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Abstract: This work focuses on the assessment of aliphatic hydrocarbons in sediments collected from the western 
Moroccan Mediterranean coasts. Two zones have been chosen for this study. Zone 1 corresponds to Tangier’s bay and 
zone 2 corresponding to the fringe between Kabila and Kaâ Srass. The aliphatic hydrocarbons were extracted and 
analysed using chromatographic techniques (GC/FID and GC/MS). The results showed a more important accumulation of 
aliphatic hydrocarbons in Tangier’s bay if compared with zone 2. Levels ranged within 128.8 to 340.31 µg/g dry weight, 
with two exceptions 611.72 and 648.16 µg/g dry weights and from 5.25 to 22.71 µg/g dry weights, for zones 1 and 2, 
respectively. Moreover, the aliphatic hydrocarbons distribution proves to be strongly influenced by the nearness to input 
sources and by oceanographic and hydrodynamic conditions. Thus, two distribution patterns were observed corresponding 
to the two areas studied. Furthermore, the examination of origin fingerprinting criteria proved the biogenic origin related 
to phytoplankton, bacteria and continental plant waves. The anthropogenic character of hydrocarbons was also evidenced 
especially in Tangier’s bay, by several chromatographic criteria and was confirmed by the presence of hopanes with 
predominant C29 and C30 α, β compounds. 

Keywords: Tangier’s bay, coasts Kabila-Kaâ Srass, sediments, aliphatic hydrocarbons, chemical markers, chromatographic 
fingerprinting.  

1. INTRODUCTION 

 The semi-enclosed Mediterranean Sea appears to be sub-
jected to important anthropogenic inputs of organic pollu-
tants, mainly hydrocarbons, from rivers, atmosphere, coastal 
and shipping activities. Those compounds constitute one of 
the largest and most widespread types of organic pollutants. 
Indeed, the annual inputs of petroleum hydrocarbons in the 
Mediterranean are estimated to be over three quarters of a 
million tonnes of oil from land-based and open-sea dis-
charges [1]. This fact constitutes a major preoccupation for 
the Mediterranean ecosystems known for being fragile and 
vulnerable to persistent pollutants. Due to their carcinogenic 
and mutagenic proprieties they are introduced in the US EPA 
and the EU priority list, mainly the group of polycyclic 
aromatic hydrocarbons. Furthermore, hydrocarbons possess 
high chemical stability and hydrophobic properties which 
result in enhanced accumulation and a high capacity for 
distribution in the environment [2]. Consequently, a high  
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interest was generated in studying their sources, distribution, 
transport mechanisms, environmental fate and impact, espe-
cially in coastal areas, since more than 50% of the popula-
tion lives within 100 miles of the coast [2]. In fact, such 
regions are highly submitted to pollutants released from 
human activities, and thus, they are of great environmental 
and socio-economic concern in terms of ecosystem preser-
vation and sustainable development.  
 Most surveys on the Mediterranean Sea have focused on 
areas in the northern shore of the Sea. Less information is 
available for other areas in the southern part. There is still a 
lack of data on this part especially for the Moroccan Medi-
terranean coasts. Indeed, in this area, hydrocarbons were 
studied and evaluated only on particles and bivalves 
(unpublished data). Nevertheless, there is a striking paucity 
of data on the occurrence hydrocarbons in sediment, a 
compartment that act as a sink and indicator of hydrocarbons 
inputs. To fill this gap, this work focuses on the study of 
hydrocarbons on surface sediments from the western 
Moroccan Mediterranean coasts. 
 Hydrocarbons might have been introduced in that region 
through riverine discharges, shipping activities, sewage 
disposal, transport and accidental oil spills. They might also 
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have been released during pyrolysis/combustion of fossil 
fuels.  
 Two zones were chosen for this survey corresponding to 
Tangier’s bay (Zone 1) and the littoral between Kabila and 
Kaâ Sras villages (Zone 2). These two zones are different 
from the point of view of morphology, hydrodynamics, 
anthropogenic contributions and diversity of pollution 
sources.  
 The bay of Tangier constitutes a relatively closed envi-
ronment submitted to a limited hydrodynamic action. On the 
other hand, the coastal fringe between Kabila and Kaâ Srass 
corresponds to an open environment where the circulation 
plays an important role in the distribution of solid and 
dissolved particles and therefore of the pollutants poured in 
sea. 
 In this study, we focus especially on the assessment of 
aliphatic hydrocarbons and the use of several chemical 
markers and criteria to indicate the origin of those com-
pounds (biogenic, petrogenic). 

2. MATERIALS AND METHODS 

2.1. Study Area and Sampling 

 The bay of Tangier (Zone 1) is situated at the North-
western extreme of Morocco and located in the Gibraltar 

strait on the opening of the Mediterranean Sea over the 
Atlantic Ocean. It represents a maritime depression dug 
between two rocky capes. This bay constitutes a relatively 
calm environment with a constant inputs resulting from 
industrial and domestic discharges through 3 small rivers as 
well as from the harbour activities (shipping and fishing 
activities).  
 The coastal fringe between Fnidek and Kaâ Sras villages 
(Zone 2) is extended on more of 100 km and is relatively 
straight according to a North-South direction [3]. 
 Along these coasts, we can observe a chain of touristic 
installations with two pleasance harbours and one fisheries 
harbour more in the south. This zone is exposed to important 
inputs from sewage waters emanated from the city of 
Tetouan and neighbouring villages. It is important to indicate 
the significant role of some rivers like Martil and Oued Laou 
in the evacuation of industrial and domestic discharges to the 
marine environment. This zone is also subjected to different 
inputs of petrogenic hydrocarbons resulting from harbours 
activities. 
 In this fringe, the swells are heavy and are directed East-
northeast [4]. The general circulation is represented by the 
superposition of two masses of water, Atlantic superficial 
(40 to 60cm/s) West-Est and Mediterranean (30cm/s) East-
West. In general, this zone is considered as an open environ-
ment, agitated relatively to zone 1. 

 
Fig. (1). Map of North-west Morocco showing sampling locations. 
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 Surface sediments were collected from 10 stations 
throughout the bay and from 6 stations along the coasts of 
zone 2 (Fig. 1). The sampling has been accomplished with 
the help of a dredge and with the assistance of a professional 
diver. Only the first 5 cm of surface were taken.  
 The sediment samples were conserved at low tempera-
tures then freeze-dried until an ulterior analysis.  

2.2. Extraction and Fractionation of Hydrocarbons 

 The extraction was done according to the protocol of 
Bligh and Dyer [5], previously modified to replace chloro-
form by dichloromethane. Samples were first spiked with 
perdeuterate internal standards (C24D50 and Paraterphenyle-
D10), extracted three times by sonication with a mixture of 
dichloromethane (DCM) and methanol (MeOH) (1:3) and 
then dried on MgSO4. Sulfur was removed by the addition of 
pieces of copper.  
 The extract was filtered and after that rotary evaporated 
under reduced pressure until near dryness and then dried 
under a gentle stream of nitrogen. The purification and frac-
tionation were performed in columns (0.8 mm of diameter) 
packed with 0.4 g of neutral silica which had been pre-
viously activated for 1 h at 150°C and deactivated. Elution 
solvents for organic extract fractionation were: first, 3 ml 
hexane (aliphatic hydrocarbons) followed by 9 ml hexane/ 
toluene (9:1 v/v) (aromatic hydrocarbons). All organic sol-
vents were obtained from Merck (Darmstadt, Germany), and 
bi-distilled before their use.  

2.3. GC/FID and GC/MS 

 The qualitative analysis of hydrocarbons was carried out 
using a chromatograph Delsi Model DI 200, Perichrom 
France equipped with a flame ionisation detector. Fractions 
were injected on a fused silica capillary column DB-5 MS 
(30m, 0.25mm i.d., 0.25µm film thickness), using Helium as 
a carrier gas. The temperature program used was as follows: 
Oven temperature 60°C, heating speed 25°C/min to 100°C, 
then 2°C/min to 310°C with an isotherm at 310°C for 70min. 

 Hydrocarbons were identified by comparison of retention 
times with known standards of n-alkanes, ranging from n-
C15 to n-C32. To confirm the structure of several hydro-
carbons, some samples were also analysed by chromato-
graphy-mass spectrometry (HP6890-HP5973MSD Agilent 
Technologies, Wilmington DE, USA), using fused-silica 
column (DB-5 MS, 30m, 0.25mm i.d., 0.25µm film thick-
ness) coated with 5% phenyl methyl siloxane. Helium was 
used as a carrier gas. The temperature program employed 
was the same as in GC/FID. 

3. RESULTS 

3.1. Zone 1 - Tangier’s Bay 

 The results related to aliphatic hydrocarbons fraction and 
all diagnostic criteria used for origin identification, are given 
in Table 1.  
 The concentrations of aliphatic hydrocarbons varied from 
128.8 to 340.31 µg/g dry weight, with two exceptions at two 
stations S2 and S7. Those latter constitute zones of maxi-
mum concentration in the bay and show high accumulations 
of aliphatic hydrocarbons respectively of 611.72 and 648.16 
µg/g dry weight. 
 The concentrations of aliphatic hydrocarbons in the sedi-
ments of the Tangier’s bay exhibited some spatial variations 
(Fig. 2). It shows an important accumulation that appears in 
the western part of the bay, with maximum concentrations 
measured in S7, S2 and S1 stations. This accumulation can 
be the result of harbour activities and of the urban contri-
butions via wastes of Tangier’s sewages. The other stations 
present relatively middle concentrations in aliphatic hydro-
carbons. For the axe bordering the coast (S1, S2, S3, S4 and 
S5), an enrichment in aliphatic hydrocarbons is observed 
from the Eastern part to the Western part of the bay. It is 
probably due to the action of the main coastal flow of direc-
tion East-West present in the bay and which is responsible 
for the transportation and accumulation of sediment in the 
west part of the bay [4]. 

Table 1.  Aliphatic Hydrocarbons Concentrations and Selected Aliphatic Diagnostic Criteria for the Sediments Collected from 
Tangier’s Bay 

 

 NAH T-alk UCM UCM/n-alk %UCM/NAH Pr/Ph C17/Pr C18/Ph CPI n-C29/n-C17 %C>25 

S1 340.31 5.02 176.31 35.12 51.81 0.74 0.75 0.85 1.46 13.59 78.24 

S2 611.35 7.96 480.20 60.30 78.55 0.21 4.64 0.30 0.69 1.43 77.78 

S3 231.72 4.71 93.09 19.77 40.17 0.67 0.91 0.83 1.44 7.60 76.68 

S4 148.02 1.74 20.09 11.54 13.57 0.58 1.17 1.16 1.43 6.12 68.52 

S5 177.80 0.61 --- --- --- 1.19 1.29 1.46 1.16 7.40 56.12 

S6 195.49 7.38 66.74 9.05 34.14 0.97 0.59 0.73 1.60 10.81 77.47 

S7 648.16 15.60 406.39 26.05 62.70 0.42 10.17 3.47 1.53 2.81 68.50 

S8 128.80 1.52 38.24 25.11 29.69 0.13 1.07 0.60 1.34 54.39 77.82 

S9 140.86 1.39 131.82 94.58 93.59 0.51 3.05 1.22 1.70 6.95 79.85 

S10 176.18 0.41 --- --- --- 5.95 0.73 1.58 1.11 5.63 73.95 
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Fig. (2). Map of Tangier’s bay showing spatial distribution of 
aliphatic hydrocarbons rates presented in logarithmic scale. 

3.1.1. UCM 

 All chromatograms showed the presence of unresolved 
compounds named also UCM except for two stations S5 and 
S10. These molecules are resistant to the biodegradation and 
thus accumulate in the sediments [6]. The presence of such 
compounds in high concentrations (20 to 480µg/g) consti-
tutes a criterion to establish a long term oil contamination. 
These observations are also confirmed by the UCM/n-alk 
ratio (9-94) (Table 1) [7]. Indeed, such values indicate a 
chronic contamination by degraded oil [8]. 

3.1.2. N-Alkanes 

 The chromatograms showed n-alkanes distribution, from 
n-C15 to n-C38 for most samples. The concentrations of 
total n-alkanes varied from 0.41 to 15.6µg/g.  
 The range of the lower molecular weight compounds 
showed the important presence of n-C17 and/or the n-C15, 
with a light predominance of the compounds with odd num-
ber of carbon compared to compounds with number even 
carbon (Fig. 3). This pattern, observed in S2, S6, S9, S8, S5, 
and S7, indicates a biogenic origin generally attributed to 
phytoplankton [9]. The rest of the sites (S1, S3, S4, and S10) 

 

 

 

Fig. (3). Chromatograms of aliphatic hydrocarbons obtained by GC/FID for sediment samples of the Tangier’s bay (example of S3, S4 and 
S7 stations). 
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present a light predominance of compounds with even 
number of carbon to odd ones, which indicates bacterial 
origin [10]. 
 On the other hand, for all the samples the range of heavy 
compounds showed important presence of the n-C27, n-C29, 
n-C31 compounds and sometimes n-C33, with a light 
predominance of odd to even number of carbon compounds 
(Fig. 3). This profile is generally assigned to a terrestrial 
biologic origin more precisely linked to the superior plants 
[11]. This contribution is very important compared to marine 
ones as it was confirmed by the n-C29/n-C17 ratio, superior 
to the unit (Table 1) [12].  
 Nevertheless, the CPI index calculated for all analyzed 
samples varied around the unit (0.62 to 1.70), indicating a 
contribution of oil origin (Table 1) [13]. 

3.1.3. Isoprenoid Compounds 

 The isoprenoid alkanes, pristane (Pr) and phytane (Ph), 
were present in all sediment samples. Their presence in 
important quantity relatively to the normal alkanes is 
considered commonly like an indication of oil contamination 
[14]. So, the Pr/Ph, n-C17/Pr and n-C18/Ph ratios have been 
described to characterize the origins and the degree of 
deterioration of the hydrocarbons. For the uncontaminated 
sediments the Pr/Ph is higher than 1 [15], which is the case 
for two samples relative to S10 and S5 stations (Table 1) 
indicating a biologic origin. For the other samples the Pr/Ph 
ratio was lower than 1 indicating oil contamination traces 
[16]. 
 The n-C18/Ph ratio is more specific to oil products than 
the n-C17/Pr, [17]. Accordingly, the S2 present a low  
n-C18/Ph ratio indicating a degraded material of petrogenic 
hydrocarbons. On the other hand, S7 sample show a ratio 

well superior to the unity indicating the oil origin whereas 
the rest samples presents characteristic ratios of a degraded 
biogenic material (0.5 <C18/Ph <2.1). 

3.1.4. Hopanes 

 These compounds were also identified in all samples of 
sediments (Fig. 4). They are present in series of 27 to 35 
atoms of carbon, with a configuration 17α (H), 21β (H). 
Besides, the compounds of 31 to 35 atoms of carbon are 
present in doublet of epimeres 22R and 22S. This pattern 
characterizes an oil contamination [18]. 

3.2. Zone 2 (Kabila - Kaâ Sras) 

 The chromatographic results linked to aliphatic hydro-
carbons are shown in Table 2. Concentrations of aliphatic 
hydrocarbons varied from 5.25 to 22.71 µg/g dry weights. 
The spatial distribution of aliphatic hydrocarbons concen-
trations (Fig. 5) shows enrichment that appears respectively 
at the stations S3 and S5 corresponding to the coastline of 
Martil and to the mouth of the Oued Laou river. This 
enrichment is probably related to their localization close to 
the evacuations of wastes at the mouths of the Martil and 
Oued Laou rivers.  

3.2.1. UCM 

 These unresolved compounds were found at low levels 
(1.37-4.77µg/g) in the samples (Table 2). These compounds, 
corresponding to branched and cyclic hydrocarbons, are 
usually assigned to products of oil or algae degradation. As 
shown in Table 2, the ratio of the unresolved compounds to 
resolved ones (U/R), calculated for all samples analyzed 
(0.2-0.7) indicated the presence of degraded algal material or 
micro-organisms [19]. 

 
Fig. (4). Characteristic mass fragmentation for m/z 191 from the GC/MS for samples from zone 1. (Ts: 18 α(H)-22,29,30-trinorneohopane; 
Tm: 17α(H)-22,29,30-trinorhopane, C29: 17α(H), 21β(H) 29-norhopane, Hopane; (C31-C35): hopanes series with 22S and 22R epimers). 
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3.2.2. N-Alkanes 

 The concentrations of total n-alkanes varied from 0.4 to 
1.9 µg/g with the exception of a maximum of 10µg/g at the 
site located in the mouth of the Oued Laou river (S5). The 
distribution of n-alkanes (n-C15-n-C35) was dominated by 
heavy compounds having a number of carbon superior to 25 
(% C>25 constitutes 62-72% of total n-alkanes) except for 
S5 station. 
 The distribution pattern presents a mode centred on the n-
C29 and the n-C31 and presents a light predominance of odd 
over even carbons compounds (Fig. 6). This motif is linked 
to continental biologic origins (superior plants) [20]. The 
linear alkanes, usually linked to biologic marine origins  
(n-C15, n-C17, n-C18 and n-C19), are present in low 
concentrations and for some samples they are absent.  
 On the other hand, the CPI values suggest for most 
samples the presence of an oil contamination traces (CPI≈1). 
However, a bacterial contribution can not be excluded.  
 The S4 and S6 stations corresponding respectively to the 
coastlines of Oued Laou and Kaâ Sras presented values of 
CPI of 2.27 and 2.39. Even if these values are superior to 1, 
they remain, however, lower to what is assigned to a 
terrestrial signature (CPI=3). 

3.2.3. Isoprenoid Compounds 

 Pristane and phytane compounds were not detected in all 
samples, except for Kaâ Srass station (S6) where the Pr/Ph 
ratio is much lower than 1 (Table 2) indicating the presence 
of degraded petrogenic products. The C17/Pr and C18/Ph 
ratios were respectively of 1.8 and 2.04 (Table 2) suggesting 
a biological origin.  

3.2.4. Hopanes 

 The analysis reveals the presence of hopanes in series of 
27-34 atoms of carbon. Those compounds have the thermo-
dynamically stable configuration 17α (H), 21β (H) and show 
a maximum in C29 and in C30 (Fig. 7). Such signature 
confirms the presence of mature oil in the sediments [18]. 
Besides, the C31-C34 hopanes are present as epimeres of 
22S and 22R. On the other hand, the analysis also showed 
the presence of the diploptene compound which has been 
linked to a bacterial origin [21] and/or a terrestrial origin 
[22]. 

4. DISCUSSION  

 This assessment of the hydrocarbons levels permitted to 
show up the importance of hydrocarbons introduced espe-
cially on Tangier’s bay and accumulated in sediments. 

Table 2. Aliphatic Hydrocarbons Concentrations and Selected Aliphatic Diagnostic Criteria for the Sediments Collected from Zone 2 
 

 NAH UCM T-alk U/R CPI %C>25 C29/C17 Pr/Ph C17/Pr C18/Ph 

St-1 6.86 3.02 0.31 0.79 1.06 66.54 10.19 -- -- -- 

St-2 6.97 2.29 0.47 0.49 0.91 81.48 40.47 -- -- -- 

St-3 15.52 4.77 1.96 0.44 1.41 68.26 111.39 -- -- -- 

St-4 5.25 1.37 0.72 0.35 2.27 79.04 114.08 -- -- -- 

St-5 22.71 4.41 10.03 0.24 1.18 38.33 -- -- -- -- 

St-6 9.27 3.65 1.37 0.65 2.39 72.68 45.55 0.43 1.80 2.04 

 

 
Fig. (5). Map showing spatial distribution of aliphatic hydrocarbons rates presented in logarithmic scale in the fringe between Kabila and 
Kaâ Srass. 
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 Sediments collected from this area showed high accumu-
lation of aliphatic hydrocarbons. In comparison with the 
results from other sites of the Mediterranean, these concen-
trations are similar to those reported for the Delta of the 
Rhone [23]. However, they remained lower than those 
reported for some Mediterranean environments chronically 

polluted, such as the Alexandria harbour, Egypt (60.7-1356.3 
µg/g) [24] and the Northern (349 in 1983 µg/g) and Southern 
(310-1406 µg/g) coasts of Sfax, Tunisia [25, 26]. 
 On the other hand, the concentrations of aliphatic 
hydrocarbons reported for the sediments collected from the 
coastal zone between Kabila and Kaâ Srass seems to be 

 

 
Fig. (6). Chromatograms of aliphatic hydrocarbons obtained by GC/FID for sediment samples from the fringe between Kabila and Kaâ Srass 
(example of St-3 and St-5 stations). 

 
Fig. (7). Characteristic mass fragmentation for m/z 191 from the GC/MS for samples from zone2. (Ts: 18 α(H)-22,29,30-trinorneohopane; 
Tm: 17α(H)-22,29,30-trinorhopane, C29: 17α(H), 21β(H) 29-norhopane, Hopane; (C31-C35): hopanes series with 22S and 22R epimers). 
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much lower than the levels reported for the Tangier’s bay. 
However, similar concentrations were found in other 
Mediterranean zones such as in the Sea of Crete in Eastern 
Mediterranean (0.56-5.69 µg/g) [27]. 
 The examination of aliphatic hydrocarbons distribution in 
sediments for Tangier’s bay as well as for the Mediterranean 
fringe appears to be controlled by multiple factors. First of 
all, we can mention the proximity to continental sources of 
pollution. Those areas are extremely exposed to anthro-
pogenic pressure from the cities of Tangier and Tetouan. 
Indeed those coasts receive continually an important amount 
of urban wastes (domestic and industrial ones). On the other 
hand, these coasts have an important touristic activity, gene-
rating considerable amounts of pollutants which are poured 
into the littoral zone.  
 In addition, many harbours are located in those areas 
(zone 1 and zone 2). As a consequence, the distribution of 
aliphatic hydrocarbons levels is strongly affected by har-
bour’s activities of fishing, transport and navigation.  
 The oceanographic factors can not be excluded, since 
they contribute efficiently in the distribution of aliphatic 
hydrocarbons along the sediments of the zone, as clearly 
demonstrated in this study. Indeed, Tangier’s bay constitutes 
a relatively closed environment with limited hydrodynamic 
activity; accordingly the evacuation of the pollutants intro-
duced in this environment seems to be a difficult task. Thus 
pollutants are mostly absorbed on the particles in suspension 
and have time enough to be incorporated to the sediments 
where they are accumulated and preserved. Accordingly, the 
bay seems to be more affected than the coastal fringe Kabila-
Kaâ Srass which corresponds to a relatively open environ-
ment where water circulation is responsible of the patchiness 
of particulates and sediments and thus of pollutants. 
 All those combined factors seem to influence also the 
composition of this fraction of hydrocarbons. Thus, the rela-
tively semi enclosed environment of Tangier’s bay, which 
receives continually anthropogenic inputs from the city and 
the harbour exhibited trends to accumulate and preserve the 
pollutants. That explains the predominant petrogenic sig-
nature, as follows from the chromatographic analysis, over 
the biogenic traces. In fact, the detailed examination of the 
composition of all the samples from this area shows patterns 
related to petrogenic origins mainly in stations situated in the 
western part of the bay (S1, S2, S7) and close to the anthro-
pogenic sources (wastes and harbour).  
 This origin is traduced first by the presence of UCM in 
the range of heavy compounds, the decrease of concen-
trations of n-alkanes according to the number of carbon since 
n-C35, the presence of isoprenoid compounds presenting 
ratios lower then the unity with an indication of raw oil at S7 
station (inside the harbour) and finally by the pattern of 
hopane series with αβ configuration and epimeres in 22S and 
22R for the compounds C31-C35. 
 On the other hand, biogenic origins are also verified 
mainly by n-alkanes composition and distribution. It traduces 
a bacterial origin especially at stations close to urban wastes 
(S3, S4) indicated by the relatively important presence of  
n-C18 with a light predominance of the even compounds 
whereas phytoplankton traces are traduced by n-C17 and/or 
n-C15 with a slight predominance of odd compounds. The 

major presence of n-C27, n-C29 and n-C31 in all stations is 
strongly related to a terrestrial biogenic origin linked to 
superior plants. 
 Contrarily, the aliphatic hydrocarbons of the fringe 
Kabila-Kaâ Srass (relatively open environment) showed 
relatively different patterns. The composition traduces a 
predominant presence of biogenic signature mostly linked to 
bacterial and terrestrial origins. In addition, n-alkanes 
showed no predominance between odd and even compounds 
in the range of the lower molecular weight compounds 
which is usually linked to a bacterial origin. The continental 
origin relative to superior plants is strongly prevailing. It is 
traduced by the maximums of n-C27, n-C29 and n-C31. 
Those biogenic origins were also suggested by the presence 
of a diploptene compound. 
 The petrogenic source is slightly observed for this zone, 
inversely to the Tangier’s bay. It was essentially signalled by 
the presence of the hopanes in series of C27-C34/C35 with 
αβ configuration and the epimeres in 22S and 22R for the 
C31-C35 compounds. 
 Furthermore and unlike Tangier’s bay case, the iso-
prenoid compounds Pr and Ph are absent in all samples 
except in Kaâ Srass station (S6) where the Pr/Ph ratio trans-
late a degraded petrogenic products. However, the C17/Pr 
and C18/Ph ratios traduce a degraded biologic material.  
 From the results obtained, it follows that anthropogenic 
impacts are more important in the bay (zone 1) than the 
fringe (zone 2), even if the amounts of pollutants released to 
the littoral in this zone are quite significant. So, it seems that 
the morphology and marine circulation combined to phy-
sicochemical conditions can influence the rates of accumu-
lation as well as the composition of aliphatic hydrocarbons. 
A semi closed environment present conditions of water 
circulation relatively delimited allowing the installation of 
good conditions of preservation and accumulation (Tangier’s 
bay case), contrarily to an open environment where the 
marine circulation is more intense and agitated permitting a 
good dispersion of pollutants (fringe case). 

CONCLUSION 

 The Moroccan Mediterranean coastline is stressed by 
both domestic and industrial wastes, harbour activities, and 
urbanisation and fishing activities. The drained polluting 
load is important in quantity.  
 This survey has provided very important conclusions 
about the contamination of Mediterranean Western coasts of 
Morocco by aliphatic hydrocarbons. In comparison with 
other sites chronically contaminated, the study areas show 
important levels of aliphatic hydrocarbons concentration still 
not alarming. 
 This work has shown also the important influence of 
oceanographic and hydrodynamic factors in the distribution 
of hydrocarbons levels. Accordingly, the bay of Tangier 
which constitutes an environment relatively calm and semi-
close is more affected by hydrocarbon inputs, inversely to 
the coasts between Kabila and Kaâ Srass.  
 Furthermore, the qualitative and quantitative analysis 
points out two important origins of hydrocarbons: biogenic 
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and anthropogenic. First of all, the natural source was related 
to phytoplankton, bacteria and continental plants, while the 
anthropogenic source was related to petrogenic inputs, 
fishing and navigation activities, as well as to urban wastes 
originated in close agglomerations. 
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