[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ﬂ;gu&aduw‘@jum@ . N
Ol dams bl ake pese! e
YYP B TI0 Slonis TR 5l i g o slocd (i o550

Slgw)y 55 jars gladls dm glaiy S g um sliin puas 5 ST 5 L;ﬂ‘
DS Dbl )55 Gbss 0 Cgar Sl g

o KLS o TS 0L sl5 ol by Lo dke O Gl pali g ten e
AY/N/2V i B AY/+ AV sl s

oS

07 B e s ol e Sl s (PAHS) Jans glaile i glacn Sooden 555 2 0 plawl Sl 1 a5 4t
S 68N w5 s s g andllas l S PAH LS 555 50 55 s n I clie Lt U o gie (S 01 SO 5 5 500es
A il (OAS Olisl) 32 sbs o8 s Jolsm b Dl 53(S 509) PAH s 5 el i

O 5 Y O Blesl 31 (OlseaY U Lkl 5D oS Ol s J}Lﬂﬂzwhﬁ-vﬁiaj\ﬁh,ﬂgy) @ gal YO Sldad 1wy p Sy
3 ;L«:MJ:_.:’J C C,.éﬁ)\f; J:.l}d) L D)8 (P P ;d.:la_ L;)lf ;;Q‘Jg);l"‘ﬁjs LS A.L:.w).v L&A.v}a.o .Llijf Lg)‘ﬂ@:-
A eslanad L;A-:Dh:«j sbeas

(FF/F2¥0 /¥ NQ/Q) - ks 5 (FFNLYY/0 NZ/Z) O b (AV/SEVY/F NZ/) O 55 oS 5 o ol 5 0 anlllas 350 03 sdome > laazily
Ant/178 «(+/¥0-+/V0) LMW/HMW § pocen asis glacas El @ Lol 0l PAH LS 5 o so 1) Jllde op 2
Sia,n adlas 3,5 e3sdme 5> PAH LS 5 LI lice (/04-0/0F) B@ANH228 ;5 (v/v+—v/f2) Flu/202 (+/+¥-4/11)
]

slite Olmldl b w53 e PAH 0l 5 5 il 53 I PAH LS 5 0 Lt 5 ats Glacad a5 L g pS aoms
el Ol 3T 2 S5 dT by s 53 dlexl 4 OWS Ol Jo-l e 53 PAH LS 5 Lol

O Lt (el Gl i oS PAHS : suls 583504

rote o5 o (b3 pale 5 b sl dSCIs (s Tame (ST (1S (g il )

riahi@modares.acir - o»a w5 J83ls (L3 pske 5 b b sdSEs (s Jame 05 S Sbsbisl w5 Lamn (S301 (5155 1 ghams ki ) =Y
5 o ke TS 5 5 ik e (S sl sl (e 51 S5 Y

O e e TS5 5 5 el 3 Gl SLslil () pand (5155 ¥



https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

5h5h) Sisab s (Petrogenic: zi sla S5 5
V5 0) 558 0 (Ghiseamnd (Pyrogenic: .zl Gl x|
oL sline s 53 PAH LS 5 51 aslinad Lol s
DRI s 4 S L el s Ll o ]
sl Sl 5l S (Functional Group) e s asls
(A) L) sled SILL (2

PAH LS 5 slice s Sy cp Sdsldie 5 op jesle
(Diagnostic Ratios: DRS) _axis glacas 53,
G dite mle 51 20 PAH ols s ol
hilome Ol5n dslie 3y b 31 45 Wls asidie el
A okt Sl e e pslie b padd Gladand ol
(8) 5 g0 eltie om0 5 o e

Sllas 2 gbos 3 PAH s 5 281, o s
sl clale 6, Se3lll 4 by e a5 ol el 5 slie
Sl (V1) O slasiyod s PAH LS 5 51 (65500
OF V) B, g g o Sliga; 5 O0)) Glas
e 5 e e ol 53wl OT OF) Jles
5 TOlOSA Ly 43 S s G o plnil anlllas
a5 ekt oslmer b Sl s (10) OLKes
S S s alinle o5 cd 3 gl adls )5S
aobsa 5 by GLOIT ) 5 anllae 350 03 5o
slie pond 5 5S1n 4 et 4 PAH LS 5 Lo dle
ol atls (€500 YA) Ol ol 55 PAH s 5
Sio sl b oS (So gl Kby G ool ol ol
Flas 3 5 o sbos el Ges oS Jolpe Slses 5o
S el )l (SSsn AS b L Ss
ol Sy 53 Obmly3T 528 53 SL 26 Sl
Ll op w g Sl s sl O iy
DS S 035w i A gl 5 (558
Llaztls (050 o pa) i Sl 5l ol PAH
AV 51\9)

sM St pcs by dle vyt Ly, warg L

Ot 5 o Lo e Jo e 00 e Slses E s

¢

... AKGYITaP3yAg Dk Jhlo p W etSE AN

4 dle
oS 3L Lis axbs SS 5 Ol 4 sbos
el O GBI 528 = 3 by sk sla S
St T gy ol 5 Sl B AS L o s
Coils Ol 43S ol Sl J s s a s, O
Solem S ol b= 53l 5 ool S glos e ok
L3 3 Okdld 5 OlieS 5 Ol ki (slaslr |
Sl ) Kan o8 s 055l (V) Ljls 13 Jlo 5l Has
b el Jro ) ghos OIS > g el
COISLEe Slrs Olamas axlys opl (CEP) i s
S 4 YV (1449) o Kas 5 Bagirov ol o585,
Sl 1y o ol 3l s i g WA 5 -l S5 3
5 Korotenco .(v) wles S 2158 Obub 3l (o) sger
o sk s SL s Sa T Lasl s (F 5 1) oliKes
Jls Sl b sl S qssledde s Sl eslinal b
e glask J s a8 diles S pn e DRl o8 Jled
W0 e Gb S0 Cpr s o e badk
il Ll i gl Soull Gas ¥ oilse 03 ) s
oo bl 53 5 e Ol a8 dlad ol p 4 SL S
Polycyclic) laxs glail> tim slacp Ssodes aul o
55 b JT ols 5 (Aromatic Hydrocarbons: PAHs
Area Solie Gl L e 4 fate gy adls s b
Sl cools 5 T s oS b Ls 4 PAH oS 5
b a gy 5 45518 Do e Ol Ot 0 OLE R S
Sl 53 olg 53 5 e Ghae D3 5 e STl
S LS 5l LS Galal 5 (0) Kpd e oyl &
das g yolamtl 5 |y Ol b3l s G5 o s Y/OF
o sl o U gl s« PAH cLs 5 .(9)
Jesle) Ol el (gl 5 a8 Sl ble 5 s 93 bl
53 sV DA Ll (o 5 ol
L PAH LS 5 cline .(0) tzes Sler 5 gladlane ulids
Fiz 3 SUREICN ) b sdae o5 553 4 015
DS 53 S o Ll gzl 5l 36 5 (08
) S 08 53wy el 5l a6 PAH

1Pl (ogan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ol)%ed 5 g,y 2U, Lo ple

R E o SRS AN N W p-R WL Ry VL (’}:-'*-:")H BEIREEAN
sles s QB-JJWJJWJULEJ;« olf..i.:bﬂ«.:&i;‘-@
08) B IS s 1 plril b -v.°C

4 ges (5 5Lweslal
Voo MLl Ssas e o PAH s 5 ol sl cer
Sl Ikl Sl s S 5 Surrogate) .S s L.
chrysene- anthracene-d maphthalene-d,)
Sl 5 T i J xS o (perylene-d , d )
Y B lys 55 ol&as L) sdd St Oy, 0 8 « PAH
ol Vo ML s Ll g ol leslinad s 2l
A gl (Dichloromethane) gl ;IS o5 Jo\>
558 03 o 3 e 4l plnil V0 e 1
Bl ok b s ()M o ]l sl gal
St 5> P o 2alS g TY NG s S
Rotary) iy oS s o&aws 5155 & L 45 552 5
S3y y ok le';w\ & 4o A eslizsl (€Vaporator
545,58 Bl (Of dew g ol Jlad u8) 70 5w O 52
S 5 byl Yo L 1 aslisal U 8 s (5 55t
23S g (M) e S 4 by 018/ Ol
ot S S Fles S Jsl ale e Sl el Gy s
Glas o diS s o8aws dhew Y-Y ML . B
S sl ps3 o SIS 5les S Ot G55 2
€45 5 54> 50 PAH OlS 56 cd S 5 Jld Sl
v mL I PAH LS 5 5l las o 355 (slalas
(M) oz S 0 o5 OIS/ 0ke 5 IS (g5 b sl
o A eliad SIS 5l S g i
fbi OL o e 3 ls5 oS s oS dhw gy Jol>
gad e p VML oy B0 Gl I 055 55 58
oS o soase (sl B b 4 sialy Sy abs sy b5 0
ﬂf@j;,\iﬁpm”&m\/aer,?L_GC_MS
GC-olaus & Gooy ) S AT 0 s o 055 2
Internal) Jsis sl gl olSTysl Ve pul MS
c¢> Para-terphenyl-d , dnjection Standard

oY)
%ﬁ Jﬁp 1PAP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole owliad

YV

o Sbos s Sl o3 Ol GOk o g 5 oS~
53 et Sligay (G5l (S5 G Gl )
p3We skms e 5 1 ad 55 Gl ey e
23 ol G i Lol glagn Sl I YL
S 5 S e el o o Dlalllas eSS
S Ol Jorl g ol by s L3 PAH LS 5 i
Jole e bt 050 szl 3 (ObeaY G kT 50)

W3S e (O M 5 Y N Glesl)

L by g3l

asdllas 5 g0 adlais

0 ks 28 e Jolee oo andlas 5550 e 5
Gladsh o ObeaY B Lol 51 oS ol o5 sioes 3
sl a5 e 5 FAOOVIYT 5 ¥R WY LSl e
ool e () USE) sl 13 YVOYARST 5 AR EYY
gloel b s Gl s Slsms w3y Jools Gokes ailais
Al (e 2 o) ool sl 51 ol slall
OA) s Glawls [l g e 5 I3 05100

bl anslr 5 s sad 551 g
Sl 52 PAH LS 5 o w55 s o5k 4
02 0 el sy 3 ols e 50l G lus 28 s
A5S (Il Gesiles, kel bls ol 5 sses L
JS2) @8 5 g 55, i Sl a5 (95 Ak (53 250)
OB IS i Slaiss S8 s b (5515 540 503 ()
53 elIVAY ele sls = 5 55 Slos s H5iS b
bl 00 M5 Yo e Glasl Jald oKa) ¥ Lt 5 s
Van-Veen) su, S&or 15 ses 3l eslizal b 5 A
oKl a3 /A M? oo wa L (Grab Sampler
o 02 A S el ekl s 4 (O,S0) dgel ¥
3V Blesl) ol&asl ¥ 51 (3 dkon 51 dny) jgilS Lo
M Gas 51 (5ol 26 a2y ol (6513 26 500 (Yo T
YL 5 (el s, b 5 Jools do) B olStsf o Y
axlllae 3 g0 ol N0 31 JS 3 () Jshr) 25 5 50 1SS
o (G =T O a5 s € ot 503 80


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

38°0'0"N

37°30'0"N

49°0'0"E 49°30'0"E 50°0'0"E
T T
Astara 0 10 20 40
12 e e Kilometers

Talesh

49°0'0"E

49°30'0"E

50°0'0"E

38°0'0"N

37°30'0"N

. AKGITap3y0g Dkl Jhlo p W etSE AN

\ Kazakhstan
\\;\ ] ﬂ//\
Russia ‘x
“5\\‘2}‘\ 24
4 e (S

Garabogaz

Azerbaijan

% Turkmenistan

/

Iran

0 m}"' AR éw‘JA “},Ldﬁé"aﬁ duhﬁrf’;é‘xﬁ'):jﬁhw@\ey)}‘ 6)‘.\ﬁ45}.03 ‘sue&.«i‘ C,.:Jé".d A A)LQ.:«JSJ
(ol By ol B i p 55 G Gl L 5 B o 3 o 4 o] 110 6) (sl lad)

0 Sbs O Sl 53 5ols i ges el Slasiie 1) Jpd

km) -l 5l ol oLl 20 bl g Jsb M) Of Gos oKaul S b o

V/A4 AZSARVR $ACOA'YA" \ \
NAY FACN VY £4°: 4704 Yo Y el
VA/FA FAC VY £4°1\A" o v
ATAR) VoY £4°V"0 " Ve ¢
LYAL VOV EACIA A o PRE PSS
VA/EV VoL £4°07Y"0 " o !
Y'Y TVOry'ye” £4°1A"04” Yo v &
+/AA Yoy £4°7¢"vY" Ve A
£ TVORY' ey £4°Y0 0" Yo 4 Sl
VeV WA £4°Y4". V" o Ve
a3 TVOYa'ny” £4%00" " Ve 1

AL
§/Ve TVOr i g £4%04 V" \E Y

(ool Llie)

/Y4 TVOrY oy $4%¢":q" o v
<A TVOYA's £4°V/ " Ve Ve .

AL
o/\0 FVOr Yo" £4°0v/v8" Yo Vo (Cgypitdie jl o)

1P Sl spgan ol «ide 093 %ﬁ — (ﬁ% ﬂ_l/
YA Ol buzo Cuibl gy ole ozl isg s Lole olilad


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ol)%ed 5 g,y 2U, Lo ple

asl

chli> Olojle cod 53 55550 PAH (s 5 V8 clale
Dbl Jorl g 53 @3l oKl V0 55 S el s Jaes
Jol sl (S e300 M 5 Yo e Glesl) OAS
(TPAH, ) PAH .5 517 ¢ jazs glappS0le aclis S|
el s el ool ¥ IS s andllas 3550 slaolKinsl s
Goe il LPAH Sls 5 el 21580 05 bl o
Ok CAV/SEVE/F NZIZ) 0 5l S 5 aw 505 55
5 4 (VE/FE Y NZIQ) i 5 (FY/\£YY/0 NG/L)
JS) sl OL PAHL o8 508 o 1 G158 o i
Y

andlas 3 g0 glaolSaus) ;s PAH LS 5 clise poms g
US04 055 L PAH ol 5) LMW/HMW = s 5
PN VL JsSdse 055 L bS5 oa (Gl Y2Y) (S
Sesnl Sl ol pasls e Sl (gl
el Sl ¢ goma a4 il 5D ANANEPRE : LLs bl

Ikl 51 el s g (Y 5 V) A L] el a
s Cbli> Olole b s ol 4o s PAH C5 518
53 DS 5 ) CRION 5 5 J s 1S, ol 5
ol (6, Soilll glaclale .l eslial (7 S8 Sls 8
S et 03 3 S dlne ey SES O35 Ay s
G5 5 Blank) wsls 6 s gl Al (iS J S

A el Lt s S5 b Ole jen ol8aws 4 O

Losls Judows 5 4 5208
PAH ols 5 chle slaosls bl sp o5k «
et e 5 Al gkt o b O s
lazl SPSS 15 153 o5 o3 e s e il glaelKan|
Kolmogorov) i el — G5 5 50dS 0 5051 51 eslizul L
Il s s ) Lesls 05 Jb 3 (- Smirnov
M&uo&ilwdw‘ o ose 4 besls Os p
Shaslsl s 5 s estizad (ANOVA) bl 45 5JUT 5
sxlizl (Duncan) Ssis 2y, 4 by Sbe anglin O 05

(YY) v\i%g
Aes
g
Yoo T
|
|
|
e | |
fg def
T | |
& Bee - T | ‘
B bcde I }
g 7 1 ‘
b SO | $
= ' !
s
E Yoo ab abc ﬂb‘l'E }
= 1 ! ‘
I a | :
T a 1
Yoo | I } 7
| |
' i
|
Yoo | 1 1
i 31 31 31 i1 i1 3 3 3 3 3 3 1 1
S S S S P
= < a a 3 >

. ./a0 b\-ﬁ:ﬁ-’ﬁ‘ J-é‘}s a‘,«.h 4 andUas 390 &5"‘“&""2“ BE) TPAH\'\ 6\.&&_&‘?‘ 4....3_5.0 J'| J"’t’ @_L‘.‘.s Ri e)Lo..i'v JQ

oY)
%ﬁ Jﬁp VPP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

4


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ng'g

il

. AKGIITap3y0g Dk Jhlo p W etSE AN

.

o @
= =
= o

ant [ H

-
&

Bl [l

Blalp [~

o] S .
= = S

Ace

Blala |

BibjF

]

Blahia [b

BighilPer j—!

1Ol 5 goba | (e) las Sl of ses 4 anlllan 590 (slaelal 53 PAH SLS 5 s 800 5 Joolo gl oF o led |5
() 55 B@ANt (& ,L) Py (o351,56) FIU (ol 51) Ant (o 513) Phe (o, 48) FIO (25 awDACE (A aul) ACY (ki) Na
©3) DB@)ANE (5 b 50D TP (0 56 (1) 559) B@P (551,46 () 559) BEROF (o551, 48 ((2) 55%) BOF (031,85) Chr (ol 5
(ki (sl gl ) s59) B@hDPEr (ol 51 (2141 5354

Combustion Petroleum
w1
aJl &
a
“d L B el Combustion
A
! TS
A o -
[as &t
% o <
g - Fo- - - R
| o =L .
2. a ® . Mixed
g o o B os, a5 | Sources
= . ! %
m o ! >
ot _ e g & .
M . .° ° %
x A . R Petroleum
) . N
£
o
* T T
il T r T o h v A q
LMW/HMW
Petroleum
Petroleum . Grass, Wood &
Combustion Coal Combustion
+.\0
< Combustion
>
-
PR . T A
ﬁ LI A =] &
= ¢ o ¥ Mo
=1 A ® & a
ol % o . Petroleum
ool * * ® o
o b4 . [s]
o >dj o * . o i
A ]
=] o [=] - |
x |
toee T T T T T T t
+10 AL .70 w1 +¥0 . Te +.T0 +.04 +.00
Flu/202

d\hﬁ:)ydho\g;w.ﬂ)éPAH Q%jsbﬁ%ﬁaﬁdhwwbujlyb@b k3 UMJSJ

(S o Sle = ghans o jo2 )

Y'Y

"

W ol gm0 ladh oida 095 %ﬁ — (ﬁ% ﬂ_l/


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ol)%ed g 5,y 2U, Lo ple

o 00 M s 3305 LaolSans] 4 L Sls e SO
ool glols s TPAH, | clle jlais o 1S slls ]
(Y US2) ol Waelais) 4 b Sls e

Ll o ol Gas Gl 3L ol s gy 153 63100 2alS
PAH cUs 5 chle 53 ead sdalin (2l LYs 51 S
GEL O Ges SRl L b o s gbeelanl Sl
g e o e gy 3 o3I A L oS |
chle als Ly, () b e Sl Bl JIslee Sl
Oge 1y Ll b o5 OF Gee il L TPAH
03 Lus e ol e OF IS oy ol Ll d
Ol oo ailate 5> (Ve M e 515 6 Jole o350
Gt P g b B e Je e b a5 OIS
Sladkob oS std Eel ol men (YO 5 V) 505 (5 %S
PV Dl bt 3 Ve M Gos a by oSl s Jla
SO M Gee Ges 53) baol&ang) Ko alol 41,44 6
Gos o3 adhie Lo o S Yl | () Ja) WL L
,>PAH QL,"S;M@;JC,&QIJUJL}&JJM m
el 0l Ve M s

f Soeed U 5 00k OBl S 5 A B O3 e
JB S Sasle 5l el (o pSeslul bS5 Ko
S Sl dol s SIS wols 4 e mer S
5 PAH bS5 clgm  foe Lol Jole Ol
A 5 0Bk S 5 s chls ol e o pd a8 kS
(Y8) 0L,Ken s WaNg asl zs olS 5 s a4 S
Sl Blae 5315 081 4 cand 0l S e GolL
ol s 53 Sl Jb 53 nl 5038 IS (S
PNV 03 O3 pe Bl et wd e 55 0518
e 6,53 sl s Ly e Wl 3,5 e 13 PAH
sy O s aslsl 3 a8 Coel PAH LS 5 slie 0T 55 5
VP i 03 0 035 e 5 0L Ses s TOlOSA 555
5 SU ads O ome gladiped 55 15 5,5 PAH (s 5
(10) Lles S 2,158 Oyl e

a8 DY pame 5 bt Sl O gmmen SS55 4 b
Lien oS JSUse 055 LPAH SUS 5 51 e S o
el s (YY) wols Y 5l L LMW/HMW s

@0
%ﬁ Jﬁp VPP joly g 0l (ol 0,935

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

ARA

e L3 okl (5ls o5l § gamee 0 el ST 053
s g same w358 FuFlusPy (VA S0 s
Shls bl gla ol ¢ game 4 50 L 0L
55 B@AntB@Ant+Chr ; (voy  J U4 o
(D 55 & 0518 5 ol BT D 532 g sems & ol 5T (D)
F5sn o Glols ol sla sl § gee 42 el 5T
el sl ¥ S 53 O gl 45 (4) A3 ealizad (TYA

PO TIE L VI g « TPAH | sl 5 plas
Lt o3 VM Gee 53 5 (1)/A£¥0) /) ,eilS Lo
JKE) A sdalie (OVV/O£NYF/Y NZ/Q) 55, Ldw 31 Ay
53 0Kes 5 Baumard Sl & ax 5 L oS (Y
Gble o osgdome 5 anlllae 540 azkeis (YY) V44A JLo
234l s e Gbla 5 (S Ve NQ/Q) oS ST L
(10) oLKes 5 TOloSA 5,5 & 13 (> Verr NQ/Q)
o & bgye 01l Jlse o&aasl YA 5 TPAH | 015
B Lles S 5158 YAY NZ/Z LYY 63 oee 5o 1, Yore
WY oa e TPAH | Ol 6 0, 0 B Y il Lol
Abesi .aas o 0Lz wlis glaolnl 55 1, wsiS Jl
J=lse 53 PAH cUs 5 cbals gaoze (V) oL
NZ/Z G0+ esgdoms 5 1y oledS 5 0Lk glaglal
ol 4 slo,lal Oyl dlie 55 Js Lles S 5,158 VFee
& Se3lhl 3,50 PAH LS 5 slaws o L 5 LS 5
OV) o, Kes 5 Mohammadi Zadeh ...l i
St J5850 035 L LS H PAH (S 5 A GBI ¢ pams
D S s Glae Slisay 5 el (6, Se3ul (YY)
Lles S 1S FOY N/ VY o3 5ies o

TPAH [ clle nipl £y, dbal b oo Sy
Sl Ges GRIBIL s Bt 5 F s ladigal
s bt o a5 TPAH | clale 51l oy
Vo Glasl glaelasl o (D < v /00) (gls sme M
Slogms SOl Ll Ve M Gas 55 3505 s 00 M
YoM Gae 55 3ls s g 3lS 5 Ll slaslansl oy
(TPAH,  2S10>) 55,000 5l day ool Lo ladas o


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

A3 4 S (§ e e b oS s PAH s 5
5 a5 Sxd Sailee ;b cos PAH oS 5
O35 o (8 02 B odd Soly ol e Ll o 4 2
5> S Oll ol 3 (V) Obmlp3T 2 by s
S DI PAH CUS 5 S0s G 53 D50 s p s 45 0
S 6l SHlegn 3l eslizad L 53 (10) Ol ,Kan 5 Tolosa
Ol 8 Jolsm 58 (ST 0Ly el ol s )
A a4 g bl S 58 1 Ol ST e
S Ol Jorl g 53 PAH LS 5 055 5 o lis 055
glols PAH oLs 5 chle (o Sojlil 5580 sleiy
eslis PAH oS 5 o8 (o sl e Jo) JSIT 658
Sl dS gy o o hited 2 (S asls

Sl e 58 sl S a

Yy

... AKGYITaP3yAg Dk Jhho p W etSF AN

S dol Cedo V1 iy o ol andllae 350 (glaolSas
Lol & 5 o3 s e Ol |y S5 Il slis
S ophpe ol SS5snl 5 SoSsn bk i
Gl ol Aol 55 (/Y <) B@AN/228 s b
(I -F 1S5

>) Flu/202 Llae ;s (1) >) Anb/178 s i ges
31 3 g s e 0L |y S5 LI slie 55 (+/F
Yo M Gae gy Ak Sl Yo T Gae ol LaolSa) |
slie (/=20 Flu/202 s J5100 M Gas 5 K
5 (= S8 s o O3 5 (2 3150 3 ) S5 2k
Jl 53 0L, 5 Tolosa 2= L sl s 5 feol>
s eliie g e ol 53 .00) 505 Cisllae Yoot
A0 G el 5 55 o 5700 1 Ol slaolKanl s
() oL Kes s Mohammadi Zadeh wles 5 2158
bS5 b el pakis gl Sl eslial b g
Ales S 1S S 1y eter sLl el oy s PAH
Gl by Sis,m slin 55 OF) O Kan 5 Freydoni
Ailes S 5158 eds s sl el 3l PAH s 5

i e il 5y S5 n I clie w4 L
03 Al L dld 5 Opl O R S S e Bl Ooy
35S g O3 ck PAH wls 5 S5 S
Ol p i (8) Yord Jl 53 0L, Kea 5 Samedova
Ol 3T (100 -¥0r ©C) ons Ll i 43 Jare LS 5
Slp Soode (0F) Srw slacn Sooda & by |
(JA0) lail~ ¥ & Y PAH ©Ls 5 5 (/7V) ks ol s
52 30 Gie) PAH SLs 5 51 0Ll les S 20158
(5 Ok LS 5 b el Ol (i (Sladl>
SlS 55 U0 0k bS5 () 08k pas oS 5
D35 o Soales les S B1S (1/0) 0zl S
OIS Ol (o O35 Omly 5 U8 5 026 081
soal s adlae sy sl o PAH cLs
2SS b s das e 0L ) dlate W, Ol
Jol s 42 Ol 3T 528 e 51 2k sl S T Ui
ol 03 o los 3 Sl Lz e DS Ol
S o (Gl 5o) e Ols 5 adl ol adkis

1Pl (gan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ol)%ed 5 g,y 2U, Lo ple

oY)
%ﬁ Jﬁp VPP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YyYy

S S 4o
I D N e T e SR
S clie San oS 315 pes PAH LS 5 clis
o sonlen sl OLES | andlas 5 50 adlae 3 SS55 5
Jolsm 53 eds o Sesll PAH wls 5 S5 o X
Ui 5 (Il 5 ORb OB Dap i) DS Ol
Chle il LS s Ol i al s Wl s
ardlas 350 slaolSaml 3 Ges Jtlpl L PAH LS 5
5 el 51 36 b gla Sa il sl o 0 b
Ol Jol g a0 Ol 3T 5588 ks slaolr 51 65 e a0
IS Ol Joml g 53 535 b 3 Selusly 0L 3l s

]

‘;‘b).‘s" )g-is

s 5 el Olge b asl OLL 51 ise Jol> dlis ol
Do oy ars Sladls Lo la i S5 oden 3555 ax )l
sl o s sl 5 el Sl 3
S ol ATy Jujswjh?u;;jﬂd\fsgd@,);
am‘) LfiLi); r‘}lﬁ 9 @:"b CL\A oIS Q;L« CAiLv L:
NG P W \J.?-‘ (O\Y/OOT ija a)w) S ) Ja.:m


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

@l:.a

1-Efendiyeva I. Ecological problems of oil exploitation
in the Caspian Sea area. Journal of Petroleum Science
and Engineering. 2000;28(4):227-31.

2-Bagirov E, Bagirov B, Lerche I, Mamedova S.
South Caspian oil fields: Onshore and offshore
reservoir properties. Natural Resources Research.
1999:8(4):299-313.

3-Korotenko K, Mamedov R, Mooers C. Prediction
of the dispersal of oil transport in the Caspian Sea
resulting from a continuous release. Spill Science &
Technology Bulletin. 2000;6(5):323-39.

4-Korotenko K, Mamedov R, Mooers C. Prediction of
the transport and dispersal of oil in the south Caspian
Sea resulting from blowouts. Environmental Fluid
Mechanics. 2001;1(4):383-414.

5-Douben PET. PAH: An Ecotoxicological Perspective.
Ist ed. West Sussex, UK: John Wiley and Sons;
2003.

6-Samedova F, Guseinova B, Alieva F. Specifics of the
group and homological compositions of aromatic
hydrocarbons in some Azerbaijani crude oils.
Petroleum Chemistry. 2009;49(6):466-72.

7-Zakaria MP, Takada H, Tsutsumi S, Ohno K, Yamada
J, Kouno E, Kumata H. Distribution of polycyclic
aromatic hydrocarbons (PAH) in rivers and estuaries
in Malaysia: A widespread input of petrogenic
PAH. Environmental Science and Technology.
2002;36:1907-18.

8-Venkatesan MI. Occurrence and possible sources
of perylene in marine sediments: A review. Marine
Chemistry. 1988;25:1-27.

9-Yunker MB, Macdonald RW, Vingarzan R, Mitchell
H, Goyette D, Sylvestre S. PAH in the Fraser River
basin: A critical appraisal of PAH ratios as indicators
of PAH. Organic Geochemistry. 2002;33:489-515.

10-Habibi MH, Hadjmohammadi MR. Determination of
somepolycyclicaromatichydrocarbonsinthe Caspian
seawater by HPLC following preconcentration with
solid-phase extraction. Iranian Journal of Chemistry
& Chemical Engineering. 2008;27(4):91-96.

11-Mohammadi Zadeh C, Saify A, Shalikar H.
Polycyclic aromatic hydrocarbons (PAH) along
the eastern Caspian sea coast. Global Journal of
Environmental Research. 2010;4(2):59-63.

12-Abesi A, Saeedi M. Origin of hydrocarbons in the
sediments of Golestan and Mazandaran province in
the south Caspian Sea. Journal of Environmental
Studies. 2010;36(55):43-58 (in Persian).

13-Freydoni R, Farhadi Z, Riahi Bakhtiari A,
Nasrollahzadeh Saravi H. Integrated use of n-alkanes
and polycyclic aromatic hydrocarbones in source

AR

... AKGYITaP3yAg Dk Jhho p W etSF AN

identification petrolium hydrocarbones at 5, 15 and
30 m depths in Noshahr and Amirabad ports, Caspian
sea. Journal of Mazandaran University Medical
Science. 2013;23(101):62-71 (in Persian).

14-Nemirovskaya [A, Brekhovskikh VF, Kazmiruk VD.
Aliphatic and polyaromatic hydrocarbons in bottom
sediments of offshore mouth area of the Volga. Water
Research. 2006;33(3):274-84.

15-Tolosa I, Mora SD, Sheikholeslami MR, Villeneuve
JP, Bartocci J, Cattini C. Aliphatic and aromatic
hydrocarbons in coastal Caspian sea sediments.
Marine Pollution Bulletin. 2004;48:44-60.

16-Rashid Ashmagh F, Rezaei Kalantary R, Farzadkia
M, Joneidy Jafari A, Nabizadeh R. Survey
of Phenantherene biodegradation's model in
contaminated soils by Acinetobacter Sp. Iranian
Journal of Health and Environment. 2009;2(3):196-
203 (in Persian).

17-Ravanipour M, Rezaei Kalantary R, Farzadkia M,
Hashemi-Najafabadi S, Esrafily A. Comparison
of nutrients and salinity on Phenanthrene removal
from polluted soil. Iranian Journal of Health and
Environment. 2013;5(4):411-22 (in Persian).

18-Lahijani HAK, Rahimpour-Bonab H, Tavakoli
V, Hosseindoost M. Evidence for late Holocene
highstands in central Guilan—-East Mazanderan,
south Caspian coast, [ran. Quaternary International.
2009;197(1):55-71.

19-Krishnamoorthy TM. Collection and preparation of
lake sediments for dating and trace element analysis
by nuclear techniques. Vienna, Austria: International
Atomic Energy Agency; 2003.

20-Riyahi Bakhtiari AR, Zakaria MP, Yaziz MI, Lajis
MNH, Bi XH, Rahim MCA. Vertical distribution
and source identification of polycyclic aromatic
hydrocarbons in anoxic sediment cores of Chini lake,
Malaysia: Perylene as indicator of land plant-derived
hydrocarbons. Applied Geochemistry. 2009;24:1777-
87.

21-Zar JH. Biostatistical Analysis. 4th ed. New Jersey:
Prentice Hall; 1999.

22-Baumard P, Budzinski H, Garrigues P. Polycyclic
aromatic hydrocarbons in sediments and mussels
of the Western Mediterranean Sea. Environmental
Toxicology & Chemistry. 1998;17:765-76.

23-Law R, Andrulewicz E. Hydrocarbons in water,
sediment and mussels from the southern Baltic Sea.
Marine Pollution Bulletin. 1983;14:289-93.

24-Khoshravan H, Rohanizadeh S, Malek J, Nejadgholi
G. Caspian Sea southern coasts zoning on the basis
of sedimentary morphodynamic indicators. Journal
of the Earth and Space Physics. 2011;37(3):1-15 (in
Persian).

1Pl (gan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

ol)%ed 5 g,y 2U, Lo ple

25-Afshari Azad MR, Pouraki H. Classification and
analysis of geomorphic phenomena in the west
coast of the Caspian with approach to water level
fluctuations. Journal of Geography and Regional
Development. 2012;19:177-94 (in Persian).

26-Wang Z, Fingas M, Blenkinsopp S, Sergy G,
Landriault M, Sigouin L, et al. Study of the 25-
year-old Nipisi oil spill: Persistence of oil residues
and comparisons between surface and subsurface
sediments. Environmental Science & Technology.
1998;32(15):2222-32.

27-Giuliani S, Sprovieri M, Frignani M, Cu NH,
Mugnai C, Bellucci LG, et al. Presence and origin
of polycyclic aromatic hydrocarbon in sediments
of nine coastal lagoons in central Vietnam. Marine

Pollution Bulletin. 2008;56(8):1504-12.

oY)
%ﬁ Jﬂp VPP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

YYo


https://ijhe.tums.ac.ir/article-1-5458-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-12 ]

Iran. J. Health & Environ., 2014, Vol.7 , No.3

Distribution and Source identification of Polycyclic Aromatic Hy-
drocarbons (PAHs) in the Sediments of the Southwest Caspian Sea
Coasts: Gillan Province

M. Nemati Varnosfaderany' , A. Riyahi Bbakhtiari**, Z. GU3, G. Chu*

! Ph.D Student in Environmental Pollution, Department of Environment, Faculty of Natural Resources and Marine Sciences, Tarbiat
Modares University, Noor, Mazandaran, Iran.

2 Assistant Professor, Department of Environment, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares University,
Noor, Mazandaran, Iran.

3 Professor, Institute of Geology and Geophysics- Chinese Academy of Science, No.19 Beitucheng West Road, Chaoyang District,

Beijing, China.

4 Assistant Professor, Institute of Geology and Geophysics-Chinese Academy of Science, No.19 Beitucheng West Road, Chaoyang

District, Beijing, China.

Received; 6 August 2013 Accepted; 3 November 2013

Abstract

Background and Objectives: Few investigations on polycyclic aromatic hydrocarbons (PAHs) in surface
sediments have reported medium to high petrogenic contamination at the southwest coasts of the Caspian
Sea. The aim of this study was to investigate distribution and potential sources of 16 PAH compounds in
surface sediments of the southwest coasts of the Caspian Sea (Gillan province).

Materials and methods: A total of 45 sediment samples from 15 stations at coasts of the Gillan province
(from Astara to Lahijan) were collected from 10, 20, and 50 meters depths. Each sample was analyzed using
Gas chromatography — Mass spectrometry. Diagnostic ratios were used for source identification.

Results: The main PAH compounds in the study area were phenanthrene (87.6+74.6 ng/g), pyrene (43.1£23.5
ng/g), and naphthalene (34.4+40.4 ng/g) respectively. According to the calculated diagnostic ratios such as
LMW/HMW (0.25-7.75), Ant/178 (0.02-0.11), Flu/202 (0.20-0.49), and B(a)Ant/228 (0.09-0.54) the main
source of PAHs is petrogenic in this study area.

Conclusion: According to PAH diagnostic ratios and similarity of dominant PAH compounds in study area
with dominant PAH compounds of Azerbaijan oil field, main probable source of PAH compounds in Gillan
province coasts is Azerbaijan oil pollution.
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