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Table 1. Surface sediment sampling sites along an 
orthogonal coatal line at depths of 10, 20, and 50 m 

Fig. 1. Surface sediment sampling sites along an 
orthogonal coastal line at depths of 10, 20, and 50 m 
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Longitude (E)Latitude(N)Depth 
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"18.6'31°37"18'06°4910T1  
"19.3'31°37"20.2'20°4920 T2 

Sangachin
"43.7'31°37"5.2'20°4950 T3 
"2.9'48°37"54'00°4910 T4

Hashtpar "18.9'48°37"4.3'2°4920 T5
"22.5'48°37"12.3'2°4950T6 
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Table 2. Normal alkene concentrations (µg g-1) and the dependent parameters in the coastal sediments in Guilan 

Province 

Sangachin Hashtpar
Station T1 T2 T3 T4 T5 T6

C12 2.1±6.1 6.7±45.7 14.7±28.7 1.2±6.8 11.8±34.4 0.8±3.6 
C13 2.5±5.5 10.1±75.6 18.4±62.1 2.5±7.0 4.6±9.0 2.1±7.0 
C14 11.4±23.6 86.4±12.5 45.1±108.6 5.2±8.5 0.2±1.0 16.9±40.1 
C15 6.5±20.2 15.7±42.6 16.9±29.8 4.8±7.8 0.6±1.6 16.6±34.9 
C16 23.5±94 55.3±196.9 56.1±169.5 6.6±17.0 0.5±1.3 54.6±133.1 
C17 15.6±76.1 29.5±76.7 17.3±53.7 3.2±7.8 10.2±52.0 14.9±70.5 

Pristane 19.4±50.4 12.4±45.0 12.6±45.4 22.7±43.0 17.7±40.8 16.7±231.1 
C18 56.1±187.0 77.3±269.4 38.8±246.4 26.9±83.7 15.8±52.3 45.3±241.9 

Phytane 88.4±222.5 66.7±143.7 36.4±107.4 45.5±107.5 43.7±144.2 67.3±108.1 
C19 23.2±77.4 45.3±118.9 25.1±248.6 10.9±30.1 16.8±30.7 16.2±88.5 
C20 67.3±176.0 65.4±327.1 21.7±50.7 45.3±143.2 44.6±114.9 34.9±228.1 
C21 14.3±54.0 13.2±178.2 98.1±245.5 12.9±43.8 9.4±21.4 12.4±65.8 
C22 54.1±162.5 77.5±180.6 15.7±53.8 63.7±128.5 12.6±66.6 36.7±167.8 
C23 32.4±77.1 36.6±141.17 56.7±220.3 23.8±51.5 3.7±8.6 34.6±83.9 
C24 44.4±149.0 41.9±216.1 13.8±76.6 26.7±149.5 21.6±46.9 53.9±174.0 
C25 45.1±121.1 89.9±160.6 45.7±220.4 55.8±12.9 12.7±51.1 44.3±145.4 
C26 54.6±133.1 77.1±223.2 56.3±153.7 51.3±189.0 13.7±46.1 65.3±214.6 
C27 45.7±101.2 43.1±212.3 69.7±278.3 34.1±170.6 7.6±17.8 76.9±224.0 
C28 37.8±98.0 76.4±197.4 86.5±273.0 35.9±140.9 16.4±42.2 62.1±180.2 
C29 19.5±113.5 45.6±233.6 47.9±259.9 32±166.5 16.9±25.4 25.5±244.5 
C30 37.9±86.0 23.7±128.3 55.3±338.3 32.8±86.0 11.1±26.5 37.8±122.1 
C31 14.9±61.6 88.5±203.5 66.9±200.6 45.6±170.2 15.5±45.0 37.4±216.6 
C32 16.4±59.0 37.8±111.2 65.7±521.0 55.9±81.9 21.4±44.9 66.4±108.3 
C33 3.5±10.8 9.8±23.0 12.7±510.0 8.7±23.0 48.9±110.9 12.5±51.0 
CPI 0.82 0.79 0.95 0.76 0.79 0.77 
ΣHC 88.6±1887.6 214.4±3583.1 182.2±3899.5 210.1±2845.9 76.9±823.8 123.1±1836.9 
U/R 5.02 6.57 6.55 5.15 48.4 3.30 

nC17/Pr 1.06 1.70 1.43 1.63 0.61 0.14 
nC18/Ph 1.10 1.87 1.65 2.24 0.36 0.77 
Pr/Ph 0.22 0.31 0.42 0.39 0.28 0.21 

CPI= carbon preference index. U/R= ratio of unresolved compounds to resolved compounds in gas chromatography.n- C17/Pr = n-
C17/ Pristane.n- C18/Ph = n-C18/ Phytane. Pr/Ph= Pristane/ Phytane. 

(	#efff %#� 0)� 0���"(Zakaria et al. 2000).A�� $�� ��
 hi&# � 4�,	&F � !" 	, �)5,� 0�	b5#� ���' =�	#� � Y��� �'	��

	, W
��� �, -&(O&�&�	&�	5'&�&� 	&,) (	&'�� 4�U&L� � 4�5&#� /(�
 (O-s(����' �5&1� Y��&� �'	&�� .)�)&� 0��� �P51� 	&, 0)&�

�	'� �� 4�" �� W#	+' �'�
+
'��" 9��@ cfw k�
&1�# �&���
�, G)'t���8 %V	# �� =&�53' �&�" 0�	&' �&��7 �&� �&S� 	� /%6�7

 �	@ Y��� v<#��� .���, ���a5#� G	�
*��PAH �&���� �� ��

 �)5,�cff �5
���E
'%
7��	#c�l ��
l�� %#� ��	-t���)�	5#�
) �&&&&����naphthalene-d8/anthracene-d10/chrysene-d12�

perylene-d12%R�� 	, (cff 
�7��	� �,w�l 
�7 �.xe%V	&#
^P� 0	L5#� 	, ��	�[�� $* ��, 0)� pP� 	, .)� �6	>� /0�	b5&#� 

�� ��&&1l�# 0	L5&&#� `&&[- 	&&&, cff �&&�
' �&&&5
� (O&&&- ��	&&- 
�� ���l 4	5'c�&, �&���� �&� ���a5#� G)&'cf.)&� 
	&[�� %V	&#
�, ����� �, /��7�7 4��, $
, �� ��R+' � ���a5#� �	�&2' /0)&���) 

1 Surrogate 
1 Dichloromethane (DCM) 
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Table 3. PAH concentrations (ng g-1) in the surface sediments at the southwestern areas of the Caspian Sea 
Station T1 T2 T3 T4 T5 T6

Naphtalene  11±167 18±168 104.2±1324.0 15.1±143 87.4±265.4 87.4±265.4 
Acenaphthylene 2.4±11.4 12.1±123 43.8±139.2 1.5±6.5 2.6±0.7 2.6±7.0 
Acenaphthene 3.6±16.4 5.5±12.7 25.8±172.5 2.2±8.1 1.5±9.8 1.5±9.8 

Fluorene  1.3±6.8 6.5±11.4 55.7±224.6 4.8±8.9 2.8±7.1 2.8±7.1 
Phenanthrene 7.4±75.2 12.1±128.6 64.1±203.0 1.13±38.9 12.5±38.9 12.5±38.9 
Anthracene 0.8±4.5 3.4±9.9 4.7±15.0 1.3±3.4 1.1±3.4 1.1±3.4 

3-Methylphenanthrene 7.8±24.4 13.8±54.3 21.8±67.0 15.5±33.4 4.5±13.8 4.5±13.8 
2-Methylphenanthrene 7.9±28.4 23.1±65.9 2.2±76.0 12.6±41.8 11.3±17.8 11.3±17.8 
9-Methylphenanthrene 6.8±32.0 38.1±72.2 54.3±124.7 19.5±48.3 6.4±18.2 6.4±18.2 
1-Methylphenanthrene 5.1±22.9 14.1±49.7 23.9±76.3 16.2±34.3 4.9±13.2 4.9±13.2 

Fluoranthene 6.6±37.8 23.1±89.2 45.7±105.4 12.4±34 9.8±23.4 9.8±23.4 
Pyrene 7.5±63.5 34.1±132.0 64.2±187.3 21.3±64.5 23.1±37.3 23.1±37.3 

Benzo (a) anthracene 1.6±3.3 12.1±45.9 1.4±5.7 4.3±13.0 0.1±0.4 0.1±0.4 
Chrysene + Triphenylene 4.2±41.8 15.1±117.3 12.5±57.6 18.1±71.6 2.3±7.7 2.3±7.7 

Benzo[b]fluoranthene 1.3±22.2 17.2±43.0 2.4±6.2 4.5±10.9 5.3±16.4 5.3±16.4 
Benzo (k) fluoranthene 1.1±5.2 5.9±10.1 1.5±4.0 0.5±1.2 0.6±2.1 0.6±2.1 
Dibenzo[a,h]anthracene 0.2±0.8 0.5±0.5 0.7±1.2 0.3±0.6 0.1±0.4 0.1±0.4 

Benzo(e) pyrene 4.2±21.4 23.1±73.4 9.9±13.2 6.7±22.8 1.2±11.6 1.2±11.6 
Benzo (a) pyrene 1.3±7.9 10.2±30.0 0.6±1.2 3.4±8.2 1.3±2.0 1.3±2.0 

Perylene 6.5±89.7 34.8±172.0 4.6±23.2 21.4±86.5 6.6±23.3 6.6±23.3 
Indeno[1,2,3-cd]pyrene 0.3±0.5 1.3±9.1 1.1±1.4 0.4±1.8 0.4±0.7 0.4±0.7 

Benzo[ghi]perylene 0.9±3.4 12.6±44.4 3.1±9.1 3.5±11.4 0.7±2.8 0.7±2.8 
Total PAH 35.6±813.11 59.1±1689.21 102.2±3965.65 22.1±852.3 49.8±626.95 49.8±626.9 

�6	>� 0)� (	X6 h'��&.�� 	&, (	&X6 h' .)�&8�� ��	&#�� �	&�
 ��)- %-	1' 	, �1'c�5�	# �&,�' �5' ^���*��)&
� )
&#� ��g

�&P51� hi# � (	'�&, �&�� !" 	&
��&&5' /0U&4� /(��	�&L�&4�Uc�
�� �8�� 4)� 0	
# G��F �� .)� =F	- 4	5'���* (	&X6 h' �	�

 (��7�&7 ���� ��	P�)�� h&@et%V	&# /��7�&7 =&'	* Y?&- 	&� /
o��)[' �'��� �� .)� �6	>� (	X6 h'�,��R+' �� (O- `[- 9�	*
����� �� $�	, �� ����' �	� �� ��70)++l�
a�� 0	L5#� ����e0�	b5&#�

.)� �P
� 4�5# ��� �, 0)� ���a5#� ����� (r	E
�
&# ��	- ��w
)F�� , 0)� (	X6�
�)��6	&>� (!" ��
#� &� ��&P51� hi&# � )

�� 0�	b5#� 	, 4�5#ef��
' �5
��� q��a' ���* (	'�� 4�UL�/4	5' 

) ��[- %�1� �,s:c4�5&# �� (r	�
�
&# �	&b��� .%6�7 G��F (
�P
� ��z�5�	# �5' 4" ����� �<8 �z/f�5�	# �5' �&���� .��,

,��&�-�' �� 0)&'" %#� (�� &'��l�6��7��	 9�	&* �� h&@ ���5&#
 �, `[-e	�s��
' �5
�,���
#� 0)&++l�
a�� 0	L5&#� ��� �&, /����

 oO'	&* (r	�
�
# ��	- 
�� ��-�' �6��7��	'��l 4�5# ���&8 (	&X6 

1 n-Hexan 
2 Rotary Evaporator 

G	&&�
*�� 	&&� %&&6�7PAH 4	&&��" ��&&���� �� ��&&��' (	&&'�� �	&&�
 ��	#�)�����P
� 4�5# �� (r	�
�
# �	b��� . 
�� �&�-�' �� cy

�5�	# �5' 4" ����� �<8 �tx/f�5�	# �&5' .��&, ���&, ��	&#�)�
 G	�
l��PAH ��ct��
' �&5
�����&�* (	&'�� 4�U&L� / 4	&5' �&,

) �&&�[- %�&&1�s:c� (���&&,4	&&��" ��	&&#�)� (	&&'�� �	&&� ��t
��
' �6��7��	&'��l 4�5# ��P51� ���, 4�UL� �5
� .)&� 0�	b5&#�

, =F	- ��������
&#� 0	L5&#� 0)&++l�
a�� 4	&��� hi&# � ����
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#� �&P
� Y�&� ��&Za' ��
 0	L5#�GC-MS `[- 	,w/c��
' �5
� �� 9
&@ ��" �� .)� =25+'

 �&, C��U� 	L5&#�0C-MS /
��" 4	&��� 	&, 	&7 p&P� 4r��&5
� ��
hi#cff ��
' �&5
� �&���� ���)�	5&#� ��	&- 4	&5l��U��c)Para-

terphenyl-d14(�)(n-tetracosane-d50�, G	&�
l�� ���&, W&
��� 
PAH 4	��" �(	&'�� �	&� �&, ��&R+' �&�l A�� k	&#� �&, ��	&#

)� �6	>� ����� �� ��53' �P
� �, /����� ���)�	5#�.

1 Internal Injection Standard (IIS) 
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,���&V�H 	����X�`
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%&R�� C&
23� $�� ��sfW&
*��PAH 4	&E�" ��� (	&'�� �	&�
 0��)&&3'n-C14	&&�ssn-C ��cy4	5&&#� =-��&&# �� �&&8�� 0	L5&&1��

 �	&�V�) 4O
7cf/ef�wf��&5' 0��)&�� ( � $��&5�* .)&� ��&
7
 4�U&
' $��5P
,TPAH30�&, ��-	&# G	,�&#� �� C&�V �� W&
��� 

ef��5' `
� d�) �&@ %P�-1 ng g y/tz±zw/geg C&�V � (wf
`
&&� d&&� ) $
:	L+&&#-1ng g e/cfe±g/szgw&&, (�.)&&'" %&&#�

 4	&E�" G	&�
l�� 4�U&
' $��5P
, � $��5�* $
+m�� �� (	&'�� �	&� 
`
&� d&&� ��-	&# G	,�&&#� �	&&� $
:	L+&&# %&&R�� 9��U&&6� )&&��� /

G	�
*�� PAH 4	E�" �%&��� ���� C�V 9��U6� 	, (	'�� �	� �&l
�' �P��U6� )��� $�� �, )���� =-��&# �� 	&��� �5&1, )+� W
� =
��

 � !�&#� G��� (	&25�� �V	, �l )�	, 4O
7 4	5#� �8�� � �U*�'
0)+�D" !�&#� � �5&1, W
&� %& � �� 	& �" 0��&�� �	� �� ���?&7

 %&&#� 0)&&� �5&&P
, �	&&�V� .(Lashte Neshyi et al. 2006; 
Khoshravan et al. 2011) 

�' $
+m�� �, )���� %�&# �� �5&P
, 0)&+�D" �,	&+' ��&�� =
��
 �&P��U6� )&��� �, �[+' �l )�	, �2<+' $�� �� �EP� �, %�1� 	���

 .%&#� 0)� �	�� �, `l �	�V� �� G	�
l�� %R�� �� ̀ 
&� %&P� d&�
`
� YO��, /�@ d��&P�	* )��� /�L�� G	&�
*�� %&R�� PAH �

4	E�" C�V 9��U6� 	, (	'�� �	� ��cf�,ef�&5' �&l )&� 0)�	&P'
�' ����)�,=
�� 	&� =-	&# 0��)&3' �� 	&��� �51, W
� 4��, $
�	@

 C�V ����cf�5' =-��&# 	, �1�	2' �� 4O
7 4	5#� �,�� �2<+' ��
�- �U&&*�'&&> �U&&� �,�&&+� �)&&�	, �	&&� d���&&� �&&, �&&[+' �&&l

 !�&#� 4" ���?&7 %&#� 0)&&�.(Lashte Neshyi et al. 2006; 
Khoshravan et al. 2011) 

,�"�a��u%��
6 q�8-� a

*+ F�Q='K �� P��J0Q�� �Q� �Q6 3�Q6

 /���� 

����� U
�	�" �� ��D	, %R�� /�U� �	��� �� 9a, $�� G	,�#� �	�
4	&&��" ) �&&
[�� 0	&&��* (	&&'�� �	&&�SHC �&&7�
: .��� 4	&&P� �� (
 4	&��" �&+,�* 0��)&3' �� (	&'�� �	&�n-C18 - n-C24�&* �'	&L+�

 ������6��5P
, 4	��" �� 4	��" �, %�1� ��6 (	'�� �	� (	&'�� �	&�
 � �� ���	&&, ��	&&P� /)&&�	, �5&&��)� ��&&�� ���&&�AU	&&��� %&&b�

 %#� �2<+' �� �5b� GD�Z3'(Oliveria & Madureira 2011).

3��� {�	�
) $,�* %CPI )+�&���� �	
1, �)
�* {�	� (
 �&, ^&��U� ���	2' � 0��, ��" ���'  	P+' $

X� ��c/{�	&� $&��

����� ���� �� �*	- �5&P
, ���	&2' � %&b� �� ��" ���' W�	� �	�
 ��t%&#� G	,�&#� �� �&X
�.  	&P+' 0)+�� 4	P�.(Oliveira & 

Madureira 2011; Riyahi Bakhtiari et al. 2010; Jeng & 
Hah 2006) 

,��* ��.��&���� �� {�	� $�� ��)V ��)2' /G	,�&#� �	&�
 0��)3' ��zw/f�xg/f�,W&�	� �&, %&�D� �&l )&'" %#� 4��&, 

�	X6 D	�5-� � �5b�  	P+'
%	���&X�	<' ���' �2<+' �� ��	��5*	,
 .���� 

0	L51�� 
	�� �� �+
P
, p
@ 0�	�� $,�l p
@ 	�ef%#� �&l
 W�	� 4��,$,�l ��� Y��.� �	�cy 	&P+' %&
��	� 0)&+�� 4	&P�

 %#� �5b�(Jeng & Huh 2006) $
&+m�� . �&X�	<' k	&#��, ����
(	&&#effx �&&l ����&&F�� sxCmax> � �&&X
�.  	&&P+' )&&�	, 

eg<Cmax< HJ� p&
�r��5@ � �&X
�. �� �.�&�a'  	&P+' )�	,
 �l ����F��es<Cmax $&�� �&, �&l %#� p
�r��5@  	P+' )�	,

����� 
	�� k	#� ��	� ��	&X�	<' �&2<+' �� !�&#� �	� &
  	&P+' %
)���� 4	P� �� p
�r��5@ (Bixiong et al. 2007).


��7��	'��* ����� U
�	�" �� =F	- �	� /%�&18 $�� !�#� �	�
UCM �� o	�)&&�V �� 0��)&&3' �&&+,�*n-C18-n-C31��� 4	&&P�)&&� .
��j-UCM �' �� �&5b� �	&�	2, ��&�� �� �&+��<' {�	&� 4��&�
��U[� d
3' �3<# G	,�#� �� 0����� 	� 0)� %&1��� ��	��� �	�

.(Oliveira & Madureira 2011; Riyahi Bakhtiari et al. 
2011) 

$,�*��)&&
� %�&&1� ��)&&V ��)&&2' (O&&3�� �	&&� �&&, �&&56	�
$,�*��)
� ) (O3�� =,	8�
� �	�U/R�' �* ( ��&1� ��	&
X' )����

 4�U&&
' ��UCM $,�*��)&&
� 
��7��	&&'��* �� �&&56	� 9�	&&�� �	&&�
 �	&��� �&,�� !�&+� �3<# G	,�#� �� /��� !�13' ^
�	b
�" 

�� �U�sf/s	�wx/g��#	3')��, .0)�	P' /����' �,	+' k	#�
U/R }�U, �� ��e�' �� G	,�#� �� �7��&�" �&, ���3' =
�� 4���

 ��&�� 4��+V �5b� GD�Z3' 	� %b� �, �2<+' ���� =,	8.(Riyahi 
Bakhtiari et al. 2011) 

%&&R�� ��&&�� ���&&# �� $,�*��)&&
� �&&��� =&&,	8 �	&&� �	&&�
) 4	51��@ )
K���@�U��Pr) $5�	6 � (Ph �	��L�	&P� �� �* ( �5&1��
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Fig. 2. An/An+Ph) and (BaA/(BaA+Chr) ratios used to 
determine the origins of PAH compounds in the surface 
sediments of the southwestern areas of the Caspian Sea  
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Fig. 3. (Flu/Flu+Pyr) and (An/An+Ph) ratios used to 
determine the origins of PAH compounds in the surface 
sediments in the southwestern areas of the Caspian Sea 
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Fig. 4. (Flu/Flu+Pyr) and IP/(IP+Bghi) ratios used to 
determine the origins of PAH compounds in the surface 
sediments of the southwestern areas of the Caspian Sea 
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Fig. 5. (BaA/(BaA+Chr) and IP/(IP+Bghi) ratios used 
to determine the origins of PAH compounds in the 
surface sediments of the southwestern areas of the 

Caspian Sea 

<G> :�`#� %�1� �	�(BaA/(BaA+Chr)  �(IP/(IP+Bghi)) 

���' �, ��R+' $

X�  	P+' G	�
l�� PAH ��G	,�#� �3<# 9a, 

�,�� !�+� �	��� �U� 

$�� �� (	# �� C
23�zt)�)� %����, �&' 4	P� n�	5� ��&l )&��
 $�� �.s%&#� 0)&� �5&P
, 4��&�� =-��# �� p
�r��5@ ` # (	#

 �� �l $�� �� ` ' T���-s�&���7 �� ��D	&, `[- 4)
#� (	# �	&�
 �U� �,�� !�+� =-��# �, �5b��'�&' ��� �l )�	, ����&7 )&����

.)�	, C.	+' $�� �� �5b�  	P+' %
��	� �, 

,�B�	�;� X��2�� 	9�2'K 	������ 

`
12� �, ���� 	, �)+, ��	'	, 4��	��� �(	# ��czzy ���' �2<+' 
^&:�*) `&* �7��&�" 	&, C.	&+' $
&, 0��)3' �� ��|*� �X�	<' �� �&�

cff 
�&&7 �&&, 
�7��	&&� �5X+&&F C.	&&+' � (}�U&&,) 0��&&�" �� �&&�
cfff
�7 �, 
�7��	����8 ( �'��
7(Baumard et al. 1998) 	& +� .

�� C�V 0	L51�� wf ��5' 	&, C.	&+' �5#� �� $
:	L+# � �@ %P�
���8 0���" �5X+F C.	+' �7���" �&' .)&��
7 �&P��M@ �� (	&# ��

effe ���&&' �� �U&&b* 4	&&
�	' ���&&, !�&&#� %&&
b
* ��	5&&#" )&&-
	&&�
*�� GPAH /cfff 
�&&7 �&&, 
�7��	&&� $
&&
X� %&&#� 0)&&� .
0	L51�� C�V �	�wf��5'`
� %&R�� $
:	L+&# � �&@ %&P� d�

�' �* /���� �� 4" �� �5P
, ��	&�
, ^1�� 9��U6� �V	, )���� �	&�
)
��� GDO5�� /�)�* b+' 0�2�	, �	S" � ��|'&, �&�� �&&' )&
�	&4	

��� �Ub*(Johnson et al. 2002).
�, G	&�
*�� �7��&�" v<&# ��L�	&,�� ��&R+'PAH 
)&V � �&2<+'

 !�&&#� %&&
b
* �	&&����+�� ��&&��c	&&, �&&1�	2' /4��&&�� �� �&&�'
 �&�� .%&6�7 G��&F ��	�	* � 	���'" !�#� %
b
* �	����+�� ��

 �* 	����)�	5#� $�� (	# ��czzw 0)� ���X� %#� �&, /�� G��&F
=8�)- �	S" �+'�� ��	5#" )-e�	&S" �&+'�� �d&#�5's{a&P' )&� 0

&�+�� ���	&2' W&�	8 �� �&l %#�&�&�' 4	'�	&# !�&#� %&
b
* ��
 k��	
8� G	X�	<' +�&#	&	���'" ��� � �t%#� (�)�)tn�	5� .( 

Fig. 6. (Flu/ Pyr) and Phe/An ratios used in the 
determination of the origin of PAH compounds in the 

surface sediments of the southwestern areas of the 
Caspian Sea 
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1 Sediment Quality Guidelines (SQGs) 
2 Effects Range Low (ERL) 
3 Effects Range Median (ERM) 
4 National Oceanic and Atmospheric Administration (NOAA) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.1 0.2 0.3 0.4 0.5 0.6

IP
/(I

P+
Bg

hi
)

Fl/Fl+Py

Sangachin

hashtpar

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.1 0.2 0.3 0.4 0.5

IP
/(I

P+
Bg

hi
)

BaA/BaA+Chr

Sangachin

Hashtpar

0

5

10

15

20

25

30

0 0.5 1 1.5

Ph
/A

n

Fl/Py

Sangachin

Hashtpar



����� � ����������	
��


���O��  �3��a ��0�a��PAH ��@!E 	� 4���� ���....dx.doi.org/10.22093/wwj.2016.40789 

83

/%�? B�G	�
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Table 4. Comparison of PAH concentration (ng g-1) in the surface sediments of the southwestern stretches of the 

Caspian Sea and the Canadian and US guidelines for sediment quality 
PELISQGERMERLAverageMinMaxComponent
391 6.34 2100 160 463.85±444.6 143 1324 Naphtalene  
128 5.87 640 44 63.37±65.256.5 139.2 Acenaphthylene 
9.88 71.6 500 16305.84±165.968.1 776.3 Acenaphthene 
144 2.21 540 19 86.43±51.657.1 224.6 Fluorene   
544 7.86 1500 240 61.85±109.8928.9 203 Phenanthrene 
245 9.46 1100 85 5.3±8.23.4 15 Anthracene 

1494 113 5100 600 34.06±54.323.4 105.4 Fluoranthene 
1398 153 2600 665 61.48±96.9237.3 187.3 Pyrene 
846 108 2800 380 1163.88±5271.967.7 117.3 Chrysene + Triphenylene 
693 8.74 1600 260 10.57±9.21.2 30 Benzo (a) anthracene 
135 22.6 260 63.4 0.49±0.950.4 1.3 Dibenzo[a,h]anthracene 
763 8.88 2800 430 10.57±9.21.2 30 Benzo (a) pyrene 

ERL = Effects range low  
ERM = Effects range median  
ISQGs = Interim sediment quality guidelines  
PELs = Probable effect levels 
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