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 >�?�Y@/+#?> �?�= V

!*,4� P(/	'/7 5���6 }$'�$ 8'�� �� �4�4*��$�  /W~> ]�y[..
$
�4'C�$5�4 A'1��'1 }$'�$ @��- �7� +/� ��= !f?
� �?7 ?6�5�?4

 � A�3� !*,,6 */�6$ 5 36�7 L�M�'?� !*,,6 �/N$ 5�4 *,3�?4 
�$'� �7 �6��=?>$ �?
 /% � L�,7 6 �'B?/�9 �?� !$ ?E4 *�'?-.

5 36�7 !*,,6 �/N$ 5�4 �7 I
$ - �� L�M�'� 5�7  `,� 50$'4 
�� B/�9'>$ �
 /% @/+#> � L�M�'� �/N$ *�'-]�q[.

�??�� 7 0$ !��M3??�$ �??7 �3??-�"� �,??� 5�??4)@+??-2(�
��� 3+�$ �'+�� +/�)@+-k(�7 B/�9'>$ �
 /% �!*,6$ % �'e

 �,/�0 �� 8'�� 5! ?`N �� � 5�?+��� K$�'?1 5�4 ?g7 50$ �z
 �� !*4�#� $ M/,/�$ 	�'- .P(/	'/7 �';� ./,F P4 @?7�D 5�?4

 5 36�7 ��/��g	 O g� �%'+�� +/� �0�� Xe��� �� !*4�#� �?4
 ��$ A= ��`
$ ��)@+-n.(�(/�� �7 L�M�'� �/N$ 5 36�7 5-

P(/	'?/7 �� L�M�'?� !*?,,6 �?/N$ 5�4 �?� �� �?4 *?4�]�p[.
5 36�7 �/��g	 � ��3Q�� ';'� 5�4 8'�� .
$ �� ��?� �4 *?�$'>

 �?
��� �� � !*?- 5]M,� 8= �E/- S/6 > �� �>$ //^> _)�7
�> �7  `,�8'�� �� �
 /% ��#��'- �4 .

K$�'?1 �� B?/�9'>$ �
 /% ���6 5�$]"7'�� I/J� I
$ -
 5 36�7 �7 A= ��C>�$ � 5�+��� ��'?� �4�"#?
��0= I
$ ?- �� �4

 ��$ �3	 1 �$ D ��� 7 .�9'>$ �
 /% �4�"#
��0= I
$ - �� B/
 5 36�7 �/��g	 @R�N !*,,6 �/N$ 5�4 *?- @/+#?> L�M�'� 5.

5 36�7 .
$ *-� 5$ 7 �(R$ 5�4�'36�	 0$ �� �
 /% 8'�� � �4
 �� �4�"#
��0= I
$ - �7 A$'> I/?J� �� �'?;'� �$'� S/6 >

 �7 �#6 K ?3,6 �5]?^� �$'� A$',)pH�Eh ��#?6 I/?J� 
�7 I
$ - ��`
$ ����'4�?7 �'� �';� &*) � ��= �$'� �';� �50$
� 6 !��-$  
0 � - .

�7 �#6 I/J� �� �';'� �$'� S/6 > 5]^� �$'� A$',) :0$
�� �#6 I/J� �� �';'� 5]^� �$'� L�M�'� A$'> �5<(	 5�4

 L�M�'?� 5�$*?�� <?/� � P
</,� L�M�'� �.4= L�M�'� !f
� �7
 L�M�'� .
$ �6 �� 7 &�� $� P/�(6 -� �� �4 5 36�7 *�?/N$ 5�?4

 *?��$��'Q 7 �?R�Q �?�/E4$ 0$ L�M�'� !*,,6]�r[.� L�3?�$
 �7 </� L�36a �#?6 I/?J� �� P�� �
�/E/- S/6 > �� A$',)

 L�M�'?� !*?,,6 �/N$ 5 36�7'd9 *-� _)�7(SRB) �?� *�'?- .
�?7 $� L�?36a � L�3?�$ �L�M�'?� !*?,,6 �?/N$ 5 36�7 A$'?,)

!*,4� A� 3+�$ 5�4(electron donors)�7 *-� 5$ 7 �� ��6-
*� /1]2l[.�?7 �  ?
0 La��?g�  7�?,7 �
�/E/- S/6 > �� .
$
�/��g	 �>�/N 5�4SRB *?/�'> �?7  `,� !�"#
��0= I
$ - �� 

�� */M�'� A'
 *�'-]�r[:
�Acetate: CH3COO− + SO4

2− → H2O + CO2 +
HCO3

− + S2−

�Lactate: 2CH3CHOHCOO− + SO4
2− →

2CH3COO− + 2CO2 + 2H2O + S2−

����g� 0$ !*- */�'> L�3�$ !��E- 5�L�M�'� �/N$ �7 h$�*`� 
�(/�� �7 5SRB A'?
 */�'> �7  `,� �
��� �� � !� 6 BE6 -

�� */M�'� 5�4�'- ..?4= �7 */M�'� A'
 !�"#
��0= I/J� ��
 @/+#?> �?7  `,� � !�$� G,6$� �#6 I/J� �� �';'� 5� 	

% ��� !�/� 8'����$ !*- �
 /.

"�%?8'�� �� �';'� P(/	'/7 0$ �%'+�� +/�  
'�> 5�+��� �"3	�� 	 5�4)(ppl .A�Y/%!*,4� A�#� �4P(/	'/7 5�6 ��$ �7� +/� 5�4
 ! /> �'ZQ @+- �75!*4�#� @7�D !*,6$ % � P[,��� *�$ . >��
VY5 36�7 ��= P(/	'/7 .
$ @/+#> �� �4 E4$ �4 ��$� �?�$�$ 	 �/ . >�?�
VY
���4 L�'R �7 ��=5 36�7 A'�$ /% �	�M- 5@+- �� L�M�'� !*,,6 �/N$ 5�4q�� !*
� �7'Q �7 �'-.
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��� N 5'�'� ��'u��/6 ��d$ D 5�'EJ��D #� A$ 
$ ���,- ���U � ���,-�'(7 �(`� ss�

 K ??3,6pH�Eh�??�� � �#??6 I/??J� :�� @??��) �� .??
$
 8'?�� �� �?6 !f
� �7 *��$� 5��
0 �/E4$ �
 /% 8'�� 5�?4

 5 36�7 5�+��� K$�'1 L�M�'� !*,,6 �/N$ 5�4 8'?�� K'o�?� 
*,3�4 �
 /% ���6 .5 36�7 ha'Eg� �� L�M�'� !*,,6 �/N$ 5�4

 ./7 5���2l�>kn�3��?� �;�� !�'?7 K�?�g	 �$ ?1]2�[�� �
@/	�<� XD$�(Mesophile) *,3�?4 ]22[.c
�?3� j�?�$  ?7

 ��4�"#
��0=SRB 8'?�� �� �';'� �� 5�?+��� K$�'?1 5�?4
 5���2q�;�� ��$ 1 �3��� 5pH�7  7$ 7kq/p�Eh  MR  
0 

�� *-�*,6 .
�7 I
$ -50$'4 :�7 I
$ - 0$ �'[,� �'?;� A$<?/� 50$'?4

5� 5� A$<?/� *?
�7 �6 ��$ �#6 I/J� .7 6 */�6$ */�?6$
 �7 O � @Q$� .7 6 �-]1 0$ V% 50$'4�nl h�?C
 �> �?�/D� 

�7�r%P`Nn/2�?7 O � 5 3/� *?� 7 50$'?4)@+?- 5�?4
w8 � ��$ .( F �� 5 36�7 �6 ��$ �Z
$ - ./, !*,,6 �/N$ 5�4

 �� *-� L�M�'�*,,6 .�T'N @Q$� *
�7 .
$ 7�,7 <?/� �7'�� 5
5 36�7 �/��g	 � *-� 5$ 7 �Z
$ - ./,F !*?,,6 �?/N$ 5�4 5

�� B?/�9'>$ �
 /% L�'R .
$ �� �> *-�7 �3-$� �';� L�M�'�
�,/�0 8'�� 5! MN �
 � �4 *?,U 8'?�� $ ?M/,/�$ 	 5�4 .5�-

�T'N �� .7 6 */�6$ �?7 �A�?3� L$�*?/4 5$�$� �7'?�� 5�?4
�(/�� 5 36�7 5I
$ ?- �?6 �?�$ ��#?3�$ @7�D O� >'��3� 5�4

�� �/�� B/�9'/7 �
 /% 8'�� 5$ 7 $� �C��,�*,,U .
8'?�� �� �';'� ��= �$'� �?4 :5 36�?7 K'?(J�  ?W$ �� �?4

�/��"/L�M�	  �n%8'�� 0$ �a'� > �7 � !*- $*; �4 � �
�?�,
 .?
$ �� ��� *�*- |/�(> �#6 I/J� �7 ��= �$'� �'zN A�*7

 A= 0$ �3/��g	 � *-� ��'1 �/4 ���N *#?� !*4�#?� �4 .�?7 $]?�
 5 36�7 *-� �'[,� ��'?� 8'?�� �L�M�'?� !*?,,6 �?/N$ 5�?4

 x?
 e .?
$ 0$ � !*?- �	�?T$ �#6 I/J� �7 h�E/�3�� ��� 7
 8'�� �� �';'� ��= �$'� �7 �4 ��� A$',) 5$ ?7 5]?^� �(?R$ !

A= �/��g	 �	 1 �$ D !��M3�$ ��'� �4 .5 36�7 �`/3� �� K�g	 �4

 � U 8'�� B/�9'>$ �
 /% ���6 � !�'7 .�� .
$ 7�,7 �`/3� A$'>
 8'?�� �� �?�= �$'?� �'z?N �6 �	 1 0$ 5�?+��� K$�'?1 5�?4

 5 36�?7 �??/��g	 � *?-� �� 5��??
0 �?/E4$ !*??,,6 �?/N$ 5�??4
��$ �$��'Q 7 L�M�'� .K$�'?1 �� �'?;'� �?�= �$'?� }$'?�$ 0$

�??� 5�??+��� A9� ??6 �??7 A$'??>(Kerogen) �(C15–C37) n-
Alkanes 8 ??F 5�4*/??�$ �[fatty acids (C12–C34)] �

(C14–C34) n-Alkanols � 6 !��-$]2k[.
�'� �';� &*) :��'� �7 O � A��� G
��0= 5�4 50$'4)@+?-w

��$ (�7 I
$ - �> *�*- �3-$]1 �50$'?4 �?7 �>�'?R a�?7 �� �?6
 5 36�?7 �?��N .?
$ �� �?6 �'?- ��?`
$ �*- !��-$ A$*7 �� �?4

�� *-� �'� *D�	 �Z/J�*,,6 .
5 36�?7 �?+,
$ �J� �7 !�"#
��0= I/J� �� I
$ ?- 0$ �?4

�7 � �?��= �?/��g	 �*?� /1 �$ ?D �'�  7$ 7 �� � !*- ���Q 50$'4
�� �D'3� �
 /% @/+#> ��$�$�'- .


$ �C�� *-� 5 36�7 .8'?�� �7 �4�"#
��0= I
$ - �� �4
 �� ��#� �"�� !�/� �-]1 0$ V% �6 �'-p�?/��g	 0$ 0�� 

5 36�7 �?� 8'�� G
��0= ��'� �� � S��,� I
$ - �� �4 *?,U
)@+-y��$.(�?�� 7 �?7 ! /> ��� �7 B/�9'>$ �
 /% �/4��-

</��?�= � �?�� 3+�$ �5�'� �'+�� +/� �7 5�4EDS L�?CW$ �?7 
*/��)@+-�45q�p.(5 36�7 �';� �?/N$ @+- �(/��7 5�4

 �>�?/N �?/��g	  "��?/7 �
 /% 5�4�'(7 �7 !$ E4 L�M�'� !*,,6
 5 36�7 .
$ �;'> @7�D �?�$ �4�"#?
��0= I/J� �� �4)@+?-

n.(5 36�?7 *?-� �?� A�#?� �Z
$ ?- ./?,F �� �?4 �?6 *?4�
5 36�7 8'�� �� L�M�'� !*,,6 �/N$ 5�4 }'?� 0$ 5�?+��� 5�?4

 O� >� 34)5 36�7 �� �
]^> ��= .7 6 0$ �6 �
�4*,,6 (� !�'7
 ��$�$ 5$ 7 0�/� ��'� 5��� �4 A= L�/N 52q�3��� �;�� �$ 1
 5 3U�7 .
$ XD$� �� � ��$ @?/	�<� �4)./?72l�?> kn�?;�� 

�3����$ 1 (*,3�4.

"�%@"#
��0= �� B/�9'>$ �
 /% @/+#>!�.��$ (8 ��� !�/� 8'�� @+- �7 (5 36�7'd9�7 !$ E4 B/�9'>$ �
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*(;�p!��E- �w�A�3��0 �kpr �� 59'�'/7� +/�'d9 ��� �7 B/�9'>$ �
 /% @/+#>. . .sst

"�%A5 36�7 �%'+�� +/�  
'�> !*,,6 �/N$ 5�4 L�M�'� 5(SRB) 8'�� �� �';'� �#?6 I/J� A��� !�"#
��0= I
$ - �� �6 5�+��� 5�4
!*
$ *�� 6 *-� �'Q K= .8 � ��$(
 >��Y��= V(EPS))O�M- ���4 (@/��7 K'(� A'�$ /% �?� A�#� $� L�M�'� !*,,6 �/N$ 5�4 *?4�. >�?� 
VY

8'�� �� P(/	'/7 @/+#> _)�7 ��= @+- �� �6 ���$ !*- 5�+��� �"3	�� 	 5�4n!*4�#� @7�D *�$ .

"�%B'+�� +/�  
���> </���= � ��� 3+�$ �EDS5 36�7 �7 �4�"#
��0= I
$ - �� B/�9'>$ �
 /% 8'�� 0$ !*,,6 �/N$ 5�4L�M�'� 5.��$ (��
�,/�0�� !*4�#� L$�� !*,,6 $*; 5]i�6  3(/	 �	�7  
'�> 5�'- .8(K$*/d'C� 	 �
 /% .�(</���=EDSB/�9'>$ �
 /% .

ج

بالف
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50.1 µm

EPS 

لف�

EPS

50.1 µm
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��� N 5'�'� ��'u��/6 ��d$ D 5�'EJ��D #� A$ 
$ ���,- ���U � ���,-�'(7 �(`� sss

 5 36�7 5</�= ��� 0$ V%��� 7 � �4 �5�'?� �'+�� +/� 5�4

 >��Y��= V(EPS) �?7 � �'?T� �?7 �?��4 L�'?R �	�M?- 5

�?�$ �
�� @7�D 5 36�7 A'�$ /%)@+?-q(�?� �?6 �� *?�$'>
 *?-�7  W{?� B/�9'>$ �
 /% �
$0 ���6 </� � P(/	'/7 @/+#> .0$

!*,4� @/+#> V+
 >�� 5�4EPS �� !� 1 �7 A$'> !f?
� 5�?4
 �???U��*/4 @???/CD 0$ 5 ???E/(%@/�(R–OH) 5�4*/???�$ �

B/(/�U'7 U�(R–COOH) ��?,/�= 5�4*/?�$�(R–NH2) �
�>�M�'?????�(R–O–SO3H) ��>��'M�'?????�(R–SO3H) �
@
�*/4'M�'��(–SH) � 6 !��-$ .!� 1 .
$ �7 ���D ���/,7 5�4
 A'/>�?6 8]; *?,��� �
�?4Mg+2, Ca+2, Fe+2 *,3�?4 ]2w[.

$ /% ��= V+
 >�� ��3Q�� �� �';'� � 	 .4= 5 36�?7 A'?� �?4
(EPS)�??7 I??7$� A$'??,)(electron shuttle) � !� ??U @??E) 
A� 3+�$ A'?/�= G,6$� 0$ !*- �$0= 5�4 K�?N �� L�M�'?� 5�?4

 A'/�= �7 @
*C> �?7 K'(?� ���Q 0$ $� */M�'� 5�4 �E?�\% A���
 �� �
$*4 *,,U]2n[.5 36�7 XD$� �� L�M�'?� !*,,6 �/N$ 5�4

 @
*C> 0$ @R�N A� 3+�$ 0$ ./�~> 5$ 7 */M�'� �7 L�M�'� A'
 
�?� !��M3�$ �'Q 0�/� ��'� 59 �$ *?,,U]2y[.A'?
 �?
��� ��

 �#6 I/J� �� !*- ��`
$ */M�'�)�?���g� !��E?- 5�?4��
�(A'
 �7 � !�$� G,6$� �#6 I/J� �� �';'� � 	 .4= 5�4

 �7  `,� ��$ !*- �4�"#
��0= I
$ - �� �
 /% 8'�� ..
$ ��
 �,> I
$ - 5 36�7 �5�/N$ _)�7 � !� 6 *-� @+- �(/��7 5�4
�� L�M�'�*�'-.

�'?;� @?/�� �?7 5�+��� K$�'1 �� �6 ��$ 5��=��
 �7 &0a
 ��� 7 K�C�� �7 �6 A�3� L$�*/4 5��
0  
���� �+
</	'd9 5�4

 ��$ !*/�� L�CW$ �7]�k[�� A�?3� G
��?6$ � L�M�'?� �/N$ 
�7 I
$ - 0$ G/?7 :�E)$ �� � 50$'4 n/�P?4  ?3� �?7 � A�?�0

�(/�� 5 36�7 5�?6�= � L�M�'� !*,,6 �/N$ 5�4 */�?6$ 5�?4
 �� &�`�$ A�3� !*,,6 �'-]2q[G
$<	$ _)�7 L�'R .
$ �� �6 

�?� */M�'� �7 L�M�'� A'
 @
*C> � I/J� A*- �
�/(D �'?- .
5�?+��� K$�'?1 �� � ?	 .?4= @+?- �?7 .4= �
�/N$ I
$ - ��

 /7 G,6$� � ��$� �';� .?4= A'/>�?6 B
 � */M�'� A'/�= �� .
�?� �7'�� �T'N .
$ �� B/�9'>$ �
 /% 8'�� _)�7 �'?- .0$

B/�9'>$ 5�4�'(7 �,/#� �> �7 5]M,� 8= �
�/(D G
$<	$ �	 e
 �?� �?�3,� </� �/�(6 �'?-]�n[.L�M�'?� A'?/�=(SO4

-2)
8'�� �� �';'� G
��6$ 0$ �
 � �
�� 8= 0$ 5�+��� K$�'1 5�4 

H2S�7 �(/�� 5 36�7 5|Z?� �� �'M�'?� !*?,,6 */�?6$ 5�4
8'�� �� @/+#> 5�4 �'-]2p[.�?7 P?�� �'36�	 �� �.
$ 7�,7

 8'�� �� B/�9'>$ �
 /% @/+#>  e�Q *,>��C) �T'N .
$ 5�4
0$:

���5]?M,� 8= �� �'?;'� L�M�'?� A$</� 2�5�?/N$ A$<?/� 
� �7� +/�k�8'�� �� �';'� .4= A$</� �4.

A$<??/� �0�??� Xe�??�� �� !*??- !*4�#??� B??/�9'>$ �??
 /% 
8'�� 0$ �%'+�� +/� O ?g� �?6 �?�$ P6 ��/�7 5�+��� 5�4

 8'?�� 5]?M,� 8= �� L�M�'� A'
 A$</� A�'7 ./
�% �?��4 .
I/?J� �� L�M�'?� A'?
 �6 !�"#
��0= K= !*
$ I
$ - �� ���
 B?/�9'>$ �?
 /% ���?6 ���$� �'?;� �	�6 !0$*�$ �7 X
�� �#6

 ?- @/+#> �?
 /% ���?6 0$  3#?/7 X
�?� �#?6 I/?J� �� !*
 �T'N �� !*- @/+#> B/�9'>$ ��$ 5�+��� 5.�;'> �7 .
$ 7�,7

 �� �!�"#
��0= �� !*�= ��� �7 c
�3� �7 �?6 �	 1 �`/3� A$'>
 �?
 /% ���?6 P?6 �?�$�$ 	 � �1*?,6$ % ��  W{� @�$') 0$ �+


 <?/� ��%'+?�� +/� �0�?� Xe�?�� �� !*- !*4�#� B/�9'>$ A$
 8'?�� 5]M,� 8= �� L�M�'� A'
 ./
�% 5�?+��� �?T'N 5�?4

��$ !�'7 .
�?
 /% ���?6 �!�"#?
��0= 0$ @?R�N c
�3� .3	 1  [� �� �7

�??T'N �� B??/�9'>$�??`/3� 5�??+��� 5�??/��g	 G,??6$� 0$ 5$
 5 36�7 �+
9'�'/7 �?�$ I/?J� �?7 L�M�'?� !*?,,6 �/N$ 5�4 .
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