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Abstract  
Linear alkylbenzenes is one of the most important surfactants in the industry. Due to their 
source specificity, degradation resistance and long-term survival in marine sediments, these 
compounds are unique molecular markers for studying organic matter input derivatives and 
their effects on aquatic environments. Due to the presence of multiple sources of these 
compounds in the study areas, this study was conducted to determine the linear alkyl benzene 
concentrations in the 5 rivers of Nekaroud, Tajan, Talaroud, Babolroud and Sorkhroud that lead 
to the Caspian Sea. In this study, 15 river samples were collected from the bottom of rivers 
(near estuaries) from 0-5 cm depth by Grab van veen device. After preparation, the extracted 
samples were injected into a gas chromatography-mass spectrometer (GC-MS). Finally, the 
concentration of linear alkyl benzene compounds in surface sediments of 5 rivers leading to the 
Caspian Sea was determined. The average concentration of linear alkylbenzene compounds in 
rivers was determined in the range of 56730/28-91288/58 ng/g dry weight. Based on the results, 
stations in the densely populated and urban areas showed higher concentrations of these 
compounds. There was also a positive correlation between these compounds and total organic 
carbon (TOC) (p< 0.05). Therefore, the concentration changes of these compounds are a 
function of the TOC concentration changes in the sediments. The ratio of internal to external 
isomers (I/E) in the studied rivers ranged from 0.25 to 0.44. High concentrations of alkyl 
benzene with a low I/E ratio showed that the streams of Mazandaran province were heavily 
influenced by human activities. According to cluster analysis, Nekaroud and Tajan rivers have 
lower concentration than other rivers and are more desirable for release of fish than other rivers. 

Keywords: Rivers of Mazandaran Province, Linear Alkylbenzene, I/E, TOC. 



dx.doi.org/10.22093/wwj.2020.192132.2895 173

����� ��� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 31, No. 4, 2020 

Original Paper

و فاضلاب، دوره 217-318، صفحه:4، شماره13مجله آب

�$F� ��'��� �� �FL �43' 9�>�5 ��1���" #E=H ����'
���L�
� ���)���� ����� ^�� ��	 

;�8 	�� W�^2)-
K �!��. �/$�)7A+!��,3

=>)�� ��@ �2��8 \��#A6� 5��B ,� ����
�,;C Sk l*��� 5�D���#�1A�# W!E ����A,
*�� 5�/���#�;� ,����� ,j������� 

G>6� 5��B ,#�2)���
�,;C Sk l*��� 5�D���#�1A�# W!E ����A,*�� 5�/���#�;� ,����� ,j������� 
�)�5��C (4JC� riahi@modares.ac.ir 

������)�/�/������	�/��/�(

���':)�����*' +�),� ��� ���- �' ����� .�� �' /�0�� 
�g�b ��.�.\ �
���$? �	�!� �." .)����" �&��Z��� �/<� c���� �� �<Z )>� @�L#� c�C�(*- .H5^ ���* )"�B���% )�$�" x*� 
�  "

�123�4 � 1� &56%��)8�(�a�;�PF.Doi: 10.22093/wwj.2020.192132.2895 

����� 
%1�O�$�� G��97����/ @# &1� &Zd 6�5 �RH�	 �
�R� &Ri��9d# �� �;�� �� ��H%7�� 8�# .��9�5 ����i �
 S��	�[ � Y�	 6�5

&�B�E 6������	 8%�!>5 � ��$K� ��#�� �
 G	���	 .
�d &R� &��R13	 �-��R�� .&����
 ����/� �
 ��	 �R���Z	 6#�R� 6�R%Q�
T%D	 �� ���O �%I\� � &�O 
#�	 6
��� ���9�	 �� .��9�5 &�O 6�5 ����Z	 
��	 FE��	 �
 ��H%7�� 8�# 
��9	 ����	 
�;� %�
.8R�#

V5�][ �
 &Zd �$�� %1�O GQ3g 8%%�� S�5 ��e&R�9�	 �$Rd 6�R��
 �� �7 
��d�/ � 
��3��� .
��M� .8K� .
���1� ���d
��
&	 ���<.��K�#<8�# �
 .�V5�][ _e���>� ���d
�� @# �Z	 
��	 6�5V�� @# ��� �R��d
�� &���9�# 6�5 @# (aR�	 JR�
$�) �R5

 F>( �� �mie&9��/ L#�� )�-9/
 T/�� 6�9	 ���>; 8�� )
�	O "#�	 ��K�# @# =[ .�< 6��O �R��>� .6@�R/ @# Ri�" 6�R5
z#��9/#.o%E �� &�#�����	��7 @�� )�-9/
 �� %1�O ��H%7�� GQ3g G���� �
 .�< F��$� &	�; c�/ �$R�� d����R/� �
 &RZ
 &DZ/e8%%�� �$d 6���
 �� &�9�	 ���d
��<%1�O ��H%7�� GQ3g 8%-��%	 .��$�� �R��d
�� �
 &RZd 8%R� )
��RD	 �
 �R5
er/f_`rr�`r/epqhb �� .�< 8%%�� J�d �@� ��� �5 6#@# �� ������� �� c��9� }�/# )�-9R��# )�R	O G/
 �
 �RX#� 6�R5

 GQ3g 6��< � G%�>;�[ FE��	%�6�9� ) R7 &R�O 8��R7 � ��RH%7�� 8R�# 8%� 8%�!>5 .��
#
 ���� #� ��H%7�� 8�# @#TOC (
Y5 ) �< )�5��	 GHn	 &-9��be/b>p.(8�#����� GQ3g �#�%%w� @# &���� ��H%7�� 8�# GQ3g �#�%%w�TOC .G/# ����/� �


) &;��d �� &3d#
 6�5�	�$�# GH��I/E���d
�� �
 ( D	 �
 ����Z	 
��	 6�5 )
��`e/b��ss/bGQ3g .�< �H/�D	
��@ R%1�O
 �$�� Y7 GH�� �� &ZdI/E ���d
�� �7 
#
 ���� �� �#���@�	 ��9/# 6�5 G%���� �%I\� GD� ��< �9��� �#�X &����# 6�5 .GR/#

�<�d $%���O �� �;�� �� 6#)�< ��K�#���d
�� .���d
�� ���/ �� GH�� 8K� � 
���1� 6�5 6�9>7 GQ3g �5���#
 6@�/�5� 6#�� �
���d
�� ���/ �� GH�� ��%5�	 �!� 6�9�%� G%��3Z	 �5.���#
 

?I�� J�! J
� K ::��2��$ P��2 5(�� R�;0� P5�$
��� 5�%�� J�!I/E PTOC 

�4	�"5� 
�� �>��	
 ��#�� � �� AH-;( k� � �� � �� ( &�	�������� �

0( �> 45�6&��
�� =��# ��7 �>3b��J5 ��,�� ��!� � tH-;(��
��� �-�� .(Kidd et al., 2007)"��� 	/� � � ��%� �,� &�- 7�

J5�,�� ��! 0( �� tH-;(�6� �! >5���� ��  � &�� > � > � /�( �
3b ��2� �>5 � > )� ;(  � 4� � ( �� � .(Huang et al., 2008)  ��

�����.!����� �� > � -��!�� �>��<�� #5��� � )* +��!&



�# +U� �(�* 0�D$8 ��S�@�� ;.!` +)��* ... dx.doi.org/10.22093/wwj.2020.192132.2895 
174

z"� � !�  � #�  SH(�� ���(S#5  � e4�  �>  g"�V�  > #�  �9� e  � � p
e>�9 4��> ��	-E� ( ,��A-��� ��. .(Rocha et al., 2011) S#5  � e
4��> g"��/� �> �
�� �>��(�>�S��-7�5�d	� ��:> 2� %3��- �

�'( ����> �7S#5�e4��> g" 2���A#���Z�> ( z"�� 4��E�O�S#
 <�� #5�,� � �-"��  � )* +�� �� >!��  �>����  � )* +��!

,��A- � � ( �� � .(Takada and Ishiwatari, 1991)  � > � 
�� � >
�>�80�( ��%�� ��� #��� �> 45����!�� 7��� (�� > � ��� 4� �E

����!&3b�����7����!0(�6&�� 7 �� ����.�� � ,��A- � 
>��-��:#����S#5�e4��> g"��>!#����S#5�e4� �> 2���A#� �

g"��( ,��A-� ��� � .5� 4 ��� �#��  ��� � �� (�,�� E�� 8(�
a��"�( ,��A-�����.�5 &�/���.S#5�e4��>  g"��E� � � > 
���  9 �  > �  %��e4�  ��  ���  ����  ��:,��  ( #�  ���"�  � ��

���,�� ��!a��"��� .(Eganhouse et al., 1983) � > � > � 
��
�/���Mc��!�>�-��� � � > 4��'( �4�� >�.���2� %S#5  � e4� �> 

g" 2���A#����>�
 e(�. ��K��a�:�"��S#5�e4��>  g"�� �
 �.#�� �������-.�����\�> 4��E �����c!w� %# � ���a�� "��

Q�@ ����O�� &{��| .�� ,�� ,��A-��.�� :�2�% � 
�� �>
��8-" �>����" �%�( 4��> �/� � >�> �� � (��'(  ��� �d	��:

��<�  ��(!�J�  K��� 2�  ( �� 2�>�  ��  �����( �a��  ���O�  S#
>�G���!�>!'- �( ��#�g(2�����! #5 �� (��3b ����5� � � >

0(�6��!>5���-7�)Ni et al., 2008(.� >  ,�* E  �.�� :�2� %
��!����> �'HB j���S#5 ,��< j�e g" 4��>�45 � > e 8-(

 � ,�� < �� �. ��-7�  �:>�.��� � �!��(��5  �  ( �� 9 j�<�� � ��
�d	���� :!��"��)5�<��!�� ���& �� +�$Log Ko/w 

45f��Vr��)Abdo Alkhadher et al., 2016(S#5 .  �e4� �> 
  g"���!/�&  �S#5 ,�  � eC10-C14 �� � ,��  >!}���  (��

 .��-7�� O�(���	�����.�� :�2�%�>2��� n-Cm >�4�(��� � 
45 �� �.mI� ���� ,���� 4��� ��!/�& �� :>� .  �,�S#5  �e�n

4��� ,���� �9�(���M<�
!4��> �� .�/� �� ��
�( Q*-"��
>�F�  #��S���(���  � �  > 2��  �  �%  7���  ��(��!  H"���  >
����(��!
��"�^>�4�(�.��� �%7�I/E �>�g� z"�� 4��E

 
1 Linear Alkylbenzenes 
2 Linear Alkylbenzenes Sulfonates 
3 Surfactant 
4 I/E (C12-LABs), ratio of (6-C12 LAB+5- C12 LAB) relative to (4-
C12 LAB+3-C12 LAB+2-C12 LAB) 

�/���S#5�e4��>  g"��� 0(�6� �! >5�c����� � � � ,� � .
 �> ,�*E  �: ��-"� � ��� (��!� GHh � �.�� :� ( 2� %XS�� 

H;� )*+�� k�� � ��'( ,���.  �� 0( � > ,� ��6� �! >5�� �
(Magam et al., 2016) � > �
�� �> .  �:�� <P��� �S#5  �e4� �> 

g"�>�" z"���#��� &  ��� �!�� 7��<�� #5 � > �� %�� ���
4�  �
 �  ��� �� t  H-;( pK�  �( �� )*  +�� �  �.(Abdo 

Alkhadher et al., 2016) .
�> #�� ���-( �>��( ��
� e�.�� :�� �#�g( ���( pK��( �� 2�%�

�:���Pc �� Q�� �>��.�� �GHh :�S#5 2� %  � e g" 4� �>���
2�>����Iy� ���"��� ���"� � � ���H>� > ����*� �:/� �����S�

 =�/��.����"��� ����%( �>!&�����!��( �d>�� 6��� 4���2*
����  S�� � ���  �> �  >�,�  <�� � �  ��  ��"��� �  ���� )*  +�� �  .

�����	  7c!��  �!-��  � ��&���  �. �!��� �  ��5 �  >�  ( ���  � 
)�;-��.��> �
�� �>3b��.�� ��S#5 2�%�e g" 4��>���( � >  � 4�

���" ��'g�( ��>!_���"��� ��!4�� �&�( 4�- � �� � �#�g( ���(
>�Hg( � �� =�/��/�� I� �> �%7� ���5 ��.�� ,� & �45 � > ,�*E

�j�.�� ��� :���( �> 4�-� :��>5 4�<���c � 4�!��- 7� �-7>�
�� & �!���. 4�K�� ��(5 �a<��#5�)5�
 ��1H(� E���- 7�

 �E�> �.�4�K�� ��/�(���� �� 4�� �&�( 4�- � �� � �� �. ��
 � � O�B�=� /� 2��� + � . � � ����P c (& ����� � � � � :
 ��.�  c  �.�� :��  ��"��� �� 2�  % �  �!  � 4�  �L�� � 4�-  � :

(�.��. 

V46�� � ��%� � 
V4�4	^��T� ��%� 	5T(� 

�'g�( ����� ,���0( �� ��#�g( ���(! > ���"� � � � �S��O� K :
��N
     ����"|�'{~°�~ ���'}�°�} ��N
 ��     E �     ����

"~�'�|°~� �"|�'�|°~� �� eB�  � ��  ��!�  -��< ��  9 ��  "
.�� ���#��� �����!��7�����:�E� � pK� �(  ��4�� S�

  0( & �  @�AB O�  ��6&��  7 � �  ���(�� Q��  @ k�  � :-  ;
�-7> ��>!� �!- �*c�S�- �J ��j.�� ���� �� �� �h�� 2� %��
���,�� ���.�� � 4�a���< 6�����'g�( :�d	� ��:� > � 
�� � >
/( 
 2��� ��,�a � �!�� 	7c �  �� ����� ��"��� � > ����� :�� �

 
5 Clustering 



D�@ �$� ;�1�A�L��� �:��!EA���2]*?dx.doi.org/10.22093/wwj.2020.192132.2895 

175

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 4, 2020 

Fig. 1. The map of the stations studied in the rivers of Mazandaran province 
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���U I/B ,�� ,�� & �HB�( e%9 �U �> ��'(�'��v�% Z(� H�#�� -

���,��>,��A-� & c��Y��-��c ��!4�-� ��9 ���< �4�-� �> 

,��A- � &Z_(� H�#�� - �� H;( Hex/DCM  � > �% 7�  	/B�
)\:V(��-7� .�� ,�� 

���	� ��Xc&��%E & 4�-� �� :#�> ��!>*<�e�� �> I/B 

�'��%�Z_(�H�#��-�	
 ��5!���� � XY � � ��	� � � v�� /( � > 

,��A-� &,�a-�� ;%�  ��,� ��U ���� �HBO� ��c�,� � � � I /B 

�'��%����5 �> ���BZ(�H�#�� - .� ��>����<��� (��U���- ��
�HB�( =�� & ��H�OF�� v*(�. O��� ,�� ,��A-� ��.� g9  H"��
4�-� �� ��HB�( :��/|-����� -(� ��H�OF�� � � k� A�� Vl 

-�����-(!e"� 4�-� ���-; � �. ��  � � HB�( :&�(� H�#�� -
�> O�(�� 4�a�!&���
!.���4�S#5 2�% � > XY � .� � ,��A-�

 & ,��A-�{�(�H�#�.�� O� (�� 4�a� �-�S#5 2� %  � e4� �>  g"�
&���
!.�� � ��	� ;%� ,�a- �� & ,��A- � � > � �  ��� ��� ,� ��.

�
�*( 4��� &�< I����B �� 4F��-}� �~(� H�#�I /B ��� . � -
� e"� �> � �� ,���e'-�( O��.�!� > 0 8��� g" �! ����&

1 Soxhlet 
2 Gas Chromatography Mass Spectrometry (GC-MS) 

N����I/B �H"� �����-��(p-Terphenyl-d14, M/Z=244) � >
����B O�!���+ ���	� ��(Abdo Alkhadher et al., 2016)..

#�  �5�.�� ��K ,�a-  �� & ,��A-  � �  > 2�  %  �t  (�
 s�  � �
Technologies Agilent O�(5975C �>&�< Q�<���(��. ,�	�!

O�(7890 A �(5 ���. �"����> 4�-� .�� =�/� �S � -�� �� . ��
�c� . k� � & ,�a- �� :��*!O� (HP-5 � > O� K~|�� -( � g9

  H"��}�/|(�:.�  � &�  � �(�;  + � �  -(��S}�/|(��  -(��S
�(5 ���. O�80(�H� &�< & � ��> �S���H" �> =���/��� ���

�> �> .�� ,��A-� e(�B &�< 4��E!,&�� <���� '( !S#5  � e4� �> 
g"��(�!#��4�-� ��|�
��w��7H� � � XY ��� > � (� �

��'( ~�
��w��7H� & �>!9� ��� �� �� �'�� (� � > 4�!{�| 
�
��w��7H� �� �(� �� ���> �(� ���'( ~|�
�� w�� 7H� 
& �>!9� ����� �� �'��(� �> 4�!}�| �
��w��7H� ��9��� '

	� �� :-�� �a��G�� �(� :�I�.��4������� > � > =� 
 �%7� �>\

)M/Z(�{�{|� �{{� �>!��������> .�� )�;-�!�% ��0(
 ,��A-� ���( R�� �9�!�> #��5�.�� �� ���> 2�%�,� � R�� &

���	� ��S� ,��A-�� �� .��R�� :�S����	� & � > � �\�	 79
7'��I���� =�	� ������!,��(5 &��!�>I� � �>��( ��K 4� (& � >
��!\��� �� .�  � =�  /� ,�  � �  
 �	  79  � ,���  �( �  � �  . �

�GHh ��!�>��� ,�(5 �����> .��-7� I� �> j4� �E  � ,� E�9 j
H.���d���L Q�0� �(��GHh �� & �-	. ��Vr�� ���� � � �� � :

,�� �  9� �  ���  �& e  >�9 �O�  %9�  � �  > .  � w�  � :��  '( 
Q�0� �(��> ��!.���S#5 2�%�eg" 4��>�\o/��%��0( ����
�-� .���4��� s�� �.��'( �9����U =�/� ���& e>�9 �O� %9 �� >.

!�> �/�� :>�U #5�eU^�;>�&2�>��� �� �> ���	� ,�a-�� 

������  ��� �" � � �X c )5 & �& � ���2��� /( � � �
&� ���:� > � ��> L� ��e '-�( � � �X c & ��� + 4�� U  ���

���HU�����V��J�( � > 2� ( ^�E� � �� 4�5 � > � (�!V\r 
�
�� w��7H��XY� `�E� � �� ,�� U Nabertherm GmbH 
O�( L 170 �> 4�	#5 �(� !��| �
��w��7H� 2�� B ,�� � �.

�/�� ��( #5��>w�� ��'(���U 4&� ���/ �� ,� � -��� / 

��-B ��> & ��M< 4�(& 2��B ���)��� � � =�/�. ��  � :
& ,�� j�" )��� 4&� �-> R��  > � e%9 �HB�(�,���5 � ��

 
3 Mass to Charge Ratio 
4 Total Organic Carbon (TOC) 
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��"&3T2�%�.�� �����-� Q�0� � �GHh :�a���(e�S#5 �g" 4��> ���"�� �0g� 2�>��� �� ��#�g( ���( !�� 
Table 2. Average concentration and standard deviation of linear alkylbenzenes compounds in  

surface sediments of studied rivers. 

LABs Nekaroud Tajan Talaroud Babolroud Sorkhroud 

∑C10±SD 1062.37±757.23 260.74±77.77 730.46±69.77 422.02±235.16 1138.49±230.82 

∑C11±SD 2164.83±302.24 814.51±183.50 1674.89±16.99 1177.28±378.20 3270.86±702.01 
∑C12±SD 2041.97±1072.45 914.78±201.48 1604.56±49.57 1184.30±371.74 2983.76±526.19 
∑C13±SD 2778.89±343.13 2160.01±502.83 3272.86±92.87 2378.34±951.11 4871.86±570.33 
∑C14±SD 48682.21±5060.22 58189.16±3745.64 72172.28±3407.60 74058.58±8113.75 79023.60±983.88 
∑LABs±SD 1585.16±56730.28 62339.21±4676.30 79455.15±3463.29 79220.53±8651.55 91288.58±3513.24 

�(� �> ,��. �� XY� �!�|| � 
�� w�� 7H� � > 2� (��E� �
 4&� ���	� ��> �HB�( �� .�� ,�� ��9 � � � > 4&� 2�� A� �� ��

 �> ,�(5��'( #� 4&��7'� ���	� ��I� � �� '( � �  #5 :>� .�e .
�> ��� 5(�.(Nelson and Sommers, 1996) .

V4�4	/D�Z �=���� :!
'Z 
�>!����.�� �GHh :�2�%S#5�e g" 4��>� �����- � � ->  � :
.���$�GHh �� ��!,�a-�� �> 2��A-(GC-MS ����p �� > � �

=�� & ,��A-� ���MSD Chemstation  � ������ �.�� :�2� %
 =�/�.�� ��� ����� ���.�� �GHh :� �0�( � > 2�%�#�.� ��%�4�

g"�e7. ��}|{� .�� �%��0(�>!�/� =�/���H0���,�� e� �
 �->��'( ,�� 4��> O�(�� ���> ���	K & Xc .���O� (�� & 4� �

,�� 4��> �> ���!�'(�.�� � GHh � 7�S#5 2� %  � e g" 4� �>�&
#��5��� � �X��  �j� ��KV,��A- �  ���� �� � � ��!� > ��� � :

Q*-" ��!��(�> ����� :� & j�,�a- 7 : S�� 4� (&5 & � �Z

�> .�� ,��A-�!����I� :a-7>�>�.�� �GHh :�2�%S#5�e4� �>
g"�� 2�>��� ��TOC  ,�� 4��> O�(�� 2��� �� 4� (&5 & � �
I� a-7>�c�4� ��\h �� � � � �I � 4� (&5 & 2�� � :a- 7>�
Y��:(�^,��A-��.�

�4E'+ � F/�72 
S#5�e�> g" 4�� ��!/�& �S#5 ,� �eC10-C14 �� & �}�

1 Analysis of Variance (ANOVA) 
2 Dunacan 
3 Pearson Product-Moment Correlatioin Coefficient 
4 Spearman’s Rank Correlation Coefficient (SRCC) 

�S  �� � (���e,�  � �  � �� .  � :���P  c }���  	� �� �  (��
���	� ; �� ���� > � . � � ,�� z2�� �LABs C10-C14∑��

O��
}.�� ,�� ,���5 
S#5 �GHh�e g" 4��>���� ��"��� 2�>� �� ,��� 0( �� � �

>�:ng/gdw��/�{}��T}�/���~| �>.�(5 ��� � > � 
�� � >
 � -��> �s��-  ��( : �a����  ��"��� � > ��  >�( �  GHh :� ���"�  �

�-	.�:��'( .�� > ���� S� � ��"��� � > �� >�( 45 � /�5 &��� .
I�( ���: b��(�.�� :�)*+�� 2�% ��!-����a�� " ����- 7�

)Vazquez-Duhalt et al., 2005(�� ��"��� � ������ �� � .� S�
�� � �.�(!-�� � ����S 7( ��,� � � 9� � ��� � � > �% 7���

���"��� <��#5 ���>��-�!.���� 4��� � 
� ��"��� � �� ���"� � & \� ��"��� )5� c O�	 � �� �U 

)�70( (��U ��� & ��(� !�� �#�	� &�%# b��( !�U�( �( ���< 

�����7( ��" �> �� %E & pK� �( �!&��� �U & 4� �( ���� � �
���-��� k�� ,���J5 �������" �	
 ,��U ������ ���>!� ��� 

��" ��H;� �(��U.�:���"�����- ��> � 0� ��3b � � �#��� !� � 

���7� �45 $9��-( �<��#5 !�� 6�0( �- 7�& � -��<��9 .� � 

�> O��( 4��E ���� °�B ���" !�� ���� 7( �4��- �� � � ��
I��B � ��"��� �� �� I�'- 7( )* +�� !� � ���� 7( O&� �( �

4��-�� ���>����"��� �<��#5 45 � ��3b � �0� �� 9 ,�� ��� > 

)���( !�� !��	�> &�!��	�>��h � & ���� (�:� �d	� .� �� 

��� 2����+ ��#�>& ��I��B �� :� ���"��� � � � ��� � E�> !� > 

���7> �> �,���& Q�K �� ���"��� �( ���� ��H> �> � �� I�'- 7( 

�>��� ����"��� �> I-7���U � 45 � ( I��> � �&�� E�> � > � g"
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:-"�� �<��& 4���>5 �QM B 2�� 
�( � AU !� �&�-�> ��� � 

$#�h 4�� ���< !�� =��'( �( ���.

A  8� ��  
� =�  E����  � )*  +�� �  ��"!�  � �� �  � :
)*+�� �> �����"��� ��>�� =� " 2�� � =� E A 8��� ���� S��

  ��	����H;� �  �)*  +�� ��  �!-��  ����  . �&�  ( 4�  � ��� �
,�� ,��A-��>(&�:��!&����.!� 4��> )5 6������ R��� �

<��#5 �E�> 4�-7>�� � ���> O�K� >�<�� #5 �� 8"�(� >�S��
�����>5 ���� 4��:���"��� ��� � ,��.(Yaghoubzadeh and 

Safari, 2015) 
O�� ��}|{} ����Pc �� � >!S#5  �  g" 4� �> e�� > 4� �E
( �a��  ���#�  S#�<��  #5�Q�  � �� )*  +�� �  �!}�  A. !

Anodonta cygnea #�� )J�� ���.�� =�/� 6 ��-( � GHh 45
 �  ��	� ���,�a-  7 {��}| (�=�<��S./�=�<�  H �� �j  �" 4&�

�,�a-  7 }�{}�� �� ��,�a-  7 ~�}{�� � ���,�a-  7 ��{��� 
(�=�<��S./�=�<�H j �" 4&� ��� �:� � .� -��s �:����P c 

<��#5�� ��� �.�� :�2� % � ���,�a- 7 � �!�� � �#�g( ��� (
#�� )J���4����� )*+�� �. � �!�� �!� > �:�,�a- 7 � �

���,���)Mashinchian Moradi et al., 2012(.
�����Pc ���a!O�� �� �.}|{� �#�( ��!�'g�( �� ���

��  �> �	
�c & �  .  ���  ���#�  ( pK�  �( :!�  ����  '( �  GHh

.���S#5 2�%�eg" 4��>�0g� 2�>��� ���,��� 0( �� ���"���
>�:}/����|}/{{� ng/gdw ������ ���� �. �� :�� GHh �

����( � ���Pc :��>#� �-�� � e�� � � �� � 4� ���	
 � ��
�� 4����#�����Pc :� > $ ��( �> �GHh��- �!.�� 4� �� � 

°�B �b��2�7 A 8����� � )* +�� � ��"!� (� ������ �-�
0( �> )*+���6&��7��>e>�9 ��K �GB*( !.� �� ��� . � >

�:7> �� O�B���!���� �. & � ( �� �. � ���(,�� �� �!�� (5!
��I-  7 �  �!A  8���� w�-  �� �� )*  +����  7 .����  �. ��!

�5����� &�:�> ,�!��%�> )* +�� �� �! 7>���I . ,��A- �
�� ,�� (Isobe et al., 2004).

�GHh& ���S#5  � e g" 4� �>�� > �% 7� I .I/E � ���( : �
���Pc 4���(���� ���"��� �. ��!��#�g( ���(�>6 ��� 2� �

 )*+��A8��,��� �� �0�b3����9 �-��< ��.(Rinawati and 

Takada, 2013) ����  � ��!#�	  ��  � 4�)*  +�� �  � �  > ��  K
'-7(� IA8� �� ���  ,�. ��� ���I-7 �  �!>5  �( �> .���� �

Fig. 2. The average concentration of linear 
alkylbenzenes in surface sediments of the studied rivers 

in Mazandaran province 
 :;�34:�a���( �GHhe�S#5 �0g� 2�>��� �� �g" 4��>

���"��� 4���&�( 4�-� �� ��#�g( ���( 

����	
 ��H>�9 � ����� ��-7�4���&�( 4�-���'( &���!&
� ��,�� � ��� .��2�% �h���   ��-7> �> �! � �!- �*c�S� ���( �

�g>!��!���( )5��g> �!��!- �*c Q�� @ ��>� ����S��� (
Mh��'-7(�6��� v�	4��U�� � �>5 �> 4�a���< � �'g�(!0g ��

����(��� .
�� &!��e0( �a ��!�#�>& :�� ���� � ��. ��! �4�- � :
ea�
 �� ��B �� � ������"��� � ���,�� ��/ � � � E�> � . ����

 �����.�� :�� �>5 �> 2�%!0g ��� � ,� �.(Abdoli et al., 

2014) �0g  � 2�>�  �� �� �  g" 4�  �> e  ��#5 �  GHh :�a��  �(
 .� � ,� � ,�� 4� �� 4�� �&�( 4�-� �� ��#�g( ���( ���"���&

�/�5���. �� ��"��� :� � ��pK� �( �	
�c  ���-�� ��� 9� 
,�� ��� �>2��G� �	-7( �>#� �e<�� #5�)* +��  �d	� ��:� > 

���"��. ��!A8���)*+�� ���(5��. ��pK��( � �#�g( ���( � �&�
���� �>��>�: (�4� � <�� #5�)* +�� ���5�,� � ���  �j� > 

e9�B �����.��eS �Z�� � g" 4� �> e �S#5 � GHh :�a�� �(
���"��� �0g� 2�>��� 4���&�( 4�-� �� ��#�g( ���( ,�� 4���

.�� ,�� 

�4�4?�X!8.Z IX!8.Z =%d�� IT9 LD(+ :!;�� 
eS� �> �
�� �>~&��� ���(��!.���2� %S#5  � e g" 4� �>���

  � :���P  c �  >!�  ��"��� �  �!���"�  � � ���*  � �����  S� 
�> 2���C14>C13>C11>C12>C10 �> �!���"��� ��!:/� 
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��"&>T�'( �7��'(�e�S#5 2�%�.�� �GHh ,�� R��< �g" 4��> ���"��� 2�>��� �� ,�� =�/� 2��#�g( �"�> �> 4���&�( !�� 
4��
 tH-;( pK��( �� )ng/gdw(

Table 3. Comparison of reported concentrations of linear alkylbenzenes compounds in sediments of Mazandaran rivers 
with some studies in different regions of the world (ng/gdw) 

Station ∑LABs (ng/gdw) I/E LAB Degradation 
(%)

Reference

Pearl River Estuary 5.8–26 0.6–1.5 29 (Luo et al., 2008)
Dongjiang River 566 1.9 38 (Luo et al., 2008)

Sarawak River, Malaysia 7386.2 1.0 15 (Magam et al., 2012)
Dongjiang River 1.5–410 0.6–1.4 - (Zhang et al., 2012)
Kim Kim River, 

Malaysia
122 1.8 36 (Isobe et al., 2004)

Jacarta River, Indonesia 6171-1559373 0.9-1.3 - (Takada, 2013)
Mazandaran Rivers, Iran 56730-91288 0.25-0.44 -13.88T -33.76 (Present study)

e>�> ��> ��� 2���C14>C13>C12>C11>C10  � ,��� �( .�
B �� #���.���P c ,�  � =�  /� !� � "��� ��       . ����  . I� I

�� �    O�}|{� ( �� #�  �!� .��%  2� �(��   > ��� ��   2�� 

C13>C12>C11>C14>C10 ��� ��� .(Abdo Alkhadher et 

al., 2016) ..���$��(��!.���2�% S#5�e g" 4� �>����� ( 
�  ��,��   ��  'g�( j  (��  ��� 2��  A-( &���  ( ,��A-  � ,�  � ��

O�(�� ��!x�c ,���. ��!� pK��(��a.���> v� %#�h�&.���2� % � >
�> �>��( ��"!J5 ������ � ��-�� x���,�� ��!#5�,��A- �

(����.(Macıas-Zamora and Ramırez-Alvarez, 2004) . > �
A-�      ,�� &�   &�   ��    ��(��!.���2�  % S#5  � e  g" 4�  �>�

(�k�� 4�� H;� )*+�����> ,��0(�6� �! >5��� � � � :�� U 
)Tsutsumi et al., 2002(.��  ��(��!C10 �C11 �  � ���6

&��!���"��� 2�>��� �� � � eB�� � ����/� �-�  �  ( ��.��� �
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Fig. 4. Internal isomer ratio to external isomer (I/E) in 
studied rivers 
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Fig. 6. Cluster analysis of linear alkylbenzene 
compounds in surface sediments of the studied rivers 
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