�*j�0� [/	� 
��$�?  �T"�$� ��/��	�	� 
"�/�*�� !	�    1 �T"� �*T�

 
�:�� ��$�� ��&�	L ����� �:�� .��/ [j/EDC  ) !���T� .��*� ��4 �3 (


� 1 ) !����5 �2 ()	�� $�� .�0� ��� ������ �
 ����! EDC ���*&� -	0� *� 
T� 

_��	
� / ���8
 2��* � )^ �� ���G �*��V a  k
�����*  �	T� �� )1*��3�!  T/
  �T"� .

*��	�! 	�
� � ���G &�	L�� *��	� ������ ��!  	T�! �! l�����3	� T��   TWF� 1 $�m�T"��
  ��

)m��	�/ *��	���	�/ [n/ 	��%� ?1*�����/*��:��%�  T0�	0��	�/�	"  *��	T�! �/ 1� T0�&�-�" 
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*��*o:��%� / ��
 ����� EDC *&� �)	�� �� �� ���
� ) �"�6  .( 

Z�"��    ��T�/ p1*T� 1 �	� p1*� �� $�m��	�/ A	F? ��F�# k�	  !�*� �� 
�	�

  VT0	"/ qa_ �8�� �� )��0� !�*� ��������� Z� �	�     
�	���T� �	T�� ���T/ )I�T:��

)Chemical oxygen demand   	T�COD(   
T/ �	T� �TT�   r�	�TT� [/	T� ��1�

   [T���/ r�	�T� �
 ��T01*��/  ) G�*T�Most probable number   	T�MPN �(

 !*TTT� G���TT��^  ) �	7TT:?Adenosine triphosphate  	TTT�ATP �TTT�3	F? �(

  H�$�^�TTTTT� �Z��m1��TTTTT���F420  )	TTTTT�/ �TTTTT�3	F? 1    �ITTTTT�1 !�	TTTTT0  

)Specific methanogenic activity  	�SMA
/ ( ��	�Z�"�� G�� )	�/ �� .   �	T�

SMA Z��m��	�/ ��3	F? k�	  !�*� 
F�01 ��` �� )	/� ��#1 	� 	�   ��	7�T0� �)��� *�


/ ) ���2   *T� )	T/� �_�1 �� 
�1*��/ s/��� �_�1 *� �� )	�/ ��3�� )�$�/ r1� G�� .(

 V:_mLCH4gVS-1d-1       )	T�/ A�	TF/ 
�	���T� �	T�� ���T/ )I�:�� V:_ *� 	�

)mgCOD gVS-1d-1
/ )	�� ( ) ���9 �8Z��m��	�/ ��3	F? k�	  .(    *T� �1=T' �	�

     �T:� .T0�� )	T�/ �T� 
3̂  �*�:��0 [��K� !�*� G�3 ��&�	L )��� )	��SMA �� �

      )�$T�/ G�T�F� 1 
�T0 �	TK��*� 	T� 
2������	� [�:�	�  *�et� ��� G�3 �	�?� 
�	����

)^ ��	�0^ ) �0� H�/ 	�10*  *n�� �� G�� �� �#�� 	� .(�01  )m�3	T� !	�    
�	T�_� 
T����


/ u� Z��m��	�/ .��*� ���   ��7TE� H�/ !	�����	? Z:�� �� 
�� ����0 1 �"��


� <=>	?  G�*�1��T�� 
2������	� �C&J ��*e� 
0�*� ��0� !����    ZT��	7�3̂  !	T�

) �"�*&�Chlorinated aliphatic hydrocarbon 	�CAH!*��	� !1� *� (   !	T�

) �0� �	�� ���/ �Z��m��	�/11  
T� !	T���������� A*�"� 1 k�	  .(     �&�T01 �T� !���T�

 [n/ ���/ A�	F�pH qa_ )	/���� �COD 
/ ���8 �	2��� )	�/ ���
/ 1  ) �*T�212 .(

    )	/�T��� k��$T?� 1 �T"��*? *��� !����	  �� )��0� !�*� !I��*�0� Z� �k�	  UL�1 ��

H>	� �� 	�
� ! A��F/ �	2 ��3�� ���C"/ G�� �� 1 �0� !����     �T�# v5	T� G�*T�


/ A*�"� ) ��	�13     G�*�1��T�� 
�T:�� �T�$�� !1� *T� 
2�T�����	� .(    �T�3	F? 1 	T�

)	�/       .�T0� ��T� r��$T2 
T&KL �	T
�
�� �� !�	0Sanz     
T0�*� �T� )��	T��� 1

 ZT��	7�3̂  
2������	�   Z�T0=���0� !1� 	T�   ) �T"�5��*  	T�11 .(Sponza   ��T���� ��

Upflow anaerobic sludge blanket  )UASB   !�*T� Z���""T0 <=>	? 	� (

 qa_Trichloroethylene )TCE �TC&J �� 
2������	� *e� �(     !1� *T� 4	T� !	T�

)	�/ ��3	F?  ) �T0� ���� )	�� �� !�	014      �T� �T��*� r��$T2 )��	T��� 1 !��T�_ .(


��^ �C&J k��$?� Z����� �/ ��3	F? �� 	�)	 
� s/��� !�	0     k�	T� wT'	� �!���T�


/ )	�/ ��3�� ) ���13.(  

 G&�T�� �C&J *�et� 
0�*� ��F3	Y/ G�� %	��� �� q�� !�    *T� �T��*&�SMA 

HTT:��	2��1*��/ 
��m�TT3��� ��7TTE� )	/�TT��� *TT� �TT� ��TT� 
TT� !	TT�  �� !���TT�

��7E� ��	5 
/ *�et� 
���1*�  <=>	? !	�   .���a2  

  

012 �3  
�&5��/ 
�*�� p�� �� �F3	Y/ G��  ���F� 1 ��� !�40  )�/�^SMA   1 ��T0�� 	� r1� ��

A	�1 �� ���� !	�  !�120 
&�/     ��1�T�/ �� )�T/�^ *T� .�� %	��� !*��310   �T� �1�

 [�� .��/	��� A�`1 
/ )	�� �� �F3	Y/ G�� �� ��	7�0� ���/ ��&�	  Z��	�� .��� 
20 
&�/    A	T�1 *T� H�_ �� *��3120  
T&�/     
T� s/�T�� .T0�� !*T��3   �!���T�  

80 
&�/  1 ���*2 *  �*�:��0 *��320 
&�/      x	TE�5� �	T2��� UT��� �T� ���	/ 
L	� *��3

A	�1 <�� .�?	�    kT��  soT0 1 
���T04 !	�*��1 	� 	�   <^ 
/�T�"�/�3̂  !	T�   �T"�

 A	T�1 �	����/ y=�5� .���*2    �� ��	7�T0� 	T� 	T�     
T:�`	"z/ )$T�� �	(�T0�6   �T�	5

 ��1��/ �� ()�*�� �	/�^ -�	  ��*� �5	0)30 -20    %*T2 <^ %	T�_ �� �
�L� �� �1�

 !	/� {7_ 	�2 ± 35 
��	0 �#��   ) �T��*2 %	T��� ��*215    |T�*` �� !�T�3�� )	T�/ .(

 A�&�/ .0�� U�	/ 
"�$(�	#2  A	/*�KOH  <\	# )��"' ��CO2   �T&� A���� %*� 1

� )��"' �������� ���	���� ) �� !*�217 -15 �2  ��	T� ����� �� �	��	/�^ A*�"� ��# .(

 )�1$?� )1��EDC   .���*2 ��	7�0�  

A	�1 H>	� G�3 �� ��	7�0� 	� 	� 
� !	�   ��7TE� !���T�     *�T� <�T"# �T�	5

 *��	
/ 	� V��*� �� )	�78�Mixed liquor suspended solids )MLSS (

 1Mixed liquor volatile suspended solids )MLVSS ( A�	TTF/  

1/32  12/17 .�� 
���a� *��3 �� %*2  

��# 3	F?�� *��� ��s/� �
 ����! 1 �*�&�' *��� )m��	�/ �	�  	�*�T:��0
�  	T� 

y�&j/ *���1*�	/��" �	� /�*���1*���" 	� �� [5�� ������ �?	>� ��  A1�#)1.(  

�*�!  qa_ )	/���� k�"0EDC   �TC&J �0 ��500 �2000  13000 mg/L 

  �	(�T0� ��GC )Tekmar dohrmann 3800     !�=� 	T� )��T0 �T� $T��/ (

)Thermo TR-VI 30 m × 0/32 mm × 1/8 mm    �	T2 .�T� ��	7�T0� (

) [/	_ )��"' �� )m1*���mL/min 20 ) )1*T��3� ���*�2 ������ 	� (ECD  �T� (

 ������ !	/� 1 ����I�� !	/� .�?� �	�°C 250  1280  )��0 
�	/� �/	�*� .���

 ������ ��C° 70  ��C/min° 10  	�C° 150  ��/ �� 1 �?	� k��$?�1   �T
�L�

 �� ���	�� �� 1 �� {7_C/min° 25  	�C° 280 .�� H�C"�  

  

 
 4*51. ��6� 7�-�
� 8���9: 7"; �<�=6&� <2�� >����? @���#5  ���1 !9�&)Specific methanogenic activity  ��SMA(  

A	�1 !	�SMA 

*��� 
%*2 <^ %	�_ 

 A�	F/ �	2���KOH  ��� ��&j� 

A	�1 !1	_ !	�KOH 

�3�3�	2��� A	
��� !	� 
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 C1�;1. 7�����) >�	D�� 
�E; ����F 1 �3  

7�����) �3 (�6�- �� G��) 7H�� 
�E; ����F (�6�- �� G��) 7H�� 

KH2PO4 300/24 CoCl2 14/0 

CaCl2 200/2 FeCl3.6H2O 68/0 

MgSO4.7H2O 220/7 FeSO4.7H2O 40/0 

Na2HPO4.7H2O 064/0   

NaHCO3 100/7   

  

   %*TTTT� �� |TTTT�
�� GTTTT�� ��   ��$TTTT?�Excel  1SPSS   �jTTTT:�16   

)version 16, SPSS Inc., Chicago, IL( ����� $�3	�^ !�*�  .�� ��	7�0� 	�

       %�T&' �	(T���� �T����� ���T���� ��&�	T  �	(T��	/�^ �� k�	/�^ [_�*/ ��&�

�?*2 ���8 )	�78� 
��$ .  

  

�6��� �3 
 [�TT�2   �TTC&J *TT��*� �� �� !�TT�3�� )	TT�/ )�$TT�/   
TT
��$� �1	TT7�/ !	TT�

G&��� !�  
T/ )	�� )	/� ��a2 	� ���*&�      �� �T� ��T` )	T�� .�T��  GT��  [�T�


/ ���	�/    G&�T�� �TC&J k��$T?� ���� !�    �*�T:2 �� �T��*&�mg/L 50-1/0 


� G�3 �� !��3�� )	�/ k��$?� w'	�   �T� !��` �� N�� )	/� ��a2 	� !����

 �C&J �� )�$�/ G��1/0  150 
&�/    *T��*� *T��3 *� %*271/1  169/5  
T&�/   *T��3

 %*2 *� )	�/VSS )Volatile suspended solids (� ��  
TF��� )	�/ 1 �1

�C&J ��  !	�}�?  *��*�8/4  19/13 /�&
 3�*�   [�T�) �/^ �0� ��5 -   .(]T3�

�C&J �� 	�! 15  	�60 /�&
 %*2 3 *�� �*T� �� *�T��G / T�)�$ SMA 3�� T��! 

 	� *��*�02/6 /�&
 3�*�  %*2 *� )	�/VSS   [�T�) ��� �1� ��3  �$T?� 	T� .(�k 

�� �C&J�G& �! �*&���  �*�:2 ��mg/L 1000 -100 � G�3 ��
 ����!   ���T/

	TTTT/�^��k /TTTT�)�$ SMA  �TTTTC&J ��100 /�TTTT&
 %*TTTT2 3 *TTTT���*TTTT�   

2/10 /�&
 3�*�  %*2 *� )	�/VSS �� 1 �1� ��  �C&J1000 
&�/   �*T��3 *� %*2

9/9 
&�/  %*2 *� )	�/ *��3VSS  [��) �/^ �0� �� ��1� ��5-    ��T~*2� .(]T3�


&�/  �C&J !�*� �1� �� �� s  
F��� )	�/ *��3100  11000 
&�/   *T��3 *� %*2

�C&J �� 
31 ��?	� k�	�   VT��*� �� }�? !	�89/13  19/9  
T&�/    )	T�/ *T��3

 [��) �� [8	_5-  )�$�/ G�*���� .(]3�SMA  �C&J ��750 
&�/   *T� %*2

� *��*� *��3 	95/13 
&�/   %*T2 *� )	�/ *��3VSS    �TC&J �� .��T� �1� ��EDC 

 )�$�/ �*�4	�SMA       )�$T�/ G�*T��� �T� !��T` �T� N�?	� k�	�SMA  ��

 �C&J20  	� *��*� *��3 *� %*286/0 
&�/  %*2 *� )	�/ *��3VSS  ���	�/ �1� ��

 [��) ��4.(  

[�� 5-  qa_ )	/���� <COD �C&J �� 	�!  ]&�j/EDC   )	T�� ��

/
 ���� 	� |�	Y/ .�G 3�� 	� *�4	� qa_ )	/���� �[���� � )	�/� *�T�!   ��*T��

��` �� N���! � ��� *�T��G  ) )	/�T���8/93    �TC&J �� (�T8��750 /� T&
  %*T2 

EDC 3 *��*�   �$T?� 	T� .�/^ �0� ���k   �TC&JEDC     �$T?� 	T� A�	TF/ �T��k 

COD �1�1! � qa_ �8�� �����$  k�	���?	. 

G�� ��	��  �TC&J �� �� ��� )	�� �F3	Y/   ) G��	T  !	T�mg/L 60 -1/0   *T� 	T� (

 �C&J �� k��$?� �_�1EDC    
T/ k��$T?� 
TF��� )	T�/ �      !�	T/^ *TC� �� �T� �T�	�


TT"F/ �TTKn/ 
(�TT:K�� )^ G�TT� !��� ) �TT0� ��*TTL*� 	TT�001/0 < P �914/0  =r .(

   
T"F/ �TTKn/ 
(�T:K�� �G�T"X��   G�TT� !�	T/^ ���COD   
TTF��� )	T�/ 1 !�1�1

) �� ���	�/001/0 < P �902/0  =r
"F/ 
(�:K�� 
?*` �� .(     G�T� $T�� 
T�Kn/ ���

 qaTT_ �TT8��COD  ) �TT� �TT?	� 
TTF��� )	TT�/ 1001/0 < P �898/0  =r �� .(

�C&J ) 4	� !	�g/L 20 -1/0 �C&J G�� 
7"/ 
(�:K�� �(EDC    
TF��� )	T�/ 1

 ) �TTT� ���	TTT�/001/0 < P �807/0 -  =r  G�TTT� 
(�TTT:K�� .(COD  1 !�1�1  

 *��*� 
F��� )	�/845/0 -  =r  	�001/0 < P   qaT_ �8�� G�� .���COD   )	T�/ 1

 
(�TTTTTTTTT:K�� 
TTTTTTTTTF���Pearson 964/0  =r  	TTTTTTTTT�001/0 < P   

.�� ���	�/  

  

  
 4*52. ����� ��IJ� !< ��6� 

#K� ��E�� !12 �� �����+ 
� L���� ���1 !9�& 7H�� 2< !9��3  !�31/0 �2/0 �5/0�1 �2 �5 
��� �6�- �� G��  

EDC: Ethylene dichloride; VSS: Volatile suspended solids 
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 4*53. ����� ��IJ� !< ��6� 

#K� ��E�� !12 �� �����+ 
� L���� ���1 !9�& 7H�� 2< !9��3  !�315 �25 �35 �45 �55  160 
��� �6�- �� G��  

EDC: Ethylene dichloride; VSS: Volatile suspended solids 
 

  
 4*54. ����� ��IJ� !< ��6� 

#K� ��E�� !12 �� �����+ 
� L���� ���1 !9�& 7H�� 2< !9��3 7H�� 4��5 O�� !�3  !�31 �2 �3 �75/3  15 �6�- �� G�� 

EDC: Ethylene dichloride; VSS: Volatile suspended solids 
  

�� 	����� F� ��C"/ ����G et� [/��'���a2* / *��(�	�G    TF��� )	T�/ �TC&J
   	T�

0*2� A�/ �� ��	7�0��)� Y5
  r1� �� ��	2�"~Backward�   �T� �� �� ���� )	��

���!  �$T?� �_�1 *��k   qaT_ ��COD� / T�(�	�G    TF��� )	T�/ �TC&J
    ����T�� �T�  

21/0 �$?� �_�1�k ���?	 ) �0�001/0 < P"X�� 1 (��G ��� ��!  �$T?� �_�1 *��k  ��

 �C&JEDC� /�(�	�G F��� )	�/
  ������ ��001/0 �$?��k /
 ���	 � �� T�G  �$T?��k 

�	/^ *C� ��! "F/
 ��� ) �0�04/0  =P� �� .( T�G    	T�� A�T/ �� ��TF3	Y/
�  T0*2��)�   

90 z� �8������* z�/�* /�(�	�G F��� )	�/ �C&J
 z�/ .0���	�*!   �TC&JEDC 

 qa_ �8�� 1COD ����G /
 ��� � ���G   ��	T� ��T"�� )	�� ���
/
�  4	T�!   A�T/

 1 �0�10 z�/ �� �8���	�*! ��*( / y��*/
 ��*2  A1�#)2.(  

  

Q$�  
 
����*&� u*�EDC  A�E�/ )	�/ UL�1 �� .���� 
���$� y	K��� )	�/ ��3�� 	�

�01*  
�	�	   
T/ <�:�/ ��$�� !	�  ) ��T�18     �[T8	_ ��	T�� 	T� |�	TY/ .(

 )�$TT�/ G�*�TT���SMA  �TTC&J �� !�TT�3��750 
TT&�/  *TT��*� *TT��3 *TT� %*TT2  

95/13 
&�/  %*2 *� )	�/ *��3VSS   �TC&J �� �T� �/^ �0� �� �1� ��   !	T�

GTT�� �� *�4	TT�  �� !*�(�TT�~ k�	TT� )�$TT�/SMA  �TT� ���	TT�/ !�TT�3��  

 [��)5 - �C&J �� �G�"X�� .(<  ��1��/ !	�1000  15000 
&�/   *T� %*2

G&��� *��3 !� 
� G�3 �� ���*&�    �TC&J �� !�T�3�� )	�/ )�$�/ �!����5000 

 �� �K:�1000 
&�/  [��) �0� *��� *��3 *� %*24
/ ����  G�� .(   �T� �����

��	� [�3��C&J �� 
�	� 
2����  G&�T�� !4	� !	� !�     �T�3	F? !1� *T� �T��*&�

)	�/  !*��	T� !�	0   ) �T�	� 	T�21 -19 .(de Wildeman    )	T�� )��	T��� 1

 �� ���*�EDC �C&J ��   !	T�100 -20  
T&�/     
T/ *T��3 *T� %*T2    	T� �T����

 
TT/ �TT&5��/ Z�?1*���TT0� !	TT�$��m��	�/ ) �TT"�2 |TT�
�� �� .(Siggins  1

!*� �C&J k��$?� 	� )��	��� 1*&� ) G&���TCE �� (10  	�30  
T&�/    *T� %*T2

 qa_ �*��3COD  ��6     �T� �	T2��� )	T�/ �8�� 1 �8��3    HT>	� �� �T8��

 
T�    ) �T?	� k�	T� !���T�20 .(Le Hyaric    G�*�4	T� )��	T��� 1SMA 

������  *��*� �� ��� !*�2mgCOD/gVS d 3/11    ZT���� 1*  �TC&J !�*�

��TT0� gCOD/kg 10 ) �TT���1^ �TT0� �TT�8)^ �TTF3	Y/ �� .(  k��$TT?� 	TT� 	TT�
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One Factor

0.1 0.5 2 5 10 20 30 40 50 60 200 750 3000 6250 15000

30

46

62

78

94

One Factor

0.1 0.5 2 5 10 20 30 40 50 60 200 750 3000 6250 15000

0

3.75

7.5

11.25

15

�TTC&J   �� �	TT��� 1*  !	TT�1  	TT�gCOD/kg 10 �� k��$TT?� �SMA  ��  

8/1  	�mgCOD/gVS d 3/11    )^ �TF3	Y/ �� ��T~*2� .�T� ���	�/   �� 	T�

 �C&JCOD 
&�/ )�$�/ *�4	� )^ 	/� ��?	� k��$?� !��3�� )	�/ *��3   �T� 	�

�C&J 
0�*�  .�"�5��*o� *�4	� !	� 

  ��T` �� )m1���� 1 �	�0� �� �	��� 1*  [n/ <*~ !	���0� 
�:�� [��K�


�� u� �����	�0� .��*� �� ��5 �� ��5 
��/	"���/*� k"��1 .���   q*TE/ !	�

   GT�� �UTL�1 �� .�0� �	�� )m1���� )�$�/ k�	� !�*� )	�/ ��3�� [n/ )m1����


/ w'	� *  
�:�� [��K� �� ���    ��TY��� GT�� �� .��T� ����� �&# �� 1� �	��� 1

 �� *�4	� )m1���� �C&J �� 
�	/� �	��� 1*  ��$��4-10   ]TL��/ ��0*� *7:���


/ �C&J .���    !	���T0� 1 ZT���� 1*  ��0� �C&J k��$?� �� *�"/ *�4	� !	�

 
T/ H>	� �� Z�&�:���*�  ) ��T�21 �19     )m1��T�� �T3	_ GT�� �� �G��*�	T"� .(

 U���U�*0 Z���� 1*  ��0� 1 ��?	�    ) ��*T? <*T~ !	���T0� ��
� �� *�VFA   	T�

Volatile fatty acids 
T/ ��$�� *�*�� 1 ��� [���� (  ) ��T�20  k��$T?� .(

 k�	� w'	� ��0� �C&JpH  
T/ )	�/ ��3�� ]L�� 1 
2������	� 1    GT�� 1 ��T�


/ !*��	� ��3	F? �� 
2������	� 
3	��_� [�4� �� 
�� ����� � �C&J k��$?� 	� 	

) ��	� ��"�4^21  ����T�� *T>	_ �F3	Y/ �� ���K3� .(   !*T�2pH    <*T~ !	���T0� 1

 �� �	2 ��3�� k�	� 	� .�0� ��?*(� ���8488  ��143   ���T/	# k��$?� 	� *��3

 
T� H>	� �� Z�5       �� k��$T?� ��T/	# �T��� ���T/ !���T�VFA   �T?� 1pH 

 
TT/ ���	T�/ ) ��TT�19 � �!*T(�� �TTF3	Y/ �� .( �� k��$TT?VFA  x�TTE5 �TT�

    �&�T01 �T� 	���T0� U�*0 ��3�� G�� )��� A�	F�/	� ��"�� )	�� ��0� Z���� 1* 

     .��T� $��m��	T�/ /$��m��T0� �&�T01 �� �"� �K:� �� ��$�� 1 $��m1��0� /$�31����

VFA Z��m��0� .0�� Z��0=���0� 1 	� 
�� ��$�� U�*0 	�    GT�� �T� 1 ����


� HW� 
&� �01*  �[�3� 
/ �	�/ !���� ) ���20  �T� �� ���	�/ �G�"X�� .(

   	T� ��T0� Z���� 1*  �C&J k��$?�6        �T&_*/ �� 
2�T�����	� *Te� *T��3 *T� %*T2

  �� ZT�3��	�/ �01*  
�	���� ��	/ Z� �� G�� !�*� ���	�� �� .����� Z��m��	�/

     kTj  �� 	T�J GT�� .�T"� ��K' Z��0= ���0 !	�J �� 	� �0� %�4 ��"� �	�/

�*�     
T/ !*�2�T&# 
T�1*��/ A�&T0 [T5�� �� �$���� �	K�     	T�"� �G��*�	T"� .�T"�

 �� 
�	�*��	� H:�3��	�/ 1 ��� A�&0 ���1 	� �0� ��	L �$���� *�J ��0� Z���� 1* 


/ 
L	� A�&0 �� i�	5 �$���� %*? 1 �"� [�j/  *�J 1 �$���� %*? G�� A�	F� .��	/

 �� �$����pH ) ���� 
(�:�20.(  

��  �	�0� 1*75    HT>	� �� ��T� �T�3�� )	�/ �� �8��   
T� !	T�   !���T�


/     !	��*�T:��0 �T�$�� �� ��T""� �1��/ �&_*/ )��"' �� )^ ��$�� 1 ��	�

  �T� �0� 
�*~ !	���0� ��*���� 1 �	��� 1*  .�0� ��� ��5	"� ���X�  
3^


/ [��K� )m1���� 1 �	�0� �� ) ���21 .(Siggins  U��� �&' �)��	��� 1

   Z��T0=���0� !4	T� ��T0	:_ [�3� �� �� ������ �� �	�0�    �T� 	T�TCE  1

!� ) G&���1*&�DCE) ���*� )	�� �(20 .(  

  

  

  

  

  

  

  

  

  

  

  

  

  

4*5 5. 7H�� ��IJ� ����� R�6D� !�3 !<  (R-� �� S&�? 2< �����+���
 -��6 -���� 
#K� ��6� TUV ����)�2 (W �
COD  

  

 C1�;2.  7H�� !�3��X6� ��IJ� 
&2��EDC  TUV ����)�2 1COD  ���&��2 012 �� 

#K� ��6� 7H�� !12 ��Backward  

R2 P S.E β �3��X6� 

9/0 008/0 436/1 071/4- �
�� 

 040/0 001/0< 001/0<  ����EDC���� � ���� �� ��� 

 001/0< 020/0 207/0  � ! "#$%COD   
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�F3	Y/ ��  �C&J k��$?� �*(�� !�TCE  ��10  	�60 
&�/   �*T��3 *� %*2

 k�	� w'	�29   qaT_ )	/���� !�8��COD  154     )	T�/ �T�3�� !�T8��

 �C&J �� �	2���60 
&�/ )m��	�/ .�� *��3 *� %*2  !�_ 	� Z��0=���0� !	�

 ��W_ ��TCE 
/ �	�/ �)^ ��$�� �	
��/ 1   	T� ��	L� �� �� 
3	_ �� N���

HTT:��	2�� 
TT/ ���*TT&� !	TT� )m��	TT�/ !�*TT� )m1��TT�� 
TT0*�0� �TT����  !	TT�

  ) ��T� �1�T�/ Z��m1����7  �TF3	Y/ �� .(     �� !�T�3�� )	T�/ k�	T� �*T>	_

�C&J     G&�T�� !4	T� �	�T:� !	T� !�      
T/ |��TE� �� 4	T� �T�72 �T��*&�   �T"�  

 [��)5 -    A1�T# �]T3�2      k�	T� �T� *T�"/ *T/� GT�� .(14/90 �8/95  198 

  �TC&J �� VT��*� �� )	�/ ��3�� !�8��   !	T�5 �5/12  120     *T��3 *T� %*T2

G&��� !�    ��	T��� 1 !��T�_ |T�
�� �� .�� ���*&�    �TC&J �� k��$T?� $T�� )


��^ Z�����    )	T�/ �T�3	F? �� k�	T� �� *�"/ 	�    
T� s/�T�� !�	T0   !���T�  

) ��13)^ |�
�� �� .( �C&J �� 	�  !	�200 �500  11000 
&�/  *��3 *� %*2


��^  V��*� �� )	�/ ��3�� k�	� �G�0	:��&?1� Z�����45 �76  188  1 �8��

 k�	�68 �81  188 �C&J �� !�8�� 	� !100 �200  1500 
&�/    *T� %*T2

 ZT��	7�3^ �C&J k��$?� 	� �G�"X�� .�� ���	�/ G�0	:��&?1*o�0 *��3   �	T�

Z�0=���0� ��3	F? �� 
2������	�     �T�1� 
2�T�����	� GT�� �� �� ���	�/ 	�

) ���� 
���$?�13�F3	Y/ .(  �� !�Sponza  ������ ��UASB   <=T>	? 	�

 qa_ !�*� Z���"0TCE �� %	���    �T�?	� 	T� �T:�	
/ [T�	L $�� ��    GT�� !	T�

 ) �T0� �F3	Y/14 )^ |T�
�� �� .(   	T�TCE  �TC&J ��   !	T�mg/L 10  15 

�C&J �� *>	_ |�
�� �� .��� �������	�  �� *���� !	�750 
&�/    *T��3 *T� %*2

    [�T�) !�T�3�� )	T�/ �� k�	� �� !��` �� N�� �	J^ 
2������	�5 -  1 (<

k�	�  qa_ �8�� ��COD  �	T�/ T/ ��
  ��T�   A1�T#)2  �TF3	Y/ �� .(Sponza� 

 qa_ )	/����TCE  �C&J ��30 /�&
  %*T2  3 *T�� �*T� 88   / 	T� �T8�� T�)�$ SMA 

3����! 32/1  %*2COD  %*2 *�TSS ) �/^ �0� �� �1� *�14(.   *T>	_ �F3	Y/ ��

 qa_ )	/����COD  �C&J ��30 
&�/  *��3 *� %*24/72  �/^ �0� �� �8��

 [��)5 -  .(<  

 �� k��$?�COD �C&J �� !�1�1 G&��� *�4	� !	� !�  
T/ ���*&�   �T����

     [�T�) )	T�/ �T�3�� k�	T� *� !*(�� [�3�5 -     k�	T� �G�T"X�� 1 (]T3�

 qaTT_ )	/�TT���COD  [�TT�)5 -  qaTT_ )	/�TT��� $�3	TT�^ ��	TT�� .�TT�	� (<

G&�TTT�� !�  �	(�TTT0� �� ��	7�TTT0� 	TTT� �TTT��*&�GC  �TTT0 �� ��1� )	TTT�	  ��  

 �C&J500 �2000  13000 
&�/     *T��*� VT��*� �T� *��3 *� %*22/95 �7/94  1

8/93 
/ )	�� 1 �/^ �0� �� �8��     �T�3�� �T� ��T� �?	>� �*�:��0 �� ���

) �0� ��� *�"/ )	�/9.(  

  

�K�6) !���  
 !1� *� �*�:��0 �C&J *e�SMA     k�	T/�^ .�T� 
T0�*� �TF3	Y/ G�� ��   !	T�

SMA �C&J ��   ]T&�j/ !	�EDC  ��)1/0   	T�mg/L 20000   .�T� %	T��� (
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Influence of Ethylene Dichloride Concentration on the Methanogenic Activity of  

Anaerobic Biomass 

 
Masoumeh Golshan1, Maryam Torabifar2, Manizhe Sabaghian-Bidgoli3,  

Mohammad Mehdi Amin4, Mohammad Ghasemian5, Leila Karimi-Takanlu6 

 

Abstract 
Background: In this study, the inhibitory effect of ethylene dichloride (EDC) on biodegradation was investigated 
using the specific methanogenic activity (SMA) Test of anaerobic biomass. 

Methods: In the present study, 40 SMA tests were performed using 120-ml vials in batch mode. Substrate, biomass, 
and biogas occupied 66%, 17%, and 17% (v/v) of the volume of each vial, respectively. The duration of each batch 
was 10 days. Produced methane was measured through gas replacement with 2N KOH solution as CO2 absorbent. 
The chemical oxygen demand (COD) test was performed on samples before and after each test. The variation in 
temperature and pH were retained at 35 ± 2ºC and 7, respectively. The input COD was measured for each vial at the 
beginning and end of the experiment. EDC was analyzed through gas chromatography-mass spectrometry (GC-MS) 
at the beginning and end of the experiment. 

Findings: In this study, at the concentrations of 500, 1000, 5000, and 20000 mg/l of EDC, 12.6, 9.9, 2.98, and 0.86 
ml CH4/g VSS decrease in the production in methane was observed, respectively. A decline in the efficiency of COD 
removal was also observed in the mentioned concentrations. The efficiency of COD removal at the mentioned 
concentrations was 68.9, 70.5, 54.4, and 33.8%, respectively. The inhibitory effects of EDC on methanogenic 
activity of anaerobic biomass started at EDC concentrations of higher than 750 mg/l. The amount of cumulative 
methane at EDC concentrations of 750, 5000, and 20000 mg/l was 30.7, 9.86, and 1.9 ml, respectively. EDC removal 
efficacy at concentrations of 500, 2000, and 3000 mg/l was obtained using GC-MS and was equal to 95.2%, 94.7%, 
and 93.8%, respectively. 

Conclusion: The results of this study indicated that EDC concentrations of higher than 750 mg/l caused a reduction 
in methane production and bacterial activity. 

Key words: Specific methanogenic activity (SMA), Ethylene dichloride (EDC), Anaerobic biomass, Petrochemical 
industry wastewater 
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