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Table 1: Geographical coordinates and names of

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

Depth )E(o )N(O
Transects

(m) Longitude  Latitude
Astara 10 48° 56° 38° 25°
30 49° 03" 38° 23°

Anzali 10 49° 29 37° 29
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°
Babolsar 10 52° 39 36° 44
30 52° 57° 36° 47"

Amirabad 10 53° 17 36° 53
30 52° 16° 36° 57°
Bandar 10 53° 53° 37° 01°
Torkaman 30 53° 25° 37° 03°




s S soma glachile ol juss OLSan g 5 5y o 5

ra's 72

e City
River

—— Contour

39°0'N

a b

e A

38°30'N

Caspian Sea

38°0'N

Anzali .
Sepidroud

10m 5m +
30m

Amirah:lu ‘\Z(‘\,N; shan
Babolsar H.ndar'r.,r kambn®

“Farahabad

37°30'N

Tooskatook

37°0'N

=R .
= ¥ & o Newa Behshahr S| z
¥ e & & & Bavol o Suri -2
*°° < Qaemshahr &
QO
0 25 50 100 Gl < Mazandaran
=

T T T T T T T T T T T
49°0'E 49°30'E 50°0'E 50°30'E S1°0'E 51°30'E 52°0'E 52°30'E 53°0'E 53°30'E 54°0'E

)3 LS 2 039> 53 (5,10 paiged Sla g Welms] CuxBgo 1) JSb
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 SoUIces Phen/ Ant/ Fla/ Pvr Fla/ BaP/ 1P/ LMW/
Ant  (Ant+Phen) Y'  (Fla+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 - - 0.4-05 020035  0.20-0.35 -

Vehicles

Burning wood Grass, ~ ~ >05 035 >0.35 ~

Coal and kerosene

iliso ol v 53 Jgad 50 (S (139 p59luS 22 0,59 ,50) Gliga; 53 T6PAHS clale (jlaro Bl pauibh) (1Silao ¥ Jgux

OFAV-9A) 135 5b50 9o 039>
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 2021 +5.4 +0.4 +0.56 +0.5 +0.49 +1.4
Summer 7.1 4.3 4.9 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 (ug/kg.dw) at different seasons in the southern basin of
Caspian Sea

Fall Winter rin mmer

PAHs Groups Structure 20alS 201t§ 850199 Su201ge
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
B'(gi?)i’n(f'h) anthracene= 5 Ring 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
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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)

Ao o gme B Gl ad b SO bl
o 50 PAHS (Sl O pimen (P>1/40)
S sime ad oSy il g g0yl wlal p calies slalas-
L ool Jad ;o PAHS clale (p>+/0) wisgs

(F JS0) ol edd Jlade o i

) PAHS wivl.uo A.BBLD‘ sul.:ﬁ.w) B ‘_g)Lo—‘ ) gﬁ.«.b
Mg ad b S il ly g3l elel pr alisee Jguad
09,5 59 & I, Jpad Sils (y3e3] 5 (P<+/+0) wiog,
Gl 0393 aylitcn 5 caliso 3lael o i Silag,l Ly

;



FY(Y)VESY ol edd pale dlas

2500
2000

—

=

=

B 15009

&0

- 1000

A 500
) A

Fall 2018 Winter2018

4

Spring 2019 Summer 2019

—AA) 555 GbyS 8 0j9 Gligw 50 Juad Jlez 50 (SUiS (39 £ 5 ¢hS 12 0559,550) PAHS oS 3517 ¥l (5n0lee :F S

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)

@3l 59 Ol 33 sbys )0 lsl s (b w5 S92y
Mirzaei et al., ) o [Uasl 5l o0 s s 5l 4t
aliseo 6“"&5)‘)'5)-?-"’ ‘)""" 6&JL~ 5 (2012
dole g o i (Sosll gsds p (e ologhlS
sFCels oz s LS BT 1, LS i
ol os0s &5 2 5 25 555 3 b sl
Cooms &y (Byd 0z 5l 5 stz Gaw @ (2 Jled
Soddl a5 el oy «(Alizadeh, 2004) Lo
Ol Sz 58l s Glml )3T 98 b el
OIS laglinl jo cdale iSlas ols asdlas (o 0les

el 5553 Cdlas whe a5 o 5 el ol,aiske g
05 slapiaswsST 1o a5 3gai Lo (Y420) Tuvikene
a5 (PAHS) Silog,T L slocy,Ss o oluS 5 cdile
ol 5o g lawgie ale ;o iSTas Glgus, 10 (omd Hob
;0 I6PAHS dil> #-Y LS 5 &l s (6631 .l o5
Oliae; 5o a5 ols las Jad Yoz (b g ©iS @e
5 Ol jo (ladls ¥ SlaS 5 aeys YL Gl g
doys Vb g il ¥ bS5 aoys YL Gl
50 ke o s 0 sl Lad jo gladl> 0 wlS 5
5 GFD) slabdes o i g AVAY ol Sl
\4

-
Glil> £ g ¥ Ol 5 a8 ol lis 59 gados gl
o el j0 5 009 Dligw, ;o 505 Slsl3 as s sl
(ND) o&iwss ozt o> 5 OluS 5 cpl polie lalas
alo @ OlaS s ol ases Jds 4 Ylas! a5 oy
&9 ey i ( 5 jsb Sl sy oo LS 5
slelse & 555 Sbyo (o5 09> 50 (3 Slge jLail
Jod 5l ol slaaileog; )b 5l olge (nl 95,9 cale
Ao ol ottt w9 995 (25 009 0nde
5 e 3L o ba 225 5 et (328 935 b (il
Olnl Jlgw 4 8L adlate 5l ol 0355 2552 bl pLe
0P sl ey 4 Jld Gl Sp Gl <S>
.(Nasrollahzadeh Saravi et al., 2015) ool atuly
Dumontet) ol azb,o 5055, Olse 555 by
SloaieS olKiny; walises slagtucwsSTL 5 @l., 1998
Wilson) (Phoca caspica) ,55 b ,o S8 asiile g9xie
OBas wilie plable (ol (Bw, et al., 2017
«Siin aely> (Ahmadzadeh et al.,, 2011) sl
Zarghami etal., 2014; Nemati et) b o sl Sl>
ade a4 el @l., 2015; Mirzajani et al., 2016
535 5 < b b e mlio (93l 59, dxwgi 5 Sloo]



o slacp Sorua slachle o ,0as

OIS g g oo oo

4o Bla]Pyr slail> 0 o5 5 .(McCracken, 2003
023 5 50k e S 5 S Seleg Ty LS 5 o la
ol e 3 gl e ald)S i o S <;°5”
(o) 45508 OF )") oy Aigei VF o B[a]Pyr S 5
ol Slel® aoye s T cdalin g3 as,e VO L
5 o, FF i S YWAY g \WAY Gl Jlo o S 5
90 4 Cums VWA Jlo o b S 1) dsy0 VY
@ Syl 3480 g 0o )3 A (g3 Wy (LS aslllas
SlaS 5 adale anslae .cuils gogro Wig, il Gadod
2l b3 sl Glel Jolses Slse, o PAHS
P e olSy chale a5 o ol bbys Olgw,
Wline ks Jolow 5l e )35 sbys Slow,
Sl by Joip S bolel 5 andlp layas
g 5] e (oS g ol (5L yo g wogils AilS09, ceaan
Sl el ] ST g dnmg) S 5 (sl 5.5 )0 ol 5Ly
Saillog; 63955 (2o slocedlad da S 0o 5 5o
ol oos sl g o5 Jlesml Julge 51 il 3ol
b a8 iz glal e o SloS S

e s 90 4y Lide el 5 Siileg,T L LS 5
BiXian) ssd oo pendii Pyrogenic s petrogenic s
ool 50l s o etal., 2001; (Guo et al., 2006
Fla/Fla+Pyr Fla/Pyr oz slcaws
pyrogenic Lice V Jso> b awslie s LMW/HMW,
FlalPyr oz slbcaws gl Jad o o4
oo Pyrogenic il Bap/Bap+Chry o Fla/Fla+Pyr
oleS 5 ol Leae LMWIHMW s Golal Wl g
Comd Sl 9 lw Jaad o 09 petrogenic
9 PEtrogenic :Lics sosasylis wos ya LMW/HMW
slice e Jad 5o (reizmen 92,5 o pyrogenic
ololp s S5y Sow 1B e wosr g
slacaus sled 39,5 sanlie Bap/Bap+Chry e
b aglio L CMW/HMW G 5oa) aile paieis
Soibeg,T ol leS s Late a5 ol olas )V Jgu
(S s sl 3 e ol 0340 PYTOGENIC
odel  Cawsts laools 5l sy Ve LMW/HMW

il ¥ ST 58 D Y BlyS 5 aSud saalive (ke
Slgu, 4o jlade 2Slas g olfiws ausis s 3l eS
oy gty lalad ooy codFa VWAVl
o 5 sty Jead ol )0 g 09 [l 5 oL el il
polie g 518 EPA S lastiwl o 5l 5YL dalas
5 T olge yeS Clo @ a5 b boyus Juad jo aiiiio
OYAD () en g g0t ) 0,8 caslice oy lases
957 9 O 4 bgye e Ve Bes yo Zdile Slas
O3S 5 el S @ bgrye e ¥ Ges 5 SLn (@ND)
Sl Slgas,y ;o PAHS cdale ao o o yitios wus 5 e
oS 5 9 ol el g 00hm gladas o 50 i ey VYA
Gl aw cuS 5w by e (LYF) do 0 oy yiion aS 09
P OVAA il Slga,y jo i (nytian 5 (8L
UNAY 5 1YYV o yd ey 4 s sl Lo
Sp of g opb SlSS a4 bae coiia
37 e el o )lal L8 conse o aS 5,9k len
2 Nlg oo ailaie b o oKV S92y Jodo 4 9
OIS S by ee eje Slnl J2lee
¢ o2l (Katunin, 2000; Tolosa et al., 2004)
& S5 il ass 5 Jsgo 2 olol S 5
5 (LMW<4rings) 5 Jsdge o> LPAHS aws 40
aS 09 co s (HMW>4 rings) YU JoSUge p,>
b bawgte S55,9095 5 (230t o 2155 Syl pgo s
oy LPAHS Gl 10 iS5 cpl 4 ax gl .o (548
S99 135 091 pg0 alws l yeS Cdale glils (oS Jege
TS s S )Ssn slaeilSlySee 5 (L3S
Ol 5 cbile g 005 o0 Ll i con g o
Daugulisand) sl o jiolS S JoSUg0 0> LPAHS

! Prokaryote
slatas slge Lo (Al 0 a5 o sF o IS ) lils 4)
(o g5 JoSis |y paseine diwd g 3yl 13 olae o

2 Eukaryote
LT sk o5 3550 Dbl Jsbosiz b JohoS5 Slagzge &)
(Gl sl @ Jaie g 1y awn SO glyls



Jlo ol aalys cillas ol 3a856 b dslio jo aS
Oler Jad aw 50 o Ve Bee (el Slguw, 0 VTAY
slite b o 5l e PYIFIUO o (b 5 50y
L+ /Y0 5 i BaP/Bap+Chry ¢ 4 petrogenic
Ot S S g S JLS e 092 (55 g slivie
3,90 ol G opl o a5 (Varedietal., 2010) w5
35 S Gl Jad o Ladd

5k g badas o S ;0 IGPAHS LS 5 olie
a> polie 5l ooty adgl Jdoxigas 16 s a5 b sl asYlo
3 il 4y Cond (puSileo (ol Lol w0gp jieS caliste aslin]
9 16PAHS LS 5 polie (O Jgo) ais 8,91 yiw NC
Sbyd (9> 0y 5o Jud slaJlo b awlis o Bla]Pyr
BLaIPYF S 5 (518 o0 (eizpan sl 0351 1S )55
S8 Sladllas b avslie (o (a0 V) dsdllas pl cligas, 0
20,5 odalie ;oS das o A-YY)

PYrogenic <Lice g1, Slgas, 5o Silag,l b S 5

20,5 & petrogenic s o Y
oS Cewl o Lasiine (6 bows Slalllas 4o ¢ IS0l a4
Cd 5g,9 45,0 PAHS @S 5 petrogenic Le
5l Gl i ooyl 8 g ond ks S pls
laclly; g b AS S 095 (i paiane (o305 G5l
Hoseyn khezri et al., 2018; Hatami ) <l (s 4
ol Juad o (Manesh and Mortazavi, 2018
S 5005 s <Y 5z BaP/Bap+Chry e
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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
o o D_:I E kS 8 - o 9 % Nasrollahzadeh \éta:jdi Present
z “
= o ] 0 < 2} a s < etal., 2013 2010 study
362+180 1224+666 56127
B[a]Pyr 88.8 763 430 1600 1100 88.8 763 3 3000 100-1000 4 of 45 4 0f 32 4 0f 56
samples samples  samples
10074325 10484325  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 (£SE) annual concentration of PAHs 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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