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Abstract

The Caspian Sea is the largest lake in the world and is facing an increasing risk of
contamination. Sea-based and land-based hydrocarbons inputs are the most critical pollutants
of the Caspian Sea. In the present study, n-alkanes and related diagnostic ratios were used to
identify the sources of hydrocarbon contaminants in surface sediments along the southern
coastal area of the Caspian Sea in Mazandaran province. 27 surface sediment samples were
collected from a depth of 5 meters under sea level. Contaminant’s compositions were
extracted by Soxhlet apparatus and analyzed by Gas Chromatography-Mass Spectrometry.
According to the results, the total concentration of n- alkanes (XHC) ranged from 5.2 ug g’!
t0 690.7 pg g''. The S20 (selected station in Noshahr port) had the highest concentration, and
most of the stations have levels in a moderate range. Five diagnostic ratios are used to
distinguish petrogenic and biogenic contaminants in shorelines of the Mazandaran province.
In all stations, Carbon Preference Index (CPI), LMW/HMW, Pr/n-Ci7, Phy/n-Cis, Pr/Phy,
and U/R values indicated the petrogenic inputs. However, in some stations biogenic inputs
were additionally detected. The petrogenic pollutants were almost from sea-based inputs
such as oil spills from Turkmenistan and Azerbaijan. On the other hand, biogenic
contaminants were almost from rivers and Hyrcania forests.
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Introduction tries of Russia, Azerbaijan, Iran, Kazakhstan,
The Caspian Sea is the world's largest inland ~ and Turkmenistan [1]. In recent years, the Caspian
body of water and is located among the coun-  Sea is affected by the high accumulation of
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contaminants and oil fields in the south part of
the sea that cause oil spills and serious hydro-
carbons pollution [2]. From 1986 to 1990,
approximately 94,000 to 146,000 tons and from
1988 to 1990, nearly 22,100 tons of oil pollutants
have been entered the Caspian Sea through the
Volga River and Atrak, Ural, and Kura rivers,
respectively [3].

As the major components of petroleum and
natural gas, alkanes and polycyclic aromatic
hydrocarbons (PAHs) are known to be the main
compositions of the contaminants in the Caspian
Sea [4-5]. n-alkanes are the unique stable com-
pounds of hydrocarbons in the sediments of fresh-
water, estuarine, and marine environments [4].
PAHs are present in coastal sediments, terres-
trial soils and dusts. Their structure is renitent
against chemical decomposition and photolysis
that make them persistent for a long time [5].
Alkanes and isoprenoids (saturate hydrocarbon
fractions of petroleum hydrocarbons) are valuable
compounds for fingerprinting oil products, con-
taminant sources and severe weathering [4].
The main concern exists about these compounds
in pollutants because of their poor biodegrad-
ability, low water solubility in natural conditions,
high persistency, toxicity, bioaccumulation, and
biomagnification through the food chain in the
aquatic ecosystem [6—7]. Chlorinated or alkyl
alkanes are known to be more hazardous. Halo-
genated alkanes are carcinogenic. Cycloalkanes
are more resistant to degradation than alkanes or
branched alkanes. Cycloalkanes are more toxic
than alkanes or branched alkanes [6—7]. n-
alkanes enter marine areas and seas with river
discharge, sailing activities, sewage disposal,
coastal oil production, transportation exhaust,
and oil seepage [8]. They also have natural
origins such as dry vascular plant waxes,
phytoplankton, and marine bacteria [9]. Biogenic
sources are generated by biological and ter-
restrial processes, and petrogenic sources are
produced by hydrocarbon inputs in the envi-
ronment [10]. Resources related to petroleum

App. Envi. Res. 44(1) (2022): 95-107

are the common origin of these compounds.
Measurement of n-alkanes are used to fingerprint
spilled oils and provide additional information
on the source of hydrocarbon contamination
and the extent of oil degradation in the envi-
ronment [2].

Three provinces of Iran have shoreline along
the Caspian Sea. Source identification of hydro-
carbons along the shorelines of the Caspian Sea
is considered the first step in environmental ma-
nagement. The Swimming and fishing activities
in this area, and petrogenic hydrocarbons have
carcinogenic effects on the food chain and hu-
man health [7]. There are ports, factories, and
power plants in Mazandaran province that can
produce a high amount of wastewater. Oil spills
and seepages in other regions of the Caspian
Sea can also be entered these areas by waves
and storms. The Caspian Hyrcanian Mixed Forests
ecoregion, in the temperate broadleaf and mixed
forests biome, is an area of lush lowland and
montane forests covering about 55,000 square
kilometers (21,000 mi®) near the southern shores of
the Caspian Sea of Iran and Azerbaijan. More
than 130 rivers flow into the Caspian Sea, which
passes through the forest of Hyrcani. In recent
years, due to the high entry of pollutants to the
Caspian Sea, some studies have focused on
identification of the source of pollutants in some
parts of this area [3, 11-12].

This study aims to identify land- and Sea-
based inputs of n-alkanes along the Caspian Sea
coast in the Mazandaran province and to deter-
mine the trends of concentrations from east to
west of the province is determined.

Materials and methods
1) Sample collection

Twenty seven stations were selected along
the 220 km south shorelines of the Caspian Sea
from east to west of the Mazandaran Province
in the north of Iran. Location of selected stations
are shown in Figure 1. The latitude and longitude
coordinates are reported in Table 1. In each
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station, 5 surface sediment samples were taken
from 5 points (The vertices of a rhombus and
its center) using a Veen Grab in January and
February 2015. Individual samples were mixed,
and finally, 27 composite samples were prepared.
Samples were immediately transferred into the
aluminum container and stored at -20 °C before
analysis. About 200 g of each sample was freeze-
dried for 72 h at -60 °C and then homogenized.
Samples were powdered by a Chinese pounder
and passed through the 63um sieve.

2) Extraction and fractionation

Five grams of each sample was mixed with
100 mL dichloromethane and placed for 10 h in
the soxhlet. The mixture was concentrated to 2
mL by Rotary Evaporator and then was allowed
to pass through the 5% H>O deactivated silica
gel column (0.47 cmi.d. X 18 cm). The extracted
sample were fractionated by silica gel packed
chromatography column. The non-polar fraction
(e.g., alkanes, polycyclic aromatic hydrocarbons
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(PAHSs), alkylbenzene sulfonates, and hopanes)
were eluted from the column with 20 mL DCM/
n-hexane (1:3). Samples are concentrated to 1
mL with a rotary evaporator and a gentle flow
of nitrogen. Then, n-alkanes were eluted from
second column, packed with 5% H>O activated
silica gel, with 4 mL of n-hexane [7, 13]. The
quality control of analysis was checked by blank
sample. All solvents, glassware, and sample
processing hardware was controlled to be free
from hydro-carbon interferences during analyses.
Monitoring the surrogate internal injection
standard (SIIS) was used to quality control for
the n-alkanes analyses. External standard sample
of known concentration and volume was ana-
lyzed separately from the unknown sample
under identical conditions. It was used to faci-
litate the qualitative identification and/or quan-
titative determination of the sample components.
The concentrated n-alkanes were dried under
nitrogen flow and then subjected to GC-MS
analysis.
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Figure 1 Sampling locations in shoreline of the Caspian Sea
from east to west of Mazandaran Province, north of Iran.
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Table 1 The latitude and longitude coordinates in shoreline of the Caspian Sea from east to west

of Mazandaran Province, north of Iran

No. Station name Latitude Longitude Sampling point specification
1 Miyankaleh (S;) 36°52' 21" 53°25'20" Near to Miyankaleh Peninsula
2 Amirabad (S;) 36°51'32"  53°22'13" Near to Amirabad Port
3 Sadra (Ss) 36°51'12"  53°16'34" Near to Sadra shipyard
4 Nirugah (S4) 36°50' 54"  53°14'30" Near to Neka power plant
5 Goharbaran (Ss) 36°50' 16" 53°11'44" Tourist beach
6 Farahabad-Tejen (Se) 36°49'22"  53°6'46"  Tourist beach, near to Tejen River
7 Sari 2 (S7) 36°48'24"  53°3'60"
8 Sari 3 (Sg) 36°47'24"  53°0'26"
9 Larim (So) 36°46'53"  52°58'9"  Tourist beach, fishing location
10 Chapakrud (S10) 36°45'25"  52°52'11"  Tourist beach
11 Naftechal (S11) 36°44'37"  52°48' 14"
12 Mirood (Si2) 36°44'6"  52°44'38" Fishing Location
13 Babolrud (Si3) 36°43'10" 52°39'25" Near to Babolrud River
14 Bandare fereydunkenar (S14)  36°42'17" 52°33'45" Near to Fereydunkenar Port
15 Fereydunkenar 2 (S;s) 36°41'54"  52°30'40" Near to river
16 Mahmudabad (Si6) 36°38'25" 52°15'36" Tourist beach
17 Izadshar (Si7) 36° 36' 50" 52°9'3" Tourist beach, fishing location
18 Nur (Si3) 36°35'14"  52°2'27"  Tourist beach
19  Amirrud (Siv) 36°38 14"  51°33'59" Near to river
20  Bandar noshahr (S2) 36°39'50" 51°30'52"  Tourist beach, near to port, near to forest
21 Chalus (S21) 36°40'20" 51°27'47" Tourist beach
22 Salmanshahr (S2) 36°43'17" 51°10'12" Tourist beach
23 Abbasabad (S23) 36°44' 12" 51°6'29"  Tourist beach, fishing location, near to
forest
24 Nashtarud (Sz4) 36°45' 7" 51°3'6" Tourist beach
25 Shirud (Sas) 36°51'40" 50°48'10" Fishing location
26 Chaleekrud (Szs) 36°52'48"  50°46'10" Near to river
27 Safarud (S27) 36°56'47"  50°39'27"  Tourist beach, near to river

3) Analytical analysis

The GC-MS analysis was carried out by an
Agilent Technologies instrument with a gas
chromatograph (GC, model 7890A) coupled to
a mass spectrometer (MS, 5975C). The carrier
gas was nitrogen at the flow rate of 1.5 mL min,
and the injection volume was 2 pL. The oven
temperature was initially set at 60 °C (hold for
2 min) and increased to 300 °C at a rate of 8 °C
min™! (20 min hold). The injector’s temperature
was 300°C. MS operating conditions were EI
ionization, ion source 230°C, electron energy
70 eV, and interface temperature 300°C.

4) Statistical analysis
Clustering analysis was performed with SPSS
to classify the stations according to these ratios.

Results and discussion
1) Concentration of total n-alkanes

Normal alkanes (n-alkanes) from both petro-
genic and biogenic origins are found in estua-
rine, freshwater, and marine sediments and are
used to identify the sources of hydrocarbons. n-
alkanes derived from particular leaf waxes are
dominated by long, odd-numbered alkanes within
the C24—C35 range [14-15].

Results showed that the concentration of hy-
drocarbons (XHC) in the samples ranges from
52 pngg!inS27t0690.7 pg g in the Sy station,
as shown in Figure 2a. The average concentra-
tion of each detected alkane in the studied sta-
tions are indicated in Figure 2b. Noshahr (S20)
is an important area for trade with Russia and
contains the important port in north of Iran. The
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high concentration in Sy confirms the effect of the
presence of a port site near the coastal area and the
influence of human wastes. Industrialization was
significantly slower in this city due to environ-
mental considerations but has an already vibrant
economy based on tourism, ship transport, and
agriculture. At Sy7, collected samples were coarse-
grained, so organic matter absorption was lower
than other stations, and the concentration is low.
Ignoring the So in Noshahr Port, the concen-
tration of pollution in the east of the province is
higher than the west because of more industrial
activities in the east parts of Mazandaran Province.

The average concentration of n-alkanes
throughout the shorelines of Mazandaran Pro-
vince was 76.8 ug g”! which shows a notable in-
crease compared to previous years. In 2004, the
average concentration of n-alkanes was around
2 ng gl in the same areas [2], it was showed that
the concentrations had the impressive increases
due to entrance of high amount of contaminants
annually by ship transportations and industria-
lization. Also, the studied areas in Mazandaran
Province have higher concentration in compare
to other areas of the world. In Brazil, the total
concentration of n-alkanes was found to be about
18 pg g [16]. The concentration of n-alkanes
was about 798.82 ng g in the Yellow River in
China [17]. In a more recent study, the total
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concentration of n-alkanes in the southwest of
Caspian Sea, Gilan Province, was reported in
the range of 249.2 to 3,899.5 pg g'!' [18]. As
mentioned, several factors such as the presence
of many ports and factories in Mazandaran
Province as sources of contaminants and human
access to the beaches and coastal areas are
responsible for variations in the concentration
of hydrocarbons in the Caspian Sea.

The total concentration of petrogenic and bio-
genic hydrocarbons in marine surface sediments
which are rich in organic matter, can be up to 100
ng g [18]. Samples with higher concentrations
indicate the presence of oil products [19]. Areas
with sediment samples that have concentrations
higher than 500 pg g™! are considered as highly
contaminated, between 10-100 ug g™ are mo-
derately contaminated, and the values of less than
10 pg g are uncontaminated sites [17, 20].
According to this classification showed in Figure
2, most of the studied stations are moderately
contaminated, three stations of Sy, Sg, and Sy are
highly contaminated, and Sy7 is the uncontami-
nated station. 85.11% of studied area was classified
as moderately polluted and 11.11% are highly
polluted. The highly polluted areas are port
locations in Mazandaran Province and it shows
the high effects of transportations, ships, oil
tankers and transporting lines in these areas.
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Figure 2 Total concentration of n-alkanes in shoreline of the Caspian Sea from east to west of the
Mazandaran Province, north of Iran (a) and average concentration of each alkane
in the studied area. Scheme: n-alkanes with the highest concentrations (b).
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Several samples in Ss, S13, S1s, St6, S19, and
S,7 stations were collected from the river's mouth
to the Caspian Sea and had a moderate level of
concentration because these rivers cross conta-
minated locations that contains plants residues,
human and industrial wastes, and move upstream
pollutions to the seasides.

2) Composition of n-alkanes

n-alkanes from thermally mature petrogenic
sources, such as crude oil and high-rank coal,
show the destruction of the odd-carbon number
preference with dominance in the C15—Cas range
[21-24]. As shown in Table 2, the sediment
samples from some stations contain alkanes
C14—Cos, namely; Si-S3, Ss, Se, Ss, S10-S14, Sis,
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and S»7; and other stations contain alkanes Ci4—
Cs3; Sa, S7, So, Sis, Si6, S17, S19-Sas and Sae.
Hydrocarbons that contain long-chain n-alkanes
are derived from waxes of higher vascular plants
and the lipid debris of conifers. Hydrocarbons
that contain short-chain n-alkanes are derived
from the waxy substances of marine algae [25—
27]. The short-chain n-alkanes (n-Cis, n-Ci7, and
n-Cio) are representative of algal material [14].
Long-chain n-alkanes (n-Cz7, n-Ca9, and n-Cs1)
are representative of land plants. Hydrocarbons
composed of a mixture of compounds originating
from land plant material show a predominance
of odd-numbered carbon chains with CPI~5-10
[28, 23]. Representative TIC chromatographs are
shown in Figure 3.
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Figure 3 The GC chromatograms of n-alkanes detected in S16 and S23 in shorelines
of the Caspian Sea from east to west of Mazandaran Province, north of Iran.
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Table 2 Concentrations of n-alkanes (ug g™!) in shorelines of the Caspian Sea from east to west of Mazandaran Province, north of Iran
n-alkanes
Station -
n-Ciy n-Cis n-Cis n-Ci7 n-Ciz n-Ci9g n-Cyp nCy nCp nCy nCu nCy;s nCy nCy n-Cxr n-Cy Pristane Phytane
S 59 1.4 1.8 0.5 2.0 0.1 1.0 0.6 0.5 0.8 0.6 1.1 ND ND ND ND 0.5 1.0
Sa 10.8 21.0 17.0 5.0 9.7 5.8 6.0 ND 6.8 ND ND ND ND ND ND ND 8.4 18.9
S3 6.3 23 ND 1.6 17.4 1.4 34 2.4 154 3.1 14.5 3.8 ND ND ND ND 1.0 14.9
S4 5.7 1.7 2.5 1.7 2.2 1.7 1.0 23.2 7.7 4.1 7.8 7.2 ND 17.0 ND ND 1.7 6.9
Ss 7.0 1.5 1.1 0.6 23 0.2 0.4 0.2 0.6 0.4 ND 70.0 ND ND ND ND 0.5 0.6
Se 9.9 1.7 1.3 0.5 24 0.6 0.2 0.7 0.8 1.2 1.7 ND ND ND ND ND 0.5 1.1
S7 9.5 0.9 1.2 0.5 0.7 0.1 0.4 0.5 0.3 0.8 1.9 ND ND ND 2.8 ND 0.1 0.3
Sg 9.2 3.8 11.5 10.9 2.6 8.3 279 11.3 10.6 ND 36.0 ND ND ND ND ND 6.4 5.1
So 2.2 2.6 2.2 0.5 4.0 1.1 4.4 2.1 2.9 33 2.3 ND 4.9 ND ND ND 1.9 32
Sio 6.6 2.2 1.3 0.5 3.6 0.3 0.6 0.3 3.9 0.8 23 ND ND ND ND ND 0.9 0.6
St 13.5 2.6 3.7 32 4.3 6.2 3.7 2.8 1.4 2.7 154 ND ND ND ND ND 2.1 23.2
Siz 16.0 2.3 2.0 0.7 5.0 0.4 2.7 2.0 5.0 1.8 23 3.7 ND ND ND ND 0.3 3.1
Si3 52 2.9 4.0 1.5 17.0 0.9 8.0 33 5.2 28.2 3.9 ND ND ND ND ND 3.6 12.9
Sia 7.2 1.0 1.6 1.1 7.9 0.5 1.0 32 7.2 1.9 12.4 ND ND ND 7.3 ND 0.3 1.5
Sis 7.7 2.6 1.2 0.5 4.4 0.8 1.6 1.2 4.7 1.1 10.1 ND 14.4 ND ND ND 0.8 2.1
Si6 8.1 1.8 1.0 0.5 3.7 0.6 1.9 2.6 4.4 2.6 8.8 ND 9.1 ND 12.5 10.4 1.0 3.7
Si7 8.6 1.7 1.7 0.8 43 3.0 2.2 1.1 1.0 4.2 1.4 ND ND ND 53 ND 1.2 2.4
Sis 10.0 2.2 1.3 0.6 34 0.2 0.2 0.2 2.9 0.5 1.8 ND ND ND ND ND 0.2 0.9
Sio 6.7 1.8 1.3 0.6 1.3 0.2 0.3 1.0 0.5 3.2 ND 1.1 ND 2.4 9.7 ND 1.3 0.7
S20 8.5 3.7 14.6 7.6 70.5 7.7 27.1 322 68.3 29.1 1079 ND 2824 ND ND ND 7.3 23.8
S 5.5 2.0 1.5 1.0 6.2 0.8 1.3 3.6 0.8 1.8 9.3 3.7 ND ND 14.4 ND 0.9 3.6
S 4.1 1.2 0.9 0.1 1.0 0.1 0.2 0.3 0.9 0.2 1.6 0.9 ND ND 6.5 ND 0.1 0.6
Sa3 7.9 1.2 3.6 1.3 16.7 L5 2.9 3.7 9.0 4.2 9.4 ND ND ND 214 ND 1.3 6.5
Sa4 4.9 0.8 1.4 0.1 1.9 0.2 0.2 1.2 23 3.1 3.7 ND ND ND 33 ND 0.4 0.8
Sas 5.5 1.2 1.4 0.5 0.4 0.1 0.1 0.1 0.2 0.1 0.9 ND ND ND 2.0 ND 0.6 0.5
Sa6 4.1 0.8 0.8 0.4 2.7 0.5 1.8 2.2 0.9 4.0 3.0 1.5 ND ND 53 ND 0.4 2.6
Sa7 1.7 0.8 0.4 0.2 0.6 0.1 0.1 0.1 0.1 0.3 0.4 ND ND ND ND ND 0.3 0.2
LOD 36.0 26.2 25.8 28.7 279 25.3 23.5 19.8 24.7 19.2 24.1 25.4 26.3 25.2 23.8 27.5
LOQ 68.4 46.7 40.8 36.7 342 34.7 324 29.9 35.1 26.7 31.7 46.2 40.9 453 44.2 41.2

ND: Not detectable

LOD: Limit of Detection, LOQ: Limit of Quatitation
Remark: The concentration of n-alkanes with the C numbers of 30-33 was not detected in samples.
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3) Diagnostic indices

The five parameters are calculated as shown
in Table 3 and used to estimate sources of con-
tamination. Pristane has biogenic sources, and
phytane has petroleum and petrogenic sources,
so the Pr/Phy values can help us identify the
origin of hydrocarbons [29-30]. Thus, high values
of Pr/Ph (>3) indicate the biogenic sources, and
low values of Pr/Ph (<3) suggest petrogenic
sources. All of the Pr/Phy values for studied
samples are lower than 3, showing that they
all contain petrogenic contaminants. Low values
of Ph/n-Cig and Pr/n-C17 (<4) show the petro-
genic origins of hydrocarbons, and high values

App. Envi. Res. 44(1) (2022): 95-107

show the biogenic origin [31]. These two ratios
for all stations were lower than 4 and indicated
the petrogenic inputs.

LMW/HMW (ratio of low molecular weight
hydrocarbons to high molecular weight hydro-
carbons) for compounds with values lower than
1 have shows biogenic sources (such as higher
plants, marine animals, and sedimentary bacteria)
and for compounds with values near and more
than 1 have shows petrogenic sources [29, 32].
In this study, the LMW/HMW ratio for most of
the samples was higher than 1, indicating the
petrogenic source of the hydrocarbons in related
stations.

Table 3 Diagnostic ratios for the studied area in shorelines of the Caspian Sea from east to

west of Mazandaran Province, north of Iran

Station Ratios
U/Rf Pr/Ph¢ Ph/n-Cis? Pr/n-C7* LMW/HMW" Low CPI?
Si 0.54 5.75 1.00 0.47 0.56 5.54
S, 0.54 82.10 1.66 1.96 0.44 3.34
S3 0.23 2.33 0.66 0.86 0.06 0.66
S4 1.66 1.31 1.00 3.22 0.25 1.57
Ss 8.46 0.19 0.77 0.27 0.73 2.32
Se 0.6 6.20 1.00 0.43 0.48 3.14
Sy 0.52 2.54 0.30 0.47 0.47 0.25
Sg 0.37 0 0.59 2.00 1.25 3.17
So 0.53 2.09 3.84 0.78 0.60 5.08
Sio 0.25 6.22 2.00 0.18 1.38 0.14
St 0.57 2.29 0.65 5.55 0.08 3.62
Siz 0.46 4.67 0.50 0.62 0.10 6.34
Sis 0.93 1.49 2.43 0.76 0.27 1.40
Sia 0.24 1.41 0.29 0.19 0.20 0.60
Sis 0.22 0.96 1.63 0.48 0.38 0.61
S16 0.37 0.57 2.04 1.00 0.28 7.45
S17 0.92 2.25 1.47 0.56 0.48 0.99
NITS 0.27 9.21 0.32 0.26 0.22 0.29
NITS 1.93 0.82 2.17 0.55 1.83 7.91
Sa0 0.27 0.57 0.77 0.33 0.30 8.31
Sa1 0.53 0.77 0.84 0.57 0.24 3.30
S22 0.38 0.95 2.27 0.59 0.24 1.05
S23 0.27 1.37 1.00 0.39 0.19 8.09
So4 0.53 1.30 2.77 0.42 0.46 2.12
Sas 0.51 3.09 1.19 1.14 1.4 0.69
Sa6 0.89 1.02 1.11 1.00 0.14 3.26
Sa7 0.67 5.85 1.51 0.26 1.72 8.93

Low CPI:(ZOdd C15-C23+ >0dd C17-C25)/2(2EVGH C16-C24); "LMW/HMW:Zn—C14722/Zn-C23,33
°Pr/n-C17=Pristane/n-C7; “Ph/n-Cis= Phytan/n-Cs; *Pr/Ph=Pristane to phytane ratio
fU/R= Unresolved complex mixture (UCM)/Resolved complex mixture
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The CPI index for petrogenic inputs showed
values lower than 1 and for biogenic inputs
showed values between 4 and 10. The CPI index
below 1 can also be an indication of microbial
degradation of hydro-carbons during the long-
time existence of them in the environment [28].
Results show that most of the stations had CPI
values lower than 1, which implies that hydro-
carbons in these stations were affected by
microbial activities and occurred a long time ago.
In two stations (e.g., 4 and 20), CPI values are
approaching 1, indicating early petrogenic conta-
mination. A high value of CPI (8.46) in station
5, shows that this station uncontaminated.
However, according to values of other para-
meters for this station, it may be affected by
both petrogenic and biogenic inputs.

Analysis of diagnostic ratios in these 27
stations showed that petrogenic inputs and con-
taminants were present in all stations due to oil
seepages and leaks, tankers, ships, and transpor-
tation effects. But in some stations such as Ss,
Ss, S1s, St16, and S19—S22 biogenic contaminants
were also present, which can be caused by the
biological process of Hyrcanian forests near the
stations. Oil seepages, oil spills during hydro-
carbon transportation, factory wasted, ships, and
tankers are important sources for the petrogenic
entrance and sea-based pollutions. The Hyrcanian
forests and rivers that carry some pollutants
from upstream sources are the main sources for
biogenic entrance to the marine environment.

The P1/n-Ci7 and Phy/n-Ci3g ratios can also
be used for detecting the time of 0il contamination
by examining the signs of the biodegradation
process. Ratios with low values (<1) show recent
pollution in the early stage of biodegradation,
and the ratios with high values (>1) show de-
graded oils [28, 32]. In Si, S3, Ss, Se, S14, and
Sao, there are ports, power plants, and factories
around them. Both of the ratios were lower than
indicating that contamination in these areas was
recent and no considerable biodegradation of
contaminants had occurred. Stations Si2, Sis,
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and Sz3 also had low values of Pr/n-Ci7 and
Phy/n-Cis. However, those stations are not near
any port or power plants. Therefore, it can be
assumed that the contamination is caused by
other human activities that release high amounts
of petroleum products in these areas. For other
stations (Sz, S4, Ss, S7—S11, S13, S15-S17, S19, S21,
S22, S24-S27), ratios of Pr/n-Cy7, and Phy/n-Cis
were higher than 1, which indicates that hydro-
carbons in these stations are in moderate and
high stages of biodegradation.

Unresolved complex mixture (UCM) was
detected in all surface sediment samples of the
studied areas as a broad model hump in chroma-
tograms (Figure 3). The presence of UCM in these
fractions is an indicator of biodegraded oil in
the environment [34-35]. UCM is the compo-
sition of branched alkanes that are more
resistant to the biodegradation process, so will
be appeared in the environment after n-alkanes
degradation [36]. The ratio of unresolved to the
resolved complex mixture (U/R) can be used to
confirm the existence of petroleum products
with values higher than 2 [37-39]. Calculated
U/R values in Table 3 show the effect of petro-
leum products in more than half stations of the
studied areas in Si, S2, Ss, Se, Ss, So, Si1, Si2,
Si6, S19, S20, Sa1, S23, Sz4, Sz and Sy7 that
confirm the above discussions about petrogenic
contaminants.

Hierarchical cluster analysis (HCA) was used
to identify relatively homogeneous groups of cases
(or variables) based on selected characteristics.
The results of hierarchical clustering are usually
presented in a dendrogram. Samples were clustered
based on concentrations and diagnostic ratios.
The main method used for clustering analysis
was Ward's method of minimum variance, and
the distance coefficient between the categories
was calculated based on the binary method of
the squared Euclidean distance. As shown in the
classification of sampling locations in terms of
hydrocarbon concentration (Figure 4a), the pattern
is divided into two main groups and three sub-
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groups. Group I contains samples with concen-
trations lower than 150 ug g, and it is divided
into two subgroups with concentration ranges of
0-50 pg g and 50150 pug g Group II contains
samples with high concentrations. Also, in the
classification of sampling locations in terms of
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diagnostic ratios (Figure 4b), the pattern is divided
into two groups. The > station is separated from
other stations because of its high amount of
Pr/Phratio. Both parts of the classification show
the high similarity between stations to their
level of concentration and sources of pollutants.

Dendrogram using Ward Linkage
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Figure 4 A clustering tree of studied samples in shoreline of the Caspian Sea
from east to west of Mazandaran Province, north of Iran, is based on the diagnostic ratio (a)
and hydrocarbon concentration (b).

Conclusions

The present study was tried to monitor the
dispersion of the hydrocarbon pollution and
contaminant inputs based on the total concen-
tration of n-alkanes in the coastal sediments
along the shorelines of the Caspian Sea through-
out coastal areas of Mazandaran Province. The
total concentration of n-alkanes ranges from 5.2
to 690.7 pg g'. The highest concentration
(690.7 nug g') of n-alkanes was observed in
the S20 station in Nowshahr Port. The average

level of contaminants in studied areas was
increased compared to studies in the same areas
during the last twenty years because of the high
effects of ports, factories, rivers, human acti-
vities, and Hyrcania forests. An evaluation of
the source diagnostic indices confirmed that
surface sediments around the studied area were
affected by petrogenic contaminants for all
stations, and most of them are sea-based inputs
and from oil spills and ships. Also, in some
stations, biogenic inputs were detected in
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sediment samples. The observed biogenic traces
confirmed the effect of Hyrcania forests on the
contamination of these areas. The similarities
of samples across the stations classified based
on the concentrations of hydrocarbons, and diag-
nostic ratios showed that most of the stations
were in the same characteristics in terms of
contaminant concentration and source.

References

[1] Kosarev, A.N., Yablonskaya, E.A. The
Caspian Sea. 1% Edition. Germany:
Springer, 2005, 259-263.

[2] Tolosa, 1., de Mora, S., Sheikholeslami,
M.R., Villeneuve, J.P., Bartocci, J., Cattini,
C. Aliphatic and aromatic hydrocarbons
in coastal Caspian Sea sediments. Marine
Pollution Bulletin, 2004, 48(1), 44—60.

[3] Ballschmiter, K., Buchert, H., Scholz, C.,
Zell, M. Baseline studies of global pollu-
tion. VL. The pattern of pollution by
chlorinated hydrocarbons in the Caspian
Sea. Zeitschrift fur analytische Chemie,
1983, 316, 242-246.

[4] Ahad, J.M., Ganeshram, R.S., Bryant,
C.L., Cisneros-Dozal, L.M., Ascough,
P.L., Fallick, A.E., Slater, G.F. Sources of
n-alkanes in an urbanized estuary: Insights
from molecular distributions and com-
pound-specific stable and radiocarbon
isotopes. Marine Chemistry, 2011, 126(1),
239-249.

[5] Pongpiachan, S., Hattayanone, M.,
Tipmanee, D., Suttinun, O., Khumsup,
C., Kittikoon, 1., Hirunyatrakul, P.
Chemical characterization of polycyclic
aromatic hydrocarbons (PAHs) in 2013
Rayong oil spill-affected coastal areas of
Thailand. Environmental Pollution, 2018,
233, 992-1002.

[6] Bastami, K. D., Afkhami, M., Ehsanpour,
M., Kazaali, A., Mohammadizadeh, M.,
Haghparast, S., ..., Pourzare, R. Polycyclic
aromatic hydrocarbons in the coastal

[10]

[11]

[12]

[13]

105

water, surface sediment and mullet Liza
klunzingeri from northern part of Hormuz
strait (Persian Gulf). Marine Pollution
Bulletin, 2013, 76(1-2), 411-416.
Shirneshan, G., Bakhtiari, A.R., Memariani,
M. Identifying the source of petroleum
pollution in sediment cores of southwest
of the Caspian Sea using chemical
fingerprinting of aliphatic and alicyclic
hydrocarbons. Marine Pollution Bulletin,
2017, 115(1-2), 383-390.

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

Lima, M.B., Feitosa, E.A., Emidio, E.S.,
Dorea, H.S., Alexandre, M.R. Distribution
and sources of aliphatic hydrocarbons in
surface sediments of Sergipe River estua-
rine system. Marine Pollution Bulletin,
2012, 64(8), 1721-1725.
Commendatore, M.G., Esteves, J.L.
Natural and anthropogenic hydrocarbons
in sediments from the Chubut River
(Patagonia, Argentina). Marine Pollution
Bulletin, 2004, 48(9—10), 910-918.
Yancheshmeh, R.A., Bakhtiari, A.R.,
Mortazavi, S., Savabieasfahani, M.
Sediment PAH: contrasting levels in the
Caspian Sea and Anzali Wetland. Marine
Pollution Bulletin, 2014, 84(1), 391-400.
Zadeh, C.M., Saify, A., Shalikar, H.
Polycyclic aromatic hydrocarbons (PAHs)
along the eastern Caspian Sea coast. Global
Environmental Research, 2010, 4, 59-63.
Zakaria, M.P., Horinouchi, A.I, Tsutsumi,
S., Takada, H., Tanabe, S., Ismail, A. Oil
pollution in the Straits of Malacca,
Malaysia: Application of molecular markers
for source identification. Environmental
Science & Technology, 2000, 34(7), 1189
—1196.



106

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Bray, E.E., Evans, E.D. Distribution of n-
paraftins as a clue to recognition of source
beds. Geochimica et Cosmochimica Acta,
1961, 22(1), 2-15.

Eglinton, T.I, Eglinton, G. Molecular
proxies for paleoclimatology. Earth and
Planetary Science Letters, 2008, 275(1),
1-16.

Maioli, O.L.G., de Oliveira, C.R., Dal
Sasso, M.A., dos Santos Madureira, L.
A., de Almeida Azevedo, D., de Aquino
Neto, F.R. Evaluation of the organic
matter sources using the d13C composi-
tion of individual n-alkanes in sediments
from Brazilian estuarine systems by GC/
C/IRMS. Estuarine, Coastal and Shelf
Science, 2012, 114, 140-147.

Wang, C., Wang, W., He, S., Du, J., Sun,
Z. Sources and distribution of aliphatic
and polycyclic aromatic hydrocarbons in
Yellow River Delta Nature Reserve, China.
Applied Geochemistry, 2011, 26 (8), 1330
—1336.

Shirneshan, G., Bakhtiari, AR,
Memariani, M. Distribution and origins
of n-alkanes, hopanes, and steranes in rivers
and marine sediments from Southwest
Caspian coast, Iran: Implications for
identifying petroleum hydrocarbon inputs.
Environmental Science and Pollution
Research, 2016, 23(17), 17484—17495.
Readman, J.W., Fillmann, G., Tolosa, 1.,
Bartocci, J., Villeneuve, J.P., Catinni, C.,
Mee, L.D. Petroleum and PAH contami-
nation of the Black Sea. Marine Pollution
Bulletin, 2002, 44(1), 48-62.
Commendatore, M.G., Nievas, M.L.,
Amin, O., Esteves, J.L. Sources and dis-
tribution of aliphatic and polyaromatic
hydrocarbons in coastal sediments from the
Ushuaia Bay (Tierra del Fuego, Patagonia,
Argentina). Marine Environmental Research,
2012, 74, 20-31.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

App. Envi. Res. 44(1) (2022): 95-107

Amijaya, H., Schwarzbauer, J., Littke, R.
Organic geochemistry of the Lower Suban
coal seam, South Sumatra Basin, Indo-
nesia: Palacoecological and thermal meta-
morphism implications. Organic Geoche-
mistry, 2006, 37(3), 261-279.

Eseme, E., Littke, R., Agyingi, C.M.
Geochemical characterization of a Creta-
ceous black shale from the Mamfe Basin,
Cameroon. Petroleum Geoscience, 2006,
12(1), 69-74.

Harb, F.S., El Nady, M.M., Basta, J.S.
Oil: oil correlation for some oil fields in
the north western part of the Western
Desert, Egypt. Petroleum Science and
Technology, 2003, 21(9-10), 1583-1600.
Petersen, H.I., Nytoft, H.P., Ratanasthien,
B., Foopatthanakamol, A. Oils from
Cenozoic rift-basins in central and
northern Thailand: Source and thermal
maturity. Journal of Petroleum Geology,
2007, 30(1), 59-78.

Liu, LY., Wang, J.Z., Guan, Y.F., Zeng,
E.Y. Use of aliphatic hydrocarbons to
infer terrestrial organic matter in coastal
marine sediments off China. Marine Pollu-
tion Bulletin, 2012, 64(9), 1940—-1946.
Wu, Y., Zhang, J., Mi, T.Z, Li, B.
Occurrence of n-alkanes and polycyclic
aromatic hydrocarbons in the core sediments
of the Yellow Sea. Marine Chemistry,
2001, 76(1), 1-15.

Yunker, M.B., Macdonald, R.W.,,
Snowdon, L.R., Fowler, B.R. Alkane and
PAH biomarkers as tracers of terrigenous
organic carbon in Arctic Ocean sediments.
Organic Geochemistry, 2011, 42 (9), 1109
—1146

Rielley, G., Collier, R.J., Jones, D.M.,
Eglinton, G. The biogeochemistry of
Ellesmere Lake, UK-I: source correlation
of leaf wax inputs to the sedimentary lipid
record. Organic Geochemistry, 1991, 17,
901-912



App. Envi. Res. 44(1) (2022): 95-107

[29]

[30]

[31]

[32]

Gao, X., Chen, S., Xie, X., Long, A., Ma,
F. Non-aromatic hydrocarbons in surface
sediments near the Pearl River estuary in
the South China Sea. Environmental
Pollution, 2007, 148(1), 4047
Gomez-Belinchon, J.L, Llop, R., Grimalt,
J.O., Albaiges, J. The decoupling of hydro-
carbons and fatty acids in the dissolved
and particulate water phases of a deltaic
environment. Marine Chemistry, 1988,
25(4), 325-348.

Diez, S., Jover, E., Bayona, JM,
Albaigeés, J. Prestige oil spill. III. Fate of
a heavy oil in the marine environment.
Environmental Science & Technology,
2007, 41(9), 3075-3082.

Wang, X.C., Sun, S., Ma, H.Q., Liu, Y.
Sources and distribution of aliphatic and
polyaromatic hydrocarbons in sediments
of Jiaozhou Bay, Qingdao, China. Marine
Pollution Bulletin, 2006, 52(2), 129—138.

[33] Pavlova, A., Papazova, D. Oil-spill iden-

[34]

tification by gas chromatography-mass
spectrometry. Journal of Chromatographic
Science, 2003, 41(5), 271-273.

Lima, S.D., Oliveira, A.F., Golin, R,
Lopes, V.C.P., Caixeta, D.S., Lima, Z. M.,
Morais, E.B. Isolation and characteriza-
tion of hydrocarbon-degrading bacteria
from gas station leaking-contaminated
groundwater in the Southern Amazon,

[35]

[36]

[37]

[38]

[39]

107

Brazil. Brazilian Journal of Biology,
2019, 80, 354-361.

Simoneit, B.R. Biomass burning—A
review of organic tracers for smoke from
incomplete combustion. Applied Geo-
chemistry, 2002, 17(3), 129-162.
Vaezzadeh, V., Zakaria, M.P., Shau-
Hwai, A.T., Ibrahim, Z.Z., Mustafa, S.,
Abootalebi-Jahromi, F., ..., Alkhadher, S.
A. A. Forensic investigation of aliphatic
hydrocarbons in the sediments from se-
lected mangrove ecosystems in the west
coast of Peninsular Malaysia. Marine
Pollution Bulletin, 2015, 100(1), 311-320
Gogou, A., Bouloubassi, L., Stephanou, E.
G. Marine organic geochemistry of the
Eastern Mediterranean: 1. Aliphatic and
polyaromatic hydrocarbons in Cretan Sea
surficial sediments. Marine Chemistry,
2000, 68(4), 265-282.

Ou, S., Zheng, J., Zheng, J., Richardson,
B.J., Lam, P.K. Petroleum hydrocarbons
and polycyclic aromatic hydrocarbons in
the surficial sediments of Xiamen Harbour
and Yuan Dan Lake, China. Chemosphere,
2004, 56(2), 107-112.

Shirneshan, G., Bakhtiari, A., Memariani,
M. Identification distribution pattern and
origin of petroleum hydrocarbons in core
sediment of southwest coast of the
Caspian Sea (Kiashahr). Journal of Envi-
ronmental Studies, 2018, 43(4), 743-755.



