
 ارانو همك عيسي سلگي 

321 

 
گنبدكاووسدانشگاه   

"گياهان بومستيزحفاظت "نشريه   

شانزدهم، شماره هشتمدوره   

http://pec.gonbad.ac.ir 

  

هاي بررسي اثر فاصله از منبع و نوع گونه بر توانايي جذب فلزات سنگين توسط گونه

  كارخانه سيمان نهاوند درختي اطراف

  3يگ محمديه بيفوز، 2انيزمان يعل، *1 يسلگ يسيع

�������� 
��
 ��������� 
������ ����� ����� �� �������� �� 
� �������� ���  
!"��#��$�  �#����������� 
������ ����� ����� �� ������� �� 
� ������� ����  

%.'(����) �*$�) 
�'+,��-) ��������� 
������ ����� ����� �� ������� ���� 
� ����� ����  
 

 :�/���� 0���1�2/4/�%56                               :7��89 0���1!/5/�%56        

�:�:�:�:����
�
�
�
�;;;;        
�
<�� � =�'
 >'� �=?@�/ �A� =�+�B� C���
<�� � =�'
 >'� �=?@�/ �A� =�+�B� C���
<�� � =�'
 >'� �=?@�/ �A� =�+�B� C���
<�� � =�'
 >'� �=?@�/ �A� =�+�B� C��)�-)�-)�-)�-    ���D�/���D�/���D�/���D�/    ����    ����E�#����E�#����E�#����E�#    ��������    �����'1�����'1�����'1�����'1    F8GF8GF8GF8G    H�D?/H�D?/H�D?/H�D?/    C� �"C� �"C� �"C� �"    �"'1�"'1�"'1�"'1    =�'
=�'
=�'
=�'
)�-)�-)�-)�-    �*I���*I���*I���*I��    

J����J����J����J����    =��I��$=��I��$=��I��$=��I��$    K�E�"K�E�"K�E�"K�E�"    ����L�����L�����L�����L�    ��������    �"����"����"����"���    �����������E����E����E����E� . . . .��������    =�+�B�=�+�B�=�+�B�=�+�B�))))    �M�N�M�N�M�N�M�N    O�IO�IO�IO�I    P@�'/P@�'/P@�'/P@�'/    �QQQ�QQQ�QQQ�QQQ����6QQ6QQ6QQ6QQ����RQQRQQRQQRQQ����%QQ%QQ%QQ%QQ    ����    !QQQ!QQQ!QQQ!QQQ    )�*�)�*�)�*�)�*�    
J����J����J����J����    =��I��$=��I��$=��I��$=��I��$    K�E�"K�E�"K�E�"K�E�"    ����L�����L�����L�����L�    ����    S��S��S��S��    =�'
=�'
=�'
=�'
)�-)�-)�-)�-    �*I���*I���*I���*I��    ) ��U�U� P��#) ��U�U� P��#) ��U�U� P��#) ��U�U� P��#Robinia Pseudoacacia L) ��'�@ �(.) ��'�@ �(.) ��'�@ �(.) ��'�@ �(.Populus 

nigra L) �(�" �() �(�" �() �(�" �() �(�" �(Elaeagnus angustifolia L �( �( �( �(K���K���K���K���W�(�
W�(�
W�(�
W�(�
    ))))Fraxinus excelsior
�EI ��" � (
�EI ��" � (
�EI ��" � (
�EI ��" � ( )� )� )� )�
))))Thuja orientalis L ��'� ( ��'� ( ��'� ( ��'� (=�'E�=�'E�=�'E�=�'E���������������������))))     �� X9 � �/�
 ���U �� X9 � �/�
 ���U �� X9 � �/�
 ���U �� X9 � �/�
 ���U
���,
���,
���,
���,��"��"��"��"))))    =�'E� YZ- �=�'E� YZ- �=�'E� YZ- �=�'E� YZ- � �[?\ ��1 YZ- 7�� =� �- �[?\ ��1 YZ- 7�� =� �- �[?\ ��1 YZ- 7�� =� �- �[?\ ��1 YZ- 7�� =� �-

=�'E� �� �E1� F8G 
� *"� �� 
��]*"� �� ()�� � P��� �D� �� �^'����$) C� �" H�D?/=�'E� �� �E1� F8G 
� *"� �� 
��]*"� �� ()�� � P��� �D� �� �^'����$) C� �" H�D?/=�'E� �� �E1� F8G 
� *"� �� 
��]*"� �� ()�� � P��� �D� �� �^'����$) C� �" H�D?/=�'E� �� �E1� F8G 
� *"� �� 
��]*"� �� ()�� � P��� �D� �� �^'����$) C� �" H�D?/
����� �-
����� �-
����� �-
����� �-)��
)��
)��
)��
    �#�#�#�# . . . .C��_E-C��_E-C��_E-C��_E-    )���)���)���)���    
=�'E�=�'E�=�'E�=�'E�)�-)�-)�-)�-    O�IO�IO�IO�I    pH � � � �EC    =?@�/ �A� .�# =�"��� �+, 
��� �=?@�/ �A� .�# =�"��� �+, 
��� �=?@�/ �A� .�# =�"��� �+, 
��� �=?@�/ �A� .�# =�"��� �+, 
��� � �E(1 �� O�I ����E�# � ���D�/ H��@'`I �A� � =�'
 �A� � �E(1 �� O�I ����E�# � ���D�/ H��@'`I �A� � =�'
 �A� � �E(1 �� O�I ����E�# � ���D�/ H��@'`I �A� � =�'
 �A� � �E(1 �� O�I ����E�# � ���D�/ H��@'`I �A� � =�'
 �A� �

=� .�# �"��� X�+�� a��"��$ K'��, 
��]*"� �� C� �" H�D?/=� .�# �"��� X�+�� a��"��$ K'��, 
��]*"� �� C� �" H�D?/=� .�# �"��� X�+�� a��"��$ K'��, 
��]*"� �� C� �" H�D?/=� .�# �"��� X�+�� a��"��$ K'��, 
��]*"� �� C� �" H�D?/=�'
 C���1 �'[��=�'
 C���1 �'[��=�'
 C���1 �'[��=�'
 C���1 �'[��     �� b�� �
��-� �E(1 �� �� b�� �
��-� �E(1 �� �� b�� �
��-� �E(1 �� �� b�� �
��-� �E(1 ��cI�#cI�#cI�#cI�#     �#���� �#���� �#���� �#����
 �*��� �E(1 cI�# � C� �" H�D?/ �*��� �E(1 cI�# � C� �" H�D?/ �*��� �E(1 cI�# � C� �" H�D?/ �*��� �E(1 cI�# � C� �" H�D?/=�=�=�=�=�'
 C�� ��� K��� d��*� .�# =*/�
 ��$=�'
 C�� ��� K��� d��*� .�# =*/�
 ��$=�'
 C�� ��� K��� d��*� .�# =*/�
 ��$=�'
 C�� ��� K��� d��*� .�# =*/�
 ��$ e?*f� )�- e?*f� )�- e?*f� )�- e?*f� )�-�[����[����[����[���     ���g� ���g� ���g� ���g� �� C� �" H�D?/ �� C� �" H�D?/ �� C� �" H�D?/ �� C� �" H�D?/

���� )���, J�*I� S������ )���, J�*I� S������ )���, J�*I� S������ )���, J�*I� S��) ���� �'G� )���) ���� �'G� )���) ���� �'G� )���) ���� �'G� )���p<0.05 .( .( .( .(h�"���h�"���h�"���h�"���     d��*� d��*� d��*� d��*�=�=�=�=��"��"��"��"�
��,
��,
��,
��,     �� C� �" H�D?/ �E(1 )�� =?@�/ �A� �� C� �" H�D?/ �E(1 )�� =?@�/ �A� �� C� �" H�D?/ �E(1 )�� =?@�/ �A� �� C� �" H�D?/ �E(1 )�� =?@�/ �A�
=�'
=�'
=�'
=�'
 )�- )�- )�- )�-�"��� ��'��"��� ��'��"��� ��'��"��� ��'�    ���� C� �" H�D?/ �I�� )������� C� �" H�D?/ �I�� )������� C� �" H�D?/ �I�� )������� C� �" H�D?/ �I�� )��� .�'� ��� .�'� ��� .�'� ��� .�'� ���h�"���h�"���h�"���h�"���    =�'
 �H�D?/ �#���� cI�#=�'
 �H�D?/ �#���� cI�#=�'
 �H�D?/ �#���� cI�#=�'
 �H�D?/ �#���� cI�#     )�1b�� �E(1 �� �(�" )�1b�� �E(1 �� �(�" )�1b�� �E(1 �� �(�" )�1b�� �E(1 �� �(�"

 C� �" H�D?/ >'E(� )��� C� �" H�D?/ >'E(� )��� C� �" H�D?/ >'E(� )��� C� �" H�D?/ >'E(� )����'��'��'��'��"��� ��"��� ��"��� ��"��� �    =�'
 �*��� �E(1 cI�# ����g� =� =G'1 �� � �"� ����'I��=�'
 �*��� �E(1 cI�# ����g� =� =G'1 �� � �"� ����'I��=�'
 �*��� �E(1 cI�# ����g� =� =G'1 �� � �"� ����'I��=�'
 �*��� �E(1 cI�# ����g� =� =G'1 �� � �"� ����'I�� )�- )�- )�- )�-=�+�B���'�=�+�B���'�=�+�B���'�=�+�B���'�    
�� F'��� �"'*� � *#���� )�� � D� �� �^'����$ )����� F'��� �"'*� � *#���� )�� � D� �� �^'����$ )����� F'��� �"'*� � *#���� )�� � D� �� �^'����$ )����� F'��� �"'*� � *#���� )�� � D� �� �^'����$ )������� =G'1 �� .��'#���� =G'1 �� .��'#���� =G'1 �� .��'#���� =G'1 �� .��'# C��_E- � =�'
 >'� � =?@�/ �A� K�'� ��� C��_E- � =�'
 >'� � =?@�/ �A� K�'� ��� C��_E- � =�'
 >'� � =?@�/ �A� K�'� ��� C��_E- � =�'
 >'� � =?@�/ �A� K�'� ���

�
��
 S�� �� C� �" H�D?/ �E(1 �� ����E�# � ���D�/ H��@'`I C�� i��1���
��
 S�� �� C� �" H�D?/ �E(1 �� ����E�# � ���D�/ H��@'`I C�� i��1���
��
 S�� �� C� �" H�D?/ �E(1 �� ����E�# � ���D�/ H��@'`I C�� i��1���
��
 S�� �� C� �" H�D?/ �E(1 �� ����E�# � ���D�/ H��@'`I C�� i��1��    �������� �#�$ � �N��� ^� �- =� �-�'*$�/ C �#�$ � �N��� ^� �- =� �-�'*$�/ C �#�$ � �N��� ^� �- =� �-�'*$�/ C �#�$ � �N��� ^� �- =� �-�'*$�/ C
Y*��"Y*��"Y*��"Y*��" �*���� 
�'+, �N�'� �� C� �" H�D?/ �
�'+, a�*�$ )�- �*���� 
�'+, �N�'� �� C� �" H�D?/ �
�'+, a�*�$ )�- �*���� 
�'+, �N�'� �� C� �" H�D?/ �
�'+, a�*�$ )�- �*���� 
�'+, �N�'� �� C� �" H�D?/ �
�'+, a�*�$ )�-�[����[����[����[���     � ����
 ���U � ����
 ���U � ����
 ���U � ����
 ���U=�=�=�=�=�'
 )b�� ��?��U P�+�=�'
 )b�� ��?��U P�+�=�'
 )b�� ��?��U P�+�=�'
 )b�� ��?��U P�+�     �� �(�" �� �(�" �� �(�" �� �(�"

 C� �" H�D?/ �E(1 C� �" H�D?/ �E(1 C� �" H�D?/ �E(1 C� �" H�D?/ �E(1��������CCCC=�'
=�'
=�'
=�'
    �� ��L���9 C� �" D?/ C���: =� 
�'+, j���� �� �
�'+, a�*�$ �LG�� ��L���9 C� �" D?/ C���: =� 
�'+, j���� �� �
�'+, a�*�$ �LG�� ��L���9 C� �" D?/ C���: =� 
�'+, j���� �� �
�'+, a�*�$ �LG�� ��L���9 C� �" D?/ C���: =� 
�'+, j���� �� �
�'+, a�*�$ �LG.�'#.�'#.�'#.�'#        

        

                                                           

  e.solgi@yahoo.com; e.solgi@malayeru.ac.irيسنده مسئول: نو*

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

26
-0

1-
29

 ]
 

                             1 / 23

https://pec.gonbad.ac.ir/article-1-600-en.html


 1399شماره شانزدهم، بهار و تابستان  ،دوره هشتم/ انحفاظت زيست بوم گياهنشريه 

322 


k��
k��
k��
k���-�-�-�-))))    ?$?$?$?$��������)))):::: (1(1(1(1=�'
 �C� �" H�D?/ �E=�'
 �C� �" H�D?/ �E=�'
 �C� �" H�D?/ �E=�'
 �C� �" H�D?/ �E cI�# �����L� K�E�" =��I��$ ��*I�� )�- cI�# �����L� K�E�" =��I��$ ��*I�� )�- cI�# �����L� K�E�" =��I��$ ��*I�� )�- cI�# �����L� K�E�" =��I��$ ��*I�� )�-MAI        
        

=��g�=��g�=��g�=��g�        
�D/��l 
�'+,� F,O�I� � mn�����( �� H���� � Po����� ��*�� ����) ���'#. 
�'+,  K�#
 �����F,O�I� $�1 =��H�� +, e?*f�� ���� �� =�+��P �D� i��1���W ��C 8p1 �� ���=  
��� H��'G'�

 �=�+��P g*�� �+�I��Y K,�- �q1 ���C �8\)  
��� H��'G'��[��� =��G�-) ������*��  ���" �
���� K����) E-���  �K����E- � F�*��LG) �"��%5R O�I .(=�K�'�n  lg� ����� �?@� r�DG� �� ���

 �� �"�"��q1�C YL� �� K�-��
 � ���� K������G �
���C��1 lf�)�- 
��(�� H��N =*���� =� C�� 
�*�� �$�I ��*�- .��A, F�f� �#�� �� b,�
���- ��*�� �� ���� �  O�I �� �#����
�#��\,  =� Xs" �

�� ���� K�-��
 
���9 H���@ � K�-��
 ����� �#� �� a�*I� mn�� =$ �'#K���G89����)  =�
Y*��"'$��� �- �K����E- � 7�1�E1) �'#�%52D?/ =� t�I �
�'+, K��� C�� �� .( C� �" H�=� P�+�

 � b�� �*��� �E(1 �
��*�
 l�$��9��=E�En '+'�����k =��G ���L1 u�" ��b'� �]�$ � �E$ )�-
�� �BI =� �� 
��� H��'G'� �*��" � 
�# ���8\ ������������ )2017 Yousaf et al.,
�En .( C��1

��+��/ C� �" H�D?/ )��"�-� ����J�`� �)��$ K��� ��*��@ )�- =+��� �/� ��?��/ �I'" )�-
 �����$ � �*��@ � )�L#�/,l$�- / C(+ �F�M� ) �"� )�����$ lf� ��Kiran et al., 2017.(  

=��I��$  ���*�� j��� �� K�E�"���\���
  �� Xs" � 
��$ 
�'+, �� �'- ��*�� C� �" �@��n )��N
�� Pg*�� F'"� � O�I =� ��'- j��� � �'#�L�����  �K�-��
 �
�'+, C�� v��� �� K���� � K��'��G

�� ���U) ����
Addo et al., 2012 c+�I K�E�" .(wb'E��  ��!R �!� �!Q  �R% �?��^�
  ^�
'?�$ ��
 )�� � F�" �X� �^��$=*I�"
�#  ��+'1 ^� �- �� � �"�Kg � ���N K�E�"Kg Qx/Q ���\���
 

�� ��+'1) �'#et al., 2015 Olowoyo.(  
O�I �
 � �*��@ j���� H���(� �� =*/�� �#� K�-�=��'I�  H�D?/ 
��'# ����1 �[?\ �����U

=� ���'� �� )����� �� C������� ���-� K��� �� C� �" =gB�� �
�'+, ��� F���� ���� K�'�n

��]*"���'� �� ���U) ����
���,�Bn)  �K����E- ��%66�� � ���EG l��D/� �#� =� �� ���� .(��  =�

��N�=��I��$ y C�� d��*� �� �1 �"� ����@ C�� �
�'+, >'� � K�D�� �"��� ������� e?*f� i�g� �� �-
l-�<9
�� =o��� �LG �-PN l-�$ �� � �/� )��� ���-b,�
���-  ���������� ) �'# 
��]*"�Addo 

et al., 2012.( 7�� C�� �� C� �" H�D?/ J8N )��� e?*f� )�-=�
��$��) K�-��
 =� )��`*U� �?n
 �� K�-��
 )��
��" � K�'��������� 7�� �� )�-�Az�  �� �'- � t�I �F, �� 
��]*"� �� =$ �"�

 ����# ���p1^'�*I��#� �� � ����� �EL� �$���� �� K�'1K,�-  )���O�9��") ^�[� ^'� 
�'+, )�-
 >�'�� =�b,�
���-  �K����E- � )�[*��) �'E� 
��]*"��%5x.(  

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

26
-0

1-
29

 ]
 

                             2 / 23

https://pec.gonbad.ac.ir/article-1-600-en.html


 ارانو همك عيسي سلگي 

323 

K�-��
 Y*��"'$� �� �"�"� )�DG� �� �@��n a�g*�� ���� ���*�- �-�������� \�
����  �� 
��� =�
 ��
�Ln����� )Martínez-Lopez et al., 2014=�'
 .(���� �� �-��
 )�- H�D?/ =� 
�'+, )�-

�� �C� �"�
�'+, �� )�N �1 j��� C�� =� � ���{ F8G �� H�D?/ C�� �� ��f� ����'1  ��-�|� ����
)Burken et al., 2011 �"� 
��" � Y$ =��D- �� )����/ W� �
�'+, l-�$ )��� K�-��
 �� 
��]*"� .(

=/'?n K�-��
 �� =$=1'� � ��': �)�=� )��� � ���}1 �J8N �'[���A�  K��$b,�
���-  H�D?/ �����
�� 
��]*"� t�I �� C� �"���$ )et al., 2013 Zoufan �#�$ .( K�*I����� )<1��*"� �� )�-

 �� =LG�'� H��A� l-�$���\���
 ) �"� K�E�"Yahaya et al., 2013.(  
���) ������� ��E��'1) 
�K�-� /��� �� K,�- ���) b�9�l 
�'+,�� ����  K��$ cf�� �� ���

 �" H�D?/ ���g��C P��U~��f*"� =�'E� ���-) 
�-�� cI�# O�I ��-)  =�"��� �� e?*f� � �'E�
h�"��� ��C cI�#��- =�'
 u"��� ���) b�9�l O�I�-) /��� 
�'+,� '�) �'#�?� K����E- �� 
�%5xC� �" H�D?/ �#���� cI�# .( =�K�'�n  
��
 )��� u"��� =�'
 F�f*�� �LG YL� cI�# W�

) ���� �����$ ��b�9Giacomino et al., 2016 K�-��
 S�� .(=��'� Y-K��� *f� �@��n �E(1 �� e?
������ cI�# �� K�-��
 �� C� �" H�D?/ ��E" �?$ ���?En ������� )��� C������� ��-��#  H�D?/

�� 
��]*"� �1b�� ����g� �� ���-��
 .�'#MAI =� ���� �[� �� 
�'+, ��\ � 
�'+, j���� C�� Po�N K�'�n
) ��'# =*/�
et al., 2014 Hu�*��� �E(1 cI���# C��_E- .( �U H�D�?/ F8G �� �� 
��
 ��?�

 �E(1 � t��I �� C� ��"K,�- ^���� PI�� �� ��� �� =U�" �=���) �-S��-�� K��� ( cI�# C�� �-�
^����� P�I�� �� C� ��" H�D?/ �[?\ ���� ���[?\ =� �-���
 )��- K,�-  O�I ��=��� ��"� ��,

)Tang et al., 2019 e?*f� H��+�B� �� .(Y-K���  � C� �" H�D?/ =� O�I �
�'+, �"��� ��
=�Y*��"'$� 
��� lf� �� K�E�" =��I��$ H��A� C���1 �'[��� =� K�-��
 �� �*��� F���� K�'�n


��]*"�
�#  �� C� �" H�D?/ �
�'+, �"��� =� �K,�- =*I���9��� .=?EG�� )��E��'G � ���I�'9 �
)�%5x�� �-��
 l#'9 �� C� �" H�D?/ �[?\ ( )�-�'1������'�� �"'1 K�L�L� K�E�" =��I��$ J��

) K����E- � )�[*�� .����$ C���1 �-��
�%5R\ (�[?  ��1�� =�'
 � t�I �� X� � )�� �F�"
Kochia prostrate (L.) Schrad  K����E- � 
��9 .���'E� �"��� 
'$����/ K�E�" =��I��$ J���� ��

)�%5R� �^'����{ ��b�9 
��
 �"��� =� ( S�� �� D� �� � F�" ���5  =��I��{ J���� �*I�� =�'

) K����E- � uo�@ ���*I���9 ^��� K�E�"�%5%=�'
 S�� �� C� �" H�D?/ �[?\ ( �-��
 )�-

) K����E- � '��'+�� .���'E� =�+�B� �� K�*�?
 ��'�9 K�E�" =��I��$ J����et al., 2015 Olowoyo .(
K�-��
 � O�I �� �� C� �" H�D?/  ����'E� ������ ��'�G )�g��/, ����'1�9 K�E�" =��I��$ J����

) K����E- � �?�����et al., 2006 Isikli �� =�$�1 �� ���*"�� =gB�� W� K�-��
 S�� � O�I �� (
 ���*�� �� �#�� ^'����$ �� C*/�
 ���U v������\���
 ) K����E- � ��� ����'E� �"��� �� K�E�"et 
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al., 2012 Addo ( �*+� �� K�E�" =��I��$ 
����� �� K�-��
 � O�I �� C� �" H�D?/ �
�'+,
���$ =�+�B� �� (��\ �'�$)�� ) K����E- � �'+�ra al., 2011 AL-Oud O�I �� C� �" H�D?/ ���'1 .(

) �'G�� ����'E� �"��� �� )�'�" K�*���n �v��� �L# �� K�E�" =��I��$ J���� K�-��
 �Adejoh, 

2016� =� ( =��(�� a�E# �� K�E�" =��I��$ W� ����D� �� 
��
 � O�I C� �" H�D?/ �
�'+, ������
.��*I���9  

�� cI�# �� �$��� H��+�B� �*��� �E(1 cI�# � C� �" H�D?/ �#���� )�-=��'[�� =�+�B� )
 K�E�" =��I��$ J���� K�-��
 �� C� �" H�D?/ �
�'+,
��]*"�
�# =�+�B� �� ��� �"�N ) C�� �� �M�

cI�# �-J�-�� " H�D?/ F8G �� ����L� K�E�" =��I��$ J���� K�-��
 �����'1 �"���C� � 

��]*"�
�# .�"�  O�I H��@'`I � K�E�" =��I��$ �� =?@�/ �=�'
 >'� �A� =�+�B� C�� �� C��_E-

)pH �EC C� �" H�D?/ F8G )�� (O�I C� �" H�D?/ K�D�� � �+, 
��� �"����
�# "�.�  
7�� � ��'�7�� � ��'�7�� � ��'�7�� � ��'��-�-�-�-        

 =gB�� =gB�� =gB�� =gB��=�+�B���'�=�+�B���'�=�+�B���'�=�+�B���'�        
=� ����L� K�E�" =��I��$ ���U'� =gB�� K�'�n=�+�B���'� ''4%/R4′!5°46 a'� ����/��pG � 

''%R/�2′%°%4 v�n ����/��pG �"� .C�� =��I��$ =� �N��� 2R ��*�- �� =?@�/ �x )�*�'?�$ �L# 
����L� �U��
�# �"� .���U'� =gB�� =�+�B���'� �� P�# � =o���
�# �"� .=��'[�� a�*�$ �
�'+, 

=��I��$ K�E�" C���: =�'
 � =��I��$ e?*f� P@�'/ �� �*I���$
�# =�'
 .�"� )�-�"��� ��'� 
) ��U�U� P��# =�+�B� C�� ��.Robinia Pseudoacacia L) ��'�@ �(Populus nigra L �(�" �(

)Elaeagnus angustifolia L �(K���W�(�
 )Fraxinus excelsior
�EI ��" � () )�Thuja 

orientalis L�� (.��#��        
=�'E� 7��=�'E� 7��=�'E� 7��=�'E� 7��)�����)�����)�����)�����        

 P@�'/ �� �/��`1 W�1�E*��" 7�� =� =�+�B� C�� ���QQQ�6QQ�RQQ�%QQ � !QQQ  )�*�
=�'
 � O�I �� ����L� K�E�" =��I��$ P@�'/ C�� �� 
��$ �#� �-��
 )�-=�'E������)  .�/�
 H�'@

=�'E�O�I )�-  J���� ��=�'
�-  jEn �� �Q  �1�Q *��"��*�)  �#� =� =G'1 �� .���# �#����
=�'
=?@�/ )��� 
����� �- �� �*I�� )�- %QQ 
�EI ��" � �(�" ���'�@ ���U�U� )�*� )��� �)�
RQQ  ���'�@ ���U�U� )�*�K���W�(�
 
�EI ��" � )��� �)�6QQ  ��" � �(�" ���'�@ )�*�

�EI��� �)� )�QQQ  ���'�@ ���U�U� )�*�K���W�(�
 
�EI ��" � )��� � )�!QQQ  =�'
 �� )�*�

 ��'� �(�" � ��'�@=�'E������)  .��*/�
 ���U=��'�)=$ �E�U �� S�� =�'E� =� 
��
 e?*f� )�-
 )��� e?*f� P@�'/ �� � �# �#���� �/�$ ���g�=�'
�-  �I�� ="=��'�  ��'� � F�f*�� �/��`1

E�=�'.�/�
 ���U )�����  
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 P�# P�# P�# P�#���� � � � �     =gB�� ���U'� =gB�� ���U'� =gB�� ���U'� =gB�� ���U'�=�+�B���'�=�+�B���'�=�+�B���'�=�+�B���'�     i�g� � i�g� � i�g� � i�g� �=�'E�=�'E�=�'E�=�'E���������������������))))        

        

���,
���,
���,
���,��"��"��"��"))))    =�'E�=�'E�=�'E�=�'E��-�-�-�-        

=�'E�=��$ �� �- ���*"�9 )�-��8
�$) =�'E� .���# Pg*�� 
� �����, =� 
�# ��: O�I )�-
�� Xs" .���# W�I �'- ���� )��� �� �+�'*� ���  W+� ��! �?�� � )�*��45/Q �?�� �'�n )�*�

) O�I H��@'`I � C� �" H�D?/ l(�" �LG .���# 
���pH �EC  (�+, 
��� �=�=�'E� u�1�1 )�-
 �'�n
���
�#  W+� ���45/Q  W+� �! �?��=�'E� .�# 
��]*"� )�*� �� ��� ��: �� D�� S�� )�-

, �� 
��]*"� �� Xs" � W�I �'- ��1� )��� F��"w���$ 
����� )��� � ���# ��I )�-�*����9 )��

�[���'� = � ������*"� ����# ��.���# )���  

  
�-� �����, )�-D�+��,�-� �����, )�-D�+��,�-� �����, )�-D�+��,�-� �����, )�-D�+��,        

 )���
�����
��) pH  �Ec =�'E� ���� O�I )�-� =� R ) O�IR ) F, =� (^�
!R "�"� (
 i'?f� C�� � �# 
��]*"�=� H��! " .�# 
��� ���U ���# )�� �n�" ����g� XspH 
��`n �� �-

 
� *"� �� 
��]*"�pH ) �*�AZ 86552 � (EC  �� 
��]*"� ��EC ) �*�AZ 86505 .�# l(�" (
=� �'[��
�����
��)  �+, 
��� �@��!R  O�I =�'E� ^�
=� H��4  )��� �� �n�"4RQ  �*��" =G��
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 K�� J�*I� �� � �/�
 ���U 
�'$ PI�� �� ���
��
�#��( �� �@�� O�I �+, 
�=���, �"� )2000 
ASTM D2974-00, =� =$ u�1�1 C��� �# 
��]*"� �1 YZ- 7�� �� C� �" H�D?/ l(�" �LG .(

 ��"� =" �� ���$�1 O�I ^�
 �� P��#4 ��!  �4 �?�� �*�+3HNO �HCL  �4HCLO  � =/�M�
=� H��2  )��� �� �n�"�QQ �*��" =G�� ^�E1� �� X9 .�# 
��� ���
 ���
=�'E� �YZ- H��?En �-

 CE1�� 8\�$ �"'14! J�@
�#  Y(N =� ��Bg1 ��� �� F, �� �ml25  .����"��L�����  H�D?/ �[?\
)Zn�Mn�Cd  �Ni ) �E1� F8G 
� *"� �"'1ContrAA 700=� .�# C���1 (=�'E� YZ- �'[�� )�-

 =� S��!  P��# ��"� =" �� ���$�1 =�'E� �� ^�
4 ��!  �4 �?�� �*�+3HNO �HCL  �4HCLO 
=/�M�
�#  �=� H��4  )��� �� �n�"�QQ �*��" =G��=�'E� .�# 
��� ���
 ���
 K�# ��" �� X9 �-

 CE1�� �/�@ 8\�$ ��4!  F, �� 
��]*"� �� � ���# 
��� �'�n��� ��  Y(N =� ��Bg1!R ��?�+��*  
��"�
 )�-D�+��, ��]�$ a�*�$ �LG .���#^�(��
�#-�# =�'E� � ��'� )�'*�� �L�1 =$ �
��]*"���'�  �LG

=�'E� ���" ���$ �� D�� ��"� YZ-.�# D�+��, �-  
cI�#cI�#cI�#cI�#H�D?/ �#���� � �*��� �E(1 )�-H�D?/ �#���� � �*��� �E(1 )�-H�D?/ �#���� � �*��� �E(1 )�-H�D?/ �#���� � �*��� �E(1 )�-        

=� �M�N =�+�B� ��=�'
 P����*9 �"��� �'[�� ���'�@ ��(�" ���U�U� )�-K���W�(�
  ��" �

�EI=� )� cI�# �� C� �" H�D?/ F��G K�'�nBCF  �MAI  ����� .�# ���,��K,�-  ��� ��
=o���
�#  ^���� �� � =���) �-��
 �/�� �� C� �" D?/ �[?\ Y��g1 �� �*��� �E(1 cI�# .�"�

 O�I �� �`�n K�E- �[?\ =� (���'-=��"� ��) ��,Arnot and Gobas, 2006 .(h�"��� 
�g1�Y���) ) K����E- � ����et al., 1995 Bini (=�'
 =$  )����BCF ي�C �Q�� ����/Q��/Q�
Q�/Q Y$ ��1  ��Q�/Q �#�� =�1�1يu ي�l ��#�����
 �"'*� ��#����
� Y$ ��#����
 � ��\ ��#����
 
���#��.  
  

 =B����  BCF=  

��  =B��� C��Cplant tissue � �-��
 �/�� �� C� �" D?/ �[?\ :Csoil �� C� �" D?/ �[?\ :
 .�"� O�I$�(�,��=  �����U K�-��
=��'� Y-K���  ����E� =*#���� �'I �� �� C� �" D?/ C���:

 cI�#MAI  �#���� ���g� �"��� )���Y-K���  �"'1 K'
��'
 H�D?/=�'
�- � �� 
��]*"� ��=B�� ! 
�# =�"��� )Liu et al., 2007 et al., 2013; Monfared.(  

  

=B��� !                                                                                              MAI=  
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=$  K, ��N 
����� H�D?/ ����1 �
�# )��
jI  =� 
��
 ^���� �� �[?\ C� ���� Y��g1 �� D?/ �- )���
 K, ����� J����� ���g�=��"� ��.��,  

        
D(1D(1D(1D(1����====    ����    ?�1?�1?�1?�1����PPPP    ���,���,���,���,))))        

�, )�-D�+��, ^�(�� �� l�9
��� K�'� a���� )�� K'��, �� 
��]*"� �� �-Shapiro-Wilk  �� E- �
X������ K'��, �� �-Levene's test �"��� ��'� =� .�/�
 ���U H�D?/ F8G �� =�'
 �A� �"��� �'[��

=�'
 C�� C� ���� =���g� C� �" X�+�� a��"��$ K'��, �� 
��]*"� �� =?@�/ �- �� �M�N e?*f� )�-
�# ^�(�� �=?@�/ �A� �"��� �LG C��_E- .�W=�'
  K'��, �� 
��]*"� �� e?*f� P@�'/ �� ��I

 =���g� )��� .���# =���g� X�+�� a��"��$=�����  K'��,U Mann-Whitney =� .�# =*/�
 ��$
=� C���s"� K'��, �� O�I )�-�'*$�/ � 
��
 �O�I C� �" H�D?/ �[?\ C�� � *��E- �"��� �'[��


��]*"� K'��, .�# �� 
��]*"� �� )���, )�-^����D/� SPSS 16.0 cI�# =�"��� � �-���'E� Y"� � �-
 
��]*"� ��Excel 2013 .�# ^�(��  

�*��*��*��*�����dddd        
@'1 H�n���@'1 H�n���@'1 H�n���@'1 H�n�������]]]]����        

=�'
 �� C� �" H�D?/ �]�@'1 H�n���     J����� O��I � e�?*f� )��-K, ��-     P�@�'/ W���]1 =��
=�+�B���'� a��G �� )�-�  �! =o����#
  .�"� h��"���    a���G d���*��   =?�@�/ ��%QQ    =�$ )��*�

�D��W�1�C  D� �� � ^'����$ )��� �"� �
�'+, ���� =� =?@�/=�=�'
 u�1�1  ���U�U� ���'�@ ��(�" )�-

�EI ��" ��� ���� �� �[?\ C��*E$ �1 C��*��� )�) ^'����$ �[?\ C��*��� � ��#��Rx/Q ��?�^�
 

$ ���^�
'?) D� �� � (6/�Qx ��?�^�
 $ ���^�
'?�� �(�" =�'
 =� i'��� ( ��'�@ =?@�/ C�� �� �#��

�EI ��" � )�� ���g� C��*��� ��   .����'� ����'�I�� P��� ���g� C��*��� �� )� =�� ?$�'���   ^��E1 ��

 P@�'/�"��� ��'� =�'
 =E- )��� � C� �" H�D?/ C�� �� �-=� � D�� �� � )�� �P��� �^'����$ u�1�1 �
 a��G) ��*/�
 ���U C� �" H�D?/ ���g� C��*��� =� C��*E$�.(  
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 a��G a��G a��G a��G���� � � � �    C� �" H�D?/ ����� J����� � C� ����C� �" H�D?/ ����� J����� � C� ����C� �" H�D?/ ����� J����� � C� ����C� �" H�D?/ ����� J����� � C� ����    ))))mg/kg((((    =�'
 S�� ��=�'
 S�� ��=�'
 S�� ��=�'
 S�� �� P@�'/ W��]1 =� e?*f� )�- P@�'/ W��]1 =� e?*f� )�- P@�'/ W��]1 =� e?*f� )�- P@�'/ W��]1 =� e?*f� )�-=�+�B���'�=�+�B���'�=�+�B���'�=�+�B���'� 

!QQQ �QQQ 6QQ RQQ %QQ 
 H�D?/
C� �" 

=�'
 

� Q!5/Q±6/Q � QQ6/Q±R/Q �6/Q±4�/Q Cd 
Robinia 

Pseudoacac
ia L. 

� !R/�±%R/! � �Q/Q±4�/! �!/�±Q%/4 Ni 

� %/!±%/R6 � !/!±2/%6 !Q±!/x! Mn 

� x/4±R5/5 � %!/Q±6/R 6/!±5/�% Zn 

�!/Q±x/Q  Q4/Q±2!/Q Q�/Q±42/Q !%/Q±22/Q Q!/Q±4%/Q Cd 

Populus 
nigra L 

2/�±%/4  Q5/Q±x/� Q2/�±x4/! !R/Q±4/� %/Q±6/! Ni 

!Q±2/22  �/R±!/6! �/�±4/64 2/�R±Qx/5% 6/�±2/6R Mn 

5R/�±Q4/!5  x/Q±2/!6 R/x±!/!2 %/%±%/�6 R/5±6/!Q Zn 

Q�/Q±%R/Q  � Q�/Q±%2/Q � �R/Q±Rx/Q Cd 
Elaeagnus 

angustifolia 
L 

Q5/Q±!/!  � 4/!±% � 46/Q±5/4 Ni 

5/Q±!/xR  � x/�±2/xR � !/!!±6/�Qx Mn 

!/Q±%/6  � 4/2±2/x � 2/�±6/�! Zn 

� Q�/Q±%%/Q Q�/Q±%!/Q Q�/Q±%/Q Q�/Q±%R/Q Cd 

Thuja 
orientalis L 

� !/!±2/x 25/Q±Q6/! R/Q±62/Q �/%±5/�! Ni 

� %/�±6/R! !/R±�/!5 R/4±�/R% !/R±5/R4 Mn 

� R4/Q±�/5 x/Q±Q5/2 4/!±5/! !x/Q±4/5 Zn 

� �R/Q±46/Q � QQ6/Q±%/Q � Cd 

Fraxinus 
excelsior 

� R/!Q±R/R! � Q�/%±6/RR � Ni 

� �/!±2/4 � 4x/Q±%/% � Mn 

� 5/!%±2/�5 � �/�±Q�/�Q � Zn 
����    .�"� =?@�/ C�� �� =�'
 �'ZN ^�n � ����  

h�"���  a��G d��*�!  =?@�/ �� �# =[N��%QQ      J����� O��I �� C� ��" H�D�?/ ����g� )�*�
=�'
 ���" �� �*��� �(�" =�'
 =?@�/ �� � �"� �-RQQ   � ��'��@ J���� O�I )�*� K���� W��(�
  ��

.������'I�� C� �" H�D?/ ����g� C��1b��  
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a��Ga��Ga��Ga��G    !!!! � � � �    C� �" H�D?/ ����� J����� � C� ����C� �" H�D?/ ����� J����� � C� ����C� �" H�D?/ ����� J����� � C� ����C� �" H�D?/ ����� J����� � C� ����    ))))mg/kg((((    =�'
 J���� O�I ��=�'
 J���� O�I ��=�'
 J���� O�I ��=�'
 J���� O�I �� P@�'/ W��]1 =� e?*f� )�- P@�'/ W��]1 =� e?*f� )�- P@�'/ W��]1 =� e?*f� )�- P@�'/ W��]1 =� e?*f� )�-=�+�B���'�=�+�B���'�=�+�B���'�=�+�B���'� 

!QQQ �QQQ 6QQ RQQ %QQ 
 H�D?/
� �"C  

=�'
 

� QQR/Q±5x/Q � Q�4/Q±54/Q Q�4/Q±54/Q Cd 
Robinia 

Pseudoacacia 
L. 

� �/%%±5/!%x � 6%/6±2/�%4 x�/!±!/!!R Ni 

� Q2/44±2/�55 � %6/4±2/!Q4 Rx/R±!/!!% Mn 

� 6R/�±%/4x � 4R/Q±2%/%� 22/Q±R/4R Zn 

Q!/Q±5�/Q Q�4/Q±5!/Q Q!x/Q±Q%/� Q!!/Q±54/Q Q!%/Q±55/Q Cd 

Populus 
nigra L 

�Q/%±6/!46 !R/�±%/!R5 55/R±x/!Qx Q%/2±!xR 6/6±R/�5Q Ni 

x�/Q±R/!4Q Q5/2±2/�64 �6/!±!/!%Q %x/R±!Qx 4Q/Q±5/!4R Mn 

%6/Q±Q2/4� R4/Q±!�/4% QR!/Q±�x/%5 !5/Q±44/42 54/Q±5/44 Zn 

QQR/Q±62/Q � QR/Q±66/Q � Q�5/Q±!�/� Cd 

Elaeagnus 
angustifolia L 

%/2±2/!R! � 5Q/R�±x/�RQ � �Q/2±x/!R5 Ni 

x/%Q±6/�55 � 4!/%!±!/�24 � 6�/%±5/4Q4 Mn 

Q%/�R±R4/%2 � 4�/�!±x4/%R � !/�±42/42 Zn 

� ��/Q±��/� QQR/Q±5Q/Q Q!R/Q±6R/Q Q!R/Q±Q%/� Cd 

Thuja 
orientalis L 

� %5/�±6/!!2 !/4±R/!!Q 54/4±�2Q R6/�Q±4/�!5 Ni 

� 45/�±Q4/!!2 %/4±R/�6x %6/%±5/�R2 6�/Q±!/!!x Mn 

� !6/�±!2/4� !x/�±�6/4Q 54/Q±5!/4Q 4�/Q±Rx/%5 Zn 

� Q�R/Q±5R/Q � 5R/Q±Q2/� � Cd 

Fraxinus 
excelsior 

� !%/2±R/��5 � %%/!±!/�65 � Ni 

� x±Q6/�6� � R5/�±4/!�6 � Mn 

� 56/!±x4/%Q � %2/Q±%x/42 � Zn 

����    .�"� =?@�/ C�� �� =�'
 �'ZN ^�n � ���� 

 a��G a��G a��G a��G%%%% � � � �     O�I ����E�# � ���D�/ H��@'`I O�I ����E�# � ���D�/ H��@'`I O�I ����E�# � ���D�/ H��@'`I O�I ����E�# � ���D�/ H��@'`I�"��� ��'��"��� ��'��"��� ��'��"��� ��'� 

����E�# )�-�*����9 
 P@�'/�"��� ��'� 

%QQ �*� RQQ �*� 6QQ �*� �QQQ �*� !QQQ �*� 

) =*���"�pH( !Q/x %2/x xQ/x 46/x 2x/x 

) ����*�+� ����-EC( %5/Q !�2/Q !��/Q !%5/Q �R/Q 

�+, 
��� �@�� 5x/x !R/2 xx/x 4!/x !/5 

  O��I ����E�# � ���D�/ H��@'`I =��+�B���'�     a���G �� e�?*f� P�@�'/ ��%    .��"� 
���,
h�"���  O�I d��*� C��=�+�B���'� �� �'# ��\ � ����?U.�#��  
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"���"���"���"�������     �" H�D?/ �E(1 �� =�'
 �A� �" H�D?/ �E(1 �� =�'
 �A� �" H�D?/ �E(1 �� =�'
 �A� �" H�D?/ �E(1 �� =�'
 �A�����CCCC        
=� X�+�� a��"��$ K'��, d��*��'
 �A� �"��� �'[�� a��G �� S�� C� �" H�D?/ �E(1 �� =4 

=o���
�#  =?@�/ �� ��� K��� d��*� C�� .�"�%QQ =�'
 �*� )�-�"��� ��'� �[���  )�� C� �" H�D?/
 =?@�/ �� �P��� �RQQ  )�*��[���  =?@�/ �� �)�� � D� �� �P��� �^'����$ C� �" H�D?/ �E(16QQ 

 �*��[���  =?@�/ �� �D� �� � ^'����$�QQQ  =?@�/ �� � P��� � ^'����$ ��'� �� �*�!QQQ  �*��[��� 
���� )���, J�*I� )���� P��� � ^'����$) ��*�- )���P<0.05 C������� .(=�?$�'�� =�'
 C�� )�-

 e?*f��[��� ���� )���, J�*I� e?*f� C� �" H�D?/ �E(1 �� =�'
 �A� =(�*� �� ���� �'G� )���
� C� �" H�D?/ �E(1=�'
 S�� � )�-�"��� ��'� ����.�"� ���  

  
 a��G a��G a��G a��G4444 � � � �    =�'
 =���g� d��*�=�'
 =���g� d��*�=�'
 =���g� d��*�=�'
 =���g� d��*� P@�'/ �� W� �- �� e?*f� )�- P@�'/ �� W� �- �� e?*f� )�- P@�'/ �� W� �- �� e?*f� )�- P@�'/ �� W� �- �� e?*f� )�-�"��� ��'��"��� ��'��"��� ��'��"��� ��'�    �[����[����[����[���    C� �" H�D?/ �[?\C� �" H�D?/ �[?\C� �" H�D?/ �[?\C� �" H�D?/ �[?\ 

� �" H�D?/C   %QQ RQQ 6QQ �QQQ !QQQ 

Cd 
Chi-Square %R/R  %6/�Q  !/x  �R/5  6/%  

���� �B")���  �4/Q  Q�/Q  Q!/Q  Q!/Q  QR/Q  

Ni 
Chi-Square 22/5  5x/5  Q2/�  Qx/6  6/%  

���� �B")���  Q!/Q  Q�/Q  R/Q  Q4/Q  QR/Q  

Mn 
Chi-Square 65/2  42/5  !/x  6/2  Q4/Q  

���� �B")���  Qx/Q  Q!/Q  Q!/Q  Qx/Q  6!/Q  

Zn 
Chi-Square !%/6  %6/�Q  2/R  5/%  4!/Q  

���� �B")���  Q4/Q  Q�/Q  Q2/Q  !/Q  R�/Q  

)���, =G�� % % ! % � 

        
"���"���"���"�������    ���� �A �A �A �A���� �� =?@�/���� �� =?@�/���� �� =?@�/���� �� =?@�/     �" H�D?/ �E(1 �� �" H�D?/ �E(1 �� �" H�D?/ �E(1 �� �" H�D?/ �E(1 ������CCCC        

 �� C� �" H�D?/ �[?\ �=?@�/ �A� �"��� �LG=�'
�-  K'��, �� 
��]*"� �� e?*f� P@�'/ )���
 a��G �� .�# =���g� X�+�� a��"��$R  =���g� C�� d��*�=o���
�#  .�"�h�"���  C�� d��*� C��

 ��U�U� )��� e?*f� P@�'/�� �[� Cd  �Mn �@ )��� C�� ��'Cd  �Ni C�� �(�" ��'� �� �Cd �Ni �
Mn  �Zn  �� �K���W�(�
  ��'� �� �L�1Cd ���� )���, J�*I�) ���� �'G� )���P<0.05 .(

 C�������=�?$�'�� =�'
 S�� �� C� �" H�D?/ �E(1 �� =?@�/ �A� )�-�"��� ��'� ������ ���.�#��  
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 a��G a��G a��G a��GRRRR � � � �    " H�D?/ �[?\ =���g� d��*�" H�D?/ �[?\ =���g� d��*�" H�D?/ �[?\ =���g� d��*�" H�D?/ �[?\ =���g� d��*� C� � C� � C� � C� �=�'
�-=�'
�-=�'
�-=�'
�-    e?*f� P@�'/ ��e?*f� P@�'/ ��e?*f� P@�'/ ��e?*f� P@�'/ �� 

=�'
 )���, =G��  Cd Mn Zn Ni 

Robinia 
Pseudoacacia L 

! 
Chi-Square 2/R 4/2 6!/% !6/% 

���� �B")���  Q2/Q Q%5/Q �46/Q �5%/Q 

Populus nigra L 4 
Chi-Square x2/�Q R2/2 5%/! R2/�� 

���� �B")���  Q!5/Q �2�/Q R2/Q Q!�/Q 

Elaeagnus 
angustifolia L 

! 
Chi-Square 5R/R 4!/R 6!/% 6!/% 

���� �B")���  QR�/Q Q2/Q �4/Q �4/Q 

Thuja orientalis L % 
Chi-Square Qx/6 !%/6 22/5 %6/�Q 

���� �B")���  Q44/Q Q4�/Q Q!!/Q Q�2/Q 

Fraxinus 
excelsior 

� 
Chi-Square 6R/% 4!5/Q 4!5/Q 4!5/Q 

���� �B")���  QRQ/Q R�%/Q R�%/Q R�%/Q 

  
cI�#cI�#cI�#cI�#�-�-�-�-))))     �" H�D?/ �#���� � �E(1 �" H�D?/ �#���� � �E(1 �" H�D?/ �#���� � �E(1 �" H�D?/ �#���� � �E(1����CCCC        
=�=�'
 �� C� �" H�D?/ �E(1 �?$ ���M� C���1 �'[�� )�-=�+�B���'� H�D?/ �#���� cI�# �
 )���K,�-  P�# �� K, d��*� =$ �# =�"���! =o���
�#  .�"�h�"���  �� =$ ����
 =[N�� d��*� C��

=�'
 C�� )�-��� ��'��" =�'
  >'E(� )��� � ���� �� H�D?/ �#���� cI�# ���g� C��1b�� �(�"
 H�D?/�"��� ��'� �E(1  � �"� )�*L� 
��-�X9K,��  �LG .�"� ����'I�� �B���# C��: �� ��U�U�

=�'
 ��?��U C���1=� e?*f� )�- C� �" H�D?/ �� W� �- 
��-� �E(1 K�'�n�"��� ��'�  cI�# ��
BCF 
��]*"�  P�# �� K, d��*� =$ �#! =o���
�# =�'
 .�"� )�-�"��� ��'�  C��*��� � C��*E$

 cI�# ���g�BCF  ��=�=�'
 � ��*#�� ^'����$ � P��� ��'� �� u�1�1  cI�# ���g� C��1b�� ��U�U�
BCF  )��� ��Cd �Mn  �Zn  ��'� �� � 
��� ��`*I� �'I =�Ni =�'
 J�*I� �$��� �� ��g� �(�" �

�� ���� )�1b�� C��_E- .�#��=�?$�'�� =�'
 )�-�"��� ��'�  )���Cd  cI�# ���g� C��1b��BCF 
.��*#�� �� h�"��� =g��) K����E- � ���� )���et al., 1995 Bini=�'
 ( )�-=�+�B���'�  )���Cd �

Mn  �Zn  � �"'*� � *#���� )���Ni =�'
 �I��� *#���� Y$ P@�'/ �Z�� �� �-  ��\ � �� �I�� �
�� F'��� � *#����.��'#        
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 P�# P�# P�# P�#!!!! � � � �    =�'
 ���M�=�'
 ���M�=�'
 ���M�=�'
 ���M� =gB�� �� e?*f� )�- =gB�� �� e?*f� )�- =gB�� �� e?*f� )�- =gB�� �� e?*f� )�-��'���'���'���'�    =�+�B�=�+�B�=�+�B�=�+�B�    �[����[����[����[���     cI�# cI�# cI�# cI�#MAI 

        
        

 P�# P�# P�# P�#%%%% � � � �    =�'
 ���M�=�'
 ���M�=�'
 ���M�=�'
 ���M� =gB�� �� e?*f� )�- =gB�� �� e?*f� )�- =gB�� �� e?*f� )�- =gB�� �� e?*f� )�-=�+�B���'�=�+�B���'�=�+�B���'�=�+�B���'�    �[����[����[����[���     cI�# cI�# cI�# cI�#BCF     C� �" H�D?/ )��� C� �" H�D?/ )��� C� �" H�D?/ )��� C� �" H�D?/ )����"��� ��'��"��� ��'��"��� ��'��"��� ��'�        

=�'
 �� C� �" H�D?/ C�� i��1��=�'
 �� C� �" H�D?/ C�� i��1��=�'
 �� C� �" H�D?/ C�� i��1��=�'
 �� C� �" H�D?/ C�� i��1�� �*I�� )�- �*I�� )�- �*I�� )�- �*I�� )�-��������     H��@'`I H��@'`I H��@'`I H��@'`IO�IO�IO�IO�I        
=� C���s"� K'��, d��*�=�'
 �� C� �" H�D?/ C�� i��1�� �"��� �'[�� H��@'`I � �*I�� )�-

) O�IpH �EC a��G �� (O�I �� C� �" H�D?/ � �+, 
��� �2 =o���
�#  ��U�U� �� .�"�Ni  ��pH 
 �� ^'����$ � O�IEC ���� � �]�� � *��E-) ��� K��� )���P<0.05
�EI ��" �� .()� Ni  �Zn 

 ��pH ���� � �]�� � *��E- O�I) )���P<0.05 �� � (EC  � ��}� =B����������)  ��*#��
)P<0.01). Cd 
�EI ��" � ��'�@ ��(�" �� �� )�Cd ���� � ��}� � *��E- )���� O�I )���

��) �#��P<0.01). Ni 
�EI ��" �� �� )�Mn  �Cd  �� ��'�@ � ��U�U� �� �O�IMn � �O�I �(�" �
 ��Cd ���� � ��}� =B��� )���� O�I) )���P<0.01 �� � (K���W�(�
  )���� O�I ^'����$ ��

���� � �]�� =B���) �'� ���P<0.05 .(=�?$�'�� ) O�I ����E�# � ���D�/ H��@'`IpH �EC �
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=�'
 �� C� �" H�D?/ F8G K�D�� �� (O�I �� C� �" H�D?/ K�D�� � �+, 
��� )�-� ��'��"�� �Az� 
.�"�  

 a��G a��G a��G a��G2222 � � � �    =�'
 �� C� �" H�D?/ K�D�� �� O�I �� ����E�# � ���D�/ H��@'`I C�� =B���=�'
 �� C� �" H�D?/ K�D�� �� O�I �� ����E�# � ���D�/ H��@'`I C�� =B���=�'
 �� C� �" H�D?/ K�D�� �� O�I �� ����E�# � ���D�/ H��@'`I C�� =B���=�'
 �� C� �" H�D?/ K�D�� �� O�I �� ����E�# � ���D�/ H��@'`I C�� =B����*I�� )�-�*I�� )�-�*I�� )�-�*I�� )�- 

 �+, 
���
O�I 

 
��

Ni 

 
��

Zn 

 
��

Mn 

 
��

Cd 

 O�I
PH 

 O�I
EC 

 O�I
Mn 

 O�I
Ni 

 O�I
Zn 

 O�I
Cd 

  

          �  O�ICd 

T
huja orientalis L

 

         � �!/Q �   O�IZn 

        � . 4Q/Q  !!/Q   O�INi 

       � Q%/Q �  %5/Q �  Q/5**   O�IMn 

      � Q/6Q**  �6/Q  ��/Q �  Q/64**   O�IEC 

     � �Q/2�*  �Q/x%**  !�/Q  !�/Q  �Q/x�**   O�IPH 

    � R4/Q �  RR/Q  Q/R6* !�/Q  �5/Q  Q/x4**   
��
Cd 

   � Q/2Q*  R2/Q �  R�/Q  %x/Q  !%/Q  !Q/Q  RQ/Q  
��
 Mn 

  � 45/Q  Q/6x**  �Q/2%*  Q/x�**  Q/x2**  !4/Q  Q!/Q �  Q/6�**   
��
Zn 

. � Q/6�**  4!/Q  Q/26*  �Q/22* Q/xR**  Q/5%**  �4/Q �  %6/Q �  Q/6%**   
��
Ni 

� Q%/Q  QR/Q �  4%/Q �  �4/Q �  R2/Q  Qx/Q  Q4/Q �  !%/Q  Qx/Q �  Q!/Q  
 �+, 
���
O�I 

          �  O�ICd 

F
raxinus excelsior

 

         � xR/Q  O�IZn 

        � xx/Q  !5/Q  O�INi 

       � xx/Q  �**  xR/Q  O�IMn 

      � 2�/Q  x5/Q  2�/Q  %R/Q  O�IEC 

     � !Q/Q �  xx/Q �  %�/Q �  xx/Q �  �Q/5!**  O�IPH 

    � 46/Q  xQ/Q �  �Q/6!*  
 �Q/54

**  
�Q/6!*  45/Q �  
��
Cd 

   � Q6/Q  !Q/Q �  R%/Q  Q6/Q  Q!/Q �  Q6/Q  x%/Q  
��
Mn 

  � Q/54**  Q!/Q  !R/Q �  R%/Q  �4/Q  Q6/Q  �4/Q  %�/Q  
��
Zn 

 � x�/Q �  xx/Q �  Q!/Q  x�/Q  !2/Q �  %x/Q �  Q6/Q  %x/Q �  �Q/6�*  
��
Ni 

� �4/Q �  !%/Q �  %�/Q �  45/Q  %�/Q �  6Q/Q �  �4/Q �  R6/Q �  �4/Q �  Q6/Q  
 �+, 
���
O�I 

 Cdخاك 1          

R
obinia

  
P

seudoacacia 
L 

         1 56/0  Znخاك 

        1 63/0  36/0  Niخاك 

       1 41/0  21/0 -  27/0 -  Mnخاك 
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) a��G =����) a��G =����) a��G =����) a��G =����2222(((( 

   Cdخاك Znخاك Niخاك Mnخاك ECخاك PHخاك Cdگياه Mnگياه Znگياه Niگياه ماده آلي خاك

      1 47/0  02/0 -  21/0 -  61/0 - EC Rخاك 
obinia P

seudoacacia L 

     1 -0/77* 41/0 -  50/0 -  20/0 -  41/0  PHخاك 

    1 44/0  -0/76* 46/0 -  11/0  51/0  52/0  Cdگياه 

   1 06/0  56/0  36/0  38/0  48/0  51/0  02/0  Mnگياه 

  1 0/86** 03/0  32/0 -  26/0  40/0  25/0  21/0  15/0 -  Znگياه 

 1 46/0  48/0  380/ -  -0/67* 58/0  0/86** 41/0  20/0 -  52/0 -  Niگياه 

1 13/0 -  50/0  65/0  30/0  32/0 -  16/0  35/0 -  13/0  65/0  12/0  
ماده آلي 

 خاك

 Cdخاك 1          

P
opulus nigra L 

         1 15/0 -  Znخاك 

        1 37/0  51/0 -  Niخاك 

       1 -0/77** 10/0 -  25/0  Mnخاك 

      1 44/0  40/0 -  41/0  33/0  ECخاك 

     1 21/0 -  27/0  08/0 -  16/0 -  27/0 -  PHخاك 

    1 22/0  39/0 -  42/0 -  0/73** 01/0  Cdگياه **0/68- 

   1 15/0 -  49/0 -  40/0  05/0 -  06/0  30/0  Mnگياه *0/60 

  1 07/0 -  36/0  33/0  07/0 -  01/0  06/0 -  41/0 -  01/0 -  Znگياه 

 1 02/0  -0/51* 23/0 -  32/0  07/0 -  0/68** -0/65** -0/56* 03/0 -  Niگياه 

1 26/0 -  22/0  23/0  44/0  31/0 -  31/0  15/0 -  30/0  42/0  37/0 -  
ماده آلي 

 خاك

 Cdخاك 1          

E
laeagnus angustifolia L 

 Znخاك *0/71 1         

        1 48/0  38/0  Niخاك 

.       1 0/7* 61/0  Mnخاك *0/75 

      1 18/0  10/0 -  04/0  30/0  ECخاك 

     1 16/0  10/0 -  09/0 -  35/0  37/0  PHخاك 

    1 58/0  33/0  58/0  41/0  63/0  Cdگياه **0/9 

   1 65/0  55/0  43/0  51/0  41/0  40/0  51/0  Mnگياه 

  1 55/0  50/0  008/0  25/0  43/0  21/0  28/0  45/0  Znگياه 

 1 61/0  31/0  0/83** 13/0  17/0  56/0  41/0  40/0  Niگياه **0/8 

1 08/0 -  23/0 -  53/0 -  33/0 -  42/0 -  -0/68* 00/0  08/0 -  23/0 -  25/0 -  
ماده آلي 

 خاك
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)�- e?*f� 
�� F8G =� �
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�K����E- �%56(=$ � =?EG�� ��K�'1 =� >'�1 � ^��U� �=�#�N �u$�� �
��" S��) S�� e?*f��� �� 
K��� =�#�N(� P�# -��)� S�� )S��)�- CL9 � W���� (
��#� �'E� )Weerakkody et al., 

2018=����) K, �B" �9'�"����� ��*I�" D�� � S�� �G��I �B" )��'E-�� .(a'?" ��- )�-
O�$ � �����9� �)��E��'G � ���I�'9) ���� )�Az� lg� H��� � *#���� � C*I���� ^�� =� �� �(�-
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�%5x'
 �� S�� P�# � �B" .(=� )�-�"��� ��'�  �"� H��]*� =�+�B� C�� ��=��'�)  ��"

�EIS�� )���� )� ����� X?/ )�-=�H�'@ �]G �P��g*� )�-K���W�(�
 =��# P�# =� �u$�� )�

 ��'�@ ��Yf1\��� W1 u$�� �F���*� ��U�U� �� �P�#=��# � )���Z�P�# S�� �(�" �� � �-
��"�
D�)  
��#'9 � )'Z�� ��O�$ ��H��]1 C�� .�"� )�" 
�'# )�-=�'
 S�� �� �- )�- ��'�

�"���  H��� F8G �"� 
�# uG'� �I�� >�]1�� �� H��]1 C��_E- ����\���
  �� C� �" H�D?/ �
K,�- ���� C� �" H�D?/ �E(1 �� =�'
 �A� =(�*� �� .�#�� H��]*� �"� ����U���� =�'
 �� �-��
 )�-

����)�- 
�'+, ������'1 ��f� �� H�D?/ C� �" �� F8G ���{ � =� C�� j��� �1 )�N �� �
�'+, 
���� ��-�|� .H��]1 �� ��?��U � �����'1 �#���� H�D?/ C� �" �� =�'
)�- �-��
 e?*f� =� H��]1 

�� H�]@ k'+'�D�/�W=�'
�- i'��� �"� )Burken et al., 2011.(  
 =?@�/ =�'
 >'� �� 
��n�� ���� '+,�
� �� K�D�� �E(1 H�D?/ C� �" �� =�'
)�- �-��
 �Az� 

�"� .h�"��� d��*� C�� =�+�B� )��� =�'
 ��" 
�EI)� �A� =?@�/ �� �E(1 Mn�Zn �Cd  �Ni 
������ ���) �#��P<0.05 =?@�/ �� C� �" H�D?/ C�� �[?\ C��*��� � (%QQ  .�# 
�-��� )�*�

=�'
 ���" )���� �� =?@�/ �A� �-���� C� �" H�D?/ �I�� ��' �"� ���=��'�)=$  �E(1 �� =?@�/ �A�
��U�U� �� D� �� � �� ^'����$ �E(1 � ��'�@ �� P��� � ^'����$ �E(1K���W�(�
 ������� �"� .

C������� =�?$�'�� �A� =?@�/ �� �E(1 H�D?/ C� �" ������� �'� =$  K����E- � )�[*�� d��*� ��
)�%5x(� )��(� ) K����E- ��%54) )��E��'G � ���I�'9 �(�%5R) K����E- � F�*��LG �(�%5R � (

) K����E- � 7�1�E1�%52 .���� �g��B� (=$�(�,��  �#�� ���\ ��
 K�E�" =��I��$ �
�'+, ���*�� ����
�"� K, ��+'1 e?*f� PN��� �� )Olowoyo et al., 2015 .(���\���
 
�#�-�  P@�'/ �� =��I��$ ��

D�=�'
 h�"� C�� �� �"� ��� P@�'/ �� �*��� W�� �
�'+, v��� �� =��I��$ =� W��D� �-��
 )�-
=�'
 =� ���� �*���=�'
 C�� =(�*� �� ����� ���U �1��� )�- P@�'/ �� �M�N )�-�"��� ��'� �[��� 

 C� �" H�D?/ �E(1 �� =?@�/ �A� � �#�� �'G� J�*I� C� �" H�D?/������� *� .�'� � *��E- d��

�EI ��" �� P��� � )�� ��� K��� C���s"� �� ��U�U� �� P��� � )�pH  � �]�� � *��E- O�I

���� l-�$ �� .���� )���pH )D?/ �@��n F'"� �=�H�'@ H����$ � �-���$����- � a'?���� )�-
X�?sE$ �+, )�-l-�$�=*/� /� K�-��
 )��� O�I �� �'G'� H�D?/ F8G ��?��U ��� l��D ����

 �� �"'��� =B��� C� �" H�D?/ �"�*"� ��?��U C�������pH ) ���� O�I2010,Kord and 

Kademi �� ^'����$ ��U�U� �� .(EC ���� � �]�� =B���
�EI ��" �� � ��� �� )�� � P��� )�EC 
���� � ��}� =B��� ^'����$ C��_E- .��*#�� )���F8G
�# =�'
 ���'�@ ��(�" )�- ��" � �

���� � ��}� � *��E- )���� O�I ^'����$ ���g� �� )�-�EI ^'����$ l��D/� �� C������� �"� )���
 F8G O�I ��Cd  ����=�'
 C�- �� l��D/����� � ��}� � *��E- .������� C�� �[?\ �@��n 
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C� �" �� 
��
 � O�I �����'1  =�'
 �1 �#�� �?��n�"��� ��'� =�K�'�n �W�'
=  )��� F���� ����
 l�b�9O�I�-)  K����E- � �E�-����) ���
 �/��� C� �" H�D?/ =� 
�'+,�%5� C������� .(=� �[�

�� �"���=�'
 C�- O�I �� ^'����$ J8N )��� .��#�� u"��� 
�'+, )�-=�?$�'��  d��*� j��
=��"�
��, pH �EC  C� �" D?/ ���g� �Aq1��1��8
��C O�I H��@'`I  �� C� �" H�D?/ �E(1 ��

=�'
 )�-�"��� ��'� .�"�  
=� =�'
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 u"��� >�]1�� =� =G'1 �� �/�� �� ���E� �#� ����@ J���� � e?*f� �B��� ����#��C =��'
   ������'1

�� F8G H����\���
    =���I��$ J����� O�I K�'� ����?U =� =G'1 �� � ���� �� K�E�" =��I��$ �� P@�N
) K�E�"Mutlu et al., 2009 (��C=�'
      ��� �����@ C��� J����� �� ��#�$ )��� u"��� �����  .��#��
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<�� � �� �� �(�" S�� )�� )�-=��`��� ���/     C*I����� ^�� =�� )���� K, ����\���
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.�"� K, �� P@�N C� �" H�D?/  

 cI�# ����g� �M�N =�+�B� �� C��_E-BCF =�'
 �� )�-=�+�B���'�  )���Cd �Mn  �Zn  C��
�/Q  �1�  =$ �"�h�"��� =g��) K����E- � ���� )���Bini et al., 1995 F'��� �"'*� � *#���� (

��=�'
 .��'# )�-�"��� ��'�  cI�# ����g� C��*���BCF �� =�'
 .��*#�� ^'����$ ��'� �� 
Populus nigra L  cI�# ���g� C��1b��BCF  �'I =� )�� � D� �� �^'����$ C� �" H�D?/ )��� ��

 P�#) ��� ��`*I�%) K����E- � ��@ d��*� �� =$ (et al., 2015 Saba � '�� .�#�� �g��B� (
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