
Arc
hive

 of
 S

ID

����#��� �6#���A/-
e�T 	... dx.doi.org/10.22093/wwj.2017.45874 

58 ���������	
���
��������� � �� ����

	
��!'��
���	����# # �"),�- ���� �"),�-��	*�D�	3( ���-�
��G�� �3��� .P% �)Q( �� ��)���5)%)�$�

1��%�y� ��2����(�)Q b��;� �#�(?���)�� e|�y;��L
.

E>��� ���-���� 7	�@;B� /'���3�&�B� IT�� 
XY 	���� ��	��� � ���#/6B��f;.
Z'I% 2
�Y 7�)��� ;�
%�' ���U .��
�� .��
�� �#��� 

L>-��'��T �,�
�C g�� ;B� 2
�Y 7	�@ .�'���&�#./6  �%#h�B� 	 2
�Y���� .��,-�
� 
�K-�  ��C 7�)���  .; .��
���#��� 

(4
56� 7��6#
�)ONPOiOOOaPj elham.hp92@gmail.com 
_> �,-�#��-���� 7	�@;B� /'���3�&�B� IT�� 
XY 	���� ��	��� � ���#/6B��f;.

Z'I% 2
�Y 7�)��� ;���U �
%�' .��
�� .��
�� �#��� 

	
��
�)��/��/���������/�/��(

����� 
��@� .� 
 ���%$
��$1�(����h�I� .7�^ 
$&�)7�%
�� *@��H�
 �1�'5 �7 �
I� �%�L��O9�0H4� �47 
� ��4��
 H�I4�

� ��c�F��
 9
 [�& .��9
��
�)(LB�\7�9���kS$��@� ���%$�	 O��B�
��9�*����
�EIJ�	 )K' H��`2% 
 H��`2%
���/�7.��95 �7�KB Z�� 9
 �='�k� )�
�&�"D�1�7 
�1�59

1�7 ;�!��G ;��
1�47 ���
1�I*4S
 �47 �
�4�B���4�� )4K'
7�#�'������@� ���% �7$�7 �1�'5 TPH ��<C�7 ;
��
9 
 ��
 ��S �
�2& �7��75�	 ��K�
 ��h����4� 4��
�H4��`2% 
 H4��`2%

 �1�@*�
/�.�7��h��=B��)���
� Hh!C TPH ^�7�����2 ��"*�1 9
 GC-FID �/ �1�@*�
.��*�o
�)(LB�\� ��D���4&1 �4%
�G�;�! ��
��B6�7 �����
� H��`2% �7 H<�� H��`2%$[8� �1 TPH 1�
1 7���c $�%9
 �=7lW� 9
� 4��
� TPH  �1�4B �1

'

 �
�(� 9
 ��!F���WWV/Vf% �7 ��������! �7~gl/gg% �7 ��������! 4����.[84� ����4�
� TPH 
�47$�4G�;�! 4��
�
H��`2%AH��`2%
 B 7�B�B�Pg/�~�X�1 
~/ee�X�1 �G �1���<?B ��
1�H47�2& .�4�5 H4�1�4��)�4��
� TPH  
1 �1

�G�;�! ��
 
 H��`2%�9
� �1 H��`2%Ve9
� 
 �
lW
�
1 �
$�=� [I*S
�) 1�7 �
1We/Wp<  .( \4�(LB )�
 9
 .X�� o��*�
�	 �Q 1
1 ��D��
����
��	 �7 H<�� H��`2%�
��H��`2%0��
�B��$�*D�7 & [8� �1�)7�%
�� $�4& 4*@����4�% �1 1�4-��

��@�$�G���C
��1�
1.

�G�! ��B�E��B:
�>�� �-
�F,����TPH) �	( F�G�(��[�F
�!�X&�\�+ FX&�\�+ 

���
��
 
K�����: K�����D����& J�* 1%�
* ���-�����
 � !3� !��& +_

* @��6*�- .�������2"� ��3� K�,�* $� �BT $��XxX +�2; �2bB<
 +,2� �2<�
� !�N �,I p� +�; �bB< 
" #��� �- �T �$�� ��)� !3�


F� �$�* +�; �- L�-
* #$�3< ,��?�N �*�?� �T !�� O2
 �B?) ��)
$�3<#�N2�2�G�$ ��$�23< +,2�% �#2" K�,2- K5 $� (�32M� ����#

�2* �2�BW� ��2�.(Takdastan et al. 2009; Hosseini Panah & 
Takdastan 2015) 


���5�Q�: +,�% ��3� ���* �-�=R9�* �B?) ��*� J��!�
6*�A��-$�?��� $ �E5 .?P��+,� �2"#2�3��26* $��7��4!2� 

2�- =RD2�* ��
- (/��$�#.!2�� +,2� $�23< +,2�%#�12) �2%
B?I �� O&�< ,��?�N�$�23< =�#@�2�6* !23� �2* ��2� ��2<#

C��22��E5�+,22� �22"#22�5��,22�* ��?22���22B?) ��TPHn4PAHo4
BTEXv'�22� =�122B  ��F� >22� *��22% 4@
22� 
�� 4J�) 4O22D22� 4+�

��$5�� �!�� +
�G 
��2�5 
2- +�RI �%��2"#26*�� 7��� !2�
 22* +
��22W* �22- �$ K�22��� !*R22� 4Q�22: � @5 �22B?)����,22�� 

.(Zhohrehavand et al. 2014; Takdastan et al. 2009; 
Takdastan et al. 2010) 

?��4K��-��b*�E�- 
"�* ��!N�h2�+,%
��" =�2/ 2� >-
%�$,
�3��4B&� O*��I���>��
'��+��- �2- �% !2BI �12 ��O2%� 0�2"#

$�3<#� K��2���: �2bA�* $� ��2
 � !3� �?) ,2�$ 2�!��2��� �
�1 � K5 ./� �- � .*��)�0�3� ���* �� +��3����4�2�>2��
'���2- �$

 
1 Total Petroleum Hydrocarbons 
2 Polycyclic Aromatic Hydrocarbon 
3 Benzene, Toluene, Ethylbenzene, Xylenes 

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

����#��� �6#���A/-
e�T 	... dx.doi.org/10.22093/wwj.2017.45874 

59����� � �� �������������	
���
����

�1 ��0!2�� 2�- ��$�#� �� 2�%
� >�Q�2�
A: =�,2��� �12) =�2/
 2* @��6* �1���
��,��2�.(Sinha & Soni 2012; Takdastan 

& Eslami 2013; Mahmoudi et al. 2013) 
+�; �"#� ��?I� �� ZE�?�* ��
 � !3����#$�3<#*��2% ,���

$�3< 
c� $�#��+�; >$�23< ,��?�N C�� �� �"#��� 2� 2* ,���2� �2%
+,�% O*�� �"#$�3<#+,�% ��"#$�3<#2� �2- ���G5�$�23< U�#

� .!���$�3< =E�#$�3< O
 �%)#��*�� 1�* +,��2?% $� (,���
 
  �2- K�
2%��$�23< ,2�#O2-�[ ,���2� +��3�2�� ,2�� .(Kardani & 

Takdastan 2013; Hajsardar et al. 2011; Takdastan & 
Pazoki 2011) 

9�- ��/���$�23< =E��2� C���� ��#" O*�2� 2�>-
%�$, �2"��
� +,?I $��:�� �% !���$�23< U�#D2�� �$�2* O�.,2�"� ,2*�
�!

$�3< ,��?�N#	�$ �"# �1�D�2� 4�?����- ��\�2���D�
2- $� �$
*�
��B?) �� �% �

 ��,��"#-�\����D�)��E�N !���(4*�K��2�

�E�N +���
6� 4�- ��\����D�- K��1 � 4�\����D����N 4�#K�
2%

�����% 4K�
% O� �#�� ��*$� � !��k?% ���
2- d�� �$ !��k?%
(Schafer et al. 2005; Hossein Panah & Takdastan 2015).


  p2� O&�< !��k?T �*$��#���2" �2?�� ,2�� ��,2<)�u,2&$� 
!�� (!-��$ �� �&�: ���
 7��� �T d
T ¥$�[ 4�" #
�T�2- 4�2" � �2" 

��T��!��*� �2* d�P�� �" �
�j2N .(Dendooven et al. 2011; Rajiv 
et al. 2009) 

!��k?T �*$�4�� {2N �2T +��2- d
2T ,2�$ 
��- �� O&�< ���*
�* �[�- 7�6* $� d
T 	$��
 J���� �� K,� . � ,��*.+��2* >2�� �j2�

�I�?P*  �� #�9�- d
T =E� � +,� ��1P� ��5 ���* +�
?" ��2�)� 1��
d
T �- �" �$�� �2����
  ���j2G 	�$� +��
 #�
- �T +� .(Takdastan et 

al. 2015; Puada et al. 2012) 
d
T C���� �2�5 #�",��?2�N !2�/�� ,���
  $� �*�?I �T �T�: #�"

=$�/I ,�$�� !T
� �:�� ,�|s��  �2��1�� 2���,nd
2T �2� 12*
[ d
2T �2�
 !��k?Tos���� ��-�$,��ovse�B-�$ {q�
/*��vtse�2q�
/*��

 {�
2� e
2�t.(Ame et al. 2011; Zazooli et al. 2012; Rajive 
et al. 2012) 


  $��d
2T 4@R2S�  >2P� �� �2*
T !2��k?T ,���� ,�� #�2"
�- �T�: +��3�2�� �$�* ,��� ��5 ���* !�/�� �q�\����- O*��I K���I
 �2* $�
[ ,2�
�
.(Rouyanian et al. 2011; Pazoki et al. 2010; 

Takdastan et al. 2009) 
1 Eisenia Foetida 
2 Dendrobaena Vanta 
3 Lumbricus rubellus 
4 Lumbricus Terrestris 

���P�5 �� ���2* #��2�� 
���2b* #��2< #
�� @RS�  >P� �T
 �2* �j2� 4!�� #j]* � ��5 �2- �$ K5 K��2� ���j2G +��2* p2� K��2�I 

d
T ��j]� #�
- (���* 
 $� �T�: #�"��2*
T !2��k?T ,���� ,��
 ��2?� �
2M*.(Chandran 2010; Fazelipour et al. 2011; 

Takdastan et al. 2005) 
�����U�� $� K�$�D?" �|�wX ����A* $� �#K���I �- �2�$
- 


�c�� =E�9  #��
 �-K���I O*�I J�P< +,��T 
2- !2FBG =�12B  
>�'�� $���
 �,�� �*$� !��k?T >P� @R2S�  K�2�� #
�2� 

��� ,��T!FBG =�1B  >�'�� �$�* ����A* �- !�j
 K�*� $� ��BT 
�"
��- $�!��< L�BW* >P� @RS�  #
�� �-=E�9  #��
 �2- 
!/�� ~Y,&$� 4- 0"�%�
��#!�� +��� K���.(Zozouli et al. 

2015) 
U�� $� K�$�D?" � 	$�
N|�}� ����A* $� �#,���� K��� �2%

�
��-�� $�#����2*$� � ����2b* �2- !2��k?%�2�5 ���2* 
�2*$��
� 4!2��k?%�2���N 4
322�  4K\�
2��4JpH !/22�� �C/N �2- �
�22�(

Xz/�x4YX/|4||/Y4xz/Y4~/y�xz/zz22* ,22&$��,22����
22�5 +,22��% gR22&��/22���*��
22-#WB22&�< ��22/�-�1#Q�22: �22"#

�$���%#,��-(Parvaresh et al. 2004).
U�� $� ��"�_N $�ouu� 	$�1
�BI �% ,�* � �
* JG$ 2�


����4%�: d
%�*��
  ,�����1P� ,���
-�2�- � +�
2% U�2�  �$ ��$� >
E�N�" O2% 7���* !FBG �- !3� �- +���5 Q�: 02�2�3� >-
%�$,�

)TPH) (< 4000 mg/kg22- (�.��22� +�
22- $�22%K�22bb6* 22�h?"�>
* �% ,��
% 	$�1
 2�1P� K�1 2� %�2: d
2% �2��
 �2- ����2�-�� !2��

(Maike & Filser 2007).
U�� $� #
'�� 0"�_N $�zYYy �1 �����  02���-���% !2��

*�-
D�����$�9< �� ���1���,�� mO����j< w|,2&$� )|YyX 
*�B�% 
- d

�d

�B �2� Q�:wx*�2B�% 
2- d
2
�d

�2B 
��2�5 (�

$� d�2: !23�m���$ 32M��� ���2��,2� �2 
�*.(Schaefer & 
Juliane 2007) 

U�� $� K�$�D?" � K���,D�|�wX �2���A* $� 4�#��� K�2�� ,2� 
�%*�K�1TPH $�3< +,�% $� ��)�*#* $� .2[�� 2� 2�3� K�,����2"�

YYX/Xz% 
22- d
22
�U�22� $� �22% +��22- d

�22B��
 +�22*��,22�
-�- >P� +�
?" �- !��k?%��\����D�LR�2:� !/�� $�|�2-|�2-

yy/|}% 
- d

��$ d

�B�!�� +,(Takdastan et al. 2015).

5 E. Fetida 
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N �- �)����",*�#��6* !2��2A�2����B?I �� 2� $�23< =�#4
+
�- � ��
W��� $��
-#� ��
 � !3� K��W* ������P�?� 2� d�E =�,

*� $��K5 �� ?"� �� �"���!�� $��$�:
- `�:. 
� ����� +��3�2��
�5 ���*�F�2�
�2� @R2S�  >2P� 
#�$��2�% $� ��$ 	
�2�
 #

4+,� ��� (��A* �- �)�� �- .�$�� K�1 ����- ����A* >�b* $�F�*��2�
�
 ��",�#*$� � !��k?%��
- !��k?%#E�2N�$�23< +,2�% 0#

*��3� K�,�- >P� $�9< $� ���"��\����D�! 

 d�P��.

��"!� ! ���
 ��
� �- �)�� �-�0"�_N �� �," �D� � 0"�% 
S�<* �j<�K�1TPH 

�� +,�% $�3<#�N��G�$ ��- >P� �� +��3��� �-�\����D�4!2�� +��-
$�D?" �-#B* !%
��$�23<#�2�K�
 +�2; 4+$�?2�XYz O2%�)}|
�- (^�  U�� �
]) 2����z}}}x~ ����2� �
]) �
2I �XxxwX 

� $��J��UTM * $���3� K�,�.,� @�W��� ���"� 

 ������� �	; !�(I!� �&�? 3��8Q #�(* 
>�� ����A* �� C�� �-
P� ��- �$�e��b* =�B��N d�P�� ,2� >2P� .
B]���$�* +,� ����� �� ��3M� �; @RS�  ���:�/�@
2G $� .2[�� �

���"� ���� �#
�'-5 .,� $�3< +,�%#�N��G�$ ���� U�2b��� �� {2N
 +$�?� +�;XYz �-$�F�* i��: ���#M��:����2"��
2�F� 4��2�
$ � @�;�
 ���+��-�*�5�$�23< K�*��2� +�'�#� O2b��* �$ 
2-#
2� +�'����+��� $�
2[ 
D .,2� � �� {2N 2� 2�G�$ +,2�% �2B<
* >��2-

�*�5�*R�� ���5 +�'���� +�'�����"� ,<��.,� Ob��* +,2�% {k2�
$�3<#�N��G�$ ��)�
: @RS�  >P� �-�!/�� �- JS�" �� �"#

�K��D#�
- 
 ��*$� ,��!��k?%A�2�!/2�� ��K�2�D #�
2- 

 ��,�!��k?%B2MW�* $�,b* �- +�
?" 4�=�,2��� � +$� Q�2: ��

��/G�-��-$�F�* ,���>-
% !/�� O� � =�� �-�� E�2- O2WBW� ��P
����"���" O?I $� O��- !/�� .,� L�BW* +����=�� �2- >-
% ��

#�
22- 
 ��22*$� ,22��22- !22��k?% � !22��k?%�>|/�YszY.��22- 
%
�22��22N $� �B22&�< (�=�B �22"����22�-� �22-~Y*~Y���22��
22�*#
�- $�F�* B?I�2*$� � !��k?% =��$�23< +,2�% !2��k?%#�$�2*

.! 

 $�
[ +��3��� 
�N�=�BA�B�
� �-�O*�� (�%�$�3< +,�% �B#�N�2�G�$ ��

+�
?" �-�%�- >P� �B�\����D�LR�2:� �- @RS� �!2�) K�2�D

  d�P����*$� ,���2N $� .,2� +��3��� !��k?% � !��k?%�=�BA

��,��~Y%�2: d
2% �,I��2��1� �,2��  �#�
2- 
 d�2P����2*$� ,2��
=,* �- {k� .,� +��� $�
[ !��k?%|Y��$ � 4��$#|�2� z$�2-

���$ �
.,� �"���" ��2�B?I >2�2��� �� O2/[ =���2��?� >$��
2-#
�- $�F�* $�
���#d
% jN =$�& �"�.! 
 

 � �"!� ���$2&�
7_ 3�� 

=,* 1P� K�*��
" $� �=�B��N z+�* �-z$�
D���- �$���>�� 
=,*�*�4!-��$ �2�h?"�>2- >2'?" LR�2:���2����$ =$�2& 

,<$� ����- U
��T � ,� ���?� {k� $��
2-#��2D* (2%
*�+��2� ��
�� 

 =$�& ����?� �"�-$�F�* 2�$
-��2"# �1�2D��2��?����

$�2% $��2�� H/� �2-�*�5�B?I � ,2� O2b��* +�'2� 2� =��1�2D��
��?�����$ 
-#���?� ) �"pH 4EC $�
2  =�,2*�) ,&$� 42�2�5 ��4

!/��C/N � �*� 4TPHjN d�P�� (�.! 
�-$�2F�* !2[� � !62&
���5��*�5 41�0�2N �� 
2" $� �2"�$�
2D� $�2- �� =�B ,2� �2�� �2%��

-�* 4+,*5 !���'���* $�
D� �� �� O&�< >�.,��- 

 �Y�,����
 ����� 3����4 ����� e}� !��

�22� $� �22���A* >m,22��* K�22*�)nsnmsvustms�u�$�22* (��$
�$
-��
- .! 

 $�
[#���5 d�2P����2N �� d�,2% 
2" �� �2"1�=�B �2"
$�,b*#% $� � ,2� !���
- ���?��� �2� 2�£$�,2�'� $��#{k2� �

�- $�F�* ���5��*�5 �- 1�.,� +��� U�b��� +�'� 

 �]�^	(%TPH 

� $��>��,< 	�$nu��ou�2- �2��?� d

 U�2B6* �B�2��mu:mu 
��
W��� �B�%�� +�'��� $� K��*�
B% #� K�1'"�$� ��
W�2�� .,

�- �B�%�� �B���omu �B�* K�2�*�
B% #� /K�12'" L�2BW* �� 
���
 ��,< K�3�� OD�� � �� 

 =$�&nuU�� $� $�-�!I�2� ��2- .

���?� �"4K,� +��*5 �� ,�- �- +�'��� � �

���*�
T
��#12�P* �2%
 ���$�D�5 �-FID �$�* 1����5 ,�,�(EPA 1996) ��
 +�'��� C�� .

 � �

���22*�
%!22�B�)5nU,22*x}wY K��22� �22- �22D�
*5 !:�22� 
HP-5MS-5%  Phenyl silox .��- ��� !2[� �- �*
) ��� 1am 

+��3������
W��� +���- .,TPH �� +��3��� �- #$�3< +,�% 7�6* ��
 
1 Agilent Technology 

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

����#��� �6#���A/-
e�T 	... dx.doi.org/10.22093/wwj.2017.45874 

61����� � �� �������������	
���
����

�$�,����� +��*TPH 
 K��
) $���?� H-�A*�,��wY�/2��6* ,&$�
,�.

�2D��� K�2*�5 �� �2�5 >-
2% $�,b* >���� #�
-s�2B-n#�
2- 4
U�,B% 	�$ �� O% =�� $�,b* >����o=�,2*�) O2% >�2��� #�
2- �

#
2�?���

 	�$ �� (�2�5) $�
 v+��3�2�� ,2�.(Schinner et al. 

1995; Alef & Nannipieri 1995; USEPA 2001).

 �a�B���� #��� 3��
_ ��

�
-#	�$ �� ���?� JP< �$�5
-full factorial ��-$�2F�* 2�$
-�
�R�:� *�'���>�"$����"$�?#�B�W* ��d
� $�12 � SPSS �W2�� 

n� �K�22*�5 $�22*5#ANOVA +��3�22�� 22�,�^A22� 22��*�$��#
U���*um/u<p$� 
F� �� 

 ,2� K�2*�5 �� �LSD �
2-#K�2��

��* �R�:� K����$��#-��2"
�*�$�N >#� � �2B�W* 2� K�2*�5 �� 1
SEM �-$�F�* * �$�,����� ��
6�� K��� K��� 2�'���+��3�2�� >2�.,

d
� $�1 � O�T� #�
- J�$ $���?��"�$�* +��3��� $�
[ ! 

.

.�G&��� 

.����0	; ! �(I!� �&�? 3��8Q #�(* ����� �&'	� 7� Bg�Q G&���

X~w�� �:&c�;��4 
U�,) $�|����1P� �� O&�< ��$�23< +,2�% ���?� �#�N C�2� �� 2� �

�G�$�B]� >P� ���
2� $� @RS�  +,� ���*�5 7�"�'2��+�$�5
.!�� +,� 

T!�U��+,� ��B]� >P� � ��G�$ ���N #$�3< +,�% =�MW�*

@RS�  

Table 1. Characteristics of the dewatered sewage sludge 
and pure (oil-based) drill cutting 

Parameter Pure drill cutting
(oil-based)  

Dewatered
sewage 
sludge 

pH 9.86 7.2 
EC (µs/cm) 82 4.5±0.06 

Volatile or 
organic solids   
(Organic)  (%)  

14.32% 62% 

C/N 125.4/1 5.6/1 
TPH (g/kg) 93.323 --- 

1 Walcky Black Test 
2 Kjeldal 
3 Gravimetry 

Y� �1�'�
TPH �0(&��� �0Z �� #�� n`Q ! >0%�6�* �0
�!

>%�6�* 

�b* �-��N �� ���=�BA�B1P� ,2��$ �2% ,2� +,"��* 2� �TPH $�
�N�=�BA-��N �� 
���=�B B* .!���[�- !2FBG K�1�+,2��?TPH 
�
-#�N ���=�BA�B�N $���- +$�� K� �
� 2� �2- 
2-�
- (�|/||�
yy/|}% 
- d

�d

�B��- Oq�)|.(

Fig. 1. Variations in TPH for the two A and B pilots 
throughout the degradation time 

By� ��=�
��]�TPH =�B��N �� #�
- #$�3< +,�% $� ��)�*A�B

��1P� K�*� U�� $� 

Y�Y�1�'00�
,��00��[� pH �00(&��� �00Z �� !>00%�6�* �00
�!

>%�6�* 
�% ���'��?" Oq2� $�z2�* 2* +,"����2� ]�2�� =�
pH �� 
2" $� 

�N��"�% �,�-� =�B���,< �� {k� �#�1 ����.��- �2N $��=�BB

*�2�� K�1�,�26* ���* �2- 72�K�1z~/}�2N $� ��=�B A�2-zY/}
�$�,.

Fig. 2. Variations in pH for the two A and B pilots 
throughout the degradation time 

By� ��=�
��]�pH =�B��N �� #�
-A�B��1P� K�*� U�� $� 
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��������� � �� ����

Y�]�1�'00�
,��00��[� EC �00(&��� �00Z ��!>00%�6�* �00
�!

>%�6�* 
*�]� K�1��=�
EC �N �� 
" $��,��$ =�B#�1 ��2��!2����$�
�N222� �222N $� +�222* �� K��=�BA�222-Yz/|x�222N $� ��=�BB�222-

w}/|~*���
D����� 
- {�?��$ 
�*�,Oq�)�.(

Fig. 3. Variations in EC for the two A and B pilots 
throughout the degradation time 

By� .�=�
��]�EC =�B��N �� #�
-A�B��1P� K�*� U�� $�

Y�a�1�'�
,����[� �0(&��� �0Z �� (���0� )�0;_ ,��0
�U

>%�6�* ! >%�6�* �
�! 
* U�� ��$ $�222� 222�5 =�,222*�) K�1��222N �� $��=�BA�B�$��#

$�,b*#�2- 
-�
- � K��D��Y/�|,2&$� ���  C�
2� �2- � ��2- 2� !
1P���4��* >��2N �� 
" $� K�1�0"�2% =�B�!2 � Oq2�)X(2�� .�

���N $� 0"�% >��2N $� +�* �� K��=�BB* �2- 2� 2�1) K�1��� 
2�?%
�N�=�BA��-.

Fig. 4. Variation in percentage of volatile solids in pilots 
A and B during the degradation period 

By� =�=�B��N �� #�
- $�
  =�,*�) ,&$� =�
��]�A�BU�� $�

��1P� K�*� 
Y�i�1�'�
,����[� �
� �0(&��� �0Z �� ! >0%�6�* �0
�!

>%�6�* 
*�]� K�1��� �*� =�
���
 +�*��2*$� ,2��!2��k?% !2��k?% �

.! 

 $�
[ 0P�� �$�* �N �� 
" $���1 � ,��$ =�B���2)� �*� 0
�� 4!����-�
����1 � >���$ $� �*� 0|~�N $� d��=�BB�-��

�N $� ��=�BA�-~/�|�)$�e���B� �$�,Oq�)~.(

Fig. 5. Variation in temperature in pilots A and B pilots 
during the degradation period 

By�@�=�B��N �� #�
- �*� =�
��]�A�B��1P� K�*� U�� $�

Y�j��0(&��� �0Z �� ,7� �04 �4�0* >L0)� ,����[� 1�'�


>%�6�* ! >%�6�* �
�! 

�N �� $� =�� �- >-
% !/�� U�� ��$ $��=�BA�B�$��#$�,2b*
�
-�
- � K��Dw/z|�% ���'��?" � ��- Oq� $�x* +,"��*���2�
��� $� !/�� >���
 +�2*��1P� ,2� 2�- ��\�2���D�0"�2%�!2 �
-�$�� #��$ $� �2%xY�2- d�Yz/|X�z}/|�
 $���2*$� ,2��

�- !��k?% � !��k?% �
���$ (�.,

Fig. 6. Variation in C/N ratio in pilots A and B during 
the degradation period 
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By� C�=�B��N �� #�
- =�� �- >-
% !/�� =�
��]�A�BU�� $�

��1P� K�*� 
Y�k�1�'�
b�* 3��4 ���0(&��� �0Z �� >0%�6�* �0
�! ��

,��&�? A 

$� �% ���'��?" Oq2�y2* +,"�2�*�* ��2� 2� �2b- K�1#d
2% $� �2"
�N�=�BA� $����,��$ +�*#2�"�%�d
2% ��,2�� � !2��� �� �2"

~Y �- U�� ��$ $� �,Iz���$ $� �,IxY0"�% d��.! � 

Fig. 7. Variation in worm survival rates in pilot A 
(vermicomposting) during the degradation period 

By� M�K�1�* #�b- d
% =�B��N #�
- �"AU�� $� (!��k?% �*$�)

��1P� K�*� 

.�O���4 �$�)L�� 1�
7_TPH ,��&�? !� �� 1�
7 !A!B

$�Oq� #�" }�w����'��/?" ��A:�2-�>TPH �� $� K�2*� �
�N�*$� =�B�* +,"��* !��k?% � !��k?%�.��� 

���5�$�*5 1#�2N $� �% ��� K����=�BA'�2�/?"�2A:�2-�>
TPH �- 
-�
- K�*� �wwy/Y!�� - ��0"�% ,��$ >TPH ��)�*

$�3< +,�% $�#- >P� �- L�BW*�\����D�1P� K�*� ���4'��/?"�
E�-��.�$�� ��)� 

Fig. 8. Linear correlation between TPH and time in pilot A 

By� N�>�- �A: �'��/?"TPH =�B��N $� K�*� �A

Fig. 9. Linear correlation between TPH and time in pilot B 

By� O�>�- �A: �'��/?"TPH =�B��N $� K�*� �B

�N $��=�BB'��/?"�A:�2-�>TPH �2- 
2-�
- K�2*� �y|Y/Y
��-'��/?" ����*�$��#-�� >���)� 
�*�$�N �� >!���.

���5�$�*5 1#2- �2% ��� K�2���0"�2% ,2��$ >TPH $� ��2)�*
$�3< +,�%#- >P� �- L�BW*�\����D��N �� $� @RS� �=�BA�

B1P� K�*� $� 2��4'�2�/?"�E�2-���$�� ��2)� )Y~/YP< �2- .(
��� +,"��*��� �Oq� #�"}�w2*�- K��2� 2� 
�*�$�2N �2% ��2?� K�

c�� K�*���- 
�/���* $���$ 
-#]���=�
TPH � $��K�*� =,*
xY ���
 �- .!�� ����� ��$ �#�1 � �- �%�2� $� K�2*� 0�xY��$

*��j< K�1TPH -�
��#��� � !�� ����� U�/�� �- �$��� 
" $� �
�N�=�B�'��/?" ����*�- $���]� � K�*� 
�*�$�N >2��=�
TPH  

.!�� +��� K��� 

=�F�4 
>�� H�b6� K��� ��� �T��
 �,�� *$� � !��k?T�4!2��k?% �2- 

�*��� !�/�� 4���* �� 
F� C�2� +��2* !2��k?T +,��2� ���,2�� d
2T 
�,��  ���1��4$�,b*TPH  $�$�3< +,�%#�2- K�12�* #��2�� 0"�2T 

�� �� !�� �T >�� C�S�* �- ����� 
��� =�2b�b6� d�2P�� +,2� $� 

>�� `�M: ��/* 
-0"�T TPH4!b-�A* �$�� .(Takdastan et 
al. 2000; Callaham et al. 2002; Hickman & Reil 2008; 
Safwat et al. 2002; Salanitro et al. 1997; Schaefer et al. 

2005; Shin & Kim 2001) 
�2�� �R�:� �*��� �� �B2&�< �2�b6� >2�2:
- �2- H�b6��=�2b

 �2�� H-�2A� d,I � �-��*�2��� 4�����R�2:� 	�$ 4$�2T =��23� 

=�MW�* C�2� 
�2�- )���2* �2���� �$�2* +��3�2��(�
2� 4�d�2P�� 7
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 ��4,� =,* K�*� 4����A* 4��,�� 4K�� ���
 ���
��� �
_�� #�2" 
d
T �T�: �=��3�* K��2- C�2� �K�12�* ���2* !2��k?T +,��2� �

J����
$��
q�* #�" �
M* +,��T ���2* �$�2* �2���A* 2*�,2��- $� .
�"�_N�2���� �%��$�2* $� K�$�2D?" ��2�$
- 
�c�2� =E�29  

#��
 
- !FBG =�1B  >�'�� $� �� 
 �,�� �*$� !��k?T >P� 

@RS�  � �- ,���� d�P�� #
����� >��P�$�K�12�* �% ,�, !2FBG 

=�1B  >�'�� !��k?T #,���� 
2�?T �� #�"�$�,���2�� !2��k?T 

�2)$� p2� ���$�2�T #�"�$�,���2�� 4K�
2�� K�*��2� ���2�) 

!��,�-n�K�*��� !2��3< 7�26* !2��� �2q�
*5o+��2- !2�� 

4>��
-��- �* K��� �� =E�9  �2- #��
 K��2�I O2*�I J�2P< +,2��T 

K��$� �K���
  #�
- ,2���� �2*$� !2��k?T $� L�2BW* �2- >2P� 

@RS�  #
�� �- $�T ! 

 (Zazouli et al. 2015).$���"�_N
 U�� $�zYYy 	$�1
�BI �% ,�* � �
* JG$�E�- 
#%�: d
%�

%
� $�9< $���3� =�/�4%�: d
%�*��
  ,�����1P� ,� 2� U�2�  �$ �
�
-��- � +�
%�E�N $� >�* �2- !23� �- +���5 Q�: 02�'���!2FBG >

" O%��3� >-
%�$,�)TPH (tuuu *�B�% 
- d

�+�
2- $�D- d

�B
 .���K�bb6* �h?"�* �% ,��
% 	$�1
 >�1P� K�1 2� d
2% �2��
 �2- �

%�:����-��!�� (Maike & Fisler 2007) �2���A* . +,2� ��2� �2-
���- �P�� $� +,*5 !�� 2�b6� >2���,2< �2� H#�2]*�� �$�� =
 2� �


d
% �"#%�:��2N $� ,��2����� =�3B� ��)� �-�=�BAL�2BW* �2%
$�3< +,�%#�N��G�$ ��)�
: >P� �-��$�� � ��- JS�" ��#TPH 

���22� �YYX/Xz% 
22- d
22
���22- d

�22B4- d�����22- �$ K5 � ,22�$��
�|x/||% 
2- d

�,���2�
- d

�2B )�2���Yx/y�,2&$� �j2<
TPH�h?" 4(�* >��b- K�1#d
% �"#%�:�� $���� +�2* ��~Y�2-

z� 0"�22% �,22I�!22 � )�22���Xx,22&$� �22b- 0"�22%#d
22% .(�22" 
Schaefer ����A* $� ��� K�2�� #� �12 � �2%����  02���-���% !2��

*�-
D�����$�9< ���,��  ���1�� �j< ()�*ln,2&$� )nu�t 
*�B�% 
- d

�d

�B �� Q�:l�*�B�% 
- d

�d

�B
���5 (�!23�

 $� d�:m���$3M��� ������2* ��2� .(Schaefer et al. 2007; 
Takdasatn et al. 2015; EPA 1996) 

����� >���� �- ��- �����W?" 
S�< ����A* $� +,*5 !����$�,�
���
H�b6� >�� $�*�K�1�v,&$� ��TPH +�2* �� K�2*� =,* $�
22-�22���%�22: d
22% �B�0"�22%!22 �� .22?;
N�U�22� $�|�w� $� 4

1 World Health Organization (WHO) 
2 US. Environmental Protection Agency (USEPA) 

��"�_N ,* K���I �-�
�� !�6* !��A�+,�% �2"#$�23<#!2�)
 �j<TPH - >P� �� +��3��� �-�\����D�3M���K��� @RS�  ���:

��b* �% �����"
�*�$�N 
#%�23�$�23< +,2�% �� O2&�< !2��k?%#
F��
pH�5 =�,*�) 4��TPH �
� �-��2- 
2-�
- (X}/y�wy/XY

,&$� �|�} *�B�% 
2- d
2
�U�2� $� d

�2B 1P� +�2* �� K�2*� 2� �
O&�<�,(Parchami et al. 2014) .��< $��
2S�< ����A* $� �%

*�K�1pH�5 =�,*�) 4��TPH �2- �
� 2� (z~/}4w/z~,2&$� �
yy/|}% 
- d

�1P� K�*� =,* $� d

�B 2� �xYO2&�< ��$ 2� ,

�2]* ��2  �2���A* �- �%�.�$�� =
 �� +,"�2�* �2- 
2S�< �2���A* $�
�N�=�BA�B$�Oq� |*�2�; K��2���2N $� �2% !23
 >�=�BA

�- ���d
% $�9< O�"#%�:�
�%�- 
- +�RI#* ����
$��
D�J2� �2"
*�K�1TPH 1P� ,��$ �-�
W� � ��- (�
��#�2N �2- !/2���=�BB

�- ��- +�
?" ���
 �#* U�� ��$ $� �% 2� K�1TPH �
2-#�2N�=�BA�
B�- 
-�
-YYX/Xz�� ��-���$ $�xY� d���2N $� $�,b* >�=�BA

�22-�|/||% 
22- d
22
��22N $� � d

�22B�=�BB�22-yy/|}
22- d
22

%�0"�% d

�B��h?" .! ���N `�M: $� >�=�BB�b* $���2- ��
�N�=�BA'��/?"�23�* � 72���* C�� ���2�� ��2-�2��72: (

'��/?"��N $��=�BA-��N �� 
���=�BB��- 
*� >�� �T �2- !2BI
��� �!E�-#*���
$��
D�J�- �"���
�%�- +_#d
2% +�
?" �- �" �2"#
%�:��N $��=�BA2*$� �- +�
?" >P�)��b* $� (!2��k?%��2- �2�

�N�=�BB2�h?" .!�� +��- (!��k?% 7b )��2N $� >�=�BB2-�>
� K�*�TPH ^A� $�Y~/YP< '�2�/?"�2��*�$��#�2�.,2� +,

 ,��$pH �N �� 
" $��2�"�% =�B�2�� !2�� +��2-��2N $��=�BB

�- ���
�%�2- 72b  $�9< O#* � �2"���
$��
D�J2� �b* $� �2"��2- �2�
�N�=�BA
�%�-)#* � �"���
$��
D�J�d
% � �" * (�2" 2� 2�� K�1�,���

6*��- 7*�K�1z~/}�N $� ��=�BA�-zY/}�$�� !2BI �% ,2�>
�- =��3� ������  � $�9< O�- !�
�%�- 
��#* � �"���
$��
D�J��"

d
% ��N $� �"�=�BA�h?" .!�� +��-�>Oq���* K��� �2T ,"� 
�- ���*$� $�9< O��N $� !��k?%�=�BA�b* $���2N �2- �2��=�B
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Table 2. SEM and LSD tests for the quality parameters 
in pilots A and B 

Pilot Type
Quality 

Parameters
A B

pH ±0.118.15 
8.20-8.52 

8.05±0.14 
8.25-8.50 

Percentage of 
volatile solids

27.65±1. 04 
25.70-31.30 

27.29±1.01 
25.90-31.30 

Temperature 
(oC)

25.51±1.73 
21.50-24.07 

26.12±2.12 
21.50-24.01 

EC (µs/cm) 15.34±0.28 
14.60-16.02 

15.39±0.27 
14.60-15.98 

TPH
)g/kg(

26.45±5.60 
11.31-42.00 

29.37±4.14 
18.77-42.00 

C/N ±1.3916.79 
14.40-21.90 

17.93±1.27 
14.55-21.90 

)0.05 <P(The least data 

@��	��� 3��+ 
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