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Abstract This research studied thedistribution of polycyclic aromatic hydrocarbons (PAHs) in marine sediment. 

Samples were collected seasonally from several sites of Banias coast between April 2015 and January 2016. The 

total concentration of PAHs in the studied sediments ranged from 763 to 5884 ng/gdw. The highest concentrations 

were recorded in summer and the lowest in winter. The source of these compounds was determined according to a 

set of ratios, which confirmed that the sediments were affected by both petrogenic and pyrogenic sources, with most 

domination for the PAHs compounds with 5 and 6 rings in all the study seasons. 

The sediment samples showed four sediment-sorting types and these are: Sand, Slightly gravelly sand, Gravelly 

sand, and Gravel. The statistical parameters studies clearly showed that the sediments in general are of medium 

grain size, poorly to medium sorted, negatively skewed and very negatively skewed and platykurtic to mesokurtic 

and leptokurtic. These parameters confirm that the sediments were deposited under moderate to high-energy 

conditions, which affected by both the deposition area nature in addition to the currents and waves movement in the 

area.   

Keywords Marine pollution, polycyclic aromatic hydrocarbons, Petrogenic and pyrogenic source of PAHs, Surface 

Sediments, Grain size analysis, Organic matter 

Introduction 

Hydrocarbons are major pollutants in the marine environment, which disrupt the marine ecosystem through their 

complex behavior in the marine environment [1]. Polycyclic aromatic hydrocarbons (PAHs) are categorized as 

persistent organic pollutants (POPs) that were classified as dangerous pollutants in the marine environment 

according to the 2001 Stockholm Convention [2]. 

PAHs reach the marine environment from natural sources such as natural oil seepage, forest fires, volcanic activities, 

in addition to the degradation and biosynthetic processes occurring in the marine environment [3-4], but the human 

sources is considered the most dangerous. Presence of these PAHs in general is related to human activities that 

contribute to supplying the marine ecosystem in large quantities, especially in industrial cities [5], through emissions 

from vehicles, engines and industrial factories waste such as metals melting operations, and shipping activities, such 

as incidents of oil spills from oil tankers, or during loading and unloading operations, especially in coastal ports [6-

7]. 

The pyrogenic PAHs (Pyr) are distinguished by their large molecular weights; they contain more than 3 aromatic 

rings in their structure, such as Pyrene and Benzo[a]anthracene [8]. They are formed through a set of rapid and 
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incomplete combustion reactions of organic matter at high temperatures [4-5]. While the petrogenic PAHs (Pet) are 

formed by reorganizing the organic matter at low temperatures and high pressure [7] and they are characterized by 

containing aromatic compounds with low molecular weights containing two or three rings in their structures, like 

Phenanthrene and Fluorine [9]. The processes of biosynthesis and biodegradation done by microorganisms such as 

algae, bacteria and fungi in marine sediments also contribute to release biogenic PAHs  into the environment, and 

releasing the most is Benzo[ghi]perylene, but at very low concentrations [2-6-10]. 

PAHs widely distribute in all environmental compartments, including atmosphere, water, sediment and living 

organisms. Where they are found in both molecular and soluble states [11]. PAHs after entering into the marine 

environment are affected by several physical and chemical processes such as evaporation, photo-oxidation and 

biodegradation [12]. These compounds tend to absorbat suspended materials in the water column due to their low 

solubility and high lipophilic [13-14]. Then they are absorbed easily into suspended organic materials in the column 

water until they finally settles in sediments [6-10], which can be considered as temporary reservoir of pollutants. 

When the environmental conditions change, these compounds can be resuspended in the water column by the 

movement of benthic biota and human activities, or by the currents and waves, which make these compounds 

bioavailable [6-12]. After that they are transferred from water to phytoplankton according to phenomenon of 

molecular diffusion [15]. The plankton contribute to delivery these compounds to higher levels of food chain, 

reaching humans [2-16]. 

PAHs cause environmental and global concern due to their carcinogenic and toxic properties [17]. Experiments 

prove their disturbing effect on the lymphatic system and blood cell activity [12]. Chronic exposure to these 

compounds leads to genetic mutations, genetic abnormalities and hormonal imbalances because they tend to 

integrate into a DNA structure [16]. In addition, they cause skin allergies and neurodevelopmental disorders, which 

can disrupt work of endocrine glands in the [18-19]. 

Marine sediments are the main reservoir for PAHs in the marine environment [20]. Thus, the study of marine 

sediments reflects many of factors that control their deposition, such as the sediment sources and ratios, medium 

energy, wave strength and its direction, the size of sediment particles and their content of organic carbon [21]. Most 

studies have confirmed that seawater specifications in most cases don't represent a valid indicator of the state of the 

marine environment. So the analysis of sediment is an effective way to assess the reality of pollution by 

hydrocarbons and to give more accurate information about the history of pollution in the area [20]. 

This research is complementary to other researches that study the reality of the marine ecosystem pollution on the 

Syrian beach. Moreover, its importance came from the lack of studies in the eastern basin of Mediterranean 

particularly at Syrian coast [22]. According to the list issued by the United Nations Environment Program in 1997, 

the Banias beach is one of the hotspots at eastern shore of  Mediterranean, Where Banias city includes many 

industrial factories  such as an oil refinery, a thermal station, and an oil transportation company, that contribute in 

the increase of pollution in this area. 

The aim of this study is to determine the concentration of PAHs in marine sediments of several sites of Banias coast, 

and find their origin and the factors affecting the accumulation of these pollutants in the studied sediments. The 

research was conducted in the laboratories of the High Institute of Marine Research - Tishreen University- Syria. 
 

Study Area and Methodology 

This study included five different sites along Banias coast, taking into account the different human and industrial 

activities affecting the study sites (Fig. 1). 

 ST1: Banias Refinery and Syrian oil Transport Company. 

 ST2: Sewage drainage of Banias Hospital. 

 ST3: Banias River estuary. 

 ST4: Al-sen River estuary.  

 ST5: Hrisoun River estuary.  

Fifty seasonal samples were collected during the period that ranged between spring 2015 and winter 2016. The 

upper 5 cm layer of sediments was scooped using a tube of polyvinyl (PVC), homogenized on sites, and then stored 



Krawi H et al                                                                                                          Chmistry Research Journal, 2020, 5(5):60-77 
 

 

        Chemistry Research Journal 

62 

 

in already with organic solvent cleaned aluminum foils and kept at4˚C during transportation to the laboratory. When 

returned to the laboratory, the samples were stored at -20˚C.  

Figure 1: Location and sampling sites 

Chemical Analysis 

The chemicals that in contact with the samples were prepared to be pure before use. The following solvents were 

used: n-hexane, dichloromethane and acetone with a high degree of purity (SPC, England). Anhydrous sodium 

sulphate (Qualikems, India), alumina (80-200 mesh) and silica gel (230-400 mesh) (Merck, German) were used. 

Anhydrous sodium sulphate was purified by heating at 450 °C for six hours [23]. While the materials used to 

preparation of the chromatographic columns (alumina and silica gel) were purified by with dichloromethane in 

Soxhlet apparatus for six hours and .dried in an oven at low temperature (≤50 °C) to remove the solvent then kept in 

sealed glass containers until use [23]. The precleaned adsorbents (alumina and silica gel) were activated by heating 

in an oven at 200 °C for 4 hours and partially deactivated by adding 5% (wt/wt) distillated water to the silica gel and 

2%to the alumina [23]. With anhydrous sodium sulphate dried sediment samples were extracted in the Soxhlet 

apparatus using dichloromethane after adding the internal standard solution (Naphthalene-d8, Acenaphthene-d10, 

Phenanthrene-d10, Chrysene-d12, Perylene-d12). Sulfur was removed from the extracts by adding a few drops of 

mercury for several times. Extracts were concentrated at a rotary evaporator then with a gentle stream of pure 

nitrogen gas up to 1 ml [23]. 

Cleanup are done by using chromatographic columns, where glass burettes are used (1 cm internal diameter) with 

capacity of 50 ml. A piece of glass wool was placed at the bottom of the column; the column is partially filled with 

hexane. 8 g of silica gel mixed with hexane are added to the column and then 8g of alumina added in the same way. 

Finally, 1 g of Na2SO4 is put on the upper layer of the adsorbent bed [23]. One mL of the organic extract is pipetted 

into the column and is drained into the adsorbent bed. The saturated hydrocarbons are eluted with 20 mL of hexane 

(Fl). Aromatic hydrocarbons are eluted with20 mL of 20% MeC12 in hexane (vlv) followed by20 mL of 50% MeC12 

in hexane (vlv). These last two fractions (F2 + F3) are combined and analyzed together [23]. 

The samples were analyzed using gas chromatography device (Hewlett- Packard 5890) equipped to MS detector, 

capillary column (DB-5) length 30 m.  The carrier gas is helium with a purity of 99.999% at a flow of 2 ml/min, 

injector temperature 250 °C, temperature of the contact unit between the column and the detector is 200 °C. The 
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separation process has been done according to the following thermal program: 70 °C   (4 °C/min)            280 °C (20 

min). 

The quantitative study was done using a external stander containing a mixture of aromatic compounds of 3 to 6 

aromatic rings with known concentration.  

The organic matter content in the samples was determined by heating the sample in muffle oven for 6 hours at 550 

°C. Then the sample was weighed. The organic matter content was calculated, which represents the difference 

between the remaining weight of the sample and its original weight [24]. 

 

Grain size analysis 

The dry analysis method of samples (sieving) was used in order to determine the structural characteristics of marine 

sediments. Therefore, 150 g of each sample was weighed and dried for at least 24 hours in the oven (BM) at 105 °C 

to remove the moisture before analysis [24]. From the dried samples, 100 mg was taken by the coning and 

quartering method. The 100 mg of sample is then subjected to sieve analysis in ASTM sieves at one-phi intervals for 

about 20 minutes in EFL – 2000/1-sieve shaker, according to sieve diameters ranging from (6 mm- 4mm-2mm-

1mm-500µm-250µm-125m-63µm). These data were then combined to produce complete grainsize distributions. 

This basic data i.e. weight percentage frequency data is converted into cumulative weight percentage data, served as 

basic tool for the generation of other statistical parameters such as mean grain size, sorting coefficient and skewness 

using USGS GSSTAT [25] and described herein generates statistics to characterize sediment grain-size distributions 

and calculates the net sediment transport trend vectors. The statistical coefficients were calculated after performing 

the mechanical analysis of sediments by calculating the statistical coefficients of the granular size by adopting the 

Folk &Ward scale (1957) [26], in order to find out the size of the grains using the phi function where: Ø = -log2 x (x 

is the value given in mm). These statistical parameters include both From: These statistical parameters include: )MZ 

Graphic Mean Size) (σ Graphic Standard Deviation ( )SK Graphic Skewness) (KG Graphic Kurtosis)(Md Graphic 

Median). 

After that, the statistical parameter of the grain size were calculated, then the studied sedimentary samples studied 

were classified according to Folk & Ward 1957 [26] (Table 1). 

Table 1: Folk & Ward's (1957) classification of sedimentary statistical coefficients and their corresponding indices 

and indicators 

Inclusive graphic mean size (MzØ) Inclusive graphic standard deviation (бiØ)  

  Ø gravel 1-  ــــ  2-

 Ø very coarse sand 0  ــــ  1-

     Ø coarse sand 1  ــــ  0

  Ø medium sand 2 ــــ  1

     Ø fine sand 3  ــــ  2

 Ø very fine sand 4  ــــ  3

  Ø coarse silt 5  ــــ  4

 Ø medium silt 6  ــــ  5

 Ø fine silt 7  ــــ  6

 

< 0.35 Ø very well sorted  

   Ø well sorted 0.50  ـــ  0.35

 Ø moderately well sorted 0.71  ـــ  0.50

 Ø moderately sorted 1.00 ـــ  0.71

  Ø poorly sorted 2.00  ـــ  1.00

 Ø very poorly sorted 4.00 ـــ 2.00

> 4.00 extremely poorly sorted 

   

Inclusive graphic skewness (Skj) Inclusive graphic Kurtosis (KG)  

  very positively skewed 0.3+ ـــ 1.0+

 positively skewed  0.1+ ـــ 0.3+

      nearly symmetrical  0.1- ـــ 0.1+

0.00     perfect symmetrical 

      negatively skewed  0.3- ـــ 0.1-

 very negatively skewed  1.0- ـــ 0.3-

 

< 0.67 very platykurtic   

   Ø platykurtic 0.90  ـــ  0.67

 Ø mesokurtic 1.11 ـــ  0.90

  Ø leptokurtic 1.50 ـــ 1.11

 Ø very leptokurtic 3.00 ـــ  1.50

> 3.00 extremely leptokurtic   
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Results and Discussion 

The results of the current study, the granular analyzes, all the values of the granular sorting parameters in addition to 

the percentages of the granular fractions of gravel, sands and silt for all the sediment samples taken from the study 

areas are included in Table (2). The results of analyzing sedimentary samples in the studied stations according to the 

classification Folk (1974) [27] showed the identified four sediment-sorting: and these are: Sand, Slightly Gravelly 

Sand, Gravelly sand, and Gravel (Table 1). 

 
Figure 2: Cumulative histograms of all samples showing the average of:  A: Mean, B: Standard deviation, C: 

Skewness and D: Kurtosis in all studied stations 

 

Statistical Parameter 

Mean size (MZ): Mean size is a measure of central tendency. It denotes the size of sedimentary particles, and it 

mainly refers to the energy conditions of the medium and the role of sea currents and waves in changing the 

sedimentation environment. The mean grain size of the study area sediments varies from -1.98 ф (gravel) at ST4 in 

the winter to 1.85 ф (medium sand) at ST2 in the summer (Table 2) with an average of -0.38 ф (very coarse sand) 

(Fig. 2A). According to the mean size results in the studied stations (Table 2), it appears that the sedimentary grains 

ranged from coarse to medium sand.  

 

Standard deviation (бi): Inclusive graphic standard deviation measures the uniformity of particles size distribution. 

and mainly indicates the difference in kinetic energy associated with these modes of deposition. It is an important 

parameter in sediment analysis because it reflects the energy conditions of depositional environment [28]. The 

moderate sorted indicates the similarity of the granular size, while the poorly sorted is the increase of the ratio from 

coarse to fine particles.The standard deviation of the study area sediments varies from 0.43 Φ (well sorted) at ST5 in 

the winter  to 1.37 Φ (poorly sorted) in the summer at ST3 (Table 2) with an average of 0.818 Φ (moderately sorted) 

(Fig. 2B). 
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Skewness (Sk): The graphic skewness measures the systematic of the distribution or predominance of coarse or 

fine-sediments. Negative skewed valuse indicates the domination of coarse sedimentes that emerges because of high 

energy conditions [29].Whereas fine skewness of sediments indicates the deposition of the sediments in sheltered 

low energy environments [30]. Skewness value ranges in between -052 Φ  (very negatively skewed) in the summer 

at ST2  to -0.19 (negatively skewed) Φ at ST3 in the seem season (Table 2) with an average of-0.34 (very negatively 

skewed) (Fig. 2C). According to the skewness results in (Table 2), it appears that most of the studied samples with 

negative skewed values are coarse to very coarse samples deposited in high energy environments due to the presence 

of erosion processes. 

 

Kurtosis (KG): The graphic kurtosis is a quantitative measure to describe the departure from normality of 

distribution. It is a ratio between the sorting sides and central portion of the detour. The kurtosis values of the study 

area sediments range from 0.84 Φ  in the winter at ST2 (platykurtic) to 1.15 Φ (leptokurtic) at ST5 in the winter, also 

(Table 2) with an average of 0.97 Φ (mesokurtic) (Fig. 2D). Most samples were platykurtic to mesokurtic and 

leptokurtic. This variation in the kurtosis values is due to the flow characteristics and the energy change of the of the 

depositing medium [31]. 

Table 2: Grain size parameters of sedimentary samples in the studied sites during the period between spring 2015 

and winter 2016. 

Kurtosis 

(KG) 

Skewness 

(SK) 

Sorting 

)σ1) 

Mean 

(Mz) 
Median 

Silt 

% 

Sand 

% 

Gravel 

% 

Sediment 

type 
Season Location 

0.88    

PKG 

-0.30    

NSK 

0.86      

MS 

-0.58     

VCS 
-0.43 0.46 92.487 7.051 Gravelly 

Sand 
Spring 

 

ST1 

1.02     

MKG 

-0.39  

VNSK 

0.53   

MWS 

0.06       

CS 
0.17 0.09 98.393 1.513 

Slightly 

Gravelly 

Sand 

Summer 

0.95   

MKG 

-0.35  

VNSK 

0.73       

MS 

-0.84   

VCS 
-0.70 0.25 91.262 8.484 Gravelly 

Sand 
Winter 

1.02   

MKG 

-0.34  

VNSK 

0.55  

MWS 

0.33       

CS 
0.43 0.05 99.947 0 

Sand 
Spring 

 

ST2 

1.15    

LKG 

-0.52  

VNSK 

0.76      

MS 

1.85       

MS 
2.05 2.661 96.535 0.8 

Slightly 

Gravelly 

Sand 

Summer 

0.84    

PKG 

-0.35  

VNSK 

1.13       

PS 

-0.68   

VCS 
-0.45 0.09 88.266 11.635 Gravelly 

Sand 
Winter 

0.88    

PKG 

-0.21     

NSK 

1.09       

PS 

-0.87   

VCS 
-0.75 1.10 86.041 12.854 Gravelly 

Sand 
Spring 

ST3 

0.86    

PKG 

-0.19     

NSK 

1.37       

PS 

-0.54   

VCS 
-0.42 1.882 87.252 10.862 Gravelly 

Sand 
Summer 

1.05   

MKG 

-0.43  

VNSK 

0.90      

MS 

0.98       

CS 
1.18 1.620 97.947 0.43 

Slightly 

Gravelly 

Sand 

Winter 

0.95    

MKG 

-0.29     

NSK 

0.77       

MS 

-1.04        

G 
-0.93 0.30 89.115 10.581 Gravelly 

Sand 
Spring 

ST4 

1.04   

MKG 

-0.36  

VNSK 

0.70  

MWS 

-1.44        

G 
-1.32 0.04 84.80 15.156 Gravelly 

Sand 
Summer 
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0.91   

MKG 

-0.30     

NSK 

0.74     

MS 

-1.98      

G 
-1.87 0.11 67.671 32.215 Sandy 

Gravel 
Winter 

1.02   

MKG 

-0.47  

VNSK 

0.76       

MS 

-0.11   

VCS 
0.10 0.02 97.296 2.68 

Slightly 

Gravelly 

Sand 

Spring 

ST5 

 

0.90   

MKG 

-0.26      

NSK 

0.96       

MS 

-1.42         

G 
-1.29 0.01 81.314 18.674 Gravelly 

Sand 
Summer 

1.15    

LKG 

-0.35  

VNSK 

0.43      

WS 

0.48       

CS 
0.54 0.01 99.368 0.62 

Slightly 

Gravelly 

Sand 

Winter 

G: Gravel, VCS: Very Coarse Sand, CS: Coarse Sand, MS: Medium Sand WS: Well Sorted, MWS: Moderately 

Well Sorted, MS: Medium Sorted, PS: Poorly Sorted PKG: Platykurtic, MKG: Mesokurtic, LKG: Leptokurtic  

NSY: Nearly Symmetrical, NSK: Negatively Skewed,VNSK: Very Negatively Skewed. 

 

PAHs in sediments  

The 16 PAHs are: naphthalene (Na), Acenaphthylene (Acy), Acenaphthene (Ace), Fluorine (Fl), Phenanthrene 

(Phen), Anthracene (Ant), Fluoranthene (Flou), pyrene (Pyr), benzo[a]anthracene (BaAnt), Chrysene (Chr), 

Benzo[b]fluoranthene (BbFlou), Benzo[k]fluoranthene (BkFlou), Benzo[a]pyrene (BaPyr), Di-benz[a,h]anthracene 

(DaAnt), Benzo[ghi]perylene (BPer) and  Indeno[1,2,3-cd]pyrene (Ind). 

The total concentration of PAHs in studied sediments ranged between 763 and 5884 ng/gdw (figure 3). The highest 

concentrations were observed in ST1in summer and the lowest concentrations was recorded at ST5 in the winter. 

These concentrations varied according to seasonal and spatial changes. The concentration of individual compounds 

ranged between (2031-0.396 ng/g dw), the highest was for Di-benz[a,h]anthracene in the ST1 in summer and the 

lowest was for Acenaphthene in the ST3 in spring. 

Temporal changes showed high concentrations of PAHs containing 5 and 6 aromatic rings during all study seasons. 

These high concentrations can be explained by the low hydrolysis of these compounds, their high affinity for 

organic matter [12] and their resistance to biodegradation[32]; hence, these compounds tend to be adsorbed on the 

suspended material  in the water column and at organic matter present in sediment [33],unlike the concentrations of 

compounds with low molecular weights containing 3 and 4 aromatic rings were low in most seasons, due to their 

high solubility in water compared to the compounds of higher molecular weights [34], in addition to, their 

susceptibility to biodegradation in sediments [35]. 

It was observed in this research that the concentrations of PAHs decreased in the spring and winter than those 

observed in summer. However, it could be due to the change in river flow and its dynamics in the estuaries during 

both spring and winter [36]. High energy resulting from the increased flow of River in rainy seasons (especially 

observed in spring) make it easy to transport large sediment particles with small specific surface, which have less 

ability to accumulate PAHs. The reason also can be due to increasing the biodegradation occurring during spring 

[37]. The dynamic stability during summer contributes to increase the ability of suspended particles in the water 

column to absorb organic carbon and PAHs [3]. 
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Figure 3: Total concentrations of PAHs in sediment samples. 

The highest total concentration of PAHs was recorded in ST1 (Fig. 3 & 4), this can be attributed to its nearness to the 

sewage and industrial wastewater outlet of Baniasrefinery. The pollution in areas near the oil installations occurs 

through oil outflow during loading, unloading of oil or through oil refining operations in refineries that require large 

quantities of water discharged loaded with hydrocarbons and other pollutants [38]. The total concentrations in ST2 

were lower than those in first station (Fig. 3 & 5). 

The stations ST3, ST4 and ST5, represent the estuaries in this research. Estuaries are generally areas with complex 

dynamics, in which mixing processes occur between fresh and marine water in variable rates depending on several 

factors such as river flow and the tidal processes [39]. The concentrations of PAHs decreased in the studied estuaries 

as follows: ST5> ST4> ST3 (Fig. 3). 

The concentration of PAHs was high in the sediments of station ST5 (Hrisoun River) (Fig. 8), compared with the 

two other estuaries ST3 (Fig. 6) and ST4 (Fig. 7) due to the geography of the area.  ST5 is directly open-area to the 

sea (Fig. 1), and the high salinity in the estuary area can play an important role to increasing the organic carbon in its 

sediments, cause to its richness in algae and bacteria [40]. This leads to an increase in the absorption of hydrophobic 

pollutants, including PAHs, into the organic matter because of its hydrophobic properties and high affinity [12]. 

Whereas ST4 (Arab al-Milk area) (Fig. 1) forms a semi-closed area, in which mixing processes between fresh water 

from river and marine water is low, making the estuary area affected by the pollutants carried by the Sin River water 

from the lands. In addition, this area is affected by fishing boats movement. The ST3 station (estuary of Banias 

River) (Fig.1), is a semi-open area with little exposure to the currents and wave movement, besides, it is near to the 

port of Banias, and its direct impact by ship unloading and shipping operations, as well as ship and boat engine 

emissions. Many of studies have shown that the high concentrations of PAHs is related to the extent of the closeness 

of the stations to the ports and sewage outlets of city [7]. 

 
Figure 4: Concentrations of  PAHs in sediment of ST1 station 
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Figure 5: Concentrations of  PAHs in sediment of ST2 station 

 

 
Figure 6: Concentrations of  PAHs in sediment of ST3 station 

 

 
Figure 7: Concentrations of  PAHs in sediment of ST4 station 
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Figure 8: Concentrations of  PAHs in sediment of ST5 station 

The distribution of PAHs was studied according to the number of their rings. The compounds with 5 and 6 rings 

dominated in all the studied stations as a result of high concentrations of both Benzo[a]pyrene and Di-

benz[a,h]anthracene, while a slight increase in the percentages of compounds with 6 rings was observed because of 

high concentration of Benzo[ghi] perylene in spring (Fig. 9). However, in the summer, a slight convergence was 

observed in the percentages of PAHs with 5 and 6 rings in most stations due to high concentrations of 

Benzo[a]pyrene and Di-benz[a,h]anthracene with 5 rings, also Indeno[1,2,3-c,d]pyrene and Benzo[ghi]perylene with 

6 rings (Fig. 10). Most studies indicated that the presence of high concentrations of Benzo [ghi] perylene in marine 

sediments is due to fuel and diesel engines [16]. 
The concentration of benzo[a] pyrene commonly increased, which led to domination of PAHs with 5 aromatic rings 

in sediments of most stations. It was also observed increasing the concentrations of low molecular weight 

LMWPAHs (compounds with three rings) in the ST1 station during the spring (Fig. 9). This increasing refers to high 

concentration of Acenaphthene, because the area is directly affected by wastewater of oil refining operations in the 

Banias Refinery, which is taken out in the near-estuary area. Moreover, the concentration of these PAHs were high 

in ST5during summer because of high concentration of Phenanthrene (Fig. 10). And also in ST3 in winter (Fig.11), 

because of high concentration of both Phenanthrene and Anthracene in the sediments of this station. Hence, this area 

are affected by petroleum pollution, because petroleum PAHs are characterized by their high concentrations of 

Phenanthrene [41]. The four-ring compounds were associated with high concentrations of the aromatic three-ring 

compounds, where the highest concentrations were recorded in the ST3 in winter, as a result to the increase the 

concentrations of Benzo[a]anthracene and Pyrene, due to their proximity to the sewage water associated with the 

flow of Banias River. 

In this study, high concentrations of Benzo[a]perylene were monitored in estuaries (ST3, ST4, ST5), where the 

highest value was recorded at station ST3 (743.44 ng/g dw) (Fig. 6). However the estuaries receive large inputs of 

carbon and nutrients from land, and the presence of microorganisms like algae, bacteria, and fungi in enhancing the 

processes of synthesis and biodegradation [42], which produce particularlylow concentrations of Benzo[a]perylene 

[4]. This corresponds with many studies that confirmed that increase in the level of human activities and the 

accompanying in emissions from vehicle exhaust and fishing boats, may contribute to an increase in the 

concentration of Benzo[a]perylene in the environment surrounding estuaries [43]. 
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Figure 9: The percentage of PAHs concentration in the spring according to the number of rings in the studied 

samples 

 
Figure10: The percentage of PAHs concentration in the summer according to the number of rings in the studied 

samples 

 
Figure 11: The percentage of PAHs concentration in the winter according to the number of rings in the studied 

samples 
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The main sources of PAHs in the marine environment are due to petrogenic (Pet) and pyrogenic(Pyr) sources [10]. 

A group of ratios and applications used globally were used to determine the most likely source of PAHs arriving to 

the marine environment. Three ratios were used in this research that were distinguished from others by giving results 

more accurate to determine the source of pollution in the studied sediments. The most important of them are: the 

ratio of fluoranthene to pyrene ((Flou / Pyr). The values of this ratio ranged in this study between (3.88-0.36), where 

the source of petroleum pollution (Pet) when the ratio is (Flou / Pyr <1) [10], as such in ST1 stations in spring and 

summer, and in ST3 station in spring and winter (Table 3). When the ratio values are increased to (Flou / Pyr> 1), the 

source is (pyrogenic source) (Pyr) [44] as in ST4 in winter, and station ST5 in summer and winter (Table 3). 

The ratio (Flou / Flou + Pyr) distinguishes the pyrogenic source from petroleum was also used, in addition to the 

mixed source resulting from combustion of oil and fossil fuels. The values of this ratio ranged between (0.79-0.26) 

(Table 3). So when the ratio was (Flou / Flou + Pyr <0.4), the source was petroleum (Pet) [8], as such in station ST3 

in spring and winter (Table 3). But when the ratio becomes (Flou / Flou + Pyr> 0.5) it characterizes the burning of 

coal, wood and grass and indicates heat sources (Pyr) [9], which were monitored at station ST4 in winter and station 

ST5 in summer and winter (Table 3). While when this ratio is between (0.5-0.4) it often characterizes the mixed 

source of PAHs [45], which were recorded at station ST1 in spring and summer(Table 3(. 

The ratio (Ind / Ind + BPer) suggest to petrogenic source (Pet) when it is (<0.2) [14] which is observed in most 

stations during seasons (Table 3), but when its value increases to become (> 0.5) it refers to pyrogenic sources (Pyr) 

resulting from the combustion of wood and coal [45]. Nevertheless, when the value was between (0.2-0.5) it results 

from the Petroleum Combustion (PC) [8-9] as such stations ST1, ST2 and ST5 during the summer and station ST3 in 

the winter (Table 3). 

The ratio (BaPyr / Bper) was adopted to show the contribution of PAHs resulting from combustion processes, 

especially fuel combustion in vehicle exhausts, which some of them reach the marine environment, via  moist and 

dry precipitation [46]. When this ratio is (> 0.6) it indicates a significant contribution of PAHs produced from 

vehicle exhausts (Traffic Emissions) (TE) [8-47] which was observed in all study stations and in all seasons, this 

ratio ranged between (0.62) in the ST2 station in the summer and (2.18) in the ST1 station in the spring (Table 3) . 

Table 3: The source of PAHs in the sediments of the studied stations 

ST5 ST4 ST3 ST2 ST1 

The ratios Season Source Value Source Value Source Value Source Value Source Value 

- - - - Pet 0.36 - - Pet 0.82 Flou/Pyr 

S
p

ri
n

g
 

- - - - Pet 0.26 - - FFC 0.45 

Flou/Flou 

+ Pyr 

 -  - Pet 0.13  - Pet 0.11 

Ind/Ind + 

Bper 

TE 0.79 TE 1.25 TE 1.14 TE 1.39 TE 2.18 BaPyr/Bper 

Pyr 1.16 - - - - - - Pet 0.83 Flou/Pyr 

S
u

m
m

er
 

Pyr 0.53 - - - - - - FFC 0.45 

Flou/Flou 

+ Pyr 

PC 0.28 Pet 0.17 Pet 0.05 PC 0.37 PC 0.5 

Ind/Ind + 

Bper 

TE 0.95 TE 1.14 TE 0.82 TE 0.62 TE 0.97 BaPyr/Bper 

Pyr 1.39 Pyr 3.88 Pet 0.41 - - - - Flou/Pyr 

W
in

te
r 

Pyr 0.58 Pyr 0.79 Pet 0.29 - - - - 

Flou/Flou 

+ Pyr 

Pet 0.03 - - PC 0.27 Pet 0.009 Pet 0.06 

Ind/Ind + 

Bper 

TE 1.06 TE 1.54 TE 2.02 TE 0.77 TE 2.05 BaPyr/Bper 
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The results mentioned in (Table 4) showed a decrease in the concentrations of PAHs in sediments in the studied 

stations in this research, compared to two studies that curried out at Tartous coast. The first was in 2002-2001 [22] 

and the second one was conducted in 2013 in the same area [48]. However, they are lower than those of Tunisian 

city [7] and the coast of the China Sea [49].  But they are greater than the concentrations recorded in the study [50] 

in Iranian coast, where pollution was classified as moderate. Baumard et al. (1998) [51] categorized the PAHs levels 

in the aquatic, environment from 0-100 ng /g (low), 100-1000 ng /g (moderate), 1000-5000 ng /g (high) and >5000 

ng /g (very high). According to this categorization, the PAHs levels can be classified from low to high in Banias 

coast. 

Table 4: Comparison of PAH concentrations in surface sediments of different worldwide locations and this study 

 

There are several factors that mainly control the presence and distribution of aromatic hydrocarbons in marine 

sediments,one of the most important of them is the size of sediment particles, where the size of the grains plays an 

important role to determination the transport mechanism, as the larger particles will be difficult to transport 

compared to the small molecules that transport easily [55]. It was observed that the organic matter content in 

sediments were related to the sediments nature.They werehigh in fine sandy sediments, and low in coarse sand and 

gravel. The deposition process subject to a set of interfering factors that affect the correlation and the values of its 

coefficients, and accordingly the correlation relationship between sediment size and its content of organic matter 

was studied.The results showed direct positive relationship (R
2
 = 0.8) between the Mean size and organic matter 

contented in sediments (Fig. 12). 

 
Figure 12: The relationship between mean size of sediments and their content of organic matter. 

Most studies confirmed that the main controller for the accumulation of organic pollutants in sediments is their 

organic matter content. Where they confirmed existence a positive correlation between the concentration of organic 

R² = 0.807
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Rang          
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 sed. 
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Pollution Level Site Country 

This study 0.396-2031.4 Low to high Coastal of Banias city Syria 

[22] nd-264.9 Low to Moderate Coastal of Tartous city 2001-2002 Syria 
[48] 1.76-55.28 Low Coastal of Tartous city 2010 Syria 
[52] 11.6-562.67 Low to Moderate Coastal of Lattakia city 2000-2001 Syria 

[7] 175-10769 Moderate to very high 
Gulf of Gabès, Sfax-Kerkennah 

channel 
Tunisia 

[50] 107.9-516 Moderate Gorgan Bay, Caspian Sea Iran 

[53] 21-23 Low Bay of Banuyls-sur-mer France 

[54] 214-4416 Moderate to high Gulf of Trieste Italy 

[37] 471.30 moderate Yangtze River Delta region China 

[49] 1031.8-3744.8 high Zhucheng, Coal-fired power plant China 
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pollutants and organic matter in sediment, the most important of these are PAHs [13-56]. In the current study, the 

correlation coefficient between total concentration of PAHs and the sediment content of organic matter showed a 

direct correlation between the concentrations of PAHs and the organic matter in marine sediments (R
2
 = 0.66) (Fig. 

13); Hence, the organic matter plays is main role in transporting these compounds to sediments [57]. 

 
Figure 13: The relationship between concentration of PAHs and the organic matter content in the sediment of the 

studies stations. 

The type of organic matter can have a clear effect on PAHs concentrations and their accumulation in sediments [56]. 

Yang et al., (2015) [18] found that PAHs were not affected by grain size, but were associated with the least density 

fraction derived from plants and the coal. While Simpson et al., (2014) [58] suggested that PAHs are associated with 

the total organic carbon present in sediments only in highly polluted sites when the total concentration exceeds 

(PAHs> 2,000 ng.g
-1

). Whereas Mostafa et al., (2009) [59] indicated that the distribution and concentrations of 

aromatic hydrocarbons in sediments are closely related to the source of pollution more than the type of sediments. 

Bouloubassi and Saliot (1993) [60] also found that the distribution of PAHs varies according to their source. He 

indicated that the PAHs from the natural source were bound to the coarse particles, while the compounds of the 

human source were bound to the smaller molecules. 

The correlation relationship between the concentrations of PAHs and the organic matter in the studied sediments 

was studied depending on the source of pollution in stations. A positive and direct correlation was observed between 

the concentrations of PAHs and the content of organic matter in the sediments of sewage stations (ST1), (ST2) (R
2
 = 

0.73) (Fig. 14). In contrary, there is no correlation between the concentrations of PAHs in the sediments of estuaries 

and the organic matter in sediments (R
2
 = - 0.09). 
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Figure 14: The relationship between concentration of PAHs and content of organic matter in sewage stations (ST1, 

ST2). 

 

Conclusions 

 The total concentrations of the studied aromatic hydrocarbons in sediment increased in summer in most 

stations compared to the other two seasons, while the spring recorded the lowest concentrations over the 

course of the study seasons. The reason can be attributed to the dynamics of the medium and its high 

energy resulting from the heavy rainfalls that contributed in creating an environment not suitable for the 

precipitation of organic matter. 
 The total concentrations of aromatic hydrocarbons in ST1 were the highest among all the studied stations, 

it could be due to their direct effect by the wastewater resulting from the discharging and oil refining 

operations in the Banias Refinery. 
 The total concentrations ofaromatic hydrocarbons in the studied estuaries varied according to the 

geography of the area, where the concentrations decreased according to the following: ST4> ST5>ST3. 
 The high concentrations in ST4 station are due to the nature of the region that forms a semi-closed basin in 

which the mixing processes between marine water and fresh water of the river decrease. in addition, the 

river receives large discharges of sewage while in ST3 station, the reason may be attributed to its proximity 

to the port of Banias and its direct impact by ships' unloading and shipping operations and emissions of 

boat engines. 
 High molecular weight PAHs with 5 and 6 rings dominated in the sedimentof the stations in all seasons, 

with a clear presence of 3 rings compounds in some stations. 
 The factors used internationally to distinguish between the petrogenic and pyrogenic sources of PAHs 

indicated that the source of these compounds in all the studied sites in most seasons oscillated between 

petrogenic sources (ST1 and ST3) stations, and pyrogenic source (ST4, ST5) (estuaries). 
 Grain size distribution and organic matter content are main factors that control pollutant concentration and 

ratios in coastal sediments. 

 Grain size statistical parameters are good indicators of sediment source and dynamic energy of the 

medium. 
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