
Journal of Environmental Health Engineering, February 2018; Vol. 6, No. 2: 213-226 

Journal of Environmental Health Engineering  

http://jehe.abzums.ac.ir 

Monitoring of Heavy Metals Contamination (Pb, Zn, Cr and Cu) 

in Sediments of Balkhlou River of Ardebil by Implication of 

Sediment pollution Indices 
 

Maryam Shaddel1, Samar Mortazavi2*, Lima Tayebi 3 , Behnaz Raheli namin4 

  
1. MS. Candidate of Environmental Pollution, Malayer University, Malayer, Iran 

2. Assistant Professor, Department of Environmental Science, Malayer University, Malayer, Iran 
3. Assistant Professor, department of Fisheries, Malayer University, Malayer, Iran 

4. Ph.D of Environmental Science, Malayer University, Malayer, Iran 

 

* E-mail: mortazavi.s@gmail.com 

 
Received: 20 Jul 2018         ;  Accepted: 10 Jan 2019                    

 

 

ABSTRACT 

 

Background and Objectives: Water contamination of heavy metals is one of the major threats to 

human health and food chain. In this study, concentration of heavy metals of Lead, Chromium, 

Copper and Zinc in sediment was measured in order to assess their ecological effects and their risk. 

Methods: To determine the concentration of metals, 12 stations were selected along the river and 3 

samples from the sediment were taken in each station. After the preparation and acid digestion of the 

samples, the concentration of these metals was determined using atomic absorption device. 

Results: The average total concentration of Lead, Copper, Chromium and Zinc metals in sediments 

was obtained in mg / kg (22.24±8.08). The results showed that the pollution load and ecological risk 

of heavy metals in the area are in lower risk category. The environmental hazard of metals was also 

evaluated (Zinc <Chromium <Copper> Lead). Also, by calculating the geochemical index of molars 

and contamination coefficient of Balkhloo sediments, the pollution of heavy metals was classified with 

zero degree of contamination and in non-contaminated area. 

Conclusion: Based on the results, the contamination and the ecological risk level of metals in the 

sediments of the region are evaluated at a low level. 
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F�<D5:  ,�9:; �?:> 8���������*��� ���:��) n:*G� ��4(o�7 ( ! .��	:�� �& .��  

Pb Cr Zn Cu Stations 

30/0±53/15  08/1±45/10  23/0±825/5  02/1±29/9  1  

15/1±83/13 89/0±54/6 21/0±870/5 04/1±79/5 2  

45/0±91/11 39/0±01/6 30/0±240/6 16/2±37/9 3  

37/0±75/13 95/0±27/8 21/0±386/6 12/1±05/14 4  

93/2±24/11 93/2±08/6 26/0±431/6 76/3±60/8 5  

41/0±84/12  53/0±39/3 80/0±805/5 03/2±9 6  

37/2±76/16 70/0±21/3 23/0±813/5 07/1±11 7  

61/0±20/17 33/1±22/2 27/0±420/6 18/1±38/13 8  

72/16±21/45 78/0±68/2 26/0±131/6 42/2±07/16 9  

89/3±28/43 27/1±51/5 28/0±431/6 45/8±71/21 10  

79/7±54/31 82/1±29/5 44/0±935/5 43/8±07/24 11  

77/11±50/28 07/2±32/5 61/0±745/5 54/9±20/17 12  

74/4±04/22 69/0±41/5 17/0±084/6 15/3±29/13 80 ��3���	  

* �?:> 8������ 0& z	&�� `��*�3 �� ���'5.�
�&  

  

%G����(  

 8���� ,�9:; �?:> 8������   �!� ! F/� �<�/� �.!��

,�&	�� �� 0Z6�� �:�� Q�A�&  .��	/:�� �/& .��   L!�/1 ��

)5( ��� ��
 ���!�. 0*;������ (��� ���� ���& ��4  �q���A

 ,�9:; �?:> �.!�� �<��  ���M/
 ���*��� �� F� ! �!�9 �

1 �5  !10 �11  0&  Q/�5�513/45 �459/10 �431/6  !075/24 

     �.!�/� �<�/� �/?:> PJ��/A .��� ��	& .�� �& .��!�'��

  Q///�5�5 0///& F///� ! �!�24/11 �227/2 �745/5  !791/5 

     ���M/
 ���*/��� �� 0/� ��	/& .�� �& .��!�'��5 �8 �12  !2 

.��� ��
 ��4��� �	5 8��[M4  8���/� ,�9:; �:� �?:> �


 ,�	\ 0& Q�5�5 0& 0Z6�� ,�&	�� ��) �!�>  .!��>  F�

> (<�� ��� ���& ) �L!�15.(  

  

  
�G��KK� � ����B�KK*�LM -KK*�N&� )'�KK* O��KKG&

����	 ����� � ��!"  

  ���	/
� Q��@ ! �
	� ����M�
	_H ]7�
 0#���� `��*�

0Z#$ �	?�� 0& �^ 0/& ���	
� ,�
 �?�  � ,�&	�� ���&  �/\�

     � 	:G
�/& 0/��7�!� ,�&	/�� 0� �	& (� �����& ��&�� �� ��	�

 �4 0& ���	
� �?�4    �� ��O/\ ���	/
� 01�� �& 8���� �f�^

�� ���J ��	
���> 0Z#$ L!�1) ����6.(  

  

� ��!" 
�� )'�* O��G&  

0*;��   �'�H	/
	�� �/67 ! ���	
� ��& ]7�
 ����& ��4

) L!�1 �� ,�9:;7  �/� ��4�/�� �	6��M4 .��� ��
 0_��� (-

 ����Z� �	
PLI ���*��� .�M5 ���&  � �*M� �41   8/�� 0� .���

(��� w	@	�  ��	/& 8���� ,�9:; 0& 0Z6�� ���	
� .�^ ���4�

���*��� 8�& �� ! ���M
 ���*��� n:*G� ��410  ��!�/�� ) �

����� Q//�5�5 0//& o//� ���M//
 ���*//��� ! (�3//
  ! 8��*//��&

     (�9/�� 0/& ���	/
� ��/& 8��*M�021/0  !0095/0  �/�  .�/
�&

    (�/�� `��/*� ��'�H	/
	�� �&�� �� ]7�
 0#���� �& 8�[M4

���*��� .�M5 ����    �'�H	/
	�� �/67 �/?�  � �����& ��	� ��4

�� 8���� ,�9:; 0Z#$ ���J 2� �67  �L!�1) �����7.(  
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F�<D6:  �
	� ]7�
 ��
 0#���� ����Z�  ���	
� Q��@ !8���� ,�9:; ,�&	�� �� 0"
�6� ��	�  

Pb  Cr Zn Cu 
Stations 

geoI CF geoI CF geoI CF geoI CF 

382/0-  062/0  108/1-  116/0  3849/1-  0613/0  861/0-  206/0  1  

382/1-  055/0  314/1-  072/0  3850/1-  0618/0  065/1-  128/0  2  

498/1-  047/0  350/1-  066/0  3585/1-  0656/0  857/0-  208/0  3  

435/1-  055/0  212/1-  091/0  3485/1-  0672/0  681/0-  312/0  4  

516/1-  045/0  639/1-  034/0  3452/1-  0676/0  243/1-  085/0  5  

465/1-  051/0  594/1-  037/0  3898/1-  0611/0  875/0-  2/0  6  

349/1-  067/0  623/1-  035/0  3893/1-  0619/0  787/0-  244/0  7  

384/1-  068/0  782/1-  024/0  3462/1-  0675/0  702/0-  297/0  8  

918/0-  180/0  707/1-  029/0  3621/1-  0645/0  623/0-  357/0  9  

937/0-  173/0  384/1-  061/0  3454/1-  0677/0  381/0-  622/0  10  

075/1-  126/0  535/1-  043/0  3803/1-  0624/0  527/0-  420/0  11  

205/1-  093/0  651/1-  033/0  3949/1-  0604/0  750/0-  266/0  12  

382/0-    108/1-    3849/1-    861/0-    80 ��3���	  

  

  

F�<D7: ���	
� ��& ]7�
 ����Z� `��*� )PLI(  

Stations  1  2  3  4  5  6  7  8  9  10  11  12  

PLI  009/0  005/0  006/0  003/0  003/0  005/0  006/0  006/0  011/0  021/0  011/0  007/0  
RI  208/5  307/4  217/4  249/5  978/3  346/4  544/5  903/5  212/13  422/13  739/10  214/9  

  

 -A�%Q�G& ����   

 ����//
 �&�//� �� �� ���9//�& �//�M4�  � �,�&	//�� 9�
�//��

.	& ���	
�(�� ��   �/� ����	/7�& �/&� ��4   �/;�$  � .��/
�&

0��7�!� �� �	1	� �,�&	��     ! ��3/
 u$�/�� ��	/�M4 ��/4

��� 8��l 8�� 9�� 	:G
�& 0��7�!� 0� �*"�\   �	Z
�/& ���/��	5 .

����c� (��� 8��� 05 ! <=1   ,�9/:; 0/:M1  � (	���	� ��4

�� ���� �� 8������
�&4����c� 0l��� .  ��c	/$ ,�� ���& �4

�� �J�& ,�&	�� ��  �/�
�"; �/I� �� �
! ������  �/��  ��/4-

�� ����M�
 ! �'�9�; ����
 ���v5 ! �*7��
<� ���! ����	5-

�=
 .��	
 ���J	; ��4    8���/� �/f�^ P� �?:> ���� � ����

�//�  � �//"J�! ���	//f5 �//��	5���	//
�  �� �//&� ��//�� o//�

24��;��!�1.   

�� 8��   0/"
�6�    ��/�� � ��/�� 0/& �/?:>   �/\��^  8���/�

  F/� ! .!�� ��!� �<�� ��12   ���*/���   ��6/� ,�&	/��

 	:G
�& 0��7�!�   0/*7���D P/�&��� (�*�� �9��� BG& �� %J�!

� �:� `��*� 0� �
�� �:�	M� 0\�7 ��  ,�	\ 0& (�	5  

  9:; %M�5  F� ! <��    m	/fG& 	:G
�/& 0��7�!� ��

 ���*��� ��9 !11  (�3
 (���� ,�!��� ��) P�
� 0& 0�  ���/5

 ���  nJ	5 !       � ���/�  ����/Z� �0/Z6�� 8/�� �� 0/�:Z� P���!

�7	�  � �
�� <��    0/��7�!� 0/& �/�� 8'M� �:��; ��4

 P&�Z� �� .���� PZ*�� ���M
 ���*���1�5  !10   �/?:> �����

  �/� �/?� 0& .��� �!� ! .!�� ,�9:;  � ��*��&   P/�
� �/��
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 0//Z6�� P//� ! ���*//��� 8//�� �� ,�9//:; 8//�� �//?:> B��9//;�

 .��� ,�9:; 8�� �"�#$ i���� �& z�#5�� �� �5�"
�6�  8�/�[M4

��01�� ! �\��^ P� �?:> �?�  � �� 	:G
�& 0��7�!� (�	5 �

�� �����c�   0/& �B4!C/D 8�� �� ��
 ����& ,�9:; 0& ,�&	

��  Q�5�5 0#5���� ���& :  

<��< F�< .!��< �!�  

�� (��� `��*� �;�$  �  ! (!�� �� ,�9/:; �?:> 0� �4�

    �3/
  � (!�/�& �� �/3�� (�9��  � �*��& Q5��� 0& �3
 ��!���

      ! ��I�/5  � (�/�� w	/@	� 8/�� 0/� ��� (�3
  � �"& ! P#J)

��
�"; ��M4� ��3
 <�@�; �<���!� �!�!  � 2^� �3
 ��4

����c� �?:> �& �*"�\ !   0/*;�� �/& `��/*� 8�� 0� ���� �4  ��/4

Guan )(���'M4 !2016�Z&�6� 9�� ( ����9 .  

   �� �*"�/\ ! ��	'/�� u$��� �& 	:G
�& 0��7�!� ,�!���

05 ! �4 ����c��!�! �� �3
  � �=�  ���	/
� (��/� 8���  ��/4

M� 24��; �9:;(�M4 .��� ��	     ����/Z� �/
 ��4�/�� 0/� 0�	�

� ���� 8���� ,�9:;���*��� ,�&	�� �� ��
 ����  ��	/� ��4

      ���	/� �/7�& �� ��/
 ��/�� � ��/�� ����Z� 0& �#�� 0"
�6�

(�  � 8��[M4 .��� �*��&  �/?:> 0/� �1    <�/� �c�/& ��/4

��
�"; �I� �& ��� 8'M�  �/� ��/
�& ������ ��4 (�	/5  0/��*� 

�;�� 0� %&��� ��!�! 8�� ����c��4 0& ���� 0��7�!�  0/��*� 

P����*D ����� �67 �� 0Z6�� 0"
�6� ��	� �� ����� ��  �/��M� .

�:�M'5 ,�"
�6� �� 0� �� (�	5 0& � �������� (��9M4 ,�9:; 

8���� �� �<� ,�&	�� (��9&� ! ! 8��"5 ]7�
��4  �/�>-

� �� ! �&�� �� o��� �'�H	
	�� ! 9��  ���������  Q��/@ 

<=1 ,�9:; 8���� ��	5 �:�� 8�����  0/�  �    ,��	/1	�

���"� �� ���� ���
� ���.  

   ���	/
� �	*��/; ]7�
 ! ��*
�#�� 8��  ]7�
 ����Z�

���*��� ���M5 �� 0"
�6� ��	� �\��^ 0� ��� (��� �
�A 0& �4

   ���	/
� ��/& ]7�
 ��	� ! �*��� 24 0� ����� ���J ��	
���>

���& 0� ��� 0�	M� 0M4  �/�� ���& o�  � �*M� <	�� ��4

(��� !   ��M/� ! 8���/� ,�9:; 0& 0Z6�� ���	
� .�^ ���4�

  �/� 	:G
�/& 0��7�!� �� �3�� 8���D   ���*/��� 8�/& �� .�/
�&  �/4

 ���M
 ���*��� �n:*G�10 )��!��� (�3
 �  � P#J ���*��� !

0& �3
 ���	
� ��& 8��*M� ! 8��*��& ����� Q�5�5 /��� ! ���*

   0/& ���	/
� ��& 8��*M� ! 8��*��& ����� Q�5�5 0& o� ���M


 (�9��021/0  !0095/0 ��.�
�&   �/� L�/M*A�   (�	/& c�/& �!�

.�
�& 0Z6�� 8�� �� 0�:Z� P���! ���  ���5 �:^ 0& ���	
�  

  �3�� �:\� %#�� 0� ��*�4 ������ ,�9:;  � �!� ! .!��

��� �*"�\! ��3
 u$���  � �
�� �*��&   �!� 9/:; .�/�� ���

 ! �//��& �!�) �//�� 8�//�  0*//�	D �� (�!��//; �//\��^ 9//1

 8�& 0� ((�!��; �f�^ 8�M��D0005/0  !02/0  0*/�	D �\��-

�� P�'�5 �� 8��  �.�4�  

  

  

 F�<D8:  ���� ! (���� �� ��
 .���� ,�"
�6� �& �@�A 0"
�6� �� (.���& .��!�'��) F�! .!�� ��!� �<�� ,�9:; �?:> 0���Z�(�31 z�Z�  

`� 	  Cu Zn Pb Cr  9�>	  

Cheraghi et al, 2017  7/9  -  4/1  23/1  River Dry Shiraz, Iran  

Mail et al, 2017 0/41  3/82  2/52  -  Apulia region, Italy  

Carolina et al, 2016 05/11  33/26  89/5  49/14  River Pardo, Brazil  

Mokhtar et al, 2015 30 -  25  60  Langat River estury, Selangor  

Remeikaite et al, 2017  1/1 8/2  5/5  7/1  South eastern Baltic Sea, North Europe  

�@�A 0"
�6� 29/13 08/6  04/22  41/5  �	:G
�& 0��7�!� P�&��� (�*��3
 :(���� 
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 F�<D9 :�:��) ��!� ! F� �.!�� �<�� ,�9:; �:� �?:> 8������ 0���Z��& (.��	:�� �& .��  ��4������*��NOAA  !SQGs  

0"
�6� ��	� �\��^  �'���� ������*��  
NOAA( Long et al., 1995)  

������ ���  ���� ������*��  
(CCME, 1999) SQGs  

��7� 0"
�6�  

  ERM  ERL  PEL  TEC   

Pb 218  47  128  8/35  49/22  
Cu  270  34  149  6/36  29/13  
Zn  410  150  459  121  04/6  
Cr 370  81  111  4/43  41/5  

  

  

�� ��� P'
 0& 0& ���	53ZnCO ���� ��  <	/�� �&� ��4

�� (� �c�& �?:> (�9�� .���M���
�"; ���4� (��� ���	5 ��4

<	�� �c�& ��� ! ������ .�
�& ���=�Jiang ! �� (���'M4 

L�� 2013 �?:> ,�9:; 8���� �.	����� �<�� F� ! �!� 

�� �� ,�&	�� 0��7�!� Xiawangang    � �/
�� (8�l �	��)

�!�! <�@�;��4 <�@�;��4 ��3
 !  �*"�/\    8/�� P/��A

����c�   0/��7�!� 0/& �/4  (�	/�^  �/����12.    B5�/#���5 ! .!�/�

     ! ���/'&� �"�/\ �� m	/fG& �^	/�*� �*"�\ ��4��&���

     P/�� 0/& (�/
 o/��9� �& �	1	� �4�	
 u&�6� ! .���� .�l

<��D �!�!   � �/?:> ��3/
 ! �*"�/\ 9���� ��4  B��9/;� (

���&��11�   ��/4��&��� ����� 9�� F� ! <�� ,�9:; �;�$  �

���� �� ���!��;�� �*"�\ ! ��3
 ��4  u/��$  � 0� ���
�&

���� ���! �*"�\ ! ��3
 ��3&��D ! <���!�  �� ! �/&� ��4

�� ,�&	�� 0��*��� 8���&��& .�����   �� �/3�� �:/\� ���� (�	5

f5 ����7 ! ��3
 ��3&��D �!�! <��D 8��[M4 ! ���� 0�O

 (�	/�^ �3
 0��7 0�Of5   �	/M�10     ! �	/N5�� 0/"
�6� �� 0/�

�
 ����5 ��� 8�� s	��� ���& 0��7�!� �� 9�� B�� �M5�A21.  

 0�����  �,�&	�� ������	5 (�	�^ 0&  o/�  ��/��  2/3� �� 

031�	� ,��	1	� �9&� 0& ����c��4  P/M^   �/���M�  0/"
�6� ��

&�//� �� �	//?�� 0//& �//@�A 9//�� ! ,�&	//�� ���	//
� 0//1�� �

B�D       ��/��c� �*/��  i	/� ,��/I�  !�/& L�/M*A� �/��&   �/& �/4

0� ����9&� ! ���  ,��	1	� �� a�M5 �&  8/��  ,�&	/��  ���/J 

  ���///��� <	///�� �///�O�� ��4������*///��  � ��///����SQGs 

(Sediment Quality Guidelines)   <	/�� ��O�� ��M�4�� !

 �//'���� OAA (National Oceanic and Atmospheric 

)Administration  �/���� ���O*��15.  ������*/�� ��NOAA  !�

    0/& 0/� �/�� ��
 (��& ,�&	�� �� ,�9:; ���	
� ���& �67

,�	//\ERL  )Effect RangLow  � �//*M� 0//� ��//A (10 

 ! �/��67 �� �'�H	
	�& %��	1 �\�� ERM)Effect Range 

Medium  � �*M� 0� ��A (50  /
	�& %��	1 �\�� �� �'�H	

 ) <	/�� ��O�� ������*�� .��� ��
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