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The current work aims to study the metallic contamination of two targeted sampling sites 
located near the main effluent discharge points on the Algerian coasts: the industrial Gulf of 
Arzew (Polluted Site: S1) and Oued Elma Kristel (Reference Site: S2), using a metallic pollution 
indicator biological species Mytilus galloprovincialis Lamarck, 1819 (Bivalvia Mytilidae), col-
lected at a depth of 2 to 3 m seasonally in 2016. Concentrations of metals and metallic indices 
of the trace elements (Lead, Zinc, Nickel, Iron and Copper) obtained in the soft tissues of the 
mussel are determined and related to the seasons and sampling sites of the current year. In site 
S1, the statistical study revealed significant contamination by Nickel (67.63–70.28 mg.kg-1), 
Iron (118.18–125.45 mg.kg-1) and Copper (6.11–6.62 mg.kg-1) in summer, Zinc (213.39- 255.33 
mg.kg-1) in winter and Lead (7.55–8.78 mg.kg-1) in autumn. However, site S2 recorded high 
levels of Lead (8.36–37.63 mg.kg-1) and Zinc (67.03–405.37 mg.kg-1) during the year.

Algerian western coasts; Bioaccumulation; Bioavailability; Heavy metals; Marine pollution; 
Mytilus galloprovincialis.
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ABSTRACT

INTRODUCTION  
 
Recently, several studies have been carried out 

on heavy metal contamination at local, regional 
and global levels. Their presence in the marine 
environment presents a risk for the food chain 
(Szefer et al., 2004; Maanan, 2008). The sea is 
the main outlet for effluents from the city of Oran 
(Taleb & Boutiba, 2007) and the Arzew industrial 
gulf. This results in some contamination of the 
waters of fishing ports. The consequences of this 
pollution can be fatal, knowing that it is located 
near the fishing and shell collection points, even 
if they remain limited, hence the interest of as-
sessing the level of contamination by certain 

metals toxic in the mussel Mytilus galloprovin-
cialis Lamarck, 1819 (Bivalvia Mytilidae) col-
lected from industrial site of Arzew and Kristel 
bay.  

In 1983, Goldberg and his collaborators pro-
posed quantitative monitoring of micronutrients 
in coastal waters with mussels (Goldberg et al., 
1983). Mytilus galloprovincialis, a good species 
indicative of metal pollution (Guendouzi et al., 
2018; Andral et al., 2011) is endowed with several 
positive properties: easy collection, sedentarity, 
wide spatial distribution, and bio accumulator of 
trace metals (Dang et al., 2015).  

Surveillance programs have used indigenous 
populations for passive bio monitoring of wild 
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mussels that are more sensitive to the accumulation 
of contaminants in their tissues following prolonged 
exposure (Martínez-Gómez et al., 2017). The genus 
Mytilus Linnaeus, 1758 has been used worldwide 
in bio-surveillance work, such as “Mussel Watch” 
(Goldberg et al., 1983), “National Observation Net-
work (RNO Mytilus galloprovincialis)” and “Bio-
logical Integrating Network (RINBIO)” (Andral et 
al., 2004). The studies by Thebault et al. (2008) 
and those of Fowler (2002) have shown that the 
International Commission for the Scientific Explo-
ration of the Mediterranean Sea (CIESM) has de-
veloped and implemented a “surveillance of Med-
iterranean mussels” (MMW) “in the early 2000”. 
Several Algerian works have discussed the use of 
the Mytilus galloprovincialis mussel as a bio indi-
cator species for trace metals in their Mediterranean 
coasts (Andral et al., 2011; Benali et al., 2015;  
Rouane-Hacene et al., 2015; Guendouzi et al., 
2018). 

The principal objective of the present study is 
to make a preliminary analysis of the metal pollution 
of Arzew industrial gulf and Kristel bay, by ex-

amining the seasonal and annual variations of the 
concentrations and metal indices present in the chair 
of the Mytilus galloprovicialis. The second aim of 
this research is to know the main sources of this 
pollution by the heavy metals studied (Pb, Zn, Ni, 
Fe and Cu). 

 
 

MATERIAL AND METHODS  
 
Study area 

 
The sampling sites are industrial gulf of Arzew 

(S1) and Oued Elma Kristel bay (S2) (Fig. 1). The 
first site (S1:35°48’43.1“ N/0°15’49.0”W) is located 
in the city of Bethioua of the industrial site of Arzew, 
from which several points of discharge from various 
factories and petrochemical industry are discharged 
daily into the sea without any treatment. The second 
site (S2:35°49’03.66’ N,0°28’55.89’W), reference 
site with high agricultural activity, is located east 
of the bay of Oran, 26 km from the area Arzew and 
near a fishermen village. 

Figure 1. Geographical location of the sampling stations on the western coast of Algeria.



Samples  
Coastal water and mussel samples are collected 

in 2016, once per season during an annual cycle: Feb-
ruary (winter season), May (spring season), August 
(summer season), and November (fall season). Sea 
Water samples are collected by hand in several bottles 
according to analytical specificities and transported 
in a cooler at +4 °C. The mussel specimens sampled 
according to the techniques counselled by QUASI-
MEME (Wells, 1994) are immediately washed with 
seawater and transferred at +4 °C in a cooler to the 
laboratory for analysis. The mussels are inspected 
and the dead species are eliminated. Fifty individuals 
with different sizes (between 1.19 cm and 18.98 cm) 
were used for trace metal analysis. Each mussel was 
opened with a stainless steel blade and placed under 
its ventral edge on filter paper to take out the internal 
water. Subsequently, the total wet weight of each in-
dividual and the soft wet weight are measured after 
dissection of each organism. The biometric measure-
ments are performed on all sampled mussels and their 
entire soft tissues are grouped into ten pools (each 
pool corresponds to five individuals of identical size) 
and dried in a thermostatically controlled oven at 70 
°C for 48 h for possible metals analyzes traces 
(Rouane-Hacene et al., 2015). 

 
Environmental parameters 

 
The physicochemical parameters of the envi-

ronment such as temperature, pH, salinity, conduc-
tivity and dissolved oxygen of the seawater are 
recorded in situ in all the sites by means of the 
multi parameter device, in parallel that the mussels 
were sampled. Other parameters (Phosphates, Kjel-
dahl nitrogen, SM, BOD5, COD, Total hydrocar-
bons) are analyzed in the laboratory. 

 
Metallic analysis 

 
The concentrations of lead (Pb), zinc (Zn), nickel 

(Ni), iron (Fe) and copper (Cu) are measured in the 
soft tissues of mussels after the hot mineralization 
of the samples, according to the recommended pro-
cess by Aminot & Chaussepied (1983). About 0.25 
g of dry weight was dissolved in 4 ml of concen-
trated nitric acid at 95 °C for 1 hour. 

The metal concentration of the acid solutions is 
determined using a flame atomic absorption spec-
trophotometer (Analyst-100 Spectrophotometer, 

version 1.10). Assurance and quality control are 
evaluated by processing standard samples and ref-
erence material (Mussel Tissue Standard Reference 
Material SRM 2976, National Institute of Standards 
and Technology). 

 
Metallic indices in mussels Mytilus gallopro-
vincialis 

 
The biological availability of metals is deter-

mined by the calculation of metal indices (MI) rep-
resented by the ratio: Metal / dry weight of the shell 
according to the recommended process by Soto et 
al. (1997) and Fischer (1984) as follows:  

MSWI = MCSB x (SFWD/SDW)  
MSWI: Metal/shell weight index (mg / kg dry weight 
of the shell) 
MCSB: Metal concentration in soft body (mg / kg dry 
weight of the shell) 
SFWD: Soft flesh dry weight (g dry weight of tissue) 
SDW: Shell dry weight (g). 

 
Statistical analysis 

 
All measurements are tested by bidirectional 

variance analysis (ANOVA) to detect the variability 
of the site or of the season. Significant differences 
are found at the p <0.05 threshold using the Tukey 
test for the comparison of multiple range between 
pairs of means, and data were tested for normality 
using Shapiro-Wilk test and homogeneity of vari-
ance using Levene’s test. The results are represented 
by the mean ± Standard Error (SE ± mean). Statis-
tical analysis is performed using Statistica software 
(Statsoft Statistica 12). 

 
 

RESULTS AND DISCUSSION 
 

Physico-chemical parameters of seawater 
 
The results of the physicochemical parameters 

of the seawater of each of the two sites (Arzew in-
dustrial site (S1) and Oued Elma Kristal site (S2) 
recorded during the four seasons of 2016, as annual 
average is shown in Table 1. 

 The annual average pH, temperature and salinity 
of the surface waters obtained for these two sites 
are similar to those recorded in the Mediterranean 
Sea (Rouane-Hacene et al., 2015; Borghini et al., 
2014; Iorga & Lozier, 1999). 
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The average concentration of total hydrocarbons 
recorded is too high (p ˂0.05) throughout the sam-
pling year (24.33± 0.58 mg/L, p˂0.05). The Kjel-
dahl nitrogen values recorded at the S1 site are sig-
nificantly lower, with an annual mean of (0.33 ± 
0.04 mg/L, p˂0.05). Otherwise, at site S2, the value 
of Kjeldahl nitrogen increases considerably in au-
tumn (1.24 ±0.02 mg/L, p˂0.05), in the spring (0.76 
±0.09 mg/L; p˂0.05) and in summer (1.37± 0.27 
mg/L, p˂0.05), and decreases during the winter sea-
son (0.25±0.01 mg/L, p˂0.05). 

The pH values recorded in both sites are ap-
proximate at the values appropriate of pH for the 
development of marine life (Bliefert & Perraud, 
2001). The hydrogene potential affects the toxicity 
of heavy metals by limiting their availability (Neff, 
2002). In 2018, the work of Azizi et al. (2018) con-
firm that metals become more toxic as gradually as 
the salt content in water decreases. Dissolved ox-
ygen comes principally from the atmosphere and 

photosynthesis of algae and aquatic plants. The 
presence of suspended solids reduces dissolved ox-
ygen and sensitive marine species may be disturbed 
by an oxygen content of less than 4 mg/L (IBGE, 
2005). The average values recorded at the two sites 
during the four seasons are below this value (4 
mg/L). 

The physicochemical parameters of water vary 
from one season to another, state the bioavailability 
of pollutants and thus influence both their bioaccu-
mulation and the biological responses of marine or-
ganisms to them. 

  
Metallic concentrations in mussels tissue 
Mytilus galloprovincialis  

Figure 2 corresponds to the annual contents of 
the variable concentrations of metals (Pb, Zn, Ni, 
Fe, Cu) in the soft tissues of our biological material 
(mussel), expressed in mg / kg of dry weight, of the 
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Table 1. Annual variations of physico-chemical parameters of coastal waters in Industrial gulf of Arzew (S1) and Bay of 
Oued Elma Kristel (S2). Limit values of seasonal means are in brackets (n = 3). For each parameter, different letters (a-c) 
indicate significant differences (Tukey’s test, p < 0.05), among sites. Levene’s Test for Homogeneity of variance, Degrees 
of freedom for all F’s: 1.22 (ns : Non-significant; * :p<0.05; ** : p<0.001).



two sites S1 and S2. According to the results obtained 
from our sampling, it is possible to classify the bio-
accumulation capacity of the mussels according to 
the nature of the metal, regardless of the sampling 
site in the following order: Zn> Fe> Ni> Pb> Cu. 

Seasonal variations in metal concentrations are 
presented in Table 2. The lead concentration in mus-
sels at site S1 reached the highest level in autumn 
(13.64±2.26 mg.kg-1 dry weight;  p ˂ 0.05), as well 
as in winter and spring (7.52±1.33 and 8.19±0.36 
mg.kg-1 dry weight, p ˂ 0.05, respectively). The high-
est concentrations of lead are marked in site S2 mus-
sels in winter and spring (22.93±1.03 and 35.69±1.51 
mg.kg-1 dry weight, p ˂0.05, respectively).  

In both sites, lead concentrations decreased sig-
nificantly over the summer (p ˂0.05). These results 
are similar to the results already obtained in 2015 
in two other sites in western Algeria, namely 9.75 
mg.kg-1 dry weight of mussels tissue from the Kris-
tel site (Benali et al., 2015) and 10.67 mg.kg-1 dry 
weight of mussels tissue from the port of Oran 
(Rouane-Hacene et al., 2015) and in Spain with a 
content of 57.83 mg.kg-1 dry weight of mussels tis-
sue of Cartagena (González-Fernández et al., 2015). 
These lead levels greater than 3.2 mg.kg-1 indicate 
marked pollution (Cantillo, 1998). A higher con-
centration of lead in the aquatic environment is at-
tributed to several factors: the use of petroleum 
products for the manufacture of mechanized ves-
sels, industrial effluents and sewage effluents (Mu-
duli & Nayak, 2018). 

For Zinc, the soft tissues of Mytilus gallopro-
vincialis showed strong seasonal variations (P 
<0.05). Mean maximum Zn concentrations were 
observed during winter at both S1 and S2 sites 
(234.60±12,11 and 390.22±12.56 mg.kg-1 dry 
weight, p ˂ 0.05, respectively). These concentrations 
coincide with the results obtained at the port of 
Oran in western Algeria (Benali et al., 2015; Hadj 
et al., 2012) and those obtained in 2015 in Spain by 
González-Fernández and his collaborators (Gonzá-
lez-Fernández et al., 2015). 

The work of Azizi et al. (2018)  on the Moroc-
can Mediterranean coasts and those of Benali et 
al. (2015) on the Algerian Mediterranean coasts 
indicate that seasonal concentrations in metals seem 
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Figure 2. Annual variations of heavy metal concentrations 
in mussels, Mytilus galloprovincialis, from Industrial gulf 
of Arzew (S1) and Bay of Oued Elma Kristel (S2).

Table 2. Seasonal variations of heavy metal concentrations in mussels, Mytilus galloprovincialis, from Industrial gulf of 
Arzew (S1) and Bay of Oued Elma Kristel (S2). Results are expressed as seasonal mean ± SE (n = 10); limit values of 
seasonal means are in brackets (n = 10) for each parameter; different letters (a—c) indicate significant differences (Tukey's 
test. p < 005) among seasons for each sites (values in mg/kg dry weight).



to follow in parallel the breeding period of Mytilus 
galloprovincialis mussel with some modifications. 
They add that after their spawning period between 
summer and fall, mussels need energy that they 
capture from abiotic environmental factors (such 
as temperature, salinity and food availability) af-
fecting the bioavailability of metals in its tissues.   

These researchers confirm the results already 
cited in the work of Adami et al. (2002) and those of 
Soto et al. (2000) who mention that there is a signif-
icant bioaccumulation of  metals during cold seasons 
in parallel with the reproduction of this species. Ac-
cording to Muduli & Nayak (2018), agricultural ac-
tivities, food waste and antifouling paints are the 
main sources of metallic pollution of the atmosphere 
by zinc and can be the source of zinc excretion by 
mussels once contaminated (Muduli & Nayak, 2018). 
This confirms the results revealed by the work of 
Mejdoub et al. (2018) and those of Soto et al. (2000) 
concerning the bioaccumulation of zinc by the mussel 
and its excretion six months after being separated 
from a polluted zone to another unpolluted. 

During the summer season, higher concentrations 
of Ni were observed in mussels at the S1 site with 
(68.76±0.79 mg.kg-1 dry weight, p ˂0.05) compared 
to other seasons of the year. The same results were 
found by Abderrahmani et al. (2020) in the central 
Algerian coast. However, the concentration of Ni in 
the mussels sampled from the S2 site increases in 
the fall and decreases in the spring (73.33±477 and 
5.48±0.17 mg.kg-1dry weight; p ˂ 0.05, respectively). 

The increase in Nickel at site S1 is probably due 
to the discharge of heavy hydrocarbons (Amiard et 
al., 2004), adding the cleaning and lubrication of cer-
tain equipment during the summer season. The high 
nickel contamination at site S2 may be caused by the 
use of fertilizers during the fall (Sreedevi et al., 1992). 

In the case of Iron, the highest values are obtained 
during the summer (122.25± 2.14 mg.kg-1 dry weight, 
p ˂0.05) in the S1 site mussels. On the other hand, 
in the S2 site, Iron concentrations reached their max-
imum value in summer (166.48 ±0.79 mg.kg-1 dry 
weight, p ˂0.05) and the lowest were recorded in 
winter (102.22± 0.33 mg.kg-1 dry weight, p ˂0.05). 

Notwithstanding, the iron concentrations 
recorded in Mytilus galloprovincialis appear to be 
higher during the summer season. This may be due 
to the intense influx of urban and industrial activities 
during the drought (Mejdoub et al., 2018). This 
same result was observed at the Saronikos golf 
course in Greece (Vlahogianni et al., 2007). 

Ugur et al. (2002) pointed out that iron has a 
natural environmental origin; it provides oxygen to 
the lungs of the human body (Muduli & Nayak, 
2018). According to Roméo et al. (2005) and Chafik 
et al. (2001), the low concentrations of iron and 
manganese recorded in the tissues of Mytilus gal-
loprovincialis reveal a lesser effect of the terrige-
nous particles rich in these elements. 

Finally, the concentration of Cu at the S1 site 
reaches the highest level in the summer (6.31± 0.16 
mg.kg-1 dry weight, p ˂0.05) and in the spring at 
the S2 site mussels (4.32± 0.03 mg.kg-1 dry weight, 
p ˂0.05). Copper can come from agriculture because 
many plantations and vineyards are sown near the 
Kristel site (S2) where the mussels were sampled 
(Roméo et al., 2005). 

Seasonal variations are related to the hydrological 
parameters (temperature and salinity) of the marine 
environment and physiological changes that control 
the reproductive activity of the species (Maanan, 
2008; Saha et al., 2006; Szefer et al., 2004). 

Compared to the literature, we take note that the 
mean annual concentrations of the two metals (Pb, 
Ni) recorded in the mussel tissues of this study 
greatly exceed the levels observed elsewhere (Table 
5). Otherwise, the recorded concentrations of Fe and 
Cu in our mussel samples were lower than obtained 
in other parts of the Mediterranean. Zinc concentra-
tions are significantly higher than those reported by 
other authors for the same region in Table 3 (Guen-
douzi et al., 2018; Rouane-Hacene et al., 2015). 

As a result, the concentration of heavy metals in 
mussel tissues reflects environmental levels ( Fang 
et al., 2003; Spada et al., 2013). In addition, the 
mussels are at the same time bioindicating species 
of contamination and pose great public health prob-
lems. Whether wild or cultivated, they are ingested 
by man as seafood (Annicchiarico et al., 2010). 

 
Metallic indices in mussels Mytilus gallop-
rovincialis 

 
The annual evolutions of the Mytilus gallopro-

vincialis metal index of the two sites (S1 and S2) 
are illustrated in Fig. 3. A low metallic index is 
noted, regardless of the metal found in the tissues 
of the S2 site specimens. Regardless of the site, the 
decay of the indices sequence is noted as follows: 
Zn / shell-weight> Fe / shell-weight> Ni / shell-
weight> Pb / shell-weight> Cu / shell-weight. Sig-
nificant differences were observed between seasons 
regardless of site (Table 4).  
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The metal index of zinc obtained at the S1 site 
was significantly higher (p <0.05) in autumn 
(18.31±9.60 mg.kg-1 dry shell weight) and in 
summer (12.92±3.58 mg.kg-1 dry shell weight). In 
site S2, the lowest level (2.19 ±0.46 mg.kg-1 dry 
shell weight) was obtained in summer. 

The metal index of iron in the mussels col-
lected in site S1 reached the highest level in au-

tumn (7.64±5,11 mg.kg-1 dry shell weight, p 
˂0.05) and the highest low in the spring (3.7 ±1.07 
mg.kg-1 dry shell weight, p ˂0.05). This index de-
creased significantly (p ˂0.05) at S2 (3.77 ±0.41 
mg.kg-1 dry weight shell) in winter and increased 
in summer (6.61±0.41 mg. kg-1 dry shell weight). 

The metal index of nickel at the S1 site is sig-
nificantly more dominant (p ˂0.05) during the 
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Table 3. Heavy metals concentration in Mytilus galloprovincialis attained in various  
monitoring research (values in mg.kg-1 dry weight).

Table 4. Seasonal variations of metal/shell-weight indices in mussels, Mytilus galloprovincialis, from Industrial gulf of 
Arzew (S1) and Bay of Oued Elma Kristel (S2). Results are expressed as seasonal mean ± SE (n = 10); limit values of 
seasonal means are in brackets (n = 10); for each parameter. different letters (a-d) indicate significant differences (Tukey's 
test. p < 005) among seasons for each site (values in mg/kg dry shell weight).



summer (2.79±0.73 mg.kg-1 dry shell weight) than 
during the other seasons. This index decreased con-
siderably (p ˂0.05) in the spring (0.16±0.02 mg.kg-

1 dry shell weight) and in summer (0.60±0.07 mg.kg-

1 dry shell weight) at site S2. 
The metal index of lead reached the highest 

level (p ˂0.05) in autumn (0.97±0.42 mg.kg-1 dry 
shell weight) and the lowest (p ˂0.05) in summer 
(0.1±0.005 mg.kg-1 dry shell weight) at site S1. On 
the other hand, we observed at site S2 a higher level 
(p˂ 0.05) in winter (0.89±0.08 mg.kg-1 dry shell 
weight) and the lowest level (p ˂0.05) in summer. 

The metal index of copper is significantly higher 
(p˂0.05) in autumn and has a lower value (p˂ 0.05) 
in summer at both sampling sites. 

Metal indices indicate that the bioavailability of 
metals is very high and confirms that metal concen-
trations are relatively high in native mussel’s tissue 
(Mejdoub et al., 2018). Fischer (1984) states that this 
index is the reliable tool for estimating the bioavail-
ability of metals in the environment (Fischer, 1984). 

The work of Bartolomé et al. (2010) state that 
the metal / shell weight index used to normalize 
the analytical concentration is useful for removing 
some of the variability due to the inherent biology 
of sentinel mussels. 

 
 

CONCLUSIONS 
 
The evaluation of the bioaccumulation and bio-

availability of metals (Pb, Zn, Ni, Fe and Cu) in 
the soft tissues of Mytilus galloprovincialis collected 

on the Algerian occidental coasts revealed the true 
state of contamination of the aquatic environment. 

The present study records a strong contamination 
of both sites. The main cause of this contamination 
at site 1 is the very important industrialization, the 
petrochemical installations, an active port and many 
industrial and domestic discharges. The pollution 
recorded at site 2 is probably due by agricultural 
activities and pesticides used, adding the discharges 
of urban domestic water. 

Thus, the presence of metals in mussel’s tissue 
reflects environmental levels contaminated. In ad-
dition, mussels (both cultivated and wild) are served 
as bioindicative of pollution and raise public health 
concerns when consumed as seafood. The consump-
tion of bivalves could have negative effects on 
human health in general and on children in particular. 
Periodic monitoring and control of trace metals in 
commercial mussels is required for assessments of 
the safety and quality of water in the environment. 

Similar studies can be done with more mussels 
samples to confirm the trend noted in this study. 
Awareness campaigns should be conducted to in-
form the public of the risk of toxicity of metals. 
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