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Abstract  
This study was conducted to determine the efficiency of the up-flow anaerobic sludge blanket (UASB) process 
in treating the leachate from the municipal solid waste (MSW) in the city of Ahvaz, Iran, under tropical 
conditions. A pilot scale UASB reactor with a total volume of 30 L was seeded with anaerobic sludge from the 
sugarcane plant to which diluted municipal leachate was introduced as influent feed. The organic loading rate 
(OLR) of the reactor was increased from 0.58 to 15 g COD/L.d over a period of 230 days. A maximum COD 
removal efficiency of 87% was obtained for an organic loading rate of 12 g COD/L.d. The temperature of the 
reactor was maintained in the range 34-39 ºC during the study period. The maximum reactor temperature (39 ºC)  
 

highest reactor temperature (37-39 ºC). The results reveal that the UASB reactor is a feasible one for treating  
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reached was due to the effect of ambient temperature. The highest COD removal efficiency was obtained at the 
MSW leachates as witnessed by its successful operation in the hot climate of Ahvaz (with an average 
temperature of 40 ºC over about 7-8 months of the year) and by its potential for receiving and treating high 
organic loading rates with a high COD removal efficiency (87%). However, an aerobic system must be used 
after the UASB reactor for the effluent to meet the standards defined for the proposed disposal method. 
 
Keywords: MSW Lechate, UASB Reactor, Anaerobic Treatment, Tropical Conditions, Ahwaz. 
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i)��E ���8  �� l( �&'/�	�6 COD 7M��F 52 \+��} � &=F�	 


4F ��	�E�� �%��COD�" s1#	 ���/�( +��F *.?�/� ���/�( � 
 ��� 5�,/ 7F��	Tbk 
4F ��	�E�� *COD &� fU���� �P�% .

�����$�� 3���[��� &��	�%� �% �% 5���,/ 3�������Tkg ��� TfU *
&� 5�6 3��4���� &=F�	 ���P ��	 �  3� ��gCOD/L.d T^'/���� 

�" !%�% .�� 3%��� &����" &E���� 5�%^f&�� ���� \g'/����� ����� 
+��/ .+�� � %�� ����E ����� ��	�E�� +�� ����	pH �#�E !���#	 .


4F ��	�E��COD &� &=F�	 ?/� 52 �� ~/��� fh&�� ��P�% ih
+��/ '/���� �P�% .

��$���F 3��4����� &=F�	 �% �% 5��,/ �����3�Tik ��  ^TU *
����	 5�6 3��4���� &� gCOD/L.d Tb�" !%�% '/���� .'/���� ��
OLR &E�#E *��/%�� ��8�"6 N����� �% 5/���$ +�� �� 5/�� .pH &�� 

%���	 �/�!5�,/ S�	�E g����� .�����	 &�� ���E ��	��E�� +���Tg
�/%�� !���#	 �P�% .S��=�	 K/��  ��NaOH �KOH *S��	�E�% 

pH %���	 &� !��	�E�� �% 5����	 ���y  �	� �" !�E�%����� 5,�[2 
�#E 7P�F .&���  ��" 3��[��� +���} `/���" �� N���� *7��% ?�-�

 ��� ?/��� +"4� �� l( &8�/�*&E�#E &�$ N���� 5/���$ %�[>� 3��
 ���� �� l	��� 3������ 7P�F�. 3��4��"6 *%�� �/��� ��/%�� ��8

 
4F ��	�E��COD &� '/���� ~/��  +���/ .5/����$ %��[>� ���<6
 %��F N����U� T^� ��" !���#�	 ��/�. 3��4����� �� l( ��� 

��	 52 
4F ��	�E��hb&� ��� fU���� �P�% .

��������	 
���
���� � 
� 
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5�.��H X���( �� !��-� &$ !�" ����" l	��� ����	 &=F�	 ?/� �%
 5	 x��H N���� �� ��"R+�"�% 3��B-#�� '/����� *.��E�	 ���	�

 &=F�	 ?/� �% 58������� &� gf/k��� )Tg+0�� (+���/ '���$ .
?/��#�� *�/%�� �$I ?/� �� '�( &CE6 K��;	 
4�F ��	�E��COD 

5��6 3��4����� 3��� &,��;	 ?/� �%gCOD/L.d T^�����	 &�� *ih
%�� �P�% .78"^��E !�����y  � 3��4���� 
4�F ��	��E�� �% ��

5	 ��#E K�D�  S�2 ��%.

������E��4���� �����y  5�6 3���
4F �P�% COD ���$�� 
UASB 


4F ��	�E�� &8�/� &� &.�  ��COD �&3��4���� �% !�	6 +�%
 5�6gCOD/L.d Tb*&� ��$��F fU+�"4� �� l�( � ����� �P�% 

%����F ^b���� ����� ���/%�BE 7��P�F 3�����y  &��m�/� &��� &��.�  ����
 ���� ��	����E��&���=F�	 5����6 3��4������� �% !����	6 +����%&7���[M 

)gCOD/L.d T^OLR= (ih*&������ %��6���� �% �4��� *%���� ���P�% 
*����� 3�>" &���� &����" ���P��H &� &.�  �� &��>� 5�6 3��4����

 S%�,	gCOD/L.d T^��/%�� ?��,  .3���� ���� *�����-2� S���F 
&��� 5���6 3��4������ ���B/%gCOD/L.d T^���" !���E�%����� .?��/� �%

?��/� &��=F�	 ����	 Tk��� *
4��F �% N������ ��	����E�� COD &��� 
U/ig� ��	�E�� ?/� ��� &$ ���� �P�% &K�D�  52 �% !�	6 +�%

%�� .!��" %�)/� 3�[��� `/��" �� &$ �/%�� 7P�F ����-2� ?/������
 ���" 3��� &��>� 5�6 3��4���� *&,��;	 ?/� �% &�����&*������ 3�>�" 

���$�� �%UASB %���F �% !�" �$I ���1#	 �� gCOD/L.d T^
+��.

?�" �
4�F ���	��E�� &�� %���H K���D���  �% �����8�-�� Ug

4�����F �% �������P�%COD S%������,	 5������6 3��4��������� �% 

g COD/L.d i/Tb�����/ +�% ]^[.��	�E�� ��E ����8-� � 3��/
 
4��Ffi5���6 3��4������ �% ���P�% g COD/L.d b������� ��

!%�Z �E�]\[.

1 Washout 

�����/� ?���C-�Y?E���Z �j����Z�� 5/����Z *UASB 3����� �� 

4FCOD 5/�	% !%���	 �% Ti� ^\5����� Q����=� &�.�% 

����	 &� � �E%�-Egb��  fb
4�F ��P�% COD 3��4����� 3���� 
?�� 5�6gCOD/L hz^�����/ +�% ]f[.�����m-� � �������p���E 


4F ��	�E��COD `���	 3�	% �% 5m/ &Z w=�1	 ���Z�� �% �% 
3�	% �% 3�B/% �\b���=� &.�% 5	 3���>BE Q&�/�D	 �� �E�"

 &� � !%�-E 5��6 3��4����� ��� � gCOD/L.d Tb�\k��>E6 �% �� 
�E%�% A�)E� .&�� ��	�E�� 
4�F 3���� !��	6 +��%COD &�,��;	 �% 

�� � ��� @M��	 A�-  �% ��Z4	i^%�� �P�% ]i[.

4�8�
�#5�
 �	�� 
% �����y  �}� 5���� *&,��;	 ?/� 5=P� 
���� �� 58/ �D;�	 �% ��	&

%�� N���� ��	�E�� �� &,��;	 %��	 3���	�� .�D;�	 3�	%&3���.� 
3��� O��-,	 A�� 7�� �% &,��;	hk�.�% &�% � +��� Q����=� 

5	 ��J � %���	 3����� ��" 5��F &$ ���� �� ��	% ���E ���hk&�.�% 
5-E ��-$ %�" .
4F ��	�E�� ?/��#��COD &�Zif��P�% � %��� 

��E ��	 ?/��#�� �� ������ ���� *����$�� %�$���$ 3��	% ?/� ��� �% 
5�,/\U.�% &Q���=��" 7P�F )78"\.(

����$�� 5/����$ %��[>� ��� ��	% �}� K�D�  ?/� ~/��EUASB �% 
��#��� �/%�D	 
4FCOD  �� ����/ %��-E .7m�"\�% '�>. V�/ 

3�	% �� �4� �% ������ ����  ����	\f&� Q���=� &.�% \i�\U
&.�% Q���=� 5	 ��#E �� ��% 5	 �	� ?/� &$ ���y  �}� �BE��� �E�� 

 �"�� �6 5E�>��E ���y  � ������ ����  ����	 �� �	%.���,��;	 A��)E� 
�����  �% l	���� ����� 5BE�B� �� �	% ���y  ���}� ?��,  �% K�M%
 *������� �����  3������ ���� ����y  _��DE �%��-E s1#�	 � ������

5	 ��J	 �E�� �"��)7m"\(.

���0�
4F ��	�E�� �����y  COD 3�	% �����y  ��}�  +� 
���$�� ���% 

2 Rintala 
3 Kettunen 
4 Garcia et al. 


���� � 
������ ���	 
���
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4�4�<�=>" ��?@% ABC 
����$�� 5/����$ K��D�  ?/� �%UASB ����=� �� 5�H�� 
4�F �% 

&����� &�����" �� A���$ � N�	%��$ *7�8�E *X��� *3�� 7	�" ?�B��
 +��� ���M 5���� %��	 3�>" .S��.\���|�. +�t=< &� _���	 

� �����$�� �� 5��.��H X����( � 3%��� &������" �% �����=� ~/����E
 &�/�D	 A��H &�����" �% ?�B��� ����=� 3��>�t=< ��� ��>E6 ��#�E ��

5�	 ��% .S��. �%\78" �h5��	 !���#	 &Z %�" �=� +t=<����
 ���-� 3��>�t=< &�� +[��E !��	 &�� �� l�( ����$�� ?)� �% %�.�	

 *&���� ?)� �% ���=� &���/ '/���� �E� *5	 ?/������ +��� &)��E ��� 
 &��Z @��-)  �����$�� ?��)� �% 3%��� &������" �� !���" 
4��F �����=�

&���/ �E�.
��$����F 3��4����� !��% �%)g COD/l.d TbOLR= (&��� 7����%

 ���% ���$�� *58������� �E�	 ��	� '��$ � 5�6 3��4���� '/���� 

78#	 �� ?�)� �/��" ���" x���H � &���" ��/% .!��% ?�/� �% �4��
 ����� �% &����/ @-)  ?�B�� ���=� *���$�� �� ?)� x��H �� !�n0

 �� ��E ���$�� ?)��6x��H �E�" .&�7���% ?�-���% �% !3��4����� 
!����E� !�	 ?�	�% �� %�� 
%��	 &$ ��$��F ����� *?�B��� ����=� 3�

 +���/ '���$ ����$�� ?�)� �% ���=� ?/� +t=< .?�/� v��o�	 �% 
S��.\78" �h+�� !���#	 7��M .

D��E�#  ���� 
&���/ �� !%�J��� �� &)��E K�D�  ?/� 3�� 5	 3��� �� !%�J���� &�$ %�"

 ���$��UASB &����� &�����" &�J��  3��� 3�	6��$ � ����	 ��� 
+t=< �� 3�>"COD !%���	 �% Tikkk �  h^kkk 5=�	 �% A���

���� *��&/��" �% !����	�� `/������ �>" 3����+�� .���� !%�J��� �

����4z?)� � 5.��H X��( *���$�� &� 3%��� &����" *A�H &����" �% ?�B�� ���=� +t=< 
�	����� Zn Pb Ni Cr Cd 
&	' �(���� g/hf^/k\i/kkii/kf/k

?�BE��	 u�j/�u�j/�Y/��p/��u�/�
���,	 
���E� �Yu/��uu/��Y�/��R�/����/�

�FFF( ���
� �(���FFF�


�#5�
 
&�	�% uj/�zp�/��/�zuR/�Yj/�zR�/�u�/�zY�/��j/�zuR/�

?�BE��	 Yj�/�pj�/�R�j/��j/��uj/�
���,	 
���E� ���/���u/��Yj/��R�/���u/� 
�#5�
 -	./ 

&�	�% ju/�zR�/�p�/�zju/�YR/�zR�/�uR/�zR�/�u�/�zp�/�

��G�� <EG �p/�Rj�/�j/�u/�u�/�
?�BE��	 Y�/R��/�p��/�jj�/��uj/�

���,	 
���E� RY�/����/��YR/���j�/����/�

�#5�
 <EG 

))���� ��� ,H(
&�	�% p/RzRu/R�p/�z�p/�uY/�zp�/�pR�/�zY�R/�u�/�zp�/�

�/%�D	 &�=$ �F�� *���,	 
���E� �� ��< *mg/L 5	 �"��.

y g g

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Zn Pb Ni Cr Cd

,
g

86/2 86/3 86/4 First Sludge

 
��?@% 

���D�D	%���E���� �/%�D	 � &���� ?)� �� ���$�� ?)� ���� �% ?�B�� ���=� +t=< &�/� 

�
��=

�+
t=

<
(m

g/
L)

��������	 
���
���� � 
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COD +t=< �� !�" K�M� fkkk �  T^kkk 5�=�	 �% ����� �% A���
 S%��,�	 
4�F 5��/�����$ *K��D��  ?/� �% !%�J��� %��	 ���$��if

&����>� 3��4������ �% ��P�%gCOD/L.d T^&��	6 +�%.�������	 
���  �������� ����L /kg CODrem gi/^Tg�&�	6 +�%.

�� '��U&�,��;	 %���	 &�D;�	 3�	% !���� *S�� �� !�	 \b�� 
bk +���� Q�����=� &��.�%.����m	� 5/���	% !������ ?��/� �� !%�J�����

3��4���� ��� 5�6 3�� !%�-E N���� �� ���$�� ��J	 N)F '��$ �% �

&�/�� �% 5/�. &��P &)��E �% �+H�� 3�� !�>� �����$�� 3��%���
UASB  �%��% 3����� ��} .&�+�t=< �%�� ��� 7��%COD 3%��� 

����$�� 5�.��H *�6 
4�F 3���� ��	�E�� %�.� ��UASB %���	 
+t=< 3���% K�D�  ?/� �% !%�J���COD %���F Tkbk 5�=�	 A���

 &� &Z %�� ���� �% X���( &��=1  3��%���E����� �%��Z !%��6�� ��t�	
 +�� A���-m  &�J�  +�  ���Z�� 5.��H �� ���C-� 5=�3�����/

%��� ���M 3���� &�J� .
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