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INTRODUCTION  

 

Acting as receptacles for atmospheric and land pollutants, anthropogenic activities 

are at the root of serious pollution problems in various ecosystems, particularly aquatic 

ecosystems. In reality, contamination of an aquatic ecosystem is not limited to just one of 

its compartments (water, sediment, or flora and fauna), nor is it confined to the area close 

to the pollutant source; the contaminant can be found at various levels of the aquatic 
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Human activity increasingly impacts coastal marine ecosystems 

through urban discharges and the use of the ocean as a dumping ground, 

leading to elevated pollution levels. This research aimed to determine trace 

metal element (TME) concentration profiles (Cd, Cu, Pb, and Zn) in the 

water and leaves of the Posidonia oceanica seagrass bed in the Gulf of 

Annaba (Algeria). Water and plant samples were collected at four sampling 

sites selected for their hydrodynamics and proximity to effluents flowing 

into the Gulf. Flame atomic absorption spectrophotometry was used to 

identify TMEs. The results showed that Cd, Pb, Zn, and Cu are present in all 

seawater samples. The measured TME concentrations are listed in 

descending order where Pb is followed by Zn, Cu, and Cd. The order of 

enrichment in both leaf types (adult and intermediate) of P. oceanica is Pb > 

Zn > Cu > Cd. S2 exhibited the highest lead concentrations, while S4 had 

the lowest. The BCF calculation revealed that our plant concentrates Cd, Pb, 

Cu, and Zn in various leaves within the biotope. The Fisher test (one-factor 

ANOVA) results showed significant differences in the concentrations of 

measured TMEs in the three compartments (water, FI, and FA) for Cu, Cd, 

and Pb and significant differences for Zn. However, for the four measured 

TMEs, the two-factor ANOVA test revealed no significant differences 

between the station-compartment groups. 
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ecosystem due to exchanges between compartments (Belabed et al., 2008; Boutabia-

Trea et al., 2015; Kadri et al., 2015). 

Marine coastal systems are under pressure from a variety of anthropogenic 

activities, and they serve as a sink for potential pollutants such as trace metal elements 

(TMEs) (Abdennour et al., 2000; Islam & Tanaka, 2004; Belabed et al., 2013; Ouali 

et al., 2018). 

TMEs are potential pollutants of the aquatic ecosystem due to their toxicity, 

persistence in habitats, difficulty in biodegrading, and above all, their tendency to 

concentrate in aquatic organisms (Ikem & Egiebor, 2005; Otansev et al., 2016; Pejman 

et al., 2017). The P. oceanica is a Mediterranean-endemic marine phanerogam capable of 

colonizing large areas of seabed, where 350 animal and plant species coexist, according 

to Campanella et al. (2001) and Conti et al. (2007). According to Boudouresque et al. 

(2006), seagrass meadows are an engineered ecosystem that plays important ecological, 

geological, and economic roles; however, this ecosystem is sensitive to human 

disturbances, such as coastal development, pollution, high water turbidity, and trawling. 

Due to the role they play in the Mediterranean coastal ecosystem, seagrass beds have 

been designated as a priority habitat by the European Union directive on the conservation 

of natural habitats, as well as the wild fauna and flora (H & SD, 1992; Moreno et al., 

2001; Gobert et al., 2005). Given their significance, sea grass beds are an excellent tool 

for assessing the quality of the Mediterranean coastal waters and detecting disturbances 

within them (Pergent-Martini et al., 2005). 

Tourist activity has  an increasing impact on the waters of the Gulf of Annaba, in 

addition to the effects of population growth and anthropogenic impacts linked to 

agriculture, fishing, industry, and shipping (Belabed et al., 2013; Ouali et al., 2018), as 

well as domestic discharges and their impact on the bacteriological quality of the waters 

and aquatic fauna (Kadri et al., 2015, 2017; Boufafa et al., 2021). Despite this growing 

pressure, the problem of metallic contamination in P. oceanica has gained little attention 

in northeastern Algeria; the only work assessing metallic contamination in P. oceanica 

has been undertaken by Boutabia et al. (2015, 2017) in the Gulf of Annaba, and by  

Zeghdoudi et al. (2019) in the Gulf of Skikda. In this context, we measured the 

concentrations of the TMEs (Pb, Cd, Cu, Zn) in surface water, as well as in adult and 

intermediate leaves of P. oceanica collected from four different sites in the Gulf of 

Annaba. The analysis of metal accumulation profiles would provide information about 

the health of the seagrass and its environment. It would allow us to compare the metal 

contamination levels in the Gulf of Annaba to those reported in other Mediterranean 

locations. 
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MATERIALS AND METHODS  

 

1. Study area 

Annaba is located on the southern shore of the Algerian-Provence basin in 

northeastern Algeria. Its bay is bounded to the East by Cap Rosa (8°15’E and 36°58’N) 

and to the west by Cap de Garde (7°47’E and 36°58’N) (Fig. 1). Freshwater enters the 

Bay of Annaba through two wadis: Oued Mafrag to the East and Oued Seybouse to the 

southeast, with highly irregular flows depending on the season. These wadis also 

transport organic and mineral matter from various sources (agricultural, terrestrial, 

industrial, and domestic) (Ounissi et al., 2014). It receives direct discharges from various 

industries along the coast, most notably the plant protection products industry (Fertial) 

and urban wastewater, which is only treated briefly. Numerous other wastewater sources 

are scattered along the coast (Oued Boukhmira, Oued Bedjimâa, Rizi Amor, Lacaroube) 

(Belabed et al., 2017; Ouali et al., 2018). 

The Gulf of Annaba is subject to various types of pollution, whether biological, 

chemical or organic. Pollution in the coastal ecosystem comes from industrial, 

agricultural, and urban sources. The main polluting industries in the Annaba region, 

according to Grimes (2010) include the power plant, the Fertial fertilizer factory, the 

SIDER Arcelor Mittal complex, the food industry (ORELAIT), vegetable oil and soap 

production (ENCG), the brewery and lemonade factory (EMIB), the metallurgical unit 

(Ferrovial), and the cement factory (hydro-canal). 

  

 

 

Fig. 1. Location of the sampling sites along the Gulf of Annaba 
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The Seybouse, Bedjima, Boukhemira, and Mafragh wadis, as well as numerous 

urban effluent discharges and the port, are the primary “point” sources that drain the vast 

majority of contaminants produced in their catchment areas into the Gulf of Annaba. Due 

to certain issues (access difficulties, lack of Posidonia at mouths), the sites were chosen 

based on their proximity to the various discharges and pollution sources (urban 

discharges, proximity to the port of Annaba) (Fig. 1). To cover a larger area of the Gulf 

of Annaba, four sampling stations were chosen. Table (1) summarizes the information on 

the location and characteristics of each zone. 

 

Table 1. Sampling station characterization 

Station GPS 

coordinates 

Depth Nature of 

background 

 

Other 

characteristics 

 

S1 

Draouche 

 

36°52’ 15.03’’N 

8°02’ 34.75’’ E 

10 m Meuble Presence of a power station 

 

S2 

Lever de 

l’aurore 

36°54’ 35.47’’N 

7°46’ 21.48’’ E 

 

12 to 15 

m 

Rocky Urban waste + Proximity to 

the port; seaway 

 

S3 

Lacaroube 

 

36°55’38.06’’N 

7°45’ 41.07’’E 

 

5 m Meuble 

 

Urban discharges; beaching 

(fishermen and yachtsmen) 

S4 

Cap de 

garde 

 

36°58’01.1"N 

7°47’17.2"E 

5 to 8m Rocky Relatively less affected by 

human activity 

 

2. Collection and preparation of samples 

In addition to TMEs, complementary analyses were conducted to better understand 

the environment’s physicochemistry. In the case of water, we used a HORIDA multi-

parameter (U-5000G) to measure the environmental parameters (dissolved oxygen, 

salinity, pH, and conductivity) monthly in situ. Surface water was sampled and frozen 

until analysis. To ensure optimal preservation, samples were packaged in 250mL glass 

vials, filled to the brim, and topped with 2mL 65% nitric acid. According to the method 

outlined by Pergent (1987), we collected thirty orthotropic P. oceanica rhizomes, each 

bundle about a meter apart. The clusters were extracted by hand from the sediment, 

rinsed with seawater, and divided into three batches of ten. They were then placed in 

plastic bags and kept in a freezer at -20°C until processed, following the method of  

Kantin and Pergent-Martini (2007). 

 

2.1 Analytical procedure and analysis 

Samples of P. oceanica were dissected to separate the leaves into juvenile (fJ), 

intermediate (fI) and adult (fA) leaves, according to the method of Giraud (1979). Only 
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the last two samples were cleaned of epiphytes and rinsed with distilled water. They were 

then dried to constant weight at 105°C, ground and mineralized by wet grinding. Nitric 

acid and hydrogen peroxide (5/2ml each of HNO3 and H2O2) were added to the crushed 

material and then heated to 100°C until a clear solution was obtained. The solution was 

then filtered (using Wattman No. 41 paper filters), and the filtrate obtained was 

transferred to volumetric flasks and made up to 25ml with 2% HNO3, following the 

method described by Boutabia-Trea (2017). The product thus obtained was stored in 

hermetically sealed polyethylene flasks until analysis. 

2.2 Determination of metallic contaminants 

The metal concentrations in all samples were determined using the flame metal 

absorption spectrophotometry (FMS) method, according to the desctiption of Boutabia-

Trea (2016). Furthermore, all elements are measured in micrograms per gram of dry 

weight (for leaves) and microliters per liter (for water). 

2.3 Bioconcentration factor (BCF) 

to We calculated the bioconcentration factor based on the TME concentration in 

seawater and tissue samples of P. oceanica, following the formula used by Lewis et al. 

(2007), as follows:  

BCF = Ca/Cb(1) 

Where, Ca is the metal concentration in P. oceanica tissues (µg/ g dw), and Cb is 

the metal concentration in seawater (µg/ g dw). 

3. Statistical analysis 

The results are presented as mean ± standard deviation (m±s). The data were 

statistically analyzed using R statistical software version 3.6.3. 

One-way and two-way ANOVA were used to compare several parameters (stations, 

compartments (water and Posidonia leaves), and metal concentration). Pearson 

correlation analysis with significance levels (P≤ 0.05, P≤ 0.01 and P≤ 0.001) was used to 

assess the relationship between metal concentrations in P.oceanica and surface water. We 

described and condensed as much information as possible into a table of complex 

quantitative data using the principal component analysis (PCA). It also provided us with a 

graphical representation that is easier to interpret. 

 

RESULTS  

 

1. Environmental characterization 

Calculating the mean value of each physicochemical parameter measured in 

surface waters at the four study sites (Table 2) revealed that pH is slightly higher than 8, 

and conductivity fluctuated between 44. 88± 13.16 (S3) and 49.99± 7.19ms/ cm (S4). 

Moreover, the salinity oscillated between 30.12± 0.04(S2) and 32.32± 0.22‰ (S1). 

Regarding the dissolved oxygen, its levels oscillated between 8± 0.5 (S2) and 9.22± 

0.17mg/ l (S1). 
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Table 2. Spatial variation of physicochemical parameters in the four sampling stations of the Gulf 

of Annaba (Mean values ± SE) 

Parameter S1 S2 S3 S4 

CE (ms/cm) 48.71 ± 8.7 48.15 ± 6.72 44.88 ± 6.16 49.99 ± 7.19 

S (‰) 32.32 ± 4.96 30.12 ± 4.71 31.58 ± 6.37 31.55 ± 5.02 

pH 8.44 ± 0.22 8.62 ± 0.04 8.62 ± 0.17 8.71 ± 0.03 

O2(mg/l) 9.22 ± 0.17 8 ± 0.51 8.27 ± 0.72 9.2 ± 0.79 

2. TME concentrations in the Gulf waters 

The TME concentrations vary from station to station in the Gulf of Annaba. The 

waters showed the following decreasing order of enrichment based on the average levels 

of TMEs measured: Pb is followed by Zn, Cu, and Cd. Furthermore, the enrichment of 

water in the four stations varieed by metal in the following decreasing order: S4˃ S3˃ 

S2˃ S1 for lead, S1˃ S4˃ S2˃ S3 for zinc, S3˃ S2˃ S1˃ S4 for copper, and S4˃ S2˃ S1˃ 

S3 for cadmium. Copper had a minimum level in S4, while lead had a minimum level in 

S1, in addition cadmium and zinc had a minimum level in S3 (Fig. 2). 

 

Fig. 2. MTE measured in the Gulf of Annaba waters 

3. MTE concentrations in adult leaves of P.oceanica 

The TME content in adult leaves was measured in the following order of decreasing 

enrichment: Pb˃ Zn˃ Cu˃ Cd. However, we noted that the enrichment of adult P. 

oceanica leaves varied from station to station, following the decreasing order listed 

below: for lead and zinc, it is S2˃ S3˃ S1˃ S4, for copper, it is S1˃ S3˃ S2˃ S4, and for 

cadmium, it is S4 ˃ S3 ˃ S1 ˃ S2. Adult leaves in S2 appeared to accumulate more Pb 

and Zn, whereas those in S2 and S4 appeared to accumulate more Cu and Cd, 
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respectively. The adult leaves in S3 appeared to have the same level of enrichment for all 

TMEs measured (Fig. 3). 

 

Fig. 3. MTE measured in adult leaves of P. oceanica from the Gulf of Annaba 

4. MTE concentrations in intermediate leaves of P. oceanica 

The average MTE content of P. oceanica followed the order of decreasing 

enrichment according to Pb˃ Zn˃ Cu˃ Cd. However, the enrichment of intermediate 

leaves by TMEs differed from station to station; it occured in the following decreasing 

order S2˃ S1˃ S3˃ S4 for lead, and S2˃ S3˃ S1˃ S4 for zinc. Moreover, copper 

enrichment followed the order S1˃ S2˃ S3˃ S4, while cadmium enrichment followed a 

different order S4˃ S3˃ S1˃ S2. These findings indicate that intermediate leaves in S2 

accumulate the most lead and zinc, whereas intermediate leaves in S1 and S4 appeared to 

concentrate copper and cadmium (Fig. 4). 

 

Fig. 4. MTE measured in intermediate leaves of P. oceanica from the Gulf of Annaba 
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5. BCF distribution in both tissue compartments  

Zinc had slightly higher BCF values in adult leaves; the zinc transfer rate was 

significantly higher for both FI and FA in S2 and S3. Copper BCF values were low; only 

FI at S4 had a BCF value of around 1.3.  

Whereas, lead had a maximum value of no more than 0.86, except for FIs in S2, which 

recorded a BCF value of around 1.22. Cadmium exhibited the highest BCF values 

(between 1.96 and 4.75) among the TMEs measured (Fig. 5); however, the values 

recorded in the FAs were higher than those noted in the FIs; additionally, in the two plant 

compartments, S1 and S3  recorded the highest Cd transfer rates. 

 

 

Fig. 5. BCF spatial distribution of TMEs measured in intermediate (FI) and adult (FA) 

leaves 

The Fisher test (one-way ANOVA) results (Table 3) showed that the 

concentrations of TMEs measured in the three compartments (Water, IF, and AF) 

differed very significantly for Cu and Cd (P= 0.000), highly significantly for Pb (P= 

0.001), and significantly for Zn (P= 0.019). 

 
Table 3. One-way ANOVA results testing the effect of station and compartment interaction on 

variation in TME concentration in P. oceanica. 

 

NB: *(P≤ 0.05). ** (P≤ 0.01). ***(P≤ 0.001). ns (P> 0.05) 
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 However, since these results do not indicate which group pairs differd, we used 

the Tukey test to determine the precise positions of these differences. The Tukey test 

revealed highly significant differences for Zn and Cu between adult leaves and water, as 

well as for Cd and Pb between plant tissues (adult and intermediate leaves) and water 

(Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Heavy metal accumulation in different compartments 

 At P< 0.05 (Tukey test), a, b, and ab indicate that the spatiotemporal variation 

issignificant. Whisker boxes labeled with the same letter do not differ significantly (P 

0.05). The central box boundaries represent the interquartile range (IQR) with the first 

(lower bound) and third (upper bound) quartiles. Small circles represent the outliers. 

Pearson’s parametric correlation coefficient calculation reveals positive correlations 

between Zn2 - Zn3 (r= 0.95), Zn3 - Pb2 (r= 0. 71), Zn3 - Pb3 (r= 0.68), Zn2 - Pb2 (r= 

0.71), Zn2 - Pb3 (r= 0.69), Pb3 - Pb2 (r= 0.99), Pb2 - Cu2 (r= 0.51), Pb1 - Zn1 (r= 0.51), 

Cu3 - Cu2 (r= 0.84), and Cd3 - Cd2 (r= 0.95). This test also indicates the existence of 

negative correlations between Zn3 - Cd2 (r=-0.5), Pb3 - Cd2 (r= -0. 81), Pb3 - Cd3 (r= -

0.83), Pb2 - Cd2 (r= -0.81), Pb2 - Cd3 (r= -0.79), Cu2 - Cd1 (r= -0.81), Cu2 - Cd2 (r= -

0.5), and Cu3-Cd1 (r= -0.6) (Fig. 7). 
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Fig. 7. Pearson correlation coefficient analysis for TME tree compartments with stations 

6. Principal components analysis (PCA) 

The multi-variate analysis aims to structure the presence of heavy metals (Cu, Zn, Cd, 

Pb) in the four stations’ three compartments (water, adult leaves, intermediate leaves). 

The application of PCA indicates that 83.30% of the total variability (inertia) of our 

variable matrix is explained by the first two principal components (Figs. 8, 9).The first 

PCA axis explains 55.7% of total variability; it is positively correlated with Zn (r= +0.81, 

cos
2
= 0.64), Pb (r= +0.87, cos

2
= 0.75); in contrast, this axis is negatively correlated with 

Cd (r= -0.81, cos2= 0.67). The second axis of the PCA explains 27.6% of the total 

variation; it is characterized by a strong negative correlation with Cu (T) (r= -0.86, cos
2
= 

0.73). The projection of the concentrations measured in the four stations onto the two 

PCA axes reveals a strong presence of Cu in S1, S2, and S3, and of Cd in S3 and S4, 

along with a strong presence of Zn and Pb in S1 and S2 (Fig. 8). 

 

Fig. 8: PCA of metals at P.oceanica stations studied 
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Fig. 9. PCA of metals in the various P. oceanica compartments studied 

 Projecting the MTE concentrations found in the 3 compartments onto the 2 axes of 

the PCA, we could see that Zn and Pb were strongly present in water, and Cu in both 

water and adult leaves; Cd, on the other hand, was strongly present in adult and 

intermediate leaves (Fig. 9). 

DISCUSSION 

 

The Gulf of Annaba is heavily contaminated with a variety of substances 

transported by air and land linked to human activity; these xenobiotics, contained in 

urban, industrial, and agricultural discharges, most often end up in this coastal ecosystem, 

heavily contaminating it (Ounissi et al. 2021). The accumulation of contaminants in the 

aquatic ecosystem by living organisms reflects the quality of its habitats and pollution 

levels (Belabed et al., 2008; Kadri et al., 2017; Trea-Boutabia et al., 2017; Ouali et 

al., 2018; Boufafa et al., 2021). The average content of the four measured TMEs reveals 

that the enrichment of the Gulf of Annaba waters occurs in the following decreasing 

order: Pb> Zn> Cu> Cd. The high presence of cadmium and lead is recorded in S4 (1.03± 

0.3 and 219± 220.88µg/ l, respectively) and that of copper and zinc is registered in S3 

(5.86± 2.62µg/ l) and S1 (64± 53.76µg/ l), respectively. 

 Lead has a highly significant positive correlation with zinc (r= 0.71, P≤ 0.01) and a 

significant negative correlation with cadmium (r= -0.52, P≤ 0.05) among the TMEs 

measured in the gulf waters. Stanisic et al. (2021) in their study reported a positive 

correlation between zinc and lead (r= 0.86) in Montenegrin coastal waters. The sime 

authors also found a correlation between water and lead content with that of P. oceanica 

(r= 0.78), as reported in studies investigating the use of P. oceanica as a bioindicator 

species (Rybak et al., 2012; Bonanno et al., 2017). It is generally accepted that water 

contamination depends on environmental conditions and metal availability. 
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Contamination is widely accepted to be influenced by environmental factors and metal 

availability. Richir et al. (2013) in their study reported that, during experimental (in situ) 

exposure of Posidonia to 15 trace elements, seawater enrichment by TMEs decreases 

differently depending on whether the level of contamination is moderate or high, contrary 

to our findings. The authors also found that zinc comes first, followed by lead, copper, 

and cadmium in moderately contaminated environments. In the case of acute 

contamination, however, copper comes first, followed by lead and cadmium. Stanisic et 

al. (2021) reported the following order of decreasing enrichment in Montenegrin coastal 

waters: Cu> Pb> Zn> Cd. Similarly, these authors noted a highly significant positive 

correlation between zinc and lead in this study. 

 The average TME content measured in P. oceanica tissues follows the same 

decreasing order of enrichment found in water (Pb˃ Zn˃ Cu˃ Cd) for both AF and IF. In 

the Gulf of Skikda (Algeria), a locality close to the study area, Zeghdoudi et al. (2019) 

recorded the same order of decay of these TMEs in P. oceanica leaves. Compared to the 

four MTEs measured in this study, zinc and copper tend to come before lead and 

cadmium in P. oceanica inhabiting the Montenegrin coastal ecosystem (Stanisic et al., 

2021). The Ionian Sea (Bonanno et al. 2017; Bonanno and Borg, 2018), the Tyrrhenian 

Sea (Bonanno & Racuia, 2018), and the Aegean Sea (Malea et al. 2019) all have the 

same decreasing order of studied metals. Joksimovi et al. (2011) and Stankovi et al. 

(2014) reported an order of heavy metal decay in this marine plant on the Montenegrin 

coast that differs from the previous by the presence of lead, copper, and finally, cadmium 

after zinc. The decreasing order of heavy metals in the northwestern Mediterranean area 

(Tovar-Sanchez et al., 2010; Luy et al., 2012; Di Leo et al., 2013) still includes zinc 

and cadmium in first and last places, respectively; however, copper comes after zinc, thus 

preceding lead. 

 However, the content of each assayed metal varies from station to station; in the 

AFs, the highest zinc and lead contents are found in S2, while the highest copper and 

cadmium contents are found in S1 and S4, respectively. Maximum levels are found in S1 

for copper, S4 for cadmium, and S2 for zinc and lead in the IFs. The minimum levels of 

the TMEs measured evolve similarly in the two tissue compartments; for cadmium, they 

are found in S2 and S4 for the other three TMEs. Malea et al. (2019) in their study 

proposed that differences in TME accumulation between compartments, as described in 

various studies, could be due to differences in TME bioavailability in sediments and the 

water column. Averaging the TMEs measured in the 2 tissue compartments, it can be 

noted that FAs accumulate more zinc (33.92± 15.80µg.g
-1

dw) and cadmium (1.94± 

0.48µg.g
-1

dw) than FIs (25.51± 15.22 and 1.55± 12.21µg.g
-1

dw for zinc and cadmium, 

respectively). On the other hand, FIs accumulate more copper (3.27µg.g
-1

dw) and lead 

(52.49± 12.21µg.g
-1

dw) than FAs (2.62µg.g
-1

dw for copper and 46.51±11.7µg.g
-1

dw for 

lead). 
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 Sanz Lazaro et al. (2012) discovered very high cadmium, fairly high zinc, and low 

lead concentrations in the leaves. The low concentration of Cu in adult leaves can be 

explained by its use in metabolic activity during the growth period of intermediate and 

juvenile leaves; copper is used where it is needed, according to Romero (2007). The 

TME uptake and translocation in seagrass vary depending on the TMEs and plant tissue. 

The chemical properties of each TME influence this specificity. Cadmium recorded 

BCF≥ 1 values in all stations and in both compartments; values fluctuated between 1.96 

and 4.75, but maximum values were recorded in S1 and S3 (3.66, 4.12 for FI, and 4.17, 

4.75 for FA). Zinc showed BCF≥ 1 values in S2 and S3 for both FI (1.69, 1.19) and FA 

(2.04, 1.52); lead and copper showed the lowest BCF values; BCF≥ 1 values were noted 

in FI of S4 (1.02) for copper and in FI of S2 (1.22) for lead. 

 Several authors have reported differences in the accumulation of specific TMEs in 

different P. oceanica compartments. According to Lewis and Devereux (2009), Pb 

accumulates preferentially in the aerial parts of the plant compared to the roots. 

According to Richir et al. (2013), the absorption kinetics of P. oceanica leaves vary 

depending on the elements and the age of the leaves. Young leaves form new tissues and 

incorporate MET more quickly than older, senescent leaves due to their growth phase. 

Lead has a positive correlation with zinc and copper in the two tissue compartments (FA 

and FI) but a negative correlation with zinc content in all three compartments (seawater, 

FA, and FI). Cadmium, unlike lead, has a negative correlation with lead in all three 

compartments, as well as with zinc and copper in FA and FI. The content of each element 

recorded in FA correlates positively with FI. The projection of the TME concentrations 

measured in the three compartments onto the two axes of the PCA reveals the presence of 

Zn and Pb in water and Cu in both water and adult leaves; Cd, on the other hand, is found 

in adult and intermediate leaves. 

 This high level of lead contamination in the waters of the Gulf of Annaba is linked 

in part to the heavy road and sea traffic that has impacted the area for decades. Ancora et 

al. (2004) in their study found a decrease in lead contamination levels in the Gulf of 

Naples between 1989 and 1999, following a ban on its use as an anti-knock additive in 

gasoline (lead alkyls) and as a primary component of water pipes. Furthermore, 

Tranchina et al. (2005) in their study discovered that Pb concentrations measured in P. 

oceanica scales were statistically correlated with Pb emissions into the air, reflecting the 

level of Pb pollution in the coastal marine environment. These TMEs could also come 

from port activities, which have been linked to water contamination by lead, cadmium, 

and mercury; additionally, the presence of the fishing port represents a potential source of 

pollution, since cleaning and maintaining water from boats (trawlers, sardine boats) is 

discharged directly into the Gulf waters. Using agricultural fertilizers and pesticides 

contributes significantly to increased copper, zinc, and cadmium concentrations in water. 

Due to their untreated discharge into water, these TMEs are thought to have an industrial 

origin (steel complex, fertilizer manufacturing complex). Except for lead, the TME 
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contamination levels in P. oceanica leaves reported in this study are among the lowest in 

the Mediterranean (Table 4). 

Pb levels in the Gulf of Annaba are among the highest in the Mediterranean, 

rivaling those reported in Greece’s contaminated Gulf of Antikyra (Malea et al., 1994). 

Cadmium levels are slightly higher than those reported in the Gulf of Skikda (Algeria) 

and Tunisia (Zakhama-Sraib et al., 2016; Zeghdoudi et al., 2019). Moreover, they are 

close to those reported in the Tyrrhenian Sea (Warnau et al., 1995); and they are in the 

lower half of the Mediterranean scale range (Table 4). Copper levels in the Gulf of 

Annaba are comparable to those found in the Ionian Sea by Di Leo et al. (2013) and in 

the same location by Boutabia-Trea et al. (2017); copper levels in the Gulf of Annaba 

are the lowest in the Mediterranean. Zinc levels in P. oceanica leave in the Gulf are 

among the lowest, ranking third only to northern Corsica (Gosselin et al. 2006) and the 

Gulf of Skikda (Zeghdoudi et al. 2019). According to Luy et al. (2012) and Sanz-

Lázaro et al. (2012), the spatial variation in metal concentrations recorded along 

Mediterranean coasts is caused by either specific anthropogenic pressures or natural 

heterogeneity of environmental facies. 

Table 4. TME concentrations (µg.g
-1

 dry weight) in the leaves of P. oceanica from the 

Mediterranean Sea 

Location Cd Cu Pb Zn Reference 

Antikyra Gulf (Greece) 2.7 - 44 2.8 – 148 10.5-123 27.1-97.7 Malea et al. (1994) 

France 0.30-

1.50 

6.00 - 

45.0 

1.60-55.0 15.0-147 Roméo et al. (1995) 

Thyrrheniansea (France-Italy) 2.10-

2.40 

10.02-

16.25  

5.96-8.35 144-179 Warnau et al. (1995) 

Favignana Island (Italy) 0.63-

6.12 

5.00-23.9 0.23-12.7 79.0-171 Campanella et al. 

(2001) 

Sicily (Italy) 1.90-

4.00 

2.50-13.0 7.40-14.0 170-310 Tranchina et al. 

(2004, 2005) 

Northcorsica (France) 0.40-

1.20 

9.00-16.0 6.00-25.0 14.0-31.0 Gosselin et al. (2006) 

Ustica Island (Italy) 3.60-

7.50 

19.8-53.2 1.10-5.0 142-260 Conti et al. (2007) 

Italy, France, Spain 1.4-4.39 6.93-15.1 0.6-3.83  Lopez y Royo et al. 

(2009) 

Linosa Island (Italy) 0.95-

5.49 

3.12-17.7 0.59-13.8 16.2-156 Conti et al. (2010) 
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French coast 2.40 12.8 2.14 98.0 Luy et al. (2012) 

IonianSea (Italy) 0.09-

0.57 

0.97-6.95 0.23-1.71 15.0-193 Di Leo et al. (2013) 

Sicily (Italy) 0.53-

2.02 

8.24-18.7 1.69-5.21 55.7-165 Bonanno et al. (2017) 

Tunisia 0.63-

1.31 

5.48-14.6 0.22-4.08 43.9-116 Zakhama-Sraib et al. 

(2016) 

Gulf of Annaba (Algeria)  0.76-6.54  10.67-

87.53 

Trea-Boutabia et al. 

(2017) 

Skikda gulf (Algeria 0.53-

2.33 

6.07-

52.44 

7.73-

71.23 

8.52-

40.17 

Zeghdoudi et al. 

(2019) 

Gulf of Annaba (Algeria) 1.19-

2.58 

1.92-4.30 34.35-

68.93 

12.93-

55.58 

 

Present study 

Values in bold type correspond to stations considered as impacted by authors. 

 

 

CONCLUSION 

 

 The biomonitoring study in the Gulf of Annaba using adult leaves of P. oceanic to 

assess the level of metal contamination yielded significant results. Zinc, copper, lead, and 

cadmium were measured in three different compartments: seawater, adult leaves (FA), 

and intermediate leaves (FI) of Posidonia. S4 has the highest concentrations of lead and 

cadmium in the water compartment, while S1 has the highest zinc concentration. 

Meanwhile, copper is more concentrated in S3. The results for Posidonia leaves reveal 

that adult leaves have higher lead and zinc concentrations in all four stations in a 

decreasing order from S2 to S4 for lead and S1 to S3 for zinc. 

 S1 displys the highest copper concentrations, followed by S3 and S2, and finally, 

S4. The cadmium concentrations in mature leaves are higher than in water, with S4 being 

the highest and S2 being the lowest. Intermediate leaves, which have a weaker defense 

system than adult leaves, absorbed more lead and zinc in S2, while copper is more 

concentrated in S1 and cadmium in S4. Cadmium contamination was found in adult and 

intermediate seagrass leaves in all stations using the BCF (Bioconcentration factor) 

calculation, with higher concentrations in S3 and S1. The highest zinc concentrations 

were found in S2 and S3, with a trace of lead in intermediate leaves in S2. 

  Finally, Posidonia meadows, particularly P. oceanica leaves, have proven useful  

bioindicators for assessing chemical contamination in the Gulf of Annaba. Due to their 

ecological importance, year-round presence and widespread distribution, they are ideal 

candidates for establishing networks to monitor metal pollution in the Mediterranean. 
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These findings highlight the critical importance of continuing to study and protect these 

marine ecosystems, which are critical for preserving biodiversity and the health of our 

environment. 

 

ACKNOWLEDGMENTS   

This research work was carried out thanks to the funding from the General Directorate for 

Scientific Research and Technological Development (DGRSDT), Algeria. 

 

REFERENCES  

 

 

Abdennour, C.; Smith, B.D.; Boulakoud, M.S., Samraoui, B. and Rainbow, P.S. 

(2000). Trace metals in marine, brackish and freshwater prawns (Crustacea, Decapoda) 

from northeast Algeria. Hydrobiologia., 432: 217-227. https://doi.org/10.1023/A:1004 

027204088. 

Ancora, S.; Bianchi, N.; Butini, A., Buia, M.C., Gambi, M.C. and Leonzio, C. 

(2004). Posidonia oceanica as a biomonitor of trace elements in the Gulf of Naples: 

temporal trends by lepidochronology. Environ. Toxicol. Chem., 23(5): 1093-1099. 

https://doi.org/10.1897/02-590. 

Belabed, B.E.; Laffray, X.; Dhib, A., Fertouna-Belakhal, M., Turki, S. and Aleya, 

L. (2013). Factorscontributing to heavymetal accumulation in sediments and in the 

intertidal mussel Pernapernain the Gulf of Annaba (Algeria). Mar. Pollut. Bull., 74(1): 

477-489. https://doi.org/10.1016/j.marpolbul.2013.06.004. 

Belabed, N.E.; Djabourabbi, A. and Bensouilah, M. (2008). Teneurs en Plomb, 

Cadmium, Mercure et Zinc relevées dans la chair de la moule Pernaperna dans le littoral 

d’Annaba. Rev. synth., 18: 12-22. 

Belabed, B.E.; Meddour, A.; Samraoui, B. and Chenchouni, H. (2017). Modeling 

seasonal and spatial contamination of surface waters and upper sediments with trace 

metal elements across industrialized urban areas of the Seybouse watershed in North 

Africa. Environ. Monit. Assess., 189: 1-19. https://doi.org/10.1007/s10661-017-5968-5. 

Bonanno, G.;  Borg, J.A. and  Di Martino V. (2017). Levels of heavy metals in 

wetland and marine vascular plants and their biomonitoring potential: a comparative 

assessmentSci. Total Environ., 576: 796-806. https://doi.org/10.1016/j.scitotenv. 

2016.10.171. 

Bonanno, G.S and  Raccuia, S.A. (2018). Comparative assessment of trace metal 

accumulation and bioindication in seagrasses Posidonia oceanica, Cymodocea nodosa 

and Halophila stipulacea. Mar. Pollut. Bull., 131: 260-266. 

https://doi.org/10.1016/j.marpolbul.2018.04.039. 

Boudouresque, C.F.; Bernard, G.; Bonhomme, P., Charbonnel, E., Diviacco, G., 

Meinesz, A., Pergent, G., Pergent-Martini, C., Ruitton, S. and Tunesi, L. (2006). 

Préservation et conservation des herbiers à Posidonia oceanica. 

https://doi.org/10.1023/A:1004%20027204088
https://doi.org/10.1023/A:1004%20027204088
https://doi.org/10.1016/j.marpolbul.2013.06.004
https://scholar.google.com/citations?user=r9aYGrYAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=7qphHQwAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=jT1m1wwAAAAJ&hl=fr&oi=sra
https://www.sciencedirect.com/science/article/pii/S0048969716323592
https://www.sciencedirect.com/science/article/pii/S0048969716323592
https://www.sciencedirect.com/science/article/pii/S0048969716323592
https://doi.org/10.1016/j.scitotenv.%202016.10.171
https://doi.org/10.1016/j.scitotenv.%202016.10.171


Biomonitorring of Heavy Metal Concentrations in the Gulf of Annaba  
 

 

1125  

Boufafa, M.; Kadri, S.; Redder, P. and Bensouilah, M. (2021). Occurrence and 

distribution of fecal indicators and pathogenic bacteria in seawater and Perna perna 

mussel in the Gulf of Annaba (Southern Mediterranean). Environ. Sci. Pollut. 

Res., 28(33): 46035-46052. https://doi.org/10.1007/s11356-021-13978-4. 

Boutabia-Trea, S.; Habachi, W. and Bensouilah, M. (2015). Evaluation of the 

Metallic Contamination Level in the Gulf of Annaba ((Northeastern Algeria) Using a 

Posidonia oceanica (L) Delile. Adv. Environ. Biol., 9(2): 75-82. 

Boutabia-Trea, S. (2016). Posidonia oceanica (L) Delile, Bioindicateur de la 

pollution métallique dugolfe d’Annaba (Nord Est Algérien). Thèse de Doctorat et 

sciences, Université Badji Mokhtar Annaba, pp. 270. 

Boutabia-Trea, S.; Habachi, W. and Bensouilah, M. (2017). Assessment of metallic 

trace elements using the seagrass Posidonia oceanica and the surface sediment from 

North Eastern of Algeria. Asian J. Biol. Sci., 10: 17-26. 

Campanella, L.; Conti, M.E.; Cubadda, F. and  Sucapane, C. (2001). Trace metals 

in seagrass, algae and molluscs from an uncontaminated area in the Mediterranean. 

Environ. Pollut., 111: 117-126. https://doi.org/10.1016/S0269-7491(99)00327-9. 

Conti, M.E.; Bocca, B.; Iacobucci, M., Finoia, M.G.; Mecozzi, M., Pino, A. and 

Alimonti, A. (2010). Baseline trace metals in seagrass, algae, and mollusks in a southern 

Tyrrhenian ecosystem (Linosa Island, Sicily). Arch. Environ. Contam. Toxicol., 58: 79-

95. https://doi.org/10.1007/s00244-009-9331-x. 

Conti, M.E.; Iacobucci, M. and Cecchetti, G. (2007). A biomonitoringstudy: trace 

metals in seagrass, algae and molluscs in a marine referenceecosystem 

(SouthernTyrrhenianSea). J. Environ. Pollut., 29: 308-332. https://doi.org/10.1504/ 

IJEP.2007.012808. 

Di Leo, A.; Annicchiarico, C.; Cardellicchio, N., Spada, L. and  Giandomenico, S. 

(2013). Trace metal distributions in Posidonia oceanica and sediments from Taranto Gulf 

(Ionian Sea, Southern Italy). Mediter. Mar. Sci., 14: 204-213. 

https://doi.org/10.12681/mms.316. 

Diop C. (2014). Etude de la contamination, de la spéciation et de la biodisponibilité 

des éléments traces métalliques dans les eaux et sédiments côtiers et estuariens au 

Sénégal: Evaluation de la toxicité potentielle. Doctoral dissertation, Lille 1 (France). 

Giraud G. (1979). On a method of measuring and counting the foliar structures of 

Posidonia oceanica(Linnaeus) Delile. Bull. Mus. natl. hist. nat., 39: 33-39. 

Gobert, S.; Lejeune, P.; Lepoint, G. and Bouquegneau, J.M. (2005).C, N, P 

concentrations and requirements of flowering Posidonia oceanica. Hydrobiologia., 533: 

253-259. https://doi.org/10.1007/s10750-004-2487-5. 

Gosselin, M.; Bouquegneau, J.M.; Lefèbvre, F., Lepoint, G., Pergent, G., Pergent-

Martini, C. and Gobert, S. (2006).Trace metal concentrations in Posidonia oceanica of 

North Corsica (northwestern Mediterranean Sea): use as a biological monitor?. BMC 

Ecol., 6: 1-19. https://doi.org/10.1186/1472-6785-6-12. 

https://doi.org/10.1504/
https://doi.org/10.1186/1472-6785-6-12


Bezzazel et al. (2023) 1126 

Grimes S. (2010). Peuplements benthiques des substrats meubles de la côte 

Algérienne: Taxonomie, structure et statut écologique. Thèse de doctorat es sciences, 

Université d’Oran, pp. 362. 

H and SD. (1992). Council Directive 92/43 CEE on the conservation of natural 

habitats and of wild fauna and flora. European Community Gazette., 206: 1-50. 

Ikem, A. and Egiebor N.O. (2005). Assessment of trace elements in cannedfishes 

(mackerel, tuna, salmon, sardines and herrings) marketed in Georgia and Alabama 

(United States of America). J. Food Compos. Anal., 18: 771-787. 

https://doi.org/10.1016/j.jfca.2004.11.002. 

Islam M.D.S. and Tanaka M. (2004). Impacts of pollution on coastal and marine 

ecosystemsincludingcoastal and marine fisheries and approach for management:areview 

and synthesis. Mar. Pollut. Bull., 48: 624-649. 

https://doi.org/10.1016/j.marpolbul.2003.12.004.  

Joksimovic, D.; Tomic, I.; Stankovic, A.R., Jovic, M. and Stankovic, S. (2011). 

Trace metal concentrations in Mediterranean blue mussel and surface sediments and 

evaluation of the mussels quality and possible risks of high human consumption. Food 

Chem., 127(2): 632-637. https://doi.org/10.1016/j.foodchem.2011.01.057. 

Kadri, S.; Belhaoues, S. ; Touati, H., Boufafa, M., Djebbari, N., Bensouilah M. 

(2017). Environmentalparameters and bacteriologicalquality of the Perna pernamussel 

(North East Algerian coast). Int J Biosci., 11: 151– 165. 

http://dx.doi.org/10.12692/ijb/11.5.151-165. 

Kadri, S.; Dahel, A.; Djebbari, N., Barour, C. and Bensouilah, M. (2015). 

Environmentalparametersinfluence on the bacteriological water quality of the Algerian 

North East coast. Adv. Environ. Biol., 9:180– 189. 

Kantin, R. and Pergent, G. (2007). Rapport final, Groupement de Recherche 

“Gestion des Ecosystèmes Littoraux Méditerranéens”. Ifremer Provence Alpes Corse et 

Université de Corse, 1-189. 

Lewis, M.A. and Devereux, R. (2009). Nonnutrient anthropogenic chemicals in 

seagrass Ecosystems: fate and effects. Environ. Toxical. Chem., 28: 644-661. 

https://doi.org/10.1897/08-201.1. 

Lewis, M.A.; Dantin, D.D.; Chancy, C.A., Abel, K.C. and Lewis, C.G. (2007). 

Florida seagrass habitat evaluation: a comparative survey for chemical quality. Environ. 

Pollut., 146(1): 206-218. https://doi.org/10.1016/j.envpol.2006.04.041. 

Lopez, y Royo, C.; Silvestri, C.; Salivas-Decaux, M., Pergent, G. and Casazza, G. 

(2009). Application of an angiosperm-based classification system (BiPo) to 

Mediterranean coastal waters: using spatial analysis and data on metal contamination of 

plants in identifying sources of pressure. Hydrobiologia, 633: 169-179. 

https://doi.org/10.1007/s10750-009-9880-z. 

Luy, N.; Gobert, S.; Sartoretto, S., Biondo, R., Bouquegneau, J.M. and Richir, J. 

(2012). Chemical contamination along the Mediterranean French coastusingPosidonia 

https://doi.org/10.1016/j.jfca.2004.11.002
https://doi.org/10.1016/j.marpolbul.2003.12.004
https://doi.org/10.1016/j.foodchem.2011.01.057


Biomonitorring of Heavy Metal Concentrations in the Gulf of Annaba  
 

 

1127  

oceanica (L.) Delile above-ground tissues: A multiple trace element study. Ecol. Indic., 

18: 269-277. https://doi.org/10.1016/j.ecolind.2011.11.005. 

Malea, P.; Haritonidis, S. and Kevrekidis, T. (1994). Seasonal and local variations 

of metal concentrations in the seagrass Posidonia oceanica (L) Delile in the Antikyra 

Gulf, Greece. Sci. Total Environ., 153: 225-235. https://doi.org/10.1016/0048-

9697(94)90202-X.  

Malea, P.; Mylona, Z. and Kevrekidis, T. (2019). Improving the utility of the 

seagrass Posidonia oceanica as a biological indicator of past trace element 

contamination. Ecol. Indic., 107: 105596. https://doi.org/10.1016/j.ecolind.2019.105596. 

Malea, P.; Mylona, Z. and Kevrekidis, T. (2019). Trace elements in the seagrass 

Posidonia oceanica: Compartmentation and relationships with seawater and sediment 

concentrations. Sci. Total Environ., 686: 63-74. https://doi.org/10.1016/j.scitotenv. 

2019.05.418. 

Markert B.A.; Breure A.M. and Zechmeister H.G. (2003). Bioindicators and 

biomonitors.Principles, concepts and applications. Vienne, Elsevier, pp. 997. 

Moreno, D.; Aguilera, P.A. and Castro, H. (2001). Assessment of the conservation 

status of seagrass (Posidonia oceanica) meadows: implications for monitoring strategy 

and the decision-making process. Biol. Conserv., 102(3), 325-332. https://doi.org/10. 

1016/ S0006-3207(01)00080-5. 

Otansev, P.; Taşkın, H.; Başsarı, A., and Varinlioğlu, A. (2016). Distribution and 

environmental impacts of heavy metals and radioactivity in sediment and seawater 

samples of the Marmara Sea. Chemosphere., 154: 266-275. https://doi.org/10. 

1016/j.chemosphere.2016.03.122. 

Ouali, N.; Belabed, B.E.; Zeghdoudi, F. and Rachedi, M. (2018). Assessment of 

metallic contamination in sediment and mulletfish (Mugilcephalus Linnaeus, 1758) 

tissues from the East Algerian coast. J. Water Land Dev., 38: 115–126. 

https://doi.org/10.2478/jwld-2018-0048. 

Ounissi, M.; Laskri, H.; Ziouch, O.R. and Justic, D. (2021). Riverine and wet 

atmospheric nutrient inputs to the South western Mediterranean region of North Africa. 

Mar. Chem., 228:1-4.  https://doi.org/10.1016/j.marchem.2020.103915. 

Ounissi, M.; Ziouch, O.R. and Aounallah, O. (2014). Variability of the dissolved 

nutrient (N, P, Si) concentrations in the Bay of Annaba in relation to the inputs of the 

Seybouse and Mafragh estuaries. Mar. Pollut. Bull., 80(1-2): 234-244. 

https://doi.org/10.1016/j.marpolbul.2013.12.030. 

Pejman, A.; Bidhendi, G.N.; Ardestani, M., Saeedi, M. and Baghvand, A. (2017). 

Fractionation of heavy metals in sediments and assessment of their availability risk: A 

case study in the northwestern of Persian Gulf. Mar. Pollut. Bull., 114(2): 881-887. 

https://doi.org/10.1016/j.marpolbul.2016.11.021. 

https://doi.org/10.1016/0048-9697(94)90202-X
https://doi.org/10.1016/0048-9697(94)90202-X
https://doi.org/10.1016/j.scitotenv.%202019.05.418
https://doi.org/10.1016/j.scitotenv.%202019.05.418
https://doi.org/10.%201016/
https://doi.org/10.%201016/
https://doi.org/10.%201016/j.chemosphere.2016.03.122
https://doi.org/10.%201016/j.chemosphere.2016.03.122


Bezzazel et al. (2023) 1128 

Pergent, G. (1987). Recherche lépidochronologiques chez Posidonia oceanica 

(Patamogetonaceae). Fluctuations des paramètres anatomiques etmorphologiques des 

écailles des rhizomes. Thèse Doctorat, UniversitéAix- Marseille II, pp. 853. 

Pergent-Martini, C. and Pergent, G. (2000). Marine phanerogams as a tool for 

assessing marine contamination by trace metals: an example in the Mediterranean. Int. J. 

Environ. Pollut., 13: 126–147. https://doi.org/10.1504/IJEP.2000.002313. 

Pergent-Martini, C.; Leoni, V.; Pasqualini, V., Ardizzone, G.D. and balestri, E. 

(2005). Descriptors of Posidonia oceanica meadows: Use nad application. Ecol. Indic., 5: 

213-230. https://doi.org/10.1016/j.ecolind.2005.02.004. 

Richir, J.; Luy, N.; Lepoint, G., Rozet, E., Azcarate, A. A. and Gobert, S. (2013). 

Experimental in situ exposure of the seagrass Posidonia oceanica (L.) Delile to 15 trace 

elements. Aquat. Toxicol., 140: 157-173. https://doi.org/10.1016/j.aquatox.2013.05.018. 

Roméo, M.; Gnassia-Barelli, M.; Juhel, T. and Meinesz, A. (1995) .Memorization 

of heavy metals by scales of the seagrass Posidonia oceanica, collected in the NW 

Mediterranean. Mar. Ecol. Prog. Ser, 211-218. 

Romero, J.; Martinez-Crego, B.; Alcoverro, T. and Perez, M. (2007). A multi-

variate index based on the seagrassPosidonia oceanic (POMI) to assessecological status 

of coastal waters under the water framework directive (WFD). Mar. Pollut. Bull., 55: 

196-204. https://doi.org/10.1016/j.marpolbul.2006.08.032. 

Rybak, A.; Messyasz, B. and Łęska, B. (2012). Freshwater Ulva (Chlorophyta) as a 

bioaccumulator of selected heavy metals (Cd, Ni and Pb) and alkaline earth metals (Ca 

and Mg). Chemosphere, 89(9): 1066-1076. 

https://doi.org/10.1016/j.chemosphere.2012.05.071. 

Sanchiz, C.; Garcia-Carrascosa, A.M. and Pastor, A. (2000). Heavy metal contents 

in soft-bottom marine macrophytes and sedimentsalong the Mediterraneancoast of Spain. 

Mar. Ecol., 21: 1-16. https://doi.org/10.1046/j.1439-0485.2000.00642.x. 

Sanz-Lázaro, C.; Malea, P.; Apostolaki, E.T.; Kalantzi, I. and Marín, A. (2012). 

The role of the seagrass Posidonia oceanic in the cycling of trace elements. 

Biogeosciences, 9: 2497-2507. https://doi.org/10.5194/bg-9-2497-2012. 

Sanz-Lázaro, C. and Marín, A. (2009). A manipulative field experiment to evaluate 

an integrative methodology for assessing sediment pollution in estuarine ecosystems. Sci. 

Total Environ., 407(11): 3510-3517. https://doi.org/10.1016/j.scitotenv.2009.02.011. 

Stanišić, M.; Krivokapić, S.; Joksimović, D., Peroševićbajčeta, A., Đurović, D. 

and Kotor, M. (2021). Trace metals assessment in seawater, sediment and seagrasses 

Posidonia oceanica (L.) Delile and Cymodocea nodosa (Ucria) Asch. from the 

Montenegrin coast. Studia Marina, 34 (2): 5-22. https://doi.org/10.5281/zenodo.5795227. 

Stankovic, S.; Kalaba, P. and Stankovic, A.R. (2014). Biota as toxic metal 

indicators. Environ. Chem. Lett., 12: 63-84. https://doi.org/10.1007/s10311-013-0430-6. 

Tovar‐ Sánchez, A.; Duarte, C.M.; Alonso, J.C., Lacorte, S., Tauler, R. and 

Galbán‐ Malagón, C. (2010). Impacts of metals and nutrients released from melting 



Biomonitorring of Heavy Metal Concentrations in the Gulf of Annaba  
 

 

1129  

multiyear Arctic sea ice. J. Geophys. Res. Oceans., 115:(C7). https://doi.org/10. 

1029/2009JC005685. 

Tranchina, L.; Miccichè, S.; Bartolotta, A., Brai, M. and Mantegna, R.N. (2005). 

Posidonia oceanica as a historical monitor device of lead concentration in marine 

environment. Environ. Sci. Technol., 39(9): 3006-3012. https://doi.org/10.1021/ 

es048870u. 

Tranchina, L.; Bellia, S.; Brai, M., Hauser, S., Rizzo, S., Bartolotta, A. and Basile, 

S. (2004). Chemistry, mineralogy and radioactivity in Posidonia oceanica meadows from 

north-western Sicily. Chem. Ecol., 20(3): 203-214. https://doi.org/10.1080/027575404 

10001689803. 

Warnau, M.; Ledent, G.; Temara, A., Bouquegneau, J.M., Jangoux, M. and 

Dubois P. (1995). Heavy metals in Posidonia oceanica and Paracentrotus lividus 

fromseagrass beds of the northwestern Mediterranean. Sci. Total Environ., 171: 95-99. 

https://doi.org/10.1016/0048-9697(95)04721-8. 

Zakhama-Sraieb, R.; Sghaier, Y.R.; Hmida, A.B.; Cappai, G., Carucci, A. and 

Charfi-Cheikhrouha, F. (2016). Variation along the year of trace metal levels in the 

compartments of the seagrass Posidonia oceanica in Port El Kantaoui, Tunisia. Environ. 

Sci. Pollut. Res., 23: 1681-1690. https://doi.org/10.1007/s11356-015-5163-6. 

Zeghdoudi F.; Tanjir, L.M.; Ouali, N.; Haddidi, I. and Rachedi M. (2019). 

Concentrations of trace-metalelements in the superficialsediment and the marine 

magnophytePosidoniaoceanica (L) Delile, 1813 from the Gulf of Skikda 

(Mediterraneancoast, East of Algeria). Cah. Biol. Mar., 60: 223-233. 

https://doi.org/10.21411/CBM.A.BBC0ABC8. 

https://doi.org/10
https://doi.org/10.1021/
https://doi.org/10.1080/027575404

