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Abstract 
 
Several scientific articles were reviewed from Umeå’ s university database in order to 
determine the distribution, degree of contamination, and the sources of 7 selected heavy 
metals (Cr, Pb, Cu, Zn, Cd, Hg, Ni) in surface sediments along the coasts of the 
Mediterranean Sea. The Enrichment factor (EF) was used as pollution indicator to evaluate 
the extent of metal contamination in all the investigated areas. According to Abrahim and 
Parker (2008) the EF is defined as the ratio of the determined metal to Al (or Fe) in the 
sample divided by the ratio of background metal to background Al (or Fe) ratio. According to 
the results of this study, EF values for Cr, Pb, Cu, Cd and Ni presented an upward trend along 
the west to east shoreline of the Mediterranean sea, whereas Zn and Hg EF values showed a 
downward trend along this region. Cr generally exhibited no enrichment in places to the west 
(EF<1.5) whereas in the eastern side displayed moderate enrichment (EF=1.95). Pb EF values 
showed moderate enrichment (EF=5) along the western section of the sea, whilst in the 
eastern part revealed significant enrichment (5.45). Zn pollution levels were minimal 
(EF=1.6) in places to the west and moderate (EF=2.2) to the east. The enrichment for Cd was 
considered moderate in the western part of the basin and significant in the eastern section. 
These heavy metals distribution can be explained by the fact that different inputs (mainly due 
to anthropogenic activities) from the inshore environment may take place in each area of the 
sea. However, Cu and Ni presented the same degree of pollution (moderate) in the whole sea, 
presumably indicating similar Cu and Ni inputs from the terrestrial environment. However, 
conclusions for Hg were not possible to be drawn as the collected data were not sufficient.  
 
Keywords: Heavy metals, pollution, spatial distribution, surface marine sediments, 
Mediterranean Sea, enrichment factor. 
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1. Introduction  

Heavy metals in marine sediments may have natural and/or anthropogenic origin. They 
come from the rocks and soils via their geochemical mobility, or they are incorporated into 
the sediments as artificial pollutants coming from industrial or urban releases and wastes. 
Heavy metals’ distribution and accumulation is influenced by several factors. These are 
sediment texture, mineralogical composition, reduction/oxidation state, adsorption and 
desorption processes and physical transport (Manahan 2000). Additionally, sediments show 
a great capacity to accumulate and integrate heavy metals even from low concentrations in 
the overlying water column (Maher and Aislabie 1992, Tam and Wong 2000, El Nemr et al. 
2007). Metals can be absorbed from the water column onto fine particle surfaces and move 
afterwards towards sediments. Consequently, metals participate in various biogeochemical 
mechanisms, have significant mobility, can affect the ecosystems through bio-accumulation 
and bio-magnification processes and are potentially toxic for environment and for human life 
(Manahan 2000). 
 
As a combined result of these factors, metal concentrations alter through space and time. 
This is more obvious in the Mediterranean Sea where sediments present different 
geochemical composition and thus metal concentrations vary according to the area and 
different inputs from the inshore environment (Buccolieri et al. 2006). The distribution of 
metals within the aquatic systems is governed by complex processes of material exchange 
affected by several anthropogenic activities or natural processes including riverine or 
atmospheric inputs, coastal and seafloor erosion, biological activities, water drainage, 
discharge of urban and industrial wastewaters (Leivouri 1998, Carman et al. 2007). 
 
Especially, human activities introduce high loads of these constituents in the environment 
leading to sediment contamination which nowadays consists one of the most significant 
environmental problems in marine ecosystems. Sediments are recognized as one of the 
largest sources of in-place pollutants. This is because they act as sinks for elemental cycles in 
aquatic systems. Thus, sediment analyses play an important role in assessing the pollution 
status of the marine environment (Mucha et al. 2003, Pekey 2006). Indeed, numerous 
studies have shown that marine sediments from coastal areas near large industrial and urban 
centers (such as in the Mediterranean region) are very often greatly contaminated by metals 
and consequently these regions have fragile coastal ecosystem mainly dependent on 
terrestrial conditions. Hence, the evaluation of metal distribution in surface sediments is 
useful to assess pollution in the marine environment and distinguish natural versus 
anthropogenic contribution in order to achieve effective remedial actions against metal 
pollution (Solomons and Förstner 1984, Yáñez-Aracibia and Sánchez-Gil 1988, Zonta et al. 
1994, Bellucci et al. 2002). 
 
For millenniums, the Mediterranean Sea has been the scenery of human development, which 
has broadly impacted the coastal areas (Duman et al. 2012). Nowadays, Mediterranean Sea 
encompasses a large number of industrialized areas and is consequently one of the most 
important sources of heavy metal pollution in this zone (Benamar et al. 1999, Puig et al., 
1999, Bertolotto 2005, Martin et al. 2009, Neser et al. 2012, Sylaios et al. 2012, Tsangaris et 
al. 2013, Buljac et al. 2014, Abdallah and Mohamed 2015). The United Nations Environment 
Programme estimated that in recent decades, 650,000,000 t of sewage, 60,000 t of mercury, 
and 3,800 t of lead are disposed into the Mediterranean Sea each year. Meanwhile, 70 per 
cent of the wastewater dumped into the Mediterranean Sea is untreated (Haggett 2002, 
WWF 2015). 
 
Additionally, according to Greenpeace some of the world's busiest shipping routes are in the 
Mediterranean Sea. It is estimated that approximately 220,000 merchant vessels of more 
than 100 tonnes cross the Mediterranean Sea each year (about one third of the world's total 
merchant shipping). These ships often carry hazardous cargo, which if lost would result in 
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severe damage to the marine environment and the discharge of chemical tank washings also 
represents a significant source of marine pollution. However, tourism has also played major 
role in the degradation of the coastal and marine environment. Rapid development has been 
encouraged by Mediterranean governments to support the large numbers of tourists visiting 
the region each year. But this phenomenon has caused serious disturbance to marine habitats 
such as pollution in many places along the Mediterranean coasts (Greenpeace 2015).   

However, pollution also reaches the Mediterranean through its major river systems: the Po, 
the Ebro, the Nile, and the Rhone which carry substantial amounts of agricultural and 
industrial wastes. As the Mediterranean is almost entirely landlocked, its waters have a very 
low renewal rate (80 to 90 years) making them excessively sensitive to pollution (WWF 
2015). 

It is worth mentioning that a considerable number of publications have discussed these 
pollution issues by evaluating metal distributions in surface sediments in particular regions 
within the Mediterranean sea (e.g. Zonta et al. 1994, Benamar et al.  1999, Rubio et al. 2000, 
Bertolotto 2005, Accornero et al. 2008, Christophoridis et al. 2009, Davutluoglu et al. 2010, 
Ennouri et al. 2010, Duman et al. 2012, Buljac et al. 2014, Abdallah and Mohamed 2015) but 
there is not an investigation concerning or reviewing these distributions among the whole 
Mediterranean sea.  
 
1.1 Study aim 
 
Hence, the purpose of this study was to determine the distribution, degree of contamination, 
and the sources of some selected heavy metals (Cr, Pb, Cu, Zn, Cd, Hg, Ni) in surface 
sediments along the coasts (including ports) of the Mediterranean Sea. 
 
 

2. Methods 
  
2.1 Area of study 
 
The Mediterranean Sea is a sea connected to the Atlantic Ocean surrounded by the 
Mediterranean region and almost completely enclosed by land: on the north by Southern 
Europe and Anatolia, on the south by North Africa, and on the east by the Levant. The sea is 
sometimes considered a part of the Atlantic Ocean, although it is usually identified as a 
separate body of water (Morillo 2013).  
 
The Mediterranean Sea is connected to the Atlantic Ocean by the Strait of Gibraltar (width 
12.8 km, depth over 300 m) in the west and to the Black Sea through the Strait 
of Dardanelles (depth 97 m), the Marmara Sea, and the strait of Bosporus, in the east 
(Laubier 2005). The 162.5 km long man-made Suez Canal in the southeast connects the 
Mediterranean Sea to the Red Sea (Laubier 2005, Golani 2010). 
 
The Mediterranean Sea has an extension of 3.5 x 106 km2 with an average water depth of 1.5 
Km (4,900 ft) (Laubier 2005) and the deepest recorded point being over 5,264 m (17,270 ft) 
in the Calypso Deep; the part known as the Ionian Sea situated between Greece and Italy 
(Stavrakakis and Lykousis 2011). A shallow submarine ridge (350 m deep) in the Strait of 
Sicily between the island of Sicily and the coast of Tunisia divides the sea in two main sub-
regions, namely the Eastern and the Western Mediterranean. The western basin has a depth 
of approximately 3400 m and the eastern basin 4200 m (Patarnello et al. 2007). The length 
of the whole basin along the east-west axis is 4000 km, with a maximum width of 800 km. 
The coastline extends 46000 km (Laubier 2005) running through 22 countries (Albania, 
Algeria, Bosnia - Herzegovina, Croatia, Cyprus, Egypt, France, Greece, Israel, Italy, Lebanon, 
Libya, Malta, Morocco, Monaco, Montenegro, Palestinian territories, Slovenia, Spain, Syria, 
Turkey, Tunisia) (Efe et al. 2008).  
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The region is known for its particularly mild climate with uniform and moderate 
temperatures. Rainfall patterns are however, more unpredictable with a high of 1,200 mm 
per year in Genoa (Italy) and Antalya (Turkey) to a low of 100 mm per year in Djerba 
(Tunisia) (Efe et al. 2008). According to Western European Armaments Organization 
Research Cell (WEAO Research Cell 2004) the empirical distribution of the wind and wave 
direction is a circular random variable with a shape strongly dependent on the site and 
season. However, pursuant to spatial wind and wave statistics of the same Research Cell 
(WEAO 2004) the annual wind direction follows a pattern such as that in figure 1 a) (arrows 
show the direction from which wind blows (from definition)), while the annual wave 
direction follows a pattern such as that in figure 1 b) (arrows show the direction from which 
waves comes (from definition)).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Annual spatial distribution of a) wind direction and b) wave direction in the Mediterranean Sea 
(WEAO Research Cell 2004) 



4 
 

 
Noticeable is that sediments transferred to the Mediterranean sea by rivers play a major role 
in the sea: on one hand, they are involved in various biogeochemical cycles in the sea, and on 
the other hand, the transport and cycling of anthropogenic pollutants is often joined with the 
transport of sediments by rivers, since many contaminants are closely related with 
particulate matter in water. Anthropogenic changes in the characteristics of drainage basins 
can modify erosion rates and river sediment transport (Laubier 2005).  
 
Due to the strong seasonality of the river flows, the presence of elevated mountains near the 
coastline originated from relatively soft rocks, and the long history of human agriculture and 
activity, Mediterranean rivers present high values of natural sediment flux. The greatest 
sediment rates take place in the Adriatic and the Ionian Seas. In the western part of the 
basin, the values are generally lower. As a consequence, from an overall sediment flux of 
730×106 t/yr (United Nations Environment Program 2004), 75% of this sediment load enters 
the Mediterranean in its eastern basin, compared to only 25% in the western basin. For the 
entire drainage basin, including the Nile River, the sediment yield is about 175 t/ km2/ yr; 
excluding the Nile increases this figure to about 580 t/ km2/ yr, which is very high compared 
to other parts of the world (Laubier 2005). 
 
2.2 Sites selection, sampling and analyses evaluation  
 
In order to achieve the goal of the present review, numerous scientific articles were used from 
Umeå’ s university database (which includes Ebsco, Scopus, and Web of Science databases) 
as well as to a lesser extent from Google scholar's database, using keywords such as eastern/ 
western Mediterranean, heavy metals, Mediterranean Sea, pollution, spatial distribution, 
surface sediments, and surface marine sediments. The selection of the study sites was firstly 
made according to sampling years; a short time span equivalent to 5 years (2008-2013) was 
considered representative of the region as in this manner temporal variability is minimized. 
Exception are the studies of Acquavita et al. (2010) and Gargouri et al. (2011) where sampling 
took place in 2005 and also the researches of Christophoridis et al. (2009), Huntingford and 
Turner (2011), and El-Said et al. (2014) where sampling years were not mentioned but we 
assumed that are included in the above time interval (2008-2013). The second criterion of 
the sites selection was made to provide a good area coverage representing different regions in 
the Mediterranean Sea. Focus was mainly made in the “hot spots” of the whole 
Mediterranean Sea located near to the most impacted coastal areas e.g. big cities and harbors 
with anthropogenic activities, and nearby river effluents, based on known anthropogenic 
sources. Lastly, sites were selected to have similar sedimentation rates and thus, regions such 
as those in river deltas with high sedimentation rates were not included in this study. The 
countries that surround the Mediterranean Sea as well as the selected sites are clearly seen in 
Figure 2 below.   
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Figure 2. Countries surrounding the Mediterranean Sea along with the investigated sites (red dots)   
(http://www.worldatlas.com, 2015) 
 

However, some differences between the study designs of the investigated researches were 
detected. These are the following:  
 
Sediment samples were collected the years as follows: Acquavita et al. (2010) and Gargouri et 
al. (2011) collected sediment samples in 2005. Abdallah and Mohamed (2015) sampled in 
September 2008, while Pazi (2011), Neser et al. (2012), and Moukhchan et. al. (2013) 
collected their sediment samples in 2009. Also, Neser et al. (2012) as well as Okbah et al. 
(2014) and Pinedo et al. (2014) took sediment samples in 2010. Finally, Duman et al. (2012) 
sampled in 2011, Leonardo et al. (2014) in 2012 and Maanan et al. (2015) in 2013. 
Nevertheless, as mentioned above Christophoridis et al. (2009), Huntingford and Turner 
(2011), and El-Said et al. (2014) did not make any reference about their sampling period.  
 
As far as their analyses is concerned in all studies the sediment samples were previously 
digested and then metal concentrations were determined using different types of 
spectrometry techniques. More specifically:  
     
Christophoridis et al. (2009), Neser et al. (2012), El-Said et al. (2014) and Abdallah and 
Mohamed (2015) determined metals concentrations using Flame Atomic Absorption 
Spectrometry. While Moukhchan et. al. (2013) and Leonardo et al. (2014) performed analysis 
of metals concentrations using Inductively Coupled Plasma-Optical Emission Spectrometry 
(ICP-OES). Also, Pinedo et al. (2014) used the same technique for Al. Pazi (2011) and Duman 
et al. (2012) determined metals concentrations by Inductively Coupled Plasma– Mass 
Spectrometry (ICP–ES/ICP–MS) analysis. Huntingford and Turner (2011) and Pinedo et al. 
(2014) measured metals concentrations using Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS) technique, whereas Gargouri et al. (2011) utilized Inductively 
Coupled Plasma-Atomic Emission Spectrometry (ICP-AES). Cold vapor atomic absorption 
spectrometry technique was used by Acquavita et al. (2010) and Neser et al. (2012) for the 
determination of Hg. Acquavita et al. (2010) analyzed metals concentrations by 
electrothermal atomic absorption spectrometry. Al and Zn, which have higher concentrations 
than other elements, were analyzed by flame atomic absorption spectroscopy. Neser et al. 

http://www.worldatlas.com/
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(2012) determined metals concentrations in sediment by flame atomization (air-acetylene 
flame) but Cd levels were detected by graphite furnace with AAS. 
 
Concentration of metals in the sediments does not allow the distinction between natural and 
anthropogenic sources. Thus, in order to evaluate the extent of metal contamination at the 
investigated sites, the enrichment factor (EF) was used. The Enrichment factor (EF) is a 
useful tool for determining the degree of anthropogenic heavy metal pollution and it can be 
defined as the ratio of the determined metal to Al (or Fe) in the sample divided by the ratio of 
background metal to background Al (or Fe) ratio (Eq. 1) (Abrahim and Parker 2008). 
Commonly geochemical normalization of the heavy metals data to a conservative element 
such as Al or Fe, whose levels are unaffected by contaminant inputs, is employed in order to 
identify anomalous metal concentration. The conception is that Al (or Fe) is a major mineral-
forming element and combined closely with fine-sized fraction of total suspended material 
due to its participation in aluminium silicates (Zhang et al. 2007). By convention, the range 
of 0.5–1.5 indicates natural influence, and values greater than 1.5 are considered to indicate 
anthropogenic influence (Müller 1979). 
 
 
            (Cx/Cx Al (or Fe)) sample  

 EF=                                                                 (1) 

             (Cb/ Cb Al (or Fe)) background 
 
 
where Cx and Cb are concentrations of examined metal in sample and background reference 
respectively; and CxAl (or Fe) and CbAl (or Fe) are concentrations of Al (or Fe) in sample and 
background reference, respectively (Abrahim and Parker 2008). 
 
In the present review, some researches were chosen that used Fe as the reference element for 
geochemical normalization in the enrichment factor (EF) and some others were selected that 
used Al. More particularly, Christophoridis et al. (2009), Gargouri et al. (2011), Neser et al. 
(2012), El-Said et al. (2014),  Okbah et al. (2014), and Abdallah and Mohamed (2015)  used 
Fe, while Acquavita et al. (2010), Pazi (2011), Moukhchan et. al. (2013), Leonardo et al. 
(2014), and Maanan et al. (2015) preferred Al. However, Huntingford and Turner (2011), 
Duman et al. (2012), and Pinedo et al. (2014) did not mention which element they selected to 
normalize their data. 
 
 

3. Results and Discussion  
 
3.1 Western Mediterranean Sea 
 
Focusing first, at the western part of the Mediterranean Sea various areas were chosen in 
order to estimate the distribution, degree of contamination, and the sources of the selected 
heavy metals (Cr, Pb, Cu, Zn, Cd, Hg, Ni) in this Sea. These locations are listed below: 
 
3.1.1 Spain  
 
3.1.1.1 Bay of Palma de Mallorca  
 
Initially, with respect to Spain Moukhchan et. al. (2013) investigating the Bay of Palma de 
Mallorca found that Cr, Cu, and Ni presented EF values lower than 10, and consequently, 
their concentrations are related to a predominant natural origin. However, the calculated EF 
for Pb clearly pointed out different inputs that were not associated with natural origin. The 
EF for Zn was found 10±2 which, presumably, also suggest anthropogenic sources. As far as 
Pb is concerned, samples taken from the touristic zone (that corresponds to an area devoted 
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to intense coastal tourism activities for more than 50 years), showed EF values corresponding 
to a relatively low enrichment (4.8±0.6) which is compatible with predominant natural 
sources. Nevertheless, a much greater EF (39±10) was found out in samples from zones with 
ship traffic and mooring, which indicates anthropogenic influence that is likely linked to the 
use of leaded combustibles for many decades, as other studies demonstrated (Tranchina et al. 
2008). 
 
3.1.1.2 Catalonia 
 
However, Pinedo et al. (2014) also looking into Spain in Catalonia (which is a region situated 
in the Northwestern Mediterranean and shows an extensive urban and industrial 
development) found that Pb was the most enriched element. More specifically, 17 samples 
showed EF values between 1.5 and 3 (low pollution levels, following Müller (1979)), 10 
samples presented moderate pollution levels (EF=3–6), and four samples exceeded EF equal 
to 6. Zn, Cd, and Hg revealed EF values greater than 1.5 in one different sample each one, 
while Cu levels always remained within the natural range of concentrations (EF<1.5), 
indicating that Cu was not associated with any contamination originated from anthropogenic 
sources. According to EF values for Pb, Zn, Cd, and Hg, the most polluted region of Catalonia 
is located around Barcelona, north of Besòs River, and in a site, with the highest pollution 
situated between a location near to a waste incinerator and the mouth of Llobregat River. 
Additionally, another area highly polluted with Hg is situated in front of the city of 
Tarragona, where several chemical industries take place. 
 
Generally, other potential sources for metal enrichment in the sediments include terrestrial 
discharges from inflowing rivers, aquaculture, industrial development, sewage drainage from 
urban areas, and other commercial activities. The most important source of terrestrial inputs 
in the Barcelona region is the Besòs River (north of Barcelona), much more than Llobregat 
River (south of Barcelona). The Besòs’s River contamination levels showed a drastic increase 
in the sediments accumulated during the last decades (Palanques et al. 1998) that is in 
accordance with the increase in industrialization, population, and energy consumption in the 
Besòs drainage basin during the 20th century. Elevated contamination levels in shallow 
coastal sediments from Catalonia are related to river mouths and coastal cities. Port and 
industrial activities are also other factors that can enhance the transport of metals. According 
to Palanques and Diaz (1994) coastal currents are weak in Catalonia, resulting in the 
accumulation of contaminated solids in near shore areas. Basically, both the morphology of 
the continental shelves and the energy of the hydrodynamic processes in the Northwestern 
Mediterranean make possible prodeltaic deposits to accumulate on the inner and mid-shelf 
around the mouths of most rivers (Got et al. 1985, Palanques et al. 2008) where both fine 
sediments and metals are deposited. 
 
3.1.2 Italy 
 
3.1.2.1 Gulf of Trieste 
 
As far as Italy is concerned Acquavita et al. (2010) examining the Gulf of Trieste in Northern 
Adriatic Sea presented that a high degree of contamination is related to Hg. In fact, values 
ranging from 4.4 to 51.5 were detected. These data confirm the global pattern of Hg, which is 
particularly accumulated at the Isonzo River mouth. Moreover, the dominant anticlockwise 
water circulation of the Gulf vehicolates the suspended particles enriched in Hg primarily 
westward and in the Marano-Grado Lagoon (Covelli et al. 2007). Nonetheless, the 
contamination was considered very significant also for the easternmost part of the Gulf (EF 
values ranging from 4.4 to 23.6), and the value of 16.2 reported by Cibic et al. (2008) was 
confirmed. However, Cr revealed a homogeneous negligible enrichment for all the sites of 
this Gulf investigated (mean EF= 1.3 ±0.4). However, if we consider a wider range of EF (0.5 
≤ EF ≤1.5) as Zhang and Liu (2002) suggested, then in this range, the metal may be wholly 
from crustal material or natural weathering processes. If this range is taken into account, in 
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spite of the high Cr values, sediments seemed to have not been affected by apparent 
anthropogenic inputs. Nevertheless, Pb appeared to have a slender enrichment only near the 
urban area of Trieste (EF=1.7), since all the EF values found being <1.5. Contrariwise, Zn 
demonstrated a diffuse anthropogenic origin on the entire environment, notably in the 
easternmost part, with the greatest EF values of 3.6 and 2.0 in locations near the urban area 
of Trieste. Furthermore, Cu was slightly enriched in the urban area of Trieste (EF=1.8), 
whereas unexpectedly Ni exhibited a hot spot close to the urban area of Monfalcone with an 
EF value equivalent to 1.8. Consequently, the above results demonstrate that the main 
pollutant of the Gulf was obviously Hg. In brief, the majority of the metals revealed a similar 
distribution indicating a common source and/or similar enrichment mechanisms. In this 
frame, some conspicuous hot spots had been signalized particularly in the vicinity of the 
Trieste and Monfalcone harbors (easternmost section of the Gulf) (industrial settlements, oil 
pipeline, municipal effluents, and several economic activities greatly affect the environmental 
quality of these areas) (Adami et al. 1996, 1998, ARPA-FVG 2008). The found EF values 
assured an insignificant or low contamination far away from the harbor areas; nevertheless, 
the authors (Acquavita et al. 2010) suggested that the disperse enrichment in Zn and the 
great contamination of Hg should be further examined in this region. 
 
3.1.2.2 Augusta Bay 

 
Similarly, some of the above results are in accordance with a research conducted by Di 
Leonardo et al. (2014b) in Italy, in Priolo Bay which adjoins in one of the most polluted areas 
of the Mediterranean Sea, the industrial Augusta harbor. Here, it was also apparent that Hg 
was obviously the main pollutant in this region, too and also Cr, Pb, and Cu appeared to be 
from natural origin like in the Gulf of Trieste occurred. Pursuant to this study (Di Leonardo 
et al. 2014b), Priolo sediments generally exhibited elevated levels of metal pollution with EF 
values as follows: Hg (7.4–223.6), Cd (5.0–23.1) and Ni (1.2–9.5). These metal enrichments 
were especially marked at the northern area of Priolo bay with Hg found in the deeper part of 
the sampled transect in the sea (close to the Scirocco inlet), while Cd and Ni were in close 
proximity to the coastline. On the contrary, the other heavy metals studied (Cr, Pb, Cu, Zn) 
seemed not to be enriched in surface sediments. However, generally heavy metal 
concentrations in Priolo Bay were lower than those recorded in other greatly impacted 
Mediterranean coastal marine areas such as for example that one in the Gulf of Trieste, 
Northern Adriatic Sea (Italy) which was discussed previously (in 3.1.2.1 section of this study)  
(Adamo et al. 2005, Buccolieri et al. 2006, Zonta et al. 2007, Acquavita et al. 2010,  Mugnai 
et al. 2010). Nonetheless, heavy metals spatial pattern observed in Priolo Bay sediments 
confirm the role of Augusta harbor as a source of contaminants and as the main factor 
influencing the distribution of many chemicals in the surrounding areas. At this point, higher 
concentrations of all the metals examined were detected at the area close to the Scirocco 
inlet. Although, the other stations seemed to be less impacted by industrial input, this 
suggests that the sediments were probably enriched as a result of harbor and industrial 
activities in this zone. Moreover, the relatively high metal concentrations in the southern 
sampled areas may be due to inorganic contaminant input from the Castellaccio canal. 
Compared with background levels, Hg recorded the greatest accumulation, corroborating the 
results of other studies (Sprovieri et al. 2011, Bellucci et al. 2012) on its anthropogenic origin 
associated with the activity of the chlor-alkali plant in the Augusta harbor, which has used Hg 
as cathodes since the 1950s. Cd and Ni also presented significantly elevated EF values in 
Priolo sediments, which may have come from their elevated concentrations recorded by 
ICRAM (2008) in surface sediments of the southern and northern inner part of the Augusta 
harbor correspondingly. 
 
Briefly, the great extension and high levels of contamination in the Augusta harbor were not 
limited to this area (Di Leonardo et al., 2007, 2008, 2014a, Sprovieri et al., 2011). The 
allocation of chemicals mainly relies on interactions between local input and the 
redistributing and mixing activities of the out flowing bottom waters from the harbor. These 
waters have a residence time of approximately 10 months and are rapidly captured by the 
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surface Atlantic Ionian Stream (AIS) mixing in that way with the main gyres of the eastern 
Mediterranean Sea (Raffa and Hopkins 2004, ICRAM 2008). Consequently, according to 
Sprovieri et al. (2011) they may spread contaminants to the eastern coast of Sicily affecting 
the Mediterranean marine system on a grand scale. For these reasons, metal pollution 
recorded in Augusta harbor may influence the adjoining coastal ecosystem, Priolo Bay. 
Indeed, this is obvious in the sediments closer to Augusta harbor (i.e. northern transect) that 
exhibited more elevated concentrations of contaminants. Additionally, also the streams 
flowing into the bay may play an important role in the distribution of contaminants in Priolo 
Bay which, drain urban and industrial soils transporting in this way contaminants to the 
coastal ecosystem very easily. 
 
3.1.3 Malta 
 
Furthermore, looking into the region southern of Sicily and based on Huntingford and 
Turner’s (2011) study investigating the island of Malta (more particularly, the Grand Harbour 
and Marsamxett Harbour as well as the traditional fishing village and popular tourist 
destination of Marsaxlokk), we found that average values of EF (as they registered by 
Huntingford and Turner (2011)) for each site ranged from about 0.3 for Cd and Cr at some 
locations to about 10 for Cu at Manoel Island. However, average values of EF for each 
location fluctuated from around 0.7 for Ni, 1.6 for Zn, to about 8.7 for Pb at Manoel Island. 
Although values less than unity imply little or no anthropogenic influence, the authors 
suspected that absolute factors had been underestimated because of the poor recovery of Al 
from the aluminosilicate- rich beach sand.  
 
The heavy metals analyzed in the Huntingford and Turner’s (2011) study are known to be 
derived from different and large number of contemporary and historical sources found in the 
urban setting (e.g. vehicle emissions, sewage effluent and water-borne and airborne 
industrial discharges) (Napier et al. 2008, Tang et al. 2008). However, for some metals an 
additional (and in some cases, the prevalent) source is linked with activities related to 
boating and shipping. Hence, significant enrichment of Cu in the harbor and slipway samples 
may imply the use of Cu2O (and other Cu-based pigments) in modern and historic antifouling 
formulations (Turner 2010). Paint fragments and dusts generated during boat maintenance 
are also a direct source of particulate contamination in such settings, as well as on the 
slipways of Marsaxlokk where boats are repaired and repainted. A complementary source of 
Cu and to a lesser extent Ni, from the shipping industry in Malta is copper slag (MHAE 
2002). Zinc is also related to boating and shipping activities and is used in antifouling paints 
as a pigment, erosion facilitator and co-biocide (Turner 2010), and is also associated with 
leaching of the metal from Zn-based sacrificial anodes and galvanized steel components 
(Matthiessen et al. 1999). Lead is likewise used in many boat paints, and as a pigment (e.g. 
white lead and lead chromate), anticorrosion agent and/or dryer (Booher 1988, Turner et al. 
2009).  
 
3.1.4 Tunisia 
 
Contrariwise, Gargouri et al. (2011) taking surface sediment samples from a heavily 
industrialized city, the coast of Sfax, which is located in south-eastern Tunisia, found much 
lower levels of enrichment of these metals. They showed that the EF of Pb ranged from 0.98 
to 4.69, EF of Ni from 1.02 to 7.42, EF of Cu from 0.93 to 2.65, EF of Cr from 0.95 to 1.88, EF 
of Zn from 0.90 to 3.57, and EF of Cd from 0.87 to 2.24. These values reveal that the studied 
sediments are significantly enriched with metals. This means that all the analyzed metals 
showed average EF values greater than 1.5, indicating a significant metal pollution in the 
study area. An exception was made for Cu, Cr, and Cd, where average EF values were less 
than 1.5. Despite that, their maximum values exceeded 1.5, pointing out possibly a localized 
contamination of sediments by these metals. The above results indicate that sediments 
enriched with Cr, Cu, and Zn were ascribed to the impact of the urban activity in Sfax city 
with numerous industrial sources and also to the impact of non-controlled discharges in the 
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rural area. However, there was a considerable outspread of their distribution with water 
depth that was likely influenced by the coastal hydrodynamic conditions. Ni and Cd 
presented a similar spatial distribution which was in almost the same pattern with that of Cr, 
Cu, and Zn, particularly in the area affected by the urban activity. Nevertheless, Pb's spatial 
distribution appeared to be in a different way from those of the other metals. It was 
characterized by higher enrichment localized in many sites close to the urban zone. This 
greater enrichment was probably influenced by non-controlled discharges of solid residues 
coming from lead secondary melting industries concentrated in this zone. Besides that, one 
cannot omit the non trifling impact of their atmospheric fallouts that was demonstrated to be 
greatly enriched with Pb (Azri et al. 2002). 
 
3.1.5 Morocco 
 
In the westernmost part of the Mediterranean sea, Nador lagoon- one of the largest coastal 
lagoons in the Mediterranean basin was selected to represent the status of pollution in 
Morocco (as other recent studies concerning the Moroccan coastal environment in 
Mediterranean sea were not possible to be found on the bibliography). According to Maanan 
et al. (2015) the mean EF values of the lagoon revealed that Cr, Cu and Ni were less than 3, 
indicating minor enrichment. However, the EF values of Pb and Zn were between 3 and 5, 
indicating moderate enrichment and the EF values of Cd were higher than 5 showing 
moderately severe to severe enrichment. The mean EF values for all metals studied (except 
Cr) were greater than 1.5 in the sediments of the lagoon, suggesting an anthropogenic impact 
on the metal levels in Nador lagoon. The highest EF values were found in Bni Ensar and in 
Nador city due to wastewater discharges, and near discharges of all studied rivers which 
receive a huge amount of metallic pollution due to the direct discharge of sewage plants, 
households not connected to the sewerage system, cesspools, agricultural activities and the 
wastewater of several urban centers upstream of Nador city. These are all transported by 
rivers without undergoing any prior treatment. Conclusively, the results of this study showed 
that heavy metals occurring in surface marine sediments in the Mediterranean region are 
largely due to numerous anthropogenic activities in this area. 
 
3.2 Eastern Mediterranean Sea 
 
As far as the Eastern part of the Mediterranean Sea is concerned several sites were selected to 
represent it. These are the following: 
 
3.2.1 Greece 
 
Firstly, regarding to Greece according to Christophoridis et al. (2009) that studied the area of 
the Bay and Gulf of Thessaloniki located in the Northwestern part of the Aegean Sea, we can 
conclude that Zn, Cu and Pb presented EF values equal or greater than 1.5, suggesting 
anthropogenic sources; lower EF values were found in the deeper part of Thermaikos Gulf 
(southern part). The EF for Zn and Cu were more elevated along the shores of the Bay of 
Thessaloniki and the harbor, in comparison to the deeper parts of the bay where EF varied 
from 0.9 to 2 and from 0.5 to 1.2 for Zn and Cu, respectively. In the case of Cu, sediment 
samples obtained from the inner part of the bay and the shores of the bay demonstrated EF 
values ranging from 2 to 5, which reveal the anthropogenic contribution to the increased 
content of the surface sediments of the bay. Although the tannery facilities have been 
removed from the area of the bay, Cr enrichment was still detectable; sediments showed low 
EFs for Cr with a maximum of 2.1 for the inner part of the bay, and values less than one (0.2–
0.6) for the sediments of the Thermaikos Gulf. According to other studies (Voutsinou-
Taliadouri and Varnavas 1995, Zabetoglou et al. 2002), Pb was not considered to pose the 
greatest risk in the area; however pursuant to Christophoridis et al. (2009) EF values were 
found to be the highest among all other elements indicating considerable participation of 
anthropogenic sources, such as several urban and industrial activities, landfill leachates, as 
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well as atmospheric deposition. In addition, Pb had accumulated in the sediments of the bay 
(particularly those along the shore of the bay) requiring extended time periods in order to be 
removed through natural pathways. Generally, the areas with the highest metal inputs were 
along the shoreline of the Bay of Thessaloniki and along the west and east coasts of the Gulf 
of Thessaloniki. Zn and Pb were found to be the most abundant elements especially in the 
Bay of Thessaloniki. However, as shown by Enrichment Factors, anthropogenic contribution 
was considered significant in the cases of Cr, Cu and Pb, principally in the Bay of 
Thessaloniki. Additionally, it is worth noting that the spatial distribution of the metals in the 
sediments of the bay, presented a gradual decrease towards the deeper parts of the bay. 
 
3.2.2 Turkey 
 
3.2.2.1 Candarli Gulf 
 
Secondly, as far as Turkey is concerned Pazi (2011) investigating Candarli Gulf (eastern 
Aegean Sea), concluded that this region presented relatively high heavy metal enrichments 
that are likely to come from many anthropogenic inputs as the majority of the population and 
industry in Candarli Gulf are located in Aliaga town. Also, EF values tended to be highest in 
the area near to Petkim Complex. This area is under the influence of the wastewaters and 
water runoff coming from the industrial activities (rich in heavy metals). EF values of Cr and 
Cu observed to be less than 1.5 (except from the sites which are located near the industrial 
area), suggesting that there was not Cr and Cu contamination. Nonetheless, Candarli Gulf is 
individually contaminated by Hg, Zn, and Pb as reflected by the EF values of these metals 
which are all higher than 1.5, indicating that these contaminants came from human impacts, 
whereas Ni originated from parent rock weathering. Conclusively, from Pazi’s (2011) study it 
can be drawn that the southern part of the Candarli Gulf constitutes an environmental 
problem. The environmental impact in this area is demonstrated by metal contamination due 
to the establishment of industrial enterprises and a ship dismantling area. Elevated heavy 
metal contamination in the southern part of the Candarli Gulf, chiefly around the Aliaga 
industrial site, is an important indication of the effects of these industries in the environment 
due to insufficient treatment plant. If industrialization and economic development in the 
region continue to be in progress, greater attention should be paid to land based point 
sources around the area.  
 
3.2.2.2 Coast of Aliaga 
 
The above results are in accordance with Neser et al. (2012), who based on the enrichment  
factors found maximum enrichment for Hg, Pb, and Cu near the coast of Aliaga. Additionally, 
Neser et al. (2012) found great enrichment for Cd near this coast and they also reached the 
same conclusion that all these high heavy metals concentrations are associated with 
unmanaged shipping activity, ship breaking industry, steel works (iron smelters and roller 
mills) and petrochemical complex that take place in this area. However, while the ship 
breaking industry involves lead, mercury and cadmium, considerable amounts of zinc and 
copper are still present in modern paints.  
 
3.2.3 Cyprus 
 
Thirdly, in the island of Cyprus with reference to Duman et al. (2012) enrichment factor 
values of metals were found to range between Cr: 0.82–14.6, Pb: 0.42–11.6, Ni: 0.97–38.3, 
Zn: 2.3–4.8, and Cu: 1.8–10.8 in the study area. Enrichment factors of Pb, Ni and Cr were 
relatively less than 1.5 at the stations from Yedi Dalga region (western shelf), indicating very 
limited input from manmade sources. On the contrary, Cu and Zn were enriched in the 
western shelf of Cyprus (Yedi Dalga region) meaning that a significant portion of Cu and Zn 
were provided by anthropogenic sources. The maximum EF values of Ni (EFs >10) were only 
found in the eastern and northern parts of the study area indicating that Ni in the western 
parts came from parent rock weathering. Nevertheless, obtained data showed that sediments 
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were low moderately contaminated by metals (EFs: Cu, Pb, Zn, Cr > 1.5) in the western shelf 
suggesting human impacts. Unlike that, this study presented that the sediments in the 
northern Cyprus shelf were generally non-polluted for Pb, Cr, Zn. 
 
3.2.4 Egypt 
 
3.2.4.1 Abu Qir Bay 
 
Finally, regarding to Abdallah and Mohamed’s (2015) study concerning the Abu Qir Bay in 
Egypt, we can conclude that the enrichment factors’ values were higher than 1.5 for Pb and 
Cd in all investigated sites; in most sites for Zn and in some sites for Cr meaning significant 
contribution from non-crustal sources and anthropogenic influence on sediments. These 
results demonstrated that the sediments of the study area were enriched with most metals 
indicating significant agricultural, industrial wastes and port activities. The uncontrolled 
wastewater discharges also had significant impact, mainly at the southern part of the Bay, 
resulting in enrichment of sediments with toxic elements (Pb, Cd, Zn, Cr). However, Cu did 
not show any enrichment (EF values < 1.5) indicating natural influence.  
 
3.2.4.2 Lake Edku 
 
The above results are in good agreement with El-Said et al. (2014) who carried out research 
in Lake Edku (that its entire northern side is bordered by the coastline of Abu Qir Bay). 
Pursuant to them, they found that Zn revealed high EF values (EF=3–25) indicating 
moderate to severe enrichment in locations close to the stations influenced by drainage water 
inside and outside the lagoon basin. Nevertheless, high levels of Cr, Cu, and Ni were detected 
in stations inside the lake, in front of Khiery drain and in drain stations, outside the lake 
which were under the discharged water effect. The high Cr contents in stations near the 
entrance of the lake reflected their contamination by industrial and agricultural, sewage as 
well as domestic wastes.  
 
3.2.4.3 Egyptian Mediterranean coast 
 
Similarly, Okbah et al. (2014) concluded that EF values in the Egyptian Mediterranean coast 
descend as in the sequence: Cr (3.03) > Pb (2.84) > Ni (2.56) > Zn (1.41) > Cu (0.80). 
However, despite the high EF values in the sediments of the western region at Baghoush, 
Nobarreya, El-Dikhaila, El-Mex, Western harbor, NIOF, Eastern harbor, and Rafah at the 
eastern region, the pollution of metals in these sediments was considered to be 
overestimated. This may have resulted from the low concentration of Fe in these sediments 
(243, 277, 3946, 3565, 1528, 4814, 3441, and 1422 respectively) and this possibly led to 
higher EF of heavy metals at these stations. 
 
 
3.3 Overall conclusions for the Mediterranean basin 
 
In conclusion, according to tables 1 and 2 as well as the figure 3 a and b, it can be drawn that 
EF values for Cr, Pb, Cu, Cd and Ni presented an upward trend along the west to east 
shoreline of the Mediterranean sea whereas Zn and Hg EF values showed a downward trend 
along this region (in the years 2005-2013). More specifically, Cr presented the highest EF 
values in Cyprus (EF=15) and Spain (Palma de Mallorca) (EF=6) but regionally it showed no 
enrichment in the western Mediterranean sea (EF=1.1) whereas in the eastern side of this sea 
generally displayed moderate enrichment (EF=1.95). However, Pb EF values in the western 
section ranged considerably indicating no enrichment  in some sites and minimal to very 
high enrichment in others, nonetheless the median value showed moderate enrichment 
(EF=5) in this section, whilst in the eastern Mediterranean sea Pb median EF value revealed 
significant enrichment (5.45). Nevertheless, locally the greatest Pb value was observed in 
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Turkey (mean EF=41,9 and EF=82 in coast of Aliaga). Additionally, regarding to Zn at a 
regional level, this metal exhibited minimal levels of pollution (EF=1.6) in places to the west 
and moderate enrichment (EF=2.2) in the eastern part of the sea with its most elevated EF 
values taking place in Egypt (Lake Edku EF=17) and Spain (Palma de Mallorca EF=10). 
These heavy metals distribution patterns could be explained by the fact that different inputs 
from the inshore environment take place in each part of the sea and these distributions are 
strictly linked with the distance and the type of the source that occur near their accumulation 
areas. More specifically, various anthropogenic activities or natural processes including 
riverine or atmospheric inputs, water drainage, and discharge of urban and industrial 
wastewaters can affect the fate of the distribution and the accumulation of the metals in the 
sediments of each side of the sea (Leivouri 1998, Carman et al. 2007).  
 
However, at a regional scale Cu and Ni presented the same degree of pollution (moderate) in 
the whole Mediterranean Sea. However, Cd showed moderate enrichment only in the western 
part of the Mediterranean basin and significant enrichment in the eastern section, but 
besides that locally, Coast of Aliaga in Turkey appeared to have the greatest EF values for Cu 
(EF=38) and Cd (EF=26) and the second highest EF value for Ni (EF=6) after that in Cyprus 
with EF recorded equivalent to 38. A possible explanation for the regional level is that this 
phenomenon may occur due to similar Cu, Ni and Cd inputs from the terrestrial environment 
resulting to the same enrichment near the coastlines in the Mediterranean basin. 
Nonetheless, as far as the local marine pollution is concerned, these high heavy metals 
concentrations are associated with unmanaged shipping activity, ship breaking industry, steel 
works (iron smelters and roller mills) and petrochemical complex that take place around the 
Aliaga industrial site (Pazi 2011, Neser et al. 2012).  

Regarding to Hg, this metal displayed significant to extremely high enrichment (with median 
EF=42) in the western part of the basin but these values were not considered representative 
as the data used only represent some areas in Italy and Spain. Additionally, as far as the 
eastern sector of the sea is concerned the estimation of the degree of Hg contamination was 
not possible to be made as there was lack of data in this part of the sea. Consequently, data 
for Hg were not sufficient in order to draw conclusions about its spatial distribution and the 
level of contamination in the whole sea. Thus, it is recommended for future studies, Hg to be 
further investigated in this region. 

Despite the above conclusions, global analysis of Mediterranean pollution showed that its 
maximum levels take place in the western Mediterranean, with a gradual decrease in the 
eastern direction, (i.e. there is a negative west-east gradient). This is related to the origin of 
the polluting contributions that in this case are mainly due to the urban settlements in the 
western and central coasts, greatly influenced by tourism, with enormous amounts of urban 
coastal residues deposited into the sea, since water treatment plants are often either 
inadequate or nonexistent (Bas 2009). However, this estimation is in a very general level 
without pointing out the distribution pattern of the heavy metals examined in this study and 
consequently it cannot contribute to a clear view of these metal distributions.  
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Table 1. Mean EF values at the study sites along the western Mediterranean Sea1  
 

Site Υear Cr Pb Cu Zn Cd Hg Ni 

Italy 
        i) Gulf of Trieste 2005 1.3  <1.0* <1.5* 1.8 - 21 <1.5* 

ii) Augusta Bay 2012 1.1 1.3 1.2 1.2 14 63 5 

         Malta - 0.4 7.5 7.5 1.6 0.5 - 0.7 

         Morocco 2013 1 5 2.6 4.1 7.3 - 2.3 

         Spain 
        i) Bay of Palma de Mallorca  2009 6 30 3 10 - - 3 

ii) Catalonia 2010 - ≥1.5* <1.5* >1.5* >1.5* >1.5* - 

         Tunisia 2005 1.1 1.8 1.3 1.5 1.1 - 1.9 

Median 
 

1.1 5 2.6 1.6 4.2 42 2.3 
 
*no accurate data available 2  

 
 

Table 2. Mean EF values at the study sites along the eastern Mediterranean Sea1   
 

Site year Cr Pb Cu Zn Cd Hg Ni 

Cyprus 2011 0.8-15* 0.4-12* 1.8-11* 2.3-4.8* - - 0.1-38* 

         
Greece - 0.9 4.8 2.1 2.2 - - - 

         
Egypt         

i) Abu Qir Bay 2008 0.9 8 0.5 2.5 7 - - 

ii) Lake Edku - 0.5-2.5* - 0.7-1.6* 0.8-17* - - 0.4-1.5* 

iii) Egyptian Med. coast 2010 3 2.9 0.8 1.4 - - 2.6 

         
Turkey         

i) Candarli Gulf 2009 <1.5* 1.7 <1.5* 1.8 - 2.6 <1.5* 

ii) Coast of Aliaga 2010 5.9 82 38 2.9 26 19 6 

Median  1.95 5.45 2.1 2.2 16.5 10.8 4.3 
 
*no accurate data available 2 
 
 

 
 
 
 
 
 
 
 

                                                           
1 standard deviations for EF values are not mentioned in all the researches, consequently they were not used in this study. 

 
2 exact EF values are not referred in the corresponding studies hence these values were not included in the calculation of the 
median value.  
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Figure 3 a) and b) Heavy metals mean EF values along different sites  in the Mediterranean sea (from the west 
to east) 3 

 

                                                           
3 for Turkey as well as for Egypt (where study locations are close to each other) mean EF values were considered in the diagram. 
However, all the non accurate data were not included in the diagram.   
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Finally, it is worth mentioning that in the present review was only used the enrichment factor 
as evaluation criterion of heavy metal pollution in surface sediments in the Mediterranean 
basin thus, further research using different tools, guidelines and indices should be employed 
in the future in order to better understand the spatial distribution of heavy metals in the 
surface marine sediments in the Mediterranean sea. Also as far as the enrichment factor is 
concerned, due to the fact that in this study were used researches employing two different 
reference elements for geochemical normalization in the enrichment factor (Fe and Al), it is 
recommended for future studies to amend this gap and conduct investigations using only one 
reference element. Additionally, more sites in this sea should be studied in order to obtain a 
possible clearer view of this distribution.  
 
 

Conclusion  
 
The results of this study demonstrate that heavy metal pollutants associated with activities 
from the inshore environment accumulate in the surface sediments near the coastal areas of 
the Mediterranean sea. Although the sedimentation rates in the western part of the basin are 
generally lower than those in the eastern section (75% of the sediment load enters its eastern 
basin compared to only 25% in the western basin), the level of the enrichment for the 
majority of the heavy metals (Cr, Pb, Cu, Cd and Ni) studied, was found to follow an upward 
gradient along the west to east shoreline of the Mediterranean sea and be greater in the 
surface sediments of the eastern side of the sea. This phenomenon could be explained by the 
fact that these heavy metals are strictly linked with the distance and the type of activities 
and/or natural processes that take place near their accumulation areas.    
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