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Fig. 1. Simplified geological map of the study area (based on 1:100000 quadrangle map of Foromad) 
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�� �� &�' 	, 
�,���15 ����� � ��G�!�, �� ���) 	, 
�,���5  ��G�!�,

(<��) I��J  + �S����.  

Fig. 2. A map showing the sampling points of the soils and plants in the study area 
 

2-3- T'�����) � &�' �)��*+ ����	�, ��� 
��  

 ,� H�J�A �+��4
 H � �F2 �9���,� /�$9 �'4��� ��� ,�

-�
X
�� �� ��=��� ���9 #�&��+ % �&���� /�& ���Y��

)geoI��6 X
�� �() �+ �EF �( �+��4
 ,�9 X
��

)PLI( ) i�=	�� K�$: �� #�&��+ /�$9 %TF J2$F7 K�$: % (

) �	���BCF. ��$+ ���^	�� (  

���	 T'��) <��U�,geoI(1:  m��7 ,�9 ��4%� X
�� ���

) $4��1989�=Y> % w�(�7 �fo ( �+��4
 �o,� / �9

�� ��� �9 $�� ��9�, �� %  � �Z�,� H�9��, ,� /J�A�
:   

I��� =  log
 (
C


1.5B

) 

 

                                                
7 Dry ash 

 ��9�, ��� ,�nC �,�� $G�� �5�6  -�
 ���F� ,� �'4���

 %nB �,�� $G�� ����� ,� =� K�2$7) �'4���  �	��L

 K�$: .��� (��)����5/1  $�j�7 # ���, 1B� ; �9 /�$9

%$	��2) ��� ����� ,� =� ,� �'�Y> H������  %#�,�!F& �

2023�#�,�!F& % , 4�& l2022�o,� .( �+��4
 k�� / �9

$9 -�
  :�� ��� H,�Y� K�$: ��� O���0≤  geoI  $�6)

 �(���4
1 < geoI< 0 � �+��4
 �7 �+��4
 #% 9)} �(m��	

2 ≤ geoI  < 1  �(m��	� �+��4
)3 ≤ geoI  < 2  �+��4
)

�}7 m��	}� �}� } �( 4 ≤ geoI  < 3 4
)}� �+��}� } �( 

5 ≤ geoI < 4 4
)}}� �+��}� }7  }�9 �}� ,��}� } % ( 

1 Geoaccumulation index 

)1(  
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5> geoI ,���9 �+��4
) ��� ( � � ) �#�,�!F& % �Z�2

2022.(   

��V T'��) �)-�EF(2 : J�A �5�6 �Y�� �� K�$: ���

���F� ,� $5� �,���,�� -�
 /�&  #�F& �5�6 �9 ��'4���

�� ��� �9 do$� ���� ,� J�A. �
  K�$: ��� �� ���^	��

���� H�'4��� ,� ���� /,%$: /$�� ����� �2�$a

�� /J�A �+��4
 H � �9���,� $9 �%��� /�$9 #
 �� #��7

�$2 ���^	�� J�� H�J�A c�"�� ���'7 ) % ��� t���

 �#�,�!F&2006 �#�,�!F& % �Z�2 l2022 �#�,�!F& % �� l

2022 �Y���� $�� ��9�, �� ���^	�� �9 X
�� ��� .(

�� % �!��4) ��� �#�,�!F&1995:(   

= (��/�) ������
(��/�) ������� 
!

 EF  
  

 ���9�, ��� ,�xC  %R  K�7$7 �9��� �� $G�� �5�6 /$�+

 ���� % -�
 ���F� ,� � ��2,�@�f9 $G�� �5�6 % � �

 �2 ��� /$G�� �� ��2 ,�@�f9 $G�� . �	�& do$�

� $�j�7 ��7 % �	��� m��� ,� �2 �� H�$��`7} 1���

#����)  ��9 �	A$)� ,�$B ��� �#�,�!F& % �Z�22022 ,� .(

. � .�r	�� �������4
 �� ��2,�@�f9 $G�� �'4��� ��� 9 $

)  �4$7�� $5� O���2000��6 K�$: ( �9 �+ �5  ��,

�� e��=7 :���2 ≤EF  ��6 #% 9)��6 �7 �+ � �+ �

 �(e25 ≤ EF < 2 ��6) �(m��	� �+ �20 ≤EF  < 5 

��6)19�B �+ � �(�o�740 ≤ EF < 20 ��6) �+ �

 % (���� ,���940 > EF ��6) ,� .(���� H � �9 �+ �

 do$� ���� #���� �9 ���� -�
 ���F� �� ��9�, ���

. � ���^	��  

) �)��*+ ��� T'��PLI(3:  �9���,� /�$9 X
�� ��� ��

���� ��^�2 $9 ��)�� H�J�A �5�6 $�j�7���� -�
 �

�� ���^	���� ��� �9 $�� ��9�, �� % ��� % �+%)  �


 �#�,�!F&2022:(  

PLI = "P$1 ×  P$ 2 × … × P$n
)  

  

 ���9�, ��� ,�iP 37 �+��4
 X
�� % $G�� $& �����n 

��, .��� $(��� 12 �� '7 �9 �+��4
 ,�9 X
�� / �9

H,�( 1< PLI ≤0  �(�+��4
  B�A)2< PLI ≤1   B�A)

 �(m��	� �+��4
 �7 �+��4
3< PLI ≤ 2  �+��4
)

�}��	} �(m4< PLI ≤ 3 4
)}+��}� �}��	}7 m}9 �} �(�4�

4 < PLI ≤ 5  % (���4
 ,���9)5 > PLI (���4
 ���f��9) 

                                                
2 Enrichment factor 
3 Pollution Load Index 
4 Transfer factor 

 �#������7)1980 ��)���� K�2$7 �� ��9�, ��� ,� .��� (

-�
 ��o$r� % O�� �L �7�L�2) ���fo /�&2007�9 ( 

�Y���� ,� ����� ���� #���� iP . � ���^	��  

:�/��, T'�� )TF(4: �9 X
�� �����2,�>  ������7

�� #�"� �, -�
 �� .��F2 $(��� .no ,� #�&��+  &�

19�B ,�> �9 ���+ v�� % ��o�� m��$� �9 �	�9 �2�7 �fo

 �5�6 �Y�� �� ��� H,�Y� i�=	�� ,�	2�A .�,�� H%�^7

 <�$> �� % -�
 ,� $G�� 12 �5�6 �9 ���+ ,� $G��

�� �Y���� $�� ��9�, �O�� �L �7�L�2) ��$+2010:( 

��,) i% o ,� i�=	�� K�$: / �91��� � � ��,%
 (  

TF = 
���+ ,� $G�� �5�6

-�
 ,� $G�� �5�6
 

) ��!�	 "���P W��XBCF(5:  ���9�B #��� #�"� /�$9

�� �� ,� H�J�A ���Y�� ,� ���+�����%, /�&6 �����$�� ��7 

�� ���^	�� K�$: ��� �� -�
 m��� �9 �Y�� ��
�� �

 % 0�,�%) �#�,�!F&2023:(   

BCF =
�����$�� �� �����%, �� �� ,� J�A �5�6 

-�
 ,� J�A �5�6
 

,� =� �W���aBCF �,J9 ��9�, ��� �� � �
 ��� �9 �� $7

 � �1 �� H,�( ��� ,�  ��9 /�$9 �&��+ ���+ #
 �� #��7

-�
 ���4�L ���� t��[) �$2 ���^	�� H�J�A �9 ���4
 /�&

 % �#�,�!F&2002.( 

4-2- ���	 Y���� Z[� ���.P �!�, � �,	 �� �,	

&�' �)��*+  

���� d9��� �� 3� $& ef� �Y�$=7 ��Fr7 ,�5�� �9� % ��

#����-�
 �9 H�J�A �%,% ,� ��� $�� ��9�, �� �=��� /�&

: � ���^	��  
(Me)Anthropogenic = (Me)Total − (Me)Lithogenic 

(Me)Lithogenic = (Al)Sample × ([Me]/[Al] )Crust 
  

 m9�%, ��� ,�Anthropogenic(Me)  d9��� �� J�A �5�6 m��	�

 ���J�����Total(Me)  �-�
 ���F� ,� $5� �,�� J�A 12 �5�6

Lithogenic(Me) ���� d9��� �� J�A �5�6 m��	� ����

Sample(Al)  ,� (do$� J�A #���� �9) �������4
 J�A �5�6

 % ���F�Crust[Me]/[Al] )  �9 �'4��� �,�� J�A �5�6 K��

 % � ���$&) ��� ���� �	��L ,� �������4
 �5�6

�#�,�!F&2003(. 

5 Bioconcentration factor 
6 Shoot 
7 Root 

)2(  

)3(  

)4(  

)5(  

)6(  
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 :�-\1. ��� ���) �� �J��] :�/��, W�,�X 
-�� �^��-�# �P�#��)2010(  

Table 1. Classification of Elemental transfer factors to plants 

:�/��, W��X  ^����
��?#  

01/0<  O$	���ZJo /$�nL  

01/0-001/0  O$	����Z�L /$�nL  

1-01/0  O$	��m��	� /$�nL  

10-1  O$	���4�9 /$�nL  

    

 :�-\2����� �� I,"(� <_(V �F�J�P ���+ .�.*�0����� &�' 
�� 

Table 2. Descriptive statistics of metals in soil samples 

�)4�a 
K�$:  

H�$��`7 

8�$���  

,��'�  
��)���� $V2� ; 1B� ; $G�� 

26/2 53/2 10/25 90/9 60/17 60/2 As 

69/3 70/3 4375 50/1182 1627 471 Cr 

50/1 11/1 71/35 10/32 81 20 Cu 

07/0 05/0 50/1749 34316 37207 31528 Fe 

53/1 42/1 80/990 75/697 1321 196 Ni 

03/0 56/0 69/3 51/6 13 50/0 Pb 

83/0 21/0 00/13 73/60 80 42 Zn 

  

2-5- >����,� L�(NP 
���+ 
����  

�YF& 1���7 M%, �� ��'4��� ��� ,��)	  #��� #�"� /�$9

 /�$9 J�� ��(� �^4_� 1���7 M%, �� % $�`	� %� ��9 ��9�,

 /$�nL$��`7 $9 $j_� 1���� �,�� ,� $	"�9 H����>� K�2

 �4�F	;� c�"�� ���'7 ��Fo ��) -�
 ,� H�J�A 12 �5�6

#
. � ���^	�� (�&  
  

3- `N� � a����  

���F� ����F���!�J�A /�&$	��,�L J�4��
 N��	�
 /�&� ,� -

 �2 ��� #�"� �'4����,�� �=��� pH���F� ,� -�
 /�&

�$	�+ �� /�6/7  �72/8 �� $��`7 �9 $���=� O��� $9 . �2

 �� �
 ���pH ���F��,�� /�&  �����B ��% �� ,� �'4���

�� ,�$B ���� �����B �7-�
 #��9 �����B .�$�+�� /�& �=�

�� �,� ,� �	�4��A� �)�� /�& ;�% �9 #��7�Y�� �=�� 

�$a ��� t�� ,� �2H��� �A ��o% �	�4��A� /�& /�&

���2 ��$F& �9 ���� e���	L % e���2 ���9 ��J���%$A /�&

-�
 # � �����B�� �& �/�Y��) ��$+2016 �����B ��F: .(

/�$9 �, �Y���� m��� ��=��� -�
 #��9  H�J�A J2$F7

�� e&�$A �=��� -�
 ,� ��)�� ���� ,� =� . �2 ,� �4


���F��,�� -�
 /�& ���9 ,� �'4��� ��9 /�4/0  �73/1  �9)

 ��)����68/0�� ,�$B ���%  (,� ( ,� O��� ��� $9 .�$�+

-�
�,�� /�&  ��� e2 �Y�� �9 �4
 ���� ,� =� �'4���

�� �, #
 ��� �2�F�� ����& % .
 �9 #��7 �3"


��� u�9$� �=��� �&��+ e2 ���L % #��9 ���	�&�2� .�

���� $5� ��-�
 ,� �(�	A�9) / �9�,�� /�&  #�J�� �'4���

 �� O,4/5  �74/11  ��)����)  (,�6/8  �� ���� �( (,�

6/6  �76/22  ��)����)  (,�13  �� ���� % ( (,�68  �7

88  ��)����)  (,�9/78 �� $��`7 ( (,� O��� $9 . �2

��,�
 /�,%�"2 #����� -�
 / �9}) �!�$USDA �(

����F-�
 /�& ���� v�� �� �	A�9 $5� �� ���4 % ���4 /�

 . �	�& ���  
  

3-1- ����� �� ��� ��/*�� I,"(� Y�	�P � "���P
�� 

���� &�' �.*�0�  

i% o )2���� �^�(�7 ,��
 ( H�J�A �5�6 �9 u�9$� /�&

,� 15 �,�� -�
 ���F� �� #�"� �, �'4��� ��)���� . &�

 ,� ��)�� H�J�A �5�6-�
�,�� /�&  K�7$7 �9 �'4���

�� �&�2 $���5�6)  9�� K�;$9 �&mg/kg :(  

Cr ( 50/1182 ) > Ni ( 75/697 ) > Zn ( 73/60 ) > Cu 

( 10/32 ) > As ( 90/9 ) > Pb ( 51/6 )    

���� �^�(�7 ,��
 i% o �9 �o�7 �9 K�$: O��� $9 % �&

 H�J�A �
$9 �(��)���� �9 ,��'� 8�$��� �Y��) H�$��`7

 �� $	"�9 H�$��`7 K�$: /�,��1  $^( �� $	"�9 �)4�a %

�� �2  �	�&#
 �'�Y>$�6 b�7 F� c�"�� $9 �4�4�  ���7& �

-�
 ,��,�� �=��� /�&  t���[)  ��9 �'4��� �#�,�!F& %

2019 �#�,�!F& % �4�F��
 l2020 �#�,�!F& % O�	4�9 l

2020.( 1!� ,�) /�&3  %4 ���7 (% �� �� �y �. �w4� d

#
 ����=� % �'4����,�� H�J�A �5�6 ���!� $���=� �9 �&

-�
) ���� % ���fo do$�  .��� � � ��,%
 ( &��  
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 LB�3 . �)-��,�# 
�G*,�.*�0����� I,"(� &�' ����-.� �/0�� 
�� 

Fig. 3. Distribution maps of metals in the soils of the study area 

 
-�
 ,� �%$2 �5�6 ��$	"�9 �=��� /�&mg/kg 1627 

�,�F� ���F� ,�) 12 #
 ��$	F2 % (mg/kg 417  ���F� ,�)

�,�F� 11!�)  ��$+ � &�"� (3-  ,� �%$2 �5�6 .(w4�

 u�=� �F&���F��,�F� ���F� Jo �9) /,��$91 �!��J� ,� % (

��)	���) �� '� ��>�9 /�&�L��,�F� /�&2 �8 �10 �12 %

15( �	��L m��	� �5�6 $9�$9 �� �a-�
 % /� /�&

 K�7$7 �9) ��� ���fo7/12  %6/10 1!�) ($9�$94- .(w4�

#�"� ��~�� �����4�'A $�j�7 � �&� ,� /,�!� '� /�&

 �5�6 ���JA���9-�
 ,� �%$2 J�A  ;�� �=��� /�&

�,�� �'4���  .���t�� /,�!� '� % �	�4��A� /�&

-�
 ,� �%$2 ��(� d9��� �� ����%$2�� .���� �&  ���

 �/%�4
)2013 �#�%� l2022 .(#�F& � &�"� �2 ,�>

��1!�) ���4-  $7�4�9 �%$2 �5�6  &�� -�
 ,� (w4�

�	��L �5�6 m��	� ��9 �2 ��� /�5�6 #��9 �4�9 $)��� �


 ,� �%$2 �����}-�� /�&}o% ��� �9 �=��} ��

#�F�
, ,� �	�+,�9�,�& % �	��%� /�& ;�% d��% /�&

�$f9 i�; ��� �9 .��� �=�����>�9 ���r7 % /,��$9 /�&

 �'�Y>  ; �� $7�$A J�A ��� �5�6 �	A, �4�9 KY� �� '�

 .��� � � #
�� #�"� $>�
,� �%$2 ����� pH /�&

��2� 1�!"7 �����B�� #���
2 �� m��$� ��� ,� %  &� �
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-$�7 ����&) ��� $�nL2010 .( ,� 0� �5�6 ��$7�4�9

-�
�,�F� ���F� ,� �=��� /�& 12 )mg/kg 81 % (

�,�F� ���F� ,� #
 ��$	F2 2 )mg/kg 20  � � &�"� (

1!�)3- ���F� ,� 0� �5�6 �,�� ,� .(.�,�� /�& 

�a$+� �'4��� ���F� u�=� $	"�9 ,� J�A ��� �5�6 /,��$9

�	��L ��)���� ,� =� �� $	F2 /� ���F�  ; ,� b�Y�$=7 %

)  &��mg/kg 28���F� ,� #
 �5�6 ��� ��� (/�&10 �

11 %12 Y��� -�
 ��)���� �9 u�=� $��� % ���fo /�&

�� #�"� /$�)F"a ���JA�1!�)  &�4-  u�=� ��� .(.

 �9 3��J��������� % ��>�9 /�&  �,�� ,�$B �� '� /�&,�2

�� ��~�� ��� �2��4�'A $�j�7 �� ����  ���7 '� /�& /,�!�

-�
 ,� 0� J�A �5�6 �Y�� ���JA� $9 ��9 �=��� /�& .  
  

  
 LB�4���� I,"(� <_(V �!��/� .  �.*�0���G�!�, ������� 
��
�,���  �� ��G����&�') ���[\ 
��Kabata-Pendias and Pendias, 

2001) ���	 ����# �(Bowen, 1979 �(N� -��� &�' � ( 

Fig. 4. Comparison of metal contents in the with the World Mean Soils, the Earth crust and Local reference soil 
 

 ��-�
 ,� J�A ��� �5�6 ��)���� �1!�� J�A $5�/�& �,�� 

 �% ; �'4���mg/kg 697  #
 $q��	� �5�6 �� �2 ���

-�
 K�2$7 ,� $7�4�9 ,���9 ���� �	��L % ���fo /�&

,�F� ���F� ,� J�A ��� �5�6 ��$	"�9 .��� �10 

)mg/kg1321�,�F� ���F� ,� #
 ��$	F2 % ( 1)mg/kg 

196��� �� ( /$�+1!�)  ��$+3-  ���F� �9 ����=� ,� .(y

 �5�6 ����  &�� -�
Ni �9 u�=� �� /,���9 ,� ,� �s�%

���F��,�F� /�&10 �11 �12 �13 %15 e"a ,�> �9 /$�+

1!�) ��� �	A�� ���JA�4- �!��J� ,� u�=� ��� �F& .(y

�������� % ��>�9 /�& �2  �,�� ,�$B �� '� i�'A /�&,�2
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#�"��j�7 � �&���4�'A $���JA� ,� /,�!� '� /�&4 �710 

-�
 ,� J�A ��� �5�6 /$9�$9�,�� �=��� /�&  �'4���

.��� �Y� �5�6 ��$	"�9 J�� 3���,
 J�Amg/kg 6/17 

�,�F� ���F� ,�)10 #
 ��$	F2 % (mg/kg 6/1  ���F� ,�)

�,�F�1��� �� (1!�)  ��$+ /$�+3- �5�6 .(�As  ,�

���F� u�=� $	"�9/,��$9 �9���F� �s�%,�F� /�& �

10�12�13  %6 -�
 �� $7�4�9 %  &�� ,� =� �� $	"�9 /�&

1!�) ��� ���fo4- �2 (� �� �, #
 1�4� �9 #��7

��4�'A .����� u�9$� �=��� ,� /,�!� '� /�& ,�

-�
 �9 ���&pH ���F�  ���� �����B�,�� /�&  ��'4���

�)�� % �&
 /�& ��2� .no H � �9 3���,
 % � � J

��6 ,�a��� �+ ��9  ���$A ��� .��� <>��� ,� �s�%

 (���%$2  ����) / ��2� �� % / �^4�� $��
x /,�!� '�

�� �, /$	"�9 H � �9)  &� �-$L, ��%2013 % 3�,�� l

 �#�,�!F&2021 �#�%� l2022 .(���F� ,� �'4����,�� /�&

K�7$7 �9 /%, J�A �5�6 1B� ; % $V2� ;90 %42 mg/kg 

1!�) ���3-.(�  J�A ��� �5�6 ��)����mg/kg 60  ���

e2 % ���fo -�
 ,� #
 ��)���� �5�6  ; ,� b�Y�$=7 �2 

) ����  &�� -�
 ,� �5�6  ; ,� ��9 %mg/kg 58 (

1!�) ���4--�
 ,� .(� J�A ��'4��� �,�� �=��� /�&

 $5� �� �!�
 �F: ���,�� �, H�$��`7 K�$: ��$	F2 /%,

� d���7 �=��� ,� �+��4
 d9��� �9 �Gr"� ��9�, ���!

����) #�"� (���%$2 y�$r	�� 1�� % ��>�9 /�&

�F� /%, �5�6 b�4�F	;� �2 ��� #
 $)���9 $�� ��� . &�

��4�'A $�j�7 ��7 d���7 % ��� �	A$)� ,�$B /,�!� '� /�&

-�
 ,� #
���� 1���� m��7 b�7 F� �=��� /�& ���

�� i$	�2� ,� .������F� ,� .$� �5�6 ���f-�
 /�& 

�,��  �� �'4���mg/kg 12 �,�F� ���F� ,�)4 �7 (mg/kg 

5/0 �,�F� ���F� ,�)2�� $��`7 (1!�)  �23- .(%

#�F&i% o)  � � &�"� �2 ,�> 2 J�A H�$��`7 K�$: (

-�
 ,� /%, J�A #�WF& J�� .$��,�� �=��� /�& 

#�"� �2 ��� ��Z�L �'4���7 � � � �&����� $�j�} 1

#����-�
 ,� J�A ��� �5�6 H�$��`7 $9 ��� �=��� /�&

���F� u�=� �F& ,� b�Y�$=7 .��� J�A ��� �5�6 J�� /,��$9

 ��)���� �� $	F2 �	; %  &�� ���F� �5�6  ; ,�

-�
!�) ��� ���� �	��L % ���fo /�& 14-  �2 (%

#�"�-�
 �+��4
 � � � �&� �9 �Y�� �=��� ��� /�&

�.��� J�A ��  � &�"� w�	r� H�J�A d���7 /�)4� ����=� �9

��  ; �7 1!�� % �%$2 �3���,
 �+ �2�$L /�)4� �2 ���

�� �2 ��� ��Y� $)� !� �9 /������ $9 ���4�  ���7 c�"

-�
 ,� $G�� �� ��� #��!� J�A %� . ��9 �=��� /�&

-�
 ,� J�� /%, % .$� /�)4� �'4��� �,�� /�& d���7

% ����!� b�	Y��  #�"� H�J�A $��� �9 �7%�^	� �!�4

�� ,� J�A %� ��� H%�^	� dY�� % c�"�� $)���9 �2  �&�

.��� �'4��� �,�� -�
 /�& ���F�  
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��������bD  

��V W��X�)-� :-�
 �+��4
 H � X
�� ��� �, �&

 ���� 3� �9 K�� #�"� (����  &�� -�
 �@��� ,�) �����

��. &� ��6 K��$: ��)�����,�� H�J�A /�$9 �+ � 

 H,�( �9 �'4���Cr > Ni > As > Cu > Zn > Pb  �&�2

����, <Y> . 9�� 0� % .$� �/%, H�J�A � �4$7�� / �9

��6 #% 9 ��, ,���6 �7 �+ � %  �,�� ,�$B - �� �+ �

�� % �%$2 �3���,
 H�J�A��6 ��, ,� 1!19�B �+ � �o�7

�� ,�$B1!�)  �$�+5- �� O��� ��� $9 .(w4� �@�	� #��7

 /�,�� 0� / ; �7 % 1!�� % �%$2 �3���,
 �2 �A$+

 b�7 F� c�"�� #������� -�
 ,� ��9 ,� . �	�& �=��� /�&

���F� u�=���)	��� �F& b�Y�$=7 J�� /,��$9���F� /�& /,��$9

�9��)	��� �s�% �,�F� /�&2 �3 �8 �9 �10 �11 �12 �13 �

14 %5  ��, ,� 3���,
 % 1!�� % �%$2 H�J�A $5� ��

��619�B �+ ��� ,�$B �o�71!�)  �$�+5- .(.  

<��U�, ���	 T'�� :�� $���=� ����=� �9 J�� X
�� �

 ��2 ��+ �� (do$� ���� #���� �9) ��)���� 1�� �9 H�J�A

-�
 ,� /J�A �+��4
 H � �,�� ,� �Z�,� �=��� 3� �&

�� �#�,�!F& % /��,)  &�2023 �#�,�!F& % ��4 l2022 .(

) 1!�6���� K��$: ��)���� ( �, w�	r� H�J�A ���Y��

���F� ,��,�� -�
 /�& ����� #�"� �'4 X
�� . &�geoI 

 H�J�A /�$9Cu ,Pb  %Zn  ���$9��9 ��� $^( �� $	F2

-�
 �+��4
 H�J�A ��� �9 �Y�� �'4��� �,�� �=��� /�&

 X
�� . �,� �geoI �Y� /�$9 J�AAs  �,�� �, m��	� �+��4


 H�J�A /�$9 % ���9Cr  %Ni  �,  � � �7 m��	� �+��4


�� #�"���4�'A $�j�7 $)���9 �2  &�#���� /�&,� ��� 

-�
 �+��4
 % �5�6 ���JA� ��� �9 �Y�� �=��� /�&

.��� H�J�A  

�)��*+ ��� T'�� :X
�� ���  �+��4
 12 �o,�

���F��,�� H�J�A �F& �9 �Y�� -�
 /�&  #�"� �, �'4���

�� �
 ��� �9 N��	� <Y> . &���, /��Y� $9 % � / �9
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) #�,�!F& % #������71980���F� u�=� $	"�9 �( /,��$9

��)	��� % m��	� �+��4
 �o,� /�,�� �,�F� /�&6 �10 �

12 �13 %15   �	�& (�4�9)  � � �+��4
 �o,� /�,��

1!�) 7���� �!��J� ,� u�=� ��� .( ���� �� % ��>�9 /�&

 ,�$B �� '� i�'A /�&,�2 �+��4
 H � ��� �� 9 % �	���

�� #�"� u�=� $��� �9 �Y�� /$	"�9. �&�  

  
 LB�5��V W�,�X ��G���� .�)-� 
,�� ���� I,"(� ��G�!�, �� � (c*,) �.*�0�(d) c(�e� 
�� 

Fig. 5. Enrichment factor mean values for the metals studied and sampling stations 
 

  
LB�6�/U4 .���� I,"(� 
-�� ���	 W�,�X ^��, �� �.*�0��U��N� <��U�,�-� 

Fig. 6. Classification of the metals based on the calculated Igeo values 
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Fig. 7. Pollution load index values for each sampling station 
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 �9 ���WF& % $)� !� �9 H�J�A �5�6 ��9�, ���'7 /�$9

 1���7 M%, �� -�
 ����F���!�J�A /�&$	��,�L

 i% o ,� #
 N��	� �2  � ���^	�� ��$���� �)	�YF&

)3#�F& .��� � � ���� #�"� (�� � &�"� �2 ,�> ���

 k�� ,� �%$2 % 1!�� �9 �YV� �)	�YF& /�,�� 3���,


 #���F>�05/0  �2 ���#�"� #��9 �"�� e& � �&� ���

-�
 ,� J�A ���'4����,�� /�&  �9 J�� �������4
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 �2�$a ��� /%, % .$�
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�� .��; �9 -�
 ,� H�J�A �/%�4
)  �
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�F� #�"� /,����'� ��9�, -�
 �� �&%sL ��� ,� . �&�

�^4_� 1���7 M%, ���� ��'9� �&�2 /�$9 J�� ��(� % �&

 ���^	�� �)	�YF& M%, �� 1(�; N��	� $	"�9  �Z�7

 M%, �9 ���� �
$a �� 0L M%, ��� ,� . ��$+

 �� $7�4�9 /� � M�,� �9 ��(� �^4_� �� �02�F�,�%1  ��

���� ��(� �� 9 1!�)  ��$+ y�$r	�� �&8 b�4�F'� .(

�&$�`	��� �� ,�$B �^4_� 3� ,� �2 c�"�� /�,��  �$�+

#
 /,��
 /$�nL$��`7 $9 1��� 3� �� ���9 #��!�j� �& $
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 �4
 ���� % ��$	"�9
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 $)��"� �2 �	��� �, /,�n+,�9� H� /�,�

                                                
1 Exogenic 

����) �'�Y> b�7 F� % #��!� �"�� �^4_� ,� . �	�& (���

) �%�PC2(  �, /,�n+,�9 ��$7�4�9 1!�� % �%$2 �3���,
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����) ��%,���%$�9 d9��� �� �, (3��[�	�4 �� ���1#����)(��� 

) 1!� .��� X�r"7 -�
 m��� �9 H�J�A �%,% ,�9 (

���� dY�� %� $& �� J�A $& H%�^	� ef�#���� % ��� �, ���

�� #�"�#�F& . &��� � &�"� �2 ,�> H�J�A /�$9 ���

#���� d9��� ef� 1!�� % �%$29 ��� �� ��70  /�$9 � (,�

 3���,
67  0� J�A /�$9 � (,�53  %� $& /�$9 %  (,�

 �� $	F2 /%, % .$� J�A10 �	A�� ��� .���  (,� �9 �&

 K4�o 1!� % -�
 �+��4
 �9���,� 1(�; N��	� �9 �fo�7

 1���7 % �)	�YF& M%, �� ���^	�� �9) H�J�A c�"�� ���'7

��� $9 .�,�� ����rF& (��(� �^4_� �� O���u�Y�	�� #��7 

�,�� J�A ,�fa /�$9 e2 ��� �2 ��F�  ��%$2 ��'� �'4���

#���� d9��� ef� 0� / ; �7 % 3���,
 % 1!�� ���

��4�'A)-�
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#
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#����-�
 �,�% ���� � �=��� /�& ��� $2x �9 ���4 . ��

 % ���9 �Y�$=7 �'4��� ��� ,� � � ��� ��Fr7 /�& (,�

  ������ -�
 �+��4
 ,� d9��� �� 3� $& <�B� ef� ���'7

<�B� H����>����F!7 % $7 % �L�7%J�� H�'4��� ��Fo �� $7

M%, �� ���^	�� �� ���F� �� '7 �9 �$�`	� �a /,��
 /�&

 .��� $	"�9  

  

  
 LB�8�� �,���� .�F*f� 
-.��-� g,�e��, 
�� 

Fig. 8. 3D loading factors plot of the extracted principal components

 
 LB�9���� "(� �� 
,�� �,	 ���	 � �,"��!�, Y���� �U��/P Z[�  . (-J�� W!h ��) �.*�0� 

Fig. 9. A rough estimated source contribution for each metal  
  

 :�-\3 i��P�� .&�' ��������B�"�� 
�����,��# � I,"(� ��� ����j�, �G�!U�� 

Table 3. Spearman correlation matrix among metals and soil physicochemical properties 

  As Al Cr Cu Fe Ni Pb Zn Clay pH OM 

As 1           

Al -0/36 1          

Cr 0/548* -0/11 1         

Cu 0/319 0/151 -0/065 1        

Fe 0/066 0/05 0/143 -0/149 1       

Ni 0/613* -0/382 0/293 0/059 0/257 1      

Pb -0/163 0/707** -0/199 0/257 -0/034 -0/476 1     

Zn -0/197 0/754** -0/079 0/478 -0/255 -0/366 0/681** 1    

Clay -0/136 0/046 -0/017 -0/246 0/398 0/133 -0/009 -0/249 1   

pH -0/286 -0/021 -0/034 0/012 -0/301 -0/463 -0/003 -0/009 -0/182 1  

OM 0/331 0/318 0/187 0/311 -0/015 -0/121 0/168 0/092 0/071 -0/288 1 

 ** Correlation is significant at the 0.01 level (2-tailed) 
   * Correlation is significant at the 0.05 level (2-tailed) 
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���9 �2 ��� /$(��� ��Fo �� �%$2 .�$�+ ,� �	;�,
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30-300���F� ,� #
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�� ,�$B i��$� .�$�+ #�&��+ /�$9 /,%$: /$G�� 0�

��  .���� �O�� �L �7�L�2) ���2010 �5�6 ��% �� .(

) K�7$7 �9 #�&��+ ,� 0� �A�:� % i��$� mg/kg5-30 (
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���F� �'4����,�� /�&mg/kg 7/54  ���� ��� ���$9��9
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mg/kg 25 �7150  #
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150�7400 ���  ��,)1984( ,� /%, �5�6 ��)���� .

���F� �'4��� �,�� /�&mg/kg 6/249  ���$9��9 ���

 ��% �� ,� ��2 ,�> �9 �=��� #�&��+ ,� J�A ��� �5�6

�� ,�$B �hF�.�$�+   
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O$	�� �9���,� /�$9 ��&%sL ��� ,� i�=	�� �o,� % /$�nL

 $���=� . � ���^	�� i�=	�� K�$: �� ���+ �9 -�
 �� H�J�A

�Y���� � �TF ) i% o ,�4 ��)���� #��9 �4�9 $)��"� (

) ��� 1!�� % 0� �/%, i�=	�� K�$:TF >1 $(��� ��� .(

�$: �9}	�� K}�4�9 i�=7}$ 	;�}7 /�,�� b�4�F} -$�$	�� %O -

 �9 �%$2 $G�� ���WF& . �	�& -�
 ,� /$	"�9 /$�nL

) ��)����004/0 H�J�A ��9 �, i�=	�� K�$: ��$	F2 (

���F� �����B m��$� .���,�� �'4����,���9 -�
 /�&�% �s

 �9 ���+ �9 -�
 �� H�J�A i�=	�� K�$: �2 ��� � � ���9

 ���� ��� �9 �4�9 �'4����,�� H�J�A /�$9 ��2 ,�>.  
  

3-5-2- ��!�	 "���P W��X  

 �����%, �� �� ,� J�A �5�6 �Y�� �	��� J2$F7 K�$:

K�$: ��� .��� -�
 ,� J�A #�F& �5�6 �9 �����$�� �� 

K4�6 �2 ���,� ���+ /�$9 ��� �=��� ,� �&��+ ���+ ��$7

) 1!� ,� #
 N��	� �2  ��$+ �Y����11 � � ��,%
 (

 K�$: .���BCF �� �� /�$9 ���,� ���+ �����%, /�&

: 9��� �&�2 $�� H,�( �9 �'4��� �,�� H�J�A  

Ni ( 30/0 ) > Zn ( 22/0 ) > As ( 19/0 ) > Cr ( 06/0 ) > 

Cu ( 04/0 ) > Pb ( 03/0 )  

 K�$: K�7$7 �����$�� �� �� /�$9BCF  H,�( �9 H�J�A

 :��� $��  
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Ni ( 7/2 ) > As ( 22/0 ) > Cu ( 20/0 ) > Zn ( 15/0 ) > 

Pb ( 10/0 ) > Cr ( 09/0 ) 

#�F&�� � &�"� �2 ,�> K�$: ���BCF  �F& /�$9

�� �� ,� H�J�A #�"� ��� % ��� 3� �� $	F2 �����%, /�&

���B�� ,� H�J�A ���Y�� �9 ,��B ���,� ���+  &� �� �&

�$9�F� ��
 /�&�� �� ,� ��� . ��9 (�"�,) �����$�� /�&

K�$: BCF �� $	"�9 1!�� J�A /�$9 1  �2  �
 ��� �9

�� #�"��� ���+ ���  &� ,� �Y�� ,�> �9 �, J�A ���  ���7

�"�, �9 N��	� <Y> $9 ���$9��9 .���� �	��Y�� ��
 /�&

�� �&%sL ��� ,� � �
 ��� #���� �9 �, ���,� ���+ #��7

���+ /�$9 K���� ���+-�
 ,� 1!�� ���4�L�=��� /�& 

.��F� �A$'�  
  

  
 LB�10  �� ��G�� I,"(� <_(V .5  �.*�0����� �/0�� ���� ����) ���) 

Fig. 10. Metal contents in five native plant species in the study area 

  

  
 LB�11 k,-�, �� I,"(� <_(V .) ����	��Shoot) ����	��	 � (Root����� ���) ( 

Fig. 11. Metal contents in shoots and roots of Artemisia species 

  
:�-\ 4. ����� �� ���) �� &�' 	, I,"(� :�/��, W�,�X ��G�����.*�0����� 
�� 

Table 4. Mean values calculated for TF  

As Cr Cu Ni Pb Zn ������� 

1/102  0/00863 1/620 0/161 1/212 3/673 Atraphaxis 

0/798 0/0715 1/392 0/288 0/714 4/596 Artemisia 

0/205 0/0376 0/666 1/210 0/125 4/579 Ephedra 

0/305 0/0101 3/080 0/166 0/325 5/436 Astragalus 

0/316 0/0144 0/392 0/161 0/202 2/273 Alhagi 

0/545 0/0467 1/430 1/197 0/716 4/112 ��)���� 
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Abstract 
The present study was initiated to assess the concentration and contamination level of arsenic, 
chromium, nickel, copper, zinc and lead in the soils and native plant species around the Foromad mining 
area (Eastern Meyamay, Semnan province). 15 surface soil samples and 5 dominant plant species were 
randomly collected from study area and their total concentration of metals along with the 
physicochemical parameters of the soil samples were measured using standard methods. The mean 
concentrations of arsenic, chromium, nickel, copper, zinc and lead in the soils are found as 9.90, 1182.5, 
697.75, 32.10, 60.73 and 6.51 mg/kg, respectively. The maximum concentration of chromium, nickel 
and arsenic was measured in the mining area where the extracted mine wastes are piled. Based on the 
calculated geochemical indices (enrichment factor, geoaccumulation factor and pollution load index), 
the soils of Foromad mining area are heavily contaminated in terms of chromium and nickel. The results 
of multivariate statistical methods (correlation analysis and principal component analysis) indicated that 
chromium, nickel, arsenic and copper were derived mainly from anthropogenic sources. The calculation 
of source proportion of metals in the soils also confirmed that more than 70% of nickel and chromium, 
67% of arsenic and 53% of the copper contents are roughly contributed from the anthropogenic sources. 
Comparing the average concentration of heavy metals in plant samples with their corresponding toxic 
ranges in plants also showed that chromium, arsenic and lead are within the safe and the normal range, 
respectively, while copper and zinc are within the toxic range and nickel metal is far beyond its toxic 
range. Based on the calculated biogeochemical indices (BCF and TF), Artemisia species among others 
can be considered as a potential candidate to remediate the nickel-contaminated soils. 
 

Keywords: Soil, Heavy metals, Native plant, Foromad mining area, Pollution indices 
 

Introduction 
Soil is defined as a natural and complex system 
composed of minerals, water, and air resulting 
from the interaction of the hydrosphere, 
atmosphere, lithosphere, and biosphere at the 
Earth's surface. From an environmental 
perspective, soil can act as the first source or 
sink for chemical pollutants. Among the major 
soil pollutants are potentially toxic metals 
(PTMs). These pollutants are of particular 
ecological and human health concern because 
of their ubiquitous, toxicity and bioavailability. 
The sources of metal pollution in soil are 
widespread. In addition to natural pollution 
caused by rock weathering, human activities 
such as urban and industrial sources, mining 
activities, and agricultural-related activities 
may input metals into the soil environment. 
Mining activities (extraction, smelting, and ore 

dressing) are regarded as one of the main 
sources of metallic pollutants in the soil media. 
During mining operations, a large amount of 
waste rocks is usually generated which can 
enter toxic metals and metalloids (e.g. 
chromium, nickel, copper, lead, arsenic, and 
zinc) into the soil through weathering or 
erosion processes of the waste rocks in mining 
areas. High concentrations of metals may also 
exist in the natural background, which can be a 
potential source of PTMs in the soil 
environment. Therefore, determining the 
contribution of geogenic (natural) versus 
anthropogenic sources in mining areas is 
crucial from an environmental management 
view point. Moreover, plants, especially native 
species, are able to uptake the metals through 
their roots or shoots, acting as a promising 
indicator for assessing metal pollution in areas 
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characterized by high pollution levels (such as 
mining areas). Thus, measuring the 
concentration and assessing metal pollution in 
soils and native plants in mining areas and 
discriminating the contribution of 
anthropogenic from geogenic origins in such 
areas is of great environmental and ecological 
significance. 
 
Materials and Methods 
The Foromad region, with geographical 
coordinates of 56°30' E longitude and 36°30' N 
latitude, is located 110 kilometers east of 
Miami (Semnan province). The climate of the 
area is generally warm and dry, with low 
annual precipitation (150-200 mm per year). 
Geologically, the region is suited within the 
North Sabzevar ophiolite belt. The north and 
east of the region almost entirely belong to the 
North Sabzevar Ophiolite belt, in which 
majority of the chromite mines are also 
occurred. Based on the geological map, the 
North Sabzevar ophiolites lithologically 
consist of dunite, gabbro, and harzburgite units 
of Late Cretaceous to Paleocene age.  
15 soil samples were randomly collected from 
the mining area. A control soil sample was also 
collected from outside the mining area. Native 
plant species, including Atraphaxis, Artemisia, 
Ephedra and Astragalus species were sampled. 
The soil samples were first passed through 2 
mm and 63-micron sieves, respectively, and 
then sent to the Zarazma Research Laboratory 
for heavy metal concentration analysis using 
ICP/MS. The physicochemical parameters of 
the soils (pH, organic matter content and 
texture) were also measured in the Water and 
Environmental Laboratory of Shahrood 
University of Technology. For plant samples, 
after separating leaves and stems from roots, 
they were ashed in a furnace at 600°C for 4.5 
hours and then digested in a mixture of 3HCl + 
1HNO3 acid for total elemental analysis. To 
appraise the degree of soil contamination and 
soil-plant relation, several geo-biogeochemical 
(including Igeo, EF, PLI, TF and BCF) were 
used in this study.  
 

Results and Discussion 
The pH of the soil samples varies from 7.6 to 
8.2 falling within the alkaline to highly alkaline 
range. The alkaline nature of soils favors the 
accumulation of heavy metals in the soil. The 
amount of organic matter in the studied soil 
samples ranges from 0.4 to 1.3% by weight  

(with an average of 0.68%). Therefore, the 
amount of organic matter in the studied soils is 
relatively low, which can be attributed to the 
semi-arid climate, mountainous terrain, and 
sparsely vegetation covers of the region. Clay 
content in the studied soils ranges from 5.4 to 
11.4% (average 8.6%), silt from 6.6 to 22.6% 
(average 13%), and sand from 68 to 88% 
(average 78.9%). According to the USDA soil 
classification, the soil samples are classified as 
sandy loam and loamy sand in terms of texture. 
The average concentration of heavy metals in 
the studied soils decreases in the following 
order (in mg/kg): Cr (1182.50) > Ni (697.75) > 
Zn (60.73) > Cu (32.10) > As (9.90) > Pb 
(6.51). Cr, Ni and Cu have coefficients of 
variation greater than 1 which may indicate 
their predominantly unnatural origin in the 
soils of the studied area. The highest 
concentration of Cr, Ni, Cu and As was 
observed in sampling stations collected near 
the waste rocks dumps exceeding the average 
crustal and global soil concentrations. This 
indicates the impact of mining activities on 
increase of metal concentrations in the study 
area soils. Nevertheless, the concentration of 
Pb and Zn in all the sampling stations are 
relatively lower than the average global soils 
and the Earth's upper crust, indicating the low 
or no soil contamination in terms of these 
metals in the study area.  
The average enrichment factors calculated for 
the studied metals decrease in the order of Cr > 
Ni > As > Cu > Zn > Pb. According to the 
Sutherland's classification, zinc, lead, and 
copper fall within the category of no 
enrichment to minor enrichment, while arsenic, 
chromium, and nickel showed significant 
enrichment. It can be concluded that arsenic, 
chromium, and nickel, and to some extent 
copper, have a predominantly anthropogenic 
origin. The calculated Igeo index for Cu, Pb, and 
Zn is less than zero, indicating that the soil in 
the study area is not contaminated by these 
metals. The Igeo value for As indicates 
moderate contamination, while it shows 
moderate to severe contamination in terms of 
Cr and Ni, reflecting the impact of mining 
activities on their concentrations in the soils. 
Based on the calculated PLI, it was revealed 
that most of sampling stations have a moderate 
degree of contamination, while stations no 6, 
10, 12, 13, and 15 are characterized by high 
(severe) degree of contamination.  
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The concentration of heavy metals in the native 
plant species in the study area generally 
decreases in the following order (in mg/kg dry 
weight): Zn (294.6) > Ni (138) > Cu (54.7) > 
Cr (52.5) > As (41.5) > Pb (4.70). Chromium 
is one of the elements that is not easily 
available to plants and therefore mainly 
accumulates in the roots. The normal amount 
of chromium is 0.1-0.5 mg/kg and its toxic 
range is 5-30 mg/kg. The average 
concentration of chromium in the studied plant 
samples is 52.5 mg/kg, which is close to the 
lower limit of the toxic range. Nickel is 
considered an essential metal in low levels and 
plays an important role in plant metabolism. 
The normal concentration of this element is 
0.1-5 mg/kg and its toxic range is 10-100 
mg/kg. In the studied samples, its average 
concentration is 138 mg/kg, which exceeds the 
its toxic range in plants. Arsenic is well-known  
as a toxic element even in low concentrations. 
Considering the toxic range of arsenic (30-300 
mg/kg) and its mean concentration in the plant 
samples (41.5 mg/kg), this metalloid falls 
within its normal range. The normal and 
excessive concentrations of copper in plants 
are (5-30 mg/kg) and (30-100 mg/kg), 
respectively. The average concentration of this 
element in the studied samples is 54.7 mg/kg, 
which falls within the toxic range. Zinc, 
another micronutrient element, shows average 
concentration of 249.6 mg/kg, falling within 
the toxic range for plants. 
In order to evaluate the bioavailability and 
degree of metal transfer from soil to plant, the 
transfer coefficient was calculated. The results 
indicate a high average transfer coefficient for 
zinc, copper, and nickel (TF>1). These 
elements with higher transfer coefficients are 
likely to have higher mobility and 
bioavailability in the soil. Chromium, with an 
average of (0.004), has the lowest transfer 
coefficient among the studied metals. The 
alkaline nature of the soil samples has 
seemingly resulted in low transfer coefficients 
from soil to plant. The Biological 
Concentration Factor (BCF), defined as the 

ratio of the concentration of a metal in shoots 
to roots, calculated for the Artemisia decreases 
as follows: Cu (0.044) > Pb (0.033) > Ni (0.30) 
> Zn (0.22) > As (0.19) > Cr (0.06). As it can 
be seen, the BCF for all the elements is less 
than one, indicating that Artemisia is not 
capable of accumulating metals in its stems or 
leaves. However, in roots the BCF of nickel is 
greater than one, suggesting that this native 
species can relatively accumulate Ni in its 
roots. Therefore, based on the results obtained 
in this study, the Artemisia species can be 
considered as a potential species for 
phytoremediation of nickel in soils. 
 

Conclusion 
The present study aimed to appraise the 
concentration of metals in the soils and plants 
of Foromad mining area and to evaluate the 
possible impacts of mining activities on the 
soil. The results of this study showed that 
chromium, nickel, and arsenic, and to some 
extent copper, exhibit high concentrations 
indicating that the soils in the study area are 
contaminated by these metals definitely 
resulted from the mining activities. The 
calculation of geochemical indices (Igeo, EF, 
PLI) also justify the contamination of metals in 
the soil of the study area. Multivariate 
statistical analyses indicated the metals 
predominantly derived from anthropogenic 
sources (mining activities). From the 
calculation of the proportion of anthropogenic 
and geogenic sources it was revealed that 
chromium, nickel, arsenic, and to some extent 
copper, predominantly originated from 
anthropogenic sources, while lead and zinc are 
most likely inherited from geogenic origin 
sources. Comparing the average concentration 
of heavy metals in plant samples with their 
toxic ranges, showed that chromium, arsenic 
and lead fall within the normal range whereas 
copper and zinc fall within the toxic range and 
nickel exceeds its toxic range. Based on this 
study, it is recommended that measures are 
taken to act so as to manage and control of 
waste disposal in the study area. 
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