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pH  ������ �� ��� �����pH  ������ � ��� 51/7 

EC* )Ds/m(  ������ 	� ���'��� ��EC  ���)(�)�� ���*+ 	�(, 50/14 

(�)�� /�01� 
2��  ���� �� �	� 34�5110 ����� 67�� ����  13/43 

9 
� )meq/l( ���0�: 9�;:  90/104 

9����� )meq/l( ���0�: 9�;:  10/12 

9�>;5 )meq/l(  �� �0������?EDTA  00/49 

9 ��@� )meq/l(  �� �0������?EDTA  50/26 
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F�'�0� )meq/l( (�)�� ���*+ 	� �0��� ��  50/21 
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/:�� ������
�4  ���- ��0�- ��;�� 
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2��( ������
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2��( ������
�4  00/41 
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 !��� �� ��� ]� ��� <� ��� ��'G" W�Q 
W�Q ���� ��

�� <���'*0	 u��	 .��	 � R <� +%U
  +�Q �A0 `'0 �� ��	

�0�'� <�#�� +�Q �A0 ��@- \D� . 1	���TPH  ��'G" W�Q

]� ���� ]� %	 p( ��� u��	 !��� �� <���'*0	 <&�� <� 


1	��� 9/1 �0%� �X��-  �0%�)',�  �� +�Q �A0 +�� +��

W�Q (�%	�0	  1	'�- <� 1	��� ��	 � �� !���TPH  �� <�G�	

����� <���� �;0.  

.���- /�0  

���'G" %	 p( ��� ]  1	��� 
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)20 �0��� ���  
`�A��	20 �0��� ��� �#k (����� <��T	 . pq�

 6��) d��#� ���&��@��2 <��� �	�*� <� �� ��  �	�F� �20 

1	�,� �� +'��'� ���� %	 �Y�  �&)�&�� !�&��@�� %	 ��Z <�( 

 %	 �F� � ����� <��T	15  �	�F� <� %��10  1	�,� �& �� <0	')

�0�� ��	� \&�  .1	�,� pq�  ��� <� �/���%" !�&3  ���

�  1�*� ]� �� 1	��� ����� ��) �#�� ��� 6��

��� ����& \�U�(  !�	��.0 +'��'� ���� ��'� ��A0 !�&

�0�� .1	�,�  �& \���%" ��� 6'P �� �/���%" !�&3  <� %��

�� �=��) ����_� �'P �0��.  
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2��)��	�- ��	�( ���� �LM� ��0� ���C? 

9/1 
N0��0� 

+  3  
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4�� -  3  

  

 !	�� <  �'� ����'Q �F�MP �'0 
1�&��� !	�� �'0 VM��

 !�&��_E %	 1��$��� �� ����'Q �'0 ���� \��� %	 !���',)

����� ���A��	 ��0 \��� ��� \&�  ��) v���� . � ���

 <��� �� ��0 ��'P�3  �G'  ��.��� ]� � !%�� �G'  ��.���

 �� v���� <� ��"5 ± 25 ��0�� <)�� �	��  �10 ± 50  �X��
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 6��� �� . ��'� W�Q ���� � 1�@�Q�� � ��A�  <� <)'� ��

 ��'X <� !����" 
<FG�#�2  ��3  �� <�A& �� ���70  �X��

^" !�	��.0 ����w  �� W�Q)Field capacity  ��FC( 

���� ��'X . !�&�'  N��� ���A��	 ��'� !Yx� �	'�

 ���	 !��=�)46 �X�� �01j���( ?����( ��AG'� 
)60 �X�� 

4��( (!� �  ?�0'�" ��AG'�)46 �X��  
�A$�18 �X�� 

1j����0 ( 6��) d��#� +'��'� ���� %��0 4��	 �� <  �'�3 


������ !�&��@�� <� ^" �� 1��  NE %	 p(  �	'� ���� 

 �� !Yx� �	'� ��by� 1	��� d��P ��	 %	 �� ����� <��T	 !Yx�

U�( ���� ��	�� ���� ���F� +'��'� ���� ��'� ��.  

  
 +��&3: �/�9� �:;� ���� ��.�� �2���#< 5�6 �	 "�7   

)���> $* �� �$>(  

9����� F�'�0� �� N0��0�B F�'>: F	� 

523/0 ) ��

6P��Q� (���( 

682/0 ) (��� ��

6P��Q�( 

415/0 ) (��� ��

6P��Q�(  

341/0 )30  	� 
P� 	��

���� /R5( 

341/0 )60  	� 
P� 	��

���� /R5( 

  

$��)� ������  

<0'@0  �� N����	 6'��q�	 !�	�F� %	 ���A��	 �� W�Q %	 !�	���

<0'@0 � ����Y( ��'X ���� </�� ]���0 d@- �&!  W�Q

�Q	'�*� %	 p( �	%" !	'& �� 1�� ]/Q � !%��
  %	

]G	  !�&2 �,��  1��% �� � �0�� ��	� �'M- ���N�,�  ����0

 !��� ��4 ��0�� <)��  �	��<.0 �0�� !�	�.  

1!� �)� 2��34 ���  

2���!�	�� 5�6�� 2��34 �7�� ���� ��� �	���  

���F� TPH �� ��./���%" ��� �$�% � �� ������ 

!��"�� �	'� �0�F� 1	��	 )�� ��� g�  (��'X ����Y( .

�%	�0	 !	�� ��� ����& �;,Z !���  %	 N  ��A0 !�&

 � �� !%�� c	��'����� Agilent  %����*�" <� ��=� < 

FID �'�
 ����� ���A��	 . !%����*�" �E)Detection limit (

 ��.���ppm 1  ��� ��0 1" ����%�� �X�� �64  ��70 �'� �X��. 

��� ����& �;,Z ���F�  f�� 4��	 �� N  ��A0 !�&

UNEP/IOC/IAEA �� +�=0	 �*���" �$�% ��� 1��%�� . ��

 ���F� ��) f�� ��	��� ����& �;,Z  
W�Q N  ��A0 !�&

 	���	10 ���_- �� <0'@0 %	 +��  �� <,$ '� ���250 �,��  %	 ���G
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��0��  ���� \�	��	 �	��)����0 !��� ( ��� <� �5  �� <��k�

�� <��	� <.0 ��� ��	.  N��E %�� 1	'�- <� 1j����0)1 �,��  ���G

<��k� �� ( �0	�M) %�� �)40 �,�� <��k� �� ���G ( ���A��	 ��'�

���� �	�k .1  �G�E �� ���_- %	 ���G��*��Splitless  <�

�.����� d���� � . !��� �� d���� ?�$��250  �� �'�*�� �
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������ ��	34 �4!��� ���!8�9  

!�� �� ��F@) ���F� ��) �����& !�&� W�Q ]��
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 �����& ����/� f��@� f�� %	� ]��

)Heterotrophic plate count  ��HPC( �� ���A��	 .��) 

]�������& ������ �� ��F@) f��@�
  1'�$0�q�'� <0'@0
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 1	��� �k� �& %	 �1 �,�� !��( 1��� <0'@0 ���G  \��

 ��� ����" �/  ��� pq� � �� <�D�� N����	A2R  <�

����� <��T	 1" . �k� �& �� <0'@0 �& !	��3  �';�� �	�*�

����� .!��( ��	 pq� \��  ��� <� �&3-2  !��� �� %��

35 0�� <)���� �0�� <���'*0	 �	�� .,  f��@� ��)'�0  !�&
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+�0  �	��	SPSS  <D$017 )version 17, SPSS Inc., 

Chicago, IL (� 1'�%" !�& !���" ANOVA  �

Independent t �F� O#� � ����� ���A��	� 6��F� !�	� 

05/0 ≤ P �� <���� �;0 �� .+�0  �	��	Excel  ?�� ��)

 �	�'@0���� �	�k ���A��	 ��'�.  

  

��/�� �* 

�<�6�9 =�,%>� - $3*�@� ���� "�# ����)�   

�*���� ��_D/� %	 �&��"-  <o �& !	�)	 �� 	� �� ����@��

�� !��� ��U�( ���� N@- ���� ��  . �� ��_D/� ��	

 6��)1 ��	 ��� ����".  

���� 	
���9 �0 ��!�<�� A�3)� =����B4 �����  

�*�� ��F@) 1	��� NMk 
<FG�#� ��'� W�Q ]��������& ���

1	�,� �� W�Q ��%'� %	  �&)<FG�#� `��� �� ( v$E ��

�@����.G
  6��F�41/3 , ' W�Q +�� �& �� �0)CFU/g (

�%	�0	 �� !��� . 1���( �� a,�D� !�&��@�� ����*�� ��F@)

 ���+'�  ���	�'@0 1 ��	 ��� ��	� 1�/0 .1�@&  <  �'P

�� ��&�/� �'�
  N�G� <� +'� ��� 1���( �� ����*�� ��F@)

 �'P <� <FG�#� `��� <� �M$0 
</�� ����� � ���� ���

@/o. !����	 <���� \�	��	 . dMPN�,�  ��'X !���"

 <���� 1'�%" ��'�Independent t ��F@) ��.0��� 


 ���� �� ��� �/  !�&��@�� �� ����*��)CFU/g 146/7 (

� <��F� �'P ��/�� !�	�  �� ����*�� ��F@) ��.0��� %	

 ���� 1��� !�&��@��)CFU/g 162/6 ( �'�)12/0  =P .(

������ !�&��@�� �� ����*�� ��F@) ��.0��� 
���S@& 

 v���� <� !Yx� �	'� ������ 1��� � !Yx� �	'� ���� 

445/4  �5/6 , ' dMP <  �'� W�Q +�� �� �0N�,�  !���"

��F� c:�Q	 ��	 <���� ��'X � �'� �	)021/0  =P.(  

  

 5�6��TPH ����� ���� 	
���9 �0 �	  CDE  

��	 �� ��'G" ��E �� <FG�#� ��'� W�Q <   �;,Z �� !%��5/2 

�0%� �X��-  <���'*0	 ���� �P �� �G� 
����� ��'G" �0%�

��� ����& %	 �/D� 
u��	 !��� �� W�Q  �	�� ��A0 !�&

 `��� �� N�G� ��@& <� � ����� ��DM�<0�D,� <FG�#�  !	

)1	�,� �� W�Q ��%'� %	 NMk �& ( 1	���TPH  W�Q

�%	�0	  6��F� <  �� !���9/1 �0%� �X��-  �0%�)19  +��

W�Q +��',�  �� +�Q �A0 (�'� . cYE 1	���TPH  ��

 �� a,�D� !�&��@���	�'@0 2 ��	 ��� ��	� 1�/0 . ����/��

 cYE 1	��� ����@  �TPH � < �� v���� �/  !�&��@��

+'��'� ���� �� ���-  !Yx� �	'� ����  ������24  � �X��

 �&�� !�&��@��7 ����� ��&�/� �X�� . ��.0��� ��o �&

 cYE �X��TPH  %	 \�� ���� �� ��� �/  !�&��@�� ��

�'� �&�� !�&��@��
 ��	  dMP1'�%"  !���"ANOVA 

��F� c:�Q	  cYE �X�� 1��� !�	�TPH %	 ]� s�& �� 

 �� ��� ��	� 1�/0 !�&��@�� `	'0	�	�'@0  ����.0 ��&�/�

)05/0 > P.(  
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 ��0� ��	�� �� ��U�( ���� <���% �� !���% ��FG�#� 1'� ��

 <  ��	 <���� ��'X �'P <�M���� � %	 ��FG�#� ��	 <@& ��

v���� ���� !	�	� W�Q  �� ���A��	 ��'� W�Q <� �M$0 !��

��	 ��� ���A��	 <FG�#� ��	 . Diab��  ���� ����� 

Viciafaba
 Zea mays � Tricicum aestivum  W�Q ��

 �;,Z �� ��%	'& +�Q �A0 <� ��'G" ���3/2  �����  �� �X��
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 6��F� �&�� ��@�� �� cYE 1	��� ���S@&51  f�	�� �X��

 ��)3 .(Khan <FG�#� �P 1	��*@& �  !	18 <�A&  �� !	

���� !��  ��U�( !	�	� <  1��( <� ��'G" W�Q5/42  �X��

 � ��11  !�&��@�� �� 1��( \&�  1	��� 
�'� 4� �X��
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 �0�� )12.(  
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 ���� �� ��� �/ 0<� ]��� 20  �� <  �� f�	�� �X��
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�'M0 ��;�0	 �E .�#�� ��	�� ��0�� !���% N�	'- ��o �& 

 � !����" 1	��� 
���� `'0 
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 ?��  <)� ����

<FG�#� ���@� �T�E  ���� `'0 �� ��U�( ���� ��FG�#� ���� ��

 W�Q�'� .W�Q ���A��	 ��'� ��:- <FG�#� ��	 ��  �� ���	�

 !�'� !	�	� 
4� !U�� �X��5/14  ��� �� p�@�% ���

 <  �'�^��*�� � ���� ��� !	�� 	� ��	��  </�� <�E�0 !�&

�� v�����0 ���$� �Q�� .c�P %	 
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Greenhouse Assessment of Phytoremediation Efficiency for Petroleum 
Contaminants in Clay and Saline Soil 

 
Seyyed Nadali Alavi Bakhtiarvand1, Iman Parseh2, 

Mehdi Ahmadimoghadam1, Nematollah Jafarzadeh3 

 

Abstract 
Background: Petroleum contaminated soil is an environmental problem that affects human health. 
Phytoremediation is a cost -effective method for removal of petroleum from soil. This paper evaluates the 
effects of the plant and nutrients on the removal of TPHs from soil. 

Methods: Soils were collected from Ahvaz desalting unit No.2 and then polluted with 2.5% w/w of crude 
oil. Microbial number and residual TPHs of the pots experiment were determined at day 0 and 90. TPHs 
and heterotrophic bacterial number were measured by GC and HPC method respectively. Data were 
analyzed using the software Statistical Package for Social Sciences (SPSS 17 for Windows) and Excel. 

Findings: results showed that the average percentage of TPH removal in the rhizosphere soil (≈20%) was 
higher than those in the non-rhizosphere (≈7%). soil. In addition, the average number of heterotrophic 
bacteria in the rhizosphere soil (7.14 CFU/g) was higher than in the non-rhizosphere (6.16 CFU/g). Also 
results show that the TPH removal and microbial number in the soil that received nutrient were higher 
than in the nutrient-free soil. 

Conclusion: Although high clay and salinity of the soil had an inhibitive effect on phytoremediation 
efficiency, results show native plants perform phytoremediation properly even in improper condition of 
environment. 
Key words: Phytoremediation, Petroleum Hydrocarbon, Sorghum Halepenes 
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