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Abstract 

The aim of the present study, considering the increasing level of heavy metal pollution 
and their impact on the environment, was to evaluate the bioaccumulation of heavy 
metals mercury, zinc and nickel in soft tissues (muscle and hepatopancreas) of the blue 
swimming crab (Portunus segnis) on the coasts of Makoran (Bris, Pesem and Tis). 18 
crab samples and 9 surface sediment samples were collected in the winter of 2019 and 
the concentrations of mercury, zinc and nickel in the hepatopancreas and muscle tissues 
of the crab and sediments of the sampling areas were measured by atomic absorption 
spectrometry. In all three stations, the concentration of zinc in the hepatopancreas was 
higher than in the muscle and there was a statistically significant difference between all 
stations (p < 0.05). The overall average accumulation of mercury, zinc and nickel metals 
in mg/kg in hepatopancreas was 0.85 ± 0.7, 240.81 ± 101.41 and 69.24 ±  33.58 in 
muscle 0.37 ± 0.04, 78.45 ± 14.02 and 33.01 ± 9.12 and in sediment 0.96 ± 0.6, 26.4 ± 
14.45 and 21.49 ± 6.21. The pattern of heavy metal accumulation in tissue and sediment 
was obtained as mercury < nickel < zinc. Comparison of metal concentrations in the 
muscle of the blue-swimming crab of the study area with international standards (UK 
MAFF, FDA, NHMRC, WHO and FAO) showed that the mercury concentration was 
lower than the NHMRC standard and close to other standards, the zinc concentration 
was higher than the permissible limit compared to only some standards, and the nickel 
concentration was lower than the permissible limit announced by the FDA. Therefore, 
the consumption of the studied crab meat in terms of mercury and especially zinc may 
be harmful to health. Comparison of the average concentration of heavy metals in 
sediments sampled from the stations with sediment quality standards showed low 
concentrations of zinc, nickel and mercury. 

 
Keywords: Heavy metals, Blue-swimming crab, Makoran coasts, Hepatopancreas. 

  

  

Journal of Animal Biology, Spring 2025; 17(3):109-122 
 

ISSN: 1735-9724 

Research Article 



������� 	
���� ����� ���������� 	 ���	  ����1404	  ���� 122-109 	$%��&�� ' ��(�%)�% 

 

110 

 

  

*�+, 
�-.%  �%/01 �2��� �3 4&( ' 
'� 	��(� 5(-���1����6�7)8 �) 
  ��9 ):���

)Portunus segnis ($%)=&> 4?%�� �3  

����> 	��(�%)�% @��  	��,�, ��A�>���B. $%)�>*  

���� 	
����� ����� ����� ���� 
 �������� 	����� ������ ���� 	������ ���� � !"#���� ��  
*%�&�' ()*�' :loghmani.mehran@gmail.com 

 :�,��� -��*29/08/1403                           :3��45 -��*25/01/1404 

DOI: 

��(&7  
(�7�, ����89 #�7:' ;��7,� <� <=�* � #9 �:>?* 
 @:�!  A:B' �� C ����� �DE <F8G' H�C IJK* ������ (�7�, �L���

 �� M�:� 
 �
� �	�:= @:�! �,�C) ��9 ��!" O!��P (R����5�*SC 
 <�T�) ��� �Portunus segnis ME��  �� (

(U:* 
 �75 �U���) #���'  .���	�KC  
 O!��P <��J�9   #L�'� �� �BG  W� � <��J�1399 IJ= (�7�, �X�Y 
 ��
9

 �� M�:� 
 �
� �	�:=�,�C<��J� Z[!' (�� � 
 O!��P <�T� 
 R����5�*SC � �J*� W4= 	�L � A �* ������

	����� 
 ��� <�T� �� ;:� R����5�*SC �� �
� 7�, �X�Y �	�L��� <  �C �� .�" ��:��!F' ��'9 H\LP� �J* @:� ����

	�L����"�� ��=
 C )05/0p < ( ]�E �� M�:� 
 �
� �	�:= (�7�, IJK* ��^ @:��:' .��:'���/ �����:^ R����5�*SC ��

 �]:*�* <�7/0	± 85/0 �41/101	± 81/240  
58/33	± 24/69 a <�T� ��04/0	± 37/0 �02/14 ± 45/78  
12/9	±	01/33  


��  W� �6/0	±	96/0 �45/14	±	4/26  
21/6	±	49/21 	�:= (��b <� W� � 
 �,� �� @:�!  (�7�, IJK* ���8� .���> 

M�:�> @:� �C�����L � � <F8G' ���' <cG!' ��9 ��!" O!��P <�T� �� (�7�, �X�Y <��c' .�'9 � � <� �
� ���J8�

UK MAFF) �FDA �NHMRC�WHO  
 (FAO <^ ��� #�� @:�5 �	�:= �X�Y �����L � �� �*NHMRC  <� d��7� 


 	��� �K' �E �� �*e� C�����L � �� �TF� Ac, � <��c' �� �
� �X�Y �C�����L � ��  �E �� �LJ^ 7:� M�:� �X�Y 


 A �* 	�" �\�� �K'FDA  �	f�
 <� 
 	�:= �X� �� <F8G' ���' O!��P �"�� H�g' �@����!� .��� ���� � � @�J' �
�

<��J� (�� � �� @:�!  (�7�, �X�Y @:��:' <��c' .�"� �T' �L'\ 	�L��� �� 	�" ������ �:h:^ �C�����L � � C

.�"�� 	�:= 
 M�:� 
 �
� �X�Y #��� @:�5 �� #�� �W� �  

 :
�(0E ���0E7�, (���!" O!��P �@:�!  R����5�*SC �#���' ME��  ���9.  

@>�B>  
MJE �:�' #J� ����<8�JB' Mc�
 � � �Lh� �C

 
 #L�:  #L � �� �#��i�j' ��E  AP �� 


:�P #���� �k�" W�!= �� 
 #L����� ���9 ��!� 
 l

	�" Ik�
 ���� <� ���� l:�P 	f�
 �:JC� .���

 #9 �� W9 �
�B' 3��� 
 ���'� M�" M:8�

�' .�"�<=�*�<� �:8F, ;��7,� �C 
 ��K*

�' �XL�� ��:P� <C� �� �LF!b <^ �
��:8F, @�� C

 ����� 
 ��E  (�� � �� ����� ����89 IJK* ��

) ���4�� �:>?*1(	�!�e9 . I�!b �� 	�"C� �C

<�(��b <* �L�� �
� 
 	��� W9 �� %��B' 
 @:��

������� 	
���� ����� ����� ����� 	���	  ����1404 	 ���� 122-109 

ISSN:  9724-1735  

�F�'GH @.�B> 



������� 	
���� ����� ���������� 	 ���	  ����1404	  ���� 122-109 	$%��&�� ' ��(�%)�% 

 

111 

 

�' W4= 	��� (���=�' A �* �US ) ���"2.( 

 ���� ���= M��' d� ��� (�7�, <� ����89

<�7K* ��� ��:J  M:8� <� 
 � � ��9 nL�: �^�  


o�7�J��� 	�:K�� �� �L���  ����* ���� ����4Y

���� �7�9 (���=�' ���� 7:� ��= �G:B'

�' W��B' ��E  Z[!' .��"<�#��!�  	�"�
�5

 MJ� 	��� (���=�' �� ��:�� ���� ������ 	�
�

�' 
 �!^<��@�]:*�*�' ����89 @�� � nL�: �^� ����*

 �� (\:" (��:8�* 
�B*>?*�: �C� ���k )3.( 

 (���=�'p^��  q7=��=����45�  �b!� 
 I'��=

���4Y 	�:K�� �*:E (��::r* <� �)�� <^ ���

���� s�G  �(�� � .�!L�C R�E �:�� ���

�' <L")�� ��P �� �� @:�!  (�7�, �� ��e� 
 �!!^

 (���=�'p^��  �� (�7�, IJK* <� M�J*

�,�C����� ��P #�� ����!� a@� �p^�#�  �� ;:�

, t�F' �� �
!" (���=�' .�!L�C @:�!  (�7�

O!��PIJ= �� ��e� M:��L5 C �� (�7�, ��
9

����� A:B'���!� a@��' �#9 #��* �� C<�#��!� 

 �� �:>?* 
 �b!� @�� �X�Y ;�5 ���� �gP"

 <� ���9 A:B'�^ ��� )4(. ����� �Z:cB* @�� �� ��C

 7:8�9 ���� O!��P <�T� 
 R����5�*SC Mu'

:�!  (�7�,#9 n�' ;c� M:8� <� @ 3����5 �� C

) ���" WvL�� ��L��� ����  �C�!���, w����5 .(

 7L!  �� @:��:*�8L' �� ��e� s�G  R����5�*SC

�' #9 ;c� � <^ �!^<�#��!�  � A)*�' n�' �,� d�

n  ��FL' (F8G' .� � ���  @:�!  (�7�, �����

 #��� � 	���  (�7�, IJK* �� R����5�*SC <^

	� �� p�Lv') ���� ;c� #�56 ����� ��  �� .(

 �,�<��gB!'��, <x:C' W��G' �:h:^ M:8� <� ���

 	�' d� �yP 	7' 
 nF[ 
3����  
 	��� ���4Y

	f�
 	��= O!��P �"�� :�� Z[!' �L�:� �� ��

#���L � ����� �C�4Y @:� ��) ���� C7.( 

Portunus segnis  O!��P ���!"� �� ��� �

<��� �� �F: 
 	�L�� �� <^ � � ��K* n�' �C

 ���� ��!" <�J= �� 	�k (\, 
 ��E  Z[!'

	�L��� <cG!' �� ����� p�� �C�'
�7=�  ZJ� *

50  
 ���vL"�� ]�Y� �<��� @�� .���� ��TE �L'

��� �� �	�J� ��[ <� 
 � � �7h^�� #!* 
 	�!)

�� �����' <�4r* #���' %  �� .�!^2013  #�7:'

 O!��P @�� ���= �:b200�000  	��� @* <� .� �

 �X�Y ;K!  �#9 ��gLk� 
 ���4Y 3��� M:8�

 ��9 ��!" O!��P ��\T� �,� �� @:�!  (�7�,

) � � n�' �:��4(.  � ��� <F8G' @�� �� H�C

 �� M�:� 
 �
� �	�:= @:�!  (�7�, �X�Y

�,�C  O!��P ��� �P. segnis  #���' ME��  ��

�' (U:* 
 �75 �U���).�"�  

 ' 3%�>I'���  
<���X!'  �� @:�!  (�7�, �X�Y � ��� 
 <F8G'

) ��9 ��!" O!��PPortunus segnis<��J� ( ������

 �8J" ME��  ���L'� �� U:* 
 �75 �U��� ME��  ��

 % ) #���'1399.�" �K�� (  ��:,��r= �:Fk�'

	�L��� 	�L � �� 	�hL � � CGPS  %�'GPSMAP 

64S ����� �)>  M�")1.( �US  �J* <��J� �C

IJ=�
9�	�" 	�L��� d:�h* <� #
�� <)F= �C

 <� -� ���5 �
EIJLK' McL!' �C���'�9 ���" .
<8�8 H
�z �� 	�hL � � 7:� �BG  (�� � ��

IJ= 	�L��� �C �� ����* <  �� #��8, #
�� 
 ��
9

d:L \5��5 �C<)F= �� �!�:*� -� ���5 �
E �C

 .���" 	��� %cL�� 	���'�9 <� �� M)k 	���'�9 ��

�' H
�z 
 M� 
 �J* ��L�� ��^ w
�" �:� ��

<�:" ��:L \5 
 ��<��k�  �: � 
 ��� W9 �

 d��L:�10  � �b�� �d������^�:  � ����� �� 


 (�' <� 
 ���" ��L�" 	7:���� W924  �� �� 

 #
960 �L�  <=�� �US  .������� d�P ����

O!��P W9 � <����= ��[ <� 7:� 	�L��� �C �C



������� 	
���� ����� ���������� 	 ���	  ����1404	  ���� 122-109 	$%��&�� ' ��(�%)�% 

 

112 

 

�" ��L�" M'^ ��[ <� 
 	7:����) ��8 �� U5 .(

 �'J* �<,D� W9 {
�P ���� �,^ #'� �"4�

<��J�#9 ��L'�:� �US  
 ���4��^ C .�" �K�� C

 t�� 
 %�[��^5R <��J� U:8�^ A �* C� �k� 

01/0 #9 M^ #�
 
 �LJ:�:' �
���* �� 	�hL � � C

%L:K��AMD �EK-610i � �k� 01/0  ���

	�����) ��:�9 �'� �� 
 (20 - �L�  <=�� * ����

 ������� ��:J:" nTC 
 7:8�9 <�E�' <� #�: �

 .���"<���X!' <��J� ��:J:" nTC ��� �,� ��L�� �C

) 	��^ ��= �� (R����5�*SC 
 <�T�)8 ( #'� * 


	����� ��= �;�'�9 �K�� (�7�, �X�Y ��:�

@:�!   �'� ��20- �L�  <=�� ���� 	��� ���k

) ���"9.(  

5(-�� �%/01 K+�� :<��J� ��:J:" nTC ��= C

 O!��P (R����5�*SC 
 <�T�) ��� �,� ��L��

 ��=d�P#��^ <�:" #
�� MP�� �� ��  �C

 �'� �� #
960 �L�  <=�� (�' <� ����48  �� 

<��J� �US  .���" 	��� ���k #
�� 	�" d�P �C

#|�JC ��= �!:� #
C  ���� * ������� ���5 #��^

�K�� ��= ���" 	�'9 ��:J:" nTC  ��:J:" nTC

<��J� 	�" ���5 <��J� ��� d� <� �C6 ��:' �: � �L:8

) }:�Y d��L:�65 U5 .�" <,D� (�b�� �� H�b 

#'� Mk��E 3 ���  ��= MJ� �K�� nTC 

�*'�c' �� �'� �~*� nTC ���� M'^ <��J��� C 

�:�5 ��� �� �'� 140 <=�� �L� ���� <�  (�'5 

��  .�" 	�hL � 

 �� U5 �J*� MJ� �nTC <��J�C  ���k '�� t�F' ��

�,�� 
 @�� �� M)k <^��[ <� �� ���" d�P M'^ 

�
� �:�5 ��� ���" <L"����. <��J�C � �: �  d��L:�

04/0 Z:k� ����" US  A �* 4Y^ �,b @J*�
 42 

#
��:' 	����� Hb 
 U5 �� %cL�� <� @8��C 

nKE�K!  25 ��:'��L:8 � �Gc' W9 <� nKE 

	�� �  ���")9(. ��= 	�������:� (�7�, �� 

<��J��C MbE �� nTC ��:J:" A �*  	�L �

p:[l!  W4= %�' �J*�  Spect Varian AA220 

	�hL �  .�"  

L��� �3 5(-�� �%/01 K+�� : @::F* ��=

<��J� �M�:� 
 �
� �	�:= (�7�, �X�Y W� � �C

 d8� � 
 ����� d�P A:B' �'� ��63  #
��:'

 �US  .�" d8�1  #�
 �� 	�" d8� W� � �� ���

��5 H�z MP�� <� 
 	��^ �� �[��v' 
 <Lv�� @�:*�

 
 d�������,�: � �d��L:� �: � M'" �: � < 

 �d������^�:  ���c' <�8 �2  
4 ��:' #9 <� �L:8

 �'� �� ��  d� (�' <� �L:C �
� 
 <,D�80 

�L�  <=�� 
 ����3  �'� �� �� 150  <=��

�L�  ���k �����" 	��� � nTC MJ� * .��" �K�

<��J� �US  	�J" @J*�
 �L�:, �� 	�" nTC �C42 

#�� W9 � ����� �� 
 	��� ��)�� 	�" ����� nKE <

25 '��:�L:8  	�� �	����� ���� .�" �X�Y ��:�

 �J*� W4= ��L'�L,
�L�S � 	�L � �� @:�!  (�7�,

p:[ 3
� ��!Y #
�� �J*� W4= �K!   �� 

 ]�E �� @:�!  (�7�, �X�Y 
 	�hL �

���
��:'/) �" <) B' d�P #�
 ���10 .(  

/+,@�4(0�,' �3%3��: ��� dJ^ <� ��7,�SPSS   <v��

22 	��� #��� %'�� �� #!:J[� �� �F� 
 �" �K�� �� C

 H
���J8�^ #�'�9 Z��[-  � ��� ���� �H���:J �

�!F' ��'9 H\LP� 
� @:� @:�!  (�7�, IJK* ���

 #�'�9 �� �,�t-test   ��'9 H\LP� � ��� ��= 


 #�'�9 �� �	�L��� <  @:� @:�!  (�7�, �� ���^ �C

��
 7:8�9d� U��) <,�[ANOVA (��b�� 
 (

 ��=
�!F' ��'9 H\LP� ����Z:k� � ��� ��= �*

�!F'	�L��� @:� ����U5 �� �C 	�hL � �^�* #�'�9

 (�7�, �X�Y @:� ��L�)JC � ��� ��= .�"

 #� �:5 ��L�)JC #�'�9 �W� � 
 �,� �� @:�! 

��� �C����J� n � �� 
 M�^� ��7,�2013 )Excel, 

2013�,�����k 	�hL � ���' (. 



������� 	
���� ����� ���������� 	 ���	  ����1404	  ���� 122-109 	$%��&�� ' ��(�%)�% 

 

113 

 

  

 
 M�"1 -  ��:,��r= �:Fk�'�	�L���C <��J������� ��9 ��!" O!��P  

Fig. 1. Geographical location of blue swimming crab sampling stations 
N��2  

���� 6�7)8 �+����9 ):��� : �� MbE l�L�

���� #�
 
 R5��^ t�� 
 %�[ �K! 

<��J� �� O!��P �C�	�L���C  d:�h* <� p�Lv'

 %
�= �� �:�!=1 � � 	�" <���� . H\LP�

!F'�����  #:'�	�L���C  �C�L'��5 <��c' ��

������ 	�C�' ;K!  ���' )05/0p > .(  

 *�+, ' @0OP �1�� �3 ��(� �2���Q%)&�H�,�R�: 
 %
�=) l�L� Z)[2  M�" 
1 �� 	�L��� <  �C (

 �,� <� �)��  	�:= �X�Y R����5�*SC �,�

 	��� �*e� <�T�� �  @:� 	�:= �X�Y M^ @:��:' 


 �<�T� �� 	�L��� < 04/0	±	37/0 

��:'���/ �R����5�*SC �� 
 �����:^7/0	±	85/0 

��:'���/ #�'�9 l�L� .�'9 � �� �����:^#�� <^ ���

 	�:= 7�, @:� 
 <�T� �,� R����5�*SC 
� ��

�!F' ��'9 H\LP� �k, U��� 
 U:* 	�L��� ���

 ���)05/0p >( . �'� �,� 
� @:� �75 	�L��� ��

�!F' ��'9 H\LP� 	�C�' ��� �")05/0p <( . l�L�

 #�'�9ANOVA � 	�:= 7�, ���� #�� <�T� �,� �

 ��'9 H\LP� ����� 	�L��� <  @:� 7�, @�� <^ ���

�!F' 	��� ���U5 .� � 	�:= 7�, ���� �^�* #�'�9

#��	�!C� �!F' ��'9 H\LP� ��=
 <  �C @:� ���

��� 	�L���  
 @:� 7:� R����5�*SC �,� ��

	�L���<��J� �C�!F' ��'9 H\LP� ������ ���

 � � <L"�� ��=
)05/0p <(.  

*�+,  Q%)&�H�,�R� ' @0OP �1�� �3 
'� �2���

6�7)8:  �C �� �
� 7�, <^ ��� #�� � ��� l�L�

 
 @��L�:� ����� R����5�*SC �,� �� �	�L��� < 

� � �X�Y @��LJ^ ����� <�T� �,� �� l�L� .

 �,� �� �
� �X�Y M^ @:��:' 
 <�T�

<� 	�L��� <  @:� R����5�*SC �]:*�*02/14	±	

45/78  
41/101	±	81/240 ��:'���/^�����:  <�

� � �'9 ) %
�=3 .(#�'�9  �,� 
� @:� ��'9

 �� R����5�*SC 
 <�T�� �C	�L��  H\LP� �����

�!F' � � 	��� ���)05/0P<( � Z)[ @:!xJC l�L�

 <�T� �,� �� �
� �X�Y ���� ��� H\LP� ��=


�!F' ��'9	�L��� @:� �� ��� #�� <F8G' ���' �C



������� 	
���� ����� ���������� 	 ���	  ����1404	  ���� 122-109 	$%��&�� ' ��(�%)�% 

 

114 

 

 ���)05/0p >  .( �� �
� �X�Y ���� #�'�9 l�L�

 R����5�*SC �,�#��	�!C�  H\LP� ��=


�!F'� � 	��� ��� ) M�"2.(  

 *�+,Q%)&�H�,�R� ' @0OP �1�� �3 4&( �2���: 
 l�L� R � �� M�:� �X�Y @��LJ^ 
 @��L�:� �C ��

	�L��� �� d�R����5�*SC �,� �� �]:*�* <� C  


 �X�Y M^ @:��:' .�" 	�C�' <�T� @:� M�:� 7�,

:*�* <� R����5�*SC 
 <�T� �,� �� 	�L��� <  ]

12/9	±	01/33   
58/33	±	24/69 ��:'���/ �����:^

) �" 	�C�' %
�=4(.  #�'�9 l�L�t-test  ��� #��

<^  ������!F' ��'9 H\LP� 	�L��� <  �C �� ���

�' �,� 
� @:� �"�)05/0p < ( . #�'�9

#�� <�T� �,� �� M�:� �X�Y ���� U����
7:8�9 

 ��=
 	�!C�	�L��� @:� ��'9 H\LP� 
 U:* �C

�!F' �75R����5�*SC �,� �� �	
\� <� ��� ���  @:�

	�L���<��J� �C�!F' ��'9 H\LP� 7:� ������ ���

 �'9 � �� M�")3.(  

 3��> ST��> ������ �3 5(-�� �%/01 �U0V

@W.�X>: 7�, �X�Y @:��:' l�L� @:�!  (� ��� #��

 �75 	�L��� �� �X�Y @��L�:� 	�:= 7�, ���� <^

88/0	±	46/1 ��:'���/ �����:^ 	�L��� �� @��LJ^ 


 U���25/0	±	63/0 ��:'���/ �����:^ 
 � �

 	�L��� ���� (�� � �� �
� 7�, �X�Y @��L�:�

 U���31/18	±	25/41 ��:'���/ �����:^ @��LJ^ 


 U:* 	�L��� ���� �X�Y52/1	± 74/18 

��:'���/ �����:^ @:!xJC �" �)>� IJK*�L�� 7�, 

 	�L��� �� M�:� U���87/1 ±	81/27 

��:'���/ �����:^ @��L�:� ����� �75 	�L��� �� 


 �X�Y @��LJ^85/3	±	45/14 ��:'���/ �����:^ ��

� � <L"��   M�")4 .( #�'�9��9   <^ ��� #��

 	�:= �X�Y ��'9 H\LP� �k, 	�L��� <  @:�

�!F'� � ��� )05/0p > (  Ac, M�:� 7�, ���� �8


 7�, ���� 
 U��� 
 U:* 	�L��� � �75 	�L��� @:�

  @:� �
�  �75 
 U:* 	�L��� 
� � U��� 	�L���

 H\LP� ����!F'���� .����� 	�C�'  

 �3 �%/01 �U0V 5(� �-2�Y���1���� L��� ': 
<��^��[�  @:� #� �:5 ��L�)JC #�'�9 R � ��

 
� �� ��9 IJK* #�7:' 
 (�� � �� (�7�, �X�Y

 ��9 ��!" O!��P R����5�*SC 
 <�T� �,�

 ��L�)JC!F'�����  #�� ��8
 a�����  �� �P��

 W� � �� 7�, 
� @:� ��L�)JC!F'���� � � <� 

 <� <^ �'9�h*d: ��  %
�=5 #��	���	�" � � .
  

�= %
1-  @:��:'± ���� �C��L^, �:F' H��B��	�L��� �� O!��P �K! <��J� �C������  

Table 1.  Mean ± standard deviation of biometric factors of the crab at the sampling stations 

 Beris Pozm Tis 
Carapace Length (mm) 66.32 ± 12.36 65.32 ± 12.67 67.17 ± 9.87 
Carapace Width (mm) 105.45 ± 23.22 116.33 ± 23.17 113.21 ± 18.13 

Weight (g) Male 213.41 ± 65.11 241.30 ± 50.25 185.59 ± 55.87 
Female 119.13 ±17.14 182.65 ± 77.83 155.17 ± 48.26 

%
�= 2-  <��c'@:��:'	± �X�Y �:F' H��B�� ) 	�:=��:'���/ (�����:^ ���,�� ��� ���' �C 

Table 3.  Mean ± standard deviation of mercury concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  a 0.45 ± 0.71 a0 ± 0.055   a 0.08 ± 0.34  0.37 ± 0.04  
Hepatopancreas   a 0.73 ± 1.24 b 0.66 ± 0.73  a 0.05 ± 0.57  0.85 ± 0.7  

 
  

 %
�=3- @:��:' ±	�X�Y �:F' H��B�� ) �
���:'���/^�����: (�,� ��� ��� ���' �C 

Table 3.  Mean ± standard deviation of zinc concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  b 10.09 ± 77.83  b 16.58 ± 70.27 b 7.93 ± 87.25  78.45 ± 14.02  
Hepatopancreas   b 125.13 ± 240.21  a 74.07 ± 217.07 b 106.48 ± 265.15  240.81 ± 101.41  
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�=4- @:��:'		±�X�Y �:F' H��B�� M�:� ��:')���/(�����:^ �,� ��� ��� ���' �C 

Table 3.  Mean ± standard deviation of Nikel concentration (mg/kg) in the analyzed tissues 

 Beris Pozm Tis Total Mean  
Muscle  a 2.92 ± 23.81  a 9.95 ± 37.23 a 4.78 ± 37.98  33.01  ±9.12  
Hepatopancreas   b 13.75 ± 55.76  b 21.98 ± 64.58 b 49.26 ± 87.38  69.24 ± 33.58  

  

 %
�=5- �,� �� (�7�, �X�Y @:� ��L�)JC <��c'W� � 
 C 

Table 5. Correlation comparison between metal concentrations in tissues and sediment 

 
Hg 

Hepatopancreas 
Zinc 

Hepatopancreas 
Nickel 

Hepatopancreas 
Hg 

Muscle 
Zinc 

Muscle 
Nickel 
Muscle 

Hg 
Sediment 

Zinc 
Sediment 

Mercury 
Hepatopancreas 

Correlation 

Significance 

Zinc 
Hepatopancreas 

Correlation 0.223 
Significance 0.375 

Nickel 
Hepatopancreas 

Correlation 0.226 0.602 

Significance 0.368 0.008 

Mercury 
 Muscle 

Correlation 0.286 0.247 0.025 

Significance 0.250 0.324 0.920 

Zinc 
Muscle 

Correlation 0.107 0.258 0.264 0.268 
Significance 0.672 0.302 0.290 0.282 

Nickel 
 Muscle 

Correlation -0.049 0.100 0.392 -0.438 0.406 

Significance 0.846 0.694 0.107 0.069 0.095 

Mercury  
Sediment 

Correlation 0.095 -0.022 -0.140 0.000 -0.235 -0.092 

Significance 0.807 0.955 0.720 1.000 0.543 0.814 

Zinc  
Sediment 

Correlation -0.106 0.077 -0.064 0.182 -0.075 -0.674 -0.246 

Significance 0.785 0.845 0.870 0.639 0.847 0.046 0.523 

Nickel 
Sediment 

Correlation -0.131 0.503 0.631 0.201 0.308 -0.220 -0.484 0.655 

Significance 0.736 0.168 0.069 0.604 0.421 0.570 0.187 0.045 
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 M�"1-  @:��:' <��c'	�L��� @:� R����5�*SC 
 <�T� �,� �� 	�:= �X�Y<��J� �C .������#�� �!JC� H
�E�!F' 	�!C� ���

#�� #�JC H
�E 
 #����!F' ��� 	�!C�.� � ��'9 H\LP� ����  
Fig. 1.  Comparison of mean mercury concentration in muscle and hepatopancreas tissues across sampling stations. 
Different letters indicate statistically significant differences, while identical letters indicate no significant difference. 
 
 

  
 M�"2-  <��c'	�L��� @:� R����5�*SC 
 <�T� �,� �� �
� �X�Y<��J� �C .������#�� �!JC� H
�E�!F' 	�!C� 
 #��� ���

#�� #�JC H
�E�!F' ��� 	�!C� H\LP� ����.� � ��'9  
Fig. 2. Comparison of zinc concentration in muscle and hepatopancreas tissues across sampling stations. Different 
letters indicate statistically significant differences, while identical letters indicate no significant difference. 
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 M�"3-  <��c'	�L��� @:� R����5�*SC 
 <�T� �,� �� M�:� �X�Y<��J� �C .������#�� �!JC� H
�E�!F' 	�!C� 
 #��� ���

#�� #�JC H
�E�!F' ��� 	�!C�.� � ��'9 H\LP� ���� 

Fig. 3. Comparison of nickel concentration in muscle and hepatopancreas tissues across sampling stations. Different 
letters indicate statistically significant differences, while identical letters indicate no significant difference. 
 
 

 
 M�"4- 	�L��� (�� � �� 	�:= 
 �
� �M�:� @:�!  (�7�, �X�Y @:��:' <��c'<��J� �C������ .#��  �!JC� H
�E 	�!C�

�!F'#�� #�JC H
�E 
 #��� ��� ��� 	�!C� H\LP��!F'.� � ���� 

Fig. 4. Comparison of mean concentrations of the heavy metals nickel, zinc, and mercury in sediments 
from the sampling stations. Different letters denote statistically significant differences, while identical 
letters denote no significant differences. 
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