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Abstract  
Metals discharged into coastal areas of marine environments are likely to be scavenged by particles 
and removed to the sediments. The sediments, therefore, become large repositories of toxic heavy 
metals. This research examined the concentrations of heavy metals (Al, Cd, Cu, Pb, Ni, Zn) in the 
nearshore sediments in the alongshore direction of the Iranian coast of the Caspian Sea. Fourteen 
samples were collected and granulometric compositions were determined. The consideration of three 
grain size fractions (0.355 mm, 0.212 mm and 0.075 mm), plus fourteen bulk samples required 
analyzing 56 samples for the presence of heavy metals. Laboratory analysis of the samples was 
accomplished using the Cold Acetic Protocol, followed by Inductively Coupled Plasma Optical 
Emission Spectroscopy. Preparation of the samples involved the utilization of the Cold Acetic Acid 
Extraction Protocol established by the Great Lakes Institute for Environmental Research (GLIER), 
Canada. The results provided evidence of large differences in total metal concentrations in the 
sediment samples from the fourteen sites. Box and Whisker plots demonstrated that metal 
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concentrations were not homogeneously distributed, and that there were large spatial variations in the 
median concentrations of heavy metals at each sample site. The statistical technique of discriminant 
analysis revealed that the six heavy metals had distinct and statistically significant concentrations at 
various locations along the coast. Concentrations reflected metal loadings from anthropogenic sources 
located at and in the vicinity of the sampling sites. 
 
Keywords: Discriminant Analysis, Sediments, Toxic Heavy Metals, Marine Environment, Caspian Sea, Iran. 
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iT� �2  
�� �� �%Sl!�\� �6�� !���\�� � ;�<� ]��� � �&�� 

�" !��� ��[.
lT!�2" /2'�� ��0��l�f\����  ��\�� �� �� �� �9�\R� �\� A

G1� @� �� �#'��\!�" ��� ���� ��\��� ��\�� �� +�  �#'�� �� �\f�
u�R� �7" ��" !� �eVM ��� � �".
uT��� 
����<�z �+��*��" !��� �#& �(�� ^��R 6� .
UT���\� �G1� @� ���2  ���c� �� � /��F' ^��R ��6 ��0<� �6�

 �� ��0<� �6� !�" ���u_O�* )_9/_+O�* (�" !� �� .�\[�
 Pb��( !��X��� ��� n��� �' ����* Pb#[ � fVM ��\"�� !�\" �6� 

���* @���?� ��0<� ^���  �6� �� !��+�� ]�GM 6� �'.

����,"9�/ :�*;& !<;= ,""	- �!">"( ��.�( 
� �2  +��� � ��X�( ����( �%!��X��� �� ��0* ��� ���� w� 6� O�\C � 

����* ]9t.[� �2  6� ���� �% ��X�( ����( !���� ]�% �� !�" ]6��
 �\��' ��� ���� � �2  f� A]��e' � �2  �� A�%�" � �2  �� /�"��*

 �� � !��V\\���6� � !�\\" ' ��� ��\\�� �\\ �2 v!�\\" �\\��)Mess-3 
�LKSD-4(R\* 
�\��� .��� 
���� /��\ �\��G� +�  ���\\�

1 Centrifuge Tube 
2 Whatman # 4 
3 Distilled Water(MQ) 
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��� 4�� �� ^ 6� =�6�' � ]���� � �2  ]��%���7�� � @�� !��%� D�eV' ]�%>7B �O�* 

��� 65���� �8

() �
�() �
�() �
�() �
� 
(gr) 

>1.70
�

��'
�!'

>1.00
�

��'
�!'

>0.500��'
�

�!'

>0.355
�

��'
�!'

>0.250
�

��'
�!'

>0.212
�

��'
�!'

>0.125
�

��'
�!'

>0.075
�

��'
�!'

>0.053
�

��'
�!'

>0.025
�

��'
�!' *	�+	 �)*	�+	 �)*	�+	 �)*	�+	 �) 

__/9__ Sl/9 i_/_ lU/_ it/9 i9/9_ S9/l 9S/Ul iU/9Z SZ/_ __/_ S1 
__/9__ S_/Z u_/u l_/Su tu/9Z Sl/9t lu/Z UU/9l l_/i _i/_ __/_ S2 
__/9__ __/i u_/S oZ/9t Uu/SZ 9S/S9 tU/t Uu/9U Su/9 __/_ __/_ S3 
__/9__ 9S/_ _t/_ iS/_ Zu/u tt/ll 9Z/9t Ui/SZ tu/S _S/_ __/_ S4 
__/9__ _Z/_ _U/_ 9_/_ Sl/S 9o/ul 9i/SS o_/S_ 9S/_ _9/_ __/_ S5 
__/9__ t_/9 uU/_ Uu/_ tZ/i li/Si tt/o US/ui _Z/U __/_ __/_ S6 
__/9__ i_/_ SS/_ u_/t S_/SU US/i9 9_/9i 99/9o oS/_ __/_ __/_ S7 
__/9__ 9Z/9 uu/i lu/U lt/u US/9u it/U iZ/uS t9/t 99/_ __/_ S8 
__/9__ 9S/St lZ/_ Z_/_ Su/9 Zu/99 t_/l ZU/lZ tt/l 9S/_ __/_ S9 
__/9__ Zu/9U _U/_ _Z/_ US/_ l_/l t_/9 ol/U9 99/9l _l/_ __/_ S10 
__/9__ __/_ __/_ tu/_ 9_/u _i/9o ZZ/Z l_/US ZS/l _S/_ __/_ S11 
__/9__ _i/_ _S/_ _U/_ Uu/S 9i/9o t9/Z _l/Ul SS/U _i/_ __/_ S12 
__/9__ 9_/l_ i_/S9 u_/Sl t_/t lo/S _S/9 ZZ/_ ii/_ Uu/_ _9/_ S13 
__/9__ S_/Z9 Z_/Z u_/U Z_/i 9S/i St/9 _Z/i 9S/9 So/S _S/_ S14 

 �2 ��,0Q � !���� �%��V !6��\ � !���\�� ;��' �\" ]�\�* .�\,0Q
 �\ �2  � 
�+0� !���\�� ;\��' @�\� ]�\%ICP���\� IRIS # 

701776 (Thermo Jarrell Ash Corporation) �\���* /�\�F' .
��4V' ���B)O�* �� O�*��e�� �B�� ]��#� �� (s�\�� �\� !��\" 

� ��\� 
�+\0� 6� f� �% ]��� ��� f���� ���� �\F��G >\�'�' �\�
 $������� �����Z/9_O�����( AS/_�\� At/_D\e�  At/_@�\� A

Z/9]� �S/_��� !��� ��� �� .

?�6� �";@- �8
?���6� $�"&��A �";@- �8

� r���  �P��#7\  nb�\M� ��?� 6� ^(�B !��� ��� �\,0Q � ��\�6 
�\\ �2  � �\F��G� ��\\� 
�+\0� D\( ��7\\�� !��\�} @�\\� ]�\% !�

� �2  ]������� .� /���� 
�+0� �,0Q H��2  � �2  ^\0( ]�%
 � �� 
�1#	 � @�� �\ �2  ^��4� � !�" ]��� \� �\% ����\2  �0�\��

 ��7�� � �5���)D�"S(��V  
�+0� �.�� ����,0Q ��?� !��%�
 � �2  � �F��G� ��� @�� ��%^��"�� .����F' � 
�+0� �{F�

 
1 Inductively Coupled Plasma Optical Emission Spectroscopy (ICP) 
2 Box and Whisker Plots 

�2  ]��%���7�� 6�� �\�1� �\� �#7\  � ]�'.�\� ]�\��,0Q A]����
 ̂ � ��V  ��%���7�� ��%� .Pb)� �\F��G� ��\� �\1G�� ^��Q H4� � 

!�2\" ]��%���7�� � ^�F�9�\' l�V\( 6�\� ^\e��+  � =\[�� 
����\( A$�����\�� 
�+\0� ].�� ��7� ]���,0Q ��C���`��AO�\�A

@�� � ]�^� � ���� ���' .,0Q /�� ���
�+0� ^��2' �� +� 
 �\\ �2  ]��%���7\\�� D\\<� !�2\\" ]���\\�u�U�\\� �7\\��1� � 

^� .�� ���� ]��%���7�� �"�� .��)��� ��]�,0Q /�� ��� AO�����( 
]��%���7\�� /�� � =[�� ^�������? !���<� � ���� 
�+0� ^��2'

� �2  !�2" ]����Z^�� 9S�#7  P��\�� !�\ �� ^[�� ���� .�\J 6�
 !�2\" !���7\�� � ^�?�\' D\��[ ��1� �� �(�� 
�+0� �,0Q ��

9i ̂ � H��+�� ���� .!�2\" !���7�� �9l@�\�? ��\"�B � =\[�� 
/�� �\�� ���7\�2(�' �V\( 6�\� ^\e��+  � � +\M ]��� ^[�"
 ]��%���7\�� �� �7��1� � ��M �B /��'.�� �� 
�+0� ^��2' �,0Q

� �2  ���� ^� ]���� ��.

?�4�6� ����7 �";@- �8
^0#[ 
�F��G� 6� ]��7� �e��� �� �?�' ��A�\ �� ��\F�� D�eV\' ]�\%

 � �\,0Q � ���\� � $\�� �\���� f\� ���\�& �\� � 
���� !��%�

���� � ������ ���	�
 ����
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���4��e7�� � �(�� ���2  �� /���� 
�+0� �,0Q H��2  
�2& �0���0�� ]��� � A��"6� /�� ��� �� �V  �L<� �#F? �% � ]� �#F? /���J � .�� � �% A�% 

!��� 
�����' ����� !��� ����� �)(��B � /�� ��� /�� ^eV� ��  � �% �%� ^� ��V  � �%.

;�<� � /���� 
�+0� ^ �e� =�6�' ��7\ �� ^\�� ]�\% �\ � AD\�0<'
 ^��7#2% � �����*]��� ��� \' ��2�B� ^v� H�(��\J �\� �� ���

!�\\��.� �\\,0Q �\\���* O�\\C � +\\M ]�\\�� DB��\\� ��\\	 � �\\%
]9oAS_�S9[A�\� �\F��G� ��\� +\0� H" �% /�� ^��7#2% r���  

� �� 
�1#	 ^\� ��V\  
���\� !�" ]��� �\ �� ��\F�� �\( �\%� ]�\%
 ' @��v�\1G�� � /���\� 
�+0� ^ �e� =�6�' �� ^�?�' D��[ ���

 ��� �\ ��  �F��G� .��\?� O�\& ���\M /\�� $\�� D\�.� 6� ^\e�
� �� ^\� �\F��G� ��\� !���<� 
���� � +� ��7� ]�% �\"�� .�


�F��G� 6� ]��7�A/�V�J �\ �� � ^*��\�� �\,0Q /���V�� ]�\%

 f}�( @�� 6� �'_Ui/_^0�� ^��\B � ��� !�" !�%�V� ]��� 
� � �F��G� ��� �1G�� NG� � �( � �2  �)(� � ^*���� �,0Q �%

� �� �"� ]�% @�� �')iuu/_^\0�� ]�\��(^\� !�%�V\� ���\* 
]lASSTSu[.De"i��\F�� � � /���\� 
�+0� �� ^*���� �,0Q 

� �� 30�4� @�\� ]�% � /�\�|2% ��\ �2  ^\0( ^��\2' ]��\� �
� �2  ]��%���7�� ^� H��2  ]���� �%�.

6�2� D\\�0<' ]�\\�� w� +\\�  ]+\\�]��\\� ]�\\��b�M� ^\\��� 
� �\" !��X�\�� ^0B�\� 
���\� � /���� 
�+0� ��+�� � ^ �e�

!���<� D\��[ ]�\��,0Q �\� DB�\� ��\	 � ^\R�M ^�������? ]�%
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��� ��]��� ]+�2� D�0<' r���  �RbMH"� /���� +0� !���}� �2  !���7�� DB��� ��	 � ]���� ����� � +M ]��� 

:�*;& �����./� O9.JP�8 �%��P�Q FR; ��(�R/� �%S�57 � � �5��*

���$����  tSu/_i9o/_i__/St9i___/_

O�����( tli/_Sto/_uiU/l99i___/_

�� ull/_Z_l/_ZUi/999iulZ/_

@�� ulZ/_Z_9/_tUU/999iuiZ/_

De�  Zuo/_lSl/_ZtS/St9i__Z/_

]� ZUt/_l99/_tS9/So9i__u/_
* Significance 

� �" ��M��" ]��� �?�' .<' D��( p�" ̂ � � ]+�2� D�0 � ���\'
 ��}. W� 
�F��G��/\�� ����( � ���� !��\" �\F��G� � ]�\�� 

;�<� � /���� 
�+0� �,0Q ��\(. ;\��' +\�  ^0B�\� ]�\%��
�� ���e2%���� !����* �]iAS_�SU[./\�� ����\� 6� ^\��

 O�  ��7� � ]+�2� D�0<' ]��� �+��SPSS �\2�?� O�\0& ]��� &^
X��� w� /\�� ��\} � �" !�� �\,�� �\�'v� nb�\M� ��\?� �\��

 � �2  30�4� ]��%���7�� � ^*���� �,0Q ��+�� \� ]���\� ��\(
A�\\" �\\���* �\\ �2  ]��%���7\\�� ]���\\�)S1 �\\' S14 ( ���\\�& �\\�

 � +�  /���� +0� H" �,0Q � ^%��* ]�%����� �]�\%����� ����&
 D1�7� � �" ����* �,  �]SZ[.�� �� � +\0� H" 6� f� �% ]��� �

����* ��?� �� � ^��2' ]��� ��� .�\% ]��\� ]+\�2� D\�0<' r��� 
 ��� 
�+0� 6� f�� �F��G� ����? � �RbM �	i��� !��� .

��� ��\�� ^��7\#2% ]�\�� ^\��� �\� 6�\�  r��\�  ^���6��A
��\\#�. �\\e0�� w��w6� �]�\\(���e\\�� ���� .]�\\�� w�

^��7#2% D\( H�(��\J �� ^%��* /�� �#7  !��%� ��V  ��� ���� 
]+�2� =��' ��	 � !�" ����� ]�%�������\�� .�\}�% /�����\��

 
1 Mclachlan 
2 Lakhan 
3 Canonical Correlation 
4 Wilks' Lambda Statistic 
5 Chi- Square Value 
6 Discriminant Function 

\� ^\%��* /�\� nb�\M� A�\"�� ��V�� ��� ���� ^��7#2% ����\�&
 ��� �%��M ��V�� 
�����' D( 6� ^�#7  .]��\� ��#�. �e0�� w�

 !��� +��� � ��X�( � �#���� ^��� � �% ��\�� !�\" �\���* �( .�\%
 \� ^%��* ��� nb�M� �"�� ��V�� ��#�. �e0�� ��& �} ����\�&

 D( H�(��J 6� ^�#7 A/�\� !���<� � ]+�2� =��' ^�����( � ��V�� 
$\( ��%��* �\�� �\' .�X\R ��\& � ]+\�2� �� �V\  ��\#�. w6�

 ��& � �)(��B_/9�\�� ]+�2� O�& �� �V  ]9Z.[�\e�� w�
.w� �e& ��#� �#7 F�^� � ��� w6� �� � ��']�( ���e�� 

� ]+�2� =��' ]��� �#�&� H���6� ]��� ��� � D��#' �����* �(
��\\".���\\? s�\\����i^��7\\#2% ���\\&� �\\���� /�\\� ��� ��\\��
ull/_�'tSu/_^�^�.�\� �\?� ��?� �� ��.� /������� A�"��

  ]��%���7�� /�� 
��b�M� 6�� �2 
�+\0� �\,0Q �\,  6� ]���\�
 ��� �\\F��G� ��\\� /���\\� .�\\� ��\\#�. �\\e0�� ]�\\�� w� �

 ��\� 
�+\0� �\�1� ���\� A@�\� � �\� �\� h���� ����1� ]��)���
 6� ��2( ]��"6� A�F��G�u/_^� $V} �� ��M .^\� /������� ���\'

 0� 6� ]+��2�� ]���,0Q �( ���* �C��  /��}+��\	 � /���\� 
�
� �� ��?� DB��.DB�� ��	 � ^�������? �	��� ������" ����

" �5\��\7�� D\\�%���\ �2  ��\\�* $% �����\�,  6� ��72% �� !�� 

7 F-Ratio 
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���?��F��G� ��� +0� H" ]��� ]+�2� ��� ���� =��' 

 �� A��"�� DB�� ��	 � /���� 
�+0� �,0Q ]+\�2� D\�0<' �\��
 ����* ��?� �F��G� ��� 
�+0� ^��2' ]��� .De"l� /�\��� ���2  

� �\F��G� ��\� +\0� H\" �\% ]��� � +�2� ��� ���� =��' /����
 �� ��V  DB�� ��	 �%� .��2% �,Bb� �5 �	 �����*A]��%��* 

� �2  !���7�� ��} �� W� D��" ]+��2�� �+��\2�� ����,0Q �����
�^� H��2  � /���� 
�+0� 6��%�.

T���"A �U".� �V@� 
� �e7�� � �(�� ���2  !��2% ^�[� ]+�2� D�0<' r���  ��( ����*

��".��\	 � � /���\� 
�+\0� /\�2% �\�Q =�6�' ]��� �%��" 
� ����� DB��� �^� H��2  ^��M �%� .Pb��\( ]��%��* 6� ]+��\2�� 

\���" DB�\� ��\	 � 
�+\0� �,0Q � �\�%��* 6� f\� �\% � ^��
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