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Abstract. Heavy metal contamination (HMs) of water and soil is the most serious problem caused by industrial and mining 

processes and other human activities. Mycoremediation is a biotechnological method that employs fungi to remove toxic 

contaminants from the environment in an efficient and cost-effective manner. Pleurotus species are considered to be the most 

popular and widely cultivated species worldwide, and this may be due to their low production cost and high yield. It has been 

indicated that Pleurotus species may improve plant growth in metal-contaminated soils through enhancing nutrition uptake or by 

alleviating toxicity of the metals. In this experiment, the fungus was grown in vitro in liquid and solid media for 3 weeks on five 

different concentrations (0, 15, 30, 45, 60 ppm) of five heavy metals (Cd, Zn, Ni, Pb, Mn) as sulphate and the effect of these 

metal on radial growth, biomass production and metal content of fungal biomass were determined. Based on the results, this 

fungus showed a great variety of tolerance against the metals, as that growth parameters were increased in the case of two metals 

contamination (Zn and Mn) and inhibition of growth was observed even at the low concentrations of nickel, cadmium and lead 

(15 mg/liter). The amount of metal accumulation in the fungal mycelium also increased with the increase of the metal 

concentration in the culture medium. In this research, for the first time, the growth parameters and the amount of accumulation of 

heavy metals in axenic conditions have been investigated and described. 
 

Key words. metal accumulation, mycoremediation, manganese, nickel, zinc 
 

Received 10.09.2022/ Revised 28.01.2023/ Accepted 13.02.2023/ Published 20.09.2023   :%9
'	 19 /06 /1401 /    :h<��08 /11 /1401 /    :N#'Q.24 /11 /1140 /    :	
�!��29 /06 /1402 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               1 / 7

https://dorl.net/dor/20.1001.1.24236330.1402.10.2.3.8
https://nbr.khu.ac.ir/article-1-3572-en.html


 �)&C����   " ��-C	.   %&'� J	
K S(�1 D-�)( ��E�9 �'M
.      Mohamadhasani & Rahimi. Investigating the bioremediation of heavy metals by fungus 

 

  123/123 

 

    ��,��  

     �$ ��F  G
�  83 ��E�9  D-�)(  8a-!�  5	
-&3 ��  %-�
=9 5
6

5#�3 #-W� /�=�  
5"
> i�#[!(� " H"j ��E�9 "  #3	
> 

 +��(  

6 �>  "  J	
K  Z> 5
6  5�	"
�>  "  �#-\  �� ��
3  8> 

 �!�<( #�3 %&'�  " +�3  �	 83  #:�  ��   ����� )Colpaert, 

2008; Dalvi & Bhalerao, 2013 ( D'�  ��  ��#3  8d  #$�  .

 5QY�E'	  #�
),  kE�  5"	  "  E)�)�  
D6F  
l�  �)�
�  ��E�9

 ����(  5
6�)'�#9  ��  �=-("  � "���  5�#3  8>  �)!&6 5	"#m

 %W�\  	  
��  �)!&6  �
-�   	�� n@(  8)-03  �C  ��  #1M
3  5
6

 A
*' �	  
a'� " �-1��-&>� Z)1 5
R��" ��� /7-&>� A
=9 5
6 


( 	  A<!�� X'#U ��83 n-(F " k
�\ 	
!�  A�*���"#>
�  5
6

 83  #a)� �!C 
'  "  8!��Q$ ��)�  #o�  �
-$  ��	 #3  �
-$ �1
-C

 ��  �
-$  p#�  ���� )Langer et al., 2012 (  . D'�)d  N"	 

5�#3  PQC ��E�9 D-�)(  "  #'
(  ��)'MF 
6  �)�
�  D3#>"	�-6 

6 

 D\"	 5
6 �!=)�  "  D-�
� "  �MF 5
0��	 �!=)�  ��  S-��

 %&'�   ��"  
 	�   ��"  q-6 O'  ��  D'�  N"	 
6  83  	�U  I�
> 

 #o��  �)!&-�  " 	
-&3  �)!&6  #3  /
��  "  /�#$  
 D'�#3
)3  5�#3 

 5�
&>
.  ��)'MF 
6  ��  %&'� S-��  �
-�  83  ��"	 8)'E6 T> " 

 	
$�
( 
3 �  %&'�  S-��  %()Singh et al., 2020 (	  . 

 A
( 5
6 #-��  N"	5
6  %&'� �'M
.  	�� 8��1 	�#K 8!9#$  " 

 �*'  ��  N"	5
6  /F  J	
K �'M
.  J	
K  .%(� �'M
.  �*' �� 

 N"	5
6  %&'� �'M
. %(� 8> 83  �3�� 8!�
)�  ��� "   83

 5
)=�  � 
�!(� ��  8��$ 5
6  e�![�  J	
K 
6  5�#3  8'Ea1  "  PQC 

 ��)'MF 
6  �� S-�� %&'�  %(�   )Kulshreshtha et al., 

2014 ( .   N"	 ��  �� � 
�!(� D-�)( ��E�9 PQC 5�#3 #�'  5
6

  8>  %(�  /
6
-$  �� D-�)( ��E�9  PQC  5�#3  5	
-&3  /
6
-$

 �� ��  8���  /F  ��  8>   ���  � 
�!(�  /��1  /�1�1  �
-$  83  /��1

   #> �	
�� )Farjadi & Norastehnia, 2021 (.  

    J	
K
6 /��1  8'Ea15 e-U  � #!&$�5 ��  ��� ��)'MF �	 83 

 8:(�"5 �-��1 T'E�Fi	
� 5
6 ����( " 
' �� X'#U HQ� �!&'� 

" ]�a1  ��� ��( 	   �� ��	�  " 	  
�  8�6 %9
' ��  .����

D'�#3
)3 83 ��)'M
.  %&'�  /��),5
6 �3#-W� h#:�  �)!&6

)Akkin, 2021; Mosa et al., 2016(  .  +
�  
3  �9��  J	
K

  ���,Pleurotus ostratus   � 	  "  E�
*'	
$F  8!(�	  kE�

  .%(�  %&-��'�'�
3�'
���1 8��$
65  D'�  ��  c�)!� l)�  	  

HQ�  �!&'�  ��E�9   	�� �(	#3  	�#K 8!9#$  "  r[�� %(� ��� 

8> '�D l)� I-&�
!.  5�	�  HQ� �!&'� �'M
3 5�#3   HQ�

D-�)( ��E�9   %(�)Barros et al., 2007; Mkhize et al., 

2021(  8��� �� . T&-�
*�J	
K D'� I��1 	  I-�  ����( 5
6 

��  
D-�)(  ��E�9  83  %@&�83  /��1   81<� ����(  i	
�  5�
(

  N	
� /"#3 
����( �	��'  83 A
;1� 
8��#!� 5
6��
�-� S(�1

 81<� 
A��( �� 81<� 
D-��-1��
!� S(�1 I(�!-( 	  /��  /��

  A
R!��  "  Is�>�"  83  E�9  A
R!��  
/�-1
1��$  S(�1  I(�!-(  	 

   ���  �	
��  Is�>�"  83  l*�t�>)Fawzy et al., 2017; 

Schutzendubel & Polle, 2002(.  

    8=�
:�  ��  P�6  J	
K  I��1  /�E-�  �3
'�	�  #m
C  5

Pleurotus ostratus  %W�\  83  %@&� 5
6  !�� c����  ��  �"


u(
. �(	#3 " ��
� " ]'
� %�> S-�� 	  D-�)( ��E�9  5
6

  %�
@��  /�E-� "  O�� /�" 
�����>  #:K 8��� ��  J	
K  5��	

J	
K 83 / #3 �. 	�W)� 83 ��E�98���� D'� �'M
. .%(� �d	
K 5  

 

   9�� � �'�� 
�  

  ��,: ��
  ;	
< ��8 Pleurotus ostratus  ,�
* !#.���

MMN  =��
�' !�'�/��  

 ,�
* ��8 !#.��� >? ��8� �5�
  >
@�' �#1"MMN 

      �9��  J	
K  8&(��  ��  ��!3�  
J	
K  D'�  �(	#3  	�W)�  83

  5
6	Q3  P�#U� 	  ��� � �  ��	 J	
K /
�#> 	  (E@( ��*6 )

  (/
t(�)  J	
K  I'#!(�  +�)$Pleurotus ostratus   .��  8-01

   "�C5    
17  #!(�  <�
>  S'�#�  	  	Q3Z'�'#!.  /"	  I'  5
6

  ��
�  %�>  S-��  5�!��MMN    /"	  lt("  ��  � � 	�#K

  5
�  
3 	�1
3�*��25  �!�
( 8�	   ��� 83  �#$3    %9#$	�#K 8!�6

+�-�&-� 
1 %�> w:( " � #> ��	 %�> S-�� 	  �d	
K 5
6

I*�  )  ��#-$  �#9  �	1.(   3�',�'�#A
"  ��#B  �C�D�
�   E�
F�

,/�  G�
�  ��  �#$%�  &'(��  !��"  �#$%�  (��  �/
H�'  �  �

 ��
  Pleurotus ostratus   

IJ%� �
���
8
� ���
K  ,/� 

 3�',�'��#B ,/� �L  ����8  ��
  !#.��� ,�
* 

      ��
�  %�>  S-��  8-01  ��  l.MMN   %W�\  5"
C  5
6

 )0  
15  
30  
45  
60  ppmO��  ��  O'  #6  ��  ( �
���(  5
6

 ) D-�)( ��E�92+Zn  
2+Mn  
2+Cd 
  2+Ni 
  +2Pb ( 
   O&' 5
6  

11   5#!�-�-�   ��   8-�
C   8����   %�>   ���   J	
K  Pleurotus 

ostratus   8>   5�	�    ��	   A
=9   �� �)�
3   ���   ���   "   83   E>#�  

 Z'�'#!. 5
6   5�!��   S-��   %�>   ��
�   5"
C   ��E�9  D-�)( 

  	�"   �� .   lt( .�� � 
�!(� 	�#*1 8( D-�)( E�9 %W�\ #6 ��

 Z'�'#!.  8> ��
�� 
1 " ��� ��-��. ���-)-���F I'�9 S(�1 
6

 K Z'�'#!.  	  ����> #: 83 (E�9 #6 �� #�� %W�\) A#!)> 5
6

 �!�
(  %�6  5
�  	  �(#3  #!�25   �!�
(  8�	  	�#K   �#$

 x'#,  	  ����>  #6  #:K  lt(  .�)!9#$ S�  
3  %�&K  D'#1

  %K  
3  Z>1 /0   �!�
( ������  #!�  �� 5#-$ )Thompson & 

Medve, 1984 (.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
3.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

br
.k

hu
.a

c.
ir

 o
n 

20
24

-0
4-

28
 ]

 

                               2 / 7

https://dorl.net/dor/20.1001.1.24236330.1402.10.2.3.8
https://nbr.khu.ac.ir/article-1-3572-en.html


8!9
' ��� 
�!&'� +��, 	  D'�� 5
610 �	
�� 
2 :128 -122 )1402 (Nova Biologica Reperta 10(2): 122-128 (2023)                                                     

 

124/124 

 

 ��8 !#.� �� �M� ��8 �' =:
+ �5�
  �
� ��#�#�� ��8  

 N�
�MMN 

   O&' �� 5"
&� 5 ��=1�	
)>�� ���-�&-� 5
6+�-�&-� 5
6-

  ��
�  S-��	  8!9
'  ��	  5
6 MMN 83  I'#!(�  S'�#�  	 

D�	�%W�\  5"
C  ]'
�  %�>  5"
C  5
6)  �"
�!�  5
60  
15  


30  
45  
60  ppm)  D-�)(  ��E�9  ��  (2+Zn
  2+Mn  
2+Cd  

2+Ni
  2+Pb D�	�  .���' #$  IR!)�  (  ���  83  
63    	  8!�6

5
�  	  "  	�1
3�*��  25  �!�
(  8�	   
1  ����  � �  	�#K   �#$

 +�-�&-�  .��#-$�#9  �	  ]'
�  w:(  "  8!9
'  ��	  ]'
�  S-��	  
6

  %�Q$ �� �=321  +�-�&-� �"	 D!&� �� l. " ��� 8!�� #3 
6

  5
�  	  "  /"F  /"	  	  #:R�  HF  	 105  �!�
(  8�	   �#$

  
3 "��#1 S(�1 lt( " O�� %K0001/0   .���� /�"  

 IJ%�  ��O%� ��#��#�  

     +�-�&-�  /��  O��  ��  l.  5
�  	  
6105    8�	 

 �!�
(+�-�&-� 5�-(� Tz6 
/"F S(�1  �#$ �� � 
�!(� 
3 
63 

 ��-�  #!-�  O'#!-��-(�  {-�\   "1    #!-�  ��-�HF    ��� 8324  

 ( ��  +
a��  %,
 %0� 
5�-(�  Tz6 ��  I�
C A���� lt( .

 
3  5#;), Za)(  � 
�!(� ��  �
�!(  !9"#!*t(�5#!��  HQ� 

   A�� ��1�Shimadzu AA-670   %9#$ 	�#K � 
�!(�  	�� 

 )Blaudez et al., 2000 (.  

 

�� P   A
"  �'  =:
+#�   �C�D 
��  $%�  (��  E�
F� #�   ,/�  ��

 � #� #� #��    ��
 Pleurotus ostratus  

1-  

� � P   �',�' 3 ��#B  ,/�  �L   ���8 �  ��
   !#.���  ��8   ,�
*  

     
!� ' b   I�
C   ��   (	#3 �   o
1-#   W�\ % 
6 5   e�![�   b).  E�9 

 �)( -D   � E)�) 
   H#( 
+�-� 
> 
5"	   "  � - I*   #3  #:K   ���> �  	   

 A"��   �	
��   )1  ( � 	"F   ���   %(�  . (	#3 �    �  � 
6 
   Z6
>   �)=�

 " 	�    	�1 ' a �   #:K   ���> �   �	   	    #o�   1 - 	
�   #�
),  D-�)( ��E�9 

 ��  @K - I     E)�)� /
��    �   .%(�  � � ' D   Z6
>   E)�)�  	�� 	    ��

 /
�6   %W�\   ��!3� �'   )=� � 	�     �3    A"��)1 .(    5"	 E�9  	�� 	 

 � 	�  �)=� 
6 %W�\ �� O' q-6 	  Z6
> D'�  . �@ 	     	��  E�9  

 � - I* H#( " +�-� 
> 
   �- E   6 - q   ��	 5   ��   ���> �   ��6
��   ���  

 )  I*�2.(  

2 -   �',�' 3 ��#B  >�� R�<  ��#��#� !#.��� 
� �N 

     I�
C b'
!� �(	#3    O�� /�" Za)( �� +�-�&-�  /
�� 
6

 #!��	
. D'� 	�  �)=� Z'�E9� 	  E)�)� " 5"	 #;), "  8>  � 

  Z'�E9� D'� E)�)� #;),  	�� 	  8> 5	�U 83 8!��  #o� 5��	

 �)=� �6
� 83 %@&�  " 	� 09 /79    �6
� �"#$ 83 %@&� ��	 

  
�6
�  �"#$  5
)|!(�  83  
��E�9  8-R3   	��  	  .%��  Z'�E9�

  ��6
��  
6  %W�\  ��  O'  q-6  	  �����>  ��  5��	  c��  q-6

 ���    ) A"��   �	
��  2.(  

3 -   IJ%�  ��O%� ��#��#�  

     �(	#3 b'
!� I�
C � �  	  D-�)( E�9 %�
@�� +�-�&-�  J	
K 

/
��  %�> ]'
� S-�� 	  D-�)( E�9 %W�\ Z'�E9� 
3 8>  � 

  %9
'  Z'�E9�  J	
K +�-�&-� 	  E-� E�9  /F 5��!�� 
J	
K 	  "

  %W�\60   ��-� %@&� E)�)� " 5"	 ��E�9 %�
@�� #!-� 	  +#$

 �)=� �6
� �"#$ 83. �3 	�  

  

   

 
 =4/1- I�
C �d	
K 5
6 +�-�&-� ��	  ��
� %�> S-�� 	  /
t(� %�> ��MMN .  

Figure 1. The growth of fungal mycelium resulting from spawn culture in MMN solid culture medium. 
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Table 1- Mean comparison of the colony diameter of Pleurotus ostratus mushroom grown in MMN solid culture 

medium containing heavy metals based on Duncan's test. 
 

Metal concentration 

(mg/l) 
Mn Cd Pb Ni 

0 6.8±0.11a 6.5 6.9 6.85 
15 4.5±0.80ab - - - 

30 3.4±0.14b - - - 

45 3.3±0.13b - - - 

60 3.8±0.25b - - - 
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Treatments with the same letters are not statistically different. 
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Figure 2. Growth of mushroom mycelium in solid culture medium.  
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Table 2. Mean comparison of dry weight (mg) of Pleurotus ostratus mushroom mycelium grown in MMN liquid 

culture medium containing heavy metals based on Duncan's test. 

 
Metal concentration (mg/l) Zn Mn 

0 70±0.02ab 66.2±0.02b 
15 66.6±0.01ab 118.5±0.01a 
30 99.8±0.03a 78.2±0.01ab 
45 38.8±0.002c 75.4±0.01ab 
60 24.5±0.003cd 58.8±0.008b 
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Treatments with the same letters are not statistically different. 
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Table 3. Mean comparison of the metal content (mg/gDw) of Pleurotus ostratus mushroom mycelium grown in MMN 

medium containing heavy metals based on Duncan's test. 
Metal concentration 

(mg/l) 
Zn Mn 

0 0.1723±0.15b 0.0649±0.02b 
15 0.1597±0.02b 0.2431±0.03b 
30 0.2598±0.03b 0.4854±0.14b 
45 0.3432±0.02ab 0.8221±0.27b 
60 0.5032±0.04a 2.623±1.49a 
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Treatments with the same letters are not statistically different. 
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