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Abstract

This study aimed at determining the concentration and
distribution of cyclic aromatic hydrocarbons and their origin in
the protected river Sardabrood in Mazandaran province.
Sampling of surface sediments from the riverbed was
performed in four stations (Karimabad, Gil Kola, Abbas Kola
and the estuary of Sardabroud). To extract and analyze PAH
compounds by Soxhlet method, two stages were performed
using column chromatography and gas chromatography-mass
spectrometry. The highest total amount of compounds was
observed in the river estuary as 1059.89 + 173.40 ng.g™* and
the lowest concentration was obtained in Karimabad station as
141.42 + 39.22 ng.g*. The trend of accumulation of PAH in
sediments showed that PAH concentration increases from
upstream to downstream. Determining the origin of
compounds in sediments using isomeric diagnostic ratios
showed that PAH are mainly from a mixture of petrogenic and
pyrogenic sources. In terms of polyaromatic hydrocarbon
concentration, surface sediments have an average level of
pollution according to NOAA sediment quality guidelines. The
presence of a sand factory along the river, the entry of
agricultural effluents into the surrounding fields, increased
urbanization, car traffic and the relatively high amount of
rainfall and urban runoff have caused the pollution of aromatic
hydrocarbon compounds in the river sediments.
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Table 1- Geographical location of stations for
sampling from surface sediments of Sardabroud
riverbed
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Station Longitude latitude

River Estuary ~ 51°21'51.21"E 36°38'39.54"N

Abbaskola 51°22'21.57"E 36°39'35.27"N
Gilkola 51°23'23.78"E 36°40'25.04"N
Karimabad 51°23'58.51"E 36°41'14.73"N
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Fig. 1- The study area and location of sampling stations from surface sediments of Sardabroud Riverbed
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Fig. 2- The Concentration of PAH compounds in surface sediments in studied stations in Sardabroud river
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Table 2- Isomeric ratios in surface sediments of Sardabroud river bed
39 915 g Ailddg ) yiuaw (P COligwy 33 (5 p09 53] (SBCUMS -T Jgu

PAHSs : Station :
River Estuary Abbaskola Gilkola Karimabad
Naphthalene 773.92 193.97 59.53 35.41
Acenaphthylen ND ND ND 0.68
Acenaphthene ND ND 1.39 0.55
Fluorene 53.34 100.72 67.69 45.2
Phenanthrene 91.43 134.1 53.4 33.15
Anthracene 5.4 8.54 3.47 1.75
Fluoranthene 1.34 0.33 ND 0.85
Pyrene 21.29 6.79 8 5.34
Benzo(a)anthracene 15.32 3.64 4.34 217
Chrysene 63.83 9.17 12.27 9.61
Benzo(b)fluoranthene 5.05 13.71 1.31 211
Benzo[K]fluoranthene 3.03 0.36 0.63 0.41
Benzo(a)pyrene 8.47 55.49 2.32 1.15
Indeno[1,2,3-cd]pyrene 6.79 ND 2.21 1.03
Dibenzo[a,h]anthracene 2.7 ND 1.05 ND
Benzo[ghi]perylene 7.98 9.96 2.67 2.01
> PAHs 1059.89 536.78 220.28 141.42
LMW.HMW 20.98 19.36 42.15 37.46
Ant.Ant+Phe 0.06 0.06 0.06 0.05
Flt.Flt+Pyr 0.06 0.05 ND ND
BaA.BaA+Chr 0.19 0.28 0.26 0.23
Phe.Ant 16.93 15.71 15.37 14.41
BaA.Chr 0.24 0.39 0.35 0.28
Flt.Pyr 0.06 0.05 ND 0.05
Chr.BaA 4.17 1.14 2.82 2.35

ND: Non-detect > 0.05; PHE- Phenanthrene; ANT- Anthracene; BaA- Benzo [a] Anthracene; CHR- Chrysene; FLU-
Fluoranthene; PYR- Pyrene; MP- Methyl Phenanthrene
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Table 3- Values of diagnostic ratios for determining the emission sources of PAH compounds
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Diagnostic ratio Petrogenic Pyrogenic Mixed Sources
PHE/ANT >10 <10 -
FLU/PYR <1 >1 -
ANT/(ANT + PHE) <01 >0/1 -
FLU/(FLU + PYR) <0/4 0/4—0/5 > 0/5
BaA/CHR <0/4 > 0/4 -
BaA/(BaA + CHR) <0/2 > 0/35 0/2 - 0/35
MP/P 2-6 <1 1-2

PHE- Phenantrene; ANT- Anthracene; BaA- Benzo [a] Anthracene; CHR— Chrysene; FLU- Fluoranthene; PHE-
Phenanthrene; PYR- Pyrene (Scolo et al., 2000; De Luca et al., 2005; Bin et al., 2007; Heidi et al., 2018)

ol I G Aiun PAHS @lS 5 4 4lBg, ol (Sogl Lol
rlo g oS J85 o Blpal sbaanld 5l (o6 Ll «Sjeph
2 PAHS @l 5 (Sogl )3 (558 o Sitdgply slasild
P PAHs clsy IS cble aoly ddss .06yl aliag, ol
YYWEYY ng.gt B YVVE e Lol —clag 4By, clgw,
OluS 5 oud dslllas yolds L(Liu et al., 2012) ui (,50;l]
Sl jd GloS g cpl clale ) iy e Ay op! > PAHS
Cuzror ST > 4y jol cpl &S Conl 029y ;5){13),., slalg,
@l Plog o)l I PAHS @S 5 jut )izl ol &5 4 5 YL
5 DS o) (g 53 Mdlice o (g b slaclled
(Ao Sl 13 Slog)| gl wiz (slay g e Lo (youss
Nemati et ) cé,5 |18 wyp 3y50 Iy oIS kil slaailss,,
&B3gy 5 (AWA NQIY) g aldg, Guivs (pl ,» .(al, 2013

wdlbe 350 (cloolSiug] adS ;> dgplspm &g, Sbgu,
Sroopl aris Sbcwws adle Guen e Sujek
ANT/(ANT + FLU/PYR PHE/ANT Jols PAH <S5
BaA/(BaA + BaA/CHR FLU/(FLU + PYR) PHE)
Wu et al., 2001; Leite, 2011; Bin et al., ) MP/P , CHR)
1l 43 48 391 oyl 5l LS adlllas 390 Cilis (slaiges ) (2007
51 M 1y 595 pr 451839, Shgusy 1> PAHS wluS 5 JS
1 s So5gpn Lide cudle b S5l o Sujorn abe
5955 i oo i | Jols slaodygl s g Clitdie 39
o 31 do ol b daodle 5 Lol s i ygige )
Gob e (a8 Glitie 3959 (wimen 9 e sleelly,
Jolos alg) cnl (1950 4 (pliwg) 5 (sixio s red SIS

VAR 550 O 0o o0 HLS Jlws ¢yl !t O gobio coliing
Volume 16, No. 3, Fall 2020 (IR-WRR)

Y-



0is £S5 2 pSEL Feoe BV ee ) lagie (Sogll o350

pii il ozmen (b Slinde 39y 9 olimg) 9 56
2 g bedSa)gige o b huogil 9351 0395 g0 (15 (Jdgil5
el nailig) 5 sy (slasblyy 5 o ol polio adis ol
CddyMS ddlaie 13 3913 o 539, prne y3 dwle g oy sl

09 & ale 65yl 5 ored slaelly) d9y9 (wizmen
» PAH wlS 5 cdale g YU Jolge alas 51 lg5 o 451504,
YL w515 (Gt e Gl oy oo Sl Bl W3,
Vb bd lise 5 oglle 2 5 amagil Sl 5 Caman
9 Lol maw 4 bacn o hen (nl 3959 el o ol 3 (b
S92 4 i g 023, 3l ling; Luled 5 5068 slaclly
01238 B39 ol > Slogl slagpSgphn SluS 5 (5ol
2 SlS5 ol Gl dmea V1 ol il 5 S (il
9 e SS9 pic (pizmen g ordblis (gladlsy,

1- Polycyclic Aromatic Hydrocarbons

2- Selangor

3- Van Veen Grab

4- Surrogate

5- National Oceanic and Atmospheric Administration

&l -0

Azimi A, Riahi Bakhtiari A, Tauler R (2020) Polycyclic
aromatic hydrocarbon source fingerprints in the
environmental samples of Anzali-South of Caspian

Sea. Environmental Science and Pollution Research
27(26):32719-32731

Badisar S N, Ahmadi S M S, Raee M (2012) Legal
system of water resources pollution in Iran. Iran-
Water Resources Research 13(1):545-554 (In
Persian)

Bagheri H, Darvish Bastami K, Hamzepour A (2019)
The study of Polycyclic Aromatic Hydrocarbons
(PAHSs) contamination in sediments of Sisangan
Coastal sediments in South Caspian Sea. Quarterly
Journal of Environmental Science and Technology
21(10):55-66 (In Persian)

Bin J, Hai-long Z, Guo-giang H, Hui D, Xin-gang L,
Hong-tu S, Rui L (2007) Characterization and
distribution of polycyclic aromatic hydrocarbon in
sediments of Haihe River, Tianjin, China. Journal of
Environmental Sciences 19:306-311

oo Ol Cn e 9 (S iy 4 (ADO/A NG/G) Sl
dom gl oo dulie cpl jlioh (olaidl g 4y cluS v elale
5 oyt cdale 5l g alidg) 4y Cams 3gpld g B39,y b5
yed s y5e8 clale 5l St B4y & Cuns g PAHS LS
$29y9 @bo ollii o Lise O yolaledy Aot pull LAitus
Lide g (b (o 2 Lo g sladiges oalos 3 3 i J
S5g Lo 4y dogs b ol Cawdy S50, PAHS oS 5 s
eyl adss g o OYB xaw Slgwy ;> PAHS @l
(SptS g oy el (s 5 SB gloMsl
bl bl o s cw (u YL 5 Blis] gl el slacdls
39)9 odes @lie plgisas ) (6)X83)5 9 b GlaB 25
2 oby b Lite jasuts Ll sge5 gjhe PAHS LS5
O S 5 opl Mg YD S g (e g (sladiges
@9 9 SHsho g (59, lagyB g aail )90 Cllid danlyy (Suis
JGst g )] Juwd ol 3L g slud b 55 (clases (JSis S
G5 b 309 ol ol .(Zamani et al., 2015) cul OV 4
Sslogs oy OS5 el Lo 0y Koy 5§ pdlo
dilaie Clgw) 59y p (BRoh @I Al wlde (255,40
Lico g 03g) bawgio b o8 (529l (sl) Sliguy ol o)l 4 Kkianpun
(ISQGS, NOAA) 3,lsliwl ppolie b adlaie oyl )3 osel Cawday
aly s Syl o Slhswy (Sodl 35 asute
aallae b 4o oyl ol (Bagheri et al., 2019) 5,16 Slogs o

2y csllas bawgio b oS (Sogll Jas 5l pols

GAagox g s —F
3T Caglgl 3)50 PAH (oS 518 IS clalé aiels adlllas ) 5
Y+ OR/AR 39l pus w5339, Sliguy 53 K 0l o j bawsmo clslas
adlbs oyl 5l Jols gl el cand 4 p)5 0 p )56l VFV/FY -
Lol 392l 0 a8 (daus Cligus) IS oo 4y a8 0l Ly
ooyt ke i 1S, NOAA gy S 3500
s90iy (ol ) 18 (Sogll bwgie a3 Sileg)l L
Fooo o 5l e PAH oluSp cdile Ko gy i
Lo s Candg 9 05 (59l Kol Sis 35 25 1 p S
039 e 2 eSPl Vel aeS polie & b s el (g,
LoNg et ) cusl PAH oS 5 4y dilaie o8 Sogll ppumo St
2 dopliyw alig, 55 adlhe 30 skplSiul (al, 1995

VAR 550 O 0o o0 HLS Jlws ¢yl !t O gobio coliing
Volume 16, No. 3, Fall 2020 (IR-WRR)

¥



Chongging, Southwest China.

89(7):893-899

Md Suhaimi E, Khalik W, Zaleha H, Wee Boon S, Mohd
Suhaimi H, Shamsiah Abd R, Nazaratul A A S,
Ariffin T (2007) Polycyclic Aromatic Hydrocarbon
(PAH) contamination in the sediments of east coast
Peninsular Malaysia. The Malaysian Journal of
Analytical Sciences 11(1):70-75

Masood N, Zakaria M P, Halimoon N, Aris A Z, Magam
S M, Kannan M, Ali M M, et al. (2015)
Anthropogenic waste indicators (AWIs), particularly
PAHs and LABs, in Malaysian sediments:
application of aquatic environment for identifying
anthropogenic pollution. Marine Pollution Bulletin
102(1):160-175

Medeiros P M, Bicego M C, Castelao R M, Del Rosso C,
Fillmann G, Zamboni A J (2005) Natural and
anthropogenic hydrocarbon inputs to sediments of
Patos Lagoon Estuary. Brazil Environment
International 31(1):77-87

Mirza R, Mohamadi M, Dadollahi S A, Abedi E, Fakhri
A (2011) Polycyclic Aromatic Hydrocarbons (PAH)
in sea water intertidal areas of Boushehr province
(Persian Gulf). Journal of Oceanography 2(7):21-29
(In Persian)

Mohammadi M, Ebrahimi Z (2017) Source identification
and risk assessment of polycyclic aromatic
hydrocarbons (PAHS) in coastal sediment of Caspian
Sea; Guilan Province. Journal of Mazandaran
University Medical Science 27(155):128-140 (In
Persian)

Chemosphere

Nemati VVarnosfaderany M, Riyahi Bakhtiari A, Zhaoyan
G, Guogiang C (2015) Distribution and
characteristic of PAHs in sediments from the
southwest Caspian Sea, Guilan Province, Iran. Water
Science and Technology 71(11):1587-1596 (In
Persian)

Rahmanpoor S, Ghafourian H, Hashtroudi S M, Rabani
M, Mehdinia A, Darvish Bastami K, Azimi A (2012)
The study of Polycyclic Aromatic Hydrocarbons
(PAHSs) contamination in sediments of Hormoz
Straight-Persian Gulf. Journal of Oceanography
3(10):37-44 (In Persian)

Riyahi Bakhtiari A, Zakaria M P, Yaziz M |, Lajis M,
Bi XH, Rahim M ( 2009) Vertical distribution and
source identification of polycyclic aromatic
hydrocarbons in anoxic sediment cores of Chinilake,
Malaysia: Perylene as indicator of land plant-derived
hydrocarbons. Applied Geochemistry 24(9):1777-
1787

Schiff K C (2000) Sediment chemistry on the mainland
shelf of the Southern California Bight. Marine
Pollution Bulletin 40(3):268-270

Biglari M R, Sima S, Saadatpour M (2019) Modeling
and management of the river water quality for
aquatic habitat health using a source control
approach (Case Study: Zarrineh-rud River). Iran-
Water Resources Research 14(5):54-70 (In Persian)

Commendatore M G, Nievas M L, Amin O, Esteves J L
(2012) Sources and distribution of aliphatic and
polyaromatic hydrocarbons in coastal sediments
from the Ushuaia Bay (Tierra del Fuego, Patagonia,
Argentina). Marine Environmental Research 74:20-
31

De Luca G, Furesi A, Micera G, Panzanelli A, Piu P C,
Pilo M I, Spano N, Sanna G, Sanna G (2005) Nature,
distribution and origin of Polycyclic Aromatic
Hydrocarbons (PAHSs) in the sediments of Olbia
harbor (Northern Sardinia, Italy). Marine Pollution
Bulletin 50(11):1223-1232

Fu-Liu X, Jorgensen S E, Shimizu Y, Silow E (2013)
Persistent organic pollutants in fresh water
ecosystems. The Scientific World
Journal 2013:2010-2023

Harmsen J, Rjetra R (2018) 25 years monitoring of
PAHSs and petroleum hydrocarbons biodegradation
in soil. Chemosphere 207:229-238

Hussain K (2018) Monitoring and risk analysis of PAHs
in the environment. Handbook of Environmental
Materials Management 1-35

Honda M, Suzuki N (2020) Toxicities of polycyclic
aromatic hydrocarbons for aquatic animals.
Environmental Research and Public Health
7(4):1363-1378

Heidi EM S, Aherne G, Metcalfe C (2018) Fate and
transport of polycyclic aromatic hydrocarbons in
upland Irish headwater lake catchments. The
Scientific World Journal 2012:2011-2020

Kakoei Dinaki F (2020) Evaluation and estimation of
non-point contaminants in Jajrood and Lar
catchments. Iran- Water Resources Research 16(3)
(In Persian)

Kazemnejad F, Safaee H, Pasha M (2010) Investigation
of pollutant sources of Sardabroud River. Science
and Natural Resource Techniques 5(2):101-110 (In
Persian)

Leite N, Peralta Zamora P, Grassi M T (2011)
Distribution and origin of polycyclic aromatic
hydrocarbons in surface sediments from an urban
river basin at the Metropolitan Region of Curitiba,
Brazil. Journal of Environmental Sciences
23(6):904-911

Liu Y, Yu N, Li Z, Wei Y, Ma L, Zhao J F (2012)
Sedimentary record of PAHSs in the Liangtan River
and its relation to socio-economic development of

VAR 550 O 0o o0 HLS Jlws ¢yl !t O gobio coliing
Volume 16, No. 3, Fall 2020 (IR-WRR)

Yy


https://link.springer.com/referencework/10.1007/978-3-319-58538-3
https://link.springer.com/referencework/10.1007/978-3-319-58538-3
https://link.springer.com/referencework/10.1007/978-3-319-58538-3

core sediments of the Yellow Sea. Marine Chemistry
76(1):1-15

Zakaria M P, Takada H, Tsutsumi S, Ohno K, Yamada
J, Kouno E, Kumata H (2002) Distribution of
polycyclic aromatic hydrocarbons in rivers and
estuaries in Malaysia: A widespread input of
petrogenic PAH. Environmental Science and
technology 36(21):1907-1918

Zamani M, Khorasani N, Riahi Bakhtiari A, Rezaei K
(2015) The origin determination and identification of
perylene entry source and other Polycyclic Aromatic
Hydrocarbons (PAHSs) in surface sediments of
Anzali wetland. Iranian Journal of Health and
Environment 7(4):437-454 (In Persian)

Soclo H H, Garrigues P H, and Ewald M (2000) Origin
of Polycyclic Aromatic Hydrocarbons (PAHS) in
coastal marine sediments: Case studies in Cotonou
(Benin) and Aquitaine (France) areas. Marine
Pollution Bulletin 40(5):387-396

Valavanidis A, Vlachogianni T, Triantafillaki S,
Dassenakis M, Androutsos F, Scoullos M (2008)
Polycyclic aromatic hydrocarbons in surface
seawater and in indigenous mussel (Mytilus
galloprovincialis) from coastal areas of the
Saronikos Gulf (Greece). Estuarian Coastal and
Shelf Science 79(4):733-739

Wu Y, Zhang J, Mi T Z, Li B (2001) Occurrence of n-
alkanes and polycyclic aromatic hydrocarbons in the

VAR 550 O 0o o0 HLS Jlws ¢yl !t O gobio coliing
Volume 16, No. 3, Fall 2020 (IR-WRR)

YYY



