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Fig. 1 Study area and location of sampling stations from surface sediments of Chalous River
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Table 1 Geographical coordinates of sampling
stations in Chalous River

Station Longitude Latitude
River estuary 36°37'0062"N  51°23'1770"E
Chalous

fountain bridge  36° 38'4580"N  51°24'4230"E
Firstring bridge  36° 39' 3007"N  51°26'0860"E

Darkola 36°40'1871"N _ 51°27' 2184"E
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Table 2 The Concentration of PAH compounds (ng/g d.w) and their isomeric ratios in surface sediments of
Chalous riverbed

Stations

River Chalous fountain bridge First ring bridge Darkola
PAHs Estuary
Naphthalene 164.25 14.75 4.40 18.76
Acenaphthylene ND 1.32 0.47 2.36
Acenaphthene 3.52 1.11 ND 0.67
Fluorene 99.21 18.20 5.17 7.55
Phenanthrene 152.64 87.15 32.18 10.29
Anthracene 32.26 13.23 3.01 0.75
Fluoranthene ND 1.35 0.35 0.13
Pyrene 10.70 5.84 8.25 1.44
Benzo(a)anthracene 2.58 11.22 9.74 1.43
Chrysene 6/84 36.12 42.34 4.75
Benzo(b)fluoranthene ND 4.95 11.31 1.82
Benzo[k]fluoranthene 3.51 2.29 1.18 0.18
Benzo(a)pyrene 23.14 13.70 3.57 0.64
Indeno[1,2,3-cd]pyrene ND 3.13 7.18 ND
Dibenzo[a,h]anthracene ND 0.86 1.97 ND
Benzo[ghi]perylene 405.15 61.56 6.97 0.94
PAHsY 903.8 276.78 138.09 51.71
LMW/HMW 4.62 5.32 1.06 8.73
Ant/Ant+Phe 0.08 0.08 0.09 0.07
FIt/Flt+Pyr ND 0.03 0.04 0.08
BaA/BaA+Chr 0.35 0.25 0.19 0.23
Phe/Ant 11.49 12.21 10.68 13.69
BaA/Chr 0.37 0.27 0.23 0.3
FIt/Pyr 0.00 0.03 0.04 0.09
Chr/BaA 1.88 2.21 4.35 3.32

ND: Non-detect; PHE- phenanthrene; ANT — anthracene; BaA — benzo[a]anthracene; CHR — chrysene; FLU —
fluoranthene; PYR — pyrene; MP— methyl phenanthrene
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Fig. 2 The Comparison of PAH compounds pattern based on the number of aromatic rings in surface sediments
of Chalous River
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Table 3. Values of diagnostic ratios for determining the PAHSs sources

Diagnostic ratio Petrogenic  Pyrogenic  Mixed Sources Refrence

PHE/ANT > 10 <10 - Boitsov et al. 2009

FLU/PYR <1 >1 - De Luca et al. 2005

ANT/(ANT + PHE) <0.1 >0.1 - Leite et al. 2011; Bin et al. 2007
FLU/(FLU + PYR) <04 0.4-05 >05 Soclo et al. 2000

BaA/CHR <04 >0.4 - Readman et al. 2002

BaA/(BaA + CHR) <0.2 >0.35 0.2-0.35 Boitsov et al. 2009

MP/P 2-6 <1 1-2 Soclo et al. 2000, Wu et al. 2001

PHE- phenantrene; ANT- anthracene; BaA— benzo[a]anthracene; CHR— chrysene; FLU- fluoranthene; PHE—

phenanthrene; PYR- pyrene.
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Fig. 4 Diagrams of PAHSs isomeric diagnostic ratios in sediments of Chalous River: a) Reciprocal plot Flu/Pyr &
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Abstract

Polycyclic aromatic hydrocarbons (PAHSs) are among the important organic pollutants in the aquatic
ecosystems generally generated by natural and human processes. The purpose of this study was to
determine the concentration and distribution of PAHs and the origin of these compounds in the
surface sediments of the Protected Chalous River in Mazandaran Province. Sampling of surface
sediments of the riverbed was performed at four stations located along the river (Darkala, first ring
bridge, Chalous fountain bridge and estuary). The extraction and analysis of PAHs was performed
using standard Soxhlet method in two stages: column chromatography and gas chromatography-mass
spectrometry. The highest and lowest total amount of these compounds (3 PAHs) was observed in the
surface sediments of the riverbed at the estuary and Darkala stations (903.8+144.30 and 51.71+19.33
ng/g) respectively. The trend of accumulation of PAHSs in the surface sediments showed that the
> PAHs concentration increased from the upstream to downstream in the river. Determining the origin
of PAHSs in surface sediments of the riverbed using isomeric diagnostic ratios showed that the origin
of PAHSs in the river was a mixture of petrogenic and pyrogenic sources with petrogenic dominance.
According to the NOAA sediment quality standard, the sediments samples were in the range of
moderate pollution in the studied stations, except at Darkala station, located upstream of Chalous river
and had low pollution. The influx of agricultural effluents from the surrounding farms, the increase in
population and vehicles in the area has led to an increase in the composition of PAHSs in river
sediments.
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