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Abstract  
The present study investigates the effects of recirculation on the leachate pollutions and biogas 
production in a waste processing in the west of Tehran province, Iran. Recirculation is 
considered as an effective way in leachate pollutants reduction and biogas production rate 
increase. For this purpose, a trench with a size of 3*3*2.5 m was dug, and one pipe was applied 
for sampling.  Parameters were examined, including the chemical oxygen demand, biochemical 
oxygen demand, turbidity, total suspended solids, ammonium, phosphate, copper, iron, 
cadmium, lead, and zinc. To evaluate the production of gases, the periodical measurements of 
CH4, H2S, and SO2 were performed. Moreover, biogas production in the trench was measured in 
seven repetitions. Then, leachate recirculation in the landfill was performed at the leachate 
volume ratio of 20:1, 10:1, 5:1, and 40:1. Comparison of the results indicated that the 
recirculation volume ratio of 1:20 maximized the reduction of pollutants. At this volume ratio, 
the maximum productions of CH4, H2S, and SO2 were obtained to be 50127 ppm, 21.12 ppm, 
and 0.23 ppm, respectively. The recirculation at the ratio of 20:1 reduced COD, BOD, 
ammonium, phosphate, TSS, and turbidity by 1650 mg/L (26%), 889 mg/L (20%), 1650 mg/L 
(26%), 10 mg/L (23%), 63 mg/L (11%), and 11.2 NTU (23%), respectively. Although the 
effects of recirculation on the reduction of pollutants, particularly organic ones, were found to 
be satisfactory, complementary treatment is required for the secondary utilization of wastewater. 
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SO2O��	����$(�� �,)���( �F���M� S<�� ����D� 

1 Biochemical Oxygen Demand (BOD) 
2 Total Suspended Solids (TSS) 
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��%@)�
 �P,�� �) )�1�� �(��� "=�� T�������Q -JU�� "1
�. )��,���T�( |3�}� W��0� �) �)�=�� 
(Iran Environmental Protection Organization, 1996) 

Table 1. Trench leachate parameters and output standards (Iran Environmental Protection Organization, 1996) 

No Parameter Unit 
Measured 
quantity 

Output standard 

Drainage to surface 
waters 

Drainage to wells 

Agricultural 
and 

irrigation 
uses 

1 COD mg/L 9993 60 (Momentary100) 60 (Momentary100) 200 
2 BOD mg/L 4980 30 (Momentary50) 30 (Momentary50) 100 
3 Turbidity NTU 1433 50 _ 50 
4 TSS mg/L 10300 40 (Momentary60) _ 100 
5 NH4

+ mg/L 1020 2.5 1 _ 
6 PO4

3- mg/L 1433 6 6 _
7 Cu mg/L 0.17 1 1 0.2 
8 Fe mg/L 59.0 3 3 3
9 Cd mg/L 0.28 0.1 0.1 0.05 

10 Pb mg/L 0.60 1 1 1
11 Zn mg/L 0.94 2 2 2 

����( ���&#, �) 	�O� ���,��.�l	�( |3�}���	��, O����.�,���
�,�I, �����(��( ����
�� �3�����,�I, ���� Z.) 	 SL� �� �)�(�

��	+ ��( 	
� ��I� �) 
 ��)�($� .�,��� Z�'��� ��B�P ����� �� �� �
, ����	�O�����1
�. �I��#N 	 ������)�( �������D���� �)��N)����'
 S<����>�, 	 . �( Z#� ������,+��)) �) %��N �) ��$>�O� ���

.�� �)�=�� R
�1 


�8	B��G �!
��Q��	���, ���( 7
���� 	 SO����������Y �) ���������Q �����|��3�}�

,�.�l	�(���0. ��� D��=��I� 
���� 
 �(� ����� �� ��( ��	��O�
 �P,�� Z.) �)+��	$S��� .���� ���� ���) �(�$��( ��P,�� t

)����(�/�*�×������ 	 ����(����XO ����(�( 	
�����.)���( ����
�������Q�*+ �( v�(��$��� , ���� �) ��S<�� �(� ��R
��1 .�
����'� ���������Q�����=���� ���( v���(������ �(������
 ���P,�� �)

1
�. )��,����-JU��T�( � |�3�}� W��0� �) �)�=�� �2 �
�� 	 ���� � �b�=Y ���	���!	$� ��P, � �#�.��) 

�( a����	�, �3Y�� O�����	�O��������
��( ��P,�� �)
,�.�l	�( >�<,�( ����P$� C���� ������	�O ��CH4�H2S
SO2

�( �����(�( %����� ��o/��
ppm��/�ZL�� .)��(������

����,��.�l	�( 	 Z�&N �P,�� Z.) ��	�O ���� ���P, ���) .���)
S�
\Q T�� Q �� �(�P��	 S$�� )�( ��� >�<, C$Z(�N S��1��

� �)������ ��������� �) ����	�O �$)����� z���=� �(���P� !.(Aguilar-

Virgen et al., 2014, Converti et al., 1999) .
��IH� ����$��� R����� Z�(�N 	��O C����( �)���� �������.

�(��($�	�, �( 7
�� 	 Z&N CO���M����( ��P,�� Z�.) D� �$ 	 �
��� D�&`�I: �+ �����, ��� )��� Z��Y ���$��( ]Z�(�N ����+ ���)

 �( .���( )����$���	�O ��F�� C���� �����) ��P,�� Z�.) �)�
�3��� �( 
 �3Y����	�, 	
� O���I: 	 ��( .�,���&K� 	 ��� �� �

�������� ����(�L���� �C���) R�3��� Z��.) �)_`�,���.�l	�( �����(
*+$����� ���������( 
 �(���&��#, �) 	���O� �������:���:����:�


��:�	�$(�����	�, �&��� 
) . O����3���� �(�) 	
��� ��$t
�&#, 	 � R
 �&��� �) .�� >�<, ������ �P,�� Z.) �( �(� �$ 
 4

 ��(	��XO�� 	
����� ����	�, 	�O �O����� ��,�I, .����(�
,���	+ ��( 
 ���)�( 	
� ���I� �) �$���I� �) .��� Z�'��� ��B�P�

��	+ ZY��$Q S�3I6 >��<, 	 S��,��.�l	�( D���>
) ��&��� �)
��EI<� �(�$�( R
 �3Y�� �) ���� �) ���� 3}� Z��� ��:�~)�<� 
 �
����� �P,�� Z.) �( �(�$,�.�l	�( .�� 4���&��� �&�#, ��I� �(

3� 
 >�<, R
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Fig. 2. Production measurements of CH4, H2S and SO2 in the trench before recirculation (ppm) 
 J7�/8T��	�O ����CH4�H2S
SO2�	�, ",�.�l	�( 	 Z&N �P,�� Z.) �) ��� T��O (ppm) 

�8�8W#bC �� ;�-� MG�BC��:�
ZL�������	�O ������ �����&�#, �)��:��� ���P, ��.���) 
��I� �,�O Z�(�N ���  �) ��� �����P� �$ ( �&�#, C����P$� C����

����	�O�CH4�H2S
SO2���( ������ ���(�( %����� ���/��

ppm��/���� r�, .)�(�	�O �H2S�
 �)��	��, CO������( ���:
Z(�N H1���(���� .)�( ��P$4o���3��� >�O���( �(� 	�� �������

�� 56�( �P,�� �) )�1�� ���(	$S����( ���� 	�O��� �(�(�)�� 
(Rasapoor et al., 2020) . 

���ZL������
�M�����*+ D�$����� �������� �) )���1����) �(�
,�.�l	�(��&#, �(��:��� ��P, �����I� .���) Z�(�N ��� ��,�O

� ����� ������P���� ��COD�BOD,��+ ���� �D�=��#� �>�TSS 

�( D�
�� �����( %��������� )�����) �(ooq )������) �(

���� )�������)�(��)�������) �(������3�>���O� ���(����� )��
���) 
 (NTU �/��)�����) S��� ($���I� .���� ��� ���:
Q Z(�N�S(���,�.�l	�( �)�(��_`�Z(�N �H1�����S���� ��( �� ��

B�� D�3���.�( )��� �) 
 ���, C���� ��H,+ 	$, S��z��=� �
.)���S�
\Q ����� ��� �)) ��P,$4o���3�� >�O���( �(� 	�
� ���S���� 5�6�( ����(	 ���COD � ��� �� ��������) ���)��� 

.(Rasapoor et al., 2020).

�8�8W#bC �� DC�d"`(�1 MG�BC��:�
ZL������������� �����������	�O ��CH4�H2S
SO2�&���#, �) �

,�.�l	�(���:��� ���P,���( .���) �$( a��� C����P$� C����

 ���	�O�CH4�H2S
SO2,���.�l	�( �&��#, �)���:����( ������ %
�qq�� ���/��
ppm�/��(.��+ ��) ����� �� �� ����� 	��O �

 �)$�&#, 	 ��I� �&#, C��:��3&N �&�#, ���,�� .)�(�� �����
����������	�O ��H2S
SO2Z��(�N �����l ,���.�l	�( .)���&, ���1���
���( a� {�. 	 �)�=�� ��(� ��H, S���Q ���6�$	����1 
�


����yI���� ����(	 ;�_`���&K� ����� ��( ��( ��)�) 	��O�.(Li et al., 

2015).
ZL� ����
oM���*+ D�$��� ������ �) )��1���� �(� �)

,�.�l	�( �&#,���:�� ��P,���I� .��) �����P� Z�(�N �� �,�O
( ������P$� C�S��� ��COD�BOD,��+ ����D�=#� �>TSS 


���( D�
���� ������� ���( %��� ���/�o� )�/������) �(��� )�
���) �(��o� )�q���)� (�)�����) �(o���3�� ��( >��O���� 

)�����) 
 (NTU �/��)�����) ��( ( + ���) �$ .��$���B, t
��I1�� ��P, ���)�I, �(�� ��)_`�,��.�l	�( ���&�#, ��(��:�

,�.�l	�( 	 ��I���&#, �(��:�)�(� �l�O .�B��� D�3� ���C
 �)$�,�I, C, ���Z(�N �,��.�l	�( �)��&, �1���,����H,+ WX�Y ��( �

� ���li�) .��� �)�&, �` �$ ����� t�� ��( Z�( 9��#�����3�����
��S��� ��COD �3� 
$� �) )�1�� ����( �(� ��� �� %q�/��


��/�����) )�( )Biswas et al., 2006(.
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Fig. 3. Production bar charts of CH4, H2S and SO2 in the trench at the recirculation ratio of 20:1 (ppm) 
 (ppm) 20:1در داخل ترانشه در بازچرخاني با نسبتCH4،H2S،SO2ميزان توليد گازهاي-3شكل 

Fig. 4. Comparison of leachate pollutants at the recirculation rate of 20:1 (mg/L) 
 J7�68���$*+ �#$�'� �&#, �( ",�.�l	�( �) �(��� �) )�1�� T����:�(mg/L) 

Fig. 5. Comparison of heavy metals at the recirculation rate of 20:1 (mg/L) 
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Fig. 6. Production bar charts of CH4, H2S and SO2 in the trench at the recirculation ratio of 10:1 (ppm) 
 J7��8T��	�O ����� ����CH4�H2S�SO2�&#, �( ",�.�l	�( �) �P,�� Z.) �)��:�(ppm) 

Fig. 7. Comparison of leachate pollutants at the recirculation rate of 10:1 (mg/L) 
 J7��8���$*+ �#$�'� T�� �&#, �( ",�.�l	�( �) �(��� �) )�1����:�(mg/L) 

Fig. 8. Comparison of heavy metals at the recirculation rate of 10:1 (mg/L) 
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Fig. 9. Production bar charts of CH4, H2S and SO2 in the trench at the recirculation ratio of 5:1 (ppm) 
 J7��8T��	�O ����� ����CH4�H2S�SO2�&#, �( ",�.�l	�( �) �P,�� Z.) �)�:�(ppm) 

�( $� C�( �a���P��$� C������ �� �� ���	�O ��CH4�H2S
SO2

�( �����(�( %���� ���/�
ppm�o/�o�	�, O���>��I� .���
��	+ ZY��$�&#, �) �� S���3&N� �) )�( ��� >�<,$�&�#, C

,�� �l�O .�� ��L� ��� ���,�.�l	�( �&#, �) �(���:��(���:
 U
�(�,��.�l	�( R��I�� ���'� 	 ���P����� �)�����(	 C��)
 ���$, �&#, C��( ��'� ���F��$��# ���'� �&�#, ��( ����)$��B
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Fig. 10. Comparison of leachate pollutants at the recirculation rate of 5:1 (mg/L) 
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Fig. 11. Comparison of leachate pollutants at the recirculation rate of 5:1 (mg/L) 
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Fig. 12. Production bar charts of CH4, H2S and SO2 in the trench at the recirculation ratio of 40:1 (ppm) 
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