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4- Dissimilatory Iron Reduction Bacteria 
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   �� 4��� �	
 ��#�$  ���")2   ! 20 .(     ��	���!$�+< �+<��� ��������
  �	
 6��0� 73890�)II (          ���+� 6!�+�32� :�+;��� ! ��#�$ �" �/2�@

	�/#++�� �� 4++��� �++	
 ��#++�$ �	�++� �++����� 6���++��� ���)++�� �
) �	�/#�� �#�!��/	 ( ���� !       .+<� .+/0	� )*�, �	
 �!�, ��	 . $�

    ������ ��� �� =� �X�
         ���0�-�+< �� 4+��� �	
 ��0_� �C	�� ��	
6���� =� ����    ���+	 ���+� �+�� ����� ��� �� �0� 6!��32� ����YK
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2Fe2O3(S) + CH3CHOHCOO-(aq) + 7H+(aq)  4Fe2+(aq) 
+ CH3COO- (aq)+ HCO-

3+ 4H2O
Fe2O3(s) +6H+(aq)+2e- 2Fe2+(aq)+3H2O  

                      �	�� ����!
CH3CHOHCOO-(aq) + 2H2O CH3COO-(aq) +    
HCO-

3+5H+ (aq) + 4e-                       
���#�� ����!  

              ��� 6�+���� Q+/��@ �+�� �+<��� =� =_2�I� ��� ��)AQS(3   =+� 
                �+��� 7389+0� Q+/��@ 6��+�� =+� ��$!�+� ! 6!��32� �A�� 6����
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           7389+0� ! 6!�+�32� �A�� ���YZ�/�[@ �<��� 6�3�� =_2�I� ���

������������������������������������������������������������
1- Ferrozine ((3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-
p,P -disulfonic acid)) 
2- Fe2O3
3- 9,10-anthraquinone-2-sodium salt 

       �� w]C� ./@�0	 ��#�$ �	�� �� �� ����    6�3�� �/�p0	 ! ���
   W)/��3� ��� �/;�#� =#��;�         �+�!�3/� S���+" .+T@ �� �C��)�� ��	

 6�3�� 6�#3� �� ��YK�$�< .  �)+�� ��       6�+3�� �+	
 ��#+�$ �	�+� ��
 ����
 ���(@             �+" �+	��- �	��� �0< �/g W�� =� �2
�/g ! �2
 ��	

��� �	��- ��2
 �����3� %&'� �� ��� ���Z =�.  
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  �")  :!�e1 .(         ���� ^��x ������ ! �����- ^�/80� W�X�� �� 79<

       �" =/�@ ��� !�3/� 4� �IA �� ./@�0	 .      ^�+� =+� .+/@�0	 ����12 
    ���� �� .��<550           �+2
 ���+� �+@ �" ��� ���A ���i/���< =e��   6
 

�" ��B�<� ��_� ^�C���$
 ���� =��0� ��� $� ! ��" fY, .  
  

�� ��� ����� � ������ ����  
 �����++�Shewanella sp  6��++�� �++�!�3/� 4++��� $� ) )++���

       6���� ��_�' ��	 ������ ! �	 y��A 6�/#38�- z��  (    79+< ! =/�@
       v��+� .C+� S/T� ��5TSB         ��+�� �� $!��#+�� 6!�+� 25   =+e�� 

 � ���i/���<  �" ��� �" .       a�/;�����+< �� ������ ��	 :�8<)7000  �!� 
     ^�� =� =;/A� ��10 =;/A�  (v0e ���" ��!
 .     �� ��� =< ��2�8< 79<

  ����10    ���� �8/� 6PIPES    �+� pH 8/6        6t/#+�� 6!�+� S/+T� �� 
 ���" =�#" .       �� �����+� 6�/#��9<�< =0@�- ��15       ���+� �+�/2 �+8/� 

PIPES     �8< ���� �2�io ! =/�@      z�� :�V �� ��2420    �/+/_@ ������� 
 ����Z)20.(  
  

����	 ���� ���	�  
    �+� ����$
12        .+/@�0	 ���+" ��+0/@ (C1) .+/@�0	 5 +  �����+�

 &��"(C2)./@�0	 5 +  &��+" ������+10(A1) 520)A2( 530)A3( 5
40)A4 (  !50) A5 (  ����!�3/�AQS  .+/@�0	 5 +     &��+" �����+� +
5/0)F1(  51)F2(  55/1)F3(  52)F4 (!5/2) F5 (�8/�    �+���� ��$!�� ����

�" W�X�� ����U@ R&��� %�V Q2�A �� ���3@ =< �� =� .  
            W�+X�� �+,��� ���0@ ����$
 ��#/< $� 6t/#�� fY, ��?�� =�

�" W�X�� 6a!��/� $�Z �!�, 4A�@� �� ����$
 .  
  

������������������������������������������������������������
4- X-Ray Fluorescence 
5- Tryptic Soy Broth 
6- 1,4-piperazinediethanesulfonic acid 
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 ����1- ���
�� ��
�� XRF����� !�"
�� �
�  

LOI  SO3  Fe2O3  P2O5  CaO  MnO  TiO2  K2O  MgO  Na2O  Al2O3  SiO2  
)�#��(    

83/0  00/0  56/81  03/0  04/0  12/0  03/0  11/0  01/0  01/0  35/0  56/16   =��0�1  
35/8  80/1  09/51  09/0  65/1  26/0  38/0  13/1  50/0  45/0  03/5  43/28   =��0�2  

Cl  Ce  Th  U  Ni  Nb  Cu  Cr  Co  Ba  
)$���%&'���	 &* %&'(    

671  20  N3  205  N159  409  183  451   =��0�1  
873  8  1024  325  20147  420  160  711   =��0�2  

Mo  Zn  Zr  Y  W  V  Sr  Rb  Pb  
)$���%&'���	 &* %&'(    

15  83  27  15  122  826  27  15  189   =��0�1  
33  3435  398  30  1  410  1217  100  97   =��0�2  

  
  �����3 �8/�      ./@�0	 6�/#��9<�< $� ��/2)2 2 �+� W�Z    ���+� �� �+�/
PIPES    .?8g �� 10  ���� �8/�  (  =C/" f!�u ��    ���X�Z �� ��60 

�8/�             R&��+� 6a!�+�/� $�Z c��)@ �� f!�u 6t/#�� 79< ! =��r� ��/2
             �A��+, ^�� =� ! �" ��/Z$�� &��� f!�u �3/�<&K s�� ! z��-

48                �+" ��� ���+A |�+@� ��+�� �� .+/@�0	 �"�9�
 ��?�� =� .��< . 
  79<3 8/�            &��+" �����+� 6�/#+��9<�< $� �+�/2 �)108    �� :�8+< 

�8/���/2 (  !3 �8/�      .?8g �� ^���� ��/230 �8/�     �+8/� 4� ! ����-
     �� ��$!�� $� ��/2AQS           ��+	��0/@ :�U+, .+�e Q+<��� .?8g �� 

                  $�+Z �!�+, 4+A�@� �+�$ �� �+" 6!��+< }��< 40� =� �?� ����
   =C/" f!�u =� 6a!��/�       $� �+@ �+" =��+r� ��       6t/#+�� ��>+, W�+� 

  ��" �'�, 6��/0V� . =��0� 79<        ��+�� �� �3���+@ �� �	20   =+e�� 
      ����� �3/" �!� �� ���i/���<)150   =;/A� �� �!�  (   ^�� ����5  $!� 

 ���" �����i� .           �+i�� �+� �	�+" ��	��0/@ �X, 6��0� 6�#3� ����
 ���� $� �	��0/@PIPES�" ��B�<� .  

  
��� ���! �	�"#� )II (� $%&' "�
� �� �"� *��+�
�   

           �@ 4� ������$ �� :�8T� �	
 ��/Z $���� ��?�� =�5   ��+��� $!� 
60    ./@�0	 6�/#��9<�< $� ��/2!�3/� -         6!��+< }��+< �+� �����+� 

      ��8/�!�3/� $� ! �" =�"����)45/0 ���!�3/�  (     79< ! ��� ��(�600 
   ��$!�� ��/2!�3/�)1          �� ��$!�+� �+�/2 �+� W�Z 50  �+8/�  ���+�  ���+�  

1Hepes   ��pH 7 (       �" ��X�� 73890� }�� ! =��r�2+[Fe(Fz)3] 
 z�� :�V ��562 �" .*��A ������� )22 .(  

          �+@ 4+� ������$ �� �/<� �� z��]�<� ���A �	
 ��/Z $���� ����
5               4���+��8� �/+<� �� 6�/#+��9<�< �+�!� :�8T� ����� �� $!� 5/0 

������������������������������������������������������������
1- N-2-hydroxyethylpiperazine-N -2-ethanesulfonic
acid

    ^�� =� :����24      � ! �" ��� ���A .��<           ~!� �+� ! �+" �+�8/� �+_
    $���� :�8T� �	
 ����� ��$!�� ����Z ��/Z .      �TI+< sY+e !� �	


�" =(<�T� !� ��� ^!�B@ $� )/� �" .J����=�.<���
����B�<�$�
W�� ��)��MSTATC =+�)X@ ���� ! �+/8T@ ���+�
 ���+A .+��Z!

=#��;���� �/i��/���	�C���$
���i��3���6��$
��o=������
�� �3���HI<5�'��W�X���".���� �+<� �+	����0�$� W�+�  ��)+��

Excel��B�<� ����Z.  
  

+,* � ��
��  
           �+	
 .+?8g =+� ��� 6�C� ����$
 $� �'�, J����)II (  5:�+8T�

            �	�+" ��+0/@ �� �+" �TI+< sY+e ! �/<� �� z��]�<� ���A2) C2 (
    �	�" =� .(#�1) C1 (   �+�_� ���)+��   � 6�C+� ����   �+���)   �3+"1 .(

�	
)II (         ��0/@ �� :�3"� ���0@ �� �" �/2�@ ��#�$)C2 (    =+� .(#+�
)C1 (6.++"�� ���)++�� �++����  . S���++" �� &��++" �����++� ������++��

              .+/@�0	 �� 4+��� �+	
 �	�� ������ �� �� ����� �;� �$��	�/g
.<� =�"��.  

   6��$ ��0X���5     �	
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Effect of Ferrozine and AQS on Bioreduction of Hematite in the Presence of 
Shewanella sp.
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Abstract
Iron bioreduction in ferric minerals is an important process in behavior and bioremediation of contaminants. 

Organic matters are effective factors in bioreduction of ferric iron by iron reduction bacteria. They enhance iron 
reduction in hematite by two mechanisms: complexation and electron shuttling. An experiment was conducted 
under laboratory conditions in the form of a completely randomized design with 12 treatments and 3 replications 
to examine the function of AQS (as an electron shuttling) and ferrozine (as a complexing agent). The treatments 
included two controls (with and without Shewanella sp) and 5 levels of ferrozine (0.5, 1, 1.5, 2 and 2.5 mM), and 
5 levels of AQS (10, 20, 30, 40 and 50 µM) in the presence of Shewanella sp in anaerobic chamber. The greatest 
amount of biological reduction of ferric iron was occurred in 2 mM ferrozine and 50µM of AQS treatments. 
Ferrozine after 5 days and AQS after 1 day showed the greatest impact on bioreduction of ferric iron in hematite. 
So both complexation and electron shuttling had additive effect on the bioreduction of hematite. 
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