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Table 1: Geographical coordinates and names of

sampling transects in the southern of Caspian Sea
(2018-2019)

Transects Depth Ee INC
(m) Longitude  Latitude
Astara 10 48° 56° 38° 25°
30 49° 03° 38° 23°
. 10 49° 29° 37° 29°
Anzali
30 49° 41° 37° 30°
Sefidroud 10 50° 14 37° 24
30 50° 05° 37° 27
10 50° 54° 36° 49°
Ramsar
30 50° 40° 36° 59°
Nowshahr 10 51° 30° 36° 41°
(Tooskatook) 30 51° 37° 36° 40°
10 ° 39 ° 44"
Babolsar 52° 39 36° 44
30 52° 57° 36° 47
1 0 N 0 N
Amirabad 0 53° 17 36° 53
30 52° 16° 36° 57°
Bandar 10 53° 53° 37° o1°
Torkaman 30 53° 25°  37° 03
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Figure 1: Location of sampling stations and transects in the southern basin of Caspian Sea
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Table 1: Diagnostic ratios of the origin of polyaromatic compounds in sediments

PAHSs sources Phen/ Ant/ Fla/ Pvr Fla/ BaP/ IP/ LMW/
Ant (Ant+Phen) y (Flat+Pyr) (BaP+Chry) (IP+Bghi) HMW

Petrogenic (Crude Oil) >10 <0.1 <1 <04 <0.20 <0.20 >1

Pyrogenic (Burning) <10 >0.1 >1 - - - <1

and Burning Crude oil - - 0.4-0.5 0.20-0.35 0.20-0.35 -

Vehicles

Burning wood Grass, ~ B >05 >0.35 >0.35 _

Coal and kerosene
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Table 2: Mean (£SE) concentration of 16PAHs in sediment (ng/kg.dw) at different seasons and transects in the
southern basin of Caspian Sea (2018-2019)

Seasons Transects
Astara  Anzali Sefidroud Ramsar Nowshahr Babolsar Amirabad Torkaman
Fall 2018 61.2 81.7 48.6 7.3 4.0 2.2 32.3 0.25
+44.2 +28.3 +32.1 +1.8 +1.1 +0.4 +18.7 +0.01
Winter 3217.6 1149.0 809.5 2047.6 5700.7 1805.4 630.5 862.8
2018 +1413 +1284.1 +282 +238.2 +905.1 +142.4 +185.6 +132
Spring 2019 11.2 0.35 6.1 8.2 0.71 4.3 1.3 2.7
pring 13 £021 +5.4 +0.4 +0.56 +0.5 +0.49 +1.4
Summer 7.1 4.3 49 7.3 1.9 2.6 1.1 2.8
2019 +4.5 +3.9 +3.9 +0.2 +0.17 +0.6 +0.1 +1.8
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Table 3: Changes of 16PAHs concentration of sediments (ng/kg.dw) at different seasons in the southern basin of
Caspian Sea

Fall Winter Sprin Summer

PAHSs Groups Structure 2018 2018 50199 2019
Naphthalene= Naph. 2 Ring ND ND ND ND

Acenapthylene= Acen. 3 Ring ND ND ND ND

Acenaphthene= Acenaph. LMW 3 Ring ND ND ND ND

Fluorene= Flu. 3 Ring ND ND ND ND

Phenantherene= Phen. 3 Ring 2.00 5750 2.296 0.055
Anthracene= Ant. 3 Ring ND 393 1.514 0.025
Fluoranthene= Fla. 4 Ring ND 394 ND 0.372
Pyrene= Pyr. 4 Ring 29.38 ND 0.425 0.437
Benzo(a)anthracene= B(a)Ant. 4 Ring 1.18 748 0.058 0.086
Chrysene= Chry. 4 Ring 0.5 892 0.067 0.093
Benzo(b)fluoranthene= B(b)Fluor. 4 Ring 0.35 118 0.743 0.225
Benzo(k)fluoranthene= B(k)Fluor. HMW 5 Ring ND 1765 0.153 0.110
Benzo(a)pyrene= B(a)P. 5 Ring ND 55 0.198 0.302
BI(Z%Z:n(télh) anthracene= 5Ring ND ND 0.021 0.081
Indeno (1,3,3,-CD) pyrene= IP. 6 Ring ND ND 0.040 0.144
Benzo (g,h,i) perylene= Bghi. 6 Ring ND ND 0.078 ND

ND = Not detected, LMW=Low Molecular Weight, HMW=High Molecular Weight

45.0 -
40.0 -
35.0 A
30.0
25.0
20.0
15.0 A
10.0 A
5.0

Percentage frequency

0.0 ——

=
<
-
Ay

Naph
Acen
Acenaph

B(a)Pyr

D(a,h)Anthr
I(cd)Pyr

B(b)Fluor
B(k)Fluor [

OYAY-1YAA) 535 b yo (e 0392 Whgw, PAHS oS 5 V7 slial AVl Slgl 8 auo oY o
Figure 2: Percentage frequency of 16PAHs of sediments in the southern basin of Caspian Sea (2018-2019)
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Figure 3: The annual amount of pattern and distribution of 16 PAHs at the sediments of the southern basin of
Caspian Sea (2018-2019)
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Figure 3: The annual mean of PAHs (ng/kg.dw) at four seasons in the sediments of the southern basin of Caspian Sea
(2018-2019)
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Table 5: Comparison of different studies of the Caspian Sea with the standard guidelines for marine sediment quality
for 16PAHs and B[a]Pyr compounds (all values in pg/kg.dw) (Long ef al, 1995; Long and MacDonald 1998; CCME

1999)
Canadian Some studies
environmental Netherla  Background
Effects levels and ranges quality nds concentration Mean=SE, Min.-Max.
guidelines, 1999
_| _l - > o Q — O] z Nasrollahzadeh Varedi Present
I o T x W o m Qg g = etal.,
- o w i < (2] a S < etal., 2013 2010 study
362+180 1224+666 56+27
B[a]Pyr 88.8 763 430 1600 1100 88.8 763 3 3000 100-1000 4 of 45 40f 32 4 of 56
samples samples  samples
1007+325 1048+325 558+200
16PAHs 1684 16770 4022 44792 Nd-
Nd-10330 Nd-8920 6340

AET-Apparent effects threshold, B[a]P-Benzo[a]Pyrene, ERL-Effects range low, ERM-Effects range median, ISQG-Interim
sediment quality guideline, JAMP-Joint assessment and monitoring programme, MPC- Maximum permissible concentration,
NC-Negligible concentration, OSPAR-Oslo and Paris conventions for the prevention of marine pollution, PAH-Polycyclic
aromatic hydrocarbon, PEL-Probable effects level, TEL-Threshold effects level
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Abstract

The purpose of this research was to determine the concentration of poly aromatic hydrocarbons
(PAHS) in the surface sediments during four seasons at different transects of the southern basin of
the Caspian Sea and to investigate the causes of their temporal and spatial changes, to compare
with the standard limits, and to find the origin of these compounds. The samples from the surface
sediments were collected using a grab (van Veen grab) from depths of 10 and 30 m in the coasts
of Guilan, Mazandaran, and Golestan provinces at eight transects (Astara, Anzali, Sefidroud,
Ramsar, Nowshahr, Babolsar, Amirabad, and Torkaman) during the autumn and winter seasons
of 2018, spring and summer of 2019. The sediment samples were prepared in order to investigate
PAHSs using a standard method (extraction with organic compounds by the Soxhlet apparatus).
The results showed that the mean (xSE) annual concentration of PAHSs in the four seasons of
autumn, winter, spring, and summer was 29.6+11.5, 2125+611, 4.2+3.0, and 5.3+3.1 pg/kg dry
weight, respectively, and the maximum concentration of PAHs was recorded in the Nowshahr
transect in the winter season. The results of the current research showed that 2 and 6 rings
compounds had a low percentage of abundance in the sediments and the mean concentrations of
PAHSs and BaP in most of the samples were lower than the international threshold standards. The
origin of PAHs compound in the sediment was recorded in more pyrogenic sources based on the
diagnostic ratio (LMW/HMW=0.3).
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