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Abstract  
Landfill leachate is one of the most contaminated wastewaters. Because of the widespread use of 
municipal landfills for final disposal of solid waste, there is an increasing concern over their public 
health and environmental hazards. In this study, the landfill leachate of city of Shiraz was successfully 
treated using an ABR system of 4 compartments with a capacity of 64 litters volume and a hydraulic 
retention time of 4 days. COD removal efficiencies of 82.38, 85.19, 82.53, 82.22, and 80.12 per cent 
were achieved for organic loading rates (OLR) of 1.2, 2, 3, 5, and 7.75 kg COD/m3/day, respectively. 
Sampling and test results revealed that the highest activity of acidogenesis bacteria belonged to the 1st 
compartment with the least amount of pH=6.54. It was shown that due to the formation of ammonia 
alkalinity in the reactor, there was a slight increase in the alkalinity of leachate with the maximum 
effluent amount of 6291 mg/l (as CaCO3) in OLR=7.75 kg COD/m3/day. In this study, hydrodynamic 
characteristics and biological performance of an anaerobic baffled reactor (ABR) was also 
investigated. Residence time distribution (RTD) test with step input method was carried out on ABR. 
According to the graphs and theoretical model results, the number of CFSTRs was equal to the 
number of the ABR compartments (N=4). 
 
Keywords: Anaerobic Baffled Reactor, Landfill Leachate, Residence Time Distribution, Step  
 Tracer, Biological Treatment. 
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��3 O�YT /� ����d�� ��5�d5# /� ~# *�+%, �3 �3�5��1 ��/����

COD cqyy �%�' h5� ��5��T)�TV�3 D�&'L/B(���4 ������ �3
  1]B.[�6� -��'/V D��G �� ��4�4 ��3�  �1 5d� �d ��GBj

*�3b /4� �� 5��T ���3 .�D��&� *�T8 ��3 ������ � ���� /� ~�#
 *+%,COD ��' -��W�� ����� �TV �3 4 ��4�4 *��� .�'�\!�

 �� R' �dCOD 4pH *�3b m�?�5R� /4�  �!" ��5�3 ��)45I � ��'
 z5� *��� 2 ��� D�&� *T8 �3 m8�i<� ����� �d  1 .>S� �8

 ��3 2' �� � 1 ���5� 5+� �� D�&� ��53 �d ��'/ .��$��RE� O�� �
�TV ���3L/B�L�]�f4pf/ph5��%��COD �� s�&:'5�' 53 

/4�  1 D60� ����� 53 .-�'/V �� ��W��' >'�1 ���5� (��< 
COD ����)45I 4 ��4�4 �� ABR 4 �pH�%S 4����4�4 �� *����

 �+	E' �� W�� 4 �)45I ��3 ���d�� �� .h6� -��'/V �� ����53 
X��14� ����d >6&T�������� ������ 4 �V -���'/V ��� ������ �

 *�5� (��<]Bp.[

V�>0$ � '�	(� 
V���P1�	i����1% �	1;��� 5ABR 

~�# 4  �1 2�'V �� � �5%d �%�Q' �X�+%, 3 ��XT�%E' � �3� ��
 2/� �� /� ������5?�Td �!E!' �h� d 5� ���5��T� *�� � ��W�' �5��

  ��5� ��� �G�35')>�1L.(���6� O��� /� �� ��5�3 *�+%, O���&� 
���6�  1 2�	��� ���d�� /� �)45I ��.

���������	 
������� � �� 
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y = 0.5616x �0.6595

R2 = 0.999
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�P�V� R'��F �' �'/ ��53Ly�!E!' 4 *0� D ' �� N=3 �N=4 �N=5 

��'!��4� ���� (�<�
��I �����53 ����+!' ���3�/� 2�	����� ��3 
�/Q' �4�  ��' ��'/ H��/�� -�'/V ��T���' >'d ���I�K�3 

���T4� ���  ��' �'/Ly��%# �4�4 �3 *0�� ��3 �� �� �5%d ��
 ����6� 4 hY�� ���d��F ���5� ����5� �)45I *+%, .>��1 ��]

�3 *+%, ����6�  &3F��3 ��'/ s��8 53 � �&3θ�3 4 2 �1 ���� 
������6� �5�+� D �' N=3 �N=4 4N=5 ���d�� >�'d ���I��

 ��5S �� �4� 53 ��T���'���5�  �� .
�6� ��' 2 �P�' ��d ���G 5\���3 D �' ��� 5�� m�?�5R� ����1

 (�<�
IABR �' -�'/V ���51 ��  !�13 .5���R' ~v��R2

5���R' /� �5� 5� ��53 �5�+�  ���5� �?��E' .D4 �)L��<�I 
�' �P� �� >�%E� O�� t���  �� .�6� 2 �P�' ��d ��G ��' ����1

 
1 Residence Time Distribution (RTD) 

D 'N=4 -�'/V �35Y� 5��R' 3 �O��� 4 ���� �5�P�3 �\��?6� 
��+	E' �� &� �d *�� *�&S�4 O�� 3 $3i' 5'� ����d�� ���ABR 

W�� 2�	��� ���'c�' � 0  13 .�� 2�	���� ����' ����d�� O��53!3
 �' �� $�RE� O�� �%��4 �3 ����c���d�� CFSTR �5�d D ' �T���' .

O�!76��'���6� �d *1�� �!�6G� ���� ��5�1 /� 2 1 ���5� ��
���6� 2���3 ��+	E' �V (�<�
I 5\��3 4 e5&' ��+	E' 5� �5��
�� 4�'/V t�-��3�}�T����E<��6�0� >3S 4 �*��.

V�Q�/9- 7	���� COD5r! "�9m	$ ���|6� 	$ 
�� ��+!' �3*I��3 OYT � 1 �/���� �5��1 �3 (��!?T �O��� >�E' �3

 3 ��T4� ���[��3COD cqyy ��%�' h5����2�' 4� ( �' ��3 5���T 
 1 �	8 .*+%,COD 2�4� O�� ��# �� �)45I qcj ��%�' h5��

����� � ������� �����	 
��
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��3 5��T �� .���4 �TV ���[��3 -��W�� 3 *�+%, �����d�� ��3 2 �1
COD *�� -��W�� t�� � �3 �)45I .�TV ���[��3 �� �� R' O��
pf/ph5�����%�� COD/4� �� s���&:'5�' 5���3 ���3 5���3�53 jBjc 
�%�' ��3 5��T �� h5� .@����� ���3 *�+%, ��3 ��)�� 3 ���)4 O�� 3

  !�' X����TV COD �BOD �TSS W��� 4 O�\!�� (�W%� �����'V �
�4 E' ��6� ���' ���8  !!d 2��}�T��3  1� �(�<�
�I /� ��d �
�' O�� >E' �3�5�1 �%d ���d�� � 13ABR 0�3��I ����3 �5��%6

 ��� �P� ��I /� ��	
� �� .��W��' ��3 ��35' t���COD 4 ��4�4 
�)45IABRD4 ) �� ]*�� 2 1 2��4V .

*�+%, ��TV �3 -��W�� /� ~# m��6&' ������ �5d�d D�G ��
COD �� �3 �)45I �' ��/ 2�3 ����d�� �/4�  !" /� ~# �T4  1

 ' ��� 4 2�5d >6E� �� �3 -��W�� ��' -��W��� e[8 �*��� .O���
 �X' /� 5'� �X��F�4 O�5�ABR�' ����W�� ��I� >�T� �3 �d  13

 ����/� �/���� ) u��03 ����� ���d ���<I ���T4� ���� ����}� 4

��' 4 �/� ��� �3 ��	
� �� �/� ����� *'4R' 4 2 1 �/���
 �' �3 �TV �3 -��W�� 4 (�5���� 53�53 �� �� �53]B.[<�� e[�8  

COD ���[��3 �6� �� /� 5�P�3 2 1 hY�� ��qy �<�� ���3 .��
>�1ce[�8 5��R' COD ���[���3 �� 2��� �P�� ��%�Q' ���

*�� 2 1.
RE� �����R�D��� �� LyyySV ����g����4 �KO��1 4U���1 ��3�5

� !T�3 >COD # m�?�� ��O]pyy � qqqf '��%�T �� h5�� ��� 5��
 /� ~# � 4 ��5d ��%Q'S�/� $�5X�1 ����� �3 �����d�� ��3 
ABR �Y8 3 L/B]T� ��5d ���4 5� .���RE� t�� $��P�� �P ��� 

' 5;d� 8 �d�e[8 ��WCOD 3 53�53 cy <��R' �� �d *�� �� ��
 ' 3�	
� ��W�1 ��e[8 4 �3�5COD � �� �RE� O��3 $��# ���O5��
'� 13 ]Bq[.

1 Wang 
2 Shen 

 
)��*Q���R' �\��?6� ���R'D ' 3 �35Y� 5

5i0i� )�� FR2

N = 3wBB/y
N = 4yyf/B
N = 5ypq/B

)��*V��� R' COD �5d�d 2�4� �� �)45I 4 ��4�4 ABR 
5r! 	$ 

)kgCOD/m3/day(
5P1r��1% ��	� 7	�  

) �(
�y�z 314�	1� COD 

"���)mg/L(
�y�z 314�	1� COD 

5*�#�)mg/L(
L/Bccqyy qcj 

Lcqyyy BBqf 
]cBLyyy Lywj 
fcLyyyy ]ffp 
pf/pc]Byyy jBjc 
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V�V���#11�g pH 
�� R'pH O�3 ��4�4 �3�5�1 fc/j4]L/p��3 5���' .�� �R' O���

 O���3 ���)45I ��]f/p4BB/q���%0 ���d ����3 �� �-��W���� ���,�
 �' ��5S �!�X3 2�4 E' �5�� .����' ����6� ���� �4 3 5��R' O�� ��3

��+!' ��+!� pH 3� 'V *�� .�6� >��1 �� �d ��GfD4 �) 4c
2 1 2��� �P� *�� �3 ����d�� �3 �3�5�1 �4�4 /� ~# �TV �3 �� W)�

]h5��%��COD /4� �� s�&:'5�' 53 �pH -��d D4� ��+	E' �� 
�' �' ��I �� R' O�5�6d �3 4  3�  �� .>��T� ��' �� �V /�,V �����

 �3 �/� ��� �%85' �5� �5" �� ��� H6Y� 4 �/��� ��+	E' �� ��
 *���� D4� .�/��� ) �� ����d�� *��R��' 2 �!�� �P�� 5�'� O���

 ��' 4 �/� ��� >8�5' �' �/�  13 .D�G �� �3�5�1 �45P�# 3
 �5� �5" �� ��� e5
' 4 ���d�� �5�d3 ���� �� ���' �� �/��

pH �3 ��)45I �� ���I 5;d� �8 �� �R' ��3 4 ����� -��W��� t�� �
�'  ��.

V�`�	1�. ��#11�g ��1
�%S �� ��R'�O���3 ��4�4 *���LyLB 4cwjf���%�' 5����T �� h5���

)���%d (!35d s�853 (��3 .�6� �d ��G��>�1 jD4 �) 4f

�%S �*�� �QP'����[���3 �� D4� ��+	E' �� �3�5��1 *�� ���
O��#��d �� *�� ���� -�d .�6� �� � 1 5d� W�� 5�P�# �d ��G

 �5� �5" �� ��� D4� �+	E' �' H6Y� ��  !3�¨� ���� O��� ���)4 
�%S -�d 4 � ��� e5
' �3 u03�����d�� /� -�Q3 O��� �� *�

���' ����1 .�%S�2�4 ��E' �� ���)45I �3�5���1 *���Bpjc ��� jLwB 
�%�' 5��T �� h5�)���%d (!35d s�853 (���3 .��[���3 ������

TV�L/B4Lh5��%��COD /4� �� s&:'5�' 53 %S ����� d ��� *�
-�d�T8 �� �������[��3 �� �d ����]�f4pf/ph5���%��
COD/4� 5��3 s��&:'5�' �� '���%S ��W������4�4 ���3 *?���� *���3 
�W���2�56� -2��3*�� .��>��1 2 !�� �P� 5'� O���5�%S���� *
��'V�d����[��3 ��X�+%, 4 ��1 ©5��3 ��' �3�5� �13 .���)4

�}45������ (���?�d5� �� �������'V  ����T�� u���03 ��3�5����1 �� ���
-!d�4 �3 �� ��' �/��� ��5�� .�3 s��d5� /� ~�# �����'VCO2

5� �G �d ���E' �� D�%E'��3  !� �'  �T�� �/��� (���< �3 ���1
NH4-HCO3�%S 4 2 'V �� ���' �Y�� *�  �!d .��6� �� ��d ���G
 �' 2 �� >�1 ���[��3 �� ���1 ��f4pf/ph5���%��COD 5�3 

/4� �� s&:'5�'���[��3 5�� e�I53 ��%S �� R' �����8 *� 
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 ��	
 2222 ��	
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 ��	
 ��	
 ��	
 4444 ��	
 ��	
 ��	
 ��	
  �� � � � �� � � � �� � � � �� � � �

pH

OLR = 1.2

OLR = 2
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OLR = 5

OLR = 7.75

 
�P�k�(�5����pH ���d�� D�G ��ABR 

)��*`�����(�5pH ���d�� D�G �� ABR��[��3 ����%�Q' �TV �� 

Rr! 	$

(kgCOD/m3/day) 
"��� �yJ0���yJ0���yJ0�&�yJ0�=5*�#� 

Q/�qp/jq/jwq/jcB/pjf/ppL/p
Qfc/jcw/jqj/j]f/pfp/pjw/p
Vpw/jcw/pfj/pf]/pfc/pBB/q
k]L/pLw/pj/ppj/ppL/pq
�k/�pq/j]f/jpw/jBB/pLp/p]f/p
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�P�t��%S (�5��������d�� D�G �� *� ABR 

)��*k���5��%S (����*CaCO3�%�' s�853 5��T 53 h5� ���d�� D�G ��ABR��[��3 ����%�Q' �TV �� 

Rr! 	$

(kgCOD/m3/day) 
"��� �yJ0���yJ0���yJ0�&�yJ0�=5*�#� 

Q/�LyLB BjLf BjpB Bjww Bpfc Bpjc 

Q]]pf Lpyw Lpqw Lq]p LwLw Lwcf 

V]fqq ]LyB ]c]] ]jyc ]pBB ]jwj 

kcyLy cLyy cjjy fBjy fLpy fLLy 

�k/�cwjf fccc fpwL jBLy jLfj jLwB 

��' ��d *�� ���� -��W�� 4 2 P� �d W�� D4� �+	E' �� >��T� �����
 �%S -��W�� �Y��� �� 4 5�P�3 ����'V  �T�� �� �V�*�'4R' 4 *��

�5� �5" �� ���  �T�� 53�53 �� �V 5�P�3 -�d 4 ��pH*���� .

`��n1(� "#1m 
BM-���'/V h��Y�� ������'!��4� ���� �����}� ���d ��� �P��� 

�����d�� ���T4� ����ABR D ��' /� CFSTR �45���# �T�����' ����
�'  �!d .D �' 5���R' �3 ��\P��'/V t����N=3 �N=4 4N=5 

�-��'/V t��� �(?�E' hY�� 4 ����6� ��� /� ~# 4  1 ���R'
 3 �5�P�3 $3i� D ' cCFSTR *1�� �T���' .��' O��53�!3 �����

 �� �&� �d *	�CFSTR ��+	E' �� �&� �3 5�3�53 ��T����' ��� ���
 ���d��ABR�'  13.

LM���d�� ABR ��}��T��3 ��	
� �� �3�I �5�%60 �>�E' �3�5��1 
e[8 4 O��COD ��� �P� ��I /� .*�+%, ���TV ��3 -��W��� �3

COD �W��� t�� �� ��3 W��� �)45I �� �R' 5;d� �8 ��3 4 *��� -�
jBjc���%�' ���TV ���3 �� 5����T �� h5���pf/ph5����%��COD 5��3 

/4� �� s&:'5�'  ��� ./� -��3 ����)4 O��� �3qy �<�� e[�8
COD���[��3 �6� ��  1 ><8 � .

]M�� R' pH O��3 �)45I �� ]f/p�� BB/q���[���3 �� ���
 ��3 5���' �%�Q' .2�4 E' �� �� R' O�� ������ �!�X3 �5�%60 ���3 .
-�d �%d ��G �3pH _	�� D4� �+	E' �� �� �R' O�5�6d �d ����

 �V]f/j����3 .�5��� �5���" �� ����� H���6Y� *����T&� 5���b� �� ��
�5�d3 ����d�� /� -�Q3 O�� �� /� ��� ���-��d u�03 pH 4

 ��5� � ��� ��E' �Y�� .
cM��[��3 �� ����%S -��W�� ��3 �*�2 �P�' ���d�� D�G ��

 ����5� .���' �� �V >���T� D����T�' � ��1 ������1 ������ �����' ����
�}45��� O���45#  !�' ��� *����� �����'V  �T�� �Y��� �� 4 � .�3

 �� 4 ����'V s�d5� �%S �� �R' �D�%E' O35d ��d��-��W��� *��
 -�d 53�53 �� g!�5�3 *�<I 4 ����pH3���)4 'V.

k�����. 5
3� �O��%��4 5G�I �3 /�5�1 ����5X1 *��/3 4 ��+!� �'/� /� 

*�68�T' *��68 4��6d �4 �3 ��d �TI � !X' ��I /� W�� 4
�6� 5��' $�RE� O�� hY�� �P�� ��3 ���W\�v� 4 5�P� D6d � 1

�' >60  �V.

�
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