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 ��� #�$�)ANOVA, df=65, F=17.617, P<0.01 .(�� #�
 7�$�� �� B��U_/a��  d�� �� � B��� ���ua/c %C�� 

 %/ "%+�$� B���) S�%Qu .( 

  

�����#��  

������,�� O
!��6 P��� ������ �� 5	
Q �+� #�:�� ��	��� 
�/�� �</�� .��- ��� �!  #. ���� ��Uq/bV �& _b/o_V 

����� #�$� #���� B��� y$A "��� P�E �� P�E ��( .�� �
��� �� #�� 5W�%K �� �$_q/a_!�%K �&  ��ob/_cc �� �  

 5W�%K �� d��oU/U ��!�%K �& p/__U� � P�E �� P�E��(

 %/ ���)& y$A "���) S��%Qa 7_ � U .( ���� g4A��
$�� �� �� ��� 839& #��� ����� �+ �:3H B��� � d�� �� 

%/ "%+�$� .9&���� �� g4:A� 7'���
)� ����� �� � �
����� �����#�$� ��K ���� � B��� �� P� ��� )ANOVA, 

df=65, F=28.183, P<0.01 .(��$� �+ __/c  ����� � B���
d�� �+ _/c  ����� �/�� M������ B���) S�%Qu .(  

  

���  

�:�� ["��%�� ���E�� � �� #. ���� ��� #�$� B��� �� �� 
pa/uu �& aV/Ucb� �� 7� �� �$a/_U �& a/uub �� d�� �� � 
ab/q �& _p/uo� �"��� P�E�� P�E��(%
H �� ���R& y$A  

) S��%Qa 7_ � U($�� �� #. #��� ���:$�� � � �+ "%+�$� 
�� ��/ .�:�� [#���. �+����. � g4:A� �
)� ���� �� �� 

�� ������ �� � B��� �� ��� #�$� d�� � �$)ANOVA, 

df=65, F=25.647, P<0.01 .(��� �$�� �� po/c  �����
 d�� �� � B���ab/c  �����839& B��� �/�� )S�%Qu.(  

  
 ����0���� ����� �!�" ��'+ ,�-.�� 1'# �� $(μg g-1)   

�
��� ����	  

������  

Cd  

 (μg g-1) 
Cu  

 (μg g-1) 
Ni  

 (μg g-1) 
Pb  

 (μg g-1) 
V  

 (μg g-1) 
Zn  

 (μg g-1) 

�
���
� 	
/� �	/�� ��/�� ��/�� ��/�� 	�/�� 

"#�$� ��/� ��/� �
/� ��/�� 	�/� ��/� 

�%&�$� ��/� ��/�� 
�/��� �	/�� ��/��� ��/�	 

�� �� '��*��
�� ��/� 	
/	 ��/�� �	/�� 	�/�� ��/�� 

 
 ����2�
 ��(����� ����� $�� 34	�� �� $*
 � 1'# � �/� �'+ ���# �� �5(6 ��-(� ,��(μg g-1)  

+	�,  

����	 
-��� ���. /�, 

��� 0�1��� 2 

� �,��. 

���0�1��� 2 

/�, �,  

Cd ��/� ��/� 	�/� ��/� �	/� 

Cu ��/�� ��/�� �	/�� ��/� ��/� 

Ni  ��/�� 
�/�� ��/�� �	/� ��/� 

Pb 	�/�
 ��/��� ��/�� ��/� ��/� 

V ��/��� ��/�� ��/�� ��/� ��/� 

Zn �
/�	
 	
/�	� 	�/�� �	/� ��/� 



%�&' !#�"(  )�$� ����#� �*�+, ����' !��' ��*�+, -
#/�0 )���1 �0 ��#�2 �30�4 !&56 /� ���7��  899                             �70  

�� 
 ������ ����  

 �� O/ �� �&��L:� ������ ��� #�$� �)*�@� ��� [��:�
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�P������� 7B�� 75s�� 7'� 7P�����H   �� ��� � 

�	$��� P�3& d�� � �$�� 7B���" �+ �</�� #�:�� ��	��� �
 "%+�$��� ��/ . � 5s�� ��$:�� �<
& ��� #�$� ����� ���

��� �A��
s� d�� � �$�� 7B��� �� P������� . [��:� Y��@�
��� �� ��� � P������� 75s�� #��� "���3+ "%�. ��� �� B

 '� 7P�����H H�3& ��Q� ��� �� 7��� d�� � �$�� �� O��
%/ "%+�$� d�� � B��� �� O�� �$�� �� B�� � . ��+ ��

��3�� �� �� ����� ���� ��	
� ���� #��� d�� �+ �& O�� 
%$� "%+�$� B��� � �$�� �� .  

:��� ������� �+ ��)*�@� �	�� �� �)*�@� ��� �) S�%QV (
 ���� 7��� #�$� #�:A�� d�� �� '� � ��� 7B�� ����

� �]�K �)*�@� �� ��K� �� O����� �+ �� �:��E ���C �
 ���E ��� ���)MacFarlane et al., 2003; Peng et al., 

1997; Pulkownik, 2000 (��� Y-�
� �	�� �� . ,�� T,�3:K�
� #����� �� �� #�d�� �+��+ #��� "��*. �� � ��@
�  �����
��� .f3+ ��)*�@� �� �(��
Zarea Maivan  #���(3+ � 

)1999 ( �Danehkar 7#���(3+ � )2004 (�� ��� "%/ "��/� 
 �!5	
Q �+�� �� �</�� #�:�� ��	��� � "F5	
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�A��� [�%/ ��)� �� %
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/��:6�3�W ���� ��� .  
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� �! %/ "%+�$� ��	���� ���E �� '� #�Avicennia 

officinalis) Thomas and Fernandez,1997 (��� �� �&,�� ��
 �]�K �)*�@� �� '� ������ %/�� . ���E �� Acanthus 

ilicifolius) Thomas and Fernandez,1997 (�� ���� 
,����%/ "%+�$� '� ��  .*���� �� '� ���� � ��)*�@� �

����6 �&� �� �� �� "%+�$� �</�� #�:�� ��	��� #�:A�� �� #�
%/ .#�3+ ��- S�%Q �� �! b "%+�$� �� ��/ ���� ���� 7
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�� �)*�@� �� � �:$Pulkownik) 2000 ( �MacFarlane � 
 #���(3+)2003 ( �:3!���.  
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� �� '��� d�� �� �$��$�  �)*�@� ��Pulkownik) 2000 (
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� ���>\� '� Z$
� �	d�� �+ �:�� B��� �� ��Q�� '� �� 
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 #���(3+)1997 (� �! %/ "%+�$���� �� S��:�� #�� �� 
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)& � d�� � ��+ �����/ �:A���6 �<�. =���� �.  
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�	$��� d�� � �$�� 7B���" �+ ��<& 7�</�� #�:�� ��	��� �
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/�� �� � ��D6�� ��E 7

��� ���*��.  
  
  
  
  

  
  



%�&' !#�"(  )�$� ����#� �*�+, ����' !��' ��*�+, -
#/�0 )���1 �0 ��#�2 �30�4 !&56 /� ���7��  899                             �7<  

  

 ����=�
 �*'8 �>*��� ����� ��-(� ?�� �� $* �!�" �'�(�
 ,�-.�� 1'# � �/(μg g-1)  

������ 3��� ��.& – 6,���  ����	 
�
 7��

-��� ����	 

�
 ����	 7��

���. 

�
 7��

/�, ����	 

��� 0�1��� 2

� �,��. 

��� 0�1��� 2

/�, �, 

Cu �	 �� 
 ��/� ��/� 
Pb �� 
/� � ��/� ��/� China- Peng et al. (1997)  

Zn ��� �� �� ��/� ��/� 
Cu �	�� ������ ���� ��/� ��/� 
Pb �
�/� ������� ���� �/� ��/� SE Australia- Pulkownik, 

(2000)  

Zn 	����� �����
� ����� �	/� �	/� 
Cu �� ��� � ��/� ��/� 
Pb ��� ��� 
 ��/� �
/� Australia- MacFarlane et al. 

(2003) 
Zn ��� ��
 �
 ��/� ��/� 
Cu ��/�� ��/�� �	/�� ��/� ��/� 
Pb 	�/�
 ��/��� ��/�� ��/� ��/� Persian Gulf- Current study 

Zn �
/�	
 	
/�	� 	�/�� �	/� ��/� 

  

�	������ 
 �  

���.�� OJ6 � O�,�6 ��� �H�/ ��" �+ �� #���� �:L� �
*�� ���>�:$6 � ���3K �-�A�� ��;& �� �($& Y�� ��/ . ��

���.���
$!�A "�	$�>K �:!� �>�>- 8��
� "%($��� �)� 
*��. �-�A �� #��<& "�	$������3� � �+� �($& B��� �� ��/ .  

  

���!�  

- Agoramoorthy, G.; Fu-An. Chen & M. J. Hsu. 2008. Threat of heavy metal pollution in halophytic and 
mangrove plants of Tamil Nadu, India. Environmental Pollution 155: 320-326. 

- Clark, M.W.; D. McConchie; D.W. Lewis & P. Saenger. 1998. Redox stratification and heavy metal 
partitioning in Avicennia-dominated mangrove sediments: a geochemical model. Chemical Geology 149: 147–171. 

- Danehkar, A. 2006. Status of Mangrove Forest of Iran. Iran Department of the Environment project. 25p. 
- Danehkar, A. & A. Mashinchian. 2004. Selection of Reforestation Practice for Mangrove Forests of Iran 

Consequent to the Persian Gulf War – Project No.5000352. 101p. 
- Defew, L. H.; J. M., Mair & H.M. Guzman. 2005. An assessment of metal contamination in mangrove 

sediments and leaves from Punta Mala Bay, Pacific Panama. Marine Pollution Bulletin 50: 547–552. 
- Harbison, P., 1986. Mangrove muds: a sink or source for trace metals. Marine Pollution Bulletin 17: 246–250. 

- Harris, R.R & M.C.F. Santos. 2000. Heavy metal contamination and physiological variability in the Brazilian 
mangrove crabs, Ucides cordatus and Callinectes danoe (Crustacea: Decapoda). Marine Biology 137: 691–703. 

- Karbassi, A.R.; GH.R Nabi-Bidhendi & I. Bayati. 2005. Environmental geochemistry of heavy metals in a 
sediment core off Bushehr. Persian Gulf. Iran. J. Environ. Health. Sci. Eng. 2: 225-260. 

- Khorasani, N.; J. Shaugan & N. Karimishahri. 2005. Study of concentration of heavy metals (zinc, copper, iron, 
chromo, lead) in surface sediments of Bandar Abbas seashores. Iranian Journal of Natural resources, 58,4: 861-869.  



�7�                                       ��� ��	
� �� ���� ����� ���� ����� ��� ��	��� !"#� $ ... 

- Lacerda, I.D.; M.A. Fernandez; C.F. Calazans & K.F. Tanizaki. 1992. Bioavailability of heavy metals in 

sediments of two coastal lagoons in Rio de Janeiro, Brazil. Hydrobiologia 228: 65–70.  

- MacFarlane, G.R. 2002. Leaf biochemical parameters in Avicennia marina (Forsk.) Vierh as potential 
biomarkers of heavy metal stress in estuarine ecosystems. Marine Pollution Bulletin 44: 244–256. 

- MacFarlane, G.R. & M.D. Burchett. 2000. Cellular distribution of Cu, Pb and Zn in the Grey Mangrove 
Avicennia marina (Forsk.) Vierh. Aquatic Botany 68: 45–59. 

- MacFarlane, G.R.; A. Pulkownik & M.D. Burchett. 2003. Accumulation and distribution of heavy metals in the 
grey mangrove,     Avicennia marina (Forsk.) Vierh: Biological indication potential. Environmental Pollution 123: 
139–151.  

- Nadim, F.; A. Bagtzoglou & J. Iranmahboob. 2008. Coastal management in the Persian Gulf region within 
theframework of the ROPME programme of action. Ocean & Coastal Management 51: 556–565. 

- Peng, L.; Z. Wenjian & L. Zhenji. 1997. Distribution and accumulation of heavy metals in Avicennia marina 
community in Shenzhen, China. Journal of Environmental Sciences 9 (4): 472–479. 

- Perdomo, L.; I. Ensminger; L.F. Espinos; C. Elsters; M. WallnerKersanach & M.L. Schnetters. 1998. The 
mangrove ecosystem of the Cienaga Grande de Santa Marta (Colombia): Observations on regeneration and trace 
metals in sediment. Marine Pollution Bulletin 37: 393–403. 

- Preda, M. & M.E. Cox. 2002. Trace metal occurrence and distribution in sediments and mangroves, 
Pumicestone region, southeast Queensland, Australia. Environment International 28: 433–449. 

- Pulkownik, A. 2000. Ecotoxicology of Metals in Estuarine Plants. PhD thesis, University of Technology, 
Sydney. 

- Saeed, T.; S. Al-Muzaini & A. Al-Bloushi. 1996. Post-Gulf War assessment of the levels of PAHs in the 
sediments from Shuaiba industrial area, Kuwait. Water, Science and Technology; 34: 195–201. 

- Silva, C.A.R.; L.D. Lacerda & C.E. Rezende. 1990. Heavy metal reservoirs in a red mangrove forest. Biotropica 
22: 339–345. 

- Tam, N.F.Y. & W.S. Wong. 2000. Spatial variation of heavy metals in surface sediments of Hong Kong 
mangrove swamps. Environmental Pollution 110: 195–205. 

- Thomas, G. & T.V. Fernandez. 1997. Incidence of heavy metals in the mangrove flora and sediments in Kerala, 
India. Hydrobiologia 352: 77-87. 

- US-DOE. EIA country analysis brief, Persian Gulf oil and gas exports fact sheet, <www.eia.doe.gov>; 2004. 
Site visited on 10.01.08. 

- Zahiry, Y. 1997. An Investigation on Concentrations and Sources of Heavy Metals in the Sediments of Central 
Part of the Persian Gulf. MSc thesis. Departmant of environmental enginering. Faculty of Environment.  niversity of 
Tehran, Tehran, Iran. 172p. 

- Zare-maivan, H.; A. Esmaili & A. Salahy. 1999. Measuring petroleum hydrocarbons and heavy metals in 
wetland and coastal ecosystems of southern Iran and source identification of oil-related pollutions. Pajouhesh & 
Sazandegi, No 43: 119-121. 



277-267.pp, 2010, 3. No, 63. Vol, Iranian Journal of Natural Resources, Natural EnvironmentalJournal of                              277 

 
 
 
 

An investigation on accumulation of heavy metals in roots  
and leaves of Avicennia marina the sediment, Bushehr,  

the Persian Gulf 
 

A. Davari*1, A. Danehkar2, N. Khorasani3 and A. Javanshir4 

1 M.Sc. on Environmental Science, Faculty of Natural Resources, University of Tehran, Karaj, I.R. Iran 
2 Associate Prof., Faculty of Natural Resources, University of Tehran, Karaj, I.R. Iran 

3 Professor, Faculty of Natural Resources, University of Tehran, Karaj, I.R. Iran 
4 Assistant Prof., Faculty of Natural Resources, University of Tehran, Karaj, I.R. Iran 

(Received: 08 November 2009, Accepted: 08 January 2011) 

Abstract 
The accumulation of heavy metals Cd, Cu, Ni, Pb, V and Zn in the mangrove, Avicennia marina, was 

studied. Cu, Cd, and Pb were accumulated in root tissues to levels higher than surrounding sediments. Zn, 
Ni, and V were accumulated to levels lower than sediment concentrations. Pb and Zn showed little 
mobility to leaf tissue but Cu was accumulated in leaves with low concentration. Since Pb and Zn 
concentration in leaves was higher than earlier studies, it was recommended air pollution may have an 
important effect in this impression. Field observations depicted that the mangrove stand in Bushehr region 
receives high inputs of untreated industrial sewage, surface water run-off, and a range of air pollution 
diffuse inputs from oil and gas activities.    
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