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Abstract Article Info 

Background and objectives: Toxicity of heavy metals and their accumulation in 

soil, plant and food chains is one of the main environmental and health problems .  

Among toxic heavy metals, cadmium and lead have received more attention due 

to their durability and stability in the environment. In this regard, the impact of 

these metals on valuable medicinal plants and forages that enter into the food 

chain through human and animal consumption is of particular importance. 

Glycyrrhiza glabra L. is an example due to its importance as a medicinal plant 

which its roots and rhizomes is used in pharmaceutical and food industries. The 

purpose of this study is to investigate the effect of heavy metals of lead and 
cadmium on the absorption of high consumption nutrients and also the 

accumulation of these elements in the tissues of the lichen plant. 

Methodology: This research was carried out in a completely randomized design 
with two treatments of lead and cadmium having 4 replicates and 6 concentrations 

level in pot culture method (total of 48 pots). Concentration levels were 0, 10, 20, 

40, 80 and 160 (ppm) for cadmium and zero, 50, 100, 200, 400 and 800 (ppm) for 
lead. The concentrations used were based on the standards of metal concentrations 

in the soil and national of World Health Organization. The salts used to prepare 

the concentrations of the treatments were lead nitrate and cadmium nitrate 

(MERC). Pot’s beds were prepared with heavy metal salts solution of lead and 

cadmium. Above concentrations liquids were sprayed on the rhizomes already 

placed in the pots. Pots were kept in the greenhouse for 7 months under irrigation 

under prescribed care. Nutrients were used according to the results of soil 

decomposition to the optimal extent and without effect on pot treatments (as a 

spray on the plant itself). Finally, samples of soil and plant (above and 
underground organs) were prepared and transferred to the laboratory for acid 

digestion and extraction of lead and cadmium. To assess the plant's ability, TF, 

BCF and BAC indices were also used to assess the accumulation capacity of these 

elements.  

Results:  The results of the comparison of the mean of lead and cadmium in the 

studied concentrations showed that increasing the concentration of these two 

elements in the soil did not have a significant effect on the amount of potassium, 
sodium, magnesium, calcium and organic matter in the aerial and underground 
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parts of the plant. While the increase in the concentration of cadmium in the soil 

has a significant negative effect on the amount of this metal in the air and 

underground organs and the amount of nitrogen in the aboveground parts. Also, 

the increase in lead concentration has a significant effect on the amount of this 

metal on both above and underground organs while the amount of phosphorus and 

nitrogen on above ground parts. The results of the studied treatments on the 

accumulation and transfer of cadmium and lead in Glycyrrhiza glabra L. showed 

that in all concentrations of cadmium treatments (except 20 ppm) the amount of 

TF for cadmium metal was less than 1 but the amount of BAC and BCF was 
greater than one. In the case of lead metal in all different concentrations of lead 

treatment except concentrations of 200 and 800 (ppm) the amount of transfer 

factor is greater than one, but the values of BAC and BCF for these two treatments 
are more than one. Therefore, Glycyrrhiza glabra L. has a good ability in lead 

metal extraction and cadmium metal stabilization. 

Conclusion: The results of the study on the accumulation and transfer of 

cadmium and lead in the lichen plant showed that the plant could play the role of 

stabilizing and extractive for these two heavy metals, respectively. As reaction of 

Glycyrrhiza glabra L.is is positive, it seems that if the contamination is high, the 

most absorption is occurred in shoots and stems of the plant. Usage of the plant 

therefore does not harm consumers but when cadmium is a contaminant because 

the root stabilizes it and direct use of the plant root as a medicine can be harmful. 
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 ) U��
�ppm (  9040  

U+B� � )ppm (  1480  

 (%)(}��
��  0  

 !�	���� -��"� P�C�~  5/49  

)!%+�
%9� P+�$�µmhos/cm (  25/1174  

pH  5/8  

) 5� D�3ppm (  60/1  

!
��) 5� U����� (���	
�� �# ���  11/0  

 !�;+� !%+B�C ���  

 (!��6 $H/�) !��/J P�C�~  23  

 (!��6 $H/�) !����;< 1Q:�  10  

 (/�� �	9 13�� ) L�� PC�#  

f/  16/6  

 13��  56/75  

P
�3  28/18  

  -�$6)3  ( /�N��  J�  5H��  h��+/��	�  1+BK�  j+�
�

  �U+B� � �U��
� �U�3�
< �(}��
�� ��c�C �# U����� � D�3

����  �U+$3��$��  /�  U�����  �  D�3  �!9M  �  !+�	�  ���

!� (��� �/ ! ��J�+J  ��� (��� A�*���� 1�+�:� j+�
� .$��

 (�B�� �# �/�� ! &� �W� L�� U����� � D�3 P_
G l+�BC�

�
<  �H� �����  �  U��
�  �U+B� �  �U+$3  �U�3  /�  !9M

��$��A+��I  ����  ! ��J�+J  �  !+�	�  ���  (��#

)Glycyrrhiza glabra L.(    .P3� 1
I�$�  l+�BC� 1%�9�� /�

! &�  l+�BC�  1#  �K �  U�������$��  /�  �7 �  A+�  /��  ���

! &� l+�BC� � ���� ! ��J�+J � !+�	�  ��$�� /� (}��
�� /��

�$+��� !+�	�! &� l+�BC� �# e�"�/� /� .P3�  /� U����� /��

�  �!+�	� ��$��/�N�  ���80  )ppm  �  (10)ppm [����  1#  (

) A+�
��#85    � ($H/���W�� A+�
N�   )7/6    P"�� �/ ($H/�

/�N�� � 1
I�� $��I 1#  ���20  �40    �160  )ppm P9�� (

�3�< /� �/ V3��$���	# �/�� ��  5%I) $��1(  ��$�� /� ��� .

�! ��J�+J  /�N��160)ppm  /�N��  �  A+�
��#  U����� (20  

)ppm! &� ��W�� A+�
N� (  5%I) P3� 1
I�� �/ �/��2 .(

�"�/� /� A� ZN�! &� �W� �# e �# �	���� P_
G l+�BC� /��

  P_
G Pc� $+�# !+�	� ��$�� (}��
�� (�B��10  )ppm  �# �(

5/103    P_
G  �  A+�
��#  �$��I  1#  P"��  $H/�20 

)ppm  �#  �(6/10   1
I��  �/  ��W��  A+�
N�  �$H/�  5%I)  $��

3.( 
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 U�2�3
�� �� ����
� � ���  
)�C +	 ]�
_ `(
� 	�-� <��PC G�
H( :a	2(	  � ������ ��	
� �� ����" #
�$ ����+��+ � ��	-9 4
9

 !
��)Glycyrrhiza glabra L. (  

 !3/�# �/	� O�cH  O����n� �#� �  ���JM 16/� 
 O�&#�� A�*���� 

 1�+/  !+�	� ��$�� 

 ($H/�) !9M ���� 

D�3 /�N�� 5 ns 234 /111 ns041  /268 

�Q� 17 ns349  /140 ns113  /178 

 U����� /�N�� 5 ns405  /15 ns389  /168 

�Q� 17 ns775  /28 ns283  /148 

 !
��) U�3�
< (���	
�� �# ��� 

D�3 /�N�� 5 ns33 /50977283623 ns49 /205097351104 

�Q� 17 ns 97/57035720267 ns67 /238029286432 

 U����� /�N�� 5 ns1 /2862028603 ns
731 /160157956371 

�Q� 17 ns85 /85365914022 ns 39/79739182293 

 U+$3 !
��) (���	
�� �# ��� 

D�3 /�N�� 5 ns4771054787 ns6823230235 

�Q� 17 ns3903869993 ns561958884 

 U����� /�N�� 5 ns 72/11480471113 ns46 /15792352623 

�Q� 17 ns17 /1771081927 ns6259453700 

 U��
� !
��) �# ��� (���	
�� 

D�3 /�N�� 5 ns1154447286 ns1373191986 

�Q� 17 ns1135168043 ns1828645168 

 U����� /�N�� 5 ns6 /932767898 ns1277002556 

�Q� 17 ns 2/613576962 ns1164800985 

 U+B� � !
��) (���	
�� �# ��� 

D�3 /�N�� 5 ns2592942234 ns3464894636 

�Q� 17 ns3459850796 ns2343762240 

 U����� /�N�� 5 ns7757536604 ns 3/798487604 

�Q� 17 ns4055538079 ns 7/834987200 

 �c�C ($H/�)  

D�3 /�N�� 5 ns 001 /0 **001/0 

�Q� 17 ns0 ns0 

 U����� /�N�� 5 ns0 ns0 

�Q� 17 ns0 ns0 

 D�3 (���	
�� �# ��� !
��)  

D�3 /�N�� 5 **789/390476 **27/30078 

�Q� 17 ns18 /15932 ns 28/3776 

 U����� /�N�� 5 ns 531 /4845 ns 809 /2985 

�Q� 17 ns 267/4090 ns 559 /1479 

 U����� !
��) (���	
�� �# ���  

D�3 /�N�� 5 ns 47/1160 ns 27/474 

�Q� 17 ns 317 /415 ns 76/1043 

 U����� /�N�� 5 **15/52909 **5114/4294 

�Q� 17 ns 49/10588 ns 307 /1103 

 ($H/�) (}��
��  

D�3 /�N�� 5 ns 01/0 **045/0 

�Q� 17 ns 006/0 ns 007 /0 

 U����� /�N�� 5 ns 018 /0 **037/0 

�Q� 17 ns 011 /0 ns 004 /0 
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 ]?"2 :
*��<b ���(
��  #
�$ ����+��+ a	2(	 ����
��
C A3C�� 

AX��
94 �H\� ����
�  
)�C c  

 ]?"1 :
*��<b � ��(
��  #
�$ ��	-9 a	2(	 ����
��
C A3C��  

AX��
94 �H\� ����
�  
)�C c  

    
 ]?"4 :
*��<b ���(
��  #
�$ ��	-9 a	2(	 ����
C A3C�� 

AX��
94 �H\����  
)�C c  

 ]?"3 :
*��<b ���(
��  #
�$ ��	-9 a	2(	 !F��H�(�
C A3C��  

AX��
94 �H\� ����
�  
)�C c  

    
 ]?"6 :
*��<b ���(
��  #
�$ ��	-9 a	2(	 !F��H�(�
C A3C��  

AX��
94 �H\����  
)�C c  

 ]?"5 :
*��<b � ��(
��  #
�$ ����+��+ a	2(	 ����
C A3C��  

AX��
94 �H\����  
)�C c  

  
 ]?"7 :
*��<b ���(
��  #
�$ ��	-9 a	2(	 �5b��
C A3C�� AX��
94 �H\����  
)�C c  
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P3�  1#  j+�
�  f�3�  �#  �$�M  D�3  P_
G  l+�BC�

! &� l+�BC� 1# �K � L����$�� /� (M /��  /�) !+�	� ���

/�N��800  )ppm  �# (5/113    ($��I 1# P"�� l+�BC� $H/�

  /�) ! ��J�+J �  /�N��800  )ppm  �# (520    l+�BC� $H/�

$��I  1#  P"��5%I)  (  ���4    �5! &�  l+�BC�  �  (  /��

�$+��� !+�	� ��$�� /� �c�C � (}��
���  �# e�"�/� /� .P3

! &�  l+�BC�  /�  (}��
��  P_
G  /��  /�N��  �!+�	�  ��$��

200)ppm  �  A+�
��#  (100  )ppm  /�  �/  ��W��  A+�
N�  (

! &�  l+�BC����/�N��  �  1
I��  (}��
��  (�B��  /��50    �

100)ppm�3�< /� �/ V3��$� P9�� (��	# �/�� ��  5%I) $��

6! &� l+�BC�  �#  e�"�/�  /� A� ZN� .(  ��$��  /� �c�C /��

  /�N�� /� �7 � A+� /�$:� �!+�	�800  )ppm  1# P"�� (50  

)ppm�$I /�� ! &� (  $��I 1# P"�� !
� /	� 1# ��� P3�

! &� �W� D�3 ���/�N�� �+�3 � 5%I) P3� 1
I�$� �/��

7.( 

 ̂ W
" �� 
9 
)�C ��� 
� ��	   � #
�$ ��
(	-C ��
�+ 	 4
9

=-�� S)PC � U
*H(	  -H�
� �?�F-  

  !3/�# j+�
�  -�:
�� � �NK� �# 1&9�Q� �/	� ���/�N��

A+��I  ����  /�  �	����  (��#)Glycyrrhiza glabra L.( 

P_
G 1N� /� 1� ��� (���  B6 1#) U����� ���/�N�� ���

  P_
G20  )ppm  /�$:� ((TF   J� �
%o	� U����� B
C ���#

1    /�$:�  !9�  ��	#BAC    �BCF  !�  �+  J�  �
�/B#  .$I�#

A+��I ���� A+��#� #(��#)Glycyrrhiza glabra L.(  !�  $��	�

5N� !�   U����� B
C '��k
3� � DF6 y��# !
�"r� ����

.�	I P_
G 1N� /� D�3 B
C �/	� /�  /�N�� p

k� ���

P_
G B6 1# D�3  ���200    �800  )ppm  /	
��C /�$:� (

!� �+ J� �
�/B# -�:
��  �+��:� !9� $I�#BAC    �BCF    /�

!� �+ J� �
��# /�N�� �� A+� q	7�  ���� A+��#� # .$I�#

 A+��I(��# )Glycyrrhiza glabra L.(    !+���	�  ��/��

  B
C  !
�"r�  ����  �  D�3  B
C  !6��k
3�  ����  /�  !"3� �

!� U�����!� � $I�#  1# $��	�  ��J�$�� l�# 1�	� �+ (�	 �

-�$6) $ � 5N� 4 .( 

 

 

 

U�2� 4: ^W
" !
�� ����" #
�$ ��d
� #
�$ ��
(	-C ��
�+ 	 4	�� U
*H(	 � S)PC 4
9)Glycyrrhiza glabra L. ( 

B
C  /�N�� 

  -�:
�� /	
��C

)TF (  

 U����� B
C  

  -�:
�� /	
��C

)TF (  

 D�3 B
C  

 �NK� /	
��C

) !%+}	9	�#BCF  (

 U����� B
C  

 �NK� /	
��C

) !%+}	9	�#BCF (  

 D�3 B
C  

 �NK� [+�x

 )!%+J	9	�#BAC (  

 U����� B
C  

 �NK� [+�x  

 )!%+J	9	�#BAC (  

 D�3 B
C  

 U����� 

 $��I 82/1 24/2 35/11 42/1 03/17 55/2 

 P_
G10 (�� !< !<) 91/0 99/0 28/11 67/1 14/8 59/1 

 P_
G20 (�� !< !<) 02/1 79/1 68/6 29/1 24/6 20/2 

 P_
G40 (�� !< !<) 68/0 84/1 43/5 37/1 37/3 35/2 

 P_
G80 (�� !< !<) 88/0 10/1 11/4 38/2 48/2 92/1 

 P_
G160  (�� !< !<) 39/0 98/0 39/3 91/1 23/1 81/1 

D�3 

 $��I 82/1 24/2 35/11 42/1 03/17 55/2 

 P_
G50  !< !<)(�� 22/1 01/1 87/15 58/1 15/19 56/1 

 P_
G100 (�� !< !<) 97/1 58/1 39/11 1 96/21 51/1 

 P_
G200 (�� !< !<) 23/1 8/0 60/17 17/1 52/21 93/0 

 P_
G400 (�� !< !<) 43/2 46/1 39/9 58/0 26/21 85/0 

 P_
G800 (�� !< !<) 54/1 49/0 43/15 42/1 55/22 65/0 

<P�H( � e3� 4��$  

  /� U����� � D�3 ���/�N�� A�*����  1�+�:� j+�
�

P_
G  ��  A+�  P_
G  l+�BC�  ���  (���  !3/�#  PR�  ���

/�  �7 �  ! &�  �W�  L��  �U�3�
<  �H� �  (�B��  �#  �/��

����  �  U��
�  �U+B� �  �U+$3��$��  /�  !9M  �  !+�	�  ���

  (��#  A+��I  ����  ! ��J�+J )Glycyrrhiza glabra L.  (

  �W�  �U����� B
C  P_
G  l+�BC�  1� !9�� /� .P3�  1
I�$�

! &���$�� /� B
C A+� /�$:� �# �/��  ! �J�+J � !+�	� ���

 l+�BC�  A� ZN� �1
I��  !+�	� ��$��  /� (}��
��  (�B�� �

 ! &� �W� D�3 P_
G  A+� /�$:� �# �/�� ��$�� /� /� B
C  ���

  !+�	� ��$�� /� (}��
�� � �c�C (�B�� � ! �J�+J � !+�	�

1
I��  ���N�  1#    .P3�A��  �
3�/  A�N�  /� � (�/�%N� 
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)2009/� $���� X/�B� �	� O�&9�Q� /� ( P_
G��� 0 �� 

5 /s	�  ��%�� /�  �	����� -	
R� !+�FG P��) 

l+�BC� �(���	<�/$�� P_
G /� �	����� ���I�/� � 1�+/ 

�� U8/   j��#(Oryza sativa L.)  �$���� .$I U� A� o 

l+�BC�  P_
G �	����� /� �/����I O/z )Zea mays L.( 

)51    �64( � 1�+/ �/����I  �  �� U8/ 	6  )Hordeum 

vulgare L.( )65�( /� �W� ��#/�� \	Q3 p

k� �	����� 

X/�B�  �$I O�:�:R�  .P3� (��� ���� P3� 1� (����� 

$ +��C���  !���c
� J� ����	
6 1
N6  J�  �NK� �H� �  /� 

����� P�N3�H� � !+��J !N3  /�  -	
3  � P���:� P�	3 

� �J�3 �H� � 1# P"�� !N3 ���# 1
#�:� �#  P�N3 U����� 

)  .$�/��12    �21.( P��/�  � (�/�%N� )1992  (/���J�3 

5NR�  1# �	����� /� !������  1�  ��/�� $I/  [3� � ��	# 

!9� /�$:� �NK� U����� /� �)�M  ��+J P3�  �/ 1# h%
gN� 

($I  U����� �# ���$�3� !9M �  O�"���� !9M��G � /� 1K�
� 

 ����	
6 J�  ��/�  (M 1#   PN�8��� f���  P�	3 �  J�3 

!9	
3 P"��  ����.$�� �� (�/�%N� � )2007( (��� $���� 1� 

!��# J� ��8/� 	6  )Hordeum vulgare L.( 1#  P�N3  

U����� ���:� ��	# � UG��
� P_
G ��+J U����� /� 

�/����I �  1�+/ �)�M J� $I/ !"3� � /��/	��# $��	#. 

U����� A%N� P3� �# ��K+� /� ���n� ��+F<z	c� ���G /�  

DF6 �+�3 �H� � !+�FG B�� ��K+� 5%�� ���� � 1# �K � 

P_
G ���n� �H� � /� (����� �	I )58 .( 

 ��� (��� p

k� O�:�:R� !3/�# �D�3 �# e�"�/� /�

  !3�
3�  �  L��  !RQ3 lk#  /�  B
C  A+�  ��+J  PI�"��

 1��+/  �+��  J�  (M  DF6  �  B
C  A+�  1#  (�����  P��/  ���

 -S
�� � ���� ��9	#�
� ���$ +��C !��# /� ���n� [6	�

!� �)�M 	N� � $�I/ /�) �	�I50j+�
� .( ) 	 �o1981( B�� 

(��� ���   P_
G 1�2000-  50  !
����� �# ���	
�� D�3 

/� ��$��   � !+�	�3000 -  300  !
����� �#  ���	
�� D�3 

/� 1�+/ (����� $��	
�� !N3  D	�R� .�	I  l+�BC� DF6 

D�3  /�  ��)
N�8  p

k� ���� !�$��	�  1# P
� P#�8/ 

U�:
�� A�# D�3 � �H� �  !+�FG �*+�  ���# e�:� (��%+ 

DF6 ��/ 1�+/ U�� .$I�#  �  ) (�/�%N�2002( (��� �$���� 

/� ) j��#Oryza sativa L.( D�3 �#  (	������� �� !
�C�~ 

���# -�:
�� 1# 1�+/ P#�8/  !�.$ � ���� �   ��)* ����

)1996X/�B�( $���� 1�  D�3 /� (����� 1g9�� /� 1�+/ 

����z ��	���  1%�9��/� /�  �� 1g9 ���� A+� �7 � 1# ��$�� 

!+�	�  5:
 � !��	I.  E	��c
3�  � ) �(�/�%N�1995(  �NK� 

D�3 �/ /� ��#��� '� c3� )Spinosa oleracea(   X/�B� 

$����.  ����  ���� � )  ��)* ����1996( �NK� D�3 �/ /� 

��$����� !�+�J (����� p

k�  X/�B� $����.    

  /�  ��:R�  A+�  J�  5H��  j+�
�  l+�BC�  �#  e�"�/�

! &�  l+�BC� � �	����� �s�# P_
G /� (}��
�� DF6 /��

 B6 �D�3 �s�# P_
G /� �c�C � (}��
�� DF6 /�� ! &�

����6 j+�
� �# � (�/�%N� )2004( (��� 1� $���� l+�BC� 

�Q3 U�����  /� �L�� P_
G �c�C  (}��
�� � /� �/����I 

���� l+�BC�    j+�
� �# �PC�+  !��	kN� 1#��� O�:�:R� �+�3

U�����  .�/�$� 1#  P
� [�3M !��3/ 1# P�&N6 !#��%�� 

L�� � /� 1K�
�  -S
�� /� �C  $ +� !�$&�  �($I /�WM !c � 

�# DF6 (}��
�� /� ����  �/��)29.(  

#1j+�
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